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SU TAO PHUC

- Khi xét céc nguyen t6 dién hinh (nhém A) ching ta da gip mot s6 phan tng tao phic.

Vidu _
Be(OH), + 2NaOH = Na,[Be(OH).
AIF, + 3NaF = NayAlF]
SiF, + 2HF = H,SiF,
NH, + HCl = NHC

Kha nang tao phic ciia cic nguyeén t6 chuyén ti€p (nhém B) con ong 16n hon nhiéu va
13 mot trong nhilmg di€ém khdc biét gilta nguyen t6 chuyén ti€p va nguyén 6 dién hinh. S6 phic
chét ciia kim loai chuyén ti#p 16n gp.nhiéu l4n so véi s6 hop chét don gian cha ching. Hoa hoc
cia kim loai chuyén ti€p thudng dugc coi co ban 13 héa hoc phitc chdt . Day 1a mét lanh vire
bao trim héa hoc vo co.

Nguyén tit kim loai chuyén ti€p c6 nhiéu obitan héa tri, trong d6 c6 nhiéu obitan tréng
va c6 4o dién 4m 16n hon kim loai kiém va kiém thd cho nén r4t c6 kha nang nhan cap electron
va 13 chdt tao phitc 1oL

Trdr lai lich sit phét trién cla héa hoc phie chat, nhimg phitc chat dd duge bit dén va
nghién cifu ddu tién chinh 12 phic chét ciia kim loai chuyén ti€p. C6 1 xanh Beéclin ¢6 thanh
phin KCN.Fe(CN),.Fe(CN), do Diesbat (Diesbach) ngudi Dic diéu ch€ vao d4u the ki XVIII
dé 1am bot mau 1a phic chat dugc bi¢t va st dung ddu tien. Phitc chét thit hai duge bigt boi
Taxae (Tassaert) ngudi Phip vao nam 1789 12 hop chdt mau nau-do tao nén khi amoniac két
hop v6i quang cia kim loai coban.

Vio ddu th€ ki XIX, nhiéu amoniacat cha coban duge diéu ché, chiing c¢6 mau dep va cb
tén goi gan lién v6i mau cha ching, vi du nhu amoniacat CoCl,. 5NH, mau dd duge goi 12 mudi
puapuréo, amoniacat CoCl,.5NH,.H,0 c6 mau héng duge goi 12 mu6i rozeéo. Dén cubi thé ki,
nhiéu amoniacat cla crom va platin duge diéu ch€. Tuy nhién, gin mot th& ki éi qua, chua c6
mot I thuyét nao giai thich thoa dang su tao thanh nhitng amoniacat 46.



Thuyét mach

V3o nhimg nam 60 cia thé ki XIX, trong héa hoc khdi niém héa tri da hinh thanh rd
nét, mbi nguyén t& cé6 mot héa tri ¢6 dinh va ngudi ta da bi&t cdc hop chat hiu co ¢6 ciu tao
mach gém nhing nguyén tit cacbon. Vi du nhu phén tr hexan cé céu tao mach
CH, - CH, - CH, —CH, —CH, —CH, gom 6 nguyén tir C, trong dé nhém metyl CH, ¢6 hda

trj mot v nhém metylen — CH, — ¢é héa tri hal.

Vian dung nhitng thanh tyu dé, nim 1884 Blomstran (W. Blomstrand} va Jogenxen
(Jorgensen) dua ra thuyét mach vé ciu tao cdc amoniacat clia coban, Céc 6ng cho rang trong
NH,Cl vé6i cau tao H-NH,-C), nhém -NH;- ¢6 hoa tri hai cho nén:

_NHCl
Co— NH,-NH,-NH,-NH,-Cl
NH,-Cl

CoCl,.6NH; c6 ciu tao:

P
CoCl,.5NH, ¢6 cAu tao: CoZ— NH,-NH,-NH,-NH,-Cl
" NH,-Cl

cl
coZ” NH,-NH,-NH,-NH,-Cl
e :

Cl

CoCl;.4NH; c6 céu tao:

Khi tac dung véi dung dich AgNO,, ba nguyén tir C1 trong mudi thi nhat déu tao két
tha AgCl vi chiing & cdch xa nguyén tir Co, mot nguyén tir Cl trong mudi thit hai va hai nguyén
tir CI trong muéi thit ba khoéng tao ket tha vi ching & sit ngay nguyén tir Co.

Tuy nhién, thﬁyé’t mach khéng gidi thich duge tai sao trong cdc amoniacat cta kim loai
chi ¢6 6 phan tir NH, ma khong cé 8 hay 10 va tal sao phan t& NH, lai tro vé& mit héa hoc. (Cén
chi ¥ ring thuyét mach ra d&i va duge phat trién gin nhu dong thdi véi thuyét dién li cla
Aréniut).

Thuyét phoi tri

Pang nghién citu trong linh vuc héa 1ap thé cla nhing hop chat hitu co chita nito, nha
héa hoc Thuy ST Vecne (A. Wemner, 1866-1919, gidi thuong Noben vé héa hoc nam 1913) da
chuyén huéng nghién citu sang cdc ameoniacat cia Kim loai, mot lanh vuc rit hip dén lic bdy
gio. Ding trude nhimg khé khan ma cdc nha hda hoc vo co gdp phai trong viéc gidi thich cdu
tao cha cic amoniacat kim loai, Vecne nhan thdy khong thé 4p dat nhitng ¥ tuong da co trong
héa hoc hitu co vao nhitng amoniacat. Lam nhiéu thi nghiém véi amoniacat clia Co, Cr va Pt,

ong nhén thay ¥ tudng vé mot héa tri c& dinh khong thé 4p dung duge cho nhimg kim loai nay

vA vio ddu nam 1892, thuyét phoi tri cia Vecne da ra doi trong mot gidc mo, hic d6 ong mai
26 tubi. Thuyét phdi tri bao gém nhing diém sau day:
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- Nguyén tlf cia nguyén t& c6 thé c6 hai logi héa tri: héa tri chinh va héa tri phu. Héa
tri chinh tuong img v6i khéi niém s6 oxi hda ngay nay va héa tri phu tuong ing vdi khai niém
s6 phoi tri ngay nay.

- Nguyén tu tao phic c6 xu hudng bdo hda céc héa tri chinh va héa tri phu. Hoa tri
chinh chi dugc bio hda béng anion con héa tri phu duge bdo hoa bing anion va phéan tur trung
hoa.

- Héa tri phu ¢6 phuong xédc dinh trong khéng gian.

Ba amoniacat clia coban vira xét trén day dugc mo ta nhu sau theo thuyét phéi tri.

o NHs
, NH,. \ | NH,
CoCl;.6NH, 6 ciutao: ~ A\ LT
| “Ce—o0l
NH, " /1 TNH,
Cl' NH
cl
NH, | NH,
COC]:;.SNH!_;' ¢h ciu tao: cl \“':éo:"' cl
NH, 1 TNH,
NH,
cl
NH,.  §  NH,
CoCl,4NH,  ¢6 chu tao: Co——Cl
NH,” | ““NH,
' Cl

Trong cdc cong thifc cdu tao trén day, vach lién chi héa tri chinh va vach rdi chi héa tri
phuy, héa tri chinh chia Co bing 3 va héa tri phy bing 6. Trong hop chét thit nhét, cdc nguyén tir
Cl chi thda man héa tri chinh, cdn cdc phan t&f NH, théa mén héa tej phu. Trong hop chét thit
hai, mét nguyén tit Cl vira thda man héa tri chinh, vifta thda mén héa tri phu. Nguyén t Cl thoa
min héa tri phu nay khong tao nén két tha AgCl khi hop chdt thit hai tic dung vdi dung dich
AgNO,. Tuong w nhu vay hai nguyén t& Cl trong hop chat thit ba thoa man ca hai héa tri
khéng tao nén két tha AgCl. Trong c4 ba hgp cht, cdc phan tir NH, déu thda man héa tri phu

nén khong bi trung hda béi axit manh cling nhu khong bi kiém manh ddy ra khéi dung dich.

Vo thoi clia Vecne, ngudi ta chua biét duge bin chét clia hda tri chinh va héa tri phy
Vi trong héa hoe chua c¢é nhitng phuong phap thuc nghiém va li thuyét d€ nghién ctiu. Nhung
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Vecne da dé ra phuong phép nghién ciru va téng hop phitc chat va phuang phép d6 trong mot
$6 trudng hop cho phép ong du dodn diing s6 cuc dai cia phic chit duge tao nén trong nhiing
~diéu kién xdc dinh va nhimg dic diém co ban vé c4u tao ca ching.

Cong cu chinh ma Vecne ding d€ If gidi cdu tao cila phic chat 1a viée nghién ctu hién
tugng dong phan. Vecne so sinh s6 déng phan du don véi s§ déng phan téng hop dugc chia
mot phiic chét ¢6 thanh phin x4c dinh va dua vao d6 dé€ ching minh nhitng quan niém ding
dén chia minh vé c4u tao clia chiing. Thanh tyu 16n di dat duoc cha Vecne 1a su phii hgp hoan
toan giita 6 dong phan 16ng hgp va s6 déng phan dir dodn ciia phifc chat ¢6 c4u hinh bat dién.
Tuy day khong phai la bang chiing truc ti€p c6 thé xdc minh c4u tao cua hgp chit, nhing du
dodn ciia Vecne diing dé khing dinh sy ding din cda thuyét phéi tri 1a mot tign bé 16n trong
khi chua ¢6 nhiing phuong phap nghién citu hién dai.

Thuyét phdi tri clia Vecne dd cho phép he thdng héa nhiing hiéu biét vé phitc chit thei
bdy gjo va dinh hiréng cho viéc téng hop phiic chat méi. Thuyét phdi trf cong v6i hai muoi nim
tim 101 nghién citu khéng mét méi va hoat dong gidng day ctia Vecne di duge ddnh gid bang
gidi thudng Noben vao nim 1913 vé héa hoc. Thuyét phdi tri va sut ra doi thuyét cap electron
cta Liuyt vé lién két cong héa tri da din dén quan niém v& sau ndy vé lién két phéi 1ri (lien két
cho-nhan).

CAU TAO CUA PHUC CHAT

Trong céng thitc cau tao clia phire chdt (thudng goi 1a hop chdt phdi tri) ngudi ta phan
ra cau ndi va ciu ngoai. Cdu ngi hay con goi 12 cdu phoi tri duge viét trong d&u méc vuodng,
bao gdm chit tao phiic va céc phéi tir.

Chdt tao phiic c6 thé 12 ion hay nguyén tir va thuong dugc goi chung 12 nguyén trung

tdm. Phoi e hay ligand (tiy chit ligare tiéng La Tinh 13 budc quanh) 12 ion ngurge ddu hay phan
tlf trung hoa dién duoc phdi tri xung quanh nguyén tit trung tam. Dién tich cta cdu noi 1 téng
di¢n tich cia cdc ion & trong cu noi. Nhiing ion nim ngoai v2 ngugc ddu véi ciu noi tao nén
cdu ngoai. -

Vi du nhu nhimg amoniacat clia coban vira x&t trén dy CoCl,.6NH,, CoCl,.5NH, vi
CoCl;.4NH, ¢6 cong thitc cfu tao 1a; '

[Co(NH,)(]Cl, {Co(NH,},Ci]Cl, va [Co(NH,),CL]Cl

(cundi) (cdu ngoai) (cﬁu ndi)  (cdu ngoai) (cu n6i) (c4u ngoai)
- Cau ndi cha phiic chat c6 thé 13 cation.

Vidu:

[Al(H;0)ICl,
[Zn(NH,),]Cl,
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[Co(NH,)]Cl,
- Cdu ndi cha phic chét ¢é thé 13 anion.
Vi du:
' H,[SiF]
K,[Zn(OH),]
K,[Pbl,]
- Cdu ngi cia phifc chét c6 thé 1a phan tir trung hda dién, khong phan li trong dung
dich.
Vi du:
[Co(NH;),Cl,]
[Pt(NH,),Cl,}
[Ni(CO),]
Qua nhiing vi du trén day, ta thdy nguyén tir trung tam c6 thé 1a kim loai (Co, Al, Zn,
Pt va Ni) hay khong-kim loai (Si), ¢6 thé Ia ion (Co™, AP, Zn™...) hay nguyén tir (Ni); phéi tir
¢6 thé 12 anion (F~,C1™,OH") hay phan tir (NH,, H,0...).

Phoi tu

Nhimg pho6i tir 12 anion thudng gap 1a F~,CI",I", OH™, CN,SCN- ,NO;, §,0%,
C,0i", ... Nhimg phéi tit 12 phan tir thudng gip 1a H,0, NH,, CO, NO, pyridin (C;H.N),
etylcndiamin (HzN‘CHz'CH:"NH)_).

Dua vio s6 nguyén tir ma phéi tir c6 thé phéi tri quanh nguyén i trung tam, ngudi ta
 chia phoi tirra [am ph6i té mot cang va phéi tir nhidu cang. Nhimg anion F~,Cl",OH",CN" ...
va nhimg phan i nhu H,O, NH,... 13 phéi tir mt cang. Anion C,03, phan tit etylendiamin 12
phéi" n¢ hai cang. Vi du nhu ion phic clha ion Cu?* v6i amoniac va cla ion Cu® véi
etylendiamin c6 ciu tao:

‘ 2+ j H2 Hz ) 7 2+
H3N \ NH3 Hzc -_— N /DI"_ CHZ
H,N NH, | H,C— N N—CH,
7 2
([Cu(NH,),I*) ([Cu(en),]**, en=etylendiamin)

Anion cha axit etylendiamintetraaxetic (viét tit 1a EDTA):



“00C —CHy O~ COO
P N—CH,— CH,—N X
-00C — CH, CH,— COO"
1a phdi tit sdu cang, n6 cé hai nguyén tr N va bén nguyén tir O c¢é thé phdi tri quanh ion kim
g y g P q
loai M™:

_ 4=
CH, —C00 ——— 147"
(CH,), M

|
N =—CH, — COO

SCH, —C00 ————

Chat rilon B ding trong héa hoc phén tich la muéi  dinatri cba  axit
etylendiamintetraaxetic. Phic chét dugc tao nén béi phéi tir nhiéu cér;g vt mét ion kim loai
duge goi 1 phitc chdt vong cang hay chelat (tit chir chele tiéng Hy Lap 1a vong).

S6 phot tri

S6 phéi tir bao quanh chét tao phic xac dinh 6’ phoi tri cika chdt tao phie. Vi du nhu
s6 phoi tri cha ion Co™, A", Ni** trong cdc phic chit |Co{NH,),ICl,, 1Co(NH,),CL]Cl,
Na,[AIF] va [Ni(NH,)](NO,), bing 6; s6 phdi tri ciia Zn*, P, Ni¥*, Au™ trong cdc phic
chdt K,{Zn(OH),], [PNH,),CL,], [Ni(CO),] va H[AuCl,} béng 4; s phdi trf clia ion Cu®* trong
céc jon phitc [Cu(NH,),]*" va {Cu(en),]** déu bling 4 vi phdi tr mét cang tao nén s6 phdi tri
bing | va phoi tif hai cang tao nén s& ph6i tri biing 2 cho nguyén ti trung tam; s6 phoi tri cla
Ag* trong ion phitc [Ag(NH,),]" béng 2, s6 phdi tri cta Fe trong phitc chét [Fe(CO)) bang 5;
s6 phéi tri clia kim laai héa tri bon M(IV) trong phic chit M(aca), (& day M la Ce, Zr, Hf, Th,
U, Pu va aca la axetylaxeton) béng 8... Tuy nhién 4 va 6 13 nhimg s6 phdi tri phd bien nhat
trong céic phitc chat, céc s6 ph6i trf khic kém phd bién hon nhiéu.

Mot s6 chit tao phife cé s6 phdi tri ¢6 dinh trong t4t c& céc phitc chat, vi du nhie Cr** va
Pr* luon luén c6 s6 phdi tri 12 6. Nhung tity thudc vao ban chit ctia phéi tir va diéu Kién tao
thanh phitc chét, da s§ chat tao phic c6 thé ¢6 s& phai tri khéc nhau, vi du nhu ion Ni** trong
phifc chat cé thé c6 céc s6 phéi tri 4 va 6. S6 phdi trf 6 clia nguyén tir trung tam ludn luon iing
véi cdu hinh bt dién cla phiic chdt con s§ phéi tri 4, tmg véi cdu hinh td dign hodc cdu hinh
hinh vubéng.
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TEN GOI CUA PHUC CHAT

anion,

phéi t

hexa ...

Giéing v6i hop chat don gian, tén goi clia phiic ch4t bao gém tén cla cation va tén cia

Tén goi cla ion phic gdm c6: s6 phdi tr va tén phéi tir 12 anion, s6 phéi tir va tén clia
12 phan tir trung hoa, tén clia nguyen tir trung tam va s6 oxi hoa.

S6 phéi tr

DE chi s& luong phoi tir mot cing ngudi ta ding nhimng ti€p dau di, tri, tetra, penta,
conghiala 2, 3,4,5,6... ' .

DE chi s6 lugng phoi tir nhiéu cang ngudi ta ding nhitng ti€p ddu bis, tris, tetrakis, ‘

pentakis, hexakis c6 nghifala 2,3,4,5,6...

Tén phdi tie

- Néu phi tir 12 anion, ngudi ta 14y tén clia anion va thém duoi o:

NO; nitro co?-  cacbonato
F~ floro ONO~  nitrito OH~  hidroxo
CI" cloro SO%" sunfito CN-  Xiano
Br~ bromo s,0% tiosunfato gCN-  tioxianato
I~ iodo c,0% oxalato NCS-  isotioxianato

- Néu phéi tir 1a phan tif trung hoa, ngudi ta 14y tén ciia phan tir d6:
CH, etylen, C;H,N pyridin, CH;NH, metylamin
- NH,CH, CH,NH, etylendiamin, C;H, benzen
- Mot s6 phan tir trung hoda duoc dat tén riéng:

H,0 aqua, NH, ammin, CO cacbonyl, NO nitrozyl.

Nguyén it trung tém va sé oxi héa

theo s6

dudi at

- Néu nguyén tir trung tam & trong cation phifc, ngudi ta ldy tén clia nguyén tir dé kém
La M viét trong dfu ngoac don dé chi s¢ oxi héa khi cn.

- Néu nguyén tir trung tam & trong anion phic, ngudi ta 14y tén ciia nguyén tit do thém
vi kem theo s& La M3 viét trong d&u ngodc don d€ chi s6 oxi héa, néu phiic chét 1a axit

thi thay duéi ar bing ic.

Vi du tén goi ciia mft s6 phitc chdt:

[Co(NH,)]Cl, hexaammin coban(IIT) clorua
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[Cr({NH,),]Cl, hexaammincrom(III) clorua
[Co(H,0),ClICl, | cloropentaaquacoban(IIl) clorua
{Cu(NH,CH,CH,NH,),]SO, bisetylendiamin d6ng(Il) sunfat

[Co(aca)(H,0),]C] - ' axetylaxetonatotetraaquacoban(Il) clorua
Na,[Zn(OH),] . natri tetrahidroxozincat

K,[Fe(CN),] kali hexaxianoferat(Il)

K;{Fe(CN),] kali hexaxianoferat(IIT)

H[AuCl,] ) : axit tetracloroauric(IIl)

HIEN TUGNG DONG PHAN TRONG PHUC CHAT

Déng phdn nhu da biét 12 sy t6n tai cha nhimg chat c¢6 cing mot thanh phin nhung
khéc nhau vé c4u tao phan tr nén cé tinh ch4t khdc nhau. Phitc chét ciing ¢6 nhimg dang déng
phan giéng nhu hop chét hitu co, Nhimg kiéu déng phéan chinh cia phic chét 12 d6ng phan hinh
hoc va déng phan quang hoc. Ngoai ra cdn ¢6 cdc ki€u déng phan khac nhu déng phan phdi tri,
déng phan ion héa va d6ng phén lién két.

Déng phdn hinh hoc hay déng phan cis-trans

Trong phiic chat, c4c phéi tir c6 thé chi€m nhimg vi trf khdc nhau d6i v6i nguyen tir
trung tam. Khi phifc chét ¢6 c4c logi ph6i tir khdc nhau, néu hai phéi tr gi6ng nhau & vé ciing
mét phia d6i vdi nguyén ti trung tam thi phic chit 13 déng phdn dang cis (cis ti€ng La Tinh
nghia 13 mot phia) va néu hai phéi tir giéng nhau & vé hai phia d6i vdi nguyén tir trung tam thi
phic ch#t 13 ddng phdn dang trans (trans ti€ng La Tinh nghia 13 khic phia).

Vi du phitc chét hinh vuéng [Pt(NH;),CL,] c6 hai ddng phan cis va trans:

Cl NH H,N
\Pt / 3 3 \ /Cl
a”” Ny, | a” P'\Nﬂg
cis-diclorodiamminplatin(II) trans-diclorodiamminplatin(Il)
(mau vang da cam) ' ' (mau vang nhat)

Trong déng phan dang cis, hai phan tit NH, cling nhi hai nguyén tir Ci déu & cling mot
phia d6i véi Pt, con trong d6ng phan dang frans, hai phan tir NH; ciing nhu hai nguyén tir C1 &
d6i dién v6i nhau qua Pt.
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Ion phitc bat dién {Co(NH,),Cl,]" ¢é hai déng phan cis va frans:

Cl Cl
/IH:; /H3
H,N /Co —Cl H,N /Co NH,
HLN H,N
NH, cl

" cis-diclorotetraammincoban(Ill)  frans-diclorotetraammincoban(111)

{mau tim) (mau luc)

Trong déng phan cis, hai nguyén tir Cl & ciing mot phia d6i véi Co, con trong déng
phan zrans, hai nguyén tir Cl & d6i dién vé1 nhau qua Co.

Phiic chét t& dién khéng c6 ddng phan hinh hec vi hai dinh cha bat ki nr dién nao déu &
vé mot phia d6i v6i nguyén tir trung tam. =

Déng phdn quang hoc hay dong phdn guong

Hieén tuong déng phdn quang hoc sinh ra khi phan tlt hay ion khong c6 mat phang d6i
xing hay tam dof xing, nghia 1a phan t&r hay ion khong thé chdng khit 1én anh cira né & trong
guong. Hai dang déng phan quang hoc khéng thé chong khit [én nhau tuong tu nhu vat véi dnh
cha vat & trong guong. Bai vay, kiéu déng phan nay con goi [a dong phdn guomg. Do 6 céiu tao
khong d6i xtng, cidc déng phan guong déu hoat dong vé miat quang hoc: 1am quay mat phing
clia 4nh sang phan cuc, Cic déng phan quang hoc cia mét chat ¢6 tinh chit 1i héa gidng nhau
trit phuong lam quay trai hay phai mat phang cGa dnh sang phan cuc. ~

Vi du ion phic trisoxalatocromat(IIT) [Cr(C,0,),]" c6 hai ddng phan guong:

ox—" guang

[CHC,0 )4 OE=CZO‘

(vach lién chi lién két, vach chdm chi ciu hinh hinh vudng)

Ion phiic dicloroetylendiamindiammincoban(Ill) [Co(NH,),enCl,}* ¢é hai dong phan
guong:
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Cl guong Cl
N .......................... C| i| C‘ ......... l .................. N
erK:: \Clo/ E \CO/ ln
N/ D NH, HsN/ ........ N
NH, l NH,
[ |
[Co(NH,),(en)CL]" T =NH,—CH,CH,;—NH,
N

(vach lién chi lién két, vach ch&m chi hinh vuOng trong c4u hinh bét dien va en=etylendiamin).

‘Nhiu déng phan hinh hoc va déng phan quang hoc ciia céc kim loai Co, Pt va Cr da
dugc Vecne du dodn, tdng hop vA nghién cru dé 1am co s& x4c minh thuyé& phéi tr ctia minh.

Déng phdn phéi tri

Hién twong déng phdn phéi tri sinh ra do su ph6i tf khic nhau cha loai ph6i 1l quanh
hai nguyén ti trung tdm clla phiic chat gém c6 ca cation phitc va anion phic.

Vi du:

[Co(NH,),J[CHCN),] VA [Cr(NH)JICo(CN),]
(Cu(NH, ), J[PtCL] va  [PQNH,),)(CuCl,]

[ Pt (NHL),){ PtCly) va  [PLONH),CLI[PtCI)
Péng phdn ion héa

Hién tuong déng phdn ion héa sinh ra do su sép x€p khic nhau cla anion trong cu noi
va cu ngoai cha phifc chat.

Vidu:
[Co(NH,),Br]SO, v [Co(NH,),S0,}Br
(mau tim-do) (mau héng-do)

Dung dich ctia déng phan mau tim-dd, khi tdic dung véi Ba™ cho két tha BaSO, cdn
dung dich ca d6ng phan mau héng-do, khi tic dung v6i Ag” cho két tha AgBr.
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Dong phdn lién két

Hién tuong ddng phan lién két sinh ra khi ph6i tir mot cing c6 kha ning phéi trf qua
hai nguyén tir. Vi du tdy thudc vao diéu kién, anion NO; ¢ thé phéi tri qua nguyén tr N (lién
két M-NO,) hay qua nguyén i O (lien k&t M-ONO), anion SCN™ ¢6 thé phéi trf qua nguyén
tir S (lien k&t M-SCN) hay qua nguyén tir N (lién k&t M-NCS).

Vidu:
[Co(NH;)sNO,]Cl, va
- Nitropentaammincoban(II} clorua
{mau vang)
[Mn(CO)sSCN} va

Tioxianatopentacacbonylmangan

[Co(NH,);ONO]Cl,

Nitritopentaammincoban(1II) clorua
{mau héng-do)

[Mn(CO);NCS]

Isotioxianatopentacacbonylmangan

Chii y: Hai déng phan nitropentaammin va nitritopentaammin ca coban(Ill) nay da
duge Jogenxen téng hop tir nam 1894, sau d6 dugc ca Jogenxen va Vecne ciing nghién ciu va
hai 6ng da gii thich ding c4u tao khéc nhau cba ching trong khi chua cé nhimg phuong phip
nghién ctu hién dai nhu ngay nay. Hai 6ng d& so sénh mau cha hai déng phan d6 v6i mau clia
cdc phiic chat khdc clia coban, nhan thdy nhing hop chét gém c6 6 lien ket Co™*-N nhu
[Co(NH,),}** va [Co(en),]** déu c6 mau vang cdn nhimg hop chét ¢6 5 lién ket Co*:N va mot
lien két Co™- O nhu [Co(NH,)H,01** va [Co(NH,);NO,J** déu c6 mau héng-do. Nhu vay, sy

khéc nhau vé mau sic cila hai déng phan 12 sy khéc nhau vé lién ket cia Co™ véi nhém NO; .

THUYET LIEN KET HOA TRI (VB)

Ban ch4t ciia héa tri phu trong thuyst phéi tri cia Vecne cang ngay cang dugc sing to
trong 1§ thuyét hién dai vé lien ket héa hoc trong pmic chét cia céc kim loai chuyén ti€p:
Thuyét lién ket héa tri, thuyét trudng tinh thé va thuyét obitan phan ti.

Thuyét lién két héa tri

Nam 1927, thuyé&t axit-bazo clia Liuyt (xem tap m¢t) coi bazo Ia chét cho cap electron va axit
12 chit nhan cap electron:

BF,k) +
axit Liuyt

:NH:;(k) = F3B « NI—IS(I-)!
bazo Liuyt mudi Liuyt

da dugc nha héa hoc ngudi Anh Xituye (N.Sidgwick, 1873-1952) vin dung vao phitc chit.
Xituyc coi nhimg amoniacat clia coban di xét trong thuy€t phGi trf cua Vecne la nhimg
mudi Liuyt :

13
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NH,

SN

Co*  + 6:NH, = Cof*;\
axit Liuyt bazg Liuyt Hal‘/ T NH, mudiLiuyt
NH,

Vay phitc chat dugc tao thanh bing céc lién két cho-nhan giita cap electron ty do clia phéi
tir v3 obitan trong cla nguyén tir trung tam. Két hop véi khdi niém lai héa clia Paolinh, nhiing
obitan tréng d6 phai 14 nhimg obitan lai héa clia nguyen tir trung tim méi c6 thé tiép nhan dugc
~ nhimg cap electron clia ph6i tir nim & nhiing vj tri quyét dinh cfu hinh ciia phitc chat.

Vi du 1. Ion Cu* két hop véi : NH;
Cu* + 2NH, = [Cu(NHy),]

tao nén cation phitc {Cu(NH,),]* dudng thing nho sy tao thanh hai lién két cho-nhan giita cip
electron ty do clia :NH, v hai obitan lai héa sp tréng clia ion Cu* (3d'°): '

5p
3d 4s 4p
Cu* 3dY [MINININN ' A \
NH, NH,
Vi du 2. Ton Co* két hop véi ion CI:
Co* + 4C =  [CoCLF

tao nén anion phic tif dién [CoClL,J*” nhd sy tao thanh 4 lién ket cho-nhan giita cap electron tu
do cfia ion CI' va obitan lai héa sp® tréng clia ion Co** (3d"):

b . 8p3
3d | 4s ap
C02+(3d7) Ti, T,L T T T h A H A
a caa a a

Vi du 3. Ton Pt** két hop véi jon Cl™:
Pt + 4Q° = [PtCl1, 1>

tao nén anion phic hinh vuong [PICLJ?™ nho sy tao thanh 4 lién ket cho-nhén gilfa cap electron
tw do clia ion Cl™ va obitan lai héa tréng dsp? clia ion Pt**(5d°%):

14
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dsp?
Sd. : bs op
persaty [TV NN 4| \ Al a
I Ccr CI CI°

Vi du 4. Ton Co™ két hop v6i NH, tao thanh cation phitc bdt dién nhd 6 lién két cho-
nhén gifta cip electron ty do cia NH, va obitan lai héa tréng d?sp® ciia ion Co**(3d®):

3

' d’sp
3d | 4s 4p
C03+(3d6) T\L Tl' T'l' M A A Al AL A

NH; NH; NH, NH; NH;NH,

Trong cation phitc [Co(NH,)]*, 6 electron cila ion Co™ déu ghép thanh cip nén phirc
chét ¢ tinh nghich tr. Tuy nhién khong phai t4t ca nhiing phidc ch4t bét dién cia ion Co™ déu
1a nghich tir. Vi du nhur anion phiic [CoF,)*” ¢6 tinh thu4n tiY, momen tir do duoc ciia phitc chat
tuong \ing véi sy c6 mit 4 electron doc than. Thyc t& d6 din dén suy nghi trong trudng hop
ndy, ion Co™ khong & trang thi lai héa d’sp® ma & trang théi lai héa sp’d?, nghia Ia cdc obitan
4s va 4p khong lai héa véi obitan 3d ma véi obitan 4d & ngodi (thudng goi 12 sy lai hda ngodi
d& phan biét v6i si lai héa trong 13 kiéu d%sp?)

_ sp'd®
3d : 4s 4p 4d
coaa) [N e T 2] (4] [aT4la] [l

: F- F F F° F F-
Momen tir do duge ciia cdc ion phitc [Fe(H,0),]* vi [FeF,J> tuong tng véi sy c6 mit

trong phic chat 5 electron doc than, cla ion phitc [Ni(NH,)sJ** twong ting v6i su c6 mat 2
electron dgc than déu dugce giai thich bing gia thiét trang théi lai héa sp’d® chia Fe* va Ni?*.

Uu diém cta thuyét lién két héa tri 12 mé t3 mot céch don gian va cu thé c4c lién két o
trong phic chét va giai thich duge ti-tinh cla phitc chdt. Nhuoc diém cla thuyst lien k&t héa
tri 1a khong giai thich duge mau sic ciia cc phiic chat. '

15



THUYET TRUSNG TINH THE

Thuyét truong tinh thé do hai nha vat li Beto (H. Bethe) vi Viec (V. Vleck) dé ra nam
1933 dé gii thich tinh chét cla céc chit dang tinh thé nén ¢é tén goi d6. Mai dén nhiing nam
50 cua thé ki nay méi duge ap dung vao phiic chit ciia kim loai chuyén ti€p l1a nhimg hé cing
c6 su sap x€p déu dan cla cic hat mang dién tich. '

Khéc véi thuyét lién ket héa tri, thuy€t trudng tinh thé khong dya vao khai ni¢m lai hoa
va su tao thanh lién két cho-nhan ma coi sur tao phitc 1a tuong téc tinh dién gitta chdt tao phirc
va phéi tlr. Thuyét trudng tinh thé xét vi tri cha cic obitan d (hay f) trong khong gian cua
nguyén tlr trung tam va x&t e ddy electron trén nhiing obitan dé boi phéi tir. Thuyét do khong
chii ¥ dén kich thudc va cdu tao cua phéi tir ma coi phdi tir 1a nhing dién tich diém hay ludng
cuc, chiing duge sip x&p trong khong gian nhu the nio dé nang lugng ddy giita cdc dign tich
diém d6 12 cuc tiéu. Diéu ndy xAy ra khi phi tit sap x€p tai céc dinh clia hinh bét dién (56 phoi
tri clia nguyén ti trung tam 13 6) hodc cic dinh ctia hinh tf dién (s6 phéi tri chia nguyén &
trung tam bing 4). Néu thuyét lien ket hoa tri coi sy tao phtic sinh ra Khi cdc obitan cia nguyén

tif trung tam va phdi tif che phl nhau tao nén nhitng lién két o thi thuyét truomg tinh thé cho '

riing trong phic chat, nhitg obitan cua nguyén tir trung tam bi nhimg dién tich diém cta phéi
tlr ddy s& sdp x&p nhu thé nao dé tuong tac giita chiing la cuc ti€u. Vay co so cua thuyét trong
tinh thé 13 luc ddy finh dién giita cdc electron cha phdi tir va clia nguyén ti¥ trung tam.

~ Trong nguyén tir tu do ciing nhu ion ty do clia kim loai chuyén tiép, céc obitan d cing
mot 16p (d,y, dyr dyy, d VA, ) €O naNg luong nhu nhau va dugc goi 14 suy bién. Néu phéi

fif tao quanh ion kim loai mot trudng doi xng cdu (dien tich phan b3 dong déu trén toan khéi
cAu) thi su suy bién v& nang lugng vin khong thay déi, nghia 12 céc obitan d vén c6 nang luong
nhu nhau mic di nang luong clia céc obitan d tang 1en do bi phéi tir ddy. Nhung trong truong
khéng d6i xtng cdu nhu trudmg bat dién, truong tit dién (doi khi trudng hinh vuéng) cha phdc

chat, nhitg obitan d & gin phoi tr bi ddy manh nén ning lugng tang lén nhiéu, con nhitng.

obitan d & xa phéi tir bi ddy y€u nén nang lugng tang len it. Nhu vay, khi tao phitc, nang lugng
cha cdc obitan déu tang lén nhung ting khong déng déu.

Truéc hét chiing ta xét sy bién ddi niang
luong clia cdc obitan d trong phifc chdt bdar dién.
Hinh 1 trinh bay vi tr cdc obitan d clia ion kim Joai -
trong c&u hinh bt dién cla cdc phdi tir (vong tron
chi vi trf chia phéi 11, nhimg hinh qua bau to den
nhat chi obitan d va dx!_yr va nhilng qua bau

tring chi nhimg obitan d,, d,, va d,,).

Ta thdy obitan d , ndm trén truc z va obitan

da_p nim trén truc X vi tryc y O gln hon vai cic

phdi tlr cling ndm trén cdc tryc tuong img nén ¢é

Hinh 1. Trudmg bdt dién cia cdc phdi ni
16
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“trong trudng bat dién: nhém d, gém 3 obitan

ning hrong cao con ba obitan d,, d, vd d, nim trén dudmg phan gidc clla céc tryc X, y, z
tuong Ung & xa phdi tir hon nén ¢é nang lugng thap hon. Nam obitan cta ion kim loai c6 ndng
luong nhu nhau, trong trudng bét dién cla phéi tir dd phén chia thanb hai nphém: nhém d, gébm
hai obitan ¢4 nang lugng nhu nhau va cao hon va nhém d, gdbm ba obitan ¢é nang lugng nhu

nhau va thdp hon (Hinh 2): : b

N&ng lugng
Na&ng lugng trung
bink ¢0a obitan d
- trong trudng tinh thé
I | Sy thch mie nang
lugng cac obitan d
Ion i do trong trudng bat dlé.n

Hinh 2. Su tach cac mie ndng fugng cua obitan d trong phiic chdt bat dién

Chii y: Obitan dzz thuc ra 14 t6 hgp cha obitan dy;_‘; va obit::mdz,_y2 , hai obitan nay
giéng véi dx,_y2 . V& hinh dang thi 3 obitan dn,_\’2 ’dzl—ﬁ va dz.’-yf . gidng v6i nhau va gidng

vdi ca 3 obitan d,,.d,, vad,,.

Trong phire chdt ti dién, su bién déi nang tugng clia cdc obitan x4y ra nguoc lai. Hinh
3 trinh bay vi tri cla cdc obitan d cla ion kim loai trong cdu hinh td dién clia phéi t (vong tron
tring chi vi tri cha 4 phéi tir tac nén mot cdu hinh tif dién, vdng t6 den chi vi tri cla phéi tir
trong mot cfu hinh nf dién khéc, cdc qua biu chi obitan vin dugc biéu dién gidng nhu hinh 1):

Ta thdy trong phitc chat ur dién, ba
obitan d, , d,, va d, & gin phéi ti hon hai
obitan d , va dx,_y1 nén bi ddy manh hon

va tang ndng lugng nhiéu hon. Vay nam
obitan ¢6 ndng lugng nhu nhau cia ion tu
do, trong trudng ti dién coa phdi tir ciing
phan chia thanh hai nthém nhung nguge véi

c¢6 ning luong nhu nhau vA cao hon va
nhém d, gém hai obitan cé nang lugng nhu
nhau va thdp hon (Hinh 4): :

: Hinh 3. Trudng ti dién cua cdc phoi i

2-Héa hoo v cg- T3 F7



dxy d,; d,; _
Nang Iugng d
-1
T T T .- ¥ WAy .
. 3/5AT Ar
. Néing lugng trung ]
binh clia obitan d | d,
trong tnuang tinh thé d_ dxi-yz
Sif tach mis nang
Ion by do . iugng Gét:': obitan d
trong truGng bat dién

Hinh 4. Sy tich cdc mite ndng liigng ctia obitan d trong phitc chdt ti dién

.Trbng_trub‘ng hinh vudng clia phéi ti, hién tugng phéan chia cdc mifc nang lugng clia
obitan d phifc tap hon: obitand ,_, & gin ph6i tir b ddy manh nhdt nén ting ning luogng,
obitan d_, khong chiu anh hudng tric ti€p cha phéi t&r nén hoi gidm nédng lugng; trong ba

obitan d,,, d,, va d,,, obitan d,, chiu tic dung tryc ti€p hon nén ¢ ning lugng cao hon hai
obitan con lai (Hinh 5):

gy |
dyz Ay Ao
Ag Y
}
dy A dy;
d. {11124
)
dy dy;
Sy téch nufc ning lugng cic Su tich mitc nang lugng céc obitan d
obitan d trong trudmg bét dién trong trudng hinh vudng

Hinh 5. Sue téch mite néng lugng cia obitan d trong phitc chdt
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Nhu vay, phitc chét hinh vaong 13 mot bié‘n dang clia phic chat bar dién, trong dé hai
phSi ur & vi trf trans & trén truc z bi 14y di. Do d6 obitan d . duge lam bén thém nhiéu so véi
trong phic chat bat dién va obitan d,, va d,, duge 1am bén thém mot it, cdn céc obitan dxz_y, va
d,, tr& nén kém bén hon.

Thong 56 tdch ndng luong

Hi€u nzng luong cta obitan d “cao’” v obitan d “thap” dugc goi 1a théng s6 tdch ndng
{ugng, ki higu 13 A. Trong phic chat bat dién, so véi mic ning luong trung binh cda obitan d
trong trudng tinh thé (Hinh 2), méi electron chiém nhiing obitan d o vad., (ki hieu 1a d)
¢ nang lwgng cao hon 1a 3/5A, (Ag 1a thong s6 tach nang lugng trong lrufmg bat dién, o Ia chix
cdi ding dau chit octaédre 12 bit dién) v méi electron chi€m obitan dyy, dy, vad,, (ki higu la d,)
¢6 nang lugng thdp hon 13 2/5A,. Nguge lai, trong phitc chat tf dién, mbi electron chiém cic
obitan d,,, d,, va d,, c6 nang lugng cao hon 13 2/5A; (Ar 12 thong s6 tach nang lugng trong
trudng o dién, t 13 chir cdi ding ddu chit tetraédre 12 1 dién) va méi electron chiém cic obitan
d.vad, 2 c6 nang luong thap hon 1 3/5A; (Hinh 4).

Thong s6 tach nang lugng A phu thudc vio cfu hinh cia phﬁc chat, ban chél cha ion
trung tam va ban chat cha phdi tir.

- Phitc chdt bdt dién c6 thong s6 tch nang luong A, 16n hon thong sd tdch nang luong
A; chia phite chdt ur dién. Néu c6 cliing phdi tir va cling ion trung tim, phitc chét it dién cé
thong sd tdch nang lugng bing bén phan chin thong s6 téch nang lugng ciia phifc chat bét dlén
(Ar=4/9A, ). TOng céc thong s6 tich ning lwgng A clia phitc chdt hink vudng (chit cii ¢ dimg
dau chir carée 12 hinh vuong) 16n hon A...

- Dién tich cia ion trung tdm c6 dnh hudng dén A: ion c6 dién tich 16n cé A 16n. S& di
nhu vay 1a vi ion c6 di¢n tich 16n hit manh ph6i tif vé né va electron cia phdi tlr ddy manh cdc
electron d nén gay tdch, mot mitc do 16n, mic nang lugng cédc obitan d. V{ du nhu céc ion phic
[Cr(H,0)]** va [Co(NH,)s]** c6 A, bé hon céc ion phic [Cr(H,0)4]** va [Co(NH,),)** tirong
Ing (xem béng 1),

Kich thudc cia ion trung tdm cling c6 4nh hudng dén A. Vi du nhw ion phitrc cia Cr** c6
A bé hon ion phifc tvong tu cia Rh* va Ir'™* (xem bang 1). Nhimg ion trung tam thufe céc day
kim loai chuyén ti€p thit hai va thit ba luén luén c6 A 16n hon so véi day kim loai chuyén ti€p
thi nhat. Di€u ndy dugc giai thich 12 bn kinh 16n ciia ion trung tam tao diéu kién cho cic phoi
urdén gin va do d6 electron cta ph6i tir gay tich, mot mic d6 16n, mifc nang lugng cdc obitan
d clia ion trung tAm.
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Béng 1

3

A%

Q;% v,
wE B

Thong s6 tich nang lugng trong trudng bat dién A, (biing cm™)

G, Cr't, Mo™

[CrCL " 13.000 [CrCl, > 13.200 [MoCl > 19.200
[Cr(H,0)J**  14.000 [CI(H20)6]3+ 17.400
[Ct(NH,)*  21.500
(Cr(en);)*  18.000 [Cr(en),** 21.900
[CH(CN) ) 26.600
Co™, Co™, Rh™, Ir**
[Co(H,0)s]*  9.300 [Co(HO)*  18.200 [RhCL}* 20.000 [KCL]*  25.000
[Co(NH,)]** 10.100 [Co(NHy)J*  22.900 [Rh(H,0)]**  27.000 [Ir(NH,)* 41.000
[Coen),)**  11.000 [Cofen),]** 23200 [Rh(NH,)J**  34.100 [Ir(en),]** 41.400
[Co(CN) > 33.500 [Rh(en),]* 34.600
[Rh(CN).]* 45,500
Mr*, Mn**
[MnCI]* 7.500 [MnCL]* 20.000
[Mn(H,0);)* 8.500 {Mn(H,0),** 21.000
[Mn(en),**  10.100
Fe?*, Fe**
[Fe(H,0),]**  8.500 [FeClJ> 11.000
[Fe(CN)J*  32.800 [Fe(H2056}3+ 14.300
[Fe(CN),]* 35.000

en = etylendiamin, lem= 11,96 J/mol

- Phot 6 c6 4nh hudng manh dén thong sd téch nang lugng A ciia phttc chat. Bing 1 ghi

thong s6 tich A, trong phitc chét ciia 11 cation kim loai vé6i 5
gay tich cia cdc phéi tk d6 ting len theo thi tw: CI°, H
phoi tlt gay (rudng y&u nhat va CN-
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1a phoi 1l gay wudng manh nhat trong 5 ph6i tr d6.



Duya vao gia tri thong s tach nang lugng A xac dinh dugc bang thuc nghiem trong cic phic
chét bat dién, ngudi ta x&p céc phdi tir theo thi tu lyc trudmg tinh thé:

I' <Br” <Cl” <SCN”™ <F~ <OH < C, 0" <H,0<NCS” <py<NH,<en<dipy< NO, <CN~ <CO.

Déy phi tir duge goi 1 ddy phd hda hoc, trong d6 phéi tir dimg trude c6 trudng yéu
hon phoi tlr dimg sau. Nhimg phéi tir dimg trudc NH, thudng 1a phoi tir gay truomg yéu va
nhiing phoi tir déng sau NH, 12 ph6i t&r gay trudmg manh.

Gidi thich tir-tinh cvia phirc chdt theo thuyét truomg tinh thé

Thuyét trudng tinh thé ciing nhu thuyet lien két héa tri déu tinh s§ electron ghép doi va
s6 electron doc than ciia ion kim loai trong phitc chét. Theo thuyét trudng tinh thé, kha nang
ghép doi clia electron trong phitc chét c6 lien quan véi thong s6 tich nang lugng A. Néu nang
lugng P cdn thiet d€ ghép d6i hai electron 16n hon A thi 5 obitan d cfia ion trung tam 14n luet
dugc di€n mdi obitan mgt electron r6i sau dé dién ti€p electron thit hai va pluic chdt ¢é spin
cao. N€u nang lugng P 16n hon thi trude hét electron duge dién di cap vao nhing obitan <6
nang luong thip va phitc chdt cé spin thdp.

D€ lam vf du, ching ta xét sy sdp x&p electron trén cc obitan d clia ion Co™ trong cic
ion phitc bat dién [CoFJ* va [Co(NH,)]*". '

Ion Co® tir do c6 cfu hinh electron:

Co*@3d) (A T[T T |1

Ngudi ta xac dinh duoc nang lugng ghép doi P clia cédc electron trén cling mot obitan
trong ion Co® 1a 251kJ/mol va thong s6 tich nang lugng A, ctia [CoF,[* 14 156kI/mol va clia
[Co(NH,)s]™* 12 265kJ/mol nén 6 electron 3d cha ion Co® trong hai ion phitc d6 duge sép xép

nhu hinh 6 trinh bay:

771 Ap=265kJimol

Ag=156kJ/mol H [ l 1 t
L1 RAN HIHEH
lon[Cof, > TonCo™" trong trdng Ton[Co(NH, ) T**
861 ximg cau

Hinh 6. Céch sdp xép 6 electron d cia ion Co™ trong ion [CoFg]” va ion [Co(NH,)s]™*
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Nhur vay trong truong yéu cia céc ion F~, thong sé tach nang luong A ¢6 gid tri bé nén
s6 electron dugc sap x&p trén céc obitan d da tach clia ion Co™ cling gidng nhu trong ion tu do
va [CoF,]" [a phic chit spin cao (cé 4 electron doc thin). Nhung trong trudng manh tao nén
boi cac phan tir NH,, thong s6 tach nang lugng A ¢6 gid tri 16n nén cdc electron chi dugc sép
x&p trén cdc obitan d ¢6 ning lugng thap va {Co(NH,),]** |a phitc chat spin thap (khong c6
clectron d¢c than). Nhitng phic chat spin cao la chét thuan tir con nhitng phitc chat spin thép
chi ¢c6 thé 1a chat thuan tir n€u ¢6 electron doc than hoic 1a chat nghich tir néu khong cé
electron doc than.

Bang 2 trinh bay thong s§ tiéch ning lugng A xdc dinh bing thue nghiém clia mét s6
phitc chét bat dién, nang lugng ghép déi P cua ton kim loai tinh duge tit co hoc lugng tit va
trang thai spin cda ion phitc xdc dinh duogc khi do tis-tinh cua chit. Qua bang ta thdy trang thdi
spin cfia ion phitc phil hop véi thuyét trudng tinh thé,

Fl

Bang 2
Thong s6 tich va ning luong ghép doi P cia mot s6 ion phirc bat dién
C4u hinh electron Ion P, kJ/mol Ph&i tr A, kJ/mol Trang thdi
~ cla ion _ spin
3g* Cr 281 HO | 166 cao
Mn** 335 - H,O - 251 cao
3d° Mn?* 305 Hgo 93 cao
Fe** 359 H.,0 163 cao .
3d° Fe* 210 H.O 124 cao
CN- 395 thp
Co™ 251 F- 155 cao
NH, | 275 thip
3d7 Co™* 269 H,O 111 cao

Phiic chdt tit dién cé thong s tdch nang lugng A bé hon so véi phtic chat bat dién nén
thudng 12 hop chét spin cao phé bién hon phifc chét bét dién.

Phitc chat ciia ion kim foai chuyén tiép cdc dy thi hai va thi ba ¢6 théng s6 tach ning
lugng A i6n hon so véi phiic chét tuong tu clia cdc kim loai chuyén ti€p day thi nhit nén hau
nhu ludn ludn cé spin thép.
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Ning luong lam bén bdi trudmg tinh thé

Theo thuyél trudng tinh thé, khi tac phiic mot mic nang iuc_mg suy bién clia 5 obitan d
ctia ion trung tam cé thé tich thanh mot s6 mdc (2 trong trudng bt dién va trudng t¢ dién va 4
trong trudmg hinh vudng cba phéi t) nang luong khéc nhau. Néu electron dién vao obitan d ¢é
mifc nang lugng thip hon ning lwong trung binh clia obitan trong trudng tinh thé (cdc hinh 2 va
4) thi nang lugng giam xudng. Ning luong giam dé dugc goi |a ndng litong iam bén boi triong
tink thé (viét tit 1a LB).

Trong trudng bat dién cha phéi tir, nang luong LB 16n nhét khi cic obitan d; dién du
electron con cic obitan d, tréng electron (dgd?). Nang lugng LB d6 bing 6x 2/5A, =
12/54,. Ngugc lai khi tat cd cic obitan d, déu dién di electron (dfdj }, ning lugng LB bing s6
khong vi 6 x 2/5A, - 4 x 3/5A, = 0. Trong phiic chat bat dién spin cao (truong yéu), khi ion
trung tdm c6 cdu hinh electron d”, m6i mot obitan cé mot etectron (dzdi ), nang lugng LB
cling bing s8 khong vi 3 x 2/5A,- 2x 3/5A, =0.

Nhu vay trong phidc chat spin cao, ning lugng LB |6n nhat & phic chédt cha Cr(III) va
trong phic chét spin thap, nang lugng LB Ién nhat & phic chat cia Co(IIl). lon Cr™* trong phiic

chéit c6 cAu hinh electron didfj vi nang fugng LB 1a 3x 2/5A, = 6/5A,. Ton Co’* trong phirc

chat ¢6 cdu hinh electron dgdf: va nang fuong LB & 6 x 2/5A, = 12/5A,. Khi thém hay bdt

‘electron ctia cdc cdu hinh electron d6, ning lugng LB déu gié.m xuéng. Vi du ion Ni* hay ion

Co? trong phiic chat ¢é c4u hinh electron de; va ning luong LB 14 6 x 2/5A, -3/5A5 = 9/5A,,

bé hon so véi ion Co™ hay ion Fe™,

Nang fwgng LB cao giai thich tinh tro ddng hoc cta phife chat spin thip cta Co(lll) va
tinh khéng bén dong hoc clia phitc chat cia Fe(Ill) ¢6 c&u hinh d* so véi phitc chét ciia Fe(IT)
cé ciu hinh d® Vi du nhu hexaxianoferat(IlI) kém bén d@ﬁg'hoc hon (do dé cd doc tinh)
hexaxianoferat(II) vi c¢é nang lugng LB thdp hon. Khdi niém tinh tro dong hoc va tinh khéng
bén dong hoc cha phirc chét dd duge Taube (Henri Taube, gidi thuong Noben nam 1983 vé
thanh tuu nay) dé ra dé chi t6c 6 phin tng (chil yéu cla phén tng thay the phéi ti). Tinh hén
ddng hoc 6 1ién quan v6i nang lugng hoat héa clia phén ting va khic véi tink bén nhiét dong
hoc 6 1igdn quan dén bién thién nang lugng Gip, entanpi va entropi cta hgp chat.

Khi tinh nang luong LB clia cac phie chit bét dién clia kim loai chuyén tiép, nhan thay
phitc chat clia nhimg ion trung tam ¢6 ciu hinh d°, d', 42, &°, 8, d° va d'° véi phéi tlr trudng
manh hay trudng y&u déu ¢é nang lugng LB nhu nhau nhung phitc chdt cua nhitng ion trung
tam d*, d°, d® va d’ vdi phdi tlt trudng manh ¢6 nang lugng LB 16n hon nhiéu so véi phdi
trudng yéu. '

Phitc chit it dién cé A bé hon A, cba phitc chit bt dién. Tuy nhién ¢ trudmg hop
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x4c sudl tao thinh cfu hinh bét dién va c4u hinh t dién la gn nha nhau, vi dy nhu phitc chat
ctia Co(IT) véi cdu hinh d’. Trong trudng bét dién y€u, cu hinh electron d' & dang did’ va
trong irudng tid dién, & dang d:di. Ning lugng LB cia phic cht bit digén 1a 5% 2/5A, -
2 x 3/5A, = 4/5A, va cla phitc chét td dién 13 4 x 3/5A, - 3 x 2/5A4 = 6/5A,. V1 Ap = 4/9A, nén
6/5A; = 6/5 x 4/9A, = 3/5A,. Tinh todn mot cich don gidn nhu vay ta thdy nang lugng LB cia
hai truding hop 12 gén nhu nhau: 3/5A, (trudng nf dién) va 4/5A, (trudng bit dién). That vay, ton
Co* tao nén phifc chdt bat dien véi F~, H,0, NH,, etylendiamin va phic chdt nt di¢én véi
Cl",Br ,OH , SCN".

Ton Ni** (d%) trong phic chdt bét dién trudng manh ciing nhu trudng yéu déu cé cling
mot cdu hinh d$d’. Nhung d6i véi cdu hinh hinh vuéng thi su tao phic trong trudng manh 1a
- thuan tién hon so véi trong trudng y&u vi cd 8 electron déu dién vao nhimg obitan nang lwgng
thap (dg,d, d2 d2,) 1am cho nang lugng LB 12 cyc dai. That vay, da s6 phitc chat ca Ni** ¢6
cdu hinh bét dlén, mot s6 it phitc chét hinh veong duge tao nén véi phéi tir trudng manh nhu -
CN', dimetylglioxim trong khi tdt ca phifc chat caa Pd*, Pt** vd Au’ c6 cén hinh hinh vuong vi

d6i v6i nhitng nguyén t6 4d va 5d, thong s6 tdch ning lrong A luén ludn 16n hon so v6i nguyen
t6 3d (thong s6 tich A cing 16n, nang hrong cla obitan dxi—ﬁ cang cao va nang lugng cia cic

obitan con lai cang thép).
Hiéu itng Jan-Telo

Khi hai ph6i tit & vi tri zrans trong phic chat bt dién (& trén truc z chang han) dich
chuyén ra xa hay gén ion trung tam hon so véi céc ph6i tit khdc, ngudi ta néi phic chat bat di¢n
bi bién dang kiéu tit phitong (cfu hinh d6 goi chung la bat dién lech). Su bi€n dang ki€u td
phuong cia phitc chét bat dién :a bidu hién clia hi€u tng Jan-Telo. Nam 1937, Jan va Telo (A.
Jan v E. Teller) phét biéu ring trang thdi electron suy bién ciia mot phan nr khong thiang hang
1o khong bén, phdn uk s€ bién dang hinh hoc d€ gidm tinh d6i ximg va d suy bién.

D€ 1am vi du ching ta xét phic chét bét dién cia ion Cu®* (d”). Céu hinh electron cia -
Cu?* trong phitc ch4t bat dien 1a d®d’. Vi trén céc obitan d, c¢6 3 electron nén c6 hai cdch sip

x€p electron: 2 electron trén d_. va mot electron trén dx,l_y2 hay mét electron trén dzz va hai
electron trén d ,_,. Hai cAu hinh electron d%d,, , va dld}; . c6 ciing mot mic ning

lugng nén trang thi electron clia Cu™* trong phifc chat bét dién 1a suy bi€n bac hai. Theo dinh 1
Jan-Telo, trang théi electron d6 12 khong bén nén phiic chét bat dién cta Cu™ pha1 bi€n dang dé
hai c&u hinh electron d6 tr& nén khéc nhau v€ nang lugng.

V6i cdu hinh electron d%d};_,, nhimg phi tir & trén tryc 2 bj chén véi hat nhan clia
jon Cu?* manh hon so v6i nhimg phéi tir & trén truc X va truc y nén nhiing ph6i tir & trén tryc z
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& xa ion kim loai hon cac ph6i tir khdc tao nén mf_)t c4u hinh bét dién 1éch kéo dai theo phuong
truc z v obitan d , ird nén bén hon obitan d . nghia 12 d¢ suy bién giam.

T#t nhién véi cdu hinh electron dlldil-yz , su bién dang cia phitc chét bat dién xay ra

nguge lai: cdc ph6i tlr trén tryc x va tryc y & xa ion kim loai hon hai ph6i tr & trén truc z tao

_ nén mot ciiu hinh bat dién det theo phuong truc z.

Thuc t€ ngudi ta chi quan st duge kiéu bién dang doc theo phirong ciia mét truc &
trong nhiéu phitc chat bét dién cla Cu?. Vi duy trong tinh thé mudi dong(Il) halogenua, thuc
nghiém xdc dinh duge hai logi d¢ dai cla lién két Cu-X (bing A):

CuX, Lién k&t ngén Lien ket dai
CuF, 0,193 0,227
CuCl, 0,230 o295
CuBr, 0,240 0,38

Trong su bién dang doc theo phuong cia truc z, khong chi d6 suy bién ciia hai obitan d,
giam ma ci d6 suy bién clia ba obitan d, cling gidm, hai obitan d,, va d,, duge lam bén thém
cdn obitan d,, bi gidm do bén. Nhu vy tif hai mifc nang luong d; va d, trong trudng bat dién,
khi bi bién dang kiéu t&¥ phuong dé tich thanh 4 mic. Khi phéi tir & trén tryc z rdi xa han ion
trung tam thi phitc chdt bit dién tr& thanh hinh vuéng, trong dé 4 mifc nﬁng lugng bién déi
manh hon nita (Hinh 7). Mbi vach ngang trong so d6 clia hinh nay chi mifc ning lugng ciia mot
obitan d. '

Xty
. dxl—yz R
________ d.

........ z 1y

------------------------------ dxy . (W3 dz]
R T T I

)f:l'.
dxz d)’l

Bat dién Bit dién 1&ch (chop kép tif gidc) Hinh vuong

Hinh 7. Su bién d6i mite nédng lugng cia cdc obitan d ciia nguyén tit kim logi & trong 3 trudny:
bét dién, bdr dién léch kéo dai va hink vubng.
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Qua so dd, ta thay rd dang bét dign léch kiéu tif phuong (hay céu hinh chép kép giac)
1a trung gian gitta cdu hinh bét dién va c&u hinh hinh vuéng. D6i véi nhimg ion trung tam cé
cfu hinh dfd} va did?, viée chuyén phitc chat bat dién thanh phic chat hinh vuong 1a thuan
lgi vé mat nang lugng. That vy, nhiing phéi tlr trudng manh nhu NH,, etylendiamin dé thay
thé nhimg phan tir H,O trong ion phic bat dién [Cu(H,0)s** tao thanh nhiing ion phitc hinh
vaong [Cu(NH,), ", [Culen),I".

Hiéu g Jan-Telo thé hién manh nhdt & cdc phifc chét cé ciu hinh electron cia ion
_ trung tam I3 d}d; v& & cdc phifc chat spin thép c6 cdu hinh electron clia ion trung tam ia dod).
That vay, phitc chét bat dién cha nhimg ion Cr** va Co™ déu bi bién dang.

'Phd hdp thu va mau ciia phitc chdt

Mau ciia chdt. Nhu d3 biét mau la kéi qua cha sy hép thy mot phén 4nh séng trong
thay. Nhimg btic xa khong bj chdt hdp thy dugc phan chiéu hojc truyén qua chét di dén mét

ngudi ta v gy nén cam gidc mau (Bang 3).

Bang 3.
Budc song ciia anh séng trong thiy va mau
Buéc séng cha bifc xa Mau ciia biic xa Mau tréng thdy (mau
bi hap thy, A bi hép thu phu)
4000-4350 tim vang-luc
4350-4800 xanh cham vang
4800-4900 cham-luc da cam
lam
4900-5000 - lyc-cham do
5000-5600 luc do tfa
5600-5750 luc-vang tim
5750-5900 VAng xanh cham
5900-6050 da cam cham-luc
lam
6050-7300 do luc-cham
7300-7600 a6 tia luc

Khi hép thu hoan toan 4nh sang, chét ¢6 mau den va khi khong hdp thy dnh sdng, chat

trong sudt hoac cé mau tring.

Pho hdp thy. Duong cong biéu di
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truyén qua bé hon cudng do dnh sang t6i, duge goi 1a ddi hdp thy. Cue dai cida ddi hdp thy xac
dinh mau va cudng dé cliia mau.

Mot trong nhimg thanh firu ndi bat cha thuy&t trudng tinh thé 1a giai thich nguyén nhan -
sinh ra phé hip thu clia phitc chit cac kim loal chuyén ti€p. Phé hdp thu clia da s6 phifc chét
cha nguyén t6 d gay nén bdi su chuyén dui etectron tir obitan d ¢6 niang luong thdp dén obitan
d ¢6 nang lugng cao thudng goi 12 su chuyén doi d-d. Béi vay, phé hip thu cha cdc chét thuong
dugce goi 1a phd hdp thy electron. ‘

Pé 1am vi du, ching ta xét phd hap thu cla jon bat dién [Ti(H,0),]"* (Hinh 8):

TiM XANH we | od

B hdp thy

! ! | |
3000 4000 5000 6000 7000
Butic s6ng A, A

Hinh 8. Phé hdp thy cita [Ti(H.0), )™

Dai hip thu ¢6 cuc dai & budc song 49264 (thudng ldy gdn ding 1 S000A) hay tan 58
20300 cm™. Nhu vay, ion [Ti(H,0),]** hap thu 4nh séing viing luc va cho di qua 4nh sing viing
do va viing xanh nén c6 mau tim.

Ion Ti** ¢é cdu hinh electron d'. Theo thuyét trudng tinh thé, electron d duy nhat dé
trong ion phitc [Ti(H,0)]** chi€ém mot trong 3 obitan d ¢6 nang lugng thip d.. Duéi tac dung
cla anh sdng, ion phitc hdp thu mét luong tir ning lwong E =hv va bi€n ning lugng dé thanh
ning lugng kich thich electron chuyén doi tir d_dén d,

didd _hv__,d0d;

Nang luong dé chinh 12 thong sd tich nang lugng Ay =242,8 kJ/mol cia ion phitc bét
dién {Ti(H,0),]** va c6 thé tinh dugce tir budc séng cha bic xa bi hap thu cuc dai theo phuong
trinh:



C
AO = hIN

(trong d6 h 1a hing s6 Plang tinh bing J.s, C 1a t6c d¢ 4nh sang tinh bing m/s, N 1a s6
Avogadro va A, tinh bing J)

_ (6,626 x107J.5)(3,00x 10°m /5)

Ag i x 6,623 x 10%
4926x 107" m ;
. - 56 jon/mol
J/ion
= 242800 J/mol
= 242,8 kJ/mol

' Néu tinh béng cm' thi nang lugng A, ndy diing biing s6 séng v’ (s6 séng cling dudc
11
A 4926 x107°
" Bai vay, tuy cm’ khong phai 12 don vi do nang luong nhung do tién lgi ngudi ta ciing
hay bi€u dién théng s6 tdch nang lugng A trong trudng tinh thé bing cmr”’! (xem béng 1).

£0i 12 tdn s6): v’ =20300cm ™

Déi v6i nhimg ion kim loai chuyén ti€p c6 2 electron d trés len, nghia 1a ¢6 cfu hinh
electron d*, n>1, sy chuyén doi electron tir mic ning luong thdp dén mic nang lugng cao
khong chi ciia mét eléctron ma ciia moét s& electron nén sinh ra mét s6 dai hdp thu vi dy phé
hdp thy clia phiic chat bét dign ciia nhimg ion d?, d°, d” va d® gém c6 ba dai. Dé If giai phé hdp
thy phic tap hon d6 theo thuyét trudmg tinh thé ddi hoi sir phat trién hon nita vé If thuyét
(khong trinh bay trong khuén khé clia gido trinh co ban nay). Tuy nhién déi vsi phuc chat bat
dién cia nhiing kim loai chuyén ti€p c6 c4u hinh electron d*, d® va d°, phé hép thu chi c6 mot
déi trong ty c4u hinh d', vi dy nhu phd hdp thu cia cdc ion phitc [Ti(H,0),]*, [Cr(H,0).J**,
[Fe(H,0)}>* va [Cu(H,0),]** duge trinh bay trén hinh 9:

PF vy
/N N _
0 S . Ag=20300 cm™ mau tim
sk C?ld
Av_r—r/
0 L. AF14100 cm™ mau luc

5
£
=
£
vl Uzr 2+, 6
£ | Fe“id® .
el §
a u—f_j:k . T L AGE10500 em mau lug rét
T : _ nhat gan nhur khong mau
wE Cuz;(dg)
s A
; A=12500 em™ mau lam

0 ] [ a8
5000 10000 15000 20000 25000 00 Bon
Tén s8.cm? -

Hinh 9. Phé hdp thu cita dung dich cdc mudi cia Ti*, Cr*, Fe®* va Cu*
28
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ben day chiing ta hiu dé dang tai sao phuc chit cita Cu*(d'®) khong c6 mau, trong khi

_ phic chét cia Cu™(d”) c6 mau, phic chat ciia Ag*, Zn?, Cd®* va Hg?*(d") déu khong c6 mau.

Cuong do mau. Cudng do mau, tic 12 cudng d6 cla dai hap thuy, phu thude vao mitc do
“ngin cdm” sy chuyén doi electron d-d. Trong céc quy thc loc lya clia héa hoc lugng t, quan
trong nhét 13 nhimg ngan cdm chuyén ddi electron vé spin va vé tinh d6i xing.

Quy téc loc lya spin ngan c4m bat ki sy chuyén d¥i electron néo lam bién déi 1éng spin
ctia h¢. Vi du nhu ngan c4m su chuyén doi electron d-d trong phic chdt bét dién spin cao cha
ion trung tam cé cdu hinh electron d* (didi ). Bdi vy, cdc ion FeF. va Mn(H,0)2* c6 mau
yéu dén mifc ¢4 thé xem 12 thuc € khong mau. Sy ngin cdm vé spin ciing téc dung dén phic
chat bdt dién spin thap clia ion trung tam c¢6 c4u hinh electron d®(dSd?). That vay, bat ki sy
chuyén doi mot electron ndo trong he dé ciing lam bién déi téng spin clia hé cho nén bi ngan
cam. '

Quy tdc loc lua Lapo (Laport) han ché s chuyén ddi electron béi tinh d6i xing cla
phiic chdt. Trong nhimg phitc chat khong cé tam d6i ximg, vi du nhu phac chat i dién, su

chuyén doi electron d-d 1a dugc phép. Ngugc lai trong phitc chdt bt dién, su chuyén ddi

electron d-d b1 ngan cdm vi cau hinh bt dién ¢6 tam d6i xing. Sy ngan cdm vé tinh d6i xing
gii thich tai 580 phifc chét wr dién ¢6 mau dam hon phitc chat bét dién cla ciing m6t ion trung

tam kim loai. Vi dy déi véi Fe™, ion phic FeF,” khong c6 mau nhung ion phic FeCl; ¢6 mau

vang va déi véi ion Co™, ion phitc Co(H,0)2* ¢6 mau héng r4t nhat treng khi ion phic CoCl;
cé mé.u xanh cham dam.

Tuy nhién trong céc he thyc, sy ngin cfm. vé spin c6 thé bj loai bd mot phén vi du do
tuong téc spin-obitan v sy ngin cdm v€ tinh d6i xing cling c6 thé bi loai bb do sy sai lech cha
da dién c6 tam déi xtng, vi du vi hiéu ting Jan-Telo ching han...

Bi€u hién quan trong clia sy ngan c&m chuyén déi electron d-d 1A mau y&€u cia phiic
chat, cy thé 12 cudng do thdp cha dai h4p thu trong phé electron. Thude do cudng d6 h&p thy
bitc xa 1a k¢ 56 hdp thy &. Hé s6 nay lién hé véi mat quang D, do dugce bing thuc nghiém trén
mady trdc quang, boi hé thic cha dinh lugt Lambe-Bia (Lambert-Beer):

D=¢Cl

trong d6 mat quang D = lglI‘L (0 day I, 12 cudng d¢ clia 4nh séng di i dung dich cla chdt va I

12 cudng d¢ 4nh séng di qua dung dich, C 12 nng d¢ chia dung dich tinh bing mol/l va 1 1a bé
day cua 16p dung dich. Khi C = Imol/l vi 1 = lcm thi€ = A vi h¢ s8 hdp thy mol € chi phu
thugc vao ban chat cha chat trong dung dich. Hé s6 hip thu mol € ciia phitc chét bét dién &
trong khodng 5+500, vi du ciia ion Ti(H,0)s 14 5 v clia phiic chat w dien & trong khoang
200+5000, vi du ciia ion CoCl; 1a gin 600.
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‘Nhur vay, vu diém ndi bat hon ciia thuyét trudng tinh thé so v6i thuyét lien ket héa tri
1a giai thich dugc phd hdp thy (hay mau) cta phifc chit cdc kim loai chuyén ti€p cho nén vé
sau thuy€t da dugc Ogen (L.Orgel), Tanabe (Y.Tanabe) va Sugano (S.Sugano) tiép tuc phét
trién.

Tuy nhién thuyét trudng tinh thé vi coi lién két kim loai — phéi tir 13 lién két ion va chi

chd ¥ dén obitan nguyén tlr ciia kim loai ma bd qua obitan nguyén tir cGa phéi tir nén cé mOt s6
han ché: - s

- Néu lién két kim loai — ph6i tir 1a lién két ion thi tai sao nhiing phan tir trung hoa
H,0, NH, lai ¢6 lyc trudng manh hon nhimg anion OH™,CI™, F~ ..., phan t& H,0 ¢6 cuc manh

hon phan tir NH; lai ¢6 lyc trudng kém hon, ion CN~ ¢6 ban kinh 16n hon ion F~ nhung cé Iirc
truong manh hon rdt nhi€u mic dit déu mang mot dién tich am.

- Khong gidi thich duge phd chuyén dich dién tich (s& xét sau).

- Khéng dé cap dén lién két © mic du lién két d6 gap nhifu trong phifc chat, nhat 12
nhitng phiic chét véi CO, anken, ankin, xiclopentadien ...

THUYET OBITAN PHAN TU'(MO)

Thuyét lién k€t héa trj coi lién k&t kim loai — phoi tir 14 thudn tdy cong héa tri va thuyét
trudmg tinh thé coi lién ket d6 1a thuén tuy ion trong khi thuc t& lién két kim loai — phéi ur
trong hdu hét phitc chdt c6 mot phan cong hda tri. Bdi vay, thuyét obitan phan tir t ra bao qudt
va chinh xdc hon khi giai thich c&u tao va tinh chét clia cdc phic chét.

Thuyét obitan phdn tir coi phan tir phic chat, cing nhu phan t& hop ch4t don gidn, 1a
mot hat th6ng nhat bao gém nguyén tir trung tam vA cdc phdi tir. Chuyén dong cla electron
trong phén tir duge mo té bing mot ham séng y goi 12 obitan phan tir (MO). Obitan phan tir 13
t6 hop tuyén tinh céc obitan nguyén tir ciia nguyén té trung tam va phoi tr. Didu kien dé céc
obitan nguyén tit t6 hop vdi nhau 1 chiing c6 thé che phi nhau, nghia 1d c6 cing kidu d01
Xung. Obitan phan tir dugc td hop nén c6 nang z -
lugng thap hon cdc obitan nguyén tir 12 obitan |
phdn 1 lién két (MO™) va obitan phan tit dugc t8

- hop nén cé ning lugng cao hcn 12 obitan phdn ti , OIH" /
phdn lién két (MO"). Quy tic dién cic electron o5 /OHZ
vao cdc MO cla phuc chét cling gidng nhu quy |
tic dién electron vao cdc AOQ cua nguyén tir. ) —HO—% 7 Tl:"—“z—OHZ—-y-
Dé 1am vi du cu thé, chiing ta xét ion Y 5 '
phic bat dien [Ti(H,0)]*, trong d6 nhimng oo |
obitan héa uj cla ion Ti* 14 3d ,,3d ,_,, 3d,,, / OH,

3d,,, 3d,,, 4s, 4p,, 4p, va 4p,cia 6 phan tir H20
30
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la 5, o,, c_;, G4, 05 va 04 (obitan o chinh
la MOgo, ¢6 cap electron clia H,O theo
thuyét MO hay mot trong hai obitan lai
- héa sp’ ¢6 cip electron w do clhia O
trong H,0 theo thuyét VB). _

Obitan 4s cia Ti** t8 hop v6i 6
obitan ¢ cia H,O (Hinh 10) tao nén cap
- MOo, lien ket va phan lien két. Ham

- ) % q=x. . s _

song cua MO la: Hinh 10. Nhitng obitan nguyén 1t 16 hop nén nhimg MO o
Yo, =¢,45+¢,(0, +0,+G, +0, +0, +0,)

trong dd ¢, va ¢, 1a hé s6 8 hop.

Ba obitan 4p ctia Ti**, méi mat
t6 hop véi hai obitan & ciia H,0 (Hinh
11), tao neén tdt cd ba cap MOG,, lien

két va phan lien két. Ham séng cia ba
MOG | Ia:
wolk =¢.4 -
x =€34px +¢4(0 —03)
‘Pc;,k =c;4p, +¢,(0, -06,)

‘Pc'zk =¢34p; +c4(05 - 0g)

trong d6 c, va ¢, 1a hé s§ t6 hop. Ba
MOgo, lién két ¢ ning lugng bing
nhau vad ba MO O, phén lién két c6

ning lugng bing nhau.
Hai obitan d, cha Ti** té hop

véi cdc o cia H,O (Hinh 12) tao nén
hai cip MOa, lién két va phén lién két.
Ham séng clia hai MOc'¥ 1a:

lPlez =¢s3d , +¢4(20,+20, -0, - G, -0,-0,) Hinh 11, N’hﬁng obitan nguyén tir
g 8 . td hop nén nhitng MO a,
I

LPO'xz_yz =C, 3dx2_y2 +¢3(0, -0, +0; +0,)

trong d6 cs, ¢4, ¢; VA ¢4 12 he s6 t6 hop, 20, va 20, chi ra su che phd clia o, va 6, & trén truc z
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16n g4p doi so véi sut che phi clia cdc o khic & trén cdc tryc x va y. Hait MO Gy

¢6 nang lwong bang nhau va hai MOG, phén lién két c6 nang lugng bang nhau.

de_yZ

Hink 12. Nhitng obitan nguyén tit 16 hgp nén nhing MO G

nguyén tird,,)

Ba obitan d, con lai cha Ti*, trong phite chét bét dién, ¢6 thé che pht m vdi obitan
trong ion phic duéi dang MOm, khong lién két (Hinh 13, trong hinh chi trinh bay obitan

thich hgp clia phéi tif tao nén MOm, nhung H,0 khéng ¢6 obitan thich hop d6 nén chiing t6n tai

Hinh 13. Nhitng obitan d; ciia TP khong 6 hgp duoc véi obitan o ciia Hy0

Sép xé€p cac MO di xét trén day theo thif ty néng hrong tir thdp dén cao, duge gidn do
ndng hiong cde MO ca ion phuc [Ti(H,0)]* (Hinh 14):
32
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Hink 14. Gidn d6 néng ltong cde MO cila ion bdt dién [Ti(H0).]"*

Dién 13 electron (1 ctia Ti** va 12 clia 6H,0) vio cdc MO theo thit ty néng luong trén
gian dé cdc MO, dugce cfu hinh electron cha jon [Ti(H,0)>.

CRRCARCrl 20X P (020 ()
' Nhiing electron trén MOg™ dinh chd chi yéu & céc phan tir H,O vi obitan héa tri ¢ cha
H,O bén hon nhiéu so v6i ion trung tam. Mat khdc nhiing obitan khong lién két va phan lién
két dinh ché chi) y&u & ion trung tam. Hi¢u nang lugng clia céc obitan phn tir G, VA My 1AA,
gidi thich quan diém vé sur tich mirc nédng luong clia cc obitan d trong thuyét trudmg tinh thé,

Gi trj clia A quyét dinh nhiéu tinh chat cha phitc chat. D6i v6i nhitng phic chﬁt tif dién va hinh
vubng, céc MO dugc t8 hop twong ty nhung phitc tap hon.

3-Hoa hoc vied - T3
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So sdnh nhitng két qud thu duoc cua thuyét obitan phdn tw voi thuyét lién
két héa tri va thuyét truomg tinh thé

Khi xét cdu tac cha ion phic bat dién [Ti(H,0)J**, nhan thdy rd thuyét lién két héa tri
va thuyét trudng tinh thé mé ta nhitng phin khéc nhau ca gidn dé ning lugng cdc MO (Hinh
15). Su tao thanh cac MOo lién k&t phil hgp véi su tao thanh cdc lién k&t cho-nhan giita cép
electron ty do clia H,O véi obitan lai héa d’sp® tréng cha Tt**. Nhung thuy€t VB khong chi y
kha ning tao thanh cic MOG phén lién két nén khong thé gidi thich duge phé hép thy clha phic
chat. Sy tdch mic nang lugng clia c4c obitan d thanh hai mic trong thuyét trudng tinh thé phi
hgp véi sy tao thanh cic obitan m, va G; cé mic ndng lwong khdc nhau. T4t nhién khic véi

d,. dy _ op Bz 2 Nang lgng
[+ =
A 1 |a
d .
STy I
dXY dxz dyz “xy Tz Tz

[~ I G"k

= NI

Hinli 15, So sanh thuyét MO voi thuyét VB va thuyét trudng tinh thé

thuyét trudng tinh thé, viéc tinh todn nang lugng clia lién két trong phifc chit theo thuyét MO
14 phitc tap hon rédt nhiéu, cin phai diing d&€n mdy tinh dién tlr hién dai.

Nhu vy, gian d6 ning lugng cdc MO cha phifc chat bat dién trinh bay trén hinh 15
biéu hién 18 méi quan hé cha ba Ii thuyét hién dai vé& cflu tao cila phifc chdt cdc kim loai
chuyén tiép.

Chiing ta xét cfu hinh electron clia ion phic bdt dién spin cao [CoF,J> v ion phic bét
dién spin thdp [Co(NH,))** (Hinh 16):
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Hinh 16. So dé sdp xép cdc electron héa bri trén nhiing MO ciia ion phitc ﬁa: dien {CoF,}" (a)
va [Co(NH )" (b)

nhan thily trong s6 18 electron héa tri (6 cua Co* va 12 cha 6 phéi ), trong ion [CoFgl™ ¢6 A
bé (156 kJ/mol), 12 electron  dién vio 6 MOg™ va 6 electron cdn lai dién vao MOmn, va
MO G; : .

(6%) (8)* (6))° (ma) (83)° | -
nghia 12 ion [CoF}> ¢6 4 electron doc than,.con trong ion [Co(NH,)s]** ¢6 A 16n (265 kI/mol)

12 electron dién vio 6MOG* va 6 electron cdn lai chi dién vao MOm :

(65)*(65)* (05)° (r0)",
nghia 13 ion [Co(NH,),** khong c6 electron doc than

Su sip x&p khac nhau cic electron trén cac obitan phan tit ©, v o, phu thugc vao A
v3 nang luong ghép doi P cha electron giéng nhu dd trinh bay trong thuyé&t trudng tinh the
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Su sal khdc vé gia tri clia A trong hai ion phitc bat dién nay cia Co(IIl), theo thyé&t MO,
la sy khdc nhau vé& midc do che phii gilta obitan nguyén tir héa tri clia Co™ vdi obitan hoi tri ¢
cua F~ va clia NH,. Céc obitan héa tri che phil nhau cang nhiéu, nang lugng cua MO lién két
va MO phan lién két cang khic nhau, do dé A cang Idn va lién k&t — kim loai phéi tir cang bén.
Ngoai ra A con chiu dnh hudng lén cua su tao thanh lién két n giita kim foai va phoi tir.

Lién két ntrong phiic chdt

Trong phdc chét bat dién, nhiing obitan
“dyy, d,, v d, c6 the dung d€ tao thanh lién két
7. Khi phéi tir ¢6 obitan ¢6 thé che phit 7 vdi

nhitng obitan d_ d6, gidn dé nang lugng cic

MO cua phéan tir tré nén phitc tap hon nhiéu:
ngoai cdc MOg lién két va phan lién két con c6
cdc MOm lién k&t vi phén lién két nita v hiéu
nang lugng A ciing bi€n doi. Nhitng obitan clia
phéi tir cé kha nang d6 la: obitan p vuong géc
vdi truc lign két o, obitan d vi obitan n", tat ca
nhitng obitan nay déu nim trong cling mit
phing v6i obitan clia nguyén i trung tam .

Hinh 17 trinh bay su che phi cha

obitan d., vi du d,, v6i obitan p 6 cip
electron clia bon phéi tlr ndm trong mit phing
yz, vi du trong ion phitc bdt dién [CoFg}*
ching han, lién két n ki€u nay dugc goi la
lién két m cho-nhan. Trong trudng hgp nay,

obitan 2p cua F~ cé. nang lugng thdp hon 3d

clia Co™ nén obitan n)f dinh chd chii yéu & F~

Hinh 17. 8y che phii giita d,, cita Co™
vai obitan p cua 4 lon F-

Ning lugng

T o o,
A
A e

. 7[;

Ty
P
‘ —lk

‘_'rt(l

Hinh 18. Gidn dé ndng hiong cdc
MOnr, ciia fCoF, )"

vi obitan n;dinh ché chi yéu & Co™. Gian do

ning lugng cic MO m dugc trinh bay trén hinh 18 (vach ngang chi mic nang lugng cta

obitan). Gian d6 cho thiy hiéu nang lugng A gidm xudng so véi dai luong A dic trung cho

phuc chélt chi ¢6 lién két 6. Diéu nay giai thich vi tri clia ion F~ {va cdc halogenua khic) ditng

dau trong day phé héa hoc.

Hinh 19 trinh bay su che phi ciia obitan d, ¢6 cip electron clia nguyén t trung tam

véi obitan ©t” tréng cta phéi tif CO (hay CN') vi hinh dang clia MOo™ (tao lién két ¢ cho-nhan
v6i nguyen tir trung tam), MOgc™ lién két va MOn" ctia CO (gach xién trén hinh chi obitan ¢é

cap electron). Lien ket kiéu n nay duoc goi 13 fién két zcho. Trong trudng hop nay, obitan 1

tréng cia CO (hay CN”) c6 nang lugng cao hon obitan d cila kim loai nén MO, c6 nang °
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Hinh 19. Hinh dang cdc MO ciia phan tit CO va su che phui giita obitan ciia CO voi obitan d cua kim loai

luong cao hon cic MOo . Gian d6 nang lugng Nan% heyng I,

cidc MOm dugc tr‘mh.béy trén hinh 20 (vach ngang -

chi mitc niang lugng cla obitan). Gian dé cho thdy .

su tao thanh lién két 7 1am tang hiéu nang lugng A e il ‘7"'
so v6i dai lugng A déc trung cho phic chét chi c6 e o

lien két o. Khi tao thanh lién két m-cho mot phén _4A X

mat do electron chuyén dich tir nguyén tir trung T,

tam dén ph6i tir lam bén thém lién két kim loai PRT T

phoi tir. Dén day ching ta hi€u dugc vi tri cla cic nldk

phdi tir CO va CN™ ding cudi trong day phd héa Hinh 20. Gidn dé nang liwgng cdac MO n,
hoc. ciia phite chat voi phdéi ne CO

SUPHAN LI CUA PHUC CHAT TRONG DUNG DICH
Hdng s6 bén va hdang so khong bén

Trong dung dich, phic chét thudng xuyén phén li thanh clu ndi va cdu ngoai tuong tu
nhu hop chét don gian phan li thanh cation va anion.

Vi du:
[Ni(NH,)JCl, = [Ni(NH,)* + 2CI°

3.



Na[AlOH),] = Na* + [AKOH),}"
r6i ion phiic 1ai phan li thanh ion trung tam va phdi tir.
Vidu _
Ni(NH,)* = N+ 6NH,
[AKOH),]~ = AP + 40H

Hing s6 can bing clia qud trinh phan li cha:

a
CNF* x Cym,

[Ni(NH,)(** 12 K= c =9,8.10"°
Nm;)a]2+
C 3+ X C4 - .
[AOH),] ™ 1A K= —A" o0 —j107%

[ALOH 417

Hing s6 can bing K cang 16n khi ion phiic phan It céhg manh, nghia 13 ion phtc cang
kém bén. Bdi vay hing s6 K chi d6 bén cua ion phitc trong dung dich, duge goi 1a hdng s6
khéng bén va ki higu 1a K.

Dai da s6 ion phitc 1a chét kém dién li, qué trinh phén li chuyén dich manh vé I;hia bén
trdi, phfa clia qud trinh tao phdc. DE chi kha nang tao phic clia nguyén tit trung 1am, ngudi ta
ding hiing s6 can bing cia qud trinh ngugc lai d6. Hang s& d6 dugc goi 12 hing s6 bén K, va la
nghich dio chia hing s6 khong bén: '

K, = ——

_ K
Hing s6 K, cang 16n, phitc chét cang bén.
Sau day 12 hing s6 bén K, cha mot s6 ibn phitc (Bang 4)
Bang 4

Hiing s6 bén cia ion phitc

* Ton phifc K, Ton phiic K,
(D (2) NE)) _ 4
Amoniac ' | Etylendiamin
Ag(NH,); 1010 | Cofen)?’ 810"
CA(NH, ) 363.10° | Co(en)” C a9a0%
| Co(NH,) 2.45.10* Cugen)§+ | 1,35.10%
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(1 (2) ) @)
Co(NH,)}" 1,99.10% Ni(en)' 1,29.107
Cu(NH,); 1,07.10% Florua
Hg(NH, )}’ 199107 | AIR> 468,107
Ni(NH, y** 1,02.10° FeF." 1,26.10'
Zn(NH, > 5,01.108 Hidroxi
Bromua AI(OH); 1,00.10%
AgBr; 2,19.107 Cd(OH)" 2,63.10°
AuBr; 2,88.10% | Cr(OHY; 7,94.10%
CdBr;” 501100 | Co(OH): 3,63.10"
HgBr,~ 1,0.10* Fe(OH)?" 3,63.10°

Zn(OH)? 5,02.10"
Clorua Todua
| AgCl, 1,1.10° Agl; 55.10"
AuCl; 2,63.10° Hgl’ 6,67.10%
AuCl; - 2,0.10% PbI>" 8,32.10°
CuCl; 224.10° | Tiosunfat
HgCl3 166.10% | Ag(S,0,)F 2,8.10"
Xianua Cu(S,0,)" 1,86.10"
Ag(CN); 7.08.10" Trilon B
Au(CN); 20.10% | AEDTA)™ 1,4.1016
Cd(CN)>" 1,29.10" Co(EDTA) 2,0.10°
Co(CN)Y 123.10° | CEPTA)? 6,3.10"®
Cu(CN); 1,00.10% | Fe(EDTA)* 2,1.10"
Fe(CN), 7,94.10% Fe(EDTA)~ 1 ,3.10%
Fe(CN); 7,94.10° | Hg(EDTA)” 6,3.10%
Hg(CN)> | 9,33.10® Ni(EDTA)* " 4,210
Ni(CN)?” 1,0.10" Zn(EDTA) 3.2.10%
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Qua bang nhén thay trong dung dich:
[Zn(OH),]* hoi bén hon [Cu(OH),]*
[Ag(CN),)" rat bén hon [Ag(NH,),1*
[Fe(CN),])* rdt bén hon [Fe(CN),]*
[Ni(en),]** rét bén hon [Ni(NH,)]>"

" Héng s6 bén téng va héng s6 bén timg nic

Qua trinh tao thanh va qué trinh phén li ctia ion phic xay ra theo timg ndc, (tng voi mbi
néc c6 mot hang s6 bén va hing s6 khong bén riéng clia ion phitc [Ni(NH, )} 1a:

) C . +
NP+ NH, 22 NVHDP, Ky = s g6g10°
tie

Ni NH;

C . _
[NINH)I?Y + NH, =2 (Ni(NH,).|*, K,, = (Ro(NHy), =1,3210°
C[Ni(NH3)12’ * N,

| -
CINQVEQ) I ¢ NH, 22 NQNH,P, K, = O 20710

x C
[Nif NHa ) )" NH3

. C ; 2+
[Ni(NH,),}** + NH, &2 [Ni(NH,),J*, K,, = EIGLEI) =1,18.10'

[Ni(NH a2~ NS

C .
NINH,), P + NH, =2 [Ni(NH)J, K, = — 00l 4 9¢

) x
[Ni(NH3)4 ) Cr,

C 3,
X ae ) e Ni(NH, ) "
(NiNHp)”* + NH, &2 [NiNH)",  Kpp = ﬂﬁ]c = 0,81
[Ni{NH;)s [ ~NH;

Hing s6 bén cia ion phifc gidm dan theo s ndc. D& dang chiing minh réng qua trinh
tao phuc: '

Ni** + 6NH, 2 [Ni(NH,)J"

C i 1+
c6 hang s6 bén tdng: K, = w
CNF* X CNH3

1a tich cha 6 hing s@ b&n tdng ndc clia cdc ion phitc:
Kbt = Kb‘l' sz. Kb3' Kb4' Kb5" Kbﬁ = 1,02-103|-
trong 46 K, 12 hing s6 bén téng.

Nhitng hang s& bén ghi trong bang 4 14 hing sd bén téng K, cla ion phic nhing ngudi
ta thudng hay goi gon I3 hing s6 bén K,.. -
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Ciing nhu bat ¢ hing s6 can bang nao, hing s6 bén ciia phirc chat lién quan vdi bién
thién nang tuong Gip ctia qué trinh tao phuc trong dung dich:

AG® = - 2,303 RTIgK

Bién thien entanpi duge quyét dinh bdi nang lugng cta fieén két gilta nguyén tir trung
tam va phéi tir. N&u lién két d6 gan v6i lien ket lon thudn tiy thi nang lugng lién két tang 1en
theo su tang dién tich va sy gidm bén kinh cua jon. Vidu nhu ion Al** tao _phl’ré chit véi F bén
hon véi Ct- . Néu lien két dé chil y&u a lién ket cong héa tri thi lien két s& bén trong phitc chat
véi phéi tircd MO nt* tréng nhu CO, CN”. ' '

Entropi cGia hé thudng tang lén manh khi tao phirc. Nguyén nhan chinh 12 sy ting d6

'hén loan ctia hé vi khi tao phic trong dung dich, vo sonvat hoa clia ion trung tim va cia phoi

tir déu bi pha hty va nhiéu phan tir dung mo1 duge giai phéng. Thét vy, phan (ng tao phic
trong dung dich nuéc 12 phén dng thay the H,O hidrat hoa bing phdi tir khac. Vi du nhu trong
phén (mng: :

[M(H,0)]" + 6X~ = [MXJ"™ + 6H0
(trong d6 X~ 12 phdi tir anion), vo hidral hda khéng chi cua ion trung tam M™ ma cd cta phoi
tir X~ déubj phd hay nén giai phong nhiéu phan tir H.-O lam tang d6 hén foan cia hé.

Entropi cua hé cing tang manh khi thay the phoi tr mot cang bing phéi ti nhiéu cang,
nghia ta khi tao thanh phic chét vong cang.

Vidu:
|Cu(NH),[** + 2en = [Cu(en),]** + 4NH,

(3 day hai phan tir en ddy ra bén phan tit NH; lam cho h¢ tang manh entropi. Boi vay,
phiic chat vong cang luon luén bén hon phic chat chifa phoi tir mot cang.

Vidu:
|Cuen),]* ¢t bén hon [Cu(NH,), 1"
(K,=1.35.10") (K,=1,07.10")
[Ni(en),]** rat bén hon [NI{NH, )|
(K,=1,29.10" (K,=1,02.10%

Hiéu tng vbng cang .

Suy té.ng d6 bén cha phic chal vong cang so vdi phic chét vdi phdi tir mot cang duge goi
1& hiéu ring vong cang. :

Hieu tng vong cang gay nén khéng phéi do yéu t& entanpi ma do yé&u t§ entropi cla
phéan img tao phic.

Vi du phan ung:
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NINH)J> + 3en = [Nifen)]* + 6NH,
¢6 AH® = -25 kJ/mol va ASS, = 110 J/mol.do.

That vay, NH; va en déu phdi tri v6i Ni** qua nguyén tit N va ¢4 hai phéi tit ¢6 luc
trudng gén giéng nhau (trong day phé héa hoc) nén AH® clha qué trinh tao nén ion [Ni(en),]** va
ion [Ni(NH,),]** khong khic nhau nhiéu (chi 25 k¥/mol). RS rang 13 y&u t8 entropi dong gép
chu y&u vao d bén cia phitc ch4t vdng cang.

Etylendiamin 14 ph&i t& tao nén vdng 5 canh vdi ion trung tdm con axetylaxcton tao nén
vong 6 canh:

CH,
_NH,—CH, - o—(
M\. M(en) M\ /CH M(aca)
NH,—CH, O—C\
CH,

Trong phidc chét, vong 5 canh 13 bén nhat r6i d€n vdng 6 canh, ciac vong khac kém bén
hon.

Phéi tir nhi€u cang c6 kha ning tao nén nhiéu vong nam canh véi cation kim loai 12
EDTA, mdi anion lién két v4i mot cation kim ldai qua 2 nguyen tir N va 4 nguyén tir O tao nén
ion phitc M(EDTA)*™ ¢6 5 vOng 5 canh:

Nho vay, EDTA tao phic chdt rat
bén v6i nhiéu cation kim loai k& c kim loai
kiém thé. Trong héa hoc phan tich, ngudi ta
ding trilon B (mu6i dinatri cia EDTA) d&é
dinh lugng céc cation kim loai. Ché&t chi thi
cho qua trinh chudn do 1a nhitg hop chét tao
nén véi cation kim loai nhitng phitc chat mau
kém bén hon so véi phic chét cha EDPTA véi
kim loai. Trong y hoc, ngudi ta ding mudi
natri-canxi cia EDTA d¢ loat nhitng ion kim
loai nang nhu Hg?*, Pb* v Cd** ra khéi co
thé khi bi ngo doc béi nhitng kim loai dé.
Diéu déng chi ¢ 13 mot s6 mu6i khé tan, vf du
nhu BaSO, cé thé tan trong dung dich trilon
B. Tuong tu nhu vay, cdu cin trong néi hoi c6
thé tan trong dung dich trilon B.

MEDTA)*

Pé bén ctia phitc chdt va dé tan ciia két tia

S tao phitc c6 4nh hudng dén d6 tan clta cdc mudi 1t tan. DE 1am vi du ching ta xét sy
hoa tan cdc két tha bac halogenua trong dung dich NH,,
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Déi véi AgCl, c6 céc can bing:

AgClr) == Aghdd) + ClI @dd), TTage= 1,8.107%
Ag*dd) + 2NH,dd) == [Ag(NH,),]J", - K, = 1.10°
Cong hai phuong trinh ta c6:

AgCl) + 2NHydd) === [AgNHy)I'dd) + CI"(dd)
Hiing s6 can bing clia phén vng nay la: '
x C CAS+ ® Ca_ xC

C . - .
K= lAg(NH,)l a” [Ag(NH3)3 1" _ TT x K
C; e C2. ) Apdl b
NH 3 Ag+ x NH3

K=1,810" x 1.10* = 18.107

Néu hoa tan AgCl trong dung dich NH; 1M va goi do tan cla két tha d6 dudi dang ion
phific 1a x (tinh bing mol/l), ta c6:

AgCl(r) + 2NH,(dd) == [Ag(NH,),)"(dd) + Cl"(dd)

Néng d6 ban ddu, mol/] 1 0 0
Néng d6 can bing, mol/l 1-2x X X
Clu, (1-2x)*
X __013
- 1-2x
x =0,10
C[Ag(NH,); T O_’IOM

Nhu vay, néng d¢ clia jon phic [Ag(NH,),}* can bing véi ket tha AgCl 1a khé lén,
nghia 14 AgCl tan déng k& trong dung dich NH, so v6i d0 tan cla né trong nudc 1a:

41,8107 = 1,3.10°M.

Tinh todn tuong ty d6i v6i Agl (T = 8,3.107"), tim dugc d0 tan ctia Agl trong dung
dich NH, 1M 1a 9.10°M, nghia 12 Agl khong tan trong dung dich NH,. Nguoc lai n&u thém
mus6i iodua (I') vao dung dich [Ag(NH,),]", két tia Agl xudt hién.

R& rang 12 hiing s6 can bing ciia phén tng gitia k&t tia vA ph6i ti tao phic phy thude
vao quan hé gifta tich s6 tan cha chét {t tan va hing s6 bén cha phitc chat. Mot chét r4it it tan chi

c6 thé tan khi tao thanh nhimg phic chat rot bén. Két tha Agl khong tan trong dung dich NH,
nhung tan trong dung dich Na,5,0, va tan r4t d& trong dung dich NaCN rhd tzo nén céc ion

phitc [Ag(S,0,), 1 va [Ag(CN),1" bén hon [Ag(NH,),]* (xem bang 4).
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TINH CHAT OXI HOA-KHU CUA PHUC CHAT

Syt tac phitc ¢ anh hudng quan trong dén the dien cyc clha kim loai chuyén tiép.Trudc
hét, chiing ta xét nira phan tng:

Fe* + e = Fe® véi E° = 0,77V

Gié sir them vao h¢ mot phéi tlr ¢6 kha nang tao phic chdt bén vdi ca dang oxi hda va
dang khir cha phan ting, vi du CN~ chéng han. Chéng ta c6 nira phan g khac:

[Fe(CN), I + e = [Fe(CN)s}"

trong 6 hai phic chdt & trang thi can bing véi ion trung tam va phi tir

kg C 3+ XC6 -
[Fe(CN);]’” &= Fe** + 6CN" JKET =BT N =125.007%
(FerCN), [
]
4- 2+ - Fel* _ CFe2+ XCCN‘ — -3
[Fe(CN)(J* &2 Fe** + 6CN JKRES =B N =125.10
[FeiCN), 11

Theo phuong trinh Necstd, the chudn cta cip Fe(CN Yo / Fe(CN)g~ 1a:

(]

C A4+
. . =E° . . +0,059lg—F
[FeiCNig]™ /(FetCN), | Fe*" /Fe j

) Fel*
Tis6 C_ s o €6 thé tinh duoc bing (i s6 cdc hing s6 khong bén cla phiic chat trong
ting:
F a+
CFe3+ - Kkeb
2+
CF82+ KE?)

vi & diéu kién chuén, C

[Fe(cN)6]3_ = C[Fc(CN)6 l‘i_ =1mol/Il
Vay:
. 125107
E['r'e(cm6 PrAFe(CN) 1 0,77+0,0591g 1,251077

E° =036V

Nhu vay the chudn ctia nira phin iing ndy da gidm xudng tl¥ 0,77V d€n 0,36V 1a vi on
phitc [Fe(CN),)* bén hon ion phic [Fe(CN)]*".

Nhung n€u khong them phéi tit CN™ ma thém orthophenantrolin (vi€t tt 12 phen) ciing
la ph6i tir c6 kha nang tao phifc véi ca hai ion Fe** va Fe®, nlta phén ting:
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=0 e,
37
& "

Fe(phen)y* + ¢ = Fe(phen)* 6 E =112V

Nhu vay, th€ chudn cia nira phén Gng nay tang lén t 0,77V dén 1,12V. Didu d6 ching
to ion phitc [Fe(phen),]** kém bén hon ion phic [Fe(phen),]*.

Vay sy tang hay gidm thé clia cp oxi héa-khir phu thudc vio ban chat cﬁa.phﬁi tir.
Bay gid chiing ta xét nira phan ing: |
Ag’ + ¢ = Ag vl E°=0,80V -

Gia st them vao h¢ mot phdi tir c6 kha néng tao phic vdi ion Ag* nhu S,02" ching
han. fon d6 tao véi ion Ag” ion phic bén [Ag(5,0,) T*:

| C N
Ag' ¥ 25,077 22 [AgS0)," w6 K, = i =288.10°

Ag 5,0%"

Chiing ta tinh th€ chudn cla nita phan tng:
[Ag(S:0,), 1 + ¢ = Ag + 2507

Theo phuong trinh Necsto, the chudn cla dién cyc [Ag(5,0,), I /Ag la:

E° . = E°, + 0059 C .,
(AgtS205), 1 fAg Ag” IAg Agh
3 day:
1 1 -14
C . =-=—13=3,4?‘.10
Ag K, 2,88.10
vi & diéu kién chudn, C

=C =1lmol /1

[Ag(S3043, 1 5,08

Nén: E° =0,80 + 0,059 Ig (3,47.10"%)

[A8(52041; 1" 1Ag

E’=5,89.107V.

Vay sy tao thanh phdc chdt cing bén cang 1am gidm theé dién cuc chuéin cta kim loai
nhu s€ thdy qua nhitng vi du dudi day:

Zn(NH,)? + 2 = Zn + 4NH, : E° = -1,04V
Zn(CN)2™ + 2 = Zn + 4CN° , E°=-1,26V
Ag(NH,); + e = Ag + 2NH, . E° = 0,37V
Ag(CN); + e = Ag + 2CN- . E° =-0,20V

Pén day ta hi€u duge kim loai Ag khong tan trong cdc axit théng thudng gidi phéng H,
nhung cé kha nang tan trong dung dich HCN nho phan ing tao phitc.
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TINH CHAT AXIT-BAZG CUA PHUC CHAT

Tinh chat axit-bazo clia phiic chat thudng thé hién & phan ung clia phsi tir bao quanh ion
trung tam. Khi tao nén lién két cho-nhan, mét phan mat d¢ electron cia phél tir chuyén dich vé
phia ion trung tim cho nén trong ndi bo cha phéi tr nhiéu nguyén ti ¢6 sy phan bo lai mat do
~ electron. Néu trong phdi tl nhi€u nguyén tir c6 nguyén tir H thi H s& c6 trdi dién tich duong va
tré nén axit hon. Boi vay, H,O & trong cdu noi phic chét, so v6i H,O binh thudng trong dung
dich, thé hién tinh axit cAng manh hon khi tdc dung cyc héa cia ion trung tam cang manh, tic
12 ion c6 dién tich cang 16n va badn kinh cang bé.

Bang 5 dudi day ghi hing s6 phan li axit K, clia mot s6 ion phic
Bang 5

Hing s6 phan li axit cfia ion phic

Ion phitc K, Ion phiic K,
[Ca(H,0),)* : 2,5.101 [AI(H,0),* 1,3.10°
[Mg(H,0),)* 410" | [Co(NH,),(H,0),** 4.10%
[Pt(NH,)]* . 1,2.10% | [Cr(H,0)* 1,2.10*
{Co(NH,),H,0* 2,04.10° {Pt(NHS)sto]4* ~10°
[Co(NH3)3(H20)3]34 4.10° [Fe(H,0)¢]** 6,3.10°

Qua bang ta thdy H,0 trong aquacation Al (H,0);" 1a axit c6 doé manh tuong duong
CH,COOH (K, = 1,8.10”%) va trong c4c aquacation Cr (H,0);" vi Fe (H.z())g+ con manh hon,
cdn cdc cation Co** va Pt** bién H,O trong c4u ndi thanh axit twong d6i manh, tuong duong
axit nitro (K, = 4,5.10%). ‘

Nhu vay, trong dung dich nudc cla nhitng phitc chét aqua cé can bang:

[M(H,0)¢]™ + H,0 === [M(H0),0H""" + H,0"
[M(H,0),0H]™" + H,0 = [M(H;0),(OH),]"** + H,0* vavw..

Nhitng c4n bing phan li cla phitc chét trinh bay theo quan diém héa hoc phdi tri thuc
ra 1a can bing cla phdn dng thiy phan rét quen thudc véi chiing ta.

D6i véi phic chét cta platin, nhitng phoi tir nhiéu nguyén tir ¢6 chita H nhu NH,,
CH,NH,, en... cing ¢6 th€ phan li axit. Vi dy nhu [PtNH,)J* 12 axit rdt y&€u (xem béang 53).
Thét vay, khi téc dung véi dung dich kiém:

[PUNH,)J* + OH™ == [P{NH)NH* + H0
amoniacat ctia Pt{IV) tao nén hgp chat amido.
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CHUONG 1

CAC NGUYEN TO NHOM 1lIB

Nhém, ITIB gém c6 cic nguyén t6: scandi (Sc), ytri (Y), lantan (La) va actini (Ac).'Dué‘i
day 12 mot s6 dac diém clia nguyén t6 (Bang 6).

Béng 6

Mot s6 dic diém ciia cic nguyén t6 Se, Y, La va Ac

S8
Nguyen| thity | Cubinh | Nanglugngionhéa eV | pn kinh | Ban kin| Th¢ditn
t6 (E) | nguyén | electron nguyén ion cuc
i 1, I I, 1, th, A E* A | chudn, V
Sc 21 | [Arj3dl4s? | 6,56 | 128 | 248 (736 | 1,64 083 | -2,08
Y 39 [Kr]4d'5s® | 6,21 | 12,30) 20,46 61,5 1,81 0,94 -2,37
La 57 | [Xelsd'6s?|5,77 |11,38] 19,10 | 525 | 1,87 1,06 | -252
Ac | 89 | [Rm)6d'7s? | 5,1 - . - 2,03 1,11 2,26

Cic nguyén td nhém IHB cé cfu hinh electron chung cGa nguyén tir 12 (n-1)d'ns? vala
nguyén t6 ding ddu cc day kim loai chuyén tiép. Vigc chi c6 mot electron d 1am cho cdu hinh
d's? 36 kém bén va bidu 10 trong moi ik chét cia nhém nguyén t6. Khdc véi cdc nguyén t6 d
khac, nguyén t6 nhém TIIB ndy c6 mot trang théi oxi héa khong bi€n déi 12 +3 va khong thé |

hién manh kha nang tao phtc véi nhiéu phdi nr. (1, +1,+1y)

So sénh véi nguyen t6 nhém IIIA (xem tép hai) e\;o
nhan thdy mot s6 dic diém nhu ban kinh nguyén i, 60 Ge 3 T
ban kinh ctia ion E*, téng nang lugng ion héa thit nhét, A -
thit hai vA the ba, th€ dien cuc chuén cia kim loai déu OF sV Ac
bign ddi khd déu dan trong ddy B-Al-Sc-Y-La-Ac va 20540 80 2

trai newoc lai & trong diy B-Al-Ga-In-Tl (Hinh 2). '
gros & ¢ ) Hinh 21. Su bién dfi ciia tong ndng lugng

pidu ndy célien quan dénki€n tric electron cua ion héa cdc nguyén 16 nhém UT

47



ion E*. Cic ion Sc™, Y*, La™ va Ac™ ¢6 c4u hinh electron ctia khi hiém giéng nhu ion Al**
trong khi cac ion Ga*, In™ va T1™* ¢6 vo ngodi ciing gém 18 electron.

That vay, tinh kim loai clia cdc don chét tang lén déu dan trong diy B-Al-Sc-Y-La-Ac;
Sc gdn véi Al hon, cdn cac nguyén t6 cdn lai gdn véi kim loai kiém thé.

CAC PON CHAT
Tinh chdt Ii hoa hoc

Scandi, ytri, lantan va actini la nhimg kim loai mau tring bac, tuong d6i khé néng chay
va khd gidon. Dudi day 1a mét s6 hing s6 vat 1i clia cdc kim loai (Bing 7).

Bang 7

Héng sé vat If quan trong cua cac kim loai

-Kim loai (E) | Ndnc, °C | Nds,°C | Tikhsi | P¢dandién
. (Hg=1)
1539 2700 3,02 1,36
Y 1526 3340 4,47 1,73
920 3470 6,16 1,54
- Ac 1050 3300 10,1 -

Tat ca déu din dién vi nhiét tuong d6i kém. Scandi va ytri thu¢c kim loai nhe con
lantan vA actini thudc kim loai ning. Lantan tao hgp kim véi nhiéu kim loai, trong dé thudmg
tao nén nhitng hop chat gitta-kim loai. Hop kim chta hop chét gifra-kim loai ca La v6i kim
loai chuyén tiép, vi du nhu LaNis c6 dic tinh 12 c6 thé hap thy & diéu kién thudng mot luong
khi H, gan gp d6i luong H, c6 trong cling mét thé tich cla hidro 16ng hay hidro rin. C6 I8
nhitng nguyén tir H da chui vao 15 tréng cha Kién triic tinh thé clia hop chat gitta-kim loai tao
nén mot vat liéu ¢6 ki&n triic rat sit sao. Khi dugc dun ndng nhe, hop kim lai gii phéng H,. B&i
vay, hop kim chifa LaNi dugc ding 1am binh tich tri khi hidro ding cho pin nhién liéu hidro-
oxi. Actini 12 nguyén t6 phéng xa, déng vi bén ’Ac c6 chu ki ban rd 13 21,77 nim.

N6i chung vé tinh chét vat 1i, Sc va Y gén véi kim loai d4t hi€m nhém nang con La va
Ac gdn véi kim loai ddt hi€m nhém nhe.

T4t ci nhém ITIB déu 12 kim loai r4t hoat dong v& mit héa hoc, trong nhiéu hop chat
chiing giéng v6i Mg va Ca. Hoat tinh héa hoc tang lén tir Sc dén Ac.

Khi dé trong khong khi, Sc va Y khong bi¢n d8i vi c6 mang oxit bao v&, cdn La va Ac
nhanh chéng bi m& duc do tao thanh Idp hidroxit & trén bé mat. Riéng La c6 tinh ty chdy, khi
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co x4t hay va dap né béc chéy trong khong khi.

Khi dun néng, cdc kim loai tic dung véi da s6 nguyén t6 khong-kim loai: vdi oxi, hidro, .
halogen, Iuu huynh, nito, cacbon, silic, bo tao thanh oxit E,O,, EH,, EX, E,S,, E,C,, ESi,, EB.

V&i nudc, Sc va Y chi tic dung khi dun néng vi bi mang oxit bao boc con La va Ac tic
dung cham v@i nudc:

2E + 6H,0 = 2E(OH), + 3H,

T4t ca déu tan trong dung dich axit thong thudng gidi phéng khi hidro. Khi tan trong
dung dich HNO, loang, cc kim loai c6 thé khir axit tao thanh NH,NO,.

Vidu:
8Sc + 30HNO, = 8Sc(NO,), + 3NH,NO, + YH,0

V& tinh chdt héa hoc, néi chung Y va La gi6ng nhiéu v6i cdc lantanoit nén duoc gop
chung vao ho kim logi ddt hiém.

Trang thdi thién nhién va phuong phdp diéu ché

Scandi, ytri, lantan va actini thugc nhimg nguyén t6 rit phan tin trong thién nhién. Trit
lrgng trong vo Qua P4t chia Sc 12 3.107%, clia Y 122,6.107%, clia lantan la 2,5.10% vicha Ac 1a
5.107" % tdng s& nguyén tr. Ching it tao nén khodng vt ritng ma & lin trong khodng vat da

kim cita céc kim loai d4t hi€m, vi du nhu cit monazit 13 hén hop clia orthophotphat kim loai dt

hi€ém (MPQ,) va thori: orthosilicat (ThSiO,), toveitit (Y,5¢),5i,0,), gadolinit (Be,Y,FeS1,0,0),
xenotim (MPQ,), batnesit (MCO,F), & day M 1 kim loai hoa tri ba.

Nam 1794, nha héa hoc Phén Lan 12 Gadolin (G. Gadolin, 1760-1852) d4 tich dugc tr
khodng vat ytecbit (khodng vat ndy c6 tén goi d6 vi duge phit hién & Ytuerby gin Stockholm
clia Thuy Dién, sau nay duge ggi 13 gadolinit) mot oxit méi goi 1a “d4t yiri”. Thyc ra “dat ytri”
12 mot hdn hop oxit cha céc kim loai. Nam 1835, tir ddt yiri, nha héa hoc Thuy Dién la
Mozande (G. Mosander, 1797-1858, hoc trd Berzélius) da tdch dugce oxit cha ytri, oxit cla tecbi
va oXit clia ecbi. Tuy nhién trudc d6, nam 1828 nha héa hoc bitc 1a Vole (Who ler) da diéu ch&
mau kim loai yiri ddu tién tuy chua duge tinh khiét 14m khi diing kali khir YCl, & nhiét d6 cao.

Nam 1839, Mozande tach duge tr "dat xeri” mot oxit mau vang cua xeri va "dér lantan”.
Nam 1841, tir "dét lantan", 6ng tdch ra dugc oxit mau tréng cia lantan va oxit mau dd cua
didim, v& sau bigt dugc didim 12 hai nguyén t6 neodim va prazeodim. Sau d6 Mozande ldn ddu
tien da diéu ch& lantan kim loai theo phuong phédp clia Vole. Tén goi lantan Xudt phat tir chit
lantos, ti€ng Hi Lap c6 nghia 12 gifu gi€m vi khé phdt hién.

_ Nam 1879, nha héa hoc Thuy Dién 12 Ninxon (F. Nilson, 1840-1899) tir "d4t ytri" da
tach duge oxit clia mot nguyeén 16 méi. Nguyén 16 méi d6 duge phét hién bing phwong phép
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phan tich quang phé va c6 tén la scandi (Scandinavie 12 qué huong clia Ninxon). Nguyén 6
nay chinh 12 nguyén t§ ekabo ma nam 1871 Mendeleep da tien dodn rdt chi ti€t. Nhimg két qua
cong bs ciia Ninxon vé scandi rat phi hop v6i 194 tién dodn clia Mendeleep. Bdi vay, phét minh
caa Ninxon 12 bing chimg xdc ddng ddu tién ching minh sy ding din cha bang tudn hoan va
dinh luat tudn hoan cha Mendeleep. Nhu da biét, ekabo 13 mot trong b6n nguyén 6 ma
Mendeéleep da tién dodn chi tiét. Nam 1937, scandi kim loai dang tinh khiét méi dugc diéu ché
bing phuong phap dién phan hn hgp néng chay ciia ScCl,, KCl1 va LiCl.

Actini 13 nguyén t& phéng xa thién nhién dd dugc nha khoa hoc ngudi Phép 1a
Dobiecnd (A. Debierne) phat hién nim 1899-¢ trong san phdm con lai sau khi dd tich Ra va Po
tir quing uran. Nhu d2 bi€t, nam 1898 hai nguyén 16 phong xa nay da dugc Pie Quyri va Mari
Quyri tich dugc tir quang uran. Tén goi actini xuét phat tlx chit actis, ti€ng Hi Lap nghia 12 tia,
nguyeén 1§ dugc phit hién do tia phong xa. Actini 13 sin phdm trung gian cha qua trinh phan ra
phéng xa cia uran:

235 231 L 231 a 227 B 227
35U —2 2 Th—E % Pa—2o" Ac——"Th >
trong mot t4n quang uran cé 0,06 mg actini.

Kim loai scandi khong c6 cong dyng quan trong, ytri ¢6 tiét dién bit notron bé nén
duoc ding 1am vat liéu xay dyng 10 phén img hat nhan, lantan kim loai dugc sir dung rong rai
hon & dang mishmetall 12 hop kim clia cdc 44t hiém chia 25% La ding lam d4 hira va chat cho
thém vao cédc hop kim. - :

Qu4 trinh tach kim loai tir quang khé phifc tap: tuyén khodng, ch€ héa tinh quang bang
cdc phuong phép héa hoc khdc nhau dé duge céc sin phdm trung gian réi luyén kim loai tir
nhimg sin phdm trung gian. Nhimg san phim trung gian d6 thuong 12 E,O,, EF; va ECl,.
Ngudi ta ding canxi, magie hay kali khir cdc hop chat d6 & nhiét 46 cao hay dién phan mu6i
halogenua néng chay cing véi halogenua kim loai kiém.

Vidu:
2YF, + 3Ca = 2Y + 3CGaF,
La,0, + 3Mg = 2La + 3MgO

Cong nghé didu ché Sc,0; tir toveitit tuong d6i don gian:
: : 1800°C )
25¢,54,0, + 6C = = Sc,C, + 4Si0, + 3CO,
ScC, + 12HCI 45cCl, + 3C + 6H,
28¢Cl, + 3H,CO, = S6(CGO,), + 6HCI

400°C ,
SCZ(C204)3 = SC203 + 3C02 + 3CO

Cong nghe tich Y va La ti céc khodng vat cila dat hi¢ém phic tap hon nhiéu va phu
thudc vao timg  khodng vat riéng. Ché héa cic tinh quang véi axit clohidric, axit sunfuric, natri
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hidroxit dé duge hén hop mu6i ciia cdc kim loai. Nhitng ki thuat thudng ding d€ téch rieng cic
mudi kim loai d6 12 ké&t tinh phan doan, trao déi ion va chiét bang dung mo6i hitu co.

Actini dugc tich tit quing uran hodc dugc tao nén khi bin notron vio **SRa & trong 15
phéan ing hat nhan:

226 1 ~, 227 B o227 A i
uwRa + n > s Ra > "5 AC 2

HOP CHAT CUA Sc, Y vaLa
Oxu‘ E,O;

Céc oxit E,O; déu la chat rin mau trang, rat khé néng chay. Oxit S¢,0; kém bazo hon
cdc oxit khdc va gibng véi ALO,. N6 ciing ludng tinh va tan trong dung dich NaOH dac va
du tao thanh Na,[Sc{OH),).

Céc oxit Y,0,, La203'vé Ac,0, gidng vai CaO. Chiing hdp thu khi CO.,, hoi nuéc trong
khi quyén tao thanh cacbonat, hidroxit. Tic dung cla ching v6i nudc phét nhiéu nhiét.

Vidu:
La,0, + 3H,0 = 2La(OH), , AH°=—154 kJ

~ Céc oxit ¢6 thé ding lam cht xdc tdc. Oxit La,0, ding d¢ ché loai thiy tinh 13m kinh

“bdo h$ (ngan tia tr ngoai). Cic oxit Sc,0, va Y,0, ding lam vat liéu tir ddng trong vo tuy€n

dién tir va mdy tinh. Riéng Y,0, cdn ding d€ ch& gém chiu nhiét.

Cic oxit E,O, c6 thé dugc tao nén bang tdc dung tryc ti€p cha kim loai véi oxi hoac
bang cdch nhiét phan hidroxit, c4c mudi nitrat, cacbonat, oxalat.

Hidroxit E(OH),

Cic hidroxit E(OH), 1a két tia nhdy mau tréng. D tan trong nudc va tinh bazo tang lén
tir Sc d&€n Ac. Hidroxit Sc(OH), 12 chit ludng tinh. Hidroxit La(OH), 14 bazo manh, tuwong -
duong Ca(OH),, hdp thy khi CO, trong khi quyén, tic dung v6i muéi amoni gid phong khi
NH,. Khi dun ndng, cic hidroxit m&t nudc bi€n thanh oxit.

Cic hidroxit E(OH), duge tao nén khi dung dich muéi E** tic dung véi ki€m hay
amoniac. Hidroxit Sc(OH), cdn c6 thé diéu ch€ bing tdc dung chia mudi Sc** véi Na,S,0,:

25¢Cl; + 3Na,5,0; + 3H,0 = 28¢(OH); + 380, + 3S + 6NaCl
Trihalogenua EX,

Céc trihalogenua déu 1 chét rin mau tring. Cic triflorua EF, khé néng chay (tiy 1450
dén 1550°C), khong tan trong nuéc, con céc clorna, bromua va iodua ¢6 nhiét do néng chay

51



thdp hon (tir 800 dén 900°C), hit dm, tan trong nuc va bi thiy phan tao thanh polime

oxchalogenua EOX. Thuc t€ ¢é thé diing ion F~ € phan tich dinh tinh nhitng kim loai nay..
Nhimg halogenua tan, khi két tinh tir dung dich déu & dang hidrat, vi du ScCl,.6H,0,
YCl,.6H,0, LaCl,.7H,0O. Khi dun néng trong khi quyén HCl, cdc hidroxit nay m#t nude bién
thanh mudi khan.

Vidu:

YCL.6H,0 —F, yQ, + 6H,0
Néu kh0ng ¢6 mat khi HCI, cdc hidrat bién thanh oxoclorua.
Vidu: h

ScClL.6H,0 = &0C + 5H,0 + 2HC

Riéng ScF,, giong voi AlF,, c¢é thé k&t hop véi florua kim loai kiém tao nén mudi
hexafloroscandiat tan nhu Na,[ScF,] va K,[ScF].

Céc triflorua EF, c6 thé diéu ché bang tic dung tryc ti€p c¢la nguyén t6 hoac tic dung
cla florua kim loai kiém véi dung dich muéi cia Sc, Y va La.

Cic trihalogenua con lai ¢6 thé diéu ch& bang tic dung truc tiép clla cdc nguyén to
hodc tac dung clia kim loai hay oxit kim loai v6i dung dich axit halogenhidric hodc bang céch
dun néng oxit kim loai v6i mudi amoni halogenua.

Vidu:

2la + 3F, = 2LaF,
La,0, + 6HC! 2LaCl, + 3H,0
La,0, + 6NH,I = 2Lal, + 6NH, + 3H,0

i

Cdc mudi khdc ciia E*

Cac mudi sunfat va nitrat déu tan trong nude va khi két tinh tir dung dich déu & dang
hidrat. Cdc mu6i cacbonat va oxalat déu it tan. Gi6ng v6i nhom, cic nguyén t& nhém IIIB tao
nén mudi kép kiéu ME(S0,),, M,E(NO,),, ME(CO,), va ME(C,0,), (mu6i kép duge viet &
dang khan trong d6 M 12 kim leai kiém vd NH] ). Su tao thanh muéi kép giai thich su hoa tan
muéi cacbonat cla cdc kim loai nhém IIIB trong dung dich bao hoa cacbonat kim loat kiém

hay amoni:
K,CO,; + LayCO;), + 12ZH,0 = K,CO,La,CO,);.12H,0
Phiic chdt cua Sc, Y va La

Céc cation kim loai Sc**, Y** va La™ tao nén nhimg phiic chét rong ddi bén véi nhing
phéi tlr nhiéu cang nhu ion oxalat, ion B-dixetonat, EDTA ... Kha nang tao phic giam xudng tit
Sc dén La theo chiéu tang cia ban kinh ion. :
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Khi thém dung dich oxalat kim loai kiém vao dung dich muéi E**, mudi oxalat cia E**
s€ ket tha va do tan clia két tha d6 & trong.dung dich oxalat du gidm xuéng rd rét tir Sc dén La:
Sc,(C,0,), tan dé dang tao thanh phic chat [Sc(C,0,),] , Y,(C,0,), tan mot mic d6 con
La,(C,0,), tan it

Vi axetylaxeton, cdc cation E’* tao nén két tha axetylaxetonat: [Sc(aca),] trong dé Sc
¢6 s6 phdi tri 6, [Y(aca),H,0] trong d6 Y c6 s6 phéi tri 7 va-[La(aca),(H,0),] trong d6 La c6 s&
phoi trf 8. Axetylaxetonat ctia scandi rdt bén véi nhiét, cé thé thing hoa khéng bi phan hily con
céc axetylaxetonat ctia Y va La bi phan hiy & khoéng 500°C.

Véi EDTA, cac cation E™ tao nén phic chdt HIE(EDTA)}. Dudi day Ia hing s6 bén
ctia céc ion phitc d6 va ca ion Fe**:

SCB+ Y3+ La3+ Fe3+
K,... 1,26.10% 1,26.10" 3,17.10° 1,36.10%

D¢ bén clia ion phiic [E(EDTA)]” trong dung dich gidm xudng tir Sc dén La vi néi
chung bé hon so véi Fe(IlIl).
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CHUONG il

CAC NGUYEN TO NHOM IVB

Nhém IVB gém ¢6 cdc nguyén t6 titan (Ti), ziconi (Zr) v hafni (Hf). Dudi day 1a mot
s6 dac diém cha nguyén t6 (Bang 8). '

Bang 8
Mot sd dac diém cua cac nguyén té Ti, Zr va Hf
S Bidn | Bén

thitw| CHu hinh Nang luong ion héa, eV kinh | kinh| Thé dién cuc
Nguyén [nguyén| electron ' nguyén| ion chudn, V
t8 (E) to. nguyén tir I, I, I, I

tr, & |E™, A

Ti 22 [Ar]3d%4s® | 6,83 | 13,57 | 24,47| 43,24 | 1,46 | 0,64 | -1,75(Ti**/Ti)
Zr 40 [Krl4d?5s* | 6,95 | 14,03 | 24,71} 33,99} 1,60 | 0,87 | -1,43(Zr*/Zr)

Hf 72 |[Xe]4f* 5d°65%| 5,5 149 |21 31 1,59 | 0,86 | -1,57(Hf*/Hf)

Cac nguyén t6 Ti, Zr va Hf ¢6 c4u hinh electron gidng nhau clia nguyén tir 13 (n-1)d’ns?
va 12 kim loai chuyén tiép.

Nang luong ion héa thit tr clia ching rdt i6n, viéc tao thanh ion E* ddi hdi mét ning
lugng 16n nén ion d6 chi ¢6 thé dugc 1am bén nhd sy tao thanh kién tric tinh thé cé d6 bén cao
nhu oxit EO,. Néu sy 1am bén d6 khong d0 bl cho ning lugng € tao thianh ion E* thi céc
nguyén tir tao nén chi yeu cic lien két cong héa tri, vi du nhu trong céc halogenua EX, (& day
E=Ti, Zr va Hf, X= halogen).

Trong céc hop chat, trang théi oxi héa dic trumg va bén nh4t ciia ca ba nguyeén 6 12 +4.
S& di nhu vay 12 v ion E* ¢6 c4u hinh electron bén ciia khf hi€m (8 electron). Ngoai ra Ti, Zr
va Hf c6 thé c6 céc trang théi oxi héa thdp hon nhw +2 va +3. Khuynh huéng cho trang thdi oxi
héa thap thé hién r5 & Ti nhung & nhilmg hgp chét tmg véi cdc s§ oxi héa thap Ti déu dé chuyén
sang trang thai +4 dic tnimg. Con Zr va Hf tao nén rét it hop chét ing v6i s6 oxi héa thdp. Vi
du titan ¢6 céc hop chat TiO, Ti,0,, TiO,, TiF,, TiF, va TiF, trong khi Zr vd Hf chi ¢6 nhimg
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hop chét ZrO,, HfO,, ZrF, va HfF,. Nhu vy, khuynh hudng tao nén s oxi héa cao +4 tang lén
tir Ti dén Hf, nghia 13 nguge véi khuynh huéng bién d6i trong cdc nguyén t6 nhém IVA.

Tuy nhién & trang thédi s6 oxi h6a +4, cdc nguyén t6 Ti, Zr va Hf gi6ng véi Ge, Sn va
Pb. Tur Ti dén Zr, ban kinh nguyén tir va ban kinh ion tang 1én nhung tix Zr d€n Hf lai hoi gidm
xuéng, coi nhu khéng bién d6i. Day 1a két qua cha hién tugng co lantanoit. Chinh Zr v Hf cé
bén kinh gdn nhau nhu vay, chiing ¢6 tinh chét rdt giéng nhau va rift khé tdch ra khéi nhau. C6
thé néi Zr va Hf 12 cip nguyén & khé tdch ra khoi nhau nhét, moét trong nhimg vén dé khé
khan nhét ctia héa hoc vé co.

CAC DON CHAT
Tinh chdt li, héa hoc

Titan, ziconi va hafni 13 nhitng kim loai mau tring bac. & nhiét do thudmg, tinh thé kim
loai ¢6 mang ludi luc phuong (dang o) va & nhiét d6 cao c¢6 mang ludi 1ap phuong tam khoi
(dang [3). Titan thuéc kim loai nhe cdn ziconi va hafni Ia kim loai nang. Duéi day 1a mot s6
hing s6 vat li clia céc kim loai (Bang 9).

| Bang 9
Héng s6 vat li quan trong cua cdc Kim loai
lol;i‘(‘:s) Ndnc., °C | Nds.,°C | Ti kh6i (mzl‘-’gc;;‘:io) D‘?;:Iz‘; f)ie“
Ti 1668 3260 4,51 4 2,1
Zr 1855 4330 6,51 4,5 2.3
Hf 2220 5400 13,31 - . 3,1

C3 ba kim loai déu khé néng chay va khé soi. V4 nhiét 40 néng chay, nhiet do soi, do
cing, 46 din dién vi din nhiét, ca ba kim loai twong duong véi nhimg kim loai chuyén tiép
khéc nhu Fe, Ni, v.v...

C4c kim loai tinh khiét déu d& ché& héa co hgc nhung khi chifa tap chat O, N, C, H,
chiing tr& nén gidn. Chiing truyén cho céc loai thép dic biét 46 bén an mon, do cimg va do bén
co hoc. Thép chifa titan ding 1am dudng ray va banh xe tau hoa.

Hop kim cua titan ding dé ché tao dong co may bay phan lyc va tén lira. Thép chifa

- ziconi dl‘lilg 1am nhitng tdm chén cla xe boc thép.

Cé ba nguyén 6 c6 mot s déng vi thién nhién: Ti c6 5 déng vi, bén nhét 12 **Ti; Zr c6
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5 d6ng vi, bén nh4t 12 **Zr vA Hf ¢6 6 dong vi, bén nh4t 1a "*°H¥, Dong vi bén chia Zr ¢6 tist dién
bét notron 4t bé trong khi dOng vi bén ciia Hf c6 tiet dién bit notron rt 16n. Bdi vay, khi diing

hop kim cia Al v6i Zr d€ lam vat lieu che tao 10 phan tng hat nhan, Zr d6 cdn phai duge loai
sach hé&t Hf. | |

O nhiet d thudng, ca ba kim loai (E) déu bén véi khong khi va nuéc nhe 6 mang oxit
EO, mong rét bén bio ve. & nhiét d¢ cao, chiing rat hoat dong héa hoc: tic dung véi oxi tao
thanh oxit EO,, véi halogen tao thanh halogenua EX, (& day X=halogen), véi lwu huynh tao
thanh sunfua ES,, v§i nito tao thanh nitrua EN, véi cacbon tao thanh cacbua EC, véi bo tao
thanh borua EB,. Nhitng hgp chit nitrua, cacbua, silixua va borua ciia chiing thudng 1a hgp chét
ki€u xAm nhap c6 thanh phan bien d6i, ciing, rdt bén nhiét va 14t khé néng chdy. Mot trong

nhing vat lieu khé néng chay nhat (4000°C) chita 80% TiC va 20% HfC. § dang bot min, ca ba
kim loai tw chdy & nhiét do thudng. :

O nhiet d6 thudng, ca ba kim loai déu bén véi cAc tic nhan an mon. Pic biét titan rit

bén vdi nuée bién va nhiéu tic nhan 3n mon khéc nén 1a mot vat Liéu khong thay the duge dé
ch€ tao tudcbin, méay héa, vo thu thity. C4 ba kim loai khong t4c dung vdi axit,

Khi dun néng, rieng titan tan trong dung dich HCl theo phan ing:
2Ti  + 6HCl = 2TiCl, + 3H, |
Ca ba kim loai & dang bot min c6 thé téc dung v6i dung dich HF néng:
E + 6HF = H,{EF,] + 2H,

Tuy bj axit nitric dac thu dong héa & nhiét 46 thudng, c4 ba kim loai & dang b6t min c6
thé tic dung v6i axit sunfuric dic, cudng thity va nhét 13 hén hop ciia axit nitric va axit
flohidric: :

Vidu:
2Ti  + 6 H,50,(dac)
3Zr + 4HNO, + 18 HCI
3E + 4HNO, + I8HF -

Ti,(80,); + 380, + 6H,0
3H,(ZrCl,) + 4NO + 8H,0
3H,{EF,] + 4NO + 8H,0

C4 ba kim loai déu bén véi dung dich kiém. Riéng Ti téc dung véi kiém ndng chay, Hf
tdc dung v6i KHF, néng chay: .

Ti "+ 4NaOH
Hf + 4KHF,

Na, TiO, + 2H, :
K,[HfF;] + 2KF + 2H,

Trang thdi thién nhién va phuong phdp diéu ché .

Trong thién nhién titan thudc nguyén t6 rat phé bicn, ding hang thit murdi sau cdc kim
loai Al, Fe,Ca, Mg ... ziconi v3 hafni thugc nguyeén 16 phan tén. Tuy nhién, ziconi c6 phé bign
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hon so v6i cdc kim loai Ni, Cu, Zn .., Hf ¢4 phd bi€n hon Au, Hg... Trong vo Trdi Pat titan
chi€ém 0,25%, Zr chi€m 4.107% va Hf chiém 5.107°% téng s6 nguyén tit. Nhitng khosng vat
chinh cta titan 1a rutin (TiO,), inmenit (FeTiO,) vﬁ 'peropskit {CaTiO,), cla ziconi la zicon
(ZrSi0,) va badeleit (ZrO,). Tén khodng vat zicon (zxrcon) ta tén goi chéch cla chit zargum
tiéng A Riap c6 nghia la mau vang chéi vi zicon di biét tir thei c6 xua 13 mot loai d4 quy trong
sudt va c6 cdc mau dep, nhat 12 mau vang. Hafni khong ¢6 khodng vat rigng ma thudng déng
hanh vai ziconi. Trong céc khodng vat, lugng Hf thuong bang khodng 2%. lugng Zr.

Nuéc ta ¢6 md titanomanhetit & nii Chiia (Thdi Nguyén ) va Tam Ki (Quang Nam), cé
sa khodng inmenit va zicon & ven bién tinh Quang Ninh vi cdc tinh mién Trung.

Titan duge nha héa hoc ngudi Diic Claprot (Martin Hendrich Klaproth, 1743-1817)
phit hién trong khodng vat rutin vio nam 1795, Tén goi clia nguyén t& dé 13 tén clia ong t4
thdn nii (theo thén thoai Hi Lap). Dén nam 1825, Beczeliuyt 14n d4u tién da diéu ché duge kim
loai titan & dang bot khi khir K,[TiF,] bing natri & nhiét d6 cao. Nam 1910 nha héa hoc M¥ la
Hunter da diéu ch€ dugc titan tinh khiét hon khi diing natri hay kati kh tetraclorua & 700°C va
dén nhing nam 40 cla th& ki ndy titan kim loai méi durge san xudt & quy moé cong nghiép.

Nam 1978 Claprot di ché dugc titan dioxit tir khodng vat zicon vi dén nam 1824

"Beczeliuyt Ian ddu tién di diéu che duge ziconi kim loai & dang bét khi diing natri hay kali khit

K,[ZrFg] ¢ nhigt do cao. Tén g01 zicor dugce lay tir tén khoang vat zicon. Nam 1925 ngudi ta
diéu ch€ dugc ziconi tinh khiét.

Nguyén t6 hafni duoe phat hién tinh c& vao nam 1923. Khi ch€ tao nhimg 6ng
Ronghen mdi va nghién ctru phd Ronghen clia cic nguyén 16, hai nha khoa hoc la Heversy
(Hungari) va Coster (Ha Lan) 1am vi¢c & Copenhaghen da phét hién-ra nhimg vach quang phé
mdi trong phé Ronghen clia nguyén 6 ziconi. D6 1a nhiing vach cia mot nguyén t8 maéi goi 12
hafni. Tén goi nay duoc |8y tir chit hafhia tiéng La Tinh 12 tén cé cha thi dé Copenhaghen.

Hang niam trén the gidi sdn xudt hang van tdn titan t inmenit va rutin. Nhitng nudc
khai thic nhiéu khodng vat chia titan 12 Australia, Nam Phi, Canada, Na Uy, Malaixia. Nhimg
nudce khai thdc nhiéu khodng vat zicon 12 Australia va M§. Nhitg hop kim ferotitan ding trong
nganh luyén kim chita 10-50% Ti dugc diéu ché bang cdch diing than céc khit hén hop quing
sat va quang titan. Viéc diéu ché titan kim loai tinh khiét 12 rat khé khan. O nhiét d6 cao Ti rat
hoat dong, tic dung vdi oxi, nito, cacbon nén khong thé ding than khir rutin trong 15 cao nhu

d6i v6i gang. Ngudi ta phéi clo héa cdc khodng vat clia titan khi ¢6 mdt than & nhiét do 800-
1000°C:

TiO, +2CL,+ 2C = TiCl, + 2CO
2FeTiO, "+ 7Cl, + 6C = 2TiCl, + 2FeCl, + 6CO

Cén chd ¥ rang viéc clo héa tryc ti€p rutin hay inmenit khong thé thie hién dwoe vi
~qué trinh ddy khi oxi ra bing khi clo 12 qué trinh thu nhiét va gidm entropi cho nén cin phai
dung cacbon dé lién ket v6i oxi cho phan ting pha nhiet v ting entropi.
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Vidu:

TiO,(r, rutin)  + 2Cl,(k) = TiCl(k) +. 0,(k), AG= 162K]
nhung: ' '
TiO.(r,rutin) + 2C (than chi) + 2Cl(k) = TiCl,(k) + 2C0(k), AG'=-112k]

G nhigr do thuong TiCl, la chidt 1ong (nds. 1a 136°C) va FeCl, ]a chat rin (nds. 13
315°C). Khi clo héa inmenit véi sy c6 mit cla than, dua vio nhiét do s6i khdc nhau nhiéu,
ngudi ta tich TiCl, ra khoi FeCl, bing cach 1am bay hoi phan doan.

Sau d6 cho hoi TiCl, di qua magie néng chay hay natri néng chay trong khi quyén Ar
hay He: ' o

TiCl, + 2Mg = Ti + 2Mg(l,
Khi rira v6i nude, MgCl, tan, con lai Ti kim loai & dang khai x&p.

Phuong phdp nhiét-kim loai nay ciing dugc ding dé€ diéu ch€ Zr va Hf kim loai tir
tetraclorua. Ngodi ra ngudi ta ¢é thé thay ECI, bing K,[EF,}:

ECl, + 2Mg = E + 2MgCl,
KiEF,] + 4Na = E + 4NaF + 2KF

Ca ba kim loai Ti, Zr va Hf di€u ché theo phuong phdp nhiét kim [oai chua cé do tinh
khi€t cao. Muén tinh ché, trudc hét ngudi ta nung kim loai chua tinh khiét & 1000°C trong chan
khong dé loai sach Mg dur réi 4p dung phuong phédp Aken-Po Boe (Van Arken va De Boer,
ngudi Ha Lan) duge dé ra nam.1925. Phuong phdp nay loi dung tinh d& bay hoi clia cic iodua
Til,, Zs1, va HfI, va kha n‘ﬁng phén huy cta ching ¢ nhiét d6 cao tao thanh kim loai, trong khi
iodua cla cdc nguyeén t6 tap chat khong 6 kha nang dé.

Vi du dé tinh ch€ kim loai titan, trong
phong thi nghiém ngudi ta diing binh bing thiiy
tinh Pirec (Hinh 22). Qua 8ng 1, hit khong khi &
trong binh ra d€ tao chan khong vh qua éng 2 dé
vao binh mot hdn hgp ciia bot kim loai titan va iot
(tugng 1ot duogc 14y it hon 10 1dn so véi lugng iot
cdn thi€t d€ tao thanh Til,). Pat binh thiy tinh vao
16 dién va dun néng & 400°C. Sgi day titan 3 o
trong binh duge ndi vai hai dién cue va duge dét
néng bing dong dién. § 200°C Ti va I, téc dung vdi
nhau tao thanh Til,, hgp chdt ndy thang hoa &
377°C . Khi ti€p xiic véi soi day titan 3 duge dot néng dén 1200-1400°C, hoi Til, phan hiy:

Til, = Ti + 2, |

Hinlt 22. Dung e dé'tinh ché'titan kim loui

¥

titan kim loai ket tinh & trén sgi day titan con hoi iot ngung tu & phin ngu6i clia binh 1ai tdc
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dung véi mot lugng mdi titan kim loai can tinh ché. Qua trinh 13p di [&p lai nhu vay ¢ thé tao
nén nhitng thanh titan ¢6 dudng kinh 5-30mm va dic biét tinh khi€t, chia dén 99,9999% Ti.
Chinh phuong phdp Aken-Do Bée lan dau tién dd duge dung d€ diu ché€ Zr tinh khi€t. Ngay
nay phuong phap dé dugc diing dé diéu ché mét sd kim loai khdc nita dac biét tinh khiét.

Tdch riéng ting nguyén to cdp Zr-Hf

Ziconi va hafni 12 cap nguyén t6 d6ng hanh véi nhau rat giong nhau vé tinh chat, vigc
tich ching ra khoi nhau gap rat nhiéu khé khan. Trong cong nghé ngudi ta phéi ding mot s6
phurong phdp khic nhau dé tich néng ching.

Plutong phdp két tinh phdn doan dua vio do tan hoi khac nhau cia K,ZrF, va K,HfF,
12 0,07 va 0,10 mol/l. M&i khi két tinh mudi phiic hexafloro, mudi K,HfF, tan nhiéu hon o lai
chil y&u trong dung dich cdn musi K,ZrF, tan it hon tap trung chi y&u vao tinh thé. Lap di lap
fai nhidu 1an qud trinh két tinh lai tinh thé vA qua trinh ket tinh tinh the tir dung dich cho dén
khi thu duge mudi phitc hexafloro tinh khiét ciia riéng timg kim loai.

Cic mudi hexafloro ndy ¢6 duge khi niu chay khodng vat zicon (cé chita Hf) véi
K,SiF,: '

ZiSi0, + K.,SiF, = K,[ZIF] + 2Si0,

Piusong phdp chiét dua vao kha nang chigt dung dich nude mudi nitrat clla zicont va
hafni bang tributyiphotphat (TBP), Zr(IV) c¢6 khi nang tao phic manh hon Hf(IV) nén chii y€u
di vao dung méi tributylphotphat & dang ZrO(NO,),.2TBP con Hf & lai chl yéu trong dung
dich nude. Lap di lap fai qué trinh chiét d6 hang chuc lan s& thu duge mudi tinh khiét cha riéng
timg kim ioai.

Phuong phdp trao déi ion: khi dung dich mudi tetraciorua ctia ziconi va hafni trong
HCI 6N (lugng HCI 1a ¢in thi€t d€ ngin can sy polime héa clia cac hop chat trong dung dich)
di qua cot dung nhua cationit, kim loai duge nhua hdp thu. Zr(IV) tao phifc véi axit xitric
(H.Cit) manh hon Hf(IV) nén khi ding dung dich axit xitric trong HCI 6N dé€ rlra cOt nhua da
hép thu ziconi va hafni, ziconi dugc axit xitric rira nhanh khoi cationit & dang ZrO(H,Cit), con
hafni & lai lau hon trén cationit. Lap lai mot s6 tan qua trinh trao déi ion nhu vay s& thu duge
mudi tinh khiét cita riéng timg kim loai.

HOP CHAT CUA Ti(IV), Zr(IV) va Hf(IV)
Dioxit EO,

Chc oxit TiO,, ZrO, va HfO, 13 chit rin mau tring, ©n tai dudi mot s6 dang tinh thé
khac nhau. Ba dang tinh thé clia TiO, 13 rutin, amatazo va brukit, déu tén tai trong thién nhién
duéi dang khodng vat, trong do phé bién nhat 13 rutin. Rutin ¢ mang ludi ti phuong (Hinh
23), mbi ion Ti** dugc ion O bao quanh kiéu bat kién tric tinh thé dién hinh cia nhiing hop
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chét ¢6 cong thie chung 13 MX, (trong d6 M la kim
loai, X la oxi hay flo). Dang tinh thé don ta cia
ZrO, tén tai trong thién nhién 13 baledeit déng hinh
v6i mot dang tinh thé cha HFO, va déu ¢6 kién tric
khéng déu din, trong d6 Zr va Hf ¢6 s6 phdi tri 8.

Ca ba dioxit déu cimg, khé néng chly va
bén nhiét. Dudi day la nhiét d6 néng chdy vi ning -
lugng Gip tao thanh chudn cia ching: oTt ©O

Ti 02 . Zr02 H fO, IHinh 23. Kién triic cila tinh theé rutin
Ndnc., °C 1870 2850 2900
AG: ,» kKI/mol -889 —-1025 -1054

Su tang nhiét do néng chay trong dily dioxit phan anh sy ting mifc dé ion ciia lien ket
E-O. '

Ca ba dioxit déu kh tro vé mat héa hoc. Ching khong tic dung véi nude, dung djch

loang chia axit (trir HF) va kiém, chi tdc dung cham véi axit khi dun néng tau va tic dung véi
kiém néng chay. .

Vidu:
TiO, + 6HF - = H.TiF, + 2H,0
TiO, + 2NaOH Na,TiO, + H,0
TiO, + Na,CO, Na,TiO, + CO,

I

Do tro vé héa hoe, TiO, duge dung 1am chat dén cho cao su, bot mau cho chit déo va
son. Do rat khé néng chay va bén hoa hoc, ZrQ, duge dung 1am chén nung, Idp 16t trong clia 1o
dét & nhiét dé cao. .

Céc dioxit EO, duge tao nén khi dét chdy kim loai trong khi oxi hodc phan hity
hidroxit cia E(1V) & nhist dd cao.

Trong c6ng nghigp, TiO, duge didu che bang céch dét chiy TiCl, trong khi oxi & 900°-
1000°C: .

Td, + O, = TiO, + 2C1,

hodc bing cdch thity phan titany! sunfat. Dudi day 1 so dé phan ing cia qud trinh sn xust
TiO, tir tinh quang inmenit. '
Ché héa tinh quang inmenit di nghién min véi axit sunfuric dac:
~180"C '
FeTiO, + 2H,S0, = TIOSO, + FeSO, + 2H,0

Hoa tan san phim bing nuéc du r8i lam lanh dung dich dé mudi sit ket tinh & dang
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FeSO,.7H,0. Pun s6i dung dich TiOSO, véi nudc, axit metatitanic ling xudng:
TiOSO, + 2H,0 = HTiO, + H,S0,
Nung axit metatitanic & 900-1000°C, thu dugc TiO,:
H,TiO, = TiO, + HO

Tén thuong mai cha TiO, 12 trdng titan. Tring titan 12 bot mau trang ding t6t hon tréng
chi (Pb(OH),.2PbCO,) & ché khong doc hai va khong bi xdm khi dé lau trong khong khi. Ngoai
viéc ding 1am bot mau, tring titan cdn dugc ding dé ché céc loai thuy tinh, s, men sif va gém
chiu nhiét.

Trong cong nghiép, ZrO, dugc san xufft ti zicon theo so d6 sau.
Nau chay zicon trong NaOH:

Hoa tan san phim phan {mg trong nuét néng, Na,SiO; tan cdn Na,ZrO; b thily phan
tao nén két tha ZrO,.H,0:

Na,Zr0, + 2H,0 = Z0,H,0 + 2NaOH
Ché& hoa két tua véi dung dich HCL:
| Zr0,H,0 + 2HCl = ZnOCl, + 2H0
va them NH, vio dung dich 4 két tha lai:
ZrOCL, + 2NH, + 2H,0 = ZrO,H,0 + 2NH/C
Nung két tia & 900°C, thu duge ZrOZ:
7:0,H,0 = Z0, + H0
Hidroxit cia Ti(IV), Zn(IV) va H{IV)

Cic hidroxit ctia E(IV) 12 két tha tring, nhdy c6 thanh phén bién ddi EOQ,.nH,0. Két
tia méi dugc tao nén (dang o) chifa nhiéu nhém cdu OH, khi dé lau mat bét nude, ti€p tuc bi
polime héa va chifa nhiéu cdu O (dang P ):

|l ol , . 1/ 17
I

B&i vay, dang o hoat dong héa hoc hon dang B. Vi du TiO,.2H,0, thubng duoc goi 1a
axit orthotitanic (H,TiO,) hoat dong hon Ti0,.H,0, thudong dugc goi 1a axit metatitanic
(H,TiO,). Nhiét d6 va m6i trudng kiém lam cho dang o dé& chuyén sang dang B .
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Ciéc hidroxit EO, nH,O khong bi€u 16 that ¢d tinh axit va tinh bazo vi chiing khéng tao

nén dung dich théat v&i nuéc ma ca v6i dung dich axit va dung dich kiém lodng. Khi tdc dung
véi axit va kiém, ket tia hidroxit chuyén sang dang-dung dich keo chita nhitng hat keo 16n &
dang polime duoc hidrat héa. Trong dé, titan(IV) c¢6 kich thude bé nén it bj polime héa hon
nhd sy tao phitc. Vi du nhu TiO,.nH,O ¢é thé tan trong dung dich HCI dic tao nén dung dich
H,TiCl, va tan trong dung dich kiém dac tao nén dung dich ca anion phiic hidroxo Ti(OH);" .
Céc hidroxit ZrO,.nH,0 va HfO,.nH,O khéng tan trong dung dich Kidm, ca ba hidroxit khi tdc
dung vdi dung dich déc clia axit manh thudng khéng tac nén mudi trung hda ma tao nén mudi
oxo ¢6 cong thie chung EOX, (trong dé6 X=Cl",Br~,1", NO; va SO:™).

Vidu:

Ti(OH),
Zr(OH),

+ HS0, =
+ 2HCI =

TiIOSO, + 3H,0
ZrOCL + 3H,0

Tir dung dich axit, ¢6 thé tich ra nhimg hidrat tinh thé TiOCL,.2H,0, TiOSO,.2H,0,
ZrOCl,.8H,0, HfOCI,8H,0. Trude day ion TiO™ duge goi 1a titanyl, ion ZrO* 13 ziconyl va
ion HfO™ ia hafnyl. Nhung dén nay ngudi ta biét ring trong dung dich ciing nhu tinh thé ciia
céc hop chat EOX, d6 khong ¢6 mat ion EQ™. Vi dy trong tinh thé TiOSO,.H,O khong cé ion
TiO* ma ¢6 mach dai (TiO)"* :

\ Ti Ti
N

n8i v6i ion SO2” sao cho mdi nguyen tit Ti duge bao quanh kiéu bét dién béi 6 nguyén tir O
clia ion SO;” va clia H,O. Trong dung dich va trong tinh thé ZrOCl,.8H,0 ciing khong 6 ion
riéng ZrO™ ma c6 ion tetrame [Zr,(OH),(H,0}),,**:

0
(H20)4Zrio> Zr(OH,),
H

trong do Zr co 50 phoi i 8 va dugce lién két vai nhau qua nthém cdu OH.

Tét ca cic mudi oxo EOX2 duge coi 13 nhimg san phim clia phén' ting thiy phan mét
phan cta cdc muédi E(IV), khi dugce thity phan tiép tuc ching tao nén hidroxit.
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/46 nhimg ion OF va Ca®™ géi ghém sit sao

Cic hidroxit dugc diéu ché bang cach thily phan céc tetrahalogenua EX, (6 day X=Cl,
Br, I}, cdc mudi oxo va cdc mudi titanat, ziconat va hafnat.

Oxit hon hop cua E(IV)

Céc dioxit TiO,, ZrO, va HfO, khi tan trong kiém néng chay tao nén nhimg hop chét cé
ten goi chung 1A mudi titanat, ziconat v hafnat tuong tmg. Thanh phan clia nhiing hop chit nay
r4t khédc nhau. Nhitng mudi don gidn nhat ¢6 cong thie: M,EO,, M'EQ;, M,EQ, (trong d6 M

va M’ 13 kim loai ¢6 s6 oxi héa +1 va +2 tuong ting). Da s6 céc titanat, ziconat va hafnat khong
tan trong nudc, nhitng mudi tan bi thuy phan hoan toan.

Phuong phédp nghién cifu kign tric tinh thé cho thdy trong cdc mudi dé khéng c6 nhiing
anion riéng cha EO2” v EOY nén cic mudi do duoc coi 1a cdc oxir hon hop cia Ti(IV),
Zr{IV) va Hf(IV).

Vi du cdc mudi titanat thudng Gng v6i ba kiéu kién tric tinh thé dién hinh cia oxit hén
hop, trong d6 cac cation kim loai khdc nhau chiém nhiing 16 tréng 1 dién va nhimg 16 trong
bét dién gy nén bai cic ion OF géi ghém sit sao.

Nhimg titanat MgTiO;, MnTiO;, CoTiO,, NiTiO,... ¢6 kién triic tinh thé kidu inmenit
(FeTiO,). Tinh thé nay cé kién tric gidng véi corundum (Al,0,-a), trong d6 Fe va Ti thay vi tri
chia Al chiém nhimg 16 tréng bat dién gdy nén boi nhitng ion O* géi ghém sit sao ki€u lap
phuong.

Nhiing titanat SrTiO;, BaTiO, cé kién
triic tinh thé kiéu peropskit (CaTiO,), trong

kiéu lap phuong, Ti chiém i6 tréng bat dién
gay nén boi rieng cdc ion O va ¢6 s6 phdi
trf ta 6 v Ca®* c6 s6 phdi tri 1a 12 d6i véi O
{Hinh 24}. '

Nhimg titanat Mg, TiO,, ZrTiQO, va
CoéTi04_ cé kién tric tinh thé kiéu Spineh _ Hinh 24. Kién tritc cda tinh thé peropskit
(MgAlQ,), trong d6 Tithay Mg chiém 16

tréng t dién con Co, Zr v Mg thay Al chiém 15 trong bat dién gay nén boi nhimg ion O* géi

ghém sit sao kiéu 14p phuong,

Céc oxit hdn hop clha Ti(IV), Zr(IV) va Hf(1V) ciing dugc tao nén khi nung céc hén
hgp cua cdc oxit tuong Ung.

Tetra halogenua EX,

Cic tetraflorua TiF,, ZrF, v HfF, 1a chét polime mau tring. Tinh thé TiF, dugc ciu tao
nén boi cic nhém bit dién TiF, n6i véi nhau qua cic dinh F chung cdn ZrF, v HfF, dugc cdu
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tao nén bdi cdc nhém hmh phan lang tru ZrF, va HfF; n6i vdi nhau qua cdc dinh F chung.

3 diéu kien thudng, trir TiCl, 13 chét 1dng, c4c tetrahalogenua EX, khéc (X=Cl, Br va I)

déu ]a chét rén mau tréng, tinh thé cé mang luéi phan tlr. Dudi day 1a nhiét d¢ néng chay cla
c4c florua va clorua:

TiF, Z1F, H{F,
400°C 910°C 1020°C
TiCl, ZrCl, HfCl,
~23°C 437°C 435°C

Céc tetrahalogenua EX, cd tinh chélt gidng cdc halogenanhidrit tic Ja nhilng halogenua
cua nguyen t¢ khong-kim loai, tdc dung vdi nudc ndng tao thanh hai axit:

EX, + 30 = HEO, + 4HX

Giong v6i SnCl,, titan tetraclorua 1a chét 1ong béc khéi manh trong khong khi vi bi
thily phan hoan toan bdi hoi 4m. Tinh thé TiBr, va Til, dong hinh véi tinh thé Sil,, Gel,va Snl,.
Pay 14 mot trong nhitng diém gidng nhau gita cdc nguyén 16 nhém IVA va nhém IVB ¢ trang
théii oxi héa cao.

Céc tetrahalogenua EX, tic dyng vdi dung dich HX dic tao nén nhu‘ng phic chit
hexahalogeno:

EX, + 2HX = H,[EX{]
Do bén chia H,[EX,] tang lén tir Ti dén Hf va gidm xu6ng tr F dén L.
Céc EX, ciing c6 thé két hgp véi cdc halogenua kim loai kiém va kiém thé (trong dung

dich ho#c & nhiét d6 cao) tao nén céc phitc chét cé cong thiic chung: Ma[TiX] (& day X=F,

Cl va Br ), M’[TiFg], M,[ZrFg], M;[ZrF;], M, [ZrF], M,[HfF,], M [HfF;] (& day M va M’ la
kim loai c¢6 s6 oxi hda +1 va +2 tuong img).

Cic tetrahalogenua EX, duoc ding lam nguyén li¢u dé diéu ché va tinh ch€ kim loai.
TiCl, dugc dung nhiéu nhat dé diéu ché titan kim loai trong cong nghi¢p. Céc tetraiodua phan
hily & nhiét d0 cao nén dugc ding d€ diéu ché cdc kim loai dic biét tinh khiét. Ngodi ra cic
tetrahalogenua EX, con duge diing trong nhilmg tdng hgp v6 ¢d va hitu co va ding lam chét xiic
tdc (cdc qué trinh hidro héa, oxi héa, anky! héa, triing hgp....)

Céc tetrahalogenua EX, dugc tao nén bdi tic dung tryc ti€p cha cdc nguyén t5. Nhung
dé didu ché cdc halogenua d6 ngudi ta thudng halogen héa hdn hop clia hgp chat E(IV) voi
than & nhiét d6 cao:

EX, + 200  (dayX=Cl, Br)
EX, + C (¥ day X=Cl, Brval)

EO, + 2C + 2X,
EC + 2X,

|

Phuong phédp nay khong thé 4p dung duge cho céc florua nén TiF, duoc diéu ché bing
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tic dung cha TiCl, véi kh1 HF con ZrF, hay HfF, duge diéu ché bang cach nhiét phan mudi
amoni hexafloro.

Vidu:
(NH).[ZrF] = ZrF, + 2NH, + 2HF

Trong cong nghiép ngudi ta diéu ché ZrCl,bing phuong phdp clo héa hén hop clia
khoédng vat zicon vdi than ¢ 900°C: '

ZrSi0, + 4C ZrC + 8i0 + 3CO
ZrC + 20, = ZrCl, + C

Sunfat cua E(IV)

Cling nhu cdc tetrahalogenua cdc mu6i sunfat khan clia Ti(IV), Zr(IV) va Hf(IV) déu
rat kém bén khi c6 mat nudc, kha ning thiy phan tang 1én tir Hf dén Ti.

That vay, tir dung dich nuéc nhung c6 méi trudng axit manh (H,SO, trén 6N), muéi
sunfat ciia Zr(IV) va Hf(IV) c6 thé két tinh & dang mu6i trung hoa Zr(80,),.4H,0 va & dang
mudi oxo ZrOSO,.nH,O va HfOSO,.nH,0. Trong khi d6 mu6i trung hda Ti(SO,), khong thé
dugc tao nén khi TiO, téc dung véi axit sunfuric dac ma chi dugc tao nén trong diéu kién hoan
toan khong ¢6 nudc, khi TiCl, tic dung vdi SO, trong dung moi SO,Cl, (sunfuryl clorua) long
hodc khi ndu chay TiO, trong kali disunfat:

Ti(SO,), + 2S0,I,
Ti(SO,), + 2K,SO,

TiCl, + 4SO,
TiO, + 2K.S,0,

Hop chit peoxi cua Ti(IV)

Mot phan tng dic trung cua muéi Ti(IV) véi H,0, trong moi trudng axit & tao nén
dung dich ¢6 mau da cam.

Vidu:
Ti0S0, + H0, + 2H,0 = H,TIO; + H,S0,

Axit peoxititanic ¢6 cfu tao phan tir:

HO - OH
L] ' . \Ti '
o~ \0——_ OH
Phan ung tao mau nay ding dé nhan biét titan vi hidro peoxit. Mot so it hop chat peoxi
cua TiIV) cé thé tich ra & ddng tinh thé la: K,[Ti(0,)(S0,),].3H,0, K, [T1(O )-F5] va
K,[Ti(O,)F,].
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HOP CHAT CUA TITAN VOI sG OXI HOA THAP

Cic hop chét clia titan v6i s6 oxi hoa thap déu d& chuyén thanh hop chat cla titan(IV).
Hop chdt ciia Ti(1I)

Titan(ll) oxit (TiO) 12 chét dang tinh thé mau ving chéi, ¢6 kiéu kién tric NaCl va la
chét khong hop thiic. N6 tic dung véi axit dac giai phong H,:

ITIO + 3HSO, = TS0, + H, + 2H0

Titan(IT) oxit dugc tao nén khi khir TiO, bing Mg, Ti hay Cl, & nhiét d6 cao va trong
khi quyén tra.
Vi du:
1550°C
Tio, + Ti = 2Ti0

Titan(Il} hidroxit (T{OH),) 1a két tha mau den, khong tan trong nuéc nhung tic dung
cham vdi nude gidi phéng Hy:

ITHOH), + 2H,0 = 2TOH), + H,
Titan(IT) hidroxit dugc tao nén khi mu6i clia Ti(I) t4c dyng v6i dung dich kiém.

Titan(ll) halogenua (TiX,, & day X=Cl, Br va I). Cdc dihalogenua nay Ja chit bot mau
den, khé néng chiy va bén vdi nhigt. '

Titan(IT) clorua tan it trong nudc nhung tic dung véi nudc giai phong Hy:
' 3Ticl, + 3H,0 = 2TC, + H,TiO, + 2H,
Titan(ﬁ) clorua ciing d& téc dung v6i oxi khong khi & di€u kién thuong:
TICl, + O, = TiO, + ClL
nén cin phéi. bao quan trong khi quyén H, hoac CO,.

Céc dihalogenua TiX, dugc tao nén khi khir cac tetrahalogenua TiX, bing céc chat kKhir
khéc nhau hoac khi nhiét phan trihalogenua TiX,.

Vidu:

TiCl, + H,

700°C ,
=" TiCl, +  2HC

2 2TiCl, TiCl, +  TiCL

Hop chdt cida Ti(IIl) | |

S6 hop chdt clia Ti(lI) ¢6 nhiéu hon so véi Ti(Il).

Titan(II) oxit (Ti,04) 1 chét dang tinh th€ mau tim c6 ki€n trdc tinh thé kiéu ALO;-o
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rit khé néng chay, kho séi va khéng tan trong nuée. Khi dun néng trong khong khi hay khi
dun s6i trong HNQ;, né bién thanh Ti,0.

Titan(Ill) oxit dugc tao nén khi khir TiO, bing C & 870°C hoac khir hén hop TiO, va
TiCl, bang H, & 1400°C:

3TiO, + TiCl, + 2H, = 2T,0, + 4HCI

Titan(lIl) hidroxit (Ti(OH), hay Ti;03.nH20) la ket tha mau tfm-nau khong tan trong
nudc va cé kién tric wong tu hidroxit ctia kim loai héa tri ba. N6 khéng tan trong dung dich
ki€ém ma tan trong axit tao thanh mudi Ti(IIl).

N6 ¢6 tinh khir manh, d& tac dung véi oxi khong khi:
4Ti(OH); + O, = 4H,TiO, + 2H,0
Titan(1lI) hidroxit dugc tao nén khi muéi titan(III) tdc dung véi dung dich kiém.

Titan(Ill} halogenua (TiX,). Tit ca trihalogenua nay déu la chat bot mau tim. TiF, bén
nhat d6t véi nhiét va khong khi, con céc trihalogenua khdc phan hiy & nhiét d6 cao va c6 tinh
khir manh. '

Trihalogenua thuong gap nhat 1a TiCl,.

Titan trihalogenua (TiCly) khan 13 cht bot mau tim, phan hity & 500°C tao thaph TiCl,
va TiCl, va dé téc dung v6i khéng khf 4m theo phan ing:

4TiCl, + 0, + 2H,0 = 4TiOCIL, + 4HQ
Neu khéng 6 mat khi oxi, 6 tic dung cham véi nuée giﬁi phéng H,:
ITCl,  + 4H,0 = 2TiO, + 6HO + H,
Khi tan trong nude ¢6 moi trudmg axit, TiCly cho dung dich mau tim, mau cda ion
[Ti(H,0)1™". ' '
- Ion nay cé mat trong tinh thé pheén titan MTi(SO,),.12H,0 lam cho phén ¢6 mau tim
(M la ion kim loai kiém va NH}).

Hidrat TiCl,.6H,0 két tinh tir dung dich clia TiCl, trong moi trudng axit. Hidrat nay
ciing ¢6 ba dang déng phan giong nhu CrCl,.6H,0 la: [TiH,O)]Cl, ¢6 mau tim, .
[Ti(H,0);C1JC1,.H,0 ¢6 mau tuc va [Ti(H,0),Cl,|Cl.2H,0 ciing ¢6 mau luc.

_ Céc TiX,; khan duge diéu ché bing cch ding cdc chat khir khdc nhau dé khir TiX, khi
dun néng. Vi du nhu TiCl, duge diéu ché bang tic dung cla Ag véi TiCl, & ~200°C:

TiCl, + Ag = TiCl, + AgCl
Hidrat TiCl;.6H,0 dugc diéu ché bing cich hda tan kim ioai trong dung dich HCI dac
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hodc ding k&m khir TiOCl, trong dung dich HCl:
2TiOCl, + Zn + 4HC = 2TiCL + ZnCl, + 2H,0
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CHUONG IV

CAC NGUYEN TO NHOM VB

Nhém VB gém céc nguyén 16: vanadi(V), niobi(Nb) va tantan (Ta). Dudi day 1a mét
56 dac diém cia cdc nguyen t6 nhém VB (Bang 10). ' '

'Bang 10

Mot s6 dac diém cua cc nguyén t6 nhém VB

Sé | . Thé
Nguyén| tht Cau hinh _ Ban kinh | dién
6 (E) tu electron Ning lugng ion héa, eV nguyén cuc
nguyén| nguyén t tlr chuén,
t | L | L L, 1, I, A v
V2+N
Vv 23 (Ar]3d*4s’ [ 6,74 | 14,1 | 26,31 | 48,35 | 68,70 1,34 -1,186
Nb 41 [Kr]4d455'_ 6,88 | 14,32 125,04 137,70 | 51,90 1,46 -
Ta 73 | [Xeldf'*5d%s% 7,88 | 16,2 | 22,27 | 33,08 - 1,46 -

Vanadi, niobi vi tantan cé cfu hinh electron 12 (n-1)d**ns'? va 12 kim loai chuyén 1iép.
Nguyén tir vanadi va tantan c6 cfu hinh electron gidng nhau, riéng niobi c6 cdu hinh electron
hai khéc, mét electron 5s nhiy vio dién obitan 4d. Diéu nay ching td cdc obitan 4d va 5s c6
nang luong gin gibng nhau. Tuy nhién sy kbdc nhau dé vé cfu hinh electron khong c6 anh
hudng dén tinh chét héa hoc: niobi rat giéng voi tantan.

Nang lugng ion héa ciia V, Nb va Ta cho thdy céc kim joai ¢6 kha nang tao nén nhing
cation E**, E** v trong nhitng hop chét tuong ¢ng, chiing c6 s6 oxi hda +2 va +3. Tuy nhién s6
oxi héa dic trung nhAt trong cédc hop chét caa cdc nguyén t& nhém nay la +5. DY bén ciba trang’
théi oxi héa cao d6 ting 1én tir V dén Ta. Chiéu bién déi nay trdi ngugc v6i chidu bién déi ciia
trang thdi oxi héa +5 trong nhém As, Sb va Bi (nhém VA). :
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Su tang tl trén xudéng dudi do bén ciia cdc hop chél véi s8 oxi hda cao 1a dac trung cho
cic nguyén t6 ma nguyén tlr c6 v bén 8 electron & sit ngay 16p vo electron héa tri. Khi ban
kinh nguyén tir tang I&n, hiéu ing cuc-héa-thém clia vo 8 electron khéng bién déi mdy nhung
giit electron héa tri yé’ﬁ hon cho nén electron hda tri tao lién k&t cong héa tri v6i nguyén 6
khéc (vi du v6i O) dé dang hon va lien ket cong héa tri s& bén hon. D6 1a nguyén nhan lam
tang do bén cla céc hgp chit véi s6 oxi héa cao clia nguyén 6, trong trudng hop nay 12 hop
chat cha V(V), Nb(V) va Ta(V). Trong khi trong cic nguyén t8 nhém VA, tr trén xudng dudi
c6 hiéu ting cuc-héa-thém tang lén vi nguyén 11 clia nguyén t& c6 vo 18 electron dé bién dang
& ngay sét 16p vd electron héa tri. Két qué 13 6 bén cla céc hop chit véi s& oxi héa +5 gidm
xudng tir As dén Bi.

Ban kinh nguyén tir tang 1en tir V dén Nb nhung khong bién déi tit Nb dén Ta do si co
lantanoit. B&i vay, Nb va Ta rat giéng nhau v& tinh chét héa hoc. Day 1a cap nguyén t6 rét

giéng nhau sau cap Zr-Hf da x¢t & chuong trudc, viee tach ching ra khéi nhau 13 cong viée rat
kh¢ khan trong héa hoc vo co.

Ca ba nguyén t6 V, Nb va Ta déu c6 kha nang tao nén nhitng hop chat peoxi va hop
chét c6 isopolianion vi heteropolianion. ( trang thai oxi héa thip, Nb-va Ta thuong tao nén
hop chit ¢laste. Day 12 ket qua cua do manh clia lién k&t kim loai—kim loai thé hién & nhiét
thang hoa rat 16n cia kim loaji niobi va tantan. Ching ta s& thdy diéu nay & molipden, vonfram
va reni.

CAC PON CHAT
Tinh chdt li hoc

Vanadi, niobi va tantan 4 nhitng kim loai mau tring, x4m, rat khé néng chdy va rdt
khé s6i. Tinh the kim loai c6 mang ludi iap phuong tam khéi. Dudi day 1a mot s6 hing so vat li
quan trong cla cac kim loai (Bang 11) ' ' '
Bang 11

Hiing s6 vat li quan trong cua cac kim loai V,Nb va Ta

Kim 102 qoc o | Nds,°C | Nhiet thang | Tikneii D0 ©® D‘?’;ﬁ“ dién
(E) ‘ hoa, kJ/mol (thang Moxo)| (Hg=1)
V | ~1900 | ~3400 | 510 6.11 6 -4
Nb | ~2470 | ~44760 724 | 857 |
Ta | ~3015| ~5500 | - 782 16,65 6 6
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Nhiét d6 nong chay, nhiét d6 séi va nhiét thang hoa ctia ba kim loai déu rit cao va ting
Ién tit V dén Ta. Nhiing hing s6 vat li cao d6 duge gidi thich bang dé bén cla lien két kim loai
trong tinh thé gy nén bdi s6 ién electron d doc than (mai nguyén tir ¢ 4 electron) tham gia-
' tao thanh lién két cong héa tri. Mot di€u la 1a Nb va Ta c6 cdu hinh electron va bin kinh
nguyén tir giéng nhau nhung nhiét dé néng chy clia chiing khdc nhau rat nhiéu. C6 I€ ring
nhitag obitan 4f- dién d{ electron di 1am thay déi kién tric electron ctia nguyén tir cdc nguyén
t& sau lantanoit. Ki¢n tric thay déi d6 chin dién tich hat nhan kém hon 1am cho dién tich
duong cta hat nhan tic dung manh hon Ién l6p vo electron cla nhing nguyén tir ké canh va
lam tang mitc do ion cha lién két. P6 1 nguyén nhan 1am tang manh nhiét d6 néng chdy va
nhiét do so6i tir Nb dén Ta.

Ca ba kim loai khi tinh khiét c6 nhitng tinh chét co 1i t6t nhung khi chia tap chit (O, N,
C, B, H...) tr& nén don do tao nén nhitng hop chat ¢é thanh phan bién doi.

C4 ba kim loai tao nén nhiéu hop kim véi Fe, Cr, Ti, Mn, Mo, W, Zr, Al, C, B, N...
Nhiing kim loai V, Nb va Ta duge diing chil y&u 1am chét cho thém vao céc loai thép dic biet.
Vanadi triyén cho thép tinh déo dai vi tinh chiu va dap. Thép chira V diing dé€ ché tao 0to, xe
tang. Khi dugc cho thém vio thép, vanadi con 6 vai trd loai trif nhimg tap chat c6 hai & trong
thép nhu O, S, C va N. Khoang 95% vanadi dugc san xuft 12 diing d€ ch€ hop kim. Niobi va
tantan tao nén nhitng hop kim chiu nhiét, siéu cing va bén héa hoc. Thép chita Nb va Ta ding
dé 1am dung cu cét got nhanh. Thép chita Nb ding 1am tudcbin khi va dong co phan lyc. Hop
kim chita Nb diing lam cudn day cia nam cham siéu din. Hop kim gém 90% Nb va 10% Ta
diing trong ki thuat phéan luc va du hanh vi tru (mdy bay siéu am, tén la va tram du hanh vit
tru) :

Tinh chét héa hoc

( nhiét do thudng, ca ba kim loai kha tro vé mét héa hoc, nhédt 1a Nb va Ta. Nguyén
nhén cha tinh tro d6 1a Nb va Ta ¢6 mang oxit mong vi bén bao v¢ bé mat kim loai. Khi dun
néng, cdc kim loai tic dung vdi oxi va flo tao thanh oxit E,O, va florua EF, (E = V, Nb va Ta).
3 nhiét do cao, chéing tac dung vdi clo, luu huynh, nitg, cacbon, silic, ... thutmg tao nén mot 50
hop chat kiéu xAm nhap va ¢6 thanh phan bién déi giéng nhur cic nguyén t6 nhém IVB. Nhing
cacbua NbC va TaC c6 dd cting va nhiét do néng chdy (3350°C va 3800°C wrong (ing) khoéng
thua kém kim cuong. dang bot, Nb va Ta téc dung véi hai nude giai phéng H,.

Vanadi & diéu kién thudng chi tan trong dung dich HF dac tao nénVF; va tan trong
cudng thily tao nénVCl,, khi dun néng trong HNO, tao nén VO,NO, va trong H,S0, dac tao
nén VOSO,. Niobi va tantan chi tic dung cham véi dung dich HF va tan dé trong hon hop HF
va HNO,.

Vi du:
3Ta + SHNO, + 21HF = 3H,TaF,] + SNO + 10H,0
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C4 ba kim loai tdc dung vdi ki€m néng bhéy khi cé mat chit oxi héa:
4E + 12KOH + 50, = 4K,[EO,} + 6H,O0

Tinh tro héa hoc clia Nb v Ta gay nén bdi mang oxit mong va bén bio vé¢ bé mat kim
loai. Do kh6 néng chdy va bén héa hoc, Nb va Ta ciing nhu hgp kim cua ching duge dung dé
ch€ nhiing b6 phan quan trong nhat ciia cAc mdy héa. Sgi day rat manh 1dm béng tantan duoc
ding dé nsi day ching va huyet quan trong co thé ngudi.

Trang thdi thién nhién va phuong phdp diéu ché

Trong thién nhién, vanadi 12 nguyén t8 twong d6i phd bién, phd bién hon Cu, Zn va Pb
cdn niobi va tantan 13 nhimg nguyén t& hiém. Tri¥ lugng clia V trong vo Trdi Dt 1a 6.10° %,
ctia Nb 12 2.10%% va Ta 14 2.10°% t8ng s6 nguyén tir. C4 ba déu Ia nguyeén t6 phan t4n, kKhong
¢6 md 16n mA & 14n trong khodng vat clia cdc Kim loai khac. Nhimg khodng vat riéng cia
vanadi 13 patronit (VS,,), sunvanit (Cu;VS,), alait (V,0,.H,0) va vanadinit (Pbs(VO,),CD).
Nhitng khodng vat nay déu hi€m c6 nén khong phai 1a nguyen liéu dé sén xu#t kim loai vanadi.
Niobi va tantan luon luon déng hanh v6i nhau, Khodng vat quan trong cla ching 13 niobat-
tantalat ((Fe, Mn)(EO,),), khofing vit c¢6 nhiéu tantan hon dugc goi 1a tantalit ((Fe,
Mn)(Ta0,),) v c6 nhiéu niobi hon duge got 1& columbit ((Fe, Mn)(NbQ,),). Niobi va tantan
thudmg & l4n trong khodng vat ctia kim loai 48t hi€m.

Vanadi ¢6 kich thuéc nguyén tir gdn v6i nhimg nguyén t6 phé bién nhdt nhu Fe, Ti va
Mn, ion vanadat c6 kich thudc gin véi ion photphat. Sy gi6ng nhau vé kich thuéc d6 din dén su
thay thé Fe, Ti, Mn, P biing V trong kién tréic tinh thé clia cdc khodng vat tuong @ng.

Nam 1830 nh2 khoa hoc Thuy Dién Sefstrom (N.G. Sefstrom, 1787-1845) phdt h1en

dugc mot nguyen t6 méi trong quiing sht. C6 trir lugng 16n va c6 cic hop chat véi mau séc khic

‘nhau, nguyén t& &6 dugc goi 1 vanadi, 1y tén cla nif thin séc dep Vanadis trong truyén thin

thoai cfia x&t Scandinavi. Pén nam 1867 nha héa hoc ngudi Anh Roscoe (H.E. Roscoe, 1845-

1927) méi didu ché€ duge kim loai vanadi biing tic dung cha khi H,v6i vanadi clorua (VCly) khi
dun néng.

Nam 1801 nha héa hoc Hatset (C. Hatchet, 1765-1847, ngudi Anh) phat hién mot

nguyén t6-méi trong mAu khodng vat 14y & Bac M. Tir khodng vat do téch duge oxit clla mot -

kim loai. Kim loai d6 dugc goi 12 columbi va khodng vat duge goi 12 columbit dé ghi nhé tén
Columbia 1a mot bang clia nudc M§. Nam 1802, nha khoa hoc Ekebec (A G. Ekeberg, 1767-

1813, ngudi Thuy Dién) nghien cfu cdc khodng vat & Phin Lan phét hign mot nguyen 16 mai -

goi 12 tantan. Nguyen t6 ¢6 tén goi nhu vay 1a vi hop chét cia né tra vé8 mat héa hoc. Tanianlus
12 tén cha mot 6ng thin quéd nhiéu tham vong nhung khong thoa man dugc va subt ddi 6m han
vi bi c4c thdn kh4c trimg phat, giam vao véch dd., Mot thoi glan dai ngudi ta coi columbi va
tantan 12 mot. Mai d€n nam 1844 nha héa hoc ngudi bitc Rose (H. Rose, 1795-1864) phan tich
khodng vat columbit va chiing minh ring columbi 12 hén hop cla tantan v mot nguyen t8 khéc
chua biét c6 kh6i lrong rieng bé hon tantan. Nguyeén t6 méi d6 duge goi 14 niobi, 14y tén cha
Niobe 13 con géi cha thin Tantalus. Nhi€u cong trinh nghién citu sau d6 khadng dinh sy t6n tai
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clia hai nguyén t& niobi va tantan v4i lugng khdc nhau trong columbit va tantalit. Nam 1865 -
nha héa hoc Thuy Dién Marinhac (J.G. Marignac, 1817-1894, dé ra phuong phap phan chia Nb
va Ta dua vao d¢ tan it hon trong dung dich HF lodng cta kali florotantalat so véi kali
floroniobat, phwong phdp nay dén nay vin con duoc st dung. Nam 1907 Bonton (W.von

Bolton) da di€u ch& duge cdc kim loai tinh khiét Nb va Ta khi dung natri kim loai khir

floroniobat va florotantalat.

Nhitng nuée khai thic nhi€u khodng vat ctia V 13 Nam Phi, Nga va Trung Quéc, cic
nudc ¢6 nhidu mé quang clia Nb 1a Brazin va Canada, cdc nude c6 nhidu mé quing clia Ta 1a
Zaia va Nigieria.

Nguyén li¢u dé san xuat vanadi kim loai 12 quang sit c6 chita vanadi. Quang sau khi da
tuyén duge dua vao 10 cao dé luyén gang chita vanadi. Khi luyén thép tir gang chita vanadi, thu
dugc xi ¢6 chita FeVO,. Nung xi vdi NaCl khi c6 miat oxi khong khi & 900°C:

© 4FeVO, + 4NaCl + O, = 4NaVO, + 2Fe,0, + 20,

Ché hoa natri metavanadat (NaVO,) v6i axit dé ché V,0,. Sin phdm thu duge khi ché
héa quing khic ciing thudng 12 V,0,. D& ¢6 kim loai vanadi ngudi ta dung Al khit V,0..
Vanadi kim loai rat tinh khiét duge diéu ché bing cich nhiét phan VI, theo phuong phdp Aken-
Do Boe. D€ ¢6 hop kim ferovanadi (chtta dudi 30% V), ngudi ta khit V,0, hay vanadat bing
ferosilic:

2V,0, + 58 = 580, + 4V

Niobi va tantan kim loai dugce diéu ché bang céch ding nhitmg kim loai natri, canxi khtt
pentaoxit, pentaclorua hay mudi phic floro chia niobi va tantan.

Vi du:
Nb,O, + S5Ca = 5Ca0 + 2Nb

K,[TaF,] + SNa 2KF + 5NaF + Ta

Tantan cdn ¢6 thé diéu ché bing cich dién phan Ta,0; trong K,|TaF,} néng chay. Cic
kim loai Nb, Ta ciing duge tinh ché theo phuong phip Aken-Do Boée. Cic hop kim feroniobi,
ferotantan ciing dugc san xudt twong tu nhu ferovanadi.

Ché hoa qudng va tdach riéng Nb va Ta

Quéng niobat-tantalat sau Khi d tuyén, duge ndu chdy véi ki€m hodc cacbonat kim loai

 kiém:

2Na,EO, + FeO + 3H,0O
2Na,EOQ, + MnO + 3H,0

Fe(EO,), + 6NaOH
Mn(EO,), + 6NaOH

Rira sin phdm véi nudc dé hoa tan nhimg hop chit tan nhu silicat, aluminat, stanat,
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vonframat (gay nén bdi céc tap chét cé trong quang) réi ché héa ti€p véi axit lodng d€ hoa tan
FeO vi MnO va con lai hidrat cha cdc pentaoxit: :

"2Na;EO, + 6HCI = E0O, + 3H,0 + 6NaCl
Ché héa cac hidrat véi dung dich clia hén hgp HF va KF:

Ta,0, + 4KF +10HF = 2K,[TaF] + 5H,0

Duya vao d0 tan khdc nhau, K,[NbOF,] tan hoi nhiéu hon K,[TaF,], ngudi ta két tinh
phan doan d€ tich riéng hai mugi nay ra khoi nhau,

Quang c4c kim lIoai d4t hi€m c6 chita Nb va Ta, sau khi d4 tuyén, dugc clo héa khi ¢6
mit than & nhiét d¢ cao. Nhitng clorua d& bay hoi cta Ti(IV), Nb(V) va Ta(V) thodt ra ngoai
con nhiing clorua khong bay hoi clia dat hi€ém, kim loai kiém thd va kim loai ki€ém & lai trong
kh6i néng chy. Chung c4t phan doan d€ tich riéng 16y NbCl va TaCls. D€ tang khodng chénh
léch clia nhiét d6 s6i, ngudi ta cho thém POCI, vao v chung c4t phan doan hén hgp san phim
két hgp NbCl POCl, va TaCl,.POCI, dé tich rieng chiing.

Dé tich rieng Nb vA Ta ngudi ta cdn c6 thé chiét chon loc hén hop florua bing
tribenzylamin hay cupferon trong clorofom hoic ding phwong phép trao d6i ion.

HQP CHAT CUA V(ID, Nb(I) VA Ta(Il)

So d6 oxi héa-khir dudi day cho thy twong quan d6 bén clia cic trang théi oxi héa khic
nhau ciia V, Nb va Ta & trong dung dich nude

-0,254

VO3 1,00 Vbh 0,359 3 -0,256 v+ -1,186 ‘Ufl

Nb,Os 0,038 Nb* -1,099 Nb
‘ 0

So d6 cho thily & diéu kién chudn, trang thi oxi héa +4 12 bén nhat A6i v6i vanadi, hop

chét vanadi(V) cé tinh oxi héa va hgp chat ciia V(III), V(I) va V(0) c6 tinh khit.

So d6 thé€ oxi héa-khir ctia Nb va Ta don gidn hon nhiéu so v6i vanadi. Trang thdi oxi
héa +5 clia Nb va Ta 1a bén nh4t.

Vanadi monooxit (VO) 12 chét c6 thanh phdn bién d6i VO, ., »5 . Tinh thé c6 mang lu6i
kiu NaCl, c6 mau x4m den, c6 4nh kim v2 din dién. N6 tan {t trong nudc, tan d& trong axit
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lodng tao thanh mudi V({II):
VO + 2H,0* + 3H,0 = V(H,0)

* Yon V(H,0)2* ¢6 mau tim. Nhing hidrat tinh thé nhy VCL.6H,0, VSO, 7H,0 va
K,S0,.VS0,.6H,0 cing c6 mau tim. Khi ché héa dung dich clia nhitng mudi nay véi kiém,
két tia V(OH), mau nau ling xu6ng. Hidroxit ndy 1& bazd rét yéu, d& bi oxi khong khi oxi hda.

Vanadi monoxit duge tao nén khi ding V, K hay H, khir céc oxit V,0,, VO, va V,05 &
phiét 49 cao.

Vi du:
2,0, + 2K = 4VO + K0

Vanadi halogenua (VX;) 12 chit & dang tinh thé: VF, c6 miu lyc nhat, VCl, mau luc,
VBr, mau ndu va VI, mau do.

Vanadi diclorua (VCl) 12 chét dang tinh th€ mau Iuc, néng chay & 1000°C va s6i a
1377°C, tan d& trong nuéc cho dung dich mau tim. Trorig dung dich, né tdc dung cham vii
nuéc giki phéng H,, dung dich mau tim bién thanh mau luc clia mudi V(III):

2vCl, + 2H0 = 2vOod + 2HCl + H,

La chat khir manh, VCl, két tha duge céc kim loai Sn, Cu, Ag tir dung dich mudi:

VCl, + SnCl, + HO = Sn + VOCl, + 2HCl
vCl, + Cuso, + H,O = Cu + vocCl, + H,S0,

33 nhiet o cao VC, c6 thé khir dugc CO, thanh CO:
3VCl, + 2C0, = 2VOCl + VCi, + 2C0

Vanadi(I) clorua dugc tao nén khi khit VCl, hay VCl, bing H, & 750°C ho#c khi vanadi
kim loai tic dung véi khi HCI & 350°C. ' '

Vidu:

vo, + H, = VQ, + 2HC
vV + 2HCG = VO, + H

S6 hop chat coa Nb(Il) va Ta(Il) c6 it hon nhidu so véi V() va déu kém bén.

HOP CHAT CUA V(III), Nb(III), VA Ta(Ii)

Vanadi(lll) oxit (V,0,) ¢6 thanh phén bién déi V\Oiml.su 12 chét dang tinh thé cé .mz_mg
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lugi gidng Al,O,-at, néng chdy & 1967°C va s6i & 3027°C. O trong khéng khi, né téc dung
cham vdi oxi tao thanh VO,. N6 khong tan trong nudc, tan dé trong axit tao nén mudi V(III):

V,0, + 6H,0*+ 3H,0 = 2V(H,0)>

lon V(H,0);*c6 mau luc. Nhimg hidrat tinh thé nhu VCl,.6H,0, V1,.6H,0 ciing cé
mau lyc, tinh thé phén KV(S0,),.12H,0 ¢6 mau tim, tan trong nudc cho dung dich mau luc.
Khi ché héa dung dich mu6i V(IiI} v6i kiém, két ta bong V(OH), mau luc Iing xudng.
Hidroxit nay Ia bazo y&u, dé bi oxi khang khf oxi héa.

Niohi(Ill) oxit (Nb,O,) [a chat bot mau xanh den, néng chay & 1775°C, khong tan trong
axit (trir HF) va cudng thuy.

O nhiét do cao, cdc oxit V,0, va Nb,O; dugc diéu ch€ bing cidch dung H, khir V,0, va
Nb,O; & nhiét d6 cao.
Vidu:
Nb,O, + 2H, = NbO, + 2H,0

Vanadi trihalogenua (VX,) 1a chit & da;lg tinh thé: VF, c¢6 mau vang luc, VCl, mau tim
dd, VBr; mau den luc va VI, miu den. Vanadi triflorua rit bén véi nhiét, néng chay & 1127°C
va s6i 6 1427°C con cdc trihalogenua khac kém bén hon nhidu, vi dy nhu VCI, phan hiy &
130°C theo phén dng:

2VCl, = VC, + VQl,

Vunadi triclorua vi vanadi triiodua tan trong nudc (bi thuy phan) va cdc dung moi hitu
co, cdc trihalogenua khéc tan it hon nhiéu.

Ton V** ¢6 kha nang tao phic manh hon ion V**. Ngudi ta biét nhimg phifc chat cua V>
nhu NH,[V(SO,),].6H,0 mau tim nhat, K,[V(CN),]).3H,0 mau dé, K,{ V{CN),].2H,0 mau tim
nhat. Vanadi triflorua tao nén véi florua kim loai kiém mudi phitic M,|VF,], vanadi triclorua
tao nén v61 clorua kint loai ki€ém cac muéi phitc M{VCL], M,[VCi], M,[V,Cl,] (0 day M la
kim loal kiém).

Vidu:
2VCl, + 3KCO = K,[V,Cl)

Vanadi triflorua duge tao nén khi V(OH), téc dung véi dung dich HF, vanadi triclorua
duge tao nén khi dun néng VCI, trong khi quyén N,, con vanadi tribromua vA vanadi triiodua
dugc tao nén bing tdc dung tryc ti€p cla ¢dc nguyén 6,
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*

PHUC CHAT CLASTE CUA Nb VA Ta

Mot s6 halogenua clia Nb va Ta v6i s6 oxi héa thdp ¢6 thanh phian khong hgp thic:
NbF, 5, Nbl, 33, NbCl,¢;, NbBryg;, Nblyg;, TaClys, TaBrys;, TaBrys, TaBr,,, TaBry,, Tal,s;
Nhiéu halogenua c6 cfu tao claste (cluster, tiéng Anh 13 nhém, cum). Claste 12 ion hay phéan tir
chita nhimg cum gém 2 hay hon 2 nguyén tir kim loai lién k€t v6i nhau. Ngudi ta bi€t dugc
nhimg hidrat cé thanh phin E.X,,.7H,0, trong d6 E = Nb va Ta, X = Cl va Br. Chiing ta xét hgp
chét khan E X .. : '

Hop chiét clorua trudc day duge xem 1a c¢é cong thitc NbCl,, v€ sau bi€t dugc cong thife
1a NbCl, ;; hay NbCl,,. Hop chét ndy tan trong nuéc va rugu, khi tic dung v6i mudi Ag* chi c6
1/7 s nguyén tir Cl dirge két tia dudi dang AgCl. Mat khdc phuong phdp nghién ciju kién triic
bing tia Ronghen cho thay trong dung dich rgu, hgp chét dé phan li tao nén ion [NbCl,,]** tro
vé& mat dong hoc. Hop chét NbCl,, bao gém nhitng ion [NbCl,,)** lién két v6i nhau qua nhimg
cdu 14 ion CI™. Ion [NbeCl,,]** ¢6 cau tao: '

trong d6 6 nguyén tit Nb lién két v6i nhau tao thanh mot bét dién déu va ngoai ra hai nguyén tit
Nb cdn lién két véi nhau qua cdu nguyén tir Cl. C6 18 nhiing halogenua EX, ;; ¢6 cdu tao twong
ty vA nhiing halogenua EX, s ciing bao gdm nhimg cum EgX, lién két v6i nhau qua cdu X~
nhung bing c4ch hai khic.

HOP CHAT CUA V(IV), Nb(IV) VA Ta(IV)
Dioxit EO,

Vanadi dioxit (VO,) ¢6 thanh phén bién ddi VO, ; , ;, vd ¢6 mau xanh cham, niobi dioxit
(NbO,) 14 bot mau xdm va tantan dioxir (Ta0,) 1a bot mau den. Ca ba dioxit déu cd kién tric
kiéu rutin léch dugc ciu tao nén bdi céc bat dien EO¢ néi véi nhau qua dinh O chung. Céc ion
Kim loai & trong céc bét dien NbO, va TaOg & gdn nhau hon v oxit ¢é d¢ tir cam twong d6i thip
nén trong NbO, va Ta0, ¢6 lién ket kim loai ~ kim loai. '
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Cic dioxit EO, déu khé .néng chay va bén nhiét. Khi dun néng trong khong khi, cdc
dioxit bi oxi héa thanh E,O;.

Trong khi NbO, vh TaO, déu tro véi cdc dung dich axit va kiém, vanadi dioxit c6 tinh
ludng tinh, tan trong axit va kiém.

Khi tan trong dung dich axit, VO, tao thinh mudi vanadyl.
Vidu:
VO, + 2HCI = VOC, + HO

Trong dung dich nuéc, ion vanady! VO** & dang pentahidrat [VO(H,0)]** man xanh

O
Hzo\ \ \ /0 H,
V.
Hzo/ | o,
OH,
trong 46 lien két V-OH, c6 d6 dai 2,3A cdn lién ket V-0 c6 d¢ dai 1,67A va 13 lien két doi.
Bdi vay ion VO** c6 do bén cao va khong bien déi trong cAc phan ttng héa hoc. Vi du mudi
" vanadyl tic dung v6i kiém tao thanh két tha hidroxit mau vang cé thanh phin 1a VO(OH),.
Ngudi ta biét dugc ft mu6i cla ion V** ma biét nhidy mudi coa ion VO?**: VOF, méau vang,
VOCL, mau luc, VOBr, mau vang, VOSO, mau lyc... lon VO ciing c¢6 khd nang tao nén

nhitng phtc chdt bén nhu (VOX,]*", [VOX,) (ong d6 X= F, Cl, CN, SCN...),
[VO(C,0,),1" ...

Khi tan trong dung dich kiém, VO, tao thinh mudi vanadit c6 mau nau va thanh phan
coban la M,V,0.

Vidu:
4v0, + 2KOH = K,V,0, + HO

Mu6i vanadit duge tao nén khi VO, tan trong kiém néng chiy c6 thanh phdn 1a M,VO;,
va MVO,.

Céc dioxit VO,, NbO, va TaO, dugc tao nén khi khir céc oxit E,Os & nhiét 46 cao.

Vi du:
v,0, + HCO, = 2VO, + 200, + H)0
1200°C
Nb,O; + H, = 2NbO, + H,0
1700°C
Ta,0; + C = 2Ta0, + CO

78



Tetrahalogenua EX,

Ngui ta bi€t duge hau hét tetrahalogenua ciia V, Nb va Ta trir VBr,, VI, va TaF,.
Chiing la chat ran (trix VCI, [ chat 16ng d& bay hoi nhu TiCl,) v ¢é miu sic khic nhau, Céc
tetrahalogenua cfia Nb va Ta bén vdi nhiét hon, da s6 ¢6 thé thang hoa & ~300°C.

Cic tetrahalogenua EX, d& bi thiy phan.
Vi du:
va, + H,O = VOCl, + 2HC

Khi tdc dung véi dung dich nudc, cdc tetrahalogenua cia Nb va nhét 13 ctia Ta con bién
déi trang thdi oxi héa. '

Vidu

4TaCl, + 5H,0 = 2TaCl, + Ta,0, + IOHCI
2TaCl, + 14NaOH = 2Na,TaQ, + 8NaCl + 6H,0 + H,

Vanadi tetraflorua (mau luc) duoe tao nén khi VCl, tdc dung véi axit flohidric, vanadi
tetraclorua (mau dé-nau) duge téng hop truc tiép tir nguyén t6, niobi tetraclorua (miu tim-
den) va tantan tetraclorua (miu den) duge di€u ché bing céch dung Al khit NbCl, va TaCl;.

Vi du:

3INDCl, + Al = 3NbCl, + AlCI,

HOP CHAT CUA V(V), Nb(V) va Ta(V)
Pentaoxit E,O;

Vanadi pentaoxit (V,0s), niobi pentaoxit (Nb,O,) vi tantan pentaoxit (TaQ;) Ia chat
dang tinh thé khé néng chay, duge cu tao nén bdi cic nhém bat dién EQ, néi v6i nhau qua
canh va dinh chung. Tinh thé V,0, c6é mau dé da cam cdn Nb,O, va Ta,Qs, mau tring. Dud
day 12 nhiét do ndng chay va nang lugng Gip tao thanh clla cde pentaoxit:

V205 Nb,O; Ta, O,
~Ndnc., °C ... 670 1490 1870
AGY, k)/mol ... -1427 -1776 -1908 ;

t

Hai oxit Nb,O; va Ta,O; khd tro vé mat héa hoc, khéng tan trong nude, trong dung

dich axit va kiém, chi tan trong kiém néng chdy tao thanh niobat vA tantanat cdn V,0O; tan it

trong nude (0,0079 g/l) cho dung dich mau ving nhat ¢6 tinh axit, tan dé vong dung dich kiém,
khi dun néng lau tan trong dung dich axit.
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~ Khi tan trong dung dich kiém, V,0, tao nén cdc vanadat c6 thanh phén khéc nhau:

V,0, + O6KOH = 2K,VvO, + 3H),O
(kali orthovanadat)

K,V,0, + 2H,0
(kali divanadat hay pirovanadat)

v,0, + 4KOH

3V,0, + 6KOH 2K,V,0, + 3H,0

(kali trimetavanadat)

Khi tan trong dung dich axit déc, V,0; tao nén mudi chifa cation dioxovanadi VO; , vi
du nhu VO,NO,, (VO,),80, va VO,CIO,.

Ci ba pentaoxit déu bén véi nhiet. & nhiét do cao chiing bi H,, C, kim loai khir thanh
oxit thdp hay thanh kim loai.

3 didu kien thudng, V,0, thé hién kha ning oxi héa, tic dung véi dung dich HCI dic
giai phéng khi Cl,, trong dung dich H,SO, tac dung v6i khi SO, v6i Zn:

V,0, + H,850, + S0,

2V080, + H0
2V0S0, + ZnSO, + 3H0O

V,0, + 3H,S0, + Zn .

Trong phan tmg thi hai, Zn c6 thé khir ti€ép VOSO, (mau xanh cham) dén V,(50,),
(mau lyc) réi khir V,(SO,); dén VSO, (mau tim), trong khi d6 Nb,Oy chi c¢6 thé bj khir dén
mu6i cha Nb* cdn Ta,0, khong téc dung. Nhu vy, khé nang oxi héa ciia céc hop chat cia
E(V) gidm xudng tir V dén Ta,

Cac pentaoxit c6 thé diéu ch€ bing téc dung tryc ti€p tir nguyén 16 ho#c bang cdch dun
néng cdc oxit thdp trong khong khi. Oxit V,05 dung lam chat xic tdc trong sin Xudt axit
sunfuric va mét s6 hgp chat hitu co, duoc diéu ché bing céch nhiét phan mudi amoni vanadat:

INH,VO, = v,0, + 2NH, + H0
Vanadat, niobat va tantalat
Vanadat, niobat va tantalat clia kim loai 12 nhimng chdt dang tinh thé c¢6 thanh phén va
kién triic phic tap. Nhitng hop chdt ¢6 thanh phén don gién hon 13 MEO;, M,EO, va M,EQ,
(trong d6 M 1a cation kim loai ki€ém va NH;). Da s6 céc vanadat, nht la cdc niobat va tantalat,

déu 1a chdt & dang polime.' Vi dy nhe NaNbO, ket tinh theo kiéu peropskit (Hinh 24) con
Fe(NbO;), va Mn(Ta0,), c6 kién tric ki€u rutin (Hinh 23).

Vanadat. Da s6 vanadat c¢6 mau, nhiéu vanadat tan it trong nuéc. Thanh phén cla
vanadat trong dung dich nuéc phu thudc vao néng d¢ va pH cua dung dich. So dé ving ton tai
cha céc dang chat khic nhau ciia vanadat dugc bigu din mot cach twong dai & trén hinh 25.
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Hinh 25. So dé thanh phdn dung dich-pH ciia dung dich vanadat trong nitéc

Khi néng d¢ cua vanadi trong dung dich tang lén, khuynh hudng tao thanh polivanadat
tang len. Khong thy thudc vio néng d6 cla vanadi, trong dung dich kiém manh chi t6n tai ion
orthovanadat VO, trong dung dich axit manh chi tén tai ion VO;J. O néng do tuong d6i 16n
ctia vanadi, vi du C = 0,1M su ting pH tao nén céc ion polivanadat khdc nhau, & néng d6 bé vi
du C = 10°M ving pH tao nén cic ion poli 46 thu hep lai va & nong d6 rdt bé (C<10*M) nhimg
ion polivanadat khong dugc tao nén. Nhu vay sy ting pH clia dung dich din dén sy chuyén héa:

VO; —» HVO; ——>VO;——> HVO; —> VO’
Qua so d6 chiing ta thay ;:an béng:
H* + VO; == HVO, &= VO; + OH~
chuyén dich sang bén phai trong moi trudng rat axit.

& mét pH khong déi, sy thay déi ndng d6 clia vanadi ciing 1am bién ddi thanh phin ciia
dang chét & trong dung dich. Vi du & pH~6, trong dung dich tao nén ion decavanadat nhung
trong dung dich lodng tao nén ion VO;.

Tdy theo pH va néng do clia dung dich vanadat, tir dung dich nuéc c6 thé két tinh
nhitng orthovanadat, pyrovanadat (hay con goi 13 divanadat), trimetavanadat, tetrametavanadat
va decavanadat. Nhiéu vanadat két tinh & dang hidrat tinh thé. Nhitng hop chat trimetavanadat,
tetrametavanadat hay polimetavanadat déu 13 polime nhung thudmg dugc bi€u dién bing cong
thic don gian MVO,. Trong céc metavanadat nay, thudng gap hon hét 1a amoni metavanadat
(NH,VO,) vi 1a chdi ddu dé diéu ché céc hgp chat khdc cila vanadi. Anion decavanadat V4 0%;

dugc ciu 120 nén bdi cdc bat dien VO, néi v6i nhau qua cdc canh chung:
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Céc vanadat duoc tao nén khi ndu chdy V,0; trong kiém hay cacbonat kim loai kiém.
Pivanadat dugc tao nén khi két tinh tir dung dich nuée duge axit héa clia orthovanadat.
Vidu:

2K,VO, + H,80, = K,V,0, + K,80, + H,0

Amoni tetrametavanadat tan it trong nuée, duge tac nén khi mudi amoni hay ameniac
tdc dung véi dung dich vanadat. '

Vi du:
4K,VO, + 4NH,Cl + 4H,0 = (NH}),V,0,, + 4KCl + BKOH

Niobat va tuntalat. Cac niobat vi tantalat dugc tao nén khi nfu chdy pentaoxit E,O;
trong kiém hay cacbonat kim loai kiém:

E.0, + 3K, CO, = 2K.EO, + 3CO,

Nhiing niobat vi tantalat tao nén & thé chay nhur vay duge coi la nhimg oxit hén hop
trong khi mét s6 niobat va tantalat tan dugc trong nuée ¢6 chita nhiing polianion riéng r& vi du
nhur H,Nb, Q% , HNb O/, . Sén phim thu dugc khi ndu chay Ta,O; trong KOH khi tan trong

nuée tao nén kali hexatantalat:
6K,TaO, + S5H,0 = K,Ta,O,, + 10KOH
Trong hidrat tinh thé K Ta,0,,. 16H,0 ¢6 mit anion hexatantalat ‘TasOf;)} Nhimg

polianion Nb,Of; vi Ta,0}, déu duoc cdu tao nén bai cic bat dién EO, néi véi nhau qua céc

canh chung:
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{6 bat dién NbO; cau tao nén anion NbSOfg')

Nhu vay nhiing hexaniobat vh hexatantalat ciing nbu nhiing oxit hén hop ki€¢u NaEO,
hay Na,E,O, déu dugc ciu tao nén bdi cdc bat dién EO, ma E & trung tam cta bét dién. Nhung
trong cdc mudi hexa trén day, cic bit dien EO, duge sip xép theo cich tao nén nhitg “bit
dién 16n” bao gém nhing nguyén tir Nb hay Ta lam cho trdng tinh thé ¢é mit nhiing polianion
E,0°, . |

Khi axit héa dung dich nudc hay huyén phil trong nudc cia niobat hay tantalat s€ thu
duoc két tha it tan trong nudc, tan dé trong dung dich HF va dung dich kiém. D¢ la nhing
hidrat cta céc pentaoxit Nb,O;.xH,0, Ta,0,.yH,0 ma ngudi ta thudng goi 1a axit niohic va
axtt tuntalic.

Peoxivanadat, peoxiniobat va peoxitantalat

Rét dac tnmg doi véi V, Nb va Ta 1a nhiing hgp chat peoxi. Anion dipeoxivanadat
V(0,))” ¢6 mau vang, anion tetrapeoxivanadat V(O, ;" ©6 mau cham tim, anion
tetrapeoxiniobat Nb(O,);” va anion tetrapeoxitantalat Ta(0,);” déu khéng c6 mau.

Ngudi ta tich duge nhing hidrat KH,V0,(0,),.H,0 va (NH,),HVO0,),xH,O tir
dung dich trung tinh va hidrat M,E(O,),.mH,0 tir dung dich kiém manh. O trang thai rin

nhimg hop chat peoxi nay déu bén. Khj tdc dung vdi dung dich axit, cdc peoxivanadat phan
hily con céc peoxiniobat va peoxitantalat chuyén thanh peoxiaxit HEQ, (hay HEO,(0,)}.

Peoxivanadat, peoxiniobat va peoxitantalat dugc tao nén khi cdc hop chat cha E(V) tdc
dung véi dung dich H,0,.

Vi du:

K.VO, + 2H,0, = K,\VO.0,), + 2H,0
E.O; + 8H,0, + 6KOH = 2K;EO,), + 11H0
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Pentahalogenua EX;

O diéu kién thudng, trir VF, 1a chét 1dng nhét, cdc pentahalogenua con lai la chat
ran.Tinh thé cia cdc pentahalogenua di bi€t déu c6 mang ludi phan tl nén d& néng chdy, dé so6i
vi d& tan trong dung méi hitu co. Du6i day 13 mau sic, nhiét d¢ s6i va nhiét d6 ndng chiy cla
c4c pentahalogenua di biét: :

Chat "VF,
Mau sic | khong mau .
~Ndnc,, oC . 19,5 - : - -
Nds., °C 483 |
Chat NbE, NbCl, | NoBr, |  Nb,
Mau sic _ _trz"in.g " vang - dacam nau
Ndnc,°C | 79 ' 203 254 .
Nds., °C 234 247 360 -
Chat TaF, | TaCl, TaBr, Tal,
Mau sic tring tring | vangnhat ° den
Ndne.°C | 97 210 280 496
Nds., °C 229 233 345 543

~ Phan tlr VF, c6 dang hinh chép kép tam gidc giong nhu phan tir SbF,, phan tir cla hai
~ pentaflorua con lai & dang tetrame (EF;), con phan tir clia cic pentaclorua vi pentabromua ¢
dang dime (EX,),: '

F
) —F
F =E F ¢l
F\'E/F’#;[L\F\IE/F C‘\IE/'C‘\i —Cl
Fo | SFal L P [ F I« i
I F cl |
P L F

Cic pentahalogenua EX; déu hoat dong héa hoc. Chiing cé tinh chat giong cic
halogenanhidrit, bi thity phan dé dang tao nén hidrat cta céc pentaoxit va axit halogenhidric:

2EX, + SH,0 = E O, + I10HX
Véi cac oxitrihalogenua EOX,, phan img thiy phan ciing x4y ra tuong ty:
JEOX, + 3H,0 = E, O, + 6HX
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Céc pentaflorua ctia V, Nb va Ta, céc pentaclorua clia Nb va Ta ¢6 thé tdc dung véi
florua kim loai kiém tao nén nhimg anion phitc [EF,]” (& day E=V, Nb va Ta), [EF, >
[EF,)" va [ECl, 1" (& day E=Nb va Ta).

Vi du:

KF + VF, = K[VF]
2KF + TaF, K,[TaF,]

il

Tuong tu nhu vy cdc oxitrihalogenua EOX, ciing tic dung vdi halogenua kim loai
kiém tao nén anion phitc [VOF,J*", [EOCI, T, [EOX,)" va [EOF]" (& day E=Nb va Ta,
X=F va Cl).

Vi du:

JKF + VOF, = K, VOF]
3KE + NbOF, = K,[NbOF]

Cac pentahalogenua dugc téng hop tryc ti€p tir cdc nguyén t6 trix Tal; dugc tao nén Khi
chung c4t TaBr, v6i HI. Ngoai ra cdn c6 mdt s phuong phép diéu ché khic.

Vidu: _
NbCl; + SHF = NbF; + S5HCI
Ta,0, + 5PCl;, = 2TaCl; + 5POCI,
Ta,0, + 5Cl, +5C = 2TaCl; + 5CO

" Khi cdc kim loai tédc dung véi halogen néu ¢6 mat khi oxi thi ngoai pentahalogenua con
tao nén ca oxitrihalogenua nira.

85



Nhém VIB bao gém cdc nguyén t&: crom (Cr), molipden (Mo) va vonfram (W).
Nguyén t6 vonfram cdn ¢ tén goi khic 1a rungsten. Duéi day 12 mét s6 dac diém cfa cdc

nguyén té nhém VIB (bang 12).

Bang 12

| Mot s6 dac diém cia cac nguyén t6 nhém VIB

CHUONG V

CAC NGUYEN TO NHOM VIB

Nguyén |S6 thit tu C4u hinh Ning lugng ion héa, eV | Béan kinh | Th€ dién cuc
t6 (E) |nguyén tlr electron ' nguyéntr |  chudn, V
nguyén tir I- I, I, A E*/E
Cr 24 [Ar]3d’4s' 6,76 16,49 | 30,95 1,27 -0,74
Mo 42 (Kr]4d°Ss’ 7,10 | 16,15 | 27,13 1,39 0,2
W 74 [Xel4fsd6s® | 7,98 | 17,70 | 24,08 1,40 -0,15

Nhiing nguyén t& Cr, Mo, vAi W ¢6 c4u hinh electron khd giéng nhau, nhiing obitan d

~elia Cr vd Mo dugc dién dil mot niva s6 electron cho nén tuong déi bén.

Ning luong ion héa ctia Cr, Mo va W cho thdy trong nhiing hop chét véi sO oxi héa lon
hon +2, céc nguyén t& it c6 kha ning tao nén lién két ion.

Do sit co lantanoit, vonfram ¢6 bén kinh nguyén tr gan véi molipden. B&i viy Mo va
W, vé tinh chat, giong v6i nhau nhiéu hon so v6i Cr. Tuy nhién, mic d6 giéng nhau trong cap
Mo-W kém hon so véi mic d giéng nhau trong cdc cip Zr-Hf va Nb-Ta da xét trudc day.
Diéu nay dugc gidi thich bing sy gidm 4nh hudng cba hign tugng co lantanoit §€n kién triic
electron ctia nguyén tir cdc nguyén 6 khi di ti nhém IIIB dén nhém IVB, VB va cudi cing dén
nhém VIB. Mét dén chimg cu thé 13 Mo va W tuy giong nhau nhung trong thién nhién khong
tén tai chung v6i nhau nén viée téch riéng ching ra khoi nhau 1a khong thanh vén d€ nhu trong

truong hop cla cic cap da nds trén.
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Crom ¢6 s6 oxi hda dac trung nhét 1a +3 va kém déc trung hon 14 46, troné khi s& oxi
hod dic trimg nhat clta molipden va nhét la clia vonfram 1% +6. O trang théi oxi hda +6, cic
nguyén té nhém nay gidng véi luu huynh (nhém VIA) & cing trang thai oxi héa dé. Ngoai ra

trong cac hop chat, crom, molipden va vonfram con cé cac s& oxi héa 0, +1, +2, +3, +4 v +5.

Maét dac di€m néi bat & cic nguyén t6 nhém nay 1a kha ning tac nén nhitng anion cla
poliaxit,

CAC PON CHAT
Tinh chdt li hoc

Crom, melipden va vonfram la nhiing kim loai mau tring bac ¢6 énh kim. Duéi day la
nhimg hang sd vat I{ quan trong nhdt clia chiing (bang 13).

Béng 13

Hiing s0 vat li quan trong cia cac kim loai Cr, Mo va W

Kim Ndnc., | Nds., | Nhiét thing Ti D¢ cing D6 din dién

loai (E) °C °C hoa, kl/mol | khoéi | (thang Moxo) (Hg=1)
Cr 1875 | 2197 3682 1 7.2 5 7.1
Mo 2610 | 5560 669,4 10,2 55 20,2
W 3410 | 5900 878,6 19,3 4.5 19,3

C4 ba kim loai déu nang, didn dién va nhiét t6t, rat khé néng chdy va rdt khé séi. V&
nhiét d6 néng chay, crom, molipden va vonfram ding dédu trong ba day kim loai chuyén ti€p.
Nhiing cuc dai vé nhiét 40 néng chiy va nhiét thang hoa duoc gidi thich bang su ting d6 bén
cua lién két trong tinh thé kim loai chli yéu boi s6 lien két cong hda tri duoc tao nén tir s8 t6i
da electron d déc than cua cdc nguyén tir Cr, Mo, W. Theo Ii thuyét hién dai vé lién két kim
loai, trong tinh thé kim loai mdi nguyén tr thudng chi o6 1 hoac 2 electron |4 electron dén,
nghia la electron tu do, cdn cdc electron héa tri cdn lai duge ghép doi véi nhau tao thanh lién
két cong héa trj. Do khé néng chiy nhét trong tit ci céc kim loai, vonfram duge ding d€ 1am
syl toc béng dén dién, am cuc vt d6i am-cyc cha Ong phdt tia x; molipden ¢é nhiét d6 néng
chay thap hon duge ding lam chan treo sgi tée béng dén dién.

Crom, molipden va vonfram rat tinh khi€t déu dé ché& hda co hoc nhung khi 1dn nhiing
vet tap chit thi tr& nén cing va gidn. Vi vAy cdc kim loai crom, molipden v vonfram ki thuét
(cong nghiép) déu ciing. Viéc dua Cr, Mo vd W viio thép 1am ting cao do cling, d6 bén nhiét,
do bén an mon va do bén héa chat clia cac loai thép ddc biét. Thép dung cu chira 3-4% Cr, thép
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dung cu cht got chita 20% W, thép crom - vonfram chita 7,5% Cr, 26% W, 0,45-0,75 % C, thép .
khéng ri chita 18 - 25% Cr; 6 - 10% Ni: 0,14% C; 0,8% Ti. Hgp kim nicrom ding 4€ Jam day
xoén d6t néng trong cc 1 dién chia 10% Cr, 25% Fe, 2% Mn va 63% Ni. Thép chnta 60% Cr
Vi 5% Mo it bén véi axit. Hop kim cha Mo v&i W [a vat lieu thay th€ platin. Hgp kim cia Al
v6i W diing dé ch€ tao dong cu 6t6 va may bay. Hop kim siéu cimg steliz chia 20-35% Cr, 35-
55% Co. 9-15% W, 4-15% Fe, 2% C cting gén bing kim cuong, dugc ding 12am dung cu cht
got t6c 40 nhanh. Hop kim chta 90% W, 6% Ni va 4% Cu thudng goi 12 hop kim ning, c6 ti
khéi 13 ~18 duoc ding dé ngan cdc tia phéng xa (t6t hon chi). Gén 90% lugng Mo va 85%
lugng W san xu4t trong cong nghi¢p 12 ding dé ché céc loai thép diic biét.

Mot Tugng it bé clia molipden & trong dt tao diéu kién cho si 16n len va phdt trién clia
cay va cla vi khudn n6t san. Molipden cling c6 trong cdc md dong vat, trong t€ bio ndo cia
dong vat ¢6 vid. Chitc nang chia molipden & trong dong vat c6 lién quan v6i hoat dong ctia enzim
xantinoxidazo. Trong t€ bao cla vi khuén c6 dinh nito, molipden c6 trong nhitng enzim gay nén
su lien ket véi nito khi quyén.

Tinh chét héa hoc

& didu kien thudng, ci ba kim loai crom, molipden va vonfram déu bén ving véi khong
khi, hoi 4m va khi cacbonic. Nguyén nhan 1a céc kim loai dugc bio ve bdi mang oxit mong va
bén & trén bé mat. Crom kim loai dang t4m chi c6 thé chéy trong oxi & 1800°C. Boi vy, ngudi
ta ding crom ma lén bé mit cdc 46 bang kim loai d€ bao vé cho kim loai khong bi ti, 16p ma d6
thudmg chi day vao khoang 0,005 mm.

fi_ nhiét 46 cao va nhét 1a & dang bot, ca ba kim loai tic dung v6i oxi, crom tdc dung &
300°C theo phan ung:

ACt(r) + 30,(k) = 2Cr,0,() , AH’=-1141 kl/mol

con molipden va vonfram téc dung & trén 600°C theo phan \ng:

n

Mo (1) + 30,
KW@+ 30,(K)

2Mo0O, (1) , AH=-745 kJ/mol
W0, (1) , AH'= -842 kJfmo!

il

Khi flo tic dung véi ba kim loai ¢ diéu kién thudng tao thanh céc Florua CrF,, CIF;,
MoF,, WF, che halogen khac chi tdc dung khi dun néng. O nhiét do cao, crom, molipden va
vonfram ciing tic dung v6i cic nguyén t6 khong - kim loai khdc nhu N, C tao thanh cic nitrua,
cacbua thudng 12 hop chét ki€u xam nhap ¢6 cdc thanh phin khic nhau va c6 do cling rat 16n.

Vidu:

2000°C-2500°C
W o+ N = WN,
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trén 800°C

Mo + C = MoC

trén 1400°C

w + C = wC

Nhing cacbua nay truyén do ciing cho nhimg hop kim siéu cing. Ca ba kim loai Khong
tac dung v&i hidro. . :

@3 nhiét d6 cao (600-800°C), crom, molipden va vonfram tdc dung véi nudc g

iai phong
hidro theo cdc phan dng:
2Cr + 3H,0O = Cr,0, + 3H,
Mo + 2H 0 = MoQ, + 2H,
W + 2H,0 = w0, + 2H,

Trong ddy th€ dién cyc, crom, molipden va vonfram ding trudc hidro nhung molipden
vA vonfram ding rdt gin hidro. Crom c6 thé tan tr

orig dung dich lodng ciia HCl va H,S0,, mdi
déu phan ing xay ra chdm vi kim loai duge mang oxit bén béo vé; khi dun néng,

mang oxit tan
ra vi crom tan d& dang giai phéng khi hidro.
Vi du:

Cr + 2HC = CCl, + H, B 2, =091V

| trong khi Mo v2 W khéng tac dung véi
Crom va molipden ciing bi dung dich dac v ngudi ciia axit nitric va sunfuric thu dong hod

giong nhu nhém va sit. Muén hoa tan nhanh cdc kim loai molipden v vonfram ngudi ta
thuong ding hén hop HNO, va HF.

nhimg dung dich axit 46 vi mang oxit bén cha ching.

Vi du:

W + SHF + 2HNO, = H,WF, + 2NO + 4H0

C4 ba kim loai khong tan trong dung dich kiém nhung tan trong hén hop kiém néng
chay v6i nitrat hay clorat kim loai kiém tao thanh cromat, molipdat va vonframat tuong ing.
Vi du:

Trang thdi thién nhién va phuong phdp diéu ché

_ Crom, molipden va vonfram 13 nhiing nguyén t§ tuong d6i phé bién trong thién nhién
Trong vé Qué D4, crom chiém 6.107%. molipden chiém 3.107% va vonfram chiém 6.107%

téng s6 nguyén tit. Khodng vat chinh ciia crom 1 st cromit [Fe(CrO,),], clia molipden 1a
molipdenit (MoS,), cia vonfram 12 silit (CaWO,) v vonframit [(Fe,Mn)WO,]. Nhimg nudc cd
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giau mo quing crom la Cazactan, Nam Phi, An Do, Thé Nhi Ki vd Zimbabué. Nhimmg nudc ¢é
. giau mo quang molipden va vonfram !4 MY, Trung quéc, Nga, Chi Lé vi Canada. Nude ta cé
mot md sa khodng cromit khd 1én & C6 Dinh Thanh Hod, mo nay di dugce khai thic nhiéu nam.
Rdi rdc & mot s6 tinh mién Trung va mién Nam nudc ta ¢6 cdc mach quing bé cia Mo va W.

Crom l4n déu tién dugc nha bdc hoc ngudi Phidp Vocolanh (Louis Vauquelin, 1763-
1829) diéu ch€ vao nam 1797. Tén goi crom (chrome) xudt phit ti tiéng Hi Lap chroma cé
nghia 12 miu sic vi c4c hgp chét ciia crom d€u c6 mau.

. Nam 1778 nha hod hoc Thuy Dién Silo (Carl Scheele, 1742-1786) ch& héa quing
molipden tach duge oxit MoO, v mii dén nam 1790 nhi héa hoc Thuy Dién khic 1a lenmo
(Hjelm) ldn ddu tién di€u ch€ duge molipden kim loai khi diing than gb khit MoO,. Tén goi
molipden (molybdéne) xuft phét ti ti€ng Hi Lap molibdos c¢6 nghia la chi vi khoang -vat
molipdenit giéng véi khodng vét galen clia chi & ché khi vach lén nén tring thi dé€ lai vach den
giong than chi. :

Nam 1781, cling nha héa hoc Silo da tich duge WO, tir khodng véat silit ctia vonfram.
Nim 1783 hai anh em nha hda hoc Tay Ban Nha Jose va Frosto (Jose vé Frausto d’ Ethuyar) dd
téch dugc vonfram kim loai va xéc dinh tinh chét cha né. Thoi Trung C6, cdc khodng vat cla
vonfram dugc goi 12 rungsten nghia 13 d4 ning. Trong thién nhién “d4 nang” thudng & 1in véi
caxiterit. Khi khix caxiterit bing than gé dé luyén thi€c, “d4 ning” tao thanh 16p bot ndi I&n
trén va hap thu mét lugng thi€c lam giam higu suat luyén thi€c cho nén cdc nha luyén kim thoi
bay gid coi “dd nang” la ké thit d8i v4i thi€c gidng nhu ché s6i doi véi ciru non. Tén goi
vonfram (wolfram) xudt phat tir ti€ng La Tinh wolf ¢6 nghia 1a ché s6i va rahm la bot.

Crom kim loati duac diéu ch€ bang phuong phdp nhiét nhom, ngum ta diing bdt nhém
khr crom(III) oxit:

Cr,0, + 2Al = 2Cr + ALO,
Crom thu duge chita 97,99% Cr va tap chat sit.

Molipden va vonfram dugc diéu ché bing cdch ding khi hidro khit MoO, va WO, &

trong 10 dién: '
MoO,; + 3H;
WO, + 3H,

Mo + 3H,0
W + 3H,0

Mo va W thu duge & dang bot rat tinh khiét. San phdm kim loai s& kém tinh khiét hon
khi thay H, bing C hay Al. Néu diing H, khir cc florua MoF, v WF, kim loai thu dugc ¢6 do
tinh khiét con cao hon nita. Vi 1 nhilng kim loai khé néng chdy nén ngudi ta dung phuong
phdp ép bot kim loai va thiéu ket trong khi quyén hidro bing dong dién dé tao thanh thdi
(phitong phap luyén kim bgt) r6i tix thdi kéo thanh sgi hay cén thanh 14.

Trong cong nghiép, lﬁqng.lén kim loai crom, molipden va vonfram duge san xudt tir
quing dudi dang hop kim fero. Hop kim ferocrom chita 50-70% Cr dugc san xudt biing cich
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diing than céc khir quang cromit: _
Fe(CrQ,), + 4C = Fe + 2Cr + 4CO

Hop kim feromolipden chia 55-60% Mo dugc sin xuft bing cdch diing Al hay C khu
hén hop quing molipden, oxit sét va voi & trong 1o dién. '

Vi du:
2CaM00 + Fe.,01 + 6Al + Ca0 = 2Fe + 2Mo + 3Ca(AlQ,), .

Hop kim ferovonfram chia 65-70% W duge san xuft bang cach diing than cc khit hén
hop vonframat ngheo va oxit sit & 1700- 1750°C:

CaWO, + Fe,0, + 6C = Z2Fe + W + CaO + 6CO

HOP CHAT CUA Cr(0), Mo(0) VA W(0)
C‘ram, molipden va vonfram hexacacbonyl

Nhimg phan t hecxacacbonyl Cr(CO), Mo(CO)(,, W(CO)6 c6 cAu hinh bit dién déu
vGi nguyén tu klm loai & tam va phan tir CO & sau dinh:

co

&

co

CO @E

Phan tir hecxacacbonyl E(CO), ¢6 tinh nghich tir, trong d6 nguyén tir kim loai E (& day
E = Cr, Mo va W) ¢6 céu hinh electron d° va & trang thdi lai héa d’sp™:

dsp

1L

@nd

E(0) ,d° LININ e
e e
tao lien két t ‘

E—=CO coco

0

LiénkétE «— CO

91



Trong phan tir CO (xem tr. 71, T4p mot), cap electron trén obitan phan tir ‘Ilb"k véi nang
lrgng cao hon nhitng cap electron trén obitan phan tir 7 va n ¥ ¢6 kha nang tao lien ket o
cho-nh4n véi obitan lai héa d’sp® trng clia nguyén tir kim loai. Ve hinh thic, nguyén tir kim
loai E c6 s& oxi héa bang s6 khong nhung phuong phip nghién ctru ki€n tnic bing tia Ronghen
chi ra ring trong hecxacacbonyl E(CO)4 nguy#n tir kim loai E ¢6 mot dién tich duong déng ké,
vi du nhv dién tfch duong cha Cr trong Cr(CO), 16n hon trong crom kim loai, trong Cr,0O, va ci
trong CrCl,.6H,0. Nhu vay ngodi lién két o-cho-nhan E«CO, trong hecxacacbonyl cdn cé lién
két n-cho E—CO tao nén bdi nhimg cip electron d clia nguyén tir kim loai v4i nhimg obitan
phan tir #° tréng chia phan tir CO vA nhd lien k&t 7 ndy, cdc phan tir cacbonyl kim loai dugc 1am
bén them. Tuong téc n-cho Iam chuyén dich mat 46 electron vé€ CO nhiéu hon so véi s chuyén
- dich mat d6 electron vé kim loai M gay nén bdi tuong tic o cho-nhan va lién k&t E-CO c6
_nhitng dc tinh ca coOng héa tri vA ion.

Sy tac thanh cacbonyl kim logi 12 tinh chét dac trung cha hdu hét kim loai chuyén ti€p,
khéc vé6i kim loai khong chuyén ti€p. Thanh phén clia hgp chét cacbonyl tuan theo quy tdc khi
hiém do nha héa hgc ngudi Anh Situye (N.V, Sidgwick, 1873-1952) dé ra. Theo quy tic khi
hi€m, nguyen tir kim loai trong cacbonyl kim loai ¢6 khuynh huéng nhan thém mot s6 electron
clia phan tit CO nhu thé ndo dé dat duge cdu hinh electron bén cda nguyén tir khf hi€m & trong

ciing chu ki. D€ séng td, ching ta xét quy tic d6 qua hecxacacbonyl trén day va mot s6
cacbonyl khéc:

Cacbonyl S5 electron Khi S5 thit ty
ECO), | CiaE tr CO téng cong hi€m nguyén tir
Ti(CO), 22 2 x7 36 Kr 36
Cr(00), 24 2 %6 36 Kr 36
Mo{CO), 42 2x6 54 Xe 54
weo), | 7 2.6 86 Rn 86
Fe(CO), 26 .2 x5 | 36 Kr 36
Ni(CO), 28 2 x;I- 36 Kr 36

Cacbonyl kim loai ¢6 rat nhiéu. Chiing c6 nhitng tinh ch#t chung gifng véi hgp chat
hitu co: tinh thé c6 mang luéi phan i, khong tan trong nuéc nhung d& tan trong dung moi him
co. Nhidu chét c6 4p sust hoi 16n nén dé& bay hoi. Khi nang phan tng clia cacbony! kim loai
ciing rat da dang, chiing tham gia nhimg phin dng thay th€ CO bang phéi tir khdc nhy PF,,
PCl,, NO... vi nht'mg phan dng oxi héa-khi.
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& diéu kien thudng, crom, molipden vA vonfram hecxacacbonyl 1a chét & dang tinh thé
khong mau dé thang hoa trong chan khéng, Cr(CO), néng chay trong chan khong & 149°C va
phan hity né & 130-150°C, Mo(CO), néng chdy & 148°C va s6i 0 155°C W(COL6 néng chay &
169°C va s6i & 175°C.

( nhiét d6 cao hon, ching 'phan hay thanh kim loai va cacbon monooxit, ngudi ta lgi
dung tinh chit nay dé ma crom, molipden va vonfram lén nhitng bé mat phiic tap cha cic chi
tiét may méc va nhit 12 ma 1én bé mat ben trong clia 8ng kim loai.

Céc hecxacacbony! niy khéng téc dung véi nude va axit. Rieng Mo(CO), téc dung véi
axit axetic tao thanh molipden (II) axetat. Cﬁﬁngl tac dung véi dung dich NaOH trong rugu hay
dung dich Na trong amoniac 16ng tao nén mudi chita anion cacbonylat, vi du nhu Na,Cr(CO)s,
Na,Mo(CO), vi Na,W(CO),. ' '

Cacbonyl kim loai thuong dugc diéu ché theo hai phuong phap: tic dung truc tiép tir
kim loai va khi CO hay téc dung ctia musi hodic phiic chét clia kim loai véi chét khir khi cé mat
khi CO (4p suét). Nhimg chat khir thudng la nhom, magie, natri, nhém trietyl, nhom trimetyl,
khi H, hay c4 khi CO. : '

Crom hecxacacbonyl dugc diéu ch€ bing tic dung ctia dung dich nhém trietyl
Al(C,H,), trong ete véi huyén phit CrCl; trong ete khi ¢6 mat khi CO (4p suilt cao). Molipden
hecxacacbonyl vA vonfram hecxacacbonyl c6 thé di€u ché bang tic dung truc ti€p ciia khi CO
v6i bot kim loai & 4p sudt cao (200-500 atm) khi c6 miat sét va déng.

Crom dibenzen

Crom dibenzen (Cr(C,H,),) 1 chat dang tinh thé mau nau, néng chay & 284°C. Phan tir
cb dang hinh binh kep (sandwich) véi nguyén tir crom ndm giita hai mat phiing song song clia .
vong benzen va céc lién k&t Cr—Cr c6 d6 dai nhu nhau (Hinh 26). Day 1a hop chét kiéu phirc

chét t co kim.

'
CeHg

Ocr,oH,®C

Hinh 26. Cdu tao cia phin 18 Cr{CH, ),
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MO nC H, MOn CgHe

Hinh 27. Gidn d6 ndng lwgng cde MOx trong hai phdn nr C H, riéng ré.

Nhur da biét nhitng obitan 2p, ctia C 6 electron doc than va vudng géc véi mat phéng
vong beénzen, theo thuyét MO, t6 hop véi nhau tao thanh ba MOn'™* va ba MOn'™: cdc MOn* da
dién di electron cdn cic MOn" déu fréng (Hinh 27):

Trong crom dibenzen, mot phan tir nghich ti, nguyén tit crom c6 cau hinh electron 3d®:

3d 4s 4p

6 .
Cr0),3d° MM (119 ] Lod ledely
——
tao tién két } ‘ ’ ‘
véi MOn* | y
trong cua Cic cip electron MOn w

CH
or%e CI:Ia C(;Hﬁ

Lién két héa hoc giita Cr va hai vong benzen duge thire hién theo co ché o-cho-nhén

giita cdc cap electron trén MOn™ cila hai vong benzen véi 6 obitan tréng (3dx2“y3) ,3d L2

4s, 4p,, 4p, va 4p,) clia crom va theo co ché m—cho gifra ba cip electron d ciia Cr v6i cdc MOn'
tréng cta hai vong benzen. Nhu vay 13 ¢ 18 electron (6 12 cia Cr va 12 1a clia C) ¢ trén 9 MO
" nhiéu tam vi chuyén dong trong trudng clla 13 hat nhan nguyén tr (moét nguyén tif crom va 12
nguyén tir C). Trong hop chat nay, quy téc khi hiém ciing duge tuan theo: nguyén tir Cr ¢é ciu
hinh electron ciiu Kr (24 + 12 = 36).

Crom dibenzen di duoc diéu ché truée day hon nira the ki khi cho thude thir Grinha
(C{H.MgBr) tic dung véi CrCl,. Mot phuong phip di€u ch€ khéc 1a tic dung cua Cr(l, véi
benzen khi ¢é mit nhém bot, nhém khit crom(IIT) vé& crom(0) va tao thanh AICI,.

Ciing nhu cic hecxacacbonyl cita Cr, Mo vi W, hgp chat crom dibenzen ¢6 ¥ nghia

khéng chi vé mit 1f thuy&t mi ci vé mat thuc tién. .

94



HOP CHAT CUA CROM (II)
Crom(II) oxit

Crom(1l) oxit (CrO) 1a chit bot mau den, ¢6 tinh tu chdy, trén 100°C & trong khéﬁg
khi bién thanh Cr,0,, trén 700°C & trong chan khong phan hity thanh Cr,0, va crom. Cé tinh
bazd, oxit ndy tan trong dung dich axit loing. G 1000°C né bi khi hidro khit thanh crom kim
foai. Oxit nay rat khé di€u ché, duge tao nén khi diing oxi khdng khi hay axit nitric oxi héa
hén hdng crom.

Crom(Il) hidroxit

Crom(Il) hidroxit (Cr(OH),) la chat & dang ket tha vang nhung rét thudng isn tap chat
nén c¢6 mau hung. N6 khong c6 tinh ludng tinh, tan trong dung dich axit nhung khéng tan trong
dung dich kiém. Thé hién tinh khir manh hon oxit, hidroxit d& dang tic dung vdi oxi khong khi
tao thanh Cr(OH),. Khi dun ndéng & trong khéng khi né phan huy thanh Cr,0,. Hidroxit nay réat
khé diéu ché ¢ dang tinh Khiét, duge tao nén theo phan dng:

CrCl, + 2NaOH = Cr(OH), + 2NaCl
trong digu kién khong ¢é miit oxi khéng khi.
Mudéi crom(Il)

Ngudi ta dd tdch ra duge va nghién ctiu ki cde mudi crom(ll) sau day: CrCl,.4H,0,
CrBr,.6H,0, CrSO,.H,0 (it tan) va [Cr(CH,CO0),.H,0], (két tha). Cic halogenua khan cé
nhiét do néng chay cao; CrF, mau xdm, néng chdy & 1100°C, CrCl, mau tring, néng chay &
824°C, CrBr, mau trang, néng chay & 842°C va Crl, mau dé, néng chdy & 795°C. Céc mudi tan
duge trong nudce cho ion hidrat héa [Cr(H,0),]** <6 mau xanh lam. Mugi crom(II) it bi thiy

r

phan. Cling nhw oXit va hidroxit, muéi crom(II) cé tinh khit manh E® -041V,

C%+!C2+ =

Ion Cr* c¢6 thé tao nén nhimg phc chdt nhu [Cr(NH,)]Cl,, K,[Cr(CN)],
CrCl,.2N,H,...

Crom(I) clorua

Crom{Il) clorua (CrCl,) khan 12 chat byt mau tréng, hit 4m manh, tan trong nude cho
dung dich mau xanh lam. Khi két tinh tir dung dich, thu duge hidrat CrCl,.4H,O |4 chét & dang
tinh thé mau luc thim. Khi dun nong trén 60°C, hidrat mét bét nude va dén 1 ES"C bién thanh
mudi khan CrCl,.

C6 tinh khu manh, ﬁgay trong dung dich CrCl, dé dang tdc dung véi oxi khéng khi bién
dung dich tir mau xanh lam thanh mau luc clia ion Cr™* trong nuéc:
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ACICl, + O, + 4HCl = 4CCl; + 2H,0

Trong phan tich khi, ngudi ta thudng ding dung dich nuéc cha CrCl, dé hép thu khi
oxl. '

Ngay khi khéng cé mat oxi khong khi, ion Cr** phan hily nudc giai phong khi hidro va
bién thanh jon Cr™*

201Cl, + 2H,0 = 2C(OH)Cl, + H,

Mudi khan CrCl, ¢6 thé didu ché biing cich dun néng crom kim loai & 600-700°C trong
dong khi HCI hosc dun néng crom triclorua (CrCl,) khan & 400-540°C trong dong khi hidro:

G+ 2HC = CCl, + H,
20rCl, + H, = 2CCl, + 2HC

hoac dun néng cin than dé lam mit nude cha hidrat CrClL.4H,0.

Dung dlCl‘l nude ctia mudi crom(Il) clorua dugc digu ché bang cach dtmg hidro hoat

dong khir dung dich mugi crom(I1I) clorua. Trong thuc i€, ngudi ta ¢o thé dung hén héng kém

téc dung véi dung dich CrCl, trong méi truong HCI:
2C:Cl, + Zn = 2CCl, + ZnClh

W
-

Crom(Il) axetat

" Crom(ll) axetat 1a chit dang két tia it tan, c6 mau do, dugc tao nen khi cho dung dich
NaCH,COO dic tdc dung véi dung dich CrCly:

CrCl, + 2NaCH,C00 + H,0 = Cr(CH, C00),.H,0 + 2NaCl
bay 12 mot trong nhu‘ng hop chét d& diéu ché va bén nhdt clia Cr(I). N6 cé céu tao

dime [Cr(CH,C00),.H 0]», trong d6 Cr & trang thii lai héa d’sp®, nhilng nhém CH,COO" 1a

cu ndi hai ion Cr* lai véi nhau:
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Tinh nghich tlr cta chét néi I1&n ring 4 electron d 6 méi ion Cr** da dugc ghép doi cong
v6i khoang cich Cr-Cr (2,364) rat bé hon khoang cich Cr-Cr trong kim loai (2,494) chiing to
lién két Cr-Cr d6 la lién két bon: mot lién két o, hai lién két © va mot lién két 8. Hai ion Cr**
dung cap obitan lai héa d’sp tao nén lién két o, cap obitan 3d,, va cap obitan 3d,, tao nén hai
lién ket 7, con cap obitan 3d,, tao nén lién két 8. Hinh 28 trinh bay su che pht cia céc cip
obitan 3d dé ctia crom.

T4-d Oy_d

Hinh 28. Sir che phu mva 6 cia cdac cdp obitan nguyén nr 3d

Day la chat duogc biét dau tién (nam 1884) trong nhimng hgp chat ¢6 lién két bon. N6 ¢6
y nghia vé Ii thuyét nhi€u hon vé mit thuc tién. Ciu tao doc ddo clia hgp chat 1am cho né c6é
tinh nghich tir va ¢c6 mau do, mot mau it dac trung déi véi nguyén t6 crom. Mau do cta dime
nay chuyén nhanh thanh mau luc khi dé trong khong khi am vi crom(Il) bi oxi héa thanh
crom(III). -

HOP CHAT CUA CROM(III)
Crom(III) oxit

Crom(III) oxit (Cr,0,) dang tinh thé c6 mau den 4nh kim va c6 cdu tao giéng o-Al,0,
(corundum). La hop chit bén nhét clia crom, né néng chiy & 2265°C va soi & 3027°C. C6 do
cting twong duong corundum nén thudng duge ding lam bot mai béng kim loai. Dang vo dinh
hinh la chat bot mau luc thAm thudng dung lam bot mau cho son va thudce ve.

Crom(III) oxit tro vé mat héa hoc nhit [a sau khi di nung néng, né khong tan trong
nude, dung dich axit va dung dich kiém. Tinh ludng tinh ctia Cr,O, chi thé hién khi ndu chay
v6i kiém hay kali hidrosunfat:

Cr,0, + 2KOH

SRR S THX
(kali cromit)

Cr,0, + 6KHSO, = Cr,(S0,); + 3K,SO, + 3H,0
Phan tng thit hai xay ra tuong tu nhu vay véi K,S,0.:
Cr,0, + 3K,8,0, = Cr(S0,), + 3K,SO,
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Khi niu chay véi peoxit kim loai kiém ho#c v6i hdn hop ctia kiém va nitrat hay clorat
kim loai kiém, né bién thanh cromat

Cr,0; + .3Na,0,
Cr,0, + 2Na,CO; + 3NaNO,

Cr,0, + 4KOH + KCIO

INL,CrO, + NaO

2Na,CrO, + 3NaNO, + 2CO
K, CrO, + KCl + 2H,0

Khi dun néng véi dung dich clia brom trong kiém hoac ctia bromat trong ki€ém, no tan
va bién thanh cromat:

5Cr,0, + 6NaBrQ, + 14NaOH

10Na,CrO, + 3Br; + 7H,0

Cong dung 16n nhat clia Cr,0, 1a lam nguyén lieu dé diéu che kim loai crom. Oxit 46

duoc diéu ché bing cich dot nong hén hop ciia K,Cr,0, va than hay luu huynh trong ndi bang
thép: _
KLr0, + S = Cn0; + KSO,
Crom(1II) hidroxit

Crom{I) hidroxit (Cr(OH),) ¢6 cdu tao va tinh chat giéng v&i nhoém hidroxit. N& la
két tia nhiy, mau luc nhat, khong tan trong nudc va ¢6 thanh p

hén bién déi. Két tha d6 la chat
polime da nhan ¢é kién tric 1ép, trong dé nhimng phan tr H,O va nhng nhém OH™ phéi trl
xung quanh ion Cr*,

vi thém OH~ déng thai la cAu ndi gilta hal ion Cr*

OH, H OH: H OH

A/\‘ NG
AN N b
\//0\ /O\THE
A\ //\\/

AVARVA
Khi dé lau hodc dun néng, hidroxit nay mat hoat tinh vi nhing lién két Cr-OH-Cr
dugc thay thé boi nhitng lién két Cr-0-Cr

La hop chat ludng tinh dién hinh, khi méi diéu ch€ hidroxit tan dé dang trong axit va
dung dich kiém:

Cr(OH), + 3H,0*

= [Cr(Hzo)e]3+
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Cr(OH), + OH™ + 2H,0 = [CHOH),(H,0),]

Ion [Cr(OH), (H,0),]” thudng viét gon 12 (Cr(OH),]", c6 thé k&t hop thém ion OH™
tao thanh [Cr(OH),}* va [Cr(OH),]* . Tt ca nhing ion nady duge goi chung la

hidroxocromir. Hidroxocromit c6 mau luc nhat, kém bén hon hidroxocaluminat, khi dun néng
trong dung dich da phan huy tao thanh két tha Cr(OH),. S& di nhw vay 1a vi Cr(OH), thé hién

. tinh axit yéu hon Al{OH),, né tan trong dung dich kiém c6 pH = 11-12 trong khi Al{OH), tan

trong dung dich ¢6 pH = 9-10.

Crom(I1I) hidroxit tan khong déng ké troﬁg dung dich NH; nhung tan dé trong amoniac
16ng tao thanh phiic chat hecxaammin:

Cr(OH)3 + 6NH, = [Cr(NH;), [(OH),
Khi dun néng, crom (II.I) hidroxit d& mét nudc bién thanh oxit.

DE diéu ché crom(Ill) hidroxit & trong phong thi nghi¢m, ngudi ta cho mdt trong cdc
chat NaOH, KOH, NH,, Na,CO,, Na,5,0,... tdc dung v8i dung dich mudi crom(Il). Phan tng

ion chung c6 thé dugc viét gon la:

Cr* + 30H" =  Cr(QH),
Mudi crom(1II)

Crom(IIT) 1a trang thdi oxi h6a bén nhdt clia crom. Ngudi ta da bi€t duoc nhiéu mudi
crom(I11}, .rihl”mg mudi nay doc véi ngudi. Nhidu muéi crom(III) ciing c¢6 cdu tao va tinh chat '
gidng véi mudi nhom(IIl) cho nén bi€t tinh chét héa hoc clia nhom(III) c6 thé suy dodn tinh
chat cha hop chat crom(I1T). Sy giéng nhau nay dugc giai thich bing su gin nhau vé kich thudc
ctia cdc ion Cr*t (0,574) va AP* (0,614). Muéi crom(Iil) c6 do tan gdn v&i mudi nhom(Ill), da
s8 tan trong nudc, nhitmg mu6i rat it tan la Cry(CO,);, CrPO, va CsS0,.Cr,(S0,):.24H,0 (phen
crom-xesi). Khi két tinh tir dung dich, mu6i crom(IIl) thudng & dang tinh thé hidrat ¢ thanh
phén vi mau séc bién déi, vi du nhu CrPO,.6H,0 c¢6 mau tim va CrPO,.2H;0 ¢6 mau luc.

Muéi khan c6 cdu tao va tinh chét khic vdi mudi dang hidrat, vi du nhu CrCl; mau tim-
dd tan hét stc chim trong nudc vd Cr(SO,); mau héng tan rdt it trong nude, trong khi
CrCl,.6H,0 va Cr,(SO,).18H,0 déu c6 mau tim va dé tan trong nudc.

Dung dich cta mu6i crom(lil) c6 mau tim-dd & nhiét do thudng nhung ¢é mau luc khi
dun néng. Mau tim ctia mudi crom(I1l) trong dung dich ciing nhu trong tinh thé hidrat 14 mau
dic trung cila ion [Cr(HZO)GP". .

Mu6i crom(ITT) cé tinh thuan tit, rit bén trong khong khi kho va bi thiy phan manh hon
mudi crom(I). Phan gag thity phan néc thit nhét cla mudi crom(IlI) c6 thé coi nhu phan iing
tao thanh pinic chat hidroxo:

[CH{H,0}J* + H,0 == [CHOMH0)* + H0
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va xa hon nita 1a cdc phic chat c6 thé tring hop lai. Vi dy nhu trong trutmg hop clia mudi
crom(I1I) sunfat, tdy thudc vao nhiét do, pH va néng do cha dung dich ¢6 thé tao nén nhiing
san phidm polime sau day: '

_ Y 12+
H.0 OH:
) H,Q —Cf —0—Cr—
ACHOHYH,0) P + SO == DR 3 (O
/ + 4 H20
H2 o C OH:
\-S<
Y
X 0/ N o |
R H “ 2
H20 OHa> .
HzO —Cr ——O——Cr —0H2
2[Cr(OH)YH,0)s > + 3 SOF == / \ A / \ . +6H0
-0380 O O OSO3
/S<
! /\O |

Do phén ting thity phan, nhiing hop chét Cr,S, va Cr,(CO;); khong thé diéu ché duge
bing phan iing trao d6i trong dung dich i trong nuéc ludn ludn tao nén két tha Cr(OH),.

Trong méi trudng axit, ion Cr’* ¢6 thé bi khir dén Cr** bdi kém hay hén hong kém
nhung trong moi trudng kiém ¢6 thé bi H,0,, PbO,, nudc clo, nudc brom oxi héa dén cromat.

Viduy:
2CrCl, + 10KOH + 3H,0, = 2K,Cr0, + 6KCl + 8H,0

C6 bén kinh bé va dién tich 16n, ion Cr* 12 mot trong nhilng chdt tgo phic manh nhat,
né c6 thé tao nén phic chat véi hdu hét phoi tir da biét. Tuy nhién, 86 bén ciia cdc phic chat
crom(TH) bién ddi trong khoang gidi han rong rii thy theo ban chét clia phdi ti va cdu hinh cia
phic chat. Mot s6 phic chét bén 12 [Cr(NH,)]*, [CrX " (X 1a F~, CI", SCN™,CN7),
[Cr(C,0,),] va nhimg phic chat vong cang véi axetylaxeton, vOi hidroxi-8-quinolin ching
han. Mot phiic chét thudng gip cha crom 1a muéi Reinecke NHq[Cr(_SCN)‘,,(NHg)z].HZO duge
diing d€ ké&t tia nhiing cation 16n hitu co va vo 0.

Mu6i crom(IIf) thuong tao nén mudi kép giéng nhu mudi nhom, mot mudi kép ding

100



dé thuoc da va lam chdt cian mau khi nhudm vai la phén crom-kali K,S0, Crz(SO4)1 24H,0.
Phén crom déng hinh v6i phén nhém. *

Crom(IH) clorua

Crom{IIl) cloruu (CrCl,,) hay crom triclorua la hop chat crom(III) théng dung va quan
trong nhat. Mugi khan gédm nhiing tinh thé hinh vay mau tim-do, thang hoa & 1047°C va ndng
chay & 1152°C. Tinh thé cé kién triic ldp twong tu nhu khodng vat hidragilit da xét true day
(Hinh 44, Tap hai), mbi 16p gém hai mat phang chita nhitng ion Cl~ géi ghém sit sao ki€u lap
phuong va gém nhiing ion Cr** chi€ém hai phdn ba s& 18 trong bdt dién dugc tao nén gitta hai
mit phing dé (Hinh 29). Cic 16p lién két v6i nhau bang lyc Van de Van nén tinh thé d& béc
tadch thanh 1ép.

oc¢cr ¢ Cr&matphdng trén cla 1dp.
& Cr & mat phing dusi cla lop.

Hinh 29. Céu tao ciia mét Iop tinh thé CrCl, two nén bdng cdc
nhdm hat dién CrCl ndf véi nhau qua ba canh chung

Mudi khan khé tan trong nudc lanh, tan cham trong nuéc néng nhung tan rat nhanh khi
c6 mat ion Cr**. Diéu niy dugc gidi thich Ia trong qué trinh tan, ion Cr** & trong dung dich
chuyén electron qua cdu n6i clo dén jon Cr** ndm & bé mit tinh thé. fon Cr** vira duge tao nén
d6 ri bé mit tinh thé va s& tiép tuc tuong tic v6i ion Cr** méi tim & bé mat tinh thé...

Tir dung dich nude, mudi.crom(IIl) clorua két tinh & dang hidrat tinh thé CrCl,.6H,0.
Hidrat ndy c6 ba dang déng phin khéc nhau vé cfu tao, mau sic va d¢ din dién mol.

‘ Hexaaguacrom(IlI) clorua [Cr(H,0),]Cl; 12 nhimg tinh thé mau tim-xanh, tan trong
nuée cho dung dich mau tim, khé tan trong rugu, ete va axeton. N6 khong mét nude khi sdy

kho trén axit sunfuric dic nhung ¢ ba fon Cl™ déu tao ngay két tha véi ion-Ag".

Cloropentaaguacrom(iil )‘r.'forua [Cr(H,0),Cl]Cl,.H,O 14 nhitng tinh thé mau fuc, hit
4m mat mot phan tir H,O khi sdy trén axit sunfuric dic va ¢6 hai ion Cl” tao ngay két tiia véi
ion Ag*.

Diclorotetraaquacrom(ill) clorua [Cr(H,0),CLJCL2H,0 13 nhimg tinh thé mau luc
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thjm, hiit 4m mat hai phan tit H,O khi sdy trén axit sunfuric dgc va 6 mot ion C1 tao ngay két
tha véi ion Ag'. '

Trong dung dich nude ¢6 can bing giita ba dang d6ng phan cia CrClg.ﬁHZIO:

[Cr(H,0)]CL, == [Cr(H,0);C1)CL,.H,0=> [Cr(H,0),CL)C1.2H,0
(tim) (luc nhat) (luc)

Can bing nay phu thudc vao nhiét 4o v néng do cia dung dich. Trong dung dich loang
va ngudi, dang miu tim bén cdn trong dung dich dac va néng, dang mau luc bén. Gan day bang
phuong phép séc ki trao d6i ion ngudi ta di tich duge dang déng phan thi tr c6 mau do va
cong thiic 1a [Cr(H,0),CL,].3H,0 nhung chua nghién cttu nhi¢u nhw d6i véi ba dang déng phan
da ké & trén. : : ‘

" Tinh thé hidrat CrCL,.6H,0 khi dun néng trén 250°C & trong khf quyén Cl, hay HCI sé
mét h&t nudc bién thanh muéi khan.

Trong dung dich, crom(III) clorua c6 thé két hop véi clorua kim loai kiém tao nén phitc
ch#t mau dd-héng.

Vidu:
CrCl, + 3KA = K (Gl

Trong phong thi nghiem, CrCl, khan dugc diéu ché béng tic dung tryc ti€p ciia khi clo
vi crom kim loai & 600°C hodc tdc dung cha khi clo véi hén hop cia Cr,0; va than & 800°C
hodc tdc dung cha CCl, véi Cr,0, & 700-800°C:

20t + 3CL, = 20

Cr,0, +3C + 3Cl,. = 2CrClL, + 3C0
2Cr,0, + 3CCl, = 4CiClL + 3C0,
HOP CHAT CUA CROM(VI)
Crom(VI) oxit |

Crom(VI) oxit hay crom trioxit (CrO;) 1 nhitng tinh thé hinh kim mau 46 thim, hit dm
manh va 4t doc d6i véi ngudi. Day 13 chdt polime (CrO,). ¢6 c4u tao mach thing tao nén bai
nhitng t¢ dién CrO, ndi vi nhau qua hai nguyen tf O chung. C6 mang lu6i phan tlr, tinh thé
CrO, néng chay & nhiet do 197°C rét thap hon so v6i CrO va Cr,0, 12 nhitng hop chét ion.

Kh4c v6i Cr,0,, crom trioxit kém bén, & trén nhi¢t ¢ néng chay da mdt bot oxi tao nén
mot s6 oxit trung gian va dén 450°C bi€n thanh Cr,0,:

80°C 370°C 4
CI'O:; Ezit} CIBOS Lﬁ Crzoj —_— C1'02 —‘E'OE, C1'203 )
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“ Crom trioxit 12 chdt oxi hda rit manh, nd oxi héa duge L,, S, P, C, CO, HBr, HI... va
nhiéu hop chat hitu co; phén tng thuong gay né. Ruou etylic béc chdy khi tiép xiic voi tinh thé
CrQ,. Trong téng hop hitu co, ngudi ta thudmg ding dung dich caa CrO, trong axit axetic bang
d€ 1am chdt oxi héa.

Tuy nhién, CrO, kho c6 thé k&t hop vdi cic khi HF va HCI tao nén cromyl florua (khi

miu nau-dd, & 30°C ngung ty thanh tinh thé mau tim-dd) va cromyl clorua (chit long mau do

thAm s6i & 117°C bién thanh hoi mau vang) 13 nhitng hop chat ¢é cdu tao vi tinh chat wong t
sunfuryl halogenua da xét trudc day (tr. 243 Tap hai). '

Vi du:

H,S0, dac
CrQ, + 2ZHC = CrO,ClL, + H0

(cromyl clorua)

La anhidrit axit, crom trioxit tan d& dang trong nudc tao thanh dung dich axit: dung
dich lodng c6 mau vang chifa axit cromic (H,CrO,) va dung dich dic c6 mau tir da cam dén 4o
-chita axit policromic (dicromic, tricromic, tetracromic}:

Cro, + H,0 = HG,
2Cr0, + H,0 = HLCr0;
3Cr0, + H,0 = HCnOyp
4Cr0, + H,0 = H.Cr0;

B&i vay, khi téc dung véi dung dich Kiém né c6 thé tao nén cdc mudi cromat, dicromat,
tricromat... '

Crom trioxit dugc tao nén khi cho axit sunfuric dic tac dung véi dung dich bio hoa cla
cromat hay dicromat kim loai kiém roi dé nguoi dé tinh thé tich ra.

Vi du:
K.Cr,0, + H,80, = 2Cr0, + K;80, + H,0

Phong thi nghiém héa hoc thudng dung nén hop sunfocromic gém hai thé tich bing
nhau ctia axit sunfuric dac va dung dich K,Cr,0, bdo hoa dé rira sach chdt hitu co bam trén
thanh nhing dung cu thily tinh nhu binh cdu, 6ng sinh han, c6c v.v... Cong dung rua dé dua
vio kha ning oxi héa manh clia CrQ; duge tao nén trong hén hop.

Dé tinh ch€ CrO, ngudi ta két tinh lai tir dung dich nuée vk say kho & 70°C.
Axit cromic va axit policromic

Dung dich axit cromic (H2Cr04) cé mau vang, dung dich axif dicromic (H,Cr,0;,) c6
mau da cam, dung dich axit tricromic (HyCr;O,0) va axit tetracromic (H,Cr,Oy,) c6 mau do.
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T4t ¢4 nhimg axit nay chi tén tai & trong dung dich. Muéi chia ching bén hon, ¢6 thé tich ra &
dang tinh thé. Céc axit va mudi déu rat doc d6i véi ngudi.

AXit cromic ¢ d¢ manh trung binh, mugi ctia né duge goi 12 cromat. Musi cromat kim
loai kiém, amoni v magie tan nhiéu trong nuGc cho dung dich mau vang, cdc mu6i cromat kim
loai kiém thé va kim loai nang déu it tan, it tan nhét 1a Ag,CrO, (tinh thé mau dé), BaCrO, (tinh
thé mau vang) va PbCrO, (tinh thé mau vang, tich s& tan 14 1,8.107"4).

Khi dugc axit héa, dung dich cromat bi€n thanh dicromat, n€u duge axit héa manh hon
nifa dung dich dam déc dicromat bi€n thanh tricromat r6i tetracromat, nghia la qué trinh ngung
tu tang len khi gidm pH cta dung dich:

210 + 2H* = Cr,0¥ + H,0
3Cr,0Y + 2H' = 2C,0% + H,0

Khi duge ki€m héa, dung dich policromat 1an lugt bi€n nguge tré lai va sau cing thanh
cromat.

Axij; cromic 12 ch4t oxi h6a manh, oxi héa duge SO,, H,S. SnCl,, Fe804, HCI v.v...
trong d6 crom(VI) bi€n thanh crom(TH). ’

Mudi cromat bén trong mo6i trudng kiém nhung oxi héa manh trong méi trudng axit:

2Cr02" + 16H* + 6e = 2Cr* + 8H,0 , E°=1,33V
Cr0> + 4H,0 + 3¢ = COH), + SOH , E°=-0,13V

Phuong phép chung d€ diéu ch€ cromat 13 oxi héa hop chét crom(IIT) trong moi trirong
kiém (dung dich hoac thé néng chay) hoic tdc dung cha CrO, véi dung dich kiém.

Nhifng mu6i cromat vi dicromat thudng gip nh&t I NaQCr04, K,CrO,, Na,Cr,0O,,
K,Cr,0, va (NH,),Cr,0,. '

Kali cromat (K,CrD,) va kali dicromat (K,Cr,0,)

Kali cromat 12 chdt & dang nhitg tinh thé tA phuong mau vang, d6ng hinh véi K,S0, va
néng chay & 968°C. Trong khéng khi 4m, kali cromat khong chdy rita nhw Na,CrO,, tan nhiéu
trong nuéc (63 g & 20°C) cho dung dich mau vang (mau cla ion CrO%"), tan trong SO, ldng,
khong tan trong rigu etylic va ete.

Khi tdc dung véi axit, kali cromat bién thinh dicromat r8i tricromat vA tetracromat theo
c4c phan img:

2K,Cr0, + H,80, = KCrO, + K80, + HO

4K Cr,0p + H,S0, = 3K,Cr,0, + KSO, + HO

i}
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Kali dicromat 1 chit & dang nhimg tinh thé tam 12 mau do-da cam, néng chay & 398°C
va & 500°C d3 phan hiy:
4K,Cr,0, = 4K,Cr0, + 2Cr,0; + 30,
Kali dicromat khong chdy rita trong khong khi 4m nhu natri dicromat, dé tan trong
nudc cho dung dich ¢6 miun da cam (mau cba ion Cr,0/), ¢6 vi ding, tan trong SO, 16ng va

khong tan trong rugu etylic. Mudi niy ¢6 d6 tan thay déi nhiéu theo nhiét do (12,5 g & 20°C va
100g & 100°C) nén r4t dé két tinh lai trong nudc.

Kali dicromat tdc dung véi dung dich kiém bién thanh kali cromat, mau da cam cla
dung dich tré thanh mau vang:

K,Cr,0, + 2KOH = 2K,CrO, + H,0

Su d& chuyén héa 1in nhau giita musi cromat vA dicromat dugc giai thich 12 ion CrO2"
dé& ké&t hop véi proton clia axit tao thanh ion HCrOj réi nhimg ion nay dé tring hgp bién thanh
ion Cr, 0%~ v H,0, cic qud trinh déu thuin nghich:

2Cr0¥ + 2H* € 2HOO;, = ,0) + H0

Can bing ndy rat rihs_ty cam vdi sy bién ddi pH cha dung dich: trong méi trudng axit,
can bing chuyén dich vé bén phai va trong moi trudng kiém, vé bén trdi. Tuong tu nhw vay, khi
thém 14n lugt cdc dung dich BaCl,, Bi(NO,), va AgNO, vao dung dich cromat hay dicromat
kim loai kiém, luén luén thu dugc nhiing két tia BaCrO, (khong duge BaCr,0O; vi mu6i nay tan
nhiéu hon), (Bi0),Cr,0, (khdng dugc cromat vi musi ndy tan nhiéu hon), Ag,CrO, vi c6 thé ca
Ag,Cr,0; (vi d6 tan clia hai mu6i nay khong khac nhau qu4 nhiéu).

Ca hai muéi K,CrO, vd K,Cr,0, déu ¢6 tinh oxi héa manh, nhit I trong méi trudng
axit chiing oxi héa gidng nhur axit cromic.

Vi du:

K,Cr,0, + 14HC 20:CL, + 2KCL + 3Cl, + TH0
K,Cr,0, + 350, + H,S0, = Cr(S0.,+ K,;S0, + H,0
K,Cr,0, + 6FeSO, + TH,SO0, = Cr(S0,), + 3Fe,(S0,); + K,80, + 7TH,0
K,Cr0O, + 38nClL, +14HCl = 2CiCl, + 2KCl + 3SnCl, + TH,0
K,Cr,0, + 3C;H,0H + 4H,50, = Cry(S0,), + 3CH,CHO + K,S0, + 7H,0

Trong c4c phan tng trén day, mau da cam cia dung dich trd thanh mau tim cta ion
Cr* trong nudc. B&i vay, trong héa hoc phan tich, K,Cr,0, thudng duge ding fam chat oxi hda
d€ chuédn do cic chat khir. '

-Khi oxi héa trong moi trudng trung tinh, cromat thudng tao nén Cr(OH),:
2K,CrO, + 3(NH,),S + 2H,0 = 2Cr(OH), + 3§ + 6NH, + 4KOH
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So d6 the oxi hda - khir dudi day cho théy twong quan d¢ bén cla cdc trang thal oxi hoa
cua crom trong dung dich nudc:

+0,294
,_ +1,33 , -0,408 . -0.913 “’ . .
CrZO Cr —Cr? Cr (moéi trudng axit)
| -0.744 |
cror —22 o —2t &
s r(OH); r (m6i trudmg kiém)
0,72 -1,34
Cr(OH),

0] trang théi rin, kali cromat va kali dicromat ¢6-thé oxi héa S, P, C khi dun néng.
Vi dur
K,Cr,0, + 2C = K,CO, + Cr,0, + CO

Bdi vay, K,Cr,0, duge diing lam mét thanh phén cda thudc ddu diém va nguyén lieu dé
san xuét Cr,0,. Ngoai nhitng cong dung trén, K,Cr,0, cdn duge dung d€ thude da va diéu ché
mét s6 hop chét clia crom.

Kali dicromat c6 thé diéu ché tir quang cromit qua mot quy trinh chuyén héa nhu sau:
Cromit —» Natri cromat — Natri dicromat — Kali dicromat

_ Trong giai doan mot, ding khéng khi oxi héa hén hgp d3 nghién min clia cromit, soda
va da v6i duge nung néng trong 10 quay & nhiét d6 1000-1300°C:

4Fe(Cr0,), + 8Na,CO, +70, = 8Na,CrO, + 2Fe,0, + 8CO,

D4 véi & day c6 vai trd 1am cho hén hgp phan dng trd nén x&p dé cé thé tiép xic nhidu
voi oxi khong khi.

Trong giai doan hai, hda tan hémr hop sdn phdm phan ving dé c6 dung dich NaZCrO r6i
axit héa dé chuyén cromat thanh dicromat:

2Na,CrQ, + 2H, 80, = Na,Cr,0, + 2NaHSO, + H,0

Trong giai doan ba, chuyén Na,Cr,0; thinh K,Cr,0, I3 muéi it tan hon & nhiét do
thudng, bing phan dng trao déi:

Na,Cr,0, + 2KQl = K,Cr,0, + 2NaCl

Kali cromat ciing c6 thé didu ché tryc ti€p tir quang cromit khi thay soda ding trong
giai doan mét bing K,CO, Ia muéi dét tién hon soda hodc ¢ thé diéu ché bfmg tdc dung cia
kali hidroxit vé&i kali dicromat.
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HOP CHAT PEOXI CUA CROM
Crom(VI) peoxit (CrOs)

Khi ché€ héa dung dich cromat Kim loai kiém.véi dung dich ete chia hén hgp H,0, 30%
va H,S0, lodng ngudi ta thu duge dung dich mau xanh chia LrO; tao nén theo phan ing:

H,CrO, + 2H,0, = GO, + 3H0

Peoxit nay chi t6n tai trorig dung dich ete, khong tich ra dugc & dang tu do va c6 cong
thic cu tao: '

trong d6 Cr c6 héa tri sau.

"Crom peoxit kém bén, phan hay d& dang gidi phéng oxi khi tdc dung vdi cdc dung dich
axit, kiém va KMnO,. '
0O, + 2KOH = K,Cro, + HO + O
4CrO, + 6H,;80, = 2Cr,(S0); + 6H,0 + 70,
4KMnO, + 5CrO; + 6H,80, = 5SH,CrO, + 2K,SO, + 4MnSO, + H,0 + 100,

Peoxicromdt(VI)

Khi ch€ héa c4n than dung dich CrO; trong ete véi H,0, va dung dich KOH (hay NH,)
hoac ch€ hod dung dich K,Cr,0, (hay (NH,),Cr,0,) & 0°C v6i dung dich H,0, 30% nguoi ta
thu duge hidrat tinh thé mau xanh K,Cr,0,,.2H,0 (hay (NH,),Cr,0,,.2H,0 mau tim). Nhiing
peoxicromat d6 duge coi 1a mudi ciia axit H,Cr,0,, khong tich ra dugc & trang thai tu do va cé
cong thiic cdu tao:

O\ '/0 0\ /0
HO——CG—0—O0 Cr OH
A

Nhiing peoxicromat dé déu khong bén, phan hily nd khi va cham, tan trong nuéc va
ruou va phan hity giai phéng oxi trong dung dich nudc, dung dich kiém va dung dich axit:

H,0
KO0, = 2KCr0, + 50,
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2K,Cr,0, + 4KOH = 4K,CrO, +2H,0 +50,
K,Cr,0,, + 40,50, = Cr,80,); + K,S0, +4H,0 +40,
Peoxicromat(V)

Khi cho dung dich H,0, 30% téc dung v6i hén hop CrO; va KOH & 0°C hay v6i dung
dich K,CrO, c6 du KOH ngudi ta thu duge nhimg tinh thé K,CrO, mau dé-nau la mudi ciia axit
H,CrO, khong tach ra & trang thi ty do va c6 cong thiic cdu tao: '

0 O— OH
\Créo—-—OH
0/ I\O—OH

trong d6 crom c6 héa tri nam.

Tinh thé K,CrO, bén trong khong khi kho réo, chi phan huy nd & 178°C nhung bj nuée
phan hiy & nhiét do thudng: '

4K,Cr0; + 2H,0 = 4K,CrO, + 4KOH + 70,

HOP CHAT CUA Mo(II) va W(II)

Molipden vi vonfram tao nén tuong d6i nhiéu hop chdt rit da dang véi tat ci cic s8 oxi
héa tix O dén +6. B, vay, trong cic kim loai chuyén 1i€p c6 1§ ring héa hoc clia Mo va W 1a
phitc tap hon hét.

Molipden va vonfram dihalogenua

Trang théi oxi héa +2 thé hién tuong d6i rong réi & Cr 1ai hdu nhu khong thé hi¢n & Mo
v2d W. Tuy ngudi ta d3 biét nhiing dihalogenua clia molipden va vonfram nhu MoCl, (tinh thé
mau vang, thang hoa trong chan khong), WCl, (tinh thé mau xdm, thing hoa trong chén
khéng), MoBr, (bot mau da cam, kh6 néng chay), WBr, (bot mau vang-luc),... nhung ching 1a
nhiing polime ¢6 cfu tao claste (cluster, ti€ng Anh nghia 1a cum, nhém). Mgt trong nhiing
claste di duge nghién ciu nhiéu nhét 1 molipden diclorua c6 cong thitc biéu dién thanh phin
14 MoCl,. Phuong phép phan tich kién triic bing tia Ronghen cho thdy trong diclorua d6 khéng
¢6 ion don Mo ma c6 ion phifc [Mo,Cl,]*, nghia 14 molipden diclorua véi cong thic nguyén
Mo,Cl,, 12 phiic chét claste ¢6 cong thifc cdu tao [Mo,ClgICl,. That vay khi cho MoCl, téc dung
v6i dung dich AgNO, chi ¢6 4 trong 12 Cl tao két tia AgCl. Ton phitc [MogClg]** ¢6 tinh nghich
tir, trong d6 6 nguyén tit Mo ndm & tAm céc mat cla hinh 13p phuong va 8 nguyén tir Cl ndm &
céc dinh cta hinh 1ap phuong (Hinh 30a).
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Hinh 30. Kién tric idp phuong ciia [MoCle)* (a)
Lién két trong [MogClLJ** (b)
Kién tric ciia [MoClLCll™ (c)

Ngudi ta ¢6 thé mo ta dinh tinh sy tao thanh cic lien két trong ion phic [MoCl]* tir

nhitmg ion Mo** va C1” nhu sau: jon Mo™ ¢6 c#u hinh electron 4d*, mbi ion lien két cong hoa
tri Mo—Mo vdi 4 fon ben canh va tao thanh claste bat dién Mo, bén obitan ty do & méi ion

Mo?* nhan cap electron tu do ciaion C1” tao nén nhitng lien k&t cho-nhan Cl — Mo

4d 55  Sp
2+
Mo, 4d* tit T { T i t ==
tao lién k&t l l tao lien k&t
Mo —Mo Mo—L

ca 4 a as

Hinh 30b trinh bay c4c lien ket trong ion {Mo,Clel*™. Ton phic claste [MoClL]*" bén va
6 thé khong bién déi trong c4c hop chét khic nhau. Vi dy nhu MoCl, tic dung vdi dung dich
kiém tao nén [Mo,Clgl(OH), va hidroxit nay tac dung véi dung dich axit tao nén mudi chifa ton
phiic claste 6. Ngoai ra ion [MoCly1* ¢6 thé dugc phdi trf bdi sdu phoi tir (ki hicu L) a6
nguyén tit Mo tao thanh ion phic chét [MoCl,L¢)>” (Hinh 30c), vi du nhu nhing dén xust chita
ion [(MoCly)CL]%, hop chét [(Mo(Clg)(OH),(H,0),).12H,0 v.v... Nhimg phiic chét khic vi du
nhu (Mo Cl,)CL,.2CHN, (Mo,Cly)Br,.6H,0, (Mo Clpl,.6H,0 c6 18 ciing cd céu tao twong W
nhu vay. :

Molipden diclorua khong tan trong nutéc nhung tan trong ruou, ete va mot s§ dung moi
hitu co. N6 duge tao nén khi dun néng kim loai molipden trong hoi photgen:

6Mo + 6COCI, = [MoCLICL + 6CO
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Cic dihalogenua MoBr,, WCl, vk WBr, ¢6 céu tao twong tu MoCl, nhung chua dugc
nghién ctu nhiéu. Venfram halogenua kém bén hon molipden halogenua, WCl, va WBI,
khéng nhitng bi thuy phdn ma con ¢d thé khir nudc giai phéng hidro.

Molipden(II) axetat

Molipden(1l} axetat Va chat dang tinh thé hinh kim miu vang. Day I hop chét rdt bén
nhiét, thang hoa & trén 300°C, méc du trang théi oxi héa +2 12 khong dac trung clia Mo. N6 la
dime [Mo(CH,COQ),}, c6 céu tao gidng nhimg dime tuong ttng cita Cr, Cu va Rh, trong d6 d¢
dai cia lien két Mo-Mo duge rit ngan nhiéu nhat (2,014) chimg t& lien k&t ¢6 do boi lon
giéng nhu lién k€t Re-Re trong [Re,Clyl*" va lien két Cr-Cr trong crom(I) axetat. Chinh tinh
chat kép chia lien két Mo-Mo di lam bén trang thai oxi héa +2 ctia Mo trong dime.

Molipden(II) axetat dugc tao nén khi axit axetic tic dung véi Mo(CO),.

HOGP CHAT CUA Mo(III) VA W(III)

R4t khde v6i crom, trang thii oxi héa +3 12 khong diic trung cho Mo va nhét 1a cho W.
Ngudi ta dd biét dugc mot s it hop chat chia Mo ¢6 tinh khir. Ngoai nhimg hop chét don gian
nhu Mo,0,, Mo(OH);, MoF;, MoCl;, MoBr, va Mo,S, con ¢6 mot s6 phic chat ciia Mo(IlI) c6
d6 bén 16n. S8 hop chat ciia W(III) con it hon nita. : -

Molipden(III) oxit

Molipden(ill) oxit (Mo,0,) 12 chat bot mau den md, khéng tan trong nudc nhung tan
trong dung dich HCI cho dung dich mau dé chita cation Mo, N6 dugc diéu ché€ bang cdch
ding khi hidro khir c4n than MoO, khi dun néng.

Molipden(IIl) hidroxit

Molipden(IIl) hidroxit (Mo(OH)s) 13 chét k&t tha mau nau-den, khong tan trong nudc
vd dung dich axit long nhung phéan hiy nudc trong moi trudmg kiém gidi phéng hidro. N6
duoc tao nén khi cho mudi molipden(lil) tac dung véi amoniac hodc kiém.

Molipden trihalogenua

Molipden triflorua (MoF,) la chét dang tinh thé mau héng c6 cdu tao gidng ReO,, bén
& diéu kien thudmg. Khi dun néng trong khong khi Zm, né bién thanh MoQ, va HF. N6 bi khi
hidro khir thanh molipden khi dun néng. Mug6i nay tao nén khi dun néng MoBr; trong dong khi
HF kho o 600°C:

MoBr, + 3HF = MoF, + 3HBr

Molipden triclorua {MoCly) la chat dang tinh thé hinh kim mau do thdm khong
tan trong nudc. N6 bién ddn thanh MoOCl khi dé trong khong khi, tdc dung véi dung dich
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kiém tao thanh k&t tua Mo(OH),. Molipden triclorua duge tao nén khi khit molipden
pentaclorua (MoCly) & 250°C bing khi hidro hogc dun nong hoi MoCl, véi molipden bot:

MoCl, + H, = MoCl, + 2HC
3MoCl, + 2Mo = 5MoCl;

Molipden tribromua (MoBry) la chat dang tinh thé hinh kim mau luc khong tan trong
nuée vh axit, tic dung vdi dung dich kiém tao thanh ket tua hidroxit. N6 duge tao nén khi dun
néng hoi MoCl; véi HBr kho & ~ 500°C.

Molipden(III) sunfua

Molipden({ll} sunfuu (Mo,S,) 12 chat dang tinh thé hinh kim mau thép x4m khong tan
trong nudc va dung dich axit lodng nhung bi axit nitric dac oxi hda. N6 dugc t2o nén khi céc
nguyén t6 tac dung truc ti€p véi nhau 6 1100°C.

Phirc chét ctia Mo(I1I) va W(III)

Nhitng ion phic bén ciia Mo(lil} ia [MoF,]", [Mocpﬁls', [Mo(SCN)J™, (Mo(phen),}**
va [Mo(dipy),}** (phen 12 1,10-phenantrolin, dipy la 2,2-dipyridyl) va cia W (III) la [W,ClL1".

Anion phite [W,Clg]* duge cdu tao nén i hai bét dien WClg néi véi nhau qua mot mat
phing chung, cic khoang cich cia W-Cl la 2,464 va cla W-W la 2.41A. Su nit ngdn manh do
dai chia lién k&t W-W trong anion so véi vonfram kim loai (2,84) cong véi tinh nghich tir cla
anion ching 1 lién ket c6 do boi 1on. Anion [Cr,Cly)" ¢6 cdu tao tuong U anion [W,Clgl”
nhung c6 tinh thuan ti, diéu nay ching to trong anion khong c6 lien k&t Cr-Cr: ‘

3- - 3-

.l Cl a. N~ Cl

N A AN
8l —//-W\—\:——/W_Q Cl—/Cr\ /CTTCI

o |NeY Na 1 \Cl/ a

| cf : C
] 244 j L 314

anion [W,Cl}" : anion [Cr,CLY”

HOP CHAT CUA Mo(1V) VA W(av)

Molipden va vonfram dioxit

Molipden dioxit (MoO,) va vonfram dioxit (WO,) 6 kién tric tinh thé gidng rutin
(TiO,) nhung & day ¢6 lién két kim loai—kim loai nén kién tric bi sai 1&ch chiit it. Tinh thé
MoO, ¢é miu tim-nau, WO, ¢6 mau naw. Ching rat khé néng chay, c6 thé thang hoa trén
1000°C, rit bén véi nhiét, MoQ, phan hiy thanh MoO, va Mo & 1977°C, WO, phan hiy tuong
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ty & 1857°C (trong khi CrO, phan hiy & trén 400°C tao thanh Cr,0, va O,). Khi dun ndng trong
khéng khi chiing chuyén thanh MoQ, va WO, twong tng. Chiing khéng tan trong nudc, MoQ,
khong tan trong axit va kiém nhung bi axit nitric dac oxi héa thanh MoO; con WO, tan trong

dung dich dac cfa axit va kiém. Ching duge tao nén khi cho dong khi H, khir cén than MoO;,

WO, & nhiét do ~500°C. & nhiét d6 cao hon, chiing bi H, khir thanh kim foai.
Molipden va vonfram tetrahalogenua

Molipden tetraflorua MoF, 1a chdt b6t mau luc, vonfram tetraflorua WE, bét mau nau-
d6, MoCl, bot mau néau, thang hoa dé dang cho hdi mau vang, WCI, tinh thé mau xam, khé
néng chiy va khong bay hoi. T4t ca déu hit &m vi d& bi thiiy phan, tr WE, bén hon v&i nude,
chi bi thity phan trong dung dich kiém néng. Chiing dugc tao nén bing cdc phuong phip khic
nhau, ching han nhu MoCl, va WC), dugce tao nén khi-dun néng dioxit tuong dng véi dung
dich Cl, trong CCl, & trong binh kin.

Vidu:
MoO, + CCl, = MoCl, + CO,
Molipden va vonfram disunfua

Molipden disunfua (MoS,) va vonfram disunfua (WS,) 12 chit dang tinh thé luc
phuong, MoS, ¢6 mau den va WS, mau xém. Chiing rit bén vdi nhiét, MoS, néng chay khong
phan hity & ~2100°C va WS,, phan huy trong chan khong & 1200°C, déu khong tan trong nudc
v chuyén thanh trioxit khi d6t chdy trong khong Khi.

Molipden disunfua cé kién tric 16p (Hinh 31), mi 16p gém mdt mat phing chira nhiing.

vong luc gide cha cdc nguyén tr Mo kep gidra hai mat phing chifa nhiing vong lyc gidc clia cic
nguyén tir S va mdi mot nguyén tr Mo duge 6 nguyén tir S bao quanh tao thanh hinh lang tru
tam gidc. Cdc khoang cich clia Mo—Mo 1 3,154, cia Mo-S la 2,414 va giita cdc 16p 1a 6,26A.
Luc tic dung giita c4c I6p khi y&u nén tinh thé d& béc tach thanh 16p gidng nhu than chi: dé lai
vach den khi vach lén gidy tring va dugc ding dé 1am chat bdi tron cho nhimg bd phan may
mdée chiu tai ln.

Hinh 31, Kién trite 16p cia Mo§,
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Cic disunfua M(-)S2 via WS, dugce diéu ch€ khi dun néng cdc nguyen t6 trong binh kin
hodc dun néng trioxit trong khi H,S. '

Vidu:
WO, + 3H,S = WS, + 3H,O0 + S
Phirc chdt quan trong nhdt cia Mo(IV) va W(IV) |a anion octaxiano [Mo(CN),]*" va
[W(CN),]*". Nhimg anion nay c6 mau ving t6n tai trong dung dich va trong tinh thé cla mu6i
va axit. Chiing bén d6i véi nudc, dung dich kiém va dung dich axit lodng va chi bj nhitng chat
oxi héa manh nhu Ce®, MnO, oxi héa dén anion octaxiano ctia Mo(V) vd W(V):

[Mo(CN) " va [W(CN),T".

HOP CHAT CUA Mo (VI) VA W (V)
Trang théi oxi héa +6 12 bén nhat déi véi Mo va W.
Molipden va vonfram trioxit
- Molipden trioxit (MoQ;) va vonfram trioxit (WQ,) 1a nhitng chit & dang tinh thé ta
phuong, MoO, mau tring vd WO, mau vang. Tinh thé MoO, ¢é ciu tao Iép, duge tao nén bdi
nhitng bat dién MoO, néi vé1 nhau qua hai canh chung va Mo ndm & tam cla bat dién con tinh
thé WO, c6 mang ludi giong ReO;. Khdc nhidu véi CrQ,, chiing rat bén véi nhiét, MeO, néng

chdy ¢ 801°C va sdi & 1155°C; WO, néng chay & 1473°C va s6i khong phan hay & ~1670°C.
Chiing khéng tan trong nuée tao thanh axit.

La oxit rit bén, chl:fng bi Na, Mg, Al, H, va C khir thanh kim loai & nhiét dé cao.

Tinh anhidrit axit cla ching chi thé hién khi tan trong dung dich kiém tao thanh
molipdat, vonframat:

Vidy:
2KOH + WO, = K,WO, + H,0

Khi ndu chay véi kiém hay cacbonat Kiém, tily thudc ti 1 chat vi thoi gian ndu, ching
tac nén melipdat, vonframat va polimolipdat, polivonframat.
Vidu:
MoQO; + 2NaOH = Na,MoO, + H,O
2MoO, + 2NaOH = Na,Mo,0;, + H,O
3MoO, + 2NaOH = Na,Mo,0,, + H,O

4 Mo, + 2NaOH = Na,Mo,0,; + H,0
6 MoO;, + 6NaOH = NaMo0, + 3H,O
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7MoO, + 6NaOH = NaMo,0,, + 3H,0

C4 hai ‘oxit dugc ding chi yéu dé diéu ché kim loai. Ching duge di€u ch€ bang cich
d6t chdy bot kim loai trong khong khf hodc nhigt phan axit hay mudi amoni polimolipdat va
polivonframat.

Viduy:
~500°C
(NH )Mo, =  7MoO, + 6NH, + 3H.,0
~300°C
(NH,);HW,0,, = 6WO, + 5NH, + 3H,0

Axit molipdic va axit vonframic

Dung dich molipdat, vonframat khi duge axit héa manh tao nén nhitng chét goi 13 axit
molipdic, axit vonframic. Tit dung dich & nhiét d¢ thudng, nhimg axit d6 ket tinh du6i dang
M0Q,.2H,0 (hay H,M00,.H,0) va WO,.2H,0 (hay H,WO,.H,0) va khi néng, két tinh & dang
MoO,.H,0 (hay H,Mo0,) va WO;.H,0 (hay H,WQO,).

Nhifng axit nay thuc ra I nhitng monohidrat va dihidrat clia trioxit twong ¥ng, trong dé
khong cé mat nhitng phan tir H,MoO, va H,WO,, tdl ci nhitmg proton trong phén tr da lién két
vdi oxi tao thanh H,O. Tuy nhién d€ don gian, ngudi ta thudng biéu dién céc axit dé bing cong
thic H,MoO,, H,WO,,.

Monohidrat MoO,.H,0 12 tinh thé mau tring con WO, H,0 la tinh thé mau vang.
Ching khong tan trong nuéc nhung tan dé trong dung dich kiém va amoniac tao thanh muéi

don hay mudi poli. Trén 150°C chiing mat nudc bi€n thanh anhidrit molipdic MoO, va anhidrit
vonframic WO,. .

Dihidrat MoO,.2H,0 13 tinh thé mau ving chanh khong tan trong nuéc, WO,.2H,0 1a
tinh thé mau tréng, bén trong moi trudng axit va khi rita v6i nudc d& tao nén dung dich keo. Ca
hai hidrat ndy d& mét b6t mot phéan tir nuée khi sy kho tren H,SO, ddc hay P,O,,.

Molipdat va vonframat

Molipdat 13 mu6i cia axit molipdic va vonframar 1a mudi cha axit vonframic. Cic mudi
cita kim loai kiém, amoni vA magie tan trong nu6c, cdn cdc mudi khdc khong tan. Trong tinh

thé cha cic mudi M;MoO, vd M,WO, (M=kim loai kiém) c6 anion t{ di¢n déu MoO% va
WO~ con trong mudi ciia cdc kim loai khéc, céu hinh clia cdc anion d6 bi lech 1 rét. Trong
dung dich, cdc mu6i tan 16n tai nhitng ion khong mau MoOY va WO, . Mudi rholipdat va
vonframat thily phan manh hon cromat, didu dé chimg t6 axit molipdic va axit vonframic la

nhimg axit y&u, y&u hon axit cromic. Molipdat vi vonframat khong c6 tfnh oxi héa manh nhu
cromat. Céc molipdat va vonframat kim loai kiém va amoni 13 nhiing mu6i théng dung.
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Xanh molipden va xanh vonfram

Khi khir nhe dung dich hoi axit cta molipdat hay vonframat hogc huyén phil trong
aude cia MoQ, hay WO, bing nhitng chdt nhu $nCl,, SO,, NJH,, H,S ... ngudi ta thu duge
dung dich keo mau cham dam goi 1a “xanh molipden™ hay "xanh vonfram'. Thanh phéh cia
chiing bién déi tiy theo ban chat ciia chat khir va di€u kién thyc hien phan ing (ndng do clia
céc chat, pH, nhiét do ...). Chiing duge coi nhir gém ¢4 oxit va hidroxit cua Mo va W véi s6 oxi
hda trung gian giita +5 va +6. Vi du nhu xanh molipden véi thanh phin Mo,0,, duge tao nén
theo phan ng:

+5.6
SK;MoO, + 10HCI + H,S = Mo, 0,, +$ + 10KCl + 6H,0

dugc coi nhu la mot oxit hdn hop Mo,0;.3Mo0,.

Nguti ta lgi dung phan tng tao thanh xanh molipden va xanh vonfram dé phat hién ra
molipdat va vonframat trong hod hgc phan tich dé nhudm sgi, da va 16ng thid. Vi du nhu mudn
nhudm véi, ngudi ta nhiing vai truge hét vao dung dich (NH,),Mo,0., réi sau dé vao dung dich
SnCl, di duoc axit héa bing H,80,, vii s& c6 mau cham.

Bronzo vonfram

Bronzo vonfram 1a chat rén va c6 tén goi nhu vay 1a vi bé ngoai gidng vdi bronzo la

hop kim clla déng va thiéc (con got 1a thanh dong). Bronza vonfram natri c6 thanh phin bién

d6i va duoe biéu didn bing cong thitc chung Na, WO, trong d6 0 < x < 1. Mau séc ciia né bién
déi theo thanh phan, cé6 mau chéfn-tfm khi x ~0,3, mau dd-tim khi x~0,48, mau db khi x~0,65
va mau vang chéi khi x~0.9. Do ¢6 mau dep nén duge ding [3m bot mau cia muc in cao cip.
Bronzo vonfram cé nhiing tinh chat dic trung ctia kim loai nhur dnh kim, dén dién va dén nhiét.

Bronzy vonfram natri véi thanh phan gidi han 13 NaWO, c6 kign tric khuyét kiéu
peropskit (CaTiO,), trong dé cdc ion O* vi cation Na* duge gbi ghém sit sao ki€u lap phuong
con nguyén tlr vonfram nim trong 16 tréng bét dién. Mic dil s§ oxi héa clia W trong bronzo 14
trung gian gifta +5 va +6 nhung trang thdi héa tri cla tt ca cdc nguyén tir W déu nhu nhau. Bai
vy, nguyén nhin dén dién clia bronzo vonfram khong phdi 1a su di chuyén electron tir W(V)
sang W(VI) hay tir W(IV) sang W(VI) ma 13 sir c6 mat electron twr do trong tinh thé, Nhimg

electron nay khéng thuge cu thé vé nguyen tr W bay nguyén tir Na ma ndm trong viing din
(thuyét viing) ging nhu trong kim loai.

Vé mit héa hoc, bronza vonfram rét tro, khong tan trong nuéc, céc dung dich kiém vi
céc axit, ké ca cudng thiiv Bronzo vonfram duge diu ché bang cich ding khi H, hay cdc kim
foat Na,W khir khéng hoan toan polivonframat kim loai kiém.

Vidu:
Na,W,0,+H, = Na,W,0, + H,O
(hfl}’ Na_,,WO,)
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Pén nay ngudi ta chua diéu ch€ duge bronzo molipden.
Polimolipdat va polivonframat

Khi thém dan axit vao duhg dich motipdat hay vonframat kim loai kiém, ngudn ta thu
duoc nhimg polimolipdat hay polivonframat khéc nhau. Thanh phin cha nhiing polime d6 phu
thudc vao nhing diéu kién phan Gng nhu ndng dé, nhiét do, pH va thoi gian. Vl du nhu trong

méi trudmg axit, anion MoO?" ¢6 thé ngung tu theo'céc phan ing:

6MoO;” + 6 H = Mo05, + 3H,0
TMoO; + 8 H =  Mo,05 + 4HO
4MoO; + 6H' =  Mp,0; +3H,0

Trong dung dich dam hon, ¢6 thé xay ra phan tng:
8MoOI” + 12H* = Mo 05, + 6H,0
Nhitng anion MoO:}™ vd WO; ciing ton tai bén viing trong moi trudng kiém giéng nhu

anion CrO; . Tuy nhién trong dung dich axit cia molipdat & pH =5 = 6 t6n tai chl y&u anion

hexamolipdat Mo, 0% ; d pH =4 + 5 tén tai anion heptamolipdat Mo,05; va & pH théap hon,

anion octamolipdat Mo,Oy, Con trong dung dich axit cta vonframat, & nhitng diéu kién néng -

do va pH nhu trén , ton tai nhitng polivonframat cé thanh phin khéc va phitc tap hon. Anion
polivonframat' bén I hidrohexavonframat HMo,0O;; va bén nhit fa dihidrododecavonframat

H,W,,05, .

Qua trinh trung ho’p clia MoO;™ va WO, ciing bao gém nhiing giai doan proton héa,
mat nudc va ngung tu gidng nhu CrO; nhung x4y ra & mitc 46 cao hon. Cr(VI} chi ¢6 thé tao
nén tetracromat (r,05 con Mo(VI) va W(VI) c6 thé tao nén dodecamolipdat,

dodecavonframat. Diéu dé duge giai thich fa tetracromat Qi 07, dugc cu tao nén boi céc uf

dién CrO,. Vi Cr(V1) c6 kich thudc bé trong khi polimolipdat vi polivontramat gdm nhitng don
vi kién triic 12 bédt dien MoO, va WO, boi vi Mo(VI) va W(VI) ¢é kich thude 1én hon.Vay
nguyén nhan chinh ctia sy tring hop mitc do thip 1a Cr c6 ban kinh nguyén tir bé hon. Dudi
day la kién tric coa mot s6 anion polimolipdat duge tao nén bdi nhitg bat dién MoQ,, ndi vé1
nhau qua dinh chung va canh chung (Hinh 32).

Nhu d3 biét, cic anion polimolipdat, polivonframat ciing ducc tao nén khi MoO;, WO,
tan trong kiém néng chay. Nhiing anion dé & trong dung dich nudc cé thé durgc hidrat héa hoac
proton héa mét phdn tao nén nhitng anion nhu H,Mo,05; H,Mo,0;;, H,Mo, 0%, , H, W0 ..
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Khi ¢6 du axit, cde polimolipdat va polivonframat bi phéd tring hgp tao nén san phim
cudi cing 1a MoO, va WO,. '

Hinh 32. Bdt dign MoQ, (a)
Anion Mo,05, (b}
Anion Moso" {c)

26

-Nhiing mu6i poli thong dung trong phdong thi nghiém 12 amoni heptamolipdat
(NH),Mo0,0,,.4H,0 va amoni hidrohexavonframat (NH,);HWO,,.4H,O. Nhitng mudi nay
dugc diéu ch€ bang tdc dung cia MoO,, WO, v6i du dung dich amoniac.

Hop chdt heteropoli

Khi axit héa mot hdn hop hai mudi kim loai kiém nhu molipdat hay vonframat voi
silicat hay hidrophotphat hodc khi tron cdc axit tuong vng cha hdn hop hai mudi d6 theo ti l¢
xdc dinh, ngudi ta thu duge nhitng hop chdt heteropoli (ti€ng Hilap heteros 12 khic hay di va
polis 1a nhiéu hay da ).

Vidu:

12Na,MoO, + NaH,PO, + 22 HNO, = Na,[PMo,,0,] + 22 NaNO, + 12 H,Q

{hay Na,WQ,) (hay Na,{PW,0,.})
12 Na,WO, + Na,8i0; + 22 HNO,; = Na,[8iW,,0,]+ 22 NaNO, + 11 H;O
(hay Na,MoQ,) (hay Na,[SiMo0,0,0]) '

Day 1 loai hop chét rat dac trung cha Mo(VI) va W(VI). D€ phan biét v6i nhimg hop
chét heteropoli nay, nhimg hop chét poli nhu polimolipdat va polivonframat vira xét trén day
dugc goi 1a hop chdt isopoli vi du nhu isopolimolipdat va isopolivonframat.

Ngudi ta da bist nhiéu hop chét heteropoli clia Mo vA W v6i céc ti s6 clia s6 nguyén
Mo hay W trén s6 nguyén t& cha nguyén 16 khdc, g0i 13 hetero nguyén iz , bang 12; 11, 9; 8,5;
6; 3... va s6 lugng nguyén t6 khic d6 1a vao khoang 40 (cd kim loai va khong-kim lbz_ai ). Tuy
nhién, dugc nghién ciu nhi€u nhét 13 hop chit heteropoli véi 12 nguyén tr Mo wén 1 nguyén ti
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B(I11), Ge(IV), P(V), As(V), Si(IV), vi du nhu: NH,;[PMo,,0,,].4H,0, H,[SiW,,0,,].3H,0 va
H.[BW,,0,,].30H,0.

Phuong phédp phén tich kién tric bang tia Ronghen cho biét nhitng hop chat heteropoli
v6i 12 nguyén tir Mo hay W nay cé kién triic giéng nhau va nhitng anion heteropoli nhu

[PMo,,0,,]*” va [SiW ,0,,]* ¢6 kién tric giéng véi nhitng anion isopoli Mo,,0%; va W,,0%; .

-
40

M&éi anion isopoli Mo,,O
hay W,,0% dugc tao nén boi 4
nhém moéi nhém gém ba bit dién
MoO, hay WO, (Hinh 33). Méi

nhém gém ba bét dién nay (0 day

goi gon la nhom ba) cé mot nguyén

tr O la dinh chung cho 3 bdt dién a b

va mobi mot bat dién ndi véi hai bat

dién khdc & trong nhém qua hai Hinh 33. Bat di¢n MoO, hay WO (a)
canh chung. Anion Mo 05 hay W,,0} (b)

B6n nhém ba dé néi v6i nhau qua nhitng nguyén tir O chung va sdp xép theo huéng
nhu thé ndo dé bon nguyén tir O chung clia cdc nhém ba 1a bén dinh ctia mot ti dién ndm &
trung tam cua anion (Hinh 34a). Trong anion isopoli, & tam cta tit dién d6 khong c6 nguyeén ti
con trong anion heteropoli & tam cua ti dién dé 1a hetero nguyén tir P hay Si.

Nhu véy, trong anion heteropoli, nguyén tir P hay Si nim & tam cta hinh lap phuong
ma trung diém ctia cic canh la nguyén tir Mo va W (Hinh 34b) va c6 4 nguyén tir O chung cho
3 bat dién cuing nhém (ki hiéu la a,), 12 nguyén t&r O chung cho 2 bét dién ciing nhém (ki hiéu
12 a,), 12 nguyén t O chung cho 2 bét dién khdc nhém (ki hiéu la a;) va 12 nguyeén tr O riéng
ctia mdi bt dién (ki hiéu la a,, Hinh 34c).

e Mo

Hinh 34. Kién triic ctia nhém 3 bat dién (a)
Kién triic ciia [PMo,,0 )" hay [SiW,,0,,]* (b)
Kién triic ciia bdt dién MoO, hay WO, (c)
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Khi két tinh ti¥ dung dich nudc, axit va muéi heteropoli ludn tudn & dang hidrat. Khi
tdc dung v6i kiém manh chiing bi phd hily thanh nhiing anion don gidng nhu hgp chat isopoli.

Vidu:

[PMo,,0,,]1" + 23 OH" 12Mo0O}” + HPO;” + 11 H,0
[Fe,W,0,1" + I8 OH"

12 WO, + Fe,0,xH,0 + (9-x}H,0

“Tuy nhién, khac v6i hgp chit isopoli, ching hoan toan bén trong dung dich axit manh.
biéu nay duge gidi thich 12 ban than axit heteropoli 1a axit manh, nhiing proton dua vao he s&
khong tuong tac véi axit dé vd khong phd hily duge nhing lién k&t Mo—0O—~Mo hay W-O-W
d3 1am cho nhitng anion don tring hop lai. B&i vay, ngudi ta 1udn tdng hop hgp chit heteropoli
trong moi trudng axit. Cde mudi heterapolimolipdat va heteropolivonframat cua cation 0 kich
thudc khong 16n k€ ca cation kim loai nang thudng tan trong nudc. Céc mubi cla cation 16n
hon thudmg khéng tan, vi du nhu nhimg mudi clia Cs*, Ba™, Pb*" va mot s6 mudi ciia NH', K*,

Tén goi chia anion heteropoli trong axit va musi bao gém s& phdi tlr, tén phoi ti va tén
clia nguyén it trung tm (& day 1a hetero nguyén 1), Vi du mudi (NH,),[PMo,,0,,] dugc goi la
amoni  dodecamolipdenophotphat,  mudi  Na,[SiW ;0] dugc goi la  natri
dodecavonframosilicat, axit H{BW,,0,,] dugc goi la axit dodecavonframoboric...

Axit vd muéi heteropoli ¢6 tdm quan trong dac biét vi day [a mot vi du v€ polime vo co
¢6 té chiic cao, trong mot phan tir ¢6 mot s6 nguyén t6 duge sap x&p c6 quy luat. Ngoai nhimg
cong dung trong héa hoc phan tich, hop chat heteropoli gan day cdn duge ding dé lam chét
xdc tde cho qua trinh dét chdy nhién lig¢u trong dong ¢o, chdt tic ché qua trinh &n mon...

Amoni dodecamolipdenophotphat hay thudng goi I amoni photphomolipdat 12 chat ket
tiia miw vang lan ddu tién duge Beczeliuyt (J.J. Berzéhius, 1779-1848) diéu ché cich day gan
200 nam theo phan dng: '

3NH} + PO} + 12Mo0O2™ + 24H* = (NH,)[PMo;;0,] + 12H;0
nhung kién tric chinh xdc cba hop chit dé chi méi x4c dinh vao nam 1939. Hod hoc phan tich
dung phan ting dé dé dinh lugng photpho va molipden. Tuy nhién, két tia ndy cé thanh phan
cé thé bién déi nén gan day dé dinh luong ion PO} chinh xdc hon, ngudi ta hoa tan két tha
amoni dodecamolipdenophotphat trong dung dich kiém va dinh lugng MoOi‘ trong két tha
bang cdch diing muéi Pb** d€ ket tha PbMoG,. '

Molipden va vonfram hexahalogenua

Molipden chi tao nén hexaflorua MoF, vonfram tao nén nhiéu hexahalogenua hon.
Molipden hexaflorua 1a chit long khong mau, hod ran & 17,5°C va soi & 35°C. Vonfram
hexaflorua (WE) 1a tinh thé mau xanh-tim nong chay & 275°C vA s0i & 346°C. Vonfram
hexabromua (WBr,) 12 tinh thé mau xanh-den, néng chiy & 309°C va phéan huy o 400°C. Tat
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cd cdc hexahalogenua clia Mo va W déu dé tan trong cdc dung méi hitu co. Pa s8 bi thuy phén
tao nén oxihalogenua.

Vidu:

MoF, + H,0 = MoOF, + 2HF
MoF, + 2H,0 MoO,F, + 4HF

V1 dé bi thily phan, MoF, 4n mon thily tinh khi ¢6 hoi 4m.

Cic hexaflorua c6 thé két hop véi florua kim lb:_ii ki€m tao nén nhimg mudi kép
MoF,.2NaF, WF,.2NaF.

Tat cd cdc hexahalogenua ctia Mo vd W ¢6 thé diéu ché bing tdc dung tryc ti€p clia
halogen véi bot kim lOdl
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CHUGONG VI

CAC NGUYEN TO NHOM VIIB

Nhém VIIB gém cic nguyén to: mangan (Mn), tecneti {Te) va reni (Re). Dudi day la
mdt s8 dic diém clia cic nguyén td d6 (Bang 14).

“Bang 14
Pac diém ciia nguyén t6 nhom VIIB
S§thirty |  CAuhinh | Nang lugng ion héa, | Bdn kinh Thé dién cuc
Nguyén |nguyén tit|  electron eV nguyén tif chudn,

t6 (E) nguyén tir I, I, I A \Y

Mn 25 (Ar3d%s® | 743 | 156303369 1,3 | -1,18 (Mn®/Mn)

Tc 43 [Kl‘]4d5552 728 | 15,26 29,5 1,36 +0,4 (Tc**/Tc)
| Re 75 [Xeldf'*sd*6s* | 7,79 | 13,1 | 26,0 1,37 +0,3 (Re*/Re)

Mangan, tecneti v reni ¢6 cfu hinh electron giéng nhau cua nguyén tr (n ~1)d’ns’
nén c6 tinh chdt gidng nhau. Tuy nhién Tc v Re gi6ng nhau nhiéu hon so v4i mangan vi
chiing ¢6 ban kinh nguyén tir gidng nhau. Vi s6 1on electron héa tri, nhing nguyén té nhém
VIIB tao nén hop chét c6 nhiéu s6 oxi héa khac nhau tix 0 dén +7. Céu hinh electron bén d® thé
hién & nang lugng ion héa thit ba twong déi cao hon téng ning lugng ion héa thit nhat va thi
hai. Tuy nhién viéc mét 2 electron ns cila nguyén tir bi€n thanh cation kim leai chi dic trung &
Mn, cdn Tc va Re ¢6 khuynh huéng tao nén hop chét vdi s6 oxi héa cao hon, nh4t 14 vdi s6 oxi
hoéa +7. Nhitng 6 oxi hoa phé bién ciia Mn 12 +2, +4 va +7, clia Tc Ia +4 va +7 va clia Re la
+3, +4, +5 va +7. O trang théi oxi héa + 7, nhimg nguyeén t6 nay ¢6 nhiing nét tuong tu clo.

So d6 chia thé oxi héa - khit cho thdy khic véi Tc va Re, hop chédt ciia Mn(VII) 12 chat
oxi héa rét manh: thé oxi héa - khir clia qué trinh chuyén trang thai oxi héa +7 vé +4 cha Mn,
Tc va Re 1a +1,7; +0,7 vi + 0,51V tuong ftng. Sy tang do bén clia trang thdi oxi héa cao tr
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nguyén 16 nhe dén nguyén t3 ning trong nhém VIIB cling nhu trong cdc nhém IVB, VB va
VIB da xét 0 cdc chuong trude déu cé chung mét nguyén nhén a su tang dd bén cia lién két
cong hod tri 1am ting do bén cla anion chia nguyén td c¢é s6 oxi héa cao, vi du nhu anion
TcQ; bén hon anion MnO,”, anion WO;™ bén hon anion CrO; ...

+1,51

MnO; #0564 MnO 226 MnO, #0895 Mn** +15L Mn® -LI&  Mn
+1.70 ( +1,23 ' l

+0,60

L:o; 0,70 Tc0, — F0:60 Te +0.40 lﬁ:
* +0,50 |
+0.362

IlieO; +0.40 ReO, +0,60 ReO, +0.20 Re’t__ +0,30 lRoc

| +0.510 | | +0.251 ‘

So d6 the oxi hda - khit cling cho thdy trong méi trudng nude chi mangan Kim loai dé
chuyén thanh ion Mn* trong khi trang thdi kim loai 1 bén d6i véi Tc va Re. Diéu nay duoc
giai thich la cdc kim loai Tc va Re c¢6 nhiét thing hoa (nhiét nguyén tit hod) cao hon Mn rét
nhiéu (bang 14) mac dii téng ning lugng ion héa thi nhat va thit hai ctia chiing khong khéc
nhau méy.

CAC PON CHAT
Tinh chdt lf hoc

Mangan, tecneti va reni 13 nhimg kim loai mau tring bac. Dang bé ngoai clia mangan
giéng v4i sit, cla tecneti giéng véi platin nhung mangan cing va khé néng chdy hon sit.
Mangan cé mot s& dang thil hinh khdc nhau vé mang ludi tinh thé va ti khéi bén nhit & nhiét
dé thudmg 13 dang o v&i mang ludi Jap phuong tam khéi. Tecneti 12 nguyén 15 phéng xa, ddng
vi % Tc phan hity B véi chu ki bdn ra [a 2.10° tao nén déng vi. bén 3, Ru. Dudi day 1a nhimg

hing sd vat If quan trong ctia mangan, tecneti va reni  (Bang 15).
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Bang 15
Hing so vat Ii quan trong cua cac kim loai Mn, Tc va Re
Kim | Ndnc., | Nds, | Nhiétthang | Ti Docing  |Do din dién
loai (E) °C °C hoa, kJ/mol | khéi | (thang Moxo) (Hg=1)
Mn 1244 2080 280 7,44 5+6 5
Tc 2140 4900 649 11,49 - -
Re 3180 5900 71 21,04 7.4 4,5

Mangan, tecneti va reni 13 kim loai rdt khé néng chay va khé soi. Su tang nhiét do
néng chay, nhiét do s6i, nhi¢t thang hoa va d¢ clng trong nhém Mn—-Tc-Re duge giai thich
bang su tang phdn cong héa tri trong lién k&t kim loai. V& nhiét d6 néng chay, reni chi thua
vonfram [ kim loai khé ndéng chay nhat.

Mangan tinh khi€t d& cin va d& r@n nhung khi chia tap chét tr& nén cing va gion.
Mangan v reni tao nén hop kim vdi nhiéu kim loai.

Thép mangan chita 1 - 2% Mn déo dai va chiu mai mon duge diing 1am dudng ray, tru
moto, banh rang. Thép mangan chita 10 - 15% Mn diing dé 1am nhimg chi ti€t rdt cing, chiu
mai mon va chiu va dap nhu biia va méd clia mdy dap da, bi clia may nghién quang, ghi dudng
sét, gau cla tau nao vét séng va mil st. Thép khong ri loai khong ¢ Ni chita 14% Cr va 15%
Mn chiu duge axit nitric va nhimg khi chira lvu huynh. Manganin 1a hop kim clia déng chita
12% Mn va 3% Ni ¢6 dién trdy 1dn va it bién d6i theo nhiét 36 né&n duogc dung dé& lam cudn dién
tré& trong céc dung cu do dién. Gang kinh chita 5 - 20% Mn.

Céc hop kim clia Re véi Pt, Pd, Rh, Ir, Mo, Ta, Cr, W... ¢6 nhiing dic tinh nhu ciing,
chiu nhiét, chiu mai mon va chiu axit nén 1a vat liéu quy cho céc nganh hang khong, dién tr va
dién ki thuat.

Ban than kim loai Re ctmg va chiu mai mdn nén duge ding lam la ban, can chinh xic,
nhing chi tiét quan trong cia mdy bay siéu 4m va tén itra. Do khé bay hoi va din dign t6t, kim
loai reni duge dung lam dién cuc trong 6ng phat tia Ronghen va dén vo tuyén, lam sgi téc béng
den. Tecneti kim loai bén vdi notron duge ding lam vat liéu kién tric 10 phan ting nguyén ti.

Mangan c6 lugng bé trong sinh vat va la nguyén t§ quan trong d6i v4i su song. bat
thi€u mangan Iam cho thyc vat thi€u mangan. Diéu nay ¢é anh hudng xdu dén sy phat trién
xuong cua dong vat. lon mangan la chét hoat héa mét s6 enzim xtc ti€n mot $6 qud trinh tao
thanh chat clorophin (chdt diép luc), tao mdu va san xudt nhiing khéng thé nang cao stc dé
khéng clia co thé. Mangan can cho qué trinh déng héa nitg clia thure vat va qué trinh t6ng hop
protein. Nhu cdu mangan cta ngudi I6n Ia khodng 8mg méi ngay. Thuc phdm chia nhi€u
mangan Ja ¢l cii dd, ca chua, dau twong, khoai ty. Mangan lam giam luogng dudng trong médu
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nén tranh duoc bénh tiéu dudng. Sy ti€p xic nhiéu nam véi bui quang'pirolusit lam suy nhugc
hé than kinh, gan va tuy€n gidp trang.

Tinh chdt hoa hoc

Hoat tinh héa hoc gidm xudng tir Mn d&n Re. Mangan la kim loai tuong ddi hoat dong
cdn teeneti va reni 13 kim loai kém hoat dong.

Mangan d& bi oxi khong khi oxi hoa nhung ming oxit Mn,O; dugc tao nén fai bao vé
cho kim loai khéng bi oxi héa ti€p tuc ké cd khi dun ndng, céc kim loai tecneti va reni bén
trong khong khi. O dang bot va nhét 1a khi dun néng, mangan, tecneti va reni tic dung véi oxi,
Mn tao nén Mn;O, cdn Tc vi Re tao nén Tc,0, va Re,0,. v6i flo va clo, Mn tao nén MnF;,
MnF,, MnCl,, Re tao nén ReF;, ReF, ReCl,; ching tdc dung véi luu huynh, nite, photpho,
cacbon va silic. Trong d6, tuong tac ciia Tc va Re xay ra & nhiét do cao hon so v61 Mn. Nh tac
dung d& dang véi cic nguyén 10 khong—kim loai & nhiét d¢ cao nén mangan cdn ¢é vai trd cla
chat loai oxi trong luyén kim. |

Tuy ¢6 téng ning lugng ion héa thi nhat va thit hai tuong duong v6i magie, mangan 2
kim loai kém hoat dong hon magie (E° = —2,36V) vi ¢6 nhiét thang hoa rat 16n hon magie
(AH,, = 150kJ/mot). Trong day di¢n héa, Mn diing trude hidro con Te va Re dimg sau. Ca ba

kim loai khong tdc dung vdi nuéce k& ca khi dun néng. O dang bot nhd, mangan tac dung vdi
nudc giai phdng hidro:

Mn + 2H,0 = Mn(OH), + H,

Phan ng nay xay ra manh ligt khi trong nude c6 mudi amoni vi Mn(OH), tan trong

dung dich mudi amoni giéng nhu Mg(COH),:
Mn(OH), + 2NH; = Mn* + 2NH, + 2H,0Q

Tecneti bén véi nudc bién nén 1a vat lieu 1f twong dé 1am vo tau bién nhung ti€c thay
gid clia kim loai d6 hién rilt dat.

Mangan tic dung manh véi dung dich lodng clia céc axit nhu HC, H,SO, giai phong
hidro con tecneti va reni chi tic dung véi axit nitric vi axit sunfuric déc.

Vi du:

3Tc + 7THNO, 3HTcO, + 7NO + 2H,0

(axit petecnetic)

3Re + 7THNO, = 3HReO, + _TNO + 2H,0
(axit perenic)

trong khi mangan bi axit nitric khong dac va ngudi thy dong héa gidng nhu.crom va tan trong
axit d6 khi dun néng theo phan ng:
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3Mn + S8HNO, = 3Mn(NOj), + 2NO + 4H,0

Khéc_véi mangan vi tecneti, kim loai reni tan trong hidro peoxit tao thanh axit perenic:
2Re + 7H,0, = 2HReQ, + 6H,0

Trang thdi thién nhién va phuong phép diéu ché

Trong thién nhién mangan la nguyén t6 tuong dGi phd bién, dimg hang thit ba trong céc
kim loai chuyén tiép sau Fe vi Ti, tecneti c6 lugng khong déng ké con reni la nguyén t& hiém
v rét phan tén. Trit luong cha Mn trong vo Trai Dit 1a 0,032%, clia Re 1a 8,5.107°% tdng s&
nguyén tu.

Khodng vat chinh clia mangan la hausmanit (Mn,0,) chita khodng 72% Mn, pirolusit
(MnO,) chta khoang 63% Mn, braunit (Mn,Q;) vA manganit (MnOOH). Reni khéng c6
khodng vat riéng ma & lan dudi dang tap chdt véi cdc khodng vat sunfua kim loai, nhat 1a
molipdenit va colombit. Nhimng nude ¢6 nhiéu mo quéng mangan 12 Nga, Nam Phi, An b,
Gabon, Brazin va Australia. Nudc ta cé mo pirolusit 14n braunit & Toc Tac va Ban Khuon (Cao
Bing) va mé pirolusit lan hematit & Yén Cu va Thanh Tiit (Nghé An).

Tir thivi cd dai xua, pirolusit d& dugc dung d& 1am mét mau luc cua thay tinh gay nén
bai tap chat sat(Il). Thoi bay gio, ngudi ta coi nhitng Khoang vat manhetit (magnetite), pirit va
pirolusit ta mot va goi 1a magnesia. Pay 1a tén clia mot thanh phd c6 ving Tiéu A c6 md
manhetit (Fe,0,). Mii dén nam 1774 nha héa hoc Thuy Dién Silo méi ching minh duge
pirolusit 1a hop chét cia mdt nguyén 18 chua bigt vi trong ciing nam dé nha héa hoc khéc
ngudi Thuy Pién 13 Gan di diéu ch& duge kim loai mangan tir quing pirolusit. Tén goi
mangan (tén La Tinh manganesivm) xudt phat tir tiéng Hy Lap mangane 12 nham lan.

Gan 95% Mn duoc san xudl |a diing d€ ch¢ thép trong nganh luyén kim. Mangan ¢d
kha nang loai oxi, loai luu huynh trong thép va gang va ¢6 kha nang tao hgp kim véi sat thanh
thép dac biet nén truyén cho thép nhitng phdm chat 6t nhu kho ri, cing va chiu mai mon.
Ngudi ta ding hgp kim feromangan chita 70 - 80% Mn dé dua mangan vao thép. Hop kim d6
dugc san xuat trong cong nghi¢p bing céch, diing than cdc khir mangan va sit & nhiét do cao:

MnO, + Fe,0, + 5C = Mn + 2Fe + 5CO

Mangan kim loai dugc shn xuit theo phuong phép nhiét nhom: ding bot Al khir oxit
Mn,0, di dugc tao nén khi nung pirolusit & 900°C:

3IMnO, = MnO, + 0,
3Mn,0, + 8Al 9Mn + 4Al,0,

3 day, ngudi ta khong khir true ti€p pirolusit vi phan ing clia né véi nhém xay ra qua
manh. San phdm kim loai thu dugc chita 94 - 96% Mn va 6 - 4% tap chat Fe, Si va Al

Mangan tinh khiét duoc didu ché bing cach dién phan dung dich MnSO,. Mangan tinh
khigt ding dé ch& nhing hop Kkim d(‘)i‘ hoi thanh phédn chinh xéc nhu manganin, nicrom,
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duyara.

Nam 1925 cdc nha khoa hoc ngudi Pic 12 hai 6ng ba Nodac (Noddack) va ong Tacke
da phat hién dugc nguyén t6 reni nhd quang phd tia Ronghen, dén nam 1928 Nodac va Bec
(Berg) tach ra dugc lg reni kim loai khi ch€ hod 600 kg tinh quing molipdenit va dén nAm
1930 dd dé ra phuong phép diéu ché kim loai reni & trong cong nghiép. Nodac dat tén cho
nguyén 16 d6 1a reni (rhenium) dé ghi nhd séng Ranh (Rhein) & 44t nude cla ong.

Nam 1937 hai nha vat li ngudi Y 12 Perié va Segre (Perrier va Segré) da t6ng hop duge
tecneti khi bén trong thdi gian vai thdng nhing hat notron vao molipden kim loai & trong may
gia tdc:

98 2 _ 9 I
2Mo + 1D = sMo + 4n

Pay lé‘nguyen t§ dugc téng hop nhan tao ddu tién nén dugc goi 1 tecneti, li€ng
Hi Lap technetos nghia 12 nhan tao. ‘ '

Tuy nhién, dé c6 lugng 16n hon, ngudi ta tach tecneti tir chdt théi cla 16 phan ing
nguyén tlt. Tecneti 1a mot nguyén t6 méanh trong nhimng san phdm phan chia hat nhan cla uran.
Qué trinh téch rat phiic tap vi chét thai cé d6 phong xa 16n va ham lugng Tc hét sitc bé. Trong
Im® dung dich thdi gém khodng 150 dong vi phéng xa cha cic nguyén 16 manh chi cé mot it
miligam déng vi bén °;Tc. Dé nang cao ham lugng tecneti, ngudi ta cho dung dich thai di qua
cot dung nhya anionit, tecneti & dang anion TcO; duge nhira gir lai con dai da s6 kim loai
manh (nhi *’Cs, ®Sr, “Ce v.v...) di theo dung dich thai. Rita nhya anionit bing axit nitric,
chiét axit HTcO, duoc tao nén bing dung moi hitu co, két tia tecneti dudi dang Tc,S;, hoda tan
két tha nay va két tha tecneti duéi dang NH,TcO,.

Khir NH,TcO, bing khi hidro & nhiét do cao s& duge bt tecneti kim loai:

| - 600°C
ONH,TcO, + 7H, = 2Tc + 8H,0 + 2NH,

Phuong phap nay ciing cho phép diéu ché reni kim loai rdt tinh khiét dung lam chét xic
tac trong héa hoc hitu co:

1000°C
2NH,RReO, + 7H, = 2Re + 8H,0 + 2NH,

Amoni perenat (NH,ReO,) dugc diéu ché tir san phdm thu héi cia 10 d6t molipdenit.
Tinh quing molipdenit thudng chita khodng 0,02 - 0,04% Re & dudi dang ReS,. Khi dot
molipdenit, hop chat 46 mot phan bién thanh Re,0; bay hoi va phén khdc bi kéo theo khi thoat
ra cGa 1o d6t. Bui v bin thu dugce khi cho khi 15 di qua thép loc dién va thép loc udt s 1a tinh
quang cua reni. Che€ héa tinh quang dé bing NaOH khi c6 mat chét oxi héa nhu O,, Cl, thu
duoc natri perenat (NaReQ,). Hoa tan NaReO,vao nudc, axit hoa dung dich, chiét axit perenic
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bing dung moi hitu cg va sau cling tdi chi€t axit perenic trong dung moi hiru co bing dung dich
NH, s& dugc NH ReO,.

Bot cia kim loai Tc va Re duge ép va thiéu két (theo phuong phdp luyén kim bot) thanh
thoi va tir thoi cn thanh 14. Vi du nhu bot Re kim loai duge ép dudi dp sudt & 1200°C trong khi
quyén hidro.

HOP CHAT Mn(0), Tc(0) VA Re(0)

Nhimg cacbonyl ciia Mn, Tc va Re c6 cong thifc phan tlr chung 13 E,(CO),, (¢ day E =
Mn, Tc va Re). Phan tir c6 tinh nghich tir va nguyeén tir ¢6 s6 oxi hoa bang khong nén hgp chat

13 cacbonyl hai nhan trong dé ¢6 lién két kim loai—kim loai:

(l:o/co (I:b/co

CO— E E —cCO
AN
co €O Cco CO

PE cu thé hon, ching ta xét cdu tao cia phan tir dimangan decacacbonyl Mny(CO),.
Phan tir c6 dang hai hinh bét dién n6i v6i nhau qua mot dinh chung, nguyén tir Mn nam & tam
cia hinh bét dién, phan t& CO ndm tai cdc dinh con lai. Trong phan tir, m&i nguyén tr Mn ¢6
c4u hinh electron 3d”:

tao lién két Mn-Mn

| , 3d 4s 4p
Mn(0),3d" [RIR]R1T 11 N
tao lién két
Mn — CO

CO CO COCOCO
lienkét Mn o CO

Nam obitan trong 3d, 4s v2 4p & méi nguyén ti Mn nhén cip electron ciia ndm phin tIr
CO tao thanh lién két o-cho nhan, ba cip electron 3d tao lién k&t n-cho véi nhimg MOx” tréng
ciia phan tir CO cdn mot electron doc than 3d ghép doi véi electron d6c than 3d cha nguyén t
Mn khéc tao lién két ¢ kim loai—kim logi. Nhu vay do c6 s6 18 electron Mn, Tc va Re ¢6 thé
tao nén hop chdt cacbonyl & dang dime [E(CO)s),. O day ta thdy quy téc khi hi€m ciing duge
tuan theo, vi dy nhu méi nguyén tir Mn trong dime cacbonyl déu c¢6 cfu hinh electron cla
nguyén tir Kr (t8ng electron : 25+ 1 + (2 x 5) = 36).

3 diéu klén thudng, cdc dime cacbonyl cia Mn, Tc va Re 1a chét § dang tinh thé khong
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mau trir Mn,(CO),, 6 mau vang chéi. T4t ca déu dé thang hoa, khong tan trong nudc nhung
tan trong dung méi hitu co. Mny{CO),, néng chiy & 155°C trong binh kin va phan hity &
110°C, Tc,(COY,, va Rey(CO),, néng chay & 160°C va 177°C trong binh kin. O nhiét dé cao,
ching phan hiy thanh kim loai va khi CO. '

Cdc dime cacbonyl nay khéng tic dung véi nudc va dung dich axit lodng nhung tic
dung v&i dung dich kiém hay dung dich cua kim loai kiém trong dung méi hitu co tao thanh
muéi chira anion cacbonylat vi tac dung véi halogen:

Vidu:

.[Mon(CO)s l, + 2Na 2Na[l\;lll'l(co)5 ]

(Mn(CO),1, + Br, 2{Mn(CO), |Br

Trong phan ing trén, dime cacbonyl bi khif con trong phan tng duéi, dime cacbonyl bj
oxi héa.

Dimangan decacacbonyl dugc diéu ché€ & nhiét d¢ thudmg khi cho khi CO & 4p suit
20atm tdc dung v6i hén hgp cia Mnl, vd bot Mg trong ete. Con difecneti va direni
decacacbonyl dugce di€u ché bang tdc dung ctta khi CO véi Te,0, va Re,0, (tuong ting) &
230°C va ap sudit 200 atm.

Vi du:
Re,0; + 17C0 = Rey(CO),, + 7CO,

HOP CHAT CUA MANGAN(D)
Mangan(Il) oxit

Mungan(Il) oxit (MnO) la chat bot mau xdm-luc, ¢6 mang ludi tinh thé kiéu NaCl, ¢é
thanh phdn bién déi tir MnO dén MnO, . va néng chdy & 1780°C.

N6 khong tan trong nudéc nhung tan dé trong dung dich axit tao thanh mudi
mangan(Il). ' |

Khi dun néng trong khéong khi ¢ khoang 200 - 300°C, monooxit bién thanh dioxit:
2MnQ + O, = 2Mn0O,

Mangan(Il) oxit thudng duge diing 1am chit xiic tdc trong t6ng hop hitu co. Né duge
diéu ch€ khi nhiét phan mudi mangan(Il) cacbonat hay oxalat trong khi quyén hidro:

200-300°C
MnCO, = MnO + CO,



MnC,0, = MnO + CO, + CO
hodc khir cic oxit cao cila mangan bang khi H, hay CO & nhigt d6 cao.
Vidu:
800-900°C
Mn,O, + H, = 3MnO + H,0
Mangan(II) hidroxit

Mangan(il) hidroxit (Mn(OH),) 12 két tha tring c6 thanh phan hop thifc v kién tric
tinh thé gidng Mg(OH),. N6 khong tan trong nudc nhung tan khi ¢6 mat mudi amoni.

Né c6é tinh bazg y&u va tan d& dang trong dung dich axit tao thanh mudi mangan(Il).
Thé hién tinh ludng tinh rat y&u, két tia Mn(OH), chi tan it trong dung dich kiém rét dac, vidu
theo phan ng:

Mn(OH), + KOH = K[Mn(OH}),]

Phitc chét hidroxo nay khong bén va phan hiiy ngay trong dung dich kiém déc. Bai viy,
ngudi ta ¢6 thé coi nhu Mn(OH), khong phai 12 ludng tinh.

&3 nhiét do thudng, mau tring cia ket tia dé chuyén thanh mau nau vi dé bl oxi khong
khi oxi héa thanh MnOOH (hay Mn,0,.H,0) ré1 H,MnO; (hay MnO,.H,0).

Vidu: _

4Mn(OH), + O, = 4MnOOH + 2H,0
Mangan(]1) hidroxit ciing d& dang bi oxi héa bai Cl,, H,0, va cic chit oxi hda khac.
Vidu:

Mn(OH), + 2KOH + Cl, = MnO, + 2KC! + 2H,0
Mn(OH), + H,0, = H,MnO, + H,0

Trong phong thi nghiém, Mn(OH), duge diéu ché khi cho dung dich mudi mangan(Il)
tac dung v6i kiém trong khi quyén hidro:

Mn** + 20H” = Mn(OH),
& day ngudi ta khang dung dung dich NH; vi nd khong cho két tila hoan toan.
Mu6i mangan(1l)

Mangan(II) tao mudi vi tdt cd nhimg anion da biét. Da s¢ muéi dé tan trong nudc, trir
MnS, Mn,(PO,), vd MnCO,; hoi it tan. Nhidu mudi két tinh & dang hidrat vi du nhu
MnCl,.xH,O (trong d6 x =7, 5, 4, 2, 1), Mn(NO,),.xH,O (trong d6 x = 6,4, 3,2, 1). Khi dun

“ néng, tinh thé hidrat MnSO,.xH,0 ¢ thé mét nude ddn va cudi ciing bién thanh mudi khan:
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MnSO, TH,0 —2£— Mn$O,.5H,0 _2°C_y MnSO,4H,0 —25—>
_y MnS0,2H,0 —2%£ 5 MnSO, H,0 _10-20°C 5 MnSO,

trong khi tinh th€ hidrat MnCl,.xH,Q mét nuéc din va cudi cbng tao thanh mudi bazo vi bi
phéan hiy: '

MnCl, + H,0 = Mn(OH)}l + HC
bdi vy muén duge MnCl, khan cdn phai dun néng hidrat trong khi ‘quyén HCL.

Mudi mangan(ll) bi thiy phan yéu giéng nhu mudi magie(Il). Si,I gidng nhau nay clia
mudi ciing nhu sy giéng nhau cta hidroxit duoc gidi thich 12 ion Mn®" ¢6 bian kinh (0,84) gin
vé6i ion Mg (0,783)

.

Mudi mangan(JI) thudng ¢ mau hong nhat, khi tan trong nudc cho dung dich gin nhu

khong mau chifa ion bt dién [Mn(H,0),)*". Ton nay ciing c6 trong mot s6 tinh thé hidrat nhu

MnCl,.6H,0, MnSO,.7TH,0, Mn{NO,),.6H,0 va Mn(ClO,),.6H,0. Phé hip thu cla ion
: [Mn(Hzo)ﬁ]z* dugc trinh bay trén hinh 35.

Budc s6ng . A
§000 5000 4000 3000
1 1 - 3

k<]

E 0031

-

£

8 0,02

'C .

ho=]

w

w 0,01

I

il

I i
20 000 25000 - 30000
Tén s6. e’

Hinh 35. Phd hdp thu electron cita ion [Mn(H,0 JJ** O trong vang trong thdy

Cudng do hdp thu bé clia cdc dai hip thu gay ra mau y&u clia ion [Mn(H,0)*" Diéu
ndy c6 lién quan voi do bén cao ciia c&u hinh electron 3d° v véi sy ngan c&im chuyén electron
(vé spin va vé tinh d3i ximg trong trudng bét dién). '

Nhitng mudi mangan(Il) thong dung trong phong thi nghi¢ém va trong thuc € la
MnCl,.4H,0, MnSO,.5H,0 va Mn(NQ,),.6H,0. ' '

Ton Mn?* ¢6 khd nang tao nén nhiéu phic chét nhung héing s6 bén ctia nhiing phic chit
d6 khéng ién hon so véi hing s6 bén ctia phiic chat céc kim loai héa tri hai khéc (Fe, Co, Ni,
Cu) vi réing ion Mn® c6 ban kinh i6n nhit trong cdc kim loai héa tri hai va ning lugng lam bén
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n®

bdi trudng tinh thé clia céc phite chat clia Mn®* déu bing s6 khong.
V1 du nhiimg phit¢ chit duge tac nén theo cac phan img sau day:

MnE, + 4KF = K,[MnF]
MnCl, + 2KClI = K,[MnCL]

déu phan hiy trong dung dich loing.
So d6 thé oxi héa - khix:

3+ +1,51 2= -1,18 . . .
Mn Mn Mn (méi trudng axit)

MnO: +1.51

cho thdy irong moi truong axit, trang thai oxi héa +2 12 bén nhat clia mangan. Mudi mangan
chi bi oxi héa bdi nhitng chdt oxi héa manh. Trong méi truedng axit, ion Mn?* bi nhimg chit
oxi héa manh nhu PbO,, NaBiQ,, (NH,),5,0; oxi héa thanh ion MnO; mau tim. Nhiing phan
ing dé da dugc trinh bay trude day (xem Tap hai).

Khi nung v6i hén hgp cla chat kidm va chit oxi héa (nhu KNO,, KCIO;), mubi
mangan(II) bién thanh mudi manganat ¢6 mau luc.

Vi du:

MnSO, + 2K,CO; +2KNO, = K,MnO, + 2KNO, + K,30, + 2C0,
(kali manganat)

Cac muSi mangan(l) & dang tinh thé hidrat duge diéu ch€ bing tic dung cla
mangan(IT) oxit hay hidroxit véi axit. Cic mu6i khan thudmg duge diéu ch€ béng phuong phép
kho hoic trong nhiing dung méi kKhong phai nuée, vi du nhu Mn(NO,), khan dugc diéu ch&
bang tdc dung ctia dimangan decacacbonyl véi N,O, long:

Mn,(CO),o + 4N,0, = 2Mn(NOy), + 4NO + 10CO

muéi nitrat khan dé khong tan trong N;O, 16ng nén d& dang ket tda.

HOP CHAT CUA MANGAN(ID)
So d6 the oxi hda - khi:

. 70,564

»
MnO; 0.1

M0 %8 Mn02 201 Muory 22 Mn(OH), 222 Mn

+0,588 B (m6i trudng kiém)

cho thay trong moi truong kiém trang thai oxi héa +3 12 bén nhit cia mangan.
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Mangan(Ill) oxit

Mangan(Il{) oxit {Mn,0,) 13 chat bot mau den-khong tan trong nude. Khi dun néng
trong khong khi & 950 - 1100°C né bién thanh Mn,0, va khi dun néng trong khi hidro g 300°C
bién thanh MnO.

Tinh thé mangan(IIl) oxit c6 kién tric khong phai 1ap phuong, mdi nguyén tir Mn
duoc bao quanh bai bén nguyén tir O véi do dai Mn-0 [a 1,964 va hai nguyén tir G véi do dai
Mn-O 12 2,05 + 2,25A. Trang thai héa tri ctia Mn trong oxit tng diing vdi s6 oxi héa +3 cha
né va oxit ¢6 cong thitc don gian 1a Mn,0,. Piéu nay khdc véi quan niém khong ding trude

+2 +i
day coi oxit d6 1a oxit hén hop MnO.MnO, (hay con goi la mudi mangan(ll) manganit

#2 +4

MnMnO, ). Gia thi€t 46 da duoc dua vao tdc dung clia oxit v6i dung dich axit lodng (H 230,
HNO;):

Mn,0, + H,S0, = MnO, + MnSO, + H,0
Mn,0, + 2HNO, = MnQ, + Mn(NQO,), + H,0

Nhung khi tic dung véi dung dich axit diac (H,S0,, H,PO,} oxit dé tao nén mudi
mangan(I1I}.

Vi du:
Mn,O, + 3H,80, = Mny(SO,), + 3H,0

Oxit Mn,O, tao nén phic chdt clia mangan(Ill) khi tan trong axit flohidric, axit
xianhidric. N6 ciing két hop véi oxit MO cta kim loai héa tri hai (Ni, Co, Zn, Cd) tao nén
oxit hén hop MO.Mn,0O, kiéu spinen. Nhu vay Mn,O, géin gidng véi Al,G, va Fe,0,.

Mangan(I1I) oxit tén tai trong thién nhién dudi dang khodng vat braunit. Oxit dé diéu
ché duoge khi nung MnGQ, trong khong khi ¢ 550 - 900°C.

Mangan(II) hidroxit

Mangan(III) hidroxit (Mn(OH);). Tuong tu nhu nhiing truémg hop cia Al(OH), va
C1(OH)1 da xét truéc day, khi duge két tha tir dung dich ntrée, mangan(III) hidroxit khéng c6
thanh phan Ung ding cong thic Mn(OH), ma Ia hidrat Mn,O;. xH, 0. 3 100°C hidrat nay mét

bét nude bi€n thanh monohidrat Mn,0,.H,0 thuong duge biéu dién bing cong thitc MnOOH.
Dang metahidroxit ndy t6n tai trong thién nhién duéi dang khodng vt manganit.

Monohidroxit MnOOH la chit & dang tinh thé mau nau gin nhu den, khong tan trong
nudc. O 365 - 400°C né mit nuée bign thanh Mn,O;. Khi tdc dung véi dung dich axit loding né
thudng tao nén MnO, vi mudi mangan(ll). V4i mot s6 axit hifu co nhur axit oxalic, axit xitric,
axit salixilic, né tao nén hgp chit bén ctia mangan(III). '

Trong phong thi nghiém, mangan{III) hidroxit dugc di€u ch€ khi cho chat oxi héa nhu
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Cl, hay KMnO, tdc dyng véi huyén phu MnCQ, & trong nurdc:

 3MnCO, +Cl, + H,0 = 2MnOOH + MnCl, + 3CO,
8MnCO, +2KMnO, + 6H,0 10MnOOH + 2KOH + 8CO,

It

Trimangan tetraoxit

Trimangan tetraoxit (Mn,O,) la chit & dang tinh thé néng chay & 1590°C, ¢ thé cd céc
mau ving, d6 hodc den tiy thudc phuong phap diéu ché. Tinh thé c6 kién tric kiéu spinen léch,
trong d6 ion Mn** chi€ém 18 tréng 1 dign, con ton Mn* chiém 16 trng bat dién & gifta cdc ion
O sip x&p sit sao kiéu lap phuong. Nhu vay né 13 oxit hén hop clia mangan(I) va mangan(IlI)

2+ +3 . | =
MnQ.Mn,O, . Diéu nay khic v§i quan niém trude day coi né 1a oxit hon hop chia mangan{Il} -

+2 +4

vi mangan(IV) 2MnO.MnO, . Trén thyc t& trong oxit d6 khong c6 mangan(I1V). Gia thiet

khong diing dé cling xudt pht tir tic dung cla nd véi dung dich axit tao nén MnO, va mudi
mangan(II).

Oxit Mn,O, tén tai tu do trong thién nhién dudi dang khodng vat hausmanit. Oxit d6
duoc diéu ché khi nung MnO, hay Mn,O, & 500°C hoac dung khi H, khif cdc oxit d6 & khoang
200°C.

Vidu:
200°C '
3MnO, + 2H, = Mn0, + 2H,0
O nhiét d6 cao hon, cdc oxit cia mangan bi khir thanh kim loai.
Muéi mangan(I1I)

So dé the oxi héakhir cho thay cation Mn** khong bén, trong dung dich d& bi phan hity
theo phén ing:

2Mn™ + 2H,0 —  MnO, + Mn® + 4H*
Tuy nhién, cation Mn* dugc [am bén hon & trong nhiing phitc chat.
Nhimg mudi mangan(III) don gian va tuong déi thong dung [a:
- Mangan(IiI) florua (MnF,} 12 chét dang tinh thé don ta mau dd, phan hiy & trén 600°C
thanh MnF, va F, va d& dang thiiy phén theo phén tng:
2MnF, + 2H,0 = MnO, + MnF, + 4HF

Trong dung dich c6 du HF, nd két tinh & dang tinh thé hidrat mau do thim

MnE,2H,0. Né dé& tao nén véi florua kim loai kiém nhitng phic chit mau do thim nhu
K[MnF,], K,[MnF.].

T
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Mangan(IIl) florua duge diéu ché bing tdc dung clia khi F, véi mangan kim leai hodc.

v61 mangan{II) halogenua.
- Vidu:
2Mnl, + 3F, = 2MnF, + 2I,

Hién nay ngudi ta chua bi€t duge cdc mudi clorua, bromua va iodua clia Mn(III) nhung
tdch dugc nhiing tinh thé mau d6 thAm cla phic chit Na,[MnCl,], K,[MnCl,] va khong téng
hop duge phitc chét twong ty cha Br™ va [7cé 1€ vi Br™ va [~ ¢é thé khir ion Mn™. '

Mangan(Il) sunfat (Mn,(SO,),) 1a chét dang tinh thé mau lyc, hit £&m manh va bi thiy
phan. Né phan huy & 300°C:

2Mn,(SO,), = 4MnSO, + 250, + O,
N6 duge diéu ch& khi dun néng MnQ, trong axit sunfuric dic & 138°C:
4MnO, + 6H,80, = 2Mn,(SO,), + 6H,0 + O,

Mangan(ill} axetat (Mn(CH,COO),) |2 chdt dang tinh thé mau nau, hiit &m manh va bj
thity phan. Hidrat Mn(CH,C0O0),.2H,0 {2 tinh thé ciing c6 mau nau, d& diéu ché va tuong d6i
bén nén dugc nghién citu ki nhét va thuong ding lam chat ddu dé diéu ché cdc hop chit clia
~ mangan(IID).

Mn(CH,C00),.2H,0 ducc diéu ch€ khi ding Cl, hay KMnO, oxi héa Mn(CH,CO0),
trong axit axetic bang va néng.

Nhifng phitc chdt thuong gdp cia mangan(il):

M,[Mn(CN),] (trong d6 M = Na*, K*, NH,") 1A chit dang tinh thé mau dé thim,
K;{Mn(C,0,),].3H,0 12 tinh thé miu db - tim; mangan(IIl) axetylaxetonat [Mn(C,H,0,),] [a
tinh thé mau den nhénh, khéng tan trong nuéc, tan trong dung méi hiru co va diéu ché d& dang
khi cho huyén phiit MnOOH trong nuéc hay cho Mn(CH,COO), tic dung vdi axetylaxeton, vi
phic chit véi axit etylendiamin-tetraaxetic [Mn(EDTA)] bén véi nude, cé thé dé lau trong
dung dich ciing nhu trong tinh thé hidrat K[Mn(EDTA)].3H,0. Ta thdy r& tinh bén nay khi
so sanh thé oxi héa-khir:

E° _ = 0,83V &4 E°

[Mn{EDTA}}” /[Mn(EDTA)}*"

=1,51V

Mhn 3+ IMn 24
HOP CHAT CUA MANGAN(V)

* Mangan dioxit

Mangan dioxir (MnG,) Ia chdt bot mau den ¢6 thanh phan khong hgp thic. Khi dun
ndng nd phin huy tao thanh céic oxit thip hon:
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MnO, _ﬂ.g_) Mn,0, _lgmo_c; Mn,0,

( diéu kién thudng, nd 1 oxit bén nhét trong céc oxit ciia mangan, khong tan trong
nudc va tuong doi tro.

Khi dun néng, né tan trong axit va kiém nhu mgt oxit ludng tinh. Khi tan trong dung
dich axit, n6 khong tao nén musi kém bén clia Mn** theo phin ing trao déi ma tdc dung nhu
chét oxi héa. Vi du né téc dung véi dung dich HCI dac gidi phong khi clo:

MnO, + 4HCl = MnCl, + Cl, + 2H,0

Ngudi ta ciing c6 thé gia thiét ring phan Gng méi ddu tac ra Mn(l, nhung hop chit
ndy khong bén phan hiy ngay thanh MnCi, va Cl,. Khi tan trong axit sunfuric dac, mangan
dioxit tao nén mudi mangan(IIl) va giai phéng oxi. tuong ty nhu trén, ¢6 thé coi phan dng méi
diu tao nén Mn(SQ,), nhung hop chét nay bi nuéc phan hiy hoan toan:

4Mn(S0,), + 2H,0 = 2Mn,(80,); + 2H,S0, + O,
Khi tan trong dung dich KOH dac né tao nén dung dich mau xanh lam chita cdc ion
Mn(IiI) va Mn(V) vi trong diéu kién ndy ion Mn(IV) khong tén tai duge: '
+5 +3
2MnO, + 6KOH = K,MnO, + K,[Mn(OH)]

Tir dung dich kiém ngudi ta dd tich duge tinh thé hidrat mau xanh clia natri
hipomanganat Na;MnO,. Day la mot trong s6 it 6i hop chdt mangan(V) di bi€t duge.
Hipomanganat chi t6n tai trong dung dich kiém manh va trong méi trudng khéc ty phan huy:

2MnO}" + 2H,0 = MnO; + MnO, + 4OH

Khi nu chay véi ch4t kiém hay oxit bazo manh, 16 tao nén mudéi manganit.

Vidw

I

MnO, + 2NaOH Na,MnQ,; + H,0
MnQ, + CaO = CaMnQ,

Nhimg manganit thu duge ¢ thé c6 thanh phén khdc nhau, vi du nhu Na,MnO, (natri
metamanganit), CaMnO, (canxi metamanganit mau den), Ca,MnQ, (canxi orthomanganit mau
db gach) hay CaMn,O; (canxi dimanganit). Gi6ng nhu trudng hop clia titanat, manganit ¢6 clu
tao clia oxit hén hop vi du nhu Na,0.Mn0O,, Ca0.Mn0,, 2Ca0.MnO, hay Ca0.2MnO,, trong
d6 ion Na* hay ion Ca®* va ion Mn* chi€ém nhitng 16 tréng tao nén gifta nhilng ion 0% duge géi
ghém sit sao v6i nhau cht khéng 6 nhitmg anion MnO?", MnO}™ ...
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O nhiét do cao, MnO, c6 thé bj H,, CO, C khir thanh kim loai. Huyén phii MnQ, trong
nude ¢ 0°C téc dung véi khi 8O, tao thanh mangan (II) dithionat;

MnO. + 280, = MnS,0O,
va khi dun néng tao thanh mangan(II) sunfat:
MnO, + SO, = MnSO,

Khi ndu chay v6i chat kiém néu c¢é mat chét oxi héa nhue KNO,, KCIO, hay O,,
mangan dioxit bi oxi héa thainh manganat.

Vi du:

MnO, + KNO, +K,CO, = K,MnO, + KNO, + CO,
2MnO, + O, + 4KOH 2K,MnO, + 2H,0

Mangan dioxit ton tai trong thién nhién dudi dang khodng vat pirolusit. Pirolusit ciing
nhu mangan dioxit nhan tao [a hgp chdt chia mangan ¢é nhiéu cong dung nhat trong thuc t&.
dang bdt nho, MnO, duge ding lam chét xic tdc cho phan vng phan hay KCIO, va H,0,, cho
phin (ng oxi héa NH, dén NO vi bi&n axit axetic thanh axeton. Mangan dioxit dugc dua vio

nguyén liéu ndu thay tinh dé 1dm mat mau luc cla thuy tinh vA truyén cho thiy tinh mau hong ,

hay mau den (khi dimg lugng 16n MnQ,). Trong cong nghiép d8 gém, MnO, duge diing d€ tao
- mau nau, d6 hay den cho men. Mangan dioxit 1a vét liéu khéng thé thi€u duge cha pin kho.
Pirolusit [ nguyén liéu dé san xust feromangan.

Tuy theo yéu cdu vé& chit lugng, MnO, duge diéu ché theo nhiéu phuong phap khdc
nhau vi du nhu nhiét phan Mn(NQO,), 0 nhiét d6 ~ 300°C:

Mn(NO;), = MnO, + 2NO,

hay oxi héa mudi mangan(Il) trong moi trudng kiém bang Cl,, HOCI, Br, hay dién phan hén
bop dung dich MnSO, va H,80, véi dién ciyc va binh dién phan 1am bing chi:

. dong die
MnSO, + 2H,0 —25% MnO, + H,S0, + H,

Khi duge di€u ché tir dung dich, mangan dioxit thudng tich ra & dang hidrat véi lugng
nudc bién déi MnO,.xH,0 vi du nhu Mn0O,.2H,0 vi MnO,.H,O thudng duoc biéu dién Ia
Mn(OH), hay H,MnO, (axit orthomangano) va H,MnO, (axit metamangano).

Mudi magan (IV)

S8 musi mangan(IV) khong ¢6 nhiéu. Cation Mn** bi thity phan manh trong dung dich
nude tao thanh MnQ, nhung duge 1am bén hon trong céc phifc chédt.

Mangan tetraflorua (MnF,) 13 chat rin mau xanh xdm, d& phéan hly thanh MnF; va F,
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nén 1a chét oxi héa rit manh. Né dugc tao nén trong dung dich khi hoa tan MnO, trong dung
dich HF dam dac.

Mangan tetraclorua (MnCl,) 12 k€t tha mau nau dd hodc den t6n tai & nhiet do thép,
phan hity thanh MnCl, vi Cl, & -10°C, tan trong dung moi hitu co. N6 dugc di€u ché bang cich
thém hén hop CHCY, va CCl, vao dung dich mau lyc duge tao nén khi suc khi HCl qua huyén
phit MnO, trong ete ¢ —=70°C. '

Nhiing tetrahalogenua ny kém bén trong nu6c nhung dé két hop véi halogenua kim
loai Kiém tao nén nhimg phitc chdt ¢c6 mau vang va bén hon nhu M[MnX;] v M,[MnX(]
{(trong d6 M =K, Rb, NH, va X = F, Cl).

Mangan disunfatr (Mn(SO,),) 14 két tha mau den tan trong axit sunfuric dém dac cho
dung dich mau ndu. Né khd bén trong axit sunfuric nhung bi nuéc phan hity manh. N6 dugc
tao nén khi ch& héa hdn hop clia MnSO,.4H,0 va bot KMnO, véi dung dich H,SO, 55% & 50-
60°C hodc oxi héa hén hop dung dich MnSO, va H,SO, bing PbO, & 50 - 60°C:

IMnSO, + 2KMnO, + 8H,SO, = 5Mn(SO,), + K,SO, + 8H,0
MnSO, + PbO, + 2H,S0, = Mn(SO,), + PbSO, + 2H,0

HOP CHAT CUA MANGAN(VD)

Mangan{VI} chi biét dugc trong ion manganat (MnO3}™) ¢6 mau luc thdm. Ngui ta di
tach duoc tinh thé muéi manganat ctia kim loai kiém, amoni, kim loai kiém thé, chi va catmi.

Natri manganat (Na,MnO,) va kali manganat (K,;MnO,) 1a nhitng cht & dang tinh thé
mau luc - den, phan hay trén 500°C:

. +h +4
2K,MnO, = 2K,MnO, + O,
Tinh thé hidrat Na,MnQ,.10H,0 déng hinh véi Na,S0,.10H,0.

Manganat kim loai kiém tan va bén trong dung dich kiém nhung ty phan hiy trong cac
moi trudng trung tinh va axit nhu da thdy trong so d6 thé oxi héa - khir trén day:

3MnO®™ + 2H,0 = 2MnO; + MnQ, + 4OH

Béi vay dung dich manganat trong kiém khi dugc pha lodng bang nudc hodc khi dé 1au
trong khong khi chira CO,, mau luc thim trg thanh mau tim (cia MnQj, ) vi ket tiia den xut
hién.

‘Muéi manganat 12 chdt oxi héa manh, phan g véi nhitng chat khir & trong dung dich

x4y ra tuong ty nhu pemanganat, nhung véi chat oxi héa manh hon, manganat thé hién tinh
khi. :
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Vidu:
2K,MnO, + Cl, = 2KMnO, + 2KCl

Kali manganat 1a san phdm trung gian diing d€ diéu ché kali peinanganat. N6 dugce tao
nén béng cich ndu chly bot pirolusit véi KOH hay K,CO, khi ¢6 mt oxi khong khf:

- 2MnO, + 4KOH + 0, = 2K,MnO, + 2H,0

Higu sudt cia phéan ting ndy dugc néng cao khi thay O, bdng KCIO, hay KNO,. Tuy
nhi¢n, nhitng phén ing ndy d€u khéng xAy ra hodn toan vi trong hdn hop phan tng luon uon cé
nhitng cAn béang gilfa nhing hop chét cia mangan (IV, V va VI).

HOP CHAT CUA MANGAN(VII)
Oxit pemanganic

Oxit pemanganic (Mn,0,) & nhiét 40 th4p 1a chdt & dang tinh th€ mau luc thim, bén &
duéi -5°C, néng chdy & 6°C bién thanh chét 16ng gidng ddu c6 miu d6 thim trong 4nh sing
phén chi€u. Tinh thé c6 kién tric phan tit giéng véi CLO,. G 10°C né phan hity né:

Mn,0, = 2MnO, + O,

NG tan trong nudc tao thanh dung dich axit pemanganic nén con duge goi 13 anhidrit
pemanganic:

Mn,O, 4+ H,0 = 2HMnO,

Anhidrit pemangaﬁic 12 chét oxi héa rdt manh, tic dung véi nhiéu chéit vo co va hit co,
vi dy nhu rirgu va ete boc chdy ngay khi ti€p xidc vdi nd.

Vi duy:
IMn0, + ACGH),0 + 90, = 4MnO, + 8CO, + 10H,0

Thi nghi€ém sau day chimg minh tic dung ciia Mn,0, v6i C,H,OH: 14y mot 1t axit
sunfuric dac vao ddy 6ng thir (loai chiu nhiét), thém cdn thén rugu etylic vio 6ng thit (cho chay
theo thanh 6ng) nhu the ndo dé 16p rugu va 16p axit khong tron 14n vao nhau, tha nhe mot hai
tinh thé KMnO, vao dng thir. Tinh thé di xuyén qua 16p rugu dén 16p axit, tic dung vdi axit bién
thanh Mn,O, v& oxit nay tic dung véi rugu & ranh gidi ti€p xtc gay nén nhimng tia lita ruc sdng
va dep.

Anhidrit pemanganic dugc diéu ch& bing tic dung cba axit sunfuric dac véi tinh thé
KMnQ,: :

KMnO,-+ H,S0, = HMnO, + KHSO,

138

By

)
S o.(’g‘



H,50, .
. 2HMnO, Mn,Q, + H,O
Néu ldy du axit sunfuric dac s& duge dung dich trong sudt mau luc va kém bén. Phuong
anh chi cho thdy trong dung dich d6 ¢6 mangan(VII) & dang cation:
K* + MnO} + H,0" + 3HSO,

phédp nghiém |
KMnO, + 3H,50,

Phén ting nay cho thdy tinh ludng tinh ctia HMnO,.

Axit pemanganic

(HMnO,) chi biét dugc trong dung dich nudc, c6 mau tim-do, tuong
20%:

Axit pemanganic

d6i bén trong dung dich loang nhumg phan hay khi dung dich c6 ndng d6 trén
2HMnO, 2Mn0O, + O; + H,0

Axit pemanganic 12 axit manh, mudi ciia né 12 pemanganat. Mu6i pemanganat bén hon
axit, déng hinh véi peclorat nhung d& phan hiy hon khi dun néng.
. Nhiing hidrat tinh thé nhu LiMn04.3H20, NaMnO,.3H,0, Mg(MnO,),.6H,0,
Ca(MnO,),.5H,0, Sr(Mn0,),.3H,0 tan nhidu trong nudc trong khi cic mudi khan NH,MnQ,,
oxi héa manh. Axit pemanganic

KMnO,, RbMnQ;, CsMnO, va Ba(MnO,), tan it hon.
Axit pemanganic va mudi pemanganat déu la chét
h hoiic cho mugi pemanganat tac

duoc tao nén khi hoa tan Mn,Q, trong nudc da duge lam lan

dung véi dung dich axit lodng.
Ba(MnO,), + H,80, = BaSO, + 2HMnO,

thé mau tim-den, déng hinh véi KCIO,,

Vidu:
Au tim-dd, ¢6 do tan bién déi tuong déi

Kali pemanganat
Kali pemanganat (KMnO,) la chit & dang tinh
dung dich m
dang khi két tinh lai. Ngoai ra né con ¢6 thé tan

BaSQ, va BaCrO,. N6 tan trong nude cho
nhidu theo nhiét do nén tinh ch€ duge de

trong amoniac léng, pyridin, rugu v axeton.
Trén 200°C, né phan hiy theo phén ting:

2JKMnO, = K,MnO, + MnO, + 0O,
Trén 500°C, né phan hity theo phan dng:
4KMnO, = 2KMnO; + 2Mn0O, + 30,
n dugc diing 1am.chat oxi héa trong 6ng hop

Kali pemanganat ¢6 tinh oxi héa manh né
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vé ¢ vi hitu g, ding d€ tdy tréng vai, diu va m§, sat tring trong y hoc va doi séng. Kha nang
oxi hoa clia KMnO, phu thudc manh vao moi truong cla dung dich:

MnO; + 8H' + S¢ = Mn* + 4H,0, FE’= 1,51V
MnQO; + 2H,0 +3¢ = MnO, + 40H, E° = 0,588V
MnO; + ¢ = MnO}, E° = 0,56V

Trong dung dich axit, ion MnO, ¢6 thé oxi héa nhiéu chdt nhu HCl, H;S, PH,,
Na,S0,, FeSO,, H,C0,, HCOOH, HNO,, H,AsO,, H,0,, hidro m&i sinh va bién thanh ion
Mn?*. Nhiéu phan ting ca céc chat do da dugc trinh bay khi xét cic chat, & day chi néu thém
mét s¢ phan ing: -

JKMnO, + SNa,SO, + 3H,80, = 2MnSO, + K80, + 5Na,S0, + 3H,0
SKMnO, + SPH, + 12,80, = 8MnSO, +4K,S0, + SHPO, + 12H,0
JKMnO, + SH,C,0, + 3H,80, = 2MnSO, + K;SO, +10CO, + 8H,0
2KMnO, + SHCOOH + 3H,S0, = 2MnSO; + K;S0, +5C0, + 8H,0
JKMnO, + 8H,S0, + 5Zn = 2MnSO, +K,SO, + 5ZnSO, + 8H,0

Trong dung dich rit lodng, ion MnQO; vin cé mau rd rét trong khi ion Mn** khong ¢6
mau cho nén su xuit hién hay bi€n mdt cha mau dé cho phép xdc dinh diém cudi ctia thi
nghigm chuén d6. Dya vao d6, phong thi nghiém héa hdc ding KMnO, dé dinh lugng cic chat
va phueng phép phan tich d6 goi 1a phuang phdp chudn do pemanganat. Phuong phép cho phép
dinh lugng nh[’mg chat khir nhy mudi sunfit, mudi sat(ID), axit oxalic, nudc oxi, v.v... vd ca
nhitng chit oxi héa. Vi du mudn dinh lirgng chét oxi héa, ngudi ta cho thém vao chat dé6 mot
luong du chét khit réi dung dung dich KMnO, da axit hoa biing axit sunfuric dé xac dinh lugng
du ctia chét khir d6. Ngoai ra phuong phip chudn’ 40 pemanganat cdn cho phép dinh lugng méot
56 chét khong phéi 1a chit' khir va chét oxi héa. Vi du nhu d€ dinh lugng ion Ca® trong dung
dich, ngm‘ji\ta diing axit oxalic 48 Kkét tha hét ion Ca?* dudi dang ket tha rét it tan CaC,0Oy; loc
14y két tha, rira sach, dem hoa tan vao dung dich H,SO, lodng r3i dang dung dich KMnO, dé
chudn do lugng axit oxalic duge gidi phéng va suy ra luong jon Ca**.

Cén luu ¥ rang ngay khi khéng c6 chat khix, dung dich KMnO, khong bén cé thé phén
hay theo phéan ing: : '

4MnO; + 4H' = 30, + 4MnO, + 2H,0

Phan tng xay ra cham trong dung dich axit nhung kha ro.rét. Trong dung dich trung
tinh hay kiém y€u va trong béng t6i, phan ing xay ra gin nhy khong déng k€. Anh sang thiic

* 44y phan Gng phan hity d6 cho nén cén dung dung dich KMnO, chudn trong o thiy tinh ¢6

mau tham.

Trong nhimg dung dich trung tinh, axit yé’u hay kiém yé&u, ion MnO; bi khir thanh
Mn0O,.
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Vidu:

N 2KMnO, + 3N2,S0, + H,0 = 2Mn0O, + 2KOH + 3Na S0,
2KMnQO, + 3H,0, 2MnO, + 2KOH + 2H,0 + 30,

Phan tng sau clng nay nhic nhd ching ta khi ép dung phuong phap chudn 4o
pemanganat luén ludn ding mat lugng axit tuong d6i du d€ ngan can ket tha MnO, xudt hign.

Trong dung dich kiém manh va khi c6 du chat khir, ion MnO; bi khir dén MnO7™ .

Vidu:

2KMnO, + K,S0, + 2KOH
2KMnO, + K,G,0, + 2KOH

2K,MnQ, + K80, + H,0
2K, MnQO, + 2KHCO,

Trong dung dich kiém dic va khi khong ¢6 chdt khir, ion MnOj; ty phan hay theo phin
ing: ' :
4KMnO, + 4KOH = 4K,MnO, +0,+ 2H,0

- Boivay phong thi nghiém héa hoc thudng ding KMnO, trong dung dich KOH dic dé
1am hén hgp rira dung cu thiy tinh.

Nguyen liéu trung gian dé diéu ché KMnO, 1 K,MnO,. D¢ chuyén K,MnO, thanh
KMnO, ngudi ta c6 thé diing khi Cl, hay khi CO, ahung nhiing phuong phép nay déu khong
thuc té.

Phuong phép dugc dung ngay nay trong cong nghiép 12 dién phan dung dich K,MnO,
v6i céc dién cyc bing thép:

dong dién
2K,MnQ, + 2H,0 —— 2KMnQ, + 2KOH + H,
Khd nang oxi héa va do axit ciia moi truong

Qua nhiing so d6 th& oxi héa-khir vira trinh bay trén day clia mangan, ching ta nhdn
thdy: _

Ion MnO; bi khir d€n Mn* trong moi trudng axit, dén Mnd2 trong moi trudmg trung
tinh v 46n MnO?™ trong moi trutmg ki€m. ' -

Kha nang oxi héa ciia céc ion MnO; va MnOj~ dén MnO, trong moi trudng axit (véi

céic the 1a +1,70V va 2,26V tuong tng) déu 1on hon trong moi trudmg kiém (véi céc the 1a
+0,58V va 40,6V tuong Ung).
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Ngay trong moi trudng axit, khi t'ang néng d6 cha ion H* hoat tinh oxi héa chia ion

MnO; ciing tang 1én tudn theo phuong trinh Nernst:

*

o« 0,059 Mn**
EM 0a/Mn2* - Ig [ l'l ]+8
a4/ 5 [MnO,1[H"]

Vay anh hudng cla ion H dén hoat tinh oxi héa cla céc ion MnO, v MnO?%" ¢6 co
ché nhu thé nao ?

C6 & ring trong moi trudng axit , nhing anion MnO; va MnQ?~  da duge proton
hod tao thanh phan tt HMnO,, anion HMnO; va c6 thé ca phan tit H;MnO, (gia thi€b).

Nhimg phén tir va anion mot mat c6 cdu tao kém d6i xting hon so vé6i anion tit dién déu MnO;

hay MnO?~ nén dé ti€p xiic hon v6i chdt khir va qué trinh phéan ting dugc ddy manh, mét khéc

ching ddu kém bén, d& mat nuéc tao thanh anhidrit c6 cfu tao cOn kém d6i xing hon nita so
v6i phan tir axit hay anion t¢ dién déu cho nén cang dé ti€p xic hon véi chat khir va phan ing
cang dugc ddy manh hon. Dy 1a li do chung 1am cho oxiaxit cé tinh oxi héa manh hon muéi
ciian va anthidrit axit cé tinh oxi héa manh hon axit & cing diéu kién. '

Lap luan trén day cho phép hiéu duoc tai sao dung dich lodng cia H,S50,, cha HNO, ¢6
kha nang oxi héa manh hon dung dich lodng cia H,S0,, ciia HNO, (tuong tng), vi du nhu
trong dung dich loang, H,S0, oxi héa dugc H,S giai phéng luu huynh trong khi H,50, khéng
téc dung va HNO, oxi hod duge I gidi phéng iot trong khi HNO, khong tic dung. Nguyén
nhan la H,S0, vi HNO, déu kém bén, dé mét nudc tao thanh SO, va NO, NO, ¢6 ciu tao kém
d6i xing hon céc anion SO va NO; trong khi H,SO, va HNO; déu bén, khé phan hiy hon.
Mot céch gidi thich khéc c6 noi dung gén tuong W 12 hoat tinh oxi héa chi dugc gy nén boi
phan tir khong phan li (c6 c4u tao kém d6i xing hon anion) cla oxiaxit manh, & day 12 H,SO,
va HNO, m nhimg phan tir d6 thyc # khong tdn tai trong dung dich loang.

Phd chuyén dién tich

Ton MnO; ¢6 mau tim dam (Hinh 36), cdn ion CrO%~ c6 mau vang dam, hé s8 hap thy
mol ciia chiing 1a vio khoang 40000 + 50000

Nhitng ion d6 theo thuy€t trudng tinh thé cling duge xem 13 nhiing phic chdt cia kim
loai chuyén ti€p. Cudng do mau 16n cia ching khong thé sinh ra bdi su chuyén ddi electron
d-d vi trong trudng hop ndy, ion trung tam la Mn"™ hay Cr™ (khéng c6 electron d). Theo
thuy€t obitan phan tlr, mau dam d6 sinh ra bdi sy chuyén ddi electron tir phéi tir O dén nguyén
tlr trung tam Mn hay Cr lam thay d8i dién tich cla ching va sy chuyén ddi electron nhu vay
dugc goi 12 sie chuyén dién tich. '
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Hinh 36. PhS hdp thy cia dung dich KMnO,

- That vay, khi nhan nang lugng clia bifc xa, electron 7t dinh ché chii y&u & céc nguyén tir

O trong ion MnO; hay ion CrO.™ chuyén ddi dén obitan phan tir 7, tréng dinh chd chi yéu &

’hguyén tir kim loai Mn hay Cr. Su chuyén doi nay khong bi ngin cim boi céc quy tac loc lua
clia héa hoc lugng tir nén dai hép thu c6 cudng do rat 16n, nghia Ia cho mau dam.

Mot s6 hop chat ion la chdt mau, miu clia ching duge gay nén bi su chuyén dién tich.
Bang 16 trinh bay sy chuyén dién tich, giita cdc ion clia cdc chat mau dé.

Bang 16
Su chuyén doi cac electron giira cic obitan
Chét mau Su chuyén dién tich Céc obitan tham gia

Vang catmi GdS - Cd*, 8 »Cd, S S,pr = Cd,5s
Xinaba (than sa) HgS Hg*, 8 —» Hg', §~ S,pn. — Hg,6s
Auripimen As,S, hay reanga As™* & 5 As™, 8§ S,pr — As,4shaydp
(hiing hoang) As,S,
Vang Naple Pb,(5bQ,), - Sh**, 0¥ = Sb*, O O,px — Sb,S5shaydp
Mazxicot PbO Pb*, 0* = Pb*, O O,p. — Pb,6s
Vang crom PbCrO, 08 » O, O O,pr = Cr,3d
Oxit sit do va oxit st ving - Fe**, 0% — Fe¥*, O - O,pr — Fe, 3d
Fe,O,
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Pa s6 chdt mau d6 ¢6 mau dd vi mau vang. S& di nhu vay 12 vi dai chuyén dién tich
chinh nam trong viing tr ngoai. N&u dai chuyén dich sang viing ning lugng bé hon, sit hdp thy
s& xay ra trong ving cham tim va gay nén cdc mau rat dam: d6, da cam va vang cla chét mau.

Qua cdc chat mau trén day, nhan thdy phd chuyén dién tich 13 dic trung d6i v6i nhiing
nguyén tir kim loai nhw Cd, Hg, As, Pb, Fe vA nhitng nguyén tir khéng—kim loai nhu O, S (ca
Se, Br va KI). Nhimg anion 0%, §%, I"...c6 v6 electron d& bi€én dang nén ¢6 kha ning chuyén
ddi electron. Mat khdc, céc cation kim loai Cd**, Hg*?, Pb*, Fe* 1A nhimg ion ¢6 obitan
nguyén tir tréng electron. Sy chuyén dién tich thudmg duge coi nhu 1a tuong tic # cho-nhan.
Céc nha héa hoc Nga chuyén nghién cdu vé si cyc héa ion giai thich dinh tinh sy xuét hién
mau cha nhitmg hgp chit jon trén day bang sy cuc héa 14n nhau giiva c4c cation va anion.

HOP CHAT CUA RENK(III)
Reni(IIl) halogenua

Hai hgp chat di dugc nghién ciu ki 12 trime Re,Cl, va Re,Br,. Tinh thé Re,Cl, cé mau
d6 thadm, néng chady & 727°C va s6i & 827°C, tinh thé Re;Br, ¢6 mau dé niu, néng chiy & 627°C
va 501 0 727°C.

Day Ia nhitng hop chit claste dién hinh, hoi cla ching gédm nhimg phan tr Re,X, c6

- c4u tao:
X X
\ N
X/I Re/R\.:‘\X
X X/ X

trong d6 3 nguyén tir Re lién két v4i nhau tao thanh hinh tam gidc déu véi khoéng cich Re —Re
12 2,48 A | ngfn hon khodng cdch Re—Re trong tinh thé kim loai reni (2,753) nén lién két kim
loai-kim loai & day rat bén va 12 lien ké&t d6i Re = Re. Chinh vi vay nhiing phan tir Re X, c6
thé 14n tai trong hoi cha chat & nhiét 40 cao. Trén nhiét d0 s6i, chiing phan hiy thinh Re kim
loai va halogen, vi vy ngudi ta thudng ma reni 1n kim loai khdc bing cdch nhiét phan hoi
Re,Cl, trong khi quyén nito. '

Trong tinh thé , nhilng phan tr Re,X, lién k&t v&i nhau qua cdu néi X, cdu néi
Re-X-Re nay ciling cé trong ban than phan tir Re, X,.

Tinh thé Re,X, c6 thé tan trong nuéc cho dung dich mau dé, trorig d6 ching khong tdc
dung v6i ion Ag* tao thanh két tha AgX vi lién két Re-X khéng phai 1a lién két ion ma Ia cong

L]
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‘héa tri. Trime Re,X, con cd thé tan trong nhiing dung moéi hitu co nhu rugu, ete va axeton cho
dung dich mau d6 thim.

Khi tan trong nudc, ching bi thily phan tao thanh hidrat Re,0;.xH,0 12 nhiimg tinh thé
mau den, it tan trong nudc vA dé& bi oxi héa thanh ReQ,xH,0 & wrong nudc. Nhimg hidrat
Re,0,.xH,0 ciing dugce tao nén khi chiing tic dung véi dung dich kiém.

& 200 - 300°C, Re;Cl, va Re;Br, bi khi H; khir dén kim loai.

Chiing c6 thé dugc didu ché bing cdch nhiét phan ReX, hay Ag,[ReX,) (& day X =Cl,
Br) trong khi quyén nito & nhigt do vira phai. '

Vidu:

3ReCly = ReCly + 3Cl,
6Ag,[ReBrg] 2Re.Br, + 12AgBr + 3Br,

Phiic chdt cua reni (III)

Nhitng trime Re,X, tan trong dung dich HX dic (X = Cl, Br) cho dung dich c6 thanh
phén chua xic dinh dugc chinh x4c nhung khi dugc thém nhitng cation nhu K*, Rb* va Cs* thi
thch ra tinh thé mau d it tan trong nuéc cha nhing hop chit My[Re;X,,], MyfRe; X, ) va
M[Re,X ;] 12 san phdm ket hop cita Re;X, vdi ba, hai v mot phan tir MX.

Khi khit ion ReO bing H, hay H;PO, trong
dung dich HCl hogc HBr tao nén nhiing anion phic

. i 1*

[Re,Xg]* rdt khdc thudng va c6 cdu tao: Cl\Re / Cl
Trong d6 d6 dai cua lién két Re-Re Ia 2,244 bi ci >l

rit ngén hon nhidu so véi do dai clia lien ket trong kim 2,34A

loai. B3 vay, ngudi ta cho ring lien két kim loai — kim Cl\ y4 cl

loai trong anion phitc do 12 lién k&t bon Re = Re, gém / R,

mot lién két o, hai lién két 7 va mot lien ket 8. - Cl Cl .

Né&u thira nhan truc z 13 tryc ndi giilfa hai nguyén t&r Re thi lién két 6 duge tao nén nhd
su che phil clia hai obitan d , , hai lién két 7 dugc tao nén bdi sy che phil clia hai obitan d,, va

cha hai obitan d,, va lién két & dugc tac nén béi sy che phii cha hai obitan d,,.

5d 6s 6p

recmny, sa’ (A1 MA] | [

LN

Y ~ Y et .
tao lién két tao lién k&t tao lién k&t
Re-Re . Re-X v cation

10-Hoa hoe v6 co'- T3 : ) 145



Lién ké&t Mo= Mo trong dime molipden(Il) axetat van duge gilt lai trong anion phic
[Mo,ClJ*", duge tzo nén khi dime dé tic dung véi dung dich HC1 & 0°C. Anion
[Mo,Cl,]* cé cdu tao gidng anion [Re,Cl,]*". Tuy nhién, hop chit cla tecneti Ia

{NH,),(Te,Cl;) ¢6 anion tuong 1y [Re,Cly]* nhimg ngudi ta khong biét dugce tai sao s6 oxi héa
Tc lai ja +2.5.

HOP CHAT CUA TECNETI(IV) VA RENI(IV)
Tecneti va reni dioxit

Giong voi MoO,, cdc dioxit TcO, va ReO, cé kién tric tinh thé kiéu rutin nhung bi sai
1&ch chiit it vi trong d6 ¢6 ién két kim loai - kim loai . Ching 14 chét bét mau den. TcO, rét
bén vdi nhiét, ¢b thé thiang hoa & 1000°C ¢dn ReO, kém bén hon, phan hiy & 800°C theo phéan
img:

7ReQ, == 2Re,0, + 3Re
Khi dun néng trong khéong khi, ching bi oxi héa thanh oxit cao Te¢,O, va Re,0,.
¥e! nhiét d¢ cao, chiing bi khi H, khtt thanh kim loai.
Vi du:
1000°C
ReO, + 2H, = Re + 2H,0

Khi duge tao nén tir dung dich, cdc dioxit thudng & dang hidrat TcO,.2H,O va
Re0,.2H,0. Khi dun néng, trong chan khong, hidrat mat nudc bi€n thanh dioxit khan, Nhimg
hidrat nay hoat déng hon dioxit khan, ching tan trong dung dich axit va dung dich kiém.
Dioxit ReO, tan trong kiém néng chay khi khong ¢é khéng khi thianh mudi renit:

Vi du:
ReO, + 2NaOH = Na,ReO, + H,0
Néu cé mat NaReQ,, né s& tao nén mudi hiporenat:
| 2Re0, + NaReO, +2NaOH = 3NaReO, + H,0

. Khi téc dung véi nhimg chat oxi héa nhu HNO,, H,0, chiing bi oxi héa thanh HTcO,
va HReQ,.

Pioxit TcO, duge diéu ché bang cich nhiét phan NH,TcQ,:
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INHTO, = 2TcO, + 4H0 + N,

Dioxit ReQ, dugc diéu ché bang cich nhiét phan NH,ReO, hodc khir Re,O; hay
NH,ReQ, bing khi hidro hay reni kim loai khi dun néng. '

Vidu

300°C
Re,0, + 3H, = 2ReQ, + 3H,0

. 300°C
INHReO, + 3H, = 2ReO, + 2NH, + 4H,0

Tecneti va reni tetrahalogenua

Tecneti tetraclorua (TeCl) 13 chat ran mau do duge tao nén khi CCl, tac dung véi
Te,0, & 400°C, trén nhiét do d6 n6 phan hily thanh nguyén t6. Reni tetraflorua (ReF,) ta chat
rin mau lyc thim, ndéng chiy & 124,5°C va s6i & 795°C, dugc tao nén khi khit ReF, bing khi H,
& 200°C hodc bing reni kim loai & 500°C. Reni tetraclorua (ReCl,) 1a chét ran mau den, & dang
trime Re,Cl,,, dugc tao nén khi Re,0.2H,0 tac dung véi SOCl,.

T4t ca nhitng tetrahalogenua trén diy déu bi thuy phan khi tan trong nudc.
Phirc chdt cua tecneti(l V) va reni(IV) vdi halogen

Reni tetraflorua ReF, tan trong dung dich HF 40% tao nén dung dich mau luc thim,
khi thém vao dé muéi KF thi ling xudng nhimg tinh thé mau luc Ky[ReFq].

" DPioxit ReO, hay trime Re,Cl,, tan trong dung 'dich HC! tao nén H,[ReCl] 6 trong dung
dich 13 mét axit manh. Khi thém mudi KCI vio dung dich dam dac cia axit dé, thu duge
nhimg tinh thé mau vang luc K,[ReClg} c6 kién triic gidng K,[PtCl,].

Ngudi ta ciing dé biét nhimg phic chét wong cha tecneti K,[TcX,] (& day X=F, Cl,
Br) va cha reni M;[Re X,] (& day M=K, Rb, Cs va X=F, Cl, Br, D.

Nhimg phic chat trén ddy tao nén hidrat TcO,2H,0 hay Re(Q,.2H,0 khi téc dung véi
dung dich kiém va tao nén ket taa den it tan TcS, hay ReS, khi tic dung v&i dung dich H,S.

Tht ci nhitng phic chat My[ReX,] hay M[TcX,] déu c6 thé diéu ché duoc theo mat
phuong phép chung 1 dung mudi MX dé khit MReQ, hay MTcO, trong dung dich HX dic.

Vidu:
2NH,TcO, + 6KI + 16HC! = 2K, [TeCl) + 31, + ZNH,C +2KCl + 8H,0
2KReQ, + 6KI + 16HCI = 2K,[ReClg] + 31, + 4KCl + 8H,O
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HOP CHAT CUA TECNETI(VI) VA RENI(VI)
S6 hop chét nay c¢6 ghiéu hon so véi hop chat clia mangan(VI).

- Tecneti va reni trioxit

Tecneti trioxit TcO, 12 chat rin mau do tao nén khi dun néng TcO,Br nhung chira duge
nghién ctu nhiéu. Pugc nghién cdu ki hon 1a reni trioxit ReO,. N6 Ia chat rin mau dé, néng
chdy & 160°C. N6 ¢6 kién triic cha tinh thé 1ap phuong, trong d6 nhiing nguyén tir Re nam &
cdc dinh con nhimg nguyén tlr O ndm & diém giita cdc canh cid lap phuong va nhu viy bao
quanh méi nguyén tir Re 12 sdu nguyén tir O (Hinh 37).

Hinh 37. Kién triic cra tinh thé ReQ,

Nhiét d6 néng chay twong ddi thip cua reni trioxit chiing @ tinh th€ c6 mang ludi
phan tir. That vay, lién két Re—O 12 lién két cong héa tri. Tuy nhién nhitng nghién ctu ki vé
kién tric cho thdy trong trioxit khéng cé nhitng nhém ReO, ma bao gém nhimg bat dién
déu ReQ, lién két v6i nhau qua nhitng dinh O chung. C6 1€ ring khi dun néng, Kién tric lap
phuong d61 xiing ciia trioxit d& bi sai léch, nhing lién k&t cé do dai khdc nhau xudt hién va khi
néng chay nhimng lién k&t c6 d6 dai 16n nhit bj dit, trioxit bién sang dang polime béc thdp
(ReQ,), r6i sang monome ReQ,.

Trioxit ReO, bén trong khong khi & 110°C, trén nhiét d6 d6 né bi oxi héa thanh Re,0;.
Khi dun néng trong chan khéng & trén 300°C, né phan hiy thanh ReO, va Re,0;.

Reni trioxit khong tan trong nude, dung dich lodng cia HCI va H,50, va dung dich
kiém loAng nhung tan trong kiém néng chay tao thanh renat:

Vidu:
ReQ, + 2NaOH = Na,ReO, + H,0

Reni-trioxit tan trong axit nitric bién thanh axit perenic:
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ReO, + HNO, = HReO, + NO,

Chi ¢ ring t4t ca cdc hop chat cha reni (IIL, IV, V va VI) déu bi oxi héa béi HNO, bién
thanh HReO,.

Reni trioxit duoc diéu ch€ bing cach dun néng (khéng co rﬁijt khéng khi) hon hop
ReO, va Re,0, & 145°C hay hén hop Re kim loai va Re,0; & 300°C:

ReO, + Re,0, = 3ReO,
Re . + 3Re, 0, = 7ReO;

Axit renic

Axit renic (H,ReO,) chi biét duge trong dung dich nude khi dung hidro hoat dong khi
dung dich HReO,. Dung dich axit renic ¢é mau vang-dé nhat va rdt kém bén.

Renat 13 mudi cha axit renic. Ngudi ta di bigt duge renat cia natri, kali va bari. Mudi
renat ¢6 mau lyc, bén hon axit renic nhung vhn kém bén, tu phan hiy d& dang khi duge tao
nén trong dung dich nuée.

Vi du:
3Na,ReO, + 2H,0 = 2NaReOQ, + ReO, + 4NaOH

Khi n&u chay & 500°C mét hén hop gém NaReO,, ReO, vi NaOH, thu duge mudi natri
hiporenat (NaReQ;), khi d€ nguéi mudi d6 bi oxi hoa thanh renat (Na,ReQ,) kém bén. Bari
renat (BaReO,) bén hon Na,ReQ,, c6 thé€ tich dugc bang cdch dung ruou rira hén hop san
phdm thu dugc sau khi néu chay hén hop gom Ba(ReO,),, ReO, v NaOH ¢ 500°C:

Ba(ReO,), + ReO, + 4NaOH = BaReO, + 2Na,Re0, + 2H,0
Tecneti va reni hexahalogenua

Tecneti hexahalogenua (TcEy) 13 tinh thé vang chdi, néng chdy & 33,4°C va s6i &
55,3°C, tecneti hexaclorua (TcClg) 1a cht ran mau lyc thim rat dé& néng chdy, khéng bén véi
nhiét, d& phan hiy thanh TcCl, va Cl,. Ching dugc tao nén khi khi halogen tic dung véi tecneti
kim loai & 400°C. Reni hexaflorua (ReF,) 1a chét ran mau vang nhat, néng chly & 18,7°C, s6i &
35,6°C, tic dung véi Si0, (ca thuy ti'nh) & 30°C theo phan tng:

3ReF, + 35i0, = ReF, + 2ReOF + 3SiF,
va dugc tao nén khi khi F, (khong c6 oxi) tic dung v&i reni kim loai ¢ 125°C.

Reni hexaclorua (ReCly) 14 cht rin mau luc-ndu, néng chay & ~22°C, duge tao khi khi
Cl, (khong c6 oxi) téc dung véi reni kim loai & 600°C trong khi quyén nito.

Tit ¢4 céc hexahalogenua trén day déu bi phan huy trong nudc.
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Vidu:
3ReCl, + 10H,0 = 2HReO, + ReO, + 18HCI

Khi khi F, tic dung v6i Re kim loai n&u ¢ mat khi O,, s€ thu duge nhing oxoflorua

+5 +8 :
nhu Re OF, (bot mau xanh, néng chiy & 38,7°C va sbi 4 62,7°C) va Re Q,F, (bot mau tréng
néng chdy khong phan hiy & 156°C). Ban than ReF, khi dun néng ciing tic dung véi oxi tao

+7 7 .
nén nhimg oxoflorua nhu Re O,F, va Re OF; cdn ReCl, tao nén Re,0,Cl. Ngoai ra nguoi ta
cdn bi€t nhitng oxohalogenua khéc cha reni(VI) nhu ReOCl,, ReOBr, va ReO,Br,.

HOP CHAT CUA TECNETI(VIT) VA RENI(VID
Tecneti heptaoxit va reni heptaoxit

Tecneti heptaoxit (Tc,0,) vA reni heptaoxit (Re;07) 1a ch4t & dang tinh thé mau vang,
Tc,0, néng chay & 119,5°C va s0i & 310,6°C cdn Re,0, néng chdy 304°C va s0i 4 355°C.

Tinh thé tecneti heptaoxit c6 mang luéi phan tlr. Phan tir Te,0, c6 tam d6i xtng, trong
46 lien k&t cdu Te-O-Tc hop thanh dudng théng. Hoi cla reni heptaoxit bao gO6m nhiing phan
tir Re,0, ¢6 cdu tao giéng phan tit Tc,0, nhung tinh th€ c6 kién tric 1p, mbi 1ap duge tao nén
bdi s6 lrgng nhu nhau clia nhimg i dién ReO,va bit dién ReO, ndi v6i nhau qua nguyén tt O
chung.

Tecneti vA reni heptaoxit déu hit 4m manh, d& tan trong nudc tao thanh axit petecnetic
(HTcOQ,) va axit perenic (HReO,) nén ching Ia anhidrit axit.

Khi dun ndng, ching bi nhimg khi H,, CO va SO, khit d&n oxit th4p hon va dén kim
loai.
Vi du:
600°C
Te,0, + 7TH, = 2Tc + TH,O
Re,0, + 7H, 2Re + 7H,0

1}

Céc heptaoxit trén duge diéu ché bing céch 12m mat nuéc cda cic axit hodc bing tic
dung clia khi O, véi Tc kim loai & 500°C, v6i Re kim loai & 150°C. 3 150°C, Re,0, dugc tao
nén lai c6 thé tac dung véi khi O, du tao nén peoxit ReO, (hay Re,0,) 1a chat bot mau vang-do
c6 thé phan hity trd lai thanh Re,O;, va O, khi dun néng.

Axit petecnetic va axit perenic

Axit petecnetic (HTcO,) 12 chdt dang tinh thé mau do6, hdt 4m manh va tan trong nudc
cho dung dich mau hong.
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Axit perenic (HReQ,) chi bi€t dugc trong dung dich va khéng ¢ mau. Ching 12 axit
manh. Muéi clia HTcO, 12 petecnetat (con goi la petecnat) va caa HReO, 1a perenat. Ca axit
va muéi déu chiét dugc bing mot s6 dung moi hitu co. Ngudi ta d2 bi€t cdc mudi petecnetat va
nhit Ia perenat ciia nhidu cation kim loai. Da s6 petecnetat va perenat déu dé tan. Vé do tan,
perenat ctia kim loai kiém gén véi peclorat con petecnetat tan nhiéu hon (vi du d¢ tan & 20°C
cha KReO, 1a 9,8g/1 clia KTcO, 12 126 g/l). Mui petecnetat va perenat déng hinh vdi peclorat
vh pemanganat v bén v6i nhiét hon, Céc petecnetat va perenat kim loai kiém c6 thé néng chay
khong phan hay. Vi du nhu KReO, néng chdy & 518°C va s6i & 1370°C trong khi KCIO, phan
hity & 400°C va KMnO, & 200°C. '

Ton TcO; vaion ReQj ¢6 c&u hinh ti dién déu & trong tinh thé ciing nhu trong dung
dich. Trong dung dich, ion TcO, cé mau héng cdn ion ReO] khong mau. Khac véi MnQ, ,
nhimg ion TcO; va ReO; hoan toan bén trong dung dich kiém. Ching la chat oxi héa yéu
hon nhiéu so véi ion MnO; nhung c6 thé bi khir khi téc dung véi HCI, HBr va HL

Tuy nhién véi H,S, nhimg ion TcO, v ReQj trong dung dich HCI 2 + 4M lai tao nén
két tha mau nau Tc,S; va Re,S,.

CVidu: -
2KReO, + 7H,S + 2HCI = Re;S; + 2KCl + 8H,0

Axit petecnetic va axit perenic dugc diéu ch€ bing téc dung cua Tc,0; va Re,0, vGi
nudéc. |

Halogenua va oxohalogenua ciia Tc(VII) va Re(VII)

Ngudi ta chi biét duge reni hepraﬂorua (ReF,) nhung biét dugc mot sO oxohalogenua
nhu TcO,F, TeO,Cl, ReO,F, ReO;Cl, ReO;Br, ReOF;, ReO,F,.

ReF, mau viang nhat, néng chdy & 48,3°C tao nén khi cho kh{ F, & dp sudt khoang
0,25 atm di qua Re kim loai dun néng & 300 - 400°C.

TcO,F mau vang, néng chdy & 18,3°C dugc tao nén khi khi F; tic dung véi TeO, &
150°C.

TcO,Cl khong mau, chiét duge bing clorofom tir dung dich thu duogce khi thém dung
dich HC] 12M vao dung dich KReO, trong axit sunfuric 18M.

ReO,F mau vang, néng chiy & 147°C va s0i & 164°C, duge tao nén khi dung dich HF
tdc dung v&i ReO,ClL

ReO,Cl khong mau, néng chay & 4,5°C va séi & 131°C, duoe tao nén khi khi Cl, tdc
dung véi ReO, & 190°C. '
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ReQ.Br mau tring, néng chay ¢ 39,5°C va s6i & 163°C, dugce tao nén khi khi O, tic
dung vdi ReBr, 0 120°C. '

ReOF; miau kem sita, néng chay ¢ 34,5°C va s6i ¢ 55°C, dugce tzo nén khi hén hop khi
F, vii N, tdc dung vdi ReQ, & 150°C.

ReO,F, mau vang, néng chay ¢ 95°C va sé6i & 200°C f::‘ﬁng duge tao nén khi didu ché
ReOF;.
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CHUONG Vii

CAC NGUYEN TO NHOM VIIIB. HQ SAT

Nhém VIIIB truée day 12 nhém VIII trong bang tudn hoan cic nguyén (6 dang ngin.
Tir nhitng nam 1963 + 1968 nhém nguyén t6 nay duge goi la nhém VIIIB trong dang dai cua
bang tudn hoan cdc nguyén t6, nghia 13 mot phan nhém phu cia nhém VIII cing véi phan
nhém chinh bao gém cée khi hiém trudc day goi 1a nhém O, nay 1a nhém VIIIA. Thuc ra giita
hai nhém nguyén 6 nay khdng cd nhimng diém chung nao vé cfu tao va tinh chét trlr su gidng

nhau vé cong thifc thanh phén cla cdc oxit RuO, vd 0sO, vdi oxit XeO,.

Nhém VIIIB bao gom 9 nguyén 6 x&p trong 3 coL: sdit (Fe), ruteni (Ru) va osmi (Os);

cohan (Co), rodi (Rh) va iridi (Ir); niken (N1), paladi (Pd} va platin (Pv). Duéi day la mot s6
dac diém cla cac nguyén t& nhém VIIIB (Bang 17).

Béang 17.
Mot so dac diém ciia cdc nguyén t6 nhém VIIIB
Nguyén 16, s6 thit tu Fe, 26 Co, 27 Ni, 28
C#u hinh electron héa tri 3dt4s? 3d74s? 3d%s’
Ban kinh nguyén tir, A | 1,26 1,25 1,24
* Nguyen 6, s6 thif ty Ru, 44 Rh. 45 Pd, 46
C#u hinh electron héa tri 4d’5s! 4d*5s’ 4d%5s°
Ban kinh ngﬁyén tir, A 1,35 1,34 1,37
Nguyén t6, s& thit tu Os, 76 Ir, 77 Pt, 78
Cau hinh electron hoa tri - 5d%s? - 5d76s° 5d%s'
Bén kinh nguyén tir, A 1,35 1,35 1,35

Nhitng nguyén t6 nhém VIIIB ném chinh gitta cdc chu kil6n, Nguyeén ti cha tdt ca
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nguyén t6 déu cé mot hay hai electron & 18p ngoai cling nén ching la cdc kim loai. Trong céc
nguyén tG nay, nhimg obitan d dugc ldn lugt dién thém electron thit hai. Diéu nay lam cho
nhimg nguyén t& ding canh nhau trong mot chu ki ¢6 tinh chat giong nhau.

S8 oxi héa cuc dai clia nthém nguyén t6 nay c6 thé 1a +8, thé hién trong céc oxit RuQ,
va 0s0,, cdn cdc nguyén & khdc c6 56 oxi héa thidp hon. So véi cic nhém VB, VIB va VIIB,
khuynh huéng tao nén oxiaxit Ung véi trang théi oxi héa cao cla nguyén t6.giam xaudng, trir
Fe, Ru va Os.

Su bién ddi tinh chét cha cac nguyén t6 trong mdi cot cling tuong ty su bién ddi tinh
chat trong c4c nhém kim loai chuyén ti€p khdc. Vi du nhu khi di tir nguyén t6 trén xudng
nguyén t& dudi & trong méi cot, do bén clia hop chét ting véi trang thai oxi héa cao ting lén.
Thét vay trang thai oxi héa dic trung nhat cila Fe 13 42 va +3 con clia Ru va Os 14 +8, cha Ni la
+ 2 con cua Pd va Pt 1a +4. '

Céc nguyén t6 nhém VIIIB c6 it nhiéu nhimg tinh chit cia kim loai quy. Ching c6 kha
nang xic tic nhiéu phan Ung héa hoc.

Nhitng ion clia kim loai nhém VIIIB r4t d& tao nén nhiéu phitc chét bén.

Dura viao nhfrng-diém gidng nhau cla céc nguyén t6 nhém VIIIB ngudi ta chia chiing ra
1am hai ho: ko sdt gém ba nguyén 16 Fe, Co va Ni va ko platin gdbm sdu nguyén 16 Ru, Rh, Pd,
Os, Ir va Pr.

- Trong chuong nay, ching ta xét cdc nguyén td ho sit.

Mot s6 dic diém clia nguyén 16 ho sat duge triinh bay trén bang 18.

Béang 138
Pac diém cia sit, coban va niken
Nguyén S Nang huong ion héa, eV Thé dién cuc chuin, V
t6 (E) thit tur I, L I, M*YM M2 /M2
Fe 26 79 | 16,18 | 3063 044 | 4077
Co 27 7,86 17,05 33,49 -0,28 +1,81
Ni 28 7.5 16,4 35,16 -023 - +2,1

Nguyén tir ciia Fe, Co va Nic6 vo electron ngodi cling giéng nhau (4s%) v ban kinh
nguyén tir gidm dan theo chiéu tang ciia s electron dién vao céc obitan 3d. C6 cing mét 16p
vd electron ngodi ciing nhut nhau, khi dién tich hat nhan tang lén, electron duge hit manh hon
lam gidm ban kinh cha nguyén tr mic dii s6 electron ting lén.
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Nhing trang thai oxi héa dic trung cha sét, coban va niken 13 +2 v +3. Theo thi tu
Fe—Co—Ni, do bén ciia céc hop chat E(III) gidm xuéng nhu da thdy qua cdc the dign cuc
EO It

w3+ g2+ Y2 nang lugng ion héa I, clha cic nguyén t8 (bang 6). Diéu ndy duge giai thich
biing sy tang do bén cha cdu hinh electron theo thi tu 3d°'(Fez+) — 3d7 (Co™) — 3d® (Ni™"), nghia

12 c&u hinh electron cang bén khi cang tién gan dén c4u hinh electron bio hoa 3d™°.

DON CHAT

Tinh chdt vit li

Sét, coban va niken 14 nhimg kim loai ¢ 4nh kim, sat va coban cé mau tring xdm,
niken ¢6 miu tring bac. Trong thién nhién sit c6 4 déng vi bén “Fe, *Fe (91,68%), “'Fe va
P, coban ¢6 duy nhdt moét déng vi bén ¥Co, niken ¢6 5 déng vi bén: **Ni (67,7%) “Ni, *'Ni,
SINi, ®Ni. Déng vi nhan tao *°Co phéng xa y véi chu Ki ban 14 ~5 nam, duge dung trong y hoc
dé chigu xa nhing khdi u 4c tinh va trong cong nghiép dé phat hién vét ran va vét 1é trong kim
loai diic. -

Sat va niken dé& rén va d& dit mong, coban cing va don hon. Dudi day 12 mot s6 hing
s6 vat 1i clia cdc kim loai sit, coban va niken (Bang 19).

Bang 19
Hing sd vat li quan trong cua kim loai
Kim | Nhiét d6 néng | Nhiét do | Nhiét thang | Ti khai Do cung D6 dan dién
loai (E) chay, °C so0i, °C | hoa, k}/mol (thang Moxad)| (Hg=1)
Fe 1536 2580 418 7.91 4-5 10
Co 1495 3100 425 8,90 55 10
Ni | 1453 3185 424 8,90 5 14

S4t c6 4 dang thi hinh bén & nhimg khoang nhiét dé xdc dinh:

o 4] o ) iy
Feo — € 5 Fe g —2LC 5 Fey —2%C 5 Fe5—2X 5> Felong

Nhitng dang o va B c6 kién tric tinh thé kiéu 1ap phuong tam khoi (Hinh 38a) nhung
6 kién tric electron khdc nhau nén Fe o c6 tinh sét-tir va Fe B ¢6 tinh thuén tlr, Fe o khdc vé
Fe {3 12 khéng hoa tan C, Fe y ¢6 kién tric tinh thé kiéu {ap phuong tam dién (Hinh 38b) va
tinh thuan 1ir, Fe § ¢6 kién tric 1ap phuong tam khéi nhu Fe o nhung ton tai dén nhiét do néng
.chay.
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Hinh 38. Kién triic tinh thé ctia Fe a va Fe p(a)
Kién triic tinh thé ciia Fe y(b)

Coban ¢6 hai dang thii hinh: Co o c6 kién triic lyc phuong bén & < 417°C va Co B ¢6
Ki&n triic 1ap phuong tam di¢n bén &> 417°C.

Niken ¢6 2 dang thi hinh: Ni o lyc phuong bén & < 250°C va Ni f 1ap phuong tam dién
bén &> 250°C. '

Khac véi hau hét kim loai, Fe, Co va Ni ¢6 tinh, sdt-ti. ching bi nam cham hit va dudi
t4c dung chia dong dién chuing tré thanh nam cham. Tix - tinh ciia st d& dugc phét hién ti thai
6 xua, cach day hon hai ngan nam ngudi Trung Hoa da bi€t ding ti-tinh d6 dé ché la ban va
dén ngay nay loai la bin d6 vén con duge sit dyng. Nguyén nhan cta tinh s4t-tir khong phai chi
12 & nguyén tir hay ion ma chi y&u 1a & mang ludi tinh thé cia chét.

Sét, coban va niken tao nén rat nhiéu hop kim quém trong. Tuy thuoc vio lugng C trong
sit ngudi ta chia ra: sdt mém (< 0,2%C), thép (0,2 - 1,7%C) va gang (1,7 - 5%C).

Déng chd ¢ 12 C tan dang ké trong Fe y. Dung dich rén ctia C trong Fe y dugc goi 1a
austenit, chia dén 1,7%C (vé khéi luong). Day 12 mot pha xam nhép, trong mang luGi tinh thé
austenit nhimg nguyén tir C chi€ém trung diém cla céc canh v tam cla 13p phuong (Hinh 39%a).
Khi cho két tinh thép chda dén 1,7%C,

md&i ddu khong c6 kha nang hoa tan C nén

C tdch ra, do d6 thu duoc hdn hop tinh thé OFe oC

chia than chi v Fe o goi 1a ferit. Néu 1am '
ngudi tuong d6i nhanh, cacbon tich ra 4
dang Fe,C. Néu lam ngudi lanh rdt nhanh
(t6i thép), Fe y chuyén thanh Fe o nhung C
chua kip tdch ra nén thu dugc mot pha
khong bén vé mat nhiét d9ng, d6 1a dung
dich rin qué bdo hoa cta C trong Fe a goi '

13 mactensit (Hinh 39b). Hinh 39. Kién triic tinh thé cita austenit (a)

a b

Kién iriic tinh thé cita mactensit (b)

156



o
-5 A
‘g

&

-

Pha ndy rit cing va gion. Dé lam cho thép cd nhitng dic tinh cin thiét, ngudi ta ram
thép, nghia 14 gilt c4c d6 bing thép & nhiét do cao trong mot thdi gian d€ mactensit phan hiy
thanh ferit va cacbon. Ty thudc vio nhiét do vi thdi gian ram sé& thu duge nhimg t & khac
nbau cta phdn cimg (mactensit) va phan mém (ferit) va nhiing kich thude tinh thé khic nhau
cha chiing. Nhu vay viéc xif [f nhiét ¢ anh hudng rdt manh dén tinh chét cha thép.

Tinh chat cta thép con chiu anh hudng rit 16n clia nhiing chat cho thém dé€ tao hop
kim. Crom truyén cho thép tinh chiu nhiét va chiu an mon. Cho thém mot luong tuong doi bé
Mn, Ni, Cr, W s& gay nén su k&t tinh mactensit Khi lam nguéi cham thép va nhu vay thép duge
tu toi. Liong thém dang ké cha nhing kim loai d6 (vi du 8 - 22% Ni ching han) iam bén
austenit & nhiét d6 thap va khi 1am nguéi thép, Fe v khong chuyén thanh Fe «; trong thép van
con dung dich cia C trong hé austenit - Fe y va thép ¢6 do bén co hoc cao, ¢6 thé ton tai &
nhiét do néng doé. Viéc thém kim loal dat hiém vao thép lam ting do bén cla thép & nhiét do
thap. Nhitng thi€t bi bing thép binh thudng khi lam viéc & viing bang gid s& bi hong sau mét
thang, néu thép da duoc cho thém dét hi€m thi thdi gian sit dung tang l1én hang chuc lan. '

Nhitng hop kim cfia coban ¢6 tir-tinh, bén nhiét v bén héa hoc ¢é vai trd quan trong
d6i véi khoa hoc va cong nghé. Hop kim rat bén hda hoc la vitalium chta 65% Co, 25%Cr, 3%
Ni vii 49 Mo, duge diing lam vat liéu ché tao nhiing chi ti€t chia dong co phan lyc va tudc bin
khi vi né chiu duge téc dung cia cdc khi gay an mdn & nhiét do 1000°C. Mot 8 hop kim clla
coban gin véi platin vé tinh tro héa hoc. Hop kim siéu clng stelit (xem tr. 88) dugc ding
khong chi d€ 1am dung cu cét got ma con dé han kim loai vi & nhiét do cao né khéng bi oxi
ho4. Anico chita 50% Fe, 24% Co, 14% Ni, 9% Al va 3% Cu la mot trong nhimg hop kim-tir
quan trong clia coban duge ding dé€ lam nam cham manh. Gan day hop Kim samari - coban
duge ding 1am nén cha nam cham vinh clu ¢ cong sudt vuot hing chuc 1in cong sust cha
nam cham véi nén 12 sit.

Nhiing hop kim quan trong chita niken dugc st dung rong rdi 1a nicrom (xem tr.88),
nikelin chita 31% Ni, 56% Cu vi 13% Zn it bién ddi theo nhiét do, constantun chita 40% Ni va
60% Cu bén véi héa chit, duoe diing 1am thiét bi héa hoc, monen chita 68% Ni, 2,5% Fe, 28%
Cu; 1,5% Mn bén véi axit, kiém vi bén co hoc duge ditng 1am vat lidu c¢hé tao trong nganh
déng tau, cong nghiép hod chit va y hoc, thép khong ri (xem tr.88), thép chétao mdy chia 12
- 15% Ni va 1-2% Cr, thép inva chita 30% Ni, 0,5% Mn, 0,5% C, con lai la Fe, ¢6 hé 30 nd
nhiét bang s§ k.héng, duoc dung 1am nhitng chi tiét rat quan trong, vi du nhw qua lac déng hé.
Hon 80% luong niken dugc sin xufit hang nam ding dé ché& hgp kim.

Tinh chdt hoa hoc

Sét, coban va niken 14 nhimg Kim loai ¢4 hoat tinh héa hoc trung binh va hoat tinh d6
gidm xuéng tir Fe dén Ni. '

$ didu kién thudng néu khéng c6 hoi 4m, ching khong tic dung 3 rét ngay v6i nhiing
nguyén t6 khong-kim loai dién hinh nhu O,, S, Cl,, Br, vi ¢6 ming oxit bao vé¢. Nhung khi dun -
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néng, phan tng xay ra manh liét, nhét 12 khi kim loai & trang théi chia nho. O trang thdi chia
rit nho, Fe, Co va Ni 1a chdt tr chdy, nghia la ching ¢ thé chiy trong khong khi & ngay nhiét
‘d6 thudng. Nguyén nhan cha hién tugng ndy la tong bé mit tiép xde rét lon gilta cac hat'kim
loai v6i khong khi va sir sai léch mang luéi tinh thé clia hat so véi kién triic bén cta kim loai.

Khi dun néng 'trong khong khi kho, sét tao nén Fe,O, va & nhiét d¢ cao hon, tao nén
Fe,O,:

3Fe + 20, = Fe0,
O trén 300°C coban tao nén CoO va niken bit ddu téc dung & trén 500°C tao nén NiO.

Khi Cl, phin dng rft dé dang véi Fe tao thanh FeCl, 1a chdt dé bay hoi nén khéng tao
dugc mang bao vé. Nguoc fai florua ciia nhitng kim loai ndy khong bay hai (vi lién két 6 tinh
ion) nén Fe, Co vi nhit la Ni bén v6i khi F, ¢ nhiét do cao. (3 nhiét do néng d6, Ni khong bi
khi F, phé hity, nhiig thiét bi lam viéc trong khi quyén F, dugc lam béng niken.

Véi N,, c ba kim loai tdc dung & nhiét do khong cao lam tao nén Fe,N, CoN va
Ni;N,... O nhiét d¢ cao hon, nhiing nitrua nay phan hily nhung trong kim loai van con lai mot
~ luong nito dang k& & dang dung dich rin. St c6 mat cia nito trong thép lam giam chat lugng

cha thép nén khi san xudt thép, ngudi ta luon tim céch loai trir nito. Mat khdc, viéc dua nito

lén bé mat céc d6 bang thép (nito hod biing cach dun néng trong khi quyén NH,) tam cho bé

mat d6 bén hon d6i v6i su va dap va mai mon. Véi cling muc dich do, ngudi ta dua cacbon lén
' bé mat thép (xementit hod) bang cdch dun néng trong khi quyén CO.

Fe, Co va Ni tdc dung vé6i S khi dun néng nhe tao nén nhitng hop chat khong hgp thic
c6 thanh phan gin v6i MS (& day M = Fe, Co, Ni). Sur ¢6 mat chia luu huynh fam giam chat
lugng coa thép nén phai loat trir khi luyén thép.

Fe, Co va nhiét 1a Ni tdc dung trL_ré tiép véi khi CO tao thanh cacbonyl kim loai.

Fe, Co vA nhat [a Ni thudc s6 it kim loai bén véi kiém & cdc trang thdi dung dich va
néng chdy. S& di nhu vay fa vi oxit clia chiing hdu nhu khong thé hién tinh luéng tinh. Trong
phdng thi nghiém ngudi ta ding chén nung bing niken dé nau ché}} kiém (khi khong duogc
phép diing chén nung bang platin).

Trong déy dién thé, Fe, Co va Ni diing truéc Sn nén déu tan trong dung dich axit giai
phong khi H, va tao nén mudi E%, trong d6 Fe tan d& dang hon. Phan iing khong sinh ra mudi
E™ vi kim loai v hidro méi sinh déu khir duoc ching vé E*. Axit sunfuric dac va axit nitric
dac khong tic dung véi Fe ma con thu dong héa né khi ngudi. Trong thuc t&€ ngudi ta chuyén
chd nhimg axit dac do trong xitec bing thép.

Béi v6i khong khi va nude, cde kim loai Fe, Co, Ni tinh khiét déu bén, Ngudi ta dung
niken dé ma ngoai cc dé bang kim loai. Cot st & Deli (An Do) duoc (am bang sét gan nhu
tinh khiét da khong hé bi ri qua hon 1500 nam nay. Nguoc lai sat c6 chita tap chét bi an mon

din dudi tac dung déng thdi cha hoi 4m, khi CO, va khi O, & trong khong khi tao nén ri sét:
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2Fe + 3/20, + nH,0 = Fe,0,.nH,0

Ri sat duge tao nén & trén bé mat 1a mot 16p x6p va gion khong bao vé duoc sat khoi
ti€p tuc tdc dyng va qua trinh &n mon sét tiép tuc dién ra> Hang nam, lugng sit thép mat di vi
bi ri 1a vao khodng 1/4 lugng sét thép duoc sin xudt trén toan the gidi.

Chong an mon kim loai
Sat b ri khi ti€p xdc déng thdi v6i oxi vi hoi 4m cua khong khi. Ri sir 14 qud trinh an
mon ¢6 tinh dién héa, co ché cta nd giéng véi co ché cia qua trinh oxi hoa - khir xay ra G
trong pin dién. Mot diém nay & trén bé mit clia sét thép c6 thé 1a dién cuc am, tai d6 x4y ra
qud trinh oxi héa sat, electron tir sét chuyén dén mét diém khdc & trén bé mat cia sit 1 dién
cuc duong, tai d6 xay ra qué trinh khi oxi clia khéng khi:
khéng khi

mang nudc

- _ Fe(r) - 2¢ — F&'(dd) Oz2(k}+ 2H20(l) + 4e - 4 OH (dd)

roi nhimg ion & trong mang nude tdc dung véi nhau tao thanh két tia:

Fe* + 20H" = Fe(OH),
va két taa bi oxi khéng khi oxi héa thanh ri sat;
4Fe(OH), + O, + 2H,0 = 4Fe(OH),
ding hon két tha Fe(OH), duoc biéu dién béng cong thifc Fe,0,.xH,0.

Gidng nhu & trong pin, & day qué trinh oxi héa sdt x4y ra tai mot s6 diém trén bé mat
sat va qua trinh khir khi oxi xdy ra tai mot s6 diém khdc va kim loai [a day dan electron tir
diém nay sang diém khdc. Nhiing diém khac nhau dé c6 thé nhan biét duge khi ding chat chi
thi K,{Fe(CN),] (d6i v6i ton Fe™) va phenolphtalein (d6i véi ion OH). Khi trong mang nudc cé
nhitng chat tan nhu khi CO, hay NaCl, nhimg chét dién 1i 46 {am di chuyén céc ion & trong
‘dung dich d€ duy tri tinh trung hoa dién nén ddy nhanh qua trinh ri sat. Vi du sau day cho thdy
vai trd ciia NaCl d&i véi qud trinh ri sdt: 6 16 chay & nhiing thanh phé ven bién bt ri nhiéu hon 6
to chay trong viing dat lién.

Khi sit chita tap cht hoac c6 khuyét tat vé mang fuéi tinh thé gay nén vi du bdi sir usn
cong thanh sat ching han thi giita sét va tap chat, gifta sit mang Iu6i binh thuong va sit mang
lugi khuyét tat s€ xuat hién nhimg pin dién nén st bi in mdn nhanh hon.
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Cé nhiéu phuong phap khéc nhau dé chéng an mon kim loai:

Phuong phdp dién héa duge ding réng rdi dé bao vé nhing két c4u bing thép. Khi hai
kim loai ti€p xiic véi dung dich chat dién 1i, kim loai hoat ddng s€ bi &n mon, né trd thanh dién
cuc &m cia pin dién con kim loai kém hoat dong hon trd thanh dién cuc duong, nghia 12 khong
bi &n mdn. Theo nguyén If d6, nganh khai thac ddu & trén bién diing thiét bi bao ve 1a nhimg
théi hop kim ctia Mg va Al 1a kim loai hoat dong hon Fe. Ngudi ta 1ip nhimg thdi hgp kim dé
vao phdn ngam trong nudc bién cla cdu. Két qua 1A gitia dién cyc 4m la hop kim  Mg-Al
(thi€t bi bdo ve) va dién cuc duong Fe (ciu thép) xudt hien mot hiéu the va pin dién hoat dong:
Mg va Al tan ddn vio nudc bién va khi H, bay lén & dién cuc dwong Fe:

Mg - 2e = Mg
2H,0 + 2¢ = H, + 20H"
Mg + 2HO = Mg(OH), + H,

Magie hidroxit va nhoém hidroxit dugc tao nén & trén b& mat thi€t bi bao vé bi nude
bién rifa troi nén thiét bi bio vé tiép tuc bi &n mon va két ciu bang thép dugc bao vé.

Chinh ndm 1823, nhi héa hoc ngudi Anh Dévi (Humphrey Davy, 1778-1829) l4n ddu
tién dd dua ra phuong phép ‘dimg Sn hodic Fe dé bio vé nhitng 14 Cu boc ngoai vd céc tau
thuyén bang gb chay trén bién. D& béo vé nhimg két cdu thép nhw cdu tau, cdu bén, 6ng din va
day cap chon ngdm duéi dit, ngudi ta néi ching v6i cuc am clia mot nguén dién mot chidu va
cyc duong duge n6i véi nhitng thdi kim loai khé bi ri vi du nhu titan ma platin (Hinh 40) ciing
chon ngdm & dudi dat. & dien cyc titan x4y ra qud trinh oxi héa nuéc gidi phéng oxi, & dien

“cuc thép xay ra qud trinh khir nuéc gidi phéng hidro va két cau thép khong bj 4n mon.
- { I -+
el te
LN ST AAS7 777
0 *
Sng thép qléi
: A titan

Hinh 40. So d6 cda phuong phdp ditng ngudn dién bén ngoai

Phuong phdp céch li. Ngudi ta phil 18n bé mat cdc d6 sit thép mot mang boc d€ ngan
cdch kim loai v6i moi trudng an modn. Mang boc d6 ¢6 thé 12 16p diu md, son, vecni, chét
polime hodc la 16p ma bing nhing kim loai bén véi khong khi va nudc nhu Ni, Cr, Sn, Zn,
Cd... Vi du nhu v6 xe 6 t6 dugc ma niken , ghi déng xe dap dugc ma crom, toén lop nha duge
ma kém, s4t 14 1am vd dé hop dugc ma thiéc, dinh 6c vit duge ma catmi. L6ép ma kim loai hdu
hét dwge 130 nén bing phuong phép dién phan dung dich mudi kim loai, mot s6 it bing phuong
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phép nhing sit thép vao kim loai néng chay n

céch nhiét phan vi dy nhitg hop chat d& phan hity nhu Ni(CO),,

Lép ma bing Sn, Ni hay Cd chi
thiing thi tai d6 sit bi dn mon (Hinh 41a) n
cuc am) trong khi 16p ma bing Zn khi bi thing van b

vi Fe 12 kim loai kém hoat dong hon (dién cyc duong).

hw Zn hay Sn, mot vai trudng hop khic bang
Cr{CO)}, hoac Cr(CgHe)a..-

bao vé dugc sit thép khi jop d6 bén, néu lop d6 bi
hanh chéng vi Fe 12 kim loai hoat dong hon (dién
40 vé dugc sat khoi bi &n mon (Hinh 41b)

nl.réc T DUO"C
2+ :.' 2+
3 Fe Sn Zn \ Zn '74 Zn
!
electrof Fe Fe b/4ctron
a b

Hinh 41. Tde dung khdc nhau cua lop ma thide {a) va Iop ma kém (b)

Phuong phdp ding chdt it ché.
an mon dé 1am cham qué trinh &n mon
rong rii dé bao vé nhi‘mg he théng tiep xiic vdi du
lanh, ndi hei, thiét bi ngung tu, thing chita dung a
co nhu amin, hop chat di vong chita nitg, mecaptan, u
nhu mudi nitrit, nitrat, cromat, heteropoli..
kim loai ho#ic san phdm an mon tao nén mang mong

Ngusi ta cho thém nhiing chdt stc ché vio moi truong

. M6t 56 chét tc ¢h

kim loai. Trén thuc t€, nhing chat trc ch€ duge dung
ng dich vi dy nhu cic mdy héa, he théng lam
%it v.v... Chit Ge ch€ cé thé 12 hop chat hitu
ré, thiouré... va cé thé 1a hop chét vé co
& s& thc dung véi dung dich hodc
bao phii bé mat kim loai . Mot s6 chdt &c

ché khdc vi du nhu nitrit, nitrat, cromat <& oxi héa kim loai tao nén mang oxit bén & trén bé

mit kim loai.

Trang thdi thién nhién va phuong phdp diéu ché

Sit 13 mot trong nhiing nguyén t6 phé bi
trong khi niken va nhét 12 coban it phé bign hon
Qua bt 1a 1,5%; 0,001% va 0,03% t8ng s6 nguyén tir (tuon
bigt dén tir thoi b xua, ¢6 1€ né co ngu
gian vii tru roi xuong Trai Dat, cé mot thién t
Fe; 8,5% Ni va 0,5% Co. Thién thach sit 1én nhit da b

Nhitng khodng vét quan trong cha sat 12 man
(Fe,0O,) chia 60% Fe, pirit (F
(CoAsS) chira 35.4% Co, sma
penladit ((Fe,Ni)sSq)- Ngoai nhimg md
trong Khodng vat cuia nhimg nguyén 16 ph
v niken thudng & 14

11-Hoa hoe v ca - T3

ntit (CoAs,) va clia ni
16n tap trung khodng vat

&n nhat, dimg hang tha tr sau 0, Si va Al,

nhiéu. Trit luong cla Fe, Co va Ni trong vo

g tng). Sat 1a kim loai da duoc
én goc vil tru. Trung binh trong 20 thién thach tir khong
hach sdt. Thién thach sit thuomg chia dén 90%
&t dugc c6 khi lugng 60 tdn.

hetit (Fe,0,) chia dén 72% Fe, hematit
eS,) va xiderit (FeCO,) chita 35% Fe; cfia coban 13 cobantin
ien 12 nikelin (NiAs), milerit (NiS va

cha sat, st con & phan tin

3 bién nhat nhu Al, Ti, Mn... Khoang vat clia coban

i v6i nhau va véi cac khodng vt clia déng, sit va kém. Sat va coban c6 vai
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1o sinh hoc rat 16n, héng cdu clia méu dong vat chia phic chit hem cha sbt, vitamin B, 1a
phiic chdt clia coban. Ngoai ra sit va coban 13 nguyén 18 vi lugng trong thyc vat.

Nhiéu nudc trén thé gidi cd gidu quing sat nhu Thuy Dién, Nga, Phdp, Tay Ban Nha,
Trung Quéc, My, Canada, Cuba, Chilé. Brazin, Nam Phi, ... Nhiing nudc ¢6 nhiéu quang coban
Ia Canada, Cuba, Nga, Zambia va Zaia. Nhimg nudc c6 giau quing niken 12 Cuba, Canada,
Nga, Philipin, Indonéxia va Australia.

Nudc ta ¢ md manhetit Jin hematit & Trai Cau (Thai Nguyeén), md xiderit & Tién Bo
(Théi Nguyén) vi md limonit & Quy Sa (Lao Cai) hién dang dugc khai théc. May ndm gan day
m6i phdt hién md manhetit 16n & Thach Khé (Ha Tinh).

Cach day hon 4000 nam loai ngudi da bi€l luyén sit tir quang. St luyén dugc cing va
bén hon bronzo nén 1 vat liéu canh tranh véi bronzo. Cich day khoang 3000 nam thot dai do
sét da thay thé thoi dai d6 déng thiée va tiép tuc phét tri€n cho dén ngay nay. Hién nay sit va
hop kim clia sét chiém 95% t6ng luong kim loai dugc san xuit hang nam irén the gidi.

Mdy thé ki nay, st dugc san xudt véi quy mo cong nghiép bang 16 cao. Nguyéri ligu dé
luyén gang 12 quang sat, than cc, chdt chay va khong khi.

Tir thoi ¢d dai, ngudi Ai Cap va ngudi Trung Hoa da ché€ duoc men mau xanh dep dé
lam nhitg biic kham. Men d6 ngay nay dugc biét 1a tao nén khi ndu chdy quing coban vdi
thach anh vi kali cacbonat. Tuy nhién, méi dén ndm 1735, coban kim loai mdi dugc nha héa
hoc Thuy Dién Bran (G. Brandt) tich ra tir quiing. Quing coban nhin bé ngoai tudng la quang
déng nén trudc d6 ngudi ta di 1n nhieu cong sic dé tdch déng tir quang d6 nhung khong thanh
cong. Bai vay, nhing tho dao quang ngudi Difc goi quang do la Kobold, tén cha con quy la ké
thil cia ngudi thg md trong cau chuyén than thoai, va vé sau nguyén t6 c6 tén 1a coban (tén La
Tinh la cobaltum).

Vi trit lugng bé clia coban, hang nim téng lugng coban san xuft trén thé gidi chi vao
khoéng 20 ngan tén mic dd coban 1a vat liéu chién luge, nhat 12 d6i v6i Ki thuat qudc phong.

Trong cong nghiép, ngudi ta 46t chay cobantin d& chuyén cic kim loai trong d6 thanh
oxit kim loai con As va S thoét ra ngoai duéi dang As,0, va SO,. Ch€ hod céc oxit kim loai
vé6i dung dich HCl d€ chuyén chiing thanh clorua. Syc khi Cl, vao dung dich clorua dé chuyén
Fe(II) thanh Fe(I[) va trung hoa dung dich biing CaCO; dé Fe(OH), két tua. Nang cao pH cla
dung dich clorua con lai va thém clorua v6i dit d€ oxi hod Co(Il) ma khong oxi hoa Ni(II):

2Co(OH), + H,0 + CaOCL, = 2Co(OH); + CaCl,
Nung két tha Co(OH), dé dugc oxit rdi dung C hay CO khir oxit:

900~1100°C
Co,0, + 4C = 3Co + 4CO
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100-900° C
Co,0, + 4CO = 3Co + 4CO,

Coban thu dugce & dang bot duge ép lai va néu chay trong 1o dien.

Téen goi niken (nickel) duge 1dy tir tén cha khodng vat kupfernickel, kupfer c6 nghia la
déng vA nickel 12 18n cla con quy Lin Nick o trong truyén thuy&t clia nhimg ngudi thg mo.
Khoang vat d6 da dugc bigt t the ki XVII va duge goi nhu vay 1a vi nhitng ngudi th mo turdng
nhém né 1a quing déng va di t6n nhiéu cong sic ¢ luyén déng tir quang 44 va at nhien khong
thanh c6ng. Ngay nay khodng vit d6 duge goi 1 nikelin.

Luong niken san xudi hang nam trong cong nghiép 16n gdp mudi ldn lugng coban.
Nguyén li¢u chinh ding d€ khai théc niken 12 quang ngho chifa sunfua d6ng va niken voi ham
lugng Nilatir 0,3 dé€n 4% nén qud trinh ch€ héa kha phic tap v bao g6m nhiéu giai doan:

_ Loai d4t 4 ra Khoi quing bang phion g phdp tuyén néi dé duge tinh quing chia ~10%

" Cu va Ni.

- Dot tinh quang trong 1o d6t nhiéu tdng giéng 1d d&t pyrit clia day chuyén san xudt axit
sunfuric dé gidm bdt S trong quéng.

_ Néiu chdy san phdm thu dugc cha 10 d6t trén & trong 1o phin xa. Sau khi loai them S
va tich xi ra, san phdm thu dugc chifa ~16% Cu va Ni, gdn (ng v6i thanh phan Cu,S + Ni,S;.

_ - Néu chay san phdm ctia 10 phén xa v6i chdt chay & trong 1 théi (kifu 1o Bexeme) va
théi khong khi. Sau khi tach xi, san phém thu dugc chifa ~ 80% Cu va Ni.

_ Dé nguodi san phdm trén day, nghién nhd va oxi hda ho3n toan thanh oxit: CuO, NiO
vA mot it 'oxit chia c4c kim loai khic chua di hét viio x1.

- Khit hdn hop oxit kim loai & 350°C bing khi than nude (56% H, va 25% CO) thanh
hén hop kim loai. ‘

_ Cho khi CO di qua hén hop kim loai & nhi¢t d6 50 - 80°C, khi CO tdc dung véi niken
tao thanh niken tetracacbonyl (Ni(CO),) 12 cht 1ong dé bay hoi.

- Phan hiy Ni(CO), ¢ 200°C, thu duge niken cé d6 tinh khiét cao (99,99%).

Luyén gang

Gang 1a hop kim chia sét chifa 1,7 dén 5% C. Vi chita mot lugng ddng ké C, gang cing
vi gidn nén khong rén va cdn kéo duoc. C6 hai loai gang: gang xdm va gang tring. Gang xam
chita C & dang than chi, ch giy cla gang x4m c6 mau xam. Gang x4m ding dé diic bg miy, vo
lang va Ong din. Gang tréng chita ft cacbon hon va chi yéu & dang Fe,C. Gang tring c6 mau
séng, cimg vA gidn hon gang xdm, dugc ding dé fuyén thép.

Gang dugc luyén & trong 10 cao (Hinh 50). Lo cao c6 vO bing thép, ben trong 16t gach
chiu lira. Ld thudng c6 chiéu cao 30m, cOng sust trén 3000 t4n gang trong mot ngay. Lo cao
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hoat dong lién tuc, sau 5 + 10 nam mdi phai
ngung dé tu sua.

Phéu nap Fah
: phailis B o 1"
Qua phéu hinh nén ¢ phia trén cla gl
i e b T o . 7 —125
than 10, phéi liéu duge nap vao 10 theo 16p: ]
quang sit,.than céc va chat chay. Quang st la Thanis 20
cac khodng vat oxit cua sat, dugc dap v& 3
¢ e e e 15
thanh cuc. Chét chay (con goi la chét trg n
dung) c6 thé 1 d4 voi néu trong quang st c6 Bung 16 30
nhiéu cdt va alumosilicat hodc la cit néu Khéng khi néng ¥ o ]
L s YRR (e b S — O\ ) e i
trong quang c6 nhiéu da voi. Than céc vira 1a 8ng gi6 13
nhién liéu, vira 1a chat khir, vira la chét tao Déy B

X Wy ;

gang. | /ﬁ-----!;// Z Gang
Khi théi khong khi néng khoang .
600+800°C vao 1o cao qua 6ng gié nam &

Ctra thao xi Cira thao gang

phia duéi cua bung 10, than coc chdy tao
thanh CO,, pht nhiét nhiéu va nang nhiét do | Hinh'50; S0 43 cilgsd txio
& dé6 1én dén 1800+1900°C:

2 by O nai 5100,
Khi CO, bay lén tdc dung v6i than c6c tao nén khi CO:
0, +7 CT=72C0

Phia trén cha than 10 ¢6 nhiét do vao khoang 500°C, tai day khi CO khir Fe,O, dén
Fe,0, réi FeO. O khoang 1000°C , FeO bi CO khir dén sit:

3Fe,0,'+ CO. . = 2Fe0, # CO,
Fe,0, + CO = 3Fe0 + CO,
Fel 4+ 00 = Pe+ 00

Sat di chuyén xuéng phia dudi cua bung 10, tic dung vé6i C va CO ¢ nhiét do cao tao
nén xementit:

SFe "+, C. .= FeC
3Fe + 2C0 = Fe,C + CO,

Xementit va cacbon tan trong sit tao nén gang c6 nhiét do néng chay ~1200°C, thap
hon nhiét do néng chay ~1550°C clia sit. Trong nhién liéu c6 cic tap chat la oxit cua silic,
mangan, photpho nén cdc oxit dé bi khir ciing véi oxit cta sat. Khi tan trong sit, Si va Mn la
tap chat c6 ich, con S va P la tap chat c6 hai doi v6i gang.

O khoang 1000°C, chit chay tic dung véi cic tap chat cia nguyén liéu tao nén Xi la
chat tuong d6i d& néng chay (~1300°C):
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CaCO, = CaO + CO,
Ca0 + Si0, = CaSiO,

X/ 16 cao phe hon gang, tap trung & ddy 10 va néi 12n trén 16p gang long. Tudn hoan
théo xi ra theo clra trén clia ddy 1o vi thio gang ra theo clra dusi. M&i ngay, gang dugc thédo ra
4 {4n (céch nhau 6 giv) va dong gang 16ng chay ra ¢& nhi¢t do ~1500°C.

Khi 16 cao thodt ra & phia trén cua than 15, chifa khoang 30% CO; 2-3% H, va CH,
duge chuyén sang hé théng loc bui va thdp frao déi nhiét (Hinh 51). Tai thép trao d6i nhiét, khi

Phéu hinh
nén

>___

Théap trac a8
nhiét

Thap trao d
nhiét

=

i

-

r._
Khong khi  Khéng khi ¥ Khoi 16 cao
ngudi néang

Hinh S1. S0 dé ciia 10 cao va thp trao doi nhiét

1> cao duge dot chdy & trong budng dot réi di 1én vom thdp. Phin Gng chdy thodt ra nhiéu
nhiat. Nhimg san pham khi clia phan ng chdy va nhitng khi khéng bi d6t chay déu mang mat
luong nhiét 16n, tir vom thip di xuong xuyén qua khe ho gila cdc dém lam bang gach chiu lita
x&p chong lén nhau & wong thap, 46t néng cic dém d6 va sau ciing dugc x4 ra ngoli qua 6ng
khoi. Sau 2+3 gid, cdc dem di duge dot du néng, agiing khong cho khi 10 cao vao thip ma cho
judng khéng khi nguéi di vao thap theo chiéu nguogc lai: di 1én vom thdp, xuyén qua khe ho
gifta céc dém di dot ndng va di vio 16 cao. Bai vay, phuc vu cho mét 1d cao ¢6 hai thép trao déi
nhiét, khi dang d6t chay khi 1o cao & trong thap nay thi théi khong khi nguoi vao thap kia dé
duge dét néng.

Luyén thép

Thép 1a hgp kim cla s&t chua ti 0,2, dén 1,7% C, dudi 0,8% S, P vi Min v duéi 0,5%
Si. Thép tuy ciing nhung déo hon gang, d& ran vi dé cdn kéo. Khi duge 1am ngudi nhanh (101
thép), thép trd nén it cting va khi duge 1am ngudi cham, thép tr& nén mém hon. Co hai loai
thép chinh 12 thép cacbon va thép hop kim. :
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Thép cachon duge chia thanh thép mém, thép trung vA thép cao. Thép mém chia 0,2%
C, dung dé 1am vo xe 810, thép s0i, Gng, dinh bu loong. Thép trung chita 0,3+0,6% C dung lam
ddm va xa nha, 10 Xo. Thép cacbon cao chita 0.6-1,7% C, diing lam dao, kéo, biia, duc, khoan.

Thép hop kim hay con goi la thép ddc biét, ngodi nhiing tap chat ¢ sin trong thép
cacbon, con chia lugng 1dn chia moOt hay mot s6 kim loai duge dua thém vao nhu Al, Cr, Co,
Mo, Ni. Mn, Ti, W, V, kim loai dat hi€m. Kim loai dua thém nay truyén cho thép nhiing tinh
chat dic bigt, Vi du nhu thép crom-niken cimg, chiu nhiét va khong ri. Thép crom-molipden va
thép crom-vanadi déu cung, bén & nhiét 4o cao va ip sust cao, ding 1am céc chi tiét clia may
bay va miy nén. Thép vonfram ciing, dai va chiu nhiét, ding lam dung cu cit got. Thép silic
diing lam thiét bi dién nhu motd, mdy phat, bi&n the.

Luyén thép 12 qué trinh loai bo luong du céc tap chit C, S, P, Si, Mn ¢6 trong gang.
Mudn vay ngudi ta oxi héa cdc tap chat d6 thanh oxit, nhilng oxit & trang thdi khi nhu CO va
CO,bay ra ngoai, con nhing oxit & trang thai rén bién thanh xi va néi lén trén 16p thép long. .
Nhimg phuong phap luyén thép chinh 13 phuong phép Bexeme, phuong phap Tomat, phuong
phap Mactanh va phuong phap bazo-oxi.

Phuong phdp Bexeme (nam 855). Ngui ta luyén thép & trong 1o théi c¢6 hinh qua 1é
(Hinh 52), vd ngodi bing thép, bén trong 16t gach chiu lra dinat. Ddy 16 ¢4 mot 36 clra dé théi
khong khi nén (dp sudt 4-3 atm). Gang
1ong & 10 cao duge chuyén thing vao 1&
théi . Khong khi théi vio gang long dot

. Migng 10
chay nhiing tap cht c6 trong gang: o

f

Lap 16t 10

Si + 0, = S0,

2Mn + O, = 2MnO

C + 0, = CO, quaiy(
1%

va oxi héa mot phan st

2Fe + 0, = 2Fe0

~ Nhimg phan ing ndy phét nhigt
nhiéu 1am cho nhiét d6 & trong 19 théi en
dén 1600°C va toan bd chét & trong 10 déu
& trang thi 1ong. Silic dioxit duge tao nén Hinh 52. So d6 ciia 10 théi Bexeme
tir Si ¢6 trong gang va silic dioxit cé trong
16p 16t 16 téc dung véi MnO va FeO tao thanh xi:
“FeO + 8i0, = FeldiO;
MnO + SiO, = MnSiO,

Xi léng ndi trén 16p thép léng duge trit ra trude thép khi quay nghiéng 1o théi.

Qui trinh luyén gang thanh thép xay ra nhanh ¢ trong 10 théi, chi trong 15+20 phit,
nén khong cho phép diéu chinh thanh phén ciia thép. Nhuge diém clia phuong phép Bexeme |2
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khong kuyén duge thép tir loai gang chita nhiéu P.

Phuong phdp Tomat (ndm 1878). Phuong phdp Tomat khic phuc nhuge diém cha
phuong phip Bexeme va cho phép luyén thép tir gang chita dén 2% P. Phuong phdp nay ciing
dung khong khi nén théi vao gang léng & trong 1 théi gidng nhut phuong phdp Bexeme nhung
16p 16t cha 15 théi duge am béng gach chju lira chia MgO hay hén hep MgO va CaO. Ldp 16t
16 ndy cho phép ioai bo P;

4P + 50, = PO,
PO, + 6Ca0 = 2Ca(PO,),

Phuong phdp Tomat cling nhu phuong phap Bexeme khong loai bé duge hoan toan S Ia
tap chat c6 hai & trong gang. B&i vy, ca hai phuong phip chi diing dé luyén thép tir gang
khéng ¢é qud 0,05% S.

Phuwong phdp Mactanh (nam 1860). Khéc v&i hai phuong phdp trén, trong phuong phép
Mactanh, chét oxi héa khéng chi 13 oxi cta khéng khi duge théi vao 1d ma ca sat(IIl) oxit clia
quing sat va clia sat vun cho thém vao éilng vOi gang. Qui trinh luyén thép duoc thuc hién
trong 10 lira ngon, goi 12 16 Mactanh (Hinh 53).

Lo duge xay bing gach chiu
lira, vdm 15 va thanh 15 dugc 16t gach
dinat, con ddy 15 ldt gach chiu lira chifa

nhidu SiO, hay MgO va CaO tuy theo o o0 K ome [ nona
thanh phan cha phdi lién nap vao 1o. AN & H‘?
Nhiét do cha 1o dat dén 1800°C. Mbi Pay lo 1 vr vl
khi nay trudc khi dua vao 1o déu dugc 17\ o i

d6t néng trude & 1100+1200°C trong
cdc budng trao déi nhiét nidm & phia

T

14T

HHHHHHHH
11T
— i
4
—

il d

duGi cia 16. Ngon I(a cita [0 luén ludn % 7
‘e . PR , R . Buéng trao Buéng trao
HEp xuc va1 bé mit cua phdi lidu nong ddi nhigt ai nhidt

chdy. Khi néng tir 16 di ra duoe dua

vao bubng trao déi nhiét dé dat néng

cdc déem bing gach chiu lia réi nhiing Hinh 53. Sor dé cia 16 Mactanh
dém néng nay lai d6t néng khong khi

va kh{ d6t trude khi dua vao 1.

Nhimg phan {ing héa hoc xay ra trong 16 lira ngon khong khéc véi 1o thdi nhung qud
trinh tuyén thép kéo dai khodng tir 68 gid. Nhd thoi gian kéo dai nhu vay, ngudi ta ¢é thé
phan tich duge san phdm va cho thém nhimg vat lidu cén thit d& ch€ c4c loai thép cé thanh
phdn mong mudn, nhét 12 thép hop kim.

Tuy nhién, d€ luyén thép hop kim, ngudi ta thudmg hay ding 5 dién hé quang cé nhiét
do trén 3000°C. Ld dién nhé va gon hon, méi meé san xudt 13 50 tdn thép.
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Phuong phap buzo-oxi (nam 1953). Phuong phap nay hién dai hon hién nay dugc su
dung rét phd bi€n & nhiéu nude trén thé gidi.
Phuong phap bazo-oxi cii ti€n phuong pﬁép
Bexeme: diing 10 théi c6 cong sudt 16n hon va
théi khi oxi tinh khiét c6 dp sudt 10atm. Phai 0, va Ca0
lizu nap vao 1d théi 12 gang 1ong vh sat vun, N g
Qua mot 6ng dan duge lam Janh & ngoai bang
nude va dua xuyén qua migng 10 thdi & gan
ph6i lieu (Hinh 54) ngudi ta théi déng thon

bot CaO va khi O, vo 1d. Ddng Ca0 va O, d6 Xiléng quay 18
V6i t6c 46 16n c6 thé di dén ddy 1o va khody - e e
tron manh 1dp phoi lidu long & trong 10. Tap 3 V&1

chat trong phéi ligu duge oxi héa thanh oxit,
161 oxit tic dung véi CaO tao thanh xi. Nho
nhiét cha phan (ng oxi hoa tap chdt, céc cht
& trong 10 vin duge giff & trang théi 16ng. Sau
~40 phiit, kéo Ong din khi ra khoi 1o va
nghiéng 16 dé dd xi ra trude, thép ra sau.

. Hinh 54. So dé 1o théi cila phuong phdp
bazo-oxi

Phuong phip bazo-oxi duge sit dung chii yéu dé san xuft thép cacbon, trong 40+45
phiit 1 thé1 san xudt duge 300350 tdn thép.

Hai chuc nam gin day do than cfc ngay cang thi€u trong khi nhu ciu vé sat thép ngay
cang tang, c4c nha luyén kim di tim céc cdch khic nhau A€ didu ché sét tryc ti€p tir quang
khong qua 15 cao. Trén the gidi di xuat hién ngay cang nhidu nha méay san xuét “sat x6p” truc
ti€p tir quang sat. Nguoi ta dem quang sit da nghién va tuyén thiéu Kkét v&i mot lugng nho thap
c6c & trong 10 quay 16m. Sau d6 ding nhimg chét khit nhy khi thién nhién (chi yéu 14 metan)
hay khi than nudc khi quang thiéu két d6 thanh sét x5p.

Vi du:
Fe0, + CH, = 3F + CO, + 2H0 .

St x8p c6 ham lugng st trén 90%. Thép duoc luyen tr sit x6p va s&t vun & trong 10
dién. '

Khu gang thép déu tién & nude ta duge xay dyng & Thai Nguyen vao nam 1959. Phan
xudng gang goém c6 3 15 cao, cong sudt bé. Phan xudmg thép ¢6 mot 1o Mactanh, gin day da
duge thay bing céc 10 dién. Ngoai hai phan xudng trén, khu lién hop gang thép Thai Nguyén
cdn ¢6 phan xuong can kéo thép & Gia Sang, phan xudng luyén than cdc, phan xudng gach chiu |
lira vi céc phéan xudng cd khi. Cuéi nam 2000, khu gang thép Thai Nguyén dugce diu tu nang
ciip dé dép tng duge phén nao nhu céu vé sat thép clia nudc ta. '

168



ab

oy ar

HOP CHAT CUA Fe(0), Co(0) VA Ni(0)
Sdt pentacacbonyl

Sdr pentacachonyl (Fe(CQ),) 1a chat 1ong mau vang, héa rin & -20°C, s6i & 103°C va rat
doc. Phan tir Fe(CO); ¢6 cau hinh chép kép tam gidc véi nguyén t(¢Fe 0 trung tim va cdc phan
tir CO & nam dinh:

CcO
OC\ i 1.842A

Fe———— CO
OC/ [ 1,7974
CO

Phan tir cé tinh nghich ti, nguyén tf Fe trong phan tlt ¢6 cdu hinh electron 3d® va &
trang thai lai héa dsp’. Nhiing obitan lai héa tréng nay nhan nhitg cap electron tir phan tir CO
tao nén lién két o-cho-nhan Fe «— CO va lién két duge lam bén thém nho lién két n-cho tao
nén boi nhitng cap electron d cha Fe va obitan phan tlr # phén lién két con tréng cua CO:

Fe0),3d [L10I1]1]4

SR

tao lién két Fe — CO

CO CO _ COCOCO
lien k&1 ¢ Fe— CO

Sit pentacacbonyl khong tan trong nudc nhung tan trong ruou, ete, axeton, benzen.
Trong dung dich ete, né bi phan hiy & nhiét do thudng boi tia ti ngoai:

We(CO), e FeyCO), + CO
Dua vio phan img ndy ngudi ta diéu ché nonacacbonyt Fe,(CO),.

Khi dun néng & 200-250°C trong diéu kién khong cé khong khi, né phan hiy thanh Fe
vad CO, phan img nay diung dé diéu ch& sit tinh khiét lam chdt xic tdc; trong diéu kién c6
khéng khi né s& chdy tao nén bot Fe,0, min va tinh khiét. Pentacacbonyl tao hén hgp né vdi
‘khéng khi nhung duge ding dé€ cho thém vao nhién lieu dong co lam chit chéng nd.

':Frong dung dich ete, n6 tdc dung manh li¢t véi axit sunfuric dic theo phan tng :
Fe(CO), + H,S0, = FeSO, + 5CO + H,*
va tac dung vai halogen (X) tao nén Fe(CO),X, 12 hgp chét kém bén dé bién thanh Fe(CO), X,

"bén hon.
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Sat pentacacbonyl tdc dung v6i dung dich kiém manh va djc tao nén H,Fe(CO), (chat
long mau vang chi bén & duéi -10°C va tu béc chdy trong khong khi).

Vidu:
Fe(CO)s + Ba(OH), = H,Fe(CO), + BaCO,
Khi dun néng & 45°C v6i khi NO duéi dp sudt, NO ¢4 thé thay thé hoan toan CO trong

cacbonyl fz_io thanh $4t tetranitrozyl Fe(NO), (tinh thé mau den rt ¢6 kha niing phan tng, vi du
tac dung véi dung dich H,S0, tao ngay [Fe(NO)]SO,).
Sit pentacacbonyl duge diéu ch€ biing tac dung clia bot sit v6i khi CO & 150-200°C va
200 atm: '
Fe + 5CO = Fe(CO),
Sdt nonacacbonyl

Sdt nonacacbonyl (Fe,(CO),) 1a chat dang tinh thé tam 3, mau vang chéi; néng chay &
100°C. Phan ti chia cacbonyl hai nhan nay ¢6 tinh nghich tix vi ¢6 c4u tao:

0\ | WCA\ /co

ocC F‘{(F é——Co
ONAN

trong d6 hai nguyén tir Fe lién két tryc ti€p véi nhau va lién két qua ba cdu CO. Mbi mot lién
két cha cdu CO véi nguyen tir Fe dugc tao nén bdi sy ghép déi mot electron clia CO véi mét
electron cua Fe. Con lién két gilta cdc phan tir CO khdc véi nguyén tlr Fe déu c6 tinh chat kép,
nghia la bao gém lién k&t o-cho-nhan tir CO va lién két w-cho tir Fe c6 phd bién trong cacbonyl
kim loai. Nhu vay trong cacbonyl hai nhan ndy, quy tdc khi hi€ém ciing duge tuan theo: mbi
nguyen tir Fe ¢6 cfu hinh electron clia nguyén tit Kr [26+1+(2 x 3)+3 (cha cdu CO) = 36].

_ St nonacacbonyl khong tan trong nudc, ete nhung tan frong rugu, axeton, toluen.
~ Trong béng 161 va & didu kién thudng, né két hop v6i CO tao nén Fe(CO)s. G 90-100°C nd
phan huy theo phan iing:

3Fe,(CO), = 3Fe(CO); + Fe,(CO),,
Sdt dodecacacbonyl

Sdt dodecacacbony! [(Fe;(CO),,] 1 chét dang tinh thé don ta, mau lyc thim, tan trong

rugu, ete, axeton, toluen. 3 146"C, né phan huy thanh kim loai va khi CO. N6 dugc tao nén khi
dun néng & 70°C dung dich toluen ciia Fe,(CO), & trong khi quyén CO,.
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Coban octacacbonyl

Coban octacacbonyl [(Co,(CO),] 12 chét dang tinh thé trong suét, rnau d6-da cam. Phan -
tlr cua cacbonyl hai nhan nay ¢4 tinh nghich tif va ¢6 c4u tao:

trong d6 méi nguyén tir Co tao nén 6 lien két: 4 litn két o-cho-nhan tao nén 1y ¢ap electron trén
MOg lien k€t ciia CO, mot lién két o-cho-nhan tao nén tir cap electron d cla Co véi MO, trdng
clia CO va mot lién k€t o tao nén giita hai nguyen tir Co. Nhu vy hai lien két o clia méi cdu CO
d day duge coi 12 hai lien két cho-nhén nguge nhau: mot tir CO va mot tir kim loai. Lién két
gifra Co vdi cdc phan tir CO khong phai cdu cdn dugc 1am bén thém nhd lien két x-cho

nhu trong cdc cacbonyl kim loai khdc:

co@3d |1 (%[ 1

ao lien
: ao lién két
Co0O tao lien két o T

Co=C o cococo
o C
t@gél_t%:}:%e' ° lién két o Co-—CO

Gidng v6i Mn, do ¢6 s 1€ clectron Co tac nén hop chat cacbonyl & dang dime
(Co(CO),],, nghia la quy tic khi hiém ciing dugc tuan theo.

So sdnh nhimg cacbonyl hai nhan.da xét: Mn,(CO),,, Fe,(CO), va Co,(CO), nhan thay
ngoai lien k& kim logi-kim loai, trong decacacbonyl khong cé cdu CO, cdn trong
nonacacbonyl c6 ba cdu CO va trong octacacbonyl ¢6 hai cdu CO. Sy c6 mat cdc cdu CO lam
bén thém cho lién ket kim loai-kim loai nhu da thdy qua st rit ngén d6 dai cla céc lien két

Mn-Mn, Co—Co va Fe-Fe 142,92 4 ,2,52A va2,46 A tuong (ng.
Coban octacacbonyl néng chdy & 51°C. Trén nhiét d¢ d6, n6 phan huy theo phan ing:
2C0,(CO); = Co (CO), + 4CO
va trén 60°C phan huy thanh kim loai va caébon monooxit vi & nhiét d6 d6 nhiing tinh thé mau
den Co,(CO),, bi phan huy.
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Coban octacacbonyl tan trong ruou va ete nhimg bi nude phan huy:
3Co/CO); + 4H,0 = 4HCo(CO), + 2Co(OH), + 8CO

N6 tic dung véi dung dich kiém theo phan tmg:
6Co,(CO), + 8NaOH = 8HCo(CO), + 4Na,CO, + Co(CO),,

(Axit tetracachonylcobantic HCo(CO,), 12 chét 16ng mau vang, héa rdn -26,2°C va s6i
& 10°C).

Coban octacacbonyl duge diéu che bing tic dung ciia bot coban véi khi CO 4 220°C va
250 atm,

Niken tetracachonyl

Niken tetracacbonyl (NI(CO),) 1a chét- co
léng khong mau, rat dé bay hoi va het sitc doc. l
Day 1a hop chét cacbonyl kim loat don gian

Ni
nhat. Phan tit c6 cfu hinh uf dien déu vei c// ~ 84
nguyén tir Ni & trung tam va phan tir CO & bén 0
dinh: ' CO

Phan tir ¢6 tinh nghich tix, nguyen tir Ni & trong phan tir ¢S cdu hinh 3d" va & trang th4i
lai héa sp’, Nhimg obitan lai héa tréng nhan nhing cap electron tir MO ¢ lién két clia CO tao
thanh lién két o-cho-nhan va lien két dugc 1am bén thém nhd lien két n-cho dugc tao nén tir
nhilng cap electron d cia Ni va nhitng MOn* tréng clia CO: ’

sp3
id - 45 4p
Niosd” (LA 5] 2T+ 1»

tao lién két nt
- Ni—=+CO

. CO €O CO CO
lien'két & Nie—CO

Niken tetracacbonyl héa rin & -23°C va s6i & 43°C. Duéi tdc dung cha tia tir ngoai hoic
khi dun néng & 180-200°C, 6 phan hily hodn toan thanh kim loai va cacbon monooxit (cé thé
gay nd). N6 khéng tan trong nuéc nhung tan trong ete, clorofom, benzen.

Trong khéng khi niken tetracacbonyl bi oxi héa dén thanh NiO va O,. Hon hop cita
khong khi va hoi clla né cé thé gdy nb. N6 d& tic dung v6i halogen tao thanh niken
dihalogenua. N6 khéng téc dung véi dung dich axit lodng va dung dich kiém nhung tic dung
manh véi axit sunfuric ddc (c6 thé gay nd) va véi axit nitric tao thanh muéi niken(II).
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Ni(CO), + H,S0, = NiSO, + 4CO + H,

Khi dun néng véi khi NO dudgi ap sudt né tao nén niken dinitrozyl Ni(NO), la chat bot
mau xanh khéng tan trong nudc nhung tan trong clorofocm, & 90°C phan huy v phat sing
manh.

Niken tetracachonyl duge ding dé diéu ché niken tinh khiét, ma niken I&n kim loai va
thuy tinh, 1dch niken khoi coban va lam chéi xiic tac trong téng hop hitu co.

NG duge diéu ché bing tic dung clia bot niken véi khi CO ¢ 60-80°C va 4p sudt thudng.
Pay 12 cacbonyl kim loai déu tién di duge di¢u ché vio nam 1890.

Trong phong thi nghiém ngudi ta cé thé diéu ché bing cdch dung khi H, khd khix
NiC,0, & 400°C, lam nguoi san phdm phan ung trong khi quyén H,, réi cho téc dung véi khi
CO & nhiét do thuong. Hoi Ni(CO}, duge ngung tu trong binh lam lanh bang nito long.

HOP CHAT CUA Fe(Il), Co(II) VA Ni(II)

Néi chung hop chat clha Fe(If) dé& bién thanh hep chat ctia Fe(IID), kha nang bién déi
héa tri nhu vay giam xudng tix Fe dén Ni.

Sdt(1l), coban(H) va niken(I1l) oxit

Tat ci c4c oxit EO Ia cht ran dang tinh thé lap phuong kiéu NaCl va ¢6 thanh phan
khong hop thitc. FeQ ¢6 mau den, néng chay & 1360°C, CoO mau luc, nong chdy ¢ 1810°C va
NiQ mau luc, néng chay ¢ 1990°C.

Bot min FeO méi diéu ché ¢6 kha nang tr chdy. Sau khi duge nung néng khong lau &
nhiét do cao, kha niang phin Gng cta né tr& nén kém hon. Kbi dun néng trong khong khi 0 200-
250°C, FeO bién thanh Fe,O, va & 570°C phan hby thanh Fe va Fe,O,. Khi dun néng trong khi
quyén O, & 400-500°C, CoOQ bién thanh Co,0,. Sat(II) oxit phén hiy nuéc khi dun ndng theo
phan ting:

2FeO + H,O = Fe, 0O, + H,
Tét ca cic oxit MO khi dun néng dé bi khir thanh kim loai b&i H,, CO, C, i, Al, Mg...

Céc oxit MO khong tan trong nude, tan dé dang trong dung dich axit, Chi cé6 CoO thé
hién 1o hon tinh ludng tinh, né tan trong dung dich kiém manh, dic va ndng tao nén dung dich

mau xanh lam chita ion [Co(OH), V.

Ci4c oxit MO ¢6 thé ndu chdy véi nhidu oxit cia kim loai va khong-kim loai tao nén
nhitng hop chat cé mau.
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Coban(II) oxit va niken(II) oxit thudng duoc diing 1am chat xic téc, bét mau trong sz"in
xudt thuy tinh va goém.

Céc oxit MO dugc di€u ché€ tryc ti€p tir cdc don chdt hodc bing nhiét phan cdc mudi
cacbonat, nitrat va oxalat hay nhiét phan hidroxit.

Vi du:
940°C
200 +0, = 2Co0
5000
FeCO,- = FeO + CO,
300°C- 400°C
CoG,0, = CoO + CO + CO,
2 J
Ni(OH), = NiO + H,0

Riéng FeO cin duoc diéu ché trong khi quyén khong ¢6 oxi.
Sdar(Il), coban(Il) va niken(Il) hidroxit

Céc hidroxit E(OH), 1a két tia kbéng nhdy, khong tan trong nudc, ¢6 kién triic 16p.
Fe(OH), ¢6 mau tring nhung & trong khong khi chuyén nhanh thinh hidroxit hén hop
Fe(OH),.Fe(OH); mau luc r6i bi¢n thanh Fe(OH), mau nau-do:

4Fe(OH), + O, + 2H,O = 4Fe(OH),

Co(OH), mau héng, & trong khoéng khi chuyén cham thanh Co(OH), mau nau con
Ni (OH), mau luc, bén véi khong khi va chi bién ddi khi tdc dung v6i nhimg chét oxi héa manh.

Vidu:
2Ni(OH), + Br, + 2KOH = 2Ni(OH), + 2KBr

Khi dun néng trong diéu kién khong c6 khong khi, nhat 1a d6i véi Fe(OH),, cic
hidroxit mét nudc bi€n thanh oxit. Cdc hidroxit M(OH), tan dé dang trong dung dich axit, tinh
bazo giam xubng tir Fe dén Ni. Tinh ludng tinh chi thé hién rit y&u & Fe(OH), va Co(OH),:
chiing tan trong dung dich kiém manh, dac va néng. Ngudi ta tich dugc nhimg tinh thé mau
lyc nhat cta Na,[Fe(OH):], mau tim-d6 chia Na,[Co(OH),] va cla Ba,[Co(OH)]. Két tlia
Ni(OH), khong tan trong dung dich kiém c6 1€ vi ¢6 tich s6 tan bé (~107'®) chit khong phai vi
kha naing tao phic kém clia Ni** véi ion OH™.

Két tia E(OH), tan trong dung dich dac coa muéi amoni tuong ty nhu Mg(OH),. Két
tia Fe(OH), khong tan trong dung dich NH, nhung Co(OH), va Ni(OH), tan trong dung dich
NH,; tac thanh phifc chat:

Co(OH), + 6NH; = [Co(NH,)J(OH),
Ni(OH), + 6NH, = [Ni(NH,)J(OH),
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B&i vay cac mudi ciia Co™ va Ni?* dé tac dung véi dung dich NH; tao nén nhitng phic
chét amoniacat.

Céc hidroxit E(OH), duoc diéu ché bing tic dung cia dung dich kiém manh véi mudi
kim loai (II):

E* 4+ 20H° = E(OH),
Khi tic dung v6i dung dich kiém, cdc mudi Co* va Ni** méi déu thudng tao nén ket
tfia ciia mudi bazo rdi sau dé méi tao nén ket tha cla hidroxit.

Vidu:

CoCl(dd) —2> CoOHC (1) —=—> Co(OH),M
(hong-do) (xanh lam) (hong)

Két tha Fe(OH), tinh khiét chi dugc tao nén & trong khi quyén va dung dich hoan toan
khong c6 oxi.

Mudi Fe(Il), coban(Il) va niken(1l)

Mudi E(11) ¢6 v6i héu hét nhﬁng.anion bén. Mu6i khan c6 mau Khdc v6i mudi & dang tinh thé
hidrat, vi du nhu FeCl, tring, CoBr, mau luc va NiSO, mau vang nhung FeCl,.6H,0 mau lue
nhat, CoBr,.6H,0 mau do va NiSO . 7TH,0 mau lyc. Mau ciia mudi khan 'khong luon laon tring
v&i mau rieng cla ion: Fe** mau tring, Co”™ mau do va Ni** mau ving. Rieng mudi Fe™ Ia kém
bén d6i véi oxi cha khong khi. Mu6i ciia axit manh nhu clorua, nitrat va sunfat tan dé trong
nudc con mudi ciia axit yéu nhu sunfua, cacbonat, xianua, oxalat va pho}phat kho tan. Khi tan
& trong nudc, cdc mudi déu cho ion bit dién [E(H,0)¢]** ¢6 mau dédc trung: [Fe(H,0)]** mau

 luc nhat, [Co(H,0)]*" mau do-héng va [Ni(H,0),]*" mau lyc. Jon bt dien {E(H,0)]*" cling ton

tai trong mot s tinh thé€ hidrat, vi du nhu Fe(ClO,),.6H,0 mau luc, FeSO,.7H,0 mau luc,
(NH,),Fe(S0,),.6H,0 mau luc, CoClL.6H,0 mau do-héng, Co(NO,),.6H,0 mau do-hong,
NiSO,.7H,0 mau lyc va NiSO,.6H,0 mau lyc. Mau luc clia [Fe(H,0) }** rét y€u nén dung di_ch.
clia mudi Fe** thuc t€ khong ¢6 méau. Trong nhiéu tinh thé hidrat khic, khong c6 ion
(E(H,0)J** vi du nhy trong FeCl.6H,0 v NiCl,.6H,0 khong c6 ion [Fe(H,0),)%* va ion
[Ni(H,O)¢** ma ¢6 [Fe(H,0),CLI* va [Ni(H,0),CL]*. Trong nudc, ion [E(H,0)2* bi thity
phan mot phn iam cho dung dich c6 phén ing axit yéu.

Dihalogenua EX,. Khi két tinh tir dung dich nuéc, mu6i halogenua thudng & dang tinh
thé hidrat EX,.6H,0 (tri florua ). (3 diéu kien khdc, ngudi ta tach ra duge nhiing tinh thé hidrat
véi 8, 7, 4, 2 va 1 H,0O. Céc hexahidrat dé tan khong nhitng trong nudc ma ca trong ruqu. G

dang khan, mau cla mu6i phu thuge vio ban chdt clia anion. Dudi day 13 mau cia cic
dihalogenua khan: '
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F~ Ct Br~ I
Fe?* tréng tréng vang-luc nau - do
Co** do6 nhat xanh lam luc den
Ni** luc . vang ' néu sim den

Cic dihalogenua khan ¢6 nhi¢t 4 néng chay va nhigt do $01 kh4 cao, vi du FeCl, nong
chay & 672°C va s0i & 1030°C (trong hoi cha FeCl, ¢6 can bang Fe,Cl, & 2FeCly), CoCl,
~ néng chay & 727°C va soi & 1049°C, NiF, néng chay & 1027°C va soi & 1627°C. Monohidrat
CoCl,.H,O tan trong axeton nhung monohidrat NiCl,.H,O khong tan, ngudi ta dwa vao tinh chat
nay dé phan chia coban va niken.

Céc dihalogenua c6 thé két hop v6i halogenua kim loai kiém (M) tao nén mudi kép
M{EX,] hay M,[EX,]. :

Khi nhiét phan tinh thé hidrat CoX,.6H,0 ciing nhu mudi hidrat khéc ctia Co(Il) x4y ra
hién tugng mét nude dan kém theo sy d6i mau tl d0-héng dén mau xanh lam.

Viduy:

CoCl, 6H,0 27C, CoCl,4H,0 35S, Cocl,2H,0 25 CoCLH,0 140G, coc,

(dd-héng) (héng) (tim xanh) (xanh lam) (xanh lam)

Nhu vay khéc vdi MgClL.6H,0 va MnCL.4H,0, qui trinh mét nude cla CoCl,.6H,0
khong k&m theo sy thiy phan. Day 12 nguyén nhan Bm cho tiwong téc gitta CoCl, va H,O <6
tfnh thuan nghich. Lgi dung tinh chat nay, trong thue t€ ngudi ta cho thém coban clorua vao
silicagel d& 1am chét chi thi d¢ dm. Silicagel 12 chéft 1am kho thudmg dugc dat trong cdc dung cu
quang hoc dé hit &m. Nhimg hat silicagel (chia CoCl,) hoan toan kho rdo cé mau xaph lam dén
ddn trd thanh hong khi da hit béo hda hoi nuée & trong khong Kkhi, ldc dé s& khong cdn kha
nang hit 4&m nita. LAy nhimg hat d6 ra ngoi, sdy kho dén khi trdy lai mau xanh lam, nghia 1a
silicage] da hoan toan kho rdo, va dem dung lai dé hiit 4m.

Tir thoi xa xua, khi chua biét nguyén 16 coban, ngudi ta di ding nudc thai cha xudng
sin xu#t déng (ngdy nay ching ta bigt dung dich dé ¢ chita mu6i coban) 1am myc dé viét
nhitng dong chir khong trong thiy trén gidy tring nhung thay dugc khi ho néng gidy trén ngon
lita nén. Trudc day cich ding myc d6 givip ngudi ta trao d6i thong tin vdi nhau mot cdch bf mat.

~ Hi¢n tuong déi mau tir 36-h6ng sang xanh lam ciing xay ra khi thém HCI, CaCl, hoéac
dung moi hiru co vao dung dich mudi coban.

Vidu: _
[Co(H,Q))** + 4CI" = [CoClL]* + 6H,0
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Da s6 cdc halogénua MX, khan ¢6 thé dugc diéu ché true tiép tir cac don chat,
Vidu:

Co + Br, = CoBr,

Ni + Cl, = NiCl,

T4t ca cdc dihalogenua cé thé diéu ché bing tac dung clia kim loai véi dung dich HX
(X Ia halogen). Lam mat nuSc khi dun néng céc tinh thé hidrat thu duge trong dong khi HX sg
dugc mudi khan. '

Vidu:
Fe + 2HCl + 6H,0 = FeCl,.6H,0 + H,
FeCL6H,0 —“—> FeCl, + 61,0
Sunfat £SO, 1a chit dang tinh thé, FeSO, c6 mau tring, CoSO, mau héng va NiSQ,
mau vang chanh. Chiing tvong d6i bén véi nhiét, do bén tang lén tir Fe dén Ni: FeSO, phan hiy
& >580°C, CoSO, & > 600°C vi NiSO, & 840°C. T4t cd déu hl_it 4m va dé tan trong nudce. Khi két
tinh tir dung dich nuéc & nhiét do thudng thu duge tinh thé hidrat he don ta ESOQ,.7H,0 déng
hinh véi MgSO,.7H,0 va MnSO,.7H,0. Tinh thé FeSO,.7H,0 ¢6 mau luc nhat, néng chay & ~

64°C, d€ tan trong nuéc va rugu, CoSO,.7H,0 ¢6 mau dd va nong chay & 96-98°C con
NiSO,.7H,0 c6 mau luc. Hai hidrat ké sau ciing dé tan trong nudc nhung khéng tan trong ruou.

Khi dun néng, nhiing tinh thé hidrat ESO,.7H,0 mat din nuéc v cudi cung bi€n thanh
mudi khan,

Vidu:

FeSO, TH,0 —2¥< 5 FeS0,.4H,0— €, £o50, H,0 —X2°C_, Eeg0,

3 nhiét dé cao hon, mudi khan phan hiy tao thanh oxit.
Vidu:
5807
2FeS0, " 2°C Fe,0, + SO, + SO,

Céc hidrat CoSO,.7H,0 va NiSQ,.7H,0 déu bén & trong khong khi con FeSO,.7H,0
kém bén. Khi d€ trong khong khi, tinh thé FeSO,.7H,0 mét mat /én hoa do mét bét nudc, mit
khdc bi oxi héa dén boi oxi bién thanh 16p mau vang-nau & trén bé mat:

4FeSO, + O, + 2H,0 = 4FeOHSO,.

" Trong dung dich nudc jon Fe? cling bi oxi & trong khi quyén va trong nudc oxi hda
thanh jon Fe™. Diéu ndy d€ hiéu khi so sdnh th& oxi héa -khir ciia c4c nira phén ting sau:

[Fe(H,0)]* + ¢ = [Fe(H,0)J>, E° = 0,771V
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vi 0, + 4H" + 4¢ = 2H.O, E° = +1,23V
Trong moi trudng kiém, ion Fe'* thé hién tinh khir cdn manh hon nhiéu:
Fe(OH), + e = Fe(OH),+ OH", E° = -0,56V,

di€u d6 giai thich khi ning bi oxi héa nhanh cia Fe(OH), & trong khong khi trong Khi
Co(OH), bi oxi hda cham:

Co(CH), + ¢ = Co(OH), + OH", E° = +0,17 V.

Dung dich FeSO, khi c6 mat H,80, s& bén hon ddi véi khong khi nén duoc ding lam
chét khir trong nhiéu phéan dng.

Vi du:

10FeSO, + 2KMnO, + 8H,80, = S5Fe,(S0,), + 2MnSO, + K,SO, + 8H,0
6FeSO, + K,Cr,0, + TH.80, = 3Fe(S0,), + Cr(S0,), + K,SO, + 7TH,0
4FeSO, + H,8¢0, + 2H,S0, 2FeL(S0,), + Se + 3H,0
3FeS0, + 3AgNO, Fe,(S0O,), + Fe(NO,}, + 3Ag
6FeSO, + 3Hg(NO;), = 2Fe,(80,); + 2Fe(NO,), + 3Hg
2FeSO, + 2NaNQ, +2H,S0, = Fe,(SO,); + Na,SO, + 2NO + 2H,0

I

Vi sunfar kim loai kiém hay amoni, cdc mu6i ESO, d& tao nén mudi kép
M.E(80,),.6H,0, trong dé quan trong d6i véi thuc t€ 12 (NH,),Fe(SO,),.6H,0 duoc goi kA musi
Mo. Tinh thé mudi Mo c6 mau luc, dé két tinh, khong hidt 4m va bén doi véi oxi khéng khi hon
FeS0,.7H,0 nén thudng ding trong héa hoc phéan tich dé pha dung dich chuén clia Fe* va
diing dé dinh ¢& chat khi do tir-tinh. FeSO,.7H,0 dugc diing dé 1am chat cin mau cda muc den
va dung ché€ cic bot mau.

Cic tinh thé hidrat ESO,.7H,0 dugc didu ché bing tic dung ciia kim loai, oxit kim
leai, cucbonat kim loai véi axit sunfuric. Mu6i khan duge diéu ché bing cach lam mat nude
cua tinh thé hidrat khi dun néng (trong chan khéng hay trong dong khi H, d6i véi FeS0,) hoic
khy dun ndng vdi axit sunfuric dic.

Phitc chdt cua Fe(Il), coban(Il) va niken(Il)

Céc ion Fe™, Co™ va Ni** tao nén nhidu phite chdt, dd bén clia nhimg phiic chét d6 tang
lén theo chidu gidm cla ban kinh ion tr Fe™ (0,74 £), Co (0,72 & ) d&n Ni** (0,69 A).

Ca ba ion déu tao nén nhitng phitc chat bét dién véi s8 phdi tri 6. Ion Fe® it ¢6 khuynh
hudng tao nén phic chét (i dién hon cdc ion Co™ va Ni**. Trong céc kim loai chuyén tiép, ion
Co™ tao nén s6 phiic chét ui dién nhiéu nhat. $& di nhur vay 1a vi nhiing phuic chat t dién d6 c6

* *
cdu hinh electron bén (T4)*(Gy)". Ngoai s6 it phic chdt t¥ dién duge tao nén véi phéi tir
trudng y&u, ion Ni** con tao nén nhiéu nhitng phic chat hinh vudng véi phéi tr trudng manh.
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Caé¢ muoéi Fedl), Co(Il) va Ni(Il) khan két hgp v6i khi NH, tao nén muéi phic
amoniacat chita ion bat dién [E{NH,),]**. Amoniacat sat(Il) kém bén, chi ton tai & trang théi
ran hay trong dung dich bdo hda amoniac, trong nudc bi phan huy tao thanh hidroxit.

Vidu:
[Fe(NH,),ICl, + 2H,0 = Fe(OH), + 2NH,Cl + 4NH,

Amoniacat coban(II} va niken(II) bén hon (K, 12 2,45.10% va 1,02.10° tuong (mg) duge
tao nén ca trong dung dich.

Cation [Co(NH,),J** ¢6 mau nau-vang cdn cation [Ni(NH;)}** ¢6 mau tim. Sy thay the
H,O trong [Ni(H,0)s]*" bang NH, di 1am mau bi€n déi tr luc sang tim. Hinh 55 trinh bay phd
hap thu clia cdc ion [Ni(H,0),J** va [Ni(NH;)]*.

Hé s& hép thu mo}

i

| 1 1
2000 4000 6000 8OO 10000 12000
Budc séng x.K

Hinh 55. Ph6 hdp thu cia [Ni(H,0)J* (I}
Phé hap thy cia [NINH ) (2)

Qua phé ta thdy ion bat dién [Ni(H,0),]** hap thu viing xanh va ving d6 cla 4nh sdng
trong thdy nén ion ¢é mau luc (A ~ 5500A) con ion bt dién [Ni(NH,),]** hap thu viing vang-
luc (A ~ 57104) nén ion cé mau tim. Nguyén nhan cla sy bién déi tr mau luc sang tim khi
phéi tr H,O duge thay th€ bing phoi tir NH; 1a sy tang thong s6 tich A tir 101k]/mol &
[Ni(H,0),}** dén 129kJ/mol & {Ni(NH,),J"" dan dén su chuyén dich dai hidp thu vé phia séng

ngan.

Trong dung dich nudc, amoniacat coban(ll) dé dang tdc dung véi oxi khong khi tao
thanh amoniacat coban(IIT):

4[C0(NH3)6]2+ + 02 + 2H2O = 4[CO(NH3)6]3+ + 40H"

Nhu vay phéi tir tao phitc NH, dd 1am bén cho trang thdi oxi héa +3 kém bén cla
coban vi ring & trong nude, nira phan ing:

[Co(H,0) ) + ¢ = [Co(H,0)J** c6 thé oxi héa-khir E°=1,84V
2 2
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nhung trong dung dich amoniac, nira phan fng:
[Co(NH,}]* + e = [Co(NH,)J** c6 th& oxi hod-khir E°=0,1V.

Trong nhing amoniacat Fe(Il), Co(II} va Ni(II), mudi [Ni(NH,),J(Cl0O,), c6 d6 tan rat
bé nén ¢6 thé dung d€ dinh lugng niken.

Céc muai Fe(Il), Co(IT) va Ni(Il) khi tic dung véi dung dich xianua kim loai kiém, méi
diu tao nén két tla: Fe(CN), mau nau-vang, Co(CN), mau dd-xdm va Ni(CN), mau luc, sau d6
k€t tha tan trong xianua du tac nén nhiing ion phic bat dién [Fe(CN),}' mau ving va
[Co(CN)J*" mau dé va ion phitc hinh vuong {Ni(CN),]*" . Ton [Fe(CN),]*" 12 phiic chit bén
nht chia sét (II) cdn [Co(CN),1*" kém bén, tic dung véi oxi khong khi va nudc theo céc phan
tng:

4K, [Co(CN)] + O, +2H,0
2K,[Co(CN),] + 2H,O

4K,[Co(CN),] + 4KOH
2K,[Co(CN),] + 2KOH + H,

Bai vay khi théem KCN vao dung dich CoCl,, thyc t€ duge K;[Co(CN)] theo phan ing:
2CoCl, + 12ZKCN + 2H,0 = 2K,[Co(CN),] + 4KCl + 2KOH + H,

Mot l4n nifa ta thay phéi tir tao phic, & day 1a ion CN', ¢6 anh huéng manh dén thé oxi
héa - khit cua ion kim loai trong dung dich vi:

[Co(CN)]” + e = [Co(CN)J* c6 the oxi héa - khir E° = 0,83V

Kaliferoxiunua K, {Fe(CN)¢].3H,0 1a chat dang tinh thé don t3, ¢é mau vang, vi man
va déng. Ion nghich tir [Fe(CN)¢]* ¢6 cu hinh electron mit gon 1a (1,)®:

Ning lrgng

Gz yz 0'22
i
Tz T{yz “xy

Kali feroxianua dé tan trong nudc v axeton nhung khong tan trong rugu. Khi dun néng
¢ 87-90°C né mét nudce bién thanh mudi khan 12 chat bot trang hit 4m, & 100°C phan hby tao
thanh Fe(CN), va KCN. N6 bén vdi oxi khéng khi va dung dich kiém nhung tdc dung véi clo
va dung dich axit dic:

2K fFe(CN),} + Cl,
K,[Fe(CN),] + 4HCI

2K,[Fe(CN)¢] + 2KCl
H,[Fe(CN),] + 4KCl
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Axit H,[Fe(CN),] 1a chat dang tinh thé mau tring, bén & trang thai kho, phan hiy khi

dun néng:

3H,[Fe(CN)] = Fe,[Fe(CN);j + 12ZHCN
va ¢6 thé tdc dung vdi O,, Cl,, Br, va [, bién thanh H,[Fe(CN),].

Anion phitc [Fe(CN),]* phan li r4t kém trong dung dich (K, = 7,9.10°®) nén khong thé
phit hién dugc ion Fe** va ion CN™ trong dung dich d6. N6 tao nén véi nhiéu cation kim loai
ndng nhimg muéi ¢6 miu va it tan trong nuéc. Trong héa hoc phén tich ngudi ta dung
K,[Fe(CN),] d& nhan biét ion Fe**:

3+ 2+
Fe™ + K' + [Fe(CN)]*" = KFe|[Fe(CN)]
K&t tha KFe|Fe(CN),] mau xanh cham thdm dep duge goi 1a xanh Beclin, duge dung
1am b4t mau cho murc in.

Trudc kia kali feroxianua diéu ch€ dugc khi nflu chay chdt thai cua 16 sdt sinh (mdu,
da) véi st vun trong kali cacbonat néng chdy nén duge goi 13 mudi vang mdu. Ngay nay mudi
d6 dugc ché€ tir san phdm phu chifa xianua thu duge & 16 luyén than céc. Trong phong thi
nghiém, c6 thé ch& kali feroxianua tir FeSO, va KCN:

FeSO, + 2KCN = Fe(CN), + K,SO,
K, [Fe(CN),]

Fe{(CN), + 4KCN

Khi thém rugu vao dung
dich thu duge, nhimg tinh thé nhé
K,[Fe(CN)].3H,0 s& ldng xudng.

Feroxen hay sdt
bisxiclopentadienyl (Fe(CH;),) 1a
chét dang tinh thé mau da cam, néng
chay & 173°C va s6i ¢ 249°C. Phan
tir Fe(C,H,), c6é dang hinh banh kep
v6i ion Fe* ndm gitta hai mat phing
song song cla anion vong nim canh a b
C,H; (Hinh 56) gin giéng véi phan Hinh 56. Cdu tao cia phan ti (Fe(CH.),)
tir Cr(CH,), d3 xét trude day: a) Hinh binh kep  b) So dé tao lién kél

Nhitg obitan nguyén tit 2p, ciia C vuéng goéc véi mit phing cia vong C,Hj, theo If
thuyé&t MO, té hop véi nhau tao nén ba MO=* va hai MOn": cdc MOn™ d3 dién dt electron (5

electron ciia 5 nguyén tir C vd mot electron ctia anion C,H;) con cdc MOn" déu tréng (Hinh
56): |
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nang lugng . nang ]/l\l‘(,'fl‘lg

¥
Fif

T+
= T[A}

MO = CsHs MO 7 CsHs

Hin 36. Gidn d6 nang luong cde MOR trong hai anion CH{ riéng ré

Trong phan i nghich tir Fe(C,H,),, ion Fe>* ¢6 c4u hinh electron 3d°:

3d . 45 4p ;
2, 6
Feosdt [MUNIN e [of (1) 1l ]s
\_V—*—’L- ) SN P A MU
tao lién k&t 1 ’
Véi MO Tt* y)
tréng ctia Cic cap electron MO 'k
CsHs

cua CsHsg

Lién k€t héa hoc gifta ion Fe* va hai anion C;H; dugc thuc hién theo co ché cho-nh4n
gilia cdc cip electron clia MOn™ trong anion C,H; véi 6 obitan lai héa d*sp® chia ion Fe? va
theo ¢ ch€ n-cho gilta cdc cip electron 3d clia Fe?* véi cdc MOT' tréng cua hai vong C.H;.

Nhu vay la c6 18 electron (8 electron hod tri cia nguyén tr Fe va 10 electron n lién két cha hai
gbc CsHy) trén 9MO nhiéu tam va chuyén ddng trong trudng cia 11 hat nhan nguyén tir (mét
cua Fe va 10 cta C). Trong phan tir nay, quy tac khi hi€m ciing duoc tuan thi. Lien k&t bén
nhu vy trong phan tir [Am cho feroxen rdt bén véi nhiét va bén héa hoc. Hoi feroxen khéng
phan huy & 470°C. N6 khong tan trong nudc nhung tan trong dung méi hitu co, khéng tic dung
véi kiém va dung dich HCI dac nhung tic dung véi cdc axit ¢é tinh oxi héa.

Feroxen dugc ding lam chét xic téc trong nhitng téng hop vé co v hitu co va dimg
lam thuéc chira bénh thi€u mau.

Feroxen 1a hop chit banh kep ddu tién da duge didu ché nam 1951. Ngay nay ngudi ta
dd bi€t duoc nhitng hop chat tvong clia cdc kim loai chuyén tiép diy thi nhat nhu nikeloxen
Ni(C;H;), mau luc, cobantoxen Co(C,H,), mau dé thim, manganoxen Mn(C;H;), mau héng,
cromoxen Cr(C;H;), mau d6 nhat va titanoxen Ti(C;H,), mau luc, nhung nhitng hop chét nay

By :_"".
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kém bén d6i véi oxi. Nhitng hop chat E(C.H,), ¢6 tén goi chung 1a metaloxen, ching ciing 13
nhitng hop chét m co kim. Ngoai ra,” nhiéu phitc chat = hén hop ctia kim loai chuyén ti€p véi
vong xiclopentadienyl va phéi tir khdc nhu CO va NO da duoc téng hop, vi du nhu nhing hop
chét ¢6 cong thiic c4u tao dudi day:

Mn Co Ni
AN [ 1
CcG ¢ C N
4 %, i h Y U
C g o O C 0

Feroxen di duoc diéu ché bing tac dung clia dung dich NaC;H; vira méi diéu ché vai
sat(11) clorua trong dung moi hitu co:

I

2CH, + 2Na
INaCH, + FeCl,

2NaC.H; + H,
Fe(CH,), + 2NaCl

T dung dich, feroxen dé dang tdch ra dusi dang tinh thé.
Cdu tao phdn ti va mau sdc ciia phitc chdt coban(Il)

Nhu di biét phtic chét clia coban 12 d6i tugng da duge nghién ctiu phidu vao cudi thg ki
XIX vi tir d6 da it ra mot sé quy luat cia li thuy€t tao phic.

Nhiing ion phuc bdt dign spin cao nhu [Co(H,0))*, [Co(NH,)]*, [C0F6]4' cé clu

hinh electron (m,)*( 0‘; ¥

Ning luong
kN

Jon phic bat dién véi phéi tir trudng manh [Co(CN),]*" <6 spin thip va cdu hinh

electron (n)%(c,")":
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Cau hinh electron dé khong dic trung cho Co(Il), d& mat di mot electron & obitan 6° ¢6
nang lugng tuong d6i cao tao thanh cAu hinh bén (r,)° clia ion pfc bét dién spin thdp
_ [Co(CN)J*” nhu d trinh bay trude day.

Nhiing ion phic tf dién [CoCl,]*",[CoBr, I, [Col, ", [Co(OH), T~ , [Co(SCN),]*"
khong tuy thuéc vao e trudmg cta phdi tir déu cé spin cao vi c¢6 cdu hinh electron (my)*

CINE

Nang luong

Da s phic chat 1 dién clia coban(Il) déu ¢6 dang mudi kép, ching phan huy khi pha
lodng nudc nén mau cia dung dich bién déi. ' '

Vi du:
[Co(SCN),]* + 6H,0 = [Co(H,0)]** + 4SCN~

Dua vio tinh chat nay, trong héa hoc phan tich ngudi ta nhan biét ion Co® trong dung
dich: Co* két hop v6i SCN™ tao nén [Co(SCN),]*” mau xanh lam va khi pha lodng nudc,
dung dich mau xanh lam tr& lai mau do-héng.

Phtic chat bat dién cia Co(Il) cé6 mau d6-héng con phite chét tit dién ciia Co(Il) cé mau
xanh tam. Hinh 57 trinh bay phd hép thu clia ion [Co(H,0),]** va [CoCl, }*":
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Hinki 57. Phd hdp thu cia [Co(H,0).* (duimg cong A)va [CoClL,J* (duimg cong B) trong viing tréng thdy
Thang hé s6 hdp thy cia duomg cong A J bén trdi
Thang hé s6 hdp thu cia dudmg cong B & bén phdi

Qua gidn dé & nira bén trdi cia hinh V&, ta thdy ion bét dien [Co(H,0)s}** hép thy tuong
d6i yéu nhiing bitc xa ving lyc vA sut h4p thu chuyén dich v& phdn tim cha quang phd (cyc dai &
A ~ 5600 A ) nén ion c6 mju do6-hdng. Qua gidn dé nira ben phéi ciia hinh v&, ta thdy ion uf dien
[CoCl1,]*” hép thu rét manh nhimg bic xa ving d6-da cam cia quang phd nén ion ¢6 mau xanh

lam.

Su déi rodu tir d5-hdng sang xanh lam ctia nhing hop chat Co(IT) da x€t trude day la ket
qua caa sy chuyén vo phéi tri clia phéi tir bao quanh ion Co®* tir bat dién sang t dién. Ngay
mau xanh lam cia mudi khan CoCl, ciing duge coi Ia mau cha ion tif dién [CoCl .I*" trong

mudi Co[CoCl,]. Su d& bién d6i gifta cqu hinh bdt dién va cfu hinh tt dién ciia phiic chat Co(ll)
duge gidi thich bing d6 bén khong khéc nhau ldm céa hai nhém phitc chat d6 gay nén boi sy
chénh lech it vé nang lugng lam bén phic chét boi trudng tinh the.

Phirc chdt hinh vuéng cia niken(Il)

Pa s phic chdt cha Ni(Il) ¢6 c&u hinh bét di¢n, nhitng phic chat nay, vi du nhu
INI(H,0)]**, INi(NH,)]** ¢éu thuan tit. Trong nhiing phic chét véi sd ph6i tri 4 cia Ni, sd ft
duoc tao nén vdi ph6i tir trudng y&u c6 c4u hinh ti dién vi du nhu [NiCl 4)*” va s6 nhiéu hon,
v6i ph6i tit trudng manh, ¢6 c&u hinh hinh vuéng vi du nhu [Ni(CN), 12~ . & day hig¢u tmg Jan-
Telo ¢6 mot vai trd quan trong: c&u hinh bt dién véi hat electron trén obitan phan tir phan lién

két © :, di ghép d6i hay doc than, vé mat nang lugng, déu khong thuan lgi bing c&u hinh hinh
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vudng vdi hai electron dirge ghép déi. Viéc hai electron dé chiém obitan phan téd O > <6 ning

lugng thdp hon clia c&u hinh tv dién lam gidm nang lugng cua hé va lam bén phic chat:

Ning lugng

SEanmtT

WITLPN
Mz Mg Tny

cdu hinh bét dien el 2

f%

nxr_ n\"Z

cu hinh hinh vuéng

L

Su ghép doi cap electron d6 cang thuan loi va sur chuyén tir cdu hinh bat dién sang hinh
vudng cang d€ dang khi thong s6 tich nang luong trong trutng phoi tir cang 16n, nghia 1 xdc

sudt tao thanh phitc chit hinh vuéng s& cuc dai néu phéi tr tao phitc thuée 56 phéi tir trudmg
manh.

Tét cd phitc chat hinh vudng ctia Ni(Il) déu nghich tit va ¢ cdc mau dé, vang hay nu
Vi ¢6 nhitng dai hap thu ndm trong ving ¢6 bude séng 4500-60008 vi du nhu tinh thé

Na,[Ni{CN},] ¢6 mau viing v tinh thé K,INi(CN),] ¢6 mau da cam, niken dimetylglioximat cé
mau do.

Ton [Ni(CN), " 1a anion phitc bén nhat cita Ni(II), K, = 1.10*. Trong anion phirc dé,
ion Ni** ¢6 c4u hinh electron 3d®:

dsp
y o e
Nt nniny ] ] [T

CN CN  CONCN

ML -
cic lién két Ni«—CN
Lién ket giva ion Ni** & trung tdm vd&i fon CN~ & bén dinh cta hinh vudng la cdc lién
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két o cho-nban dugc tao nén bdi cap electron tu do cha céc ion CN™ véi b&n obitan lai héa

dsp” tréng clia Ni2*, cac cip electron d cua Ni** tao Iien két n—cho véi 1on CN™ .

Mot phite chit hinh vudng rit quen thudc cua niken(i) 12 niken dimetylglioximat duoc

tao nén gilta ion Ni** va dimetylglioxim HO-N =(|3 - ﬁj =N-OH trong dung dich NH; lodng.
CH, CH,

Phan ting tao thanh phic chét dé duge ding dé dinh tinh va dinh lugng ion Ni** trong dung

dich. Niken dimetylglioximat 1a mot phiic chdt vong cing trung hoa dién, phan tir c6 cau hinh

hinh vudng:
0.H—O0O
L l
H,C—C =N /N=C—CH_‘
N
7N
H_;C—C:?’ Tlﬂ:C—HCH_;
0—H..0

Né 1a k&t tha mau do, khong tan trong nudc (tich s0 tan la 2.3.107%), tan trong dung
dich axit manh v kiém manh, nhung khéng tan trong dung dich amoniac loang. Tinh tan trong
axit manh ching to tinh axit yéu cia dimetylghioxim (K, = 8.107'%) va tinh tan trong kiém
manh chiing 16 dimetylglioxim la axit hai ndc, mu6i trung hoa clia axit d6 tan nhicu hon mubi

axit.

Phirc chdt cia kim loai va su song

Phitc chét quan trong cia kim loai d6i véi sy séng 1a phic chét chifa vong di vong
pophirin phéng. :

Pophirin tuy khong (6n tai trong thién nhién nhung nhimg din xudt cta nd nhu
hemoglobin, clorophin v xitocrom 6 vai trd Tat 1on d6i véi sy séng cua sinh vat.

Vong di vong pophirin ¢6 thé lién két v&i nhitng ion kim loat nhu Mg>, Fe™, Fe™,
Zn*, Cu®* qua bon nguyén tir N tao thanh phitc chét vong cang hinh vudng:

R 15 R R
L Ho—L  A—CH R HETON T F
| N I '.
N ‘N \ M Ni—M=~ N \ £ 2H"
‘ / u AN \ g 1 N
R N =3
R HC_jNI—CH R Hc—/[— I—CH
34 B R 124

(vong pophirin)
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Phiic chét clia pophirin véi sit duge goi 12 hem:
CH, CH=CH,

Isl

He—\ S
|
cI:H2 | CH==CH,
N
cH, HC= —=CH
|
COOH =
(l:H2 CH,
CH,COOH

Phitc chat clia pophirin v&1 Mg** duge goi 1a clorophin. Duéi day 1a cong thic cau tao
cha phan tir clorophin «, khi thay nhém mety! trong clorophin a bing nhém fomyl ta duge

clorophin b:

! Nhom fomyl

Nhom phityl

Hem va clorophin 12 hai chat chu chét trong cd ché phiic tap clia qua trinh bi€n héa
nang luong Mat Troi thinh ning iuong séng cla sinh vat.

Clorophin ¢6 mau luc do hdp thu bic xa ving db (~7000A) cha phé trong thdy. Kha
nang hip thu«dé duge giy nén bdi he nhitng lien-k&t doi lién hop trong phéan tir. Phan tu
clorophin & trong cay xanh hip thy bitc xa va sit dung nang lugng chia birc xa d€ khoi mao mot
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loat nhitng phan img oxi héa - khir k€ ti€p nhau ma cudi cung la tao nén glucozo tir Khi

cacbonic va nudc:
6CO, + 6H,0 — 5 CH,0, + 60,
D6 1a phdn ing quang hop, phan tng nay thu nhigt.

Hemoglobin 14 chét hong cdu ¢6 trong mau clia ngudi vi hdu hét dong vat. N6 c6 kho
luong phan tir 64500 va 12 protein tetrame chifa bon nhom hem. Hinh 58a trinh bay so dé ciu

H,C

HsC

o) CH, Histidin

Hinh 58. So dé cd tao ciia hemoglobin
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tao tetrame cfia phan tr hemoglobin. Pai bo phan cia phan tlr 13 protein nhung trong hinh
khong mé ta chi ti€t, lot vao trong c4c mach protein d6 ¢6 boén dia phing 1 cdc nhém hem.
Hinh 58b trinh bay mét dia d6, gém ki higu chia dia & trong so d6 ciu tao cla phan tlr va cong
thifc ciu tao cha dia. Méi mach protein 6 tir 150 dén 160 din xust aminoaxit. Mach protein
n6i v6i nhém hem qua nguyén tir N wong nhém histidin cda protein. Lién k&t cho-nhan dugc
{ao nén b cap electron ty do cha nito va obitan lai héa dsp® tréng cla ion Fe*”. Lién két nay
vudng géc véi mit phdng clia vong pophirin trong nhém hem.

Trong qud trinh ho hip cha ngudi, hemoglobin (ki hiéu 12 Hb) theo méu di dén phéi,
khi tiép xtc v6i khi O, & céc héc phdi két hop véi O, bién thanh oxihemogiobin (ki higu 1a
HbO,) theo phén ing thuan nghich (dugc don gian héa rdt nhiéu):

Hb + Ok = HbO,
(mau do thdm) (mau dd tuoi)

Khi hemoglobin tiép xic véi khi O, & néng do cao, can bing chuyén dich sang bén
phai va khi khi O, ¢ néng do thap, can bing chuyén dich nguge lai.

Nhém hem trong hemoglobin két hop vGi phan t¥ O, nho cip eleciron do & mot
trong hai nguyén tir O ctia phan tér tao lien két cho-nhan vdi obitan lai héa d’sp’ tréng cua ion
Fe?* va phan tir O, chiém vi tri thit sdu (Hinh 58b) d6i dién v&i nguyén tir N ¢cia nhém histidin.
Ton Fe** ¢6 spin cao & trong nhém hem ket hop v6i phan tlr O, tao nén phan 1t oxihemogiobin
nghich tr. Sy bi€n d6i trang thdi spin chua duge giai thich r3 rang vi ring O, khong phai la
ph6i tif c6 trudng rét manh va ban than lai 12 phan tir thuan tix. '

Oxihemoglobin theo dudng tudn hoan cha mau di dén 1€ bao clia cac mo co thé, tai do
ndng d6 O, thip hon nén oxihemoglobin chuyén O, cho mioglobin va hap thu CO, dem vé
phéi. 3 day, CO, khong lién ket véi ion Fe?* clia hem ma lién két vG1 nhimg aminoaxit nao do
cha mach protein.

Nhir vdy, chitc nang cia hemoglobin 1a van chuyén O, tir phéi dén 1€ bao chuyén cho
mioglobin va van chuyén ngugc CO, tr 1€ bao dén phéi.

Mioglobin c6 & t€ blo, nhat 1a cla bap thit va khoi lugng clia phan t{t 14 17000. Phan t
mioglobin gém ¢6 mét nhém hem n6i véi mach protein va nim lot trong mach dé, nghia 1a ¢o
cdu tao gidng véi cdu tao clia mot phédn tu phan hemogiobin (Hinh 58b). Nhom hem cua
mioglobin ciing nhu nhém hem ctia hemoglobin déu két hop ging nhau véi phan tir O,. Dicu
khic la mioglobin c6 & lyc véi O, ridt lén hon hemoglobin, dé dang chuyén thanh
oximioglobin khi O, & néng d6 thap. Sit & trong mioglobin va hemoglobin déu & trang thai oxi
héa +2, khi két hop véi oxi né khoéng chuyén sang trang théi +3. Tinh bén dé dugc giai thich
bing sit bao vé clia cdc mach protein, mach protein tao nén vd ki nudc bao quanh nhém hem.
Nhu véy, mioglobin va hemoglobin khong ¢6 kha nang oxi héa-khir, ching duge phan t& O,
ph6i tri ma khong chuyén electron cho oxi.
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Xitocrom c6 trong t€ bao cha dong vat va thyc vat. Phan ur xitocrom c6 khéi luong
12000, bao gém mot nhém hem ndm lgt trong mach protein chiza i 103 dén 116 aminoaxit. Ion
trung tam trong nhém hem 13 Fe®* va Fe®*. Chi€m hai vi tri ph6i trf & trén va dudi mat phéng cla
vong pophirin 12 nguyén tir N ¢6 cip electron ty do & trong nhém histidin chia protein va nguyén
tl S ¢6 cap electron tr do ¢lia nhém metionyl & trong cic phan khic cia mach protein. Trong
xitocrom, ion sit khong con cé vi trf phéi trf tréng nita nén xitocrom khong con ¢ kha nang ket
hop v6i O, nhut mioglobin va hemoglobin. Tuy nhién Xitocrom cé kha nang oxi héa-khir. N6

_ nhan eleciron ciia chdt 13 ch&t khir manh hon va chuyén electron d6 cho chét 1a chat oxi héa

manh hon. That vay, xitocrom la chét trung gian chuyén giao electron trong qud trinh quang
hop cla thyc vat va qué trinh ho hdp clia dong vat.

Trong qua trinh trao d6i chat xay ra & cdc mo dong vat, xitocrom 14 nhitng céu ti trung
tam clia mot day phan Gng oxi héa k€ ti€p nhau din dén viéc d6t chdy hoan toan nhimg phan tir
hitu co. MBi khi electron chuyén tir c&u tir nay sang cfu tir khdc trong day phan tmg, Fe™ bi€n
thanh Fe®* va nguoc lai. Toan bo ddy phan fng oxi héa-khir cudi ciing d6 dén dén mot qua trinh
nguge vdi qua trinh quang hop:

60, + CH,0, = 6CO, + 6H,0

Nang luong do phéan éng sinh ra dugc tich Iy trong co thé dé st dung. Nhu vy, 10an
bo hé clorophin-xitocrom 12 mot cd ch€ bi€n ddi nang lugng cta dnh sing Mat Trdi thanh nang
luomg héa hoc tich lily trong co bép cla sinh var,

HOP CHAT CUA Fe(III), Co(IIl) VA Ni(I1I)

Trang thdi oxi héa +3 kém dac trung dén 1 Fe dén Ni. Diéu d6 thé hién ¢ sy tang th¢

dién cyc EML’,M;

.t 0,77, 1,84 dén 2,1V tuong fng. S6 hgp chat cia Fe(IIl) gan tuong duong

v6i s6 hop chét clia Fe(Il) trong hop chat don gian ciing nhu trong phiic chét. D6i v6i Co(lIl)
ngudi ta bi€t mot s6 16n phic chat 14t bén nhung chi bi€t mot 6 rat it hyp chat don gin kém
bén. Niken(III) khong tao nén mudi don gian va chi ¢ rét it phitc chét.

Oxit E,0,

Cic oxit clia E(IID 13 chat bot khong tan trong nude, Fe,O, ¢6 mau nau-do, Co,0; ¢6
mau den. Hién nay ngudi ta chua biét duge Ni,O,. Sdt(Jlf) oxit cé nhimg dang da hinh giéng
vi nhom oxit: Fe,0,-o 12 tinh thé luc phuong gidng véi corundum va ton tai trong thign nhién
dudéi dang khodng vat hematit, Fe,0,-y 1a tinh thé 1ap phuong gifng véi Al,O;-y. Dang « c6 tinh
thuén tiY cdn dang y ¢6 tinh sét-tir.

Gifng v6i nhom oxit, sau khi di duge nung néng Fe,O; khong tan trong axit. Ca hai
oxit déu bén nhist: Fe,0,-ct néng chay & khoang 1550°C, tinh thé luc phuong Co,0; kém bén
hon nhiéu, phan hily & 265°C tao thanh Co,0,. Khi dun néng, ching c¢6 thé bi H,, CO, Al hay
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ban than kim loai (Fe hay Co) khir dén M;0, hay MO hay kim loai:
~125°C
3Co0,0, + H; = 2Co0,0, + H,0

~300°C
Co,0, + H; = 3Co0 + H,0

>250°C

Coban(Ill) oxit 1a chit oxi héa manh: tic dung véi axit clohidric giai phéng khi clo va
tdc dung véi axit sunfuric giai phong khi oxi:

Co,0, + 6HCI 2CoCL, + 3H,0 + CY
2C0,0, + 4H,80, = 4CoSO, + 4H,0 + O,

]

SAL(TIT) oxit c6 thé tan trong kiém néng chiy tao nén ferir:

Fe,0, + 2NaOH
Fe,0, + Na,CO,

2NaFeQ, + H,0
2NaFeO, + CO,

S&H(IID) oxit duwge ding lam bot mau cla son. C4 hai oxit c6 thé didu ché€ bang céch
nhiét phan hidroxit, cacbonat hay nitrat & trong khong khi:

Vidu:
4FeCO, + 0, “XC 2Fe,0, + 4CO,
00°C
AFe(NO,); 2% 2Fe,0, + 12NO, + 30,
180°C
4Co(NO,), 9C 2c0,0, + 8NO, +0,
Oxit hén hop E,0,

Cic oxit E;O, 12 chit dang tinh thé 1ap phuong, c6 tinh ban dén, Fe,0, c6 mau den va
4nh kim, gion, t6n tai trong thién nhién dudi dang khodng vt manhetit (oxit sét-tlr), Co,0,
ciling c6 mau den.

Tinh thé Co,0, ¢6 kién triic kiéu spinen con Fe;0, ¢6 ki€n tric kiéu spinen nguoc.
Tinh thé spinen MgALO, (hay MgO.ALO;) bao gém nhitg tf dién MgO, va bat dién

AlO, n6i véi nhau qua dinh O chung, nghia 1 ion Mg® chi€m 16 tréng ¥ dign va ion AP
chiém 16 tréng bat dién tao nén bdi nhing ion O? dugc g6i ghém sit sao ki€u 1ap phuong.
Trong tinh thé Co,0,, ion Co* chiém 16 trong 1f dién va ion Co™ chiém 16 tr6ng bét
+2  +3
dién, nghia 1 oxit hén hop c6 cong thic CoCo, 0,. Trong tinh thé Fe,0,, Fe** chiém 16 tréng
bt dién con jon Fe*, mot nira chi€m 16 trong t dien va mot nira chiém 18 tréng bat dién,
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+3 +2 +3

nghia 12 oxit hén hop ¢ cong thilc FeFeFeO, . Tuy nhién néu coi cdc oxit hon hgp ndy 12

+2 43

" mu6i cobantat, mu6i ferit thi céng thifc chung cta ching 12 E(EQ,),.

Cic oxit E,O, bén véi nhiét hon cée oxit E,O, : Fe,0, néng chdy 1538°C va phan hay &
1?87°C tao thanh FeO con Co,0, phan hily & 940°C tao thanh CoO. Khi dun néng ca hai oxit
c6 thé bi H,, CO, Al... khir dén kim loai. Gidng v6i Co,0;, Co,0, ciing 14 chét oxi héa manh:

Co,0, + 8HCI = 3CoCl, + 4H,0 + C
2C0,0, + 6H,S0, = 6CoSO, + 6H,0 + O,

Manhetit ciing nhu hematit la quang sét ding dé luyén gang. Co,0, dugc dung dé ch&
loai thuy tinh hdp thy manh tia tit ngoai va ding lam chat xdc tdc cho mot s6 phan ting phén
hity va téng hop.

Oxit sét-tir Fe,0, cé thé diéu ché€ bang cich ding kh1 hidro hay hai nuéc (& 400 500°C)
hay khi CO (& 800°C) d€ khit Fe,0;.

Con Co,0, c6 thé didu ché bing cdch dun néng bot kim loai coban & 300°C trong
khong khi hoic dun néng CoQ hay Co(OH), & 100°C trong khéng khi.

Kién triic tinh thé cua cdc oxit sdt

* " Cé ba oxit st 12 hgp chit khéng hop thitc va dé bién déi 1in nhau. So dé dudi day biéu
dién su bién déi d6:-

F8203 == F€304 = FeO

Su tang nhiét d& va tac dung clia chdt khir lam cho can bing chuyén dich theo chiéu
thuan. Nguoc lai sur tang lugng khi oxi lam cho can bing chuyén dich theo chiéu nghich.

Nguyeén nhan cta su sai 1éch v6i thanh phén hop thic va sy bién d8i 1dn nhau la Fe,0,,
FeQ ciing nhu Fe,0,-y ¢6 kién tric tinh thé giéng nhau: trong tinh thé, nhimg ion O% sip x&p

sit sao ki€u 14p phuong tac nén nhimg 16 trong bét dién va 15 trdng tif dién, & tam cla nhitng 1§
réng dé 13 ion Fe®*, ion Fe™.

: Tinh thé FeO c6 kién tric ki€u NaCl (Hinh 59a): méi ion Fe** dugc phdi tri bai 6 jon
O va mdi ion OF dugc phéi tri bdi 6 jon Fe?, nghia 13 trong nhing 16 tréng bat dign tao nén
b&i ion OF c6 ion Fe2* con trong 16 tréng ti dién khong c6 ion (Hinh 59b). Néu trong tdt ca
nhiing 18 tréng bt dién déu c6 ion Fe* thi oxit st ¢6 cong thic 1f twong 12 FeO. Khi mot s6
ion Fe** dugc thay th€ bang 2/3 nhiing ion Fe*, tinh thé c6 kién tric khuyét va oxit c6 céng
thitc Fe, O (thudng x ~ 0,05).

Néu qud trinh thay thé d6 tiép tuc cho dén khi 2/3 téng s& ion st 12 Fe™, mot nira
chlém 16 tréng bat dién va mét nita chiém lo tréng ti dién (Hinh 59c¢), thi tinh thé ¢é kién tric
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Hinh 59. Kién triic tinh thé ciia FeO va Fe 0,
a) Mot mdu FeQ b) Tinh thé FeO ¢) Tinh thé Fe 0,

khuyét hon nifa va oxit ¢6 cong thic Fe,0,. Ton Fe®* ¢6 ban kinh 0,64 & , bé hon ion Fe** ¢6
ban kinh 0,76 A nén c6 thé chi€m 16 tréng t dién bé hon 18 tréng bat dién. Trong toan bo 15
tréng bat dién d6, nhimg ion Fe* va Fe* duoc sdp x6p mot cach ngu nhién dén mifc nhiing
ion d6 khong phai ddi chd cho nhau ma thuc t€ chi cin electron nhéy tiY ion nay sang ion khic
& beén canh (hinh 18c) vi két qua 1a nhimg electron chuyén dong trong toin tinh thé. D6 1a
nguyén nhan cia tinh din dién va dnh kim cla oxit sit-tix.

Néu s6 ion Fe** con lai trong tinh thé oxit sit-tir dugc thay thé hét bing ion Fe™* thi oxit
st c6 cong thic Fe,0,. '

Hidroxit ciia F e(1ll}), Co(I1I) va Ni(III)

Céc hidroxit E(OH), 1a chét c6 thanh phdn bién déi E,0,.nH,0, tuy nhién ngudi ta
thudng bidu dién ching bing cong thic quy udc E(OH), : Fe(OH), 12 két tha mau nau-dd c6é
cfu 120 va tinh chét giéng véi AI(OH), vd Cr(OH),, Co(OH), 12 két tlia mau nau va Ni(OH),,
két tha mau den. ' '

Cé4c hidroxit E(OH), déu bén trong khong khi, khéng tan trong nudc (tich s6 tan cla
Fe(OH),, Co(OH), 1a vao khoang-10™*, 107 tuong ting) va trong dung dich NH,.

Khi dun néng nhe ching mat bdt nuée bién thanh EOOH (hay E,0,.H,0), & nhiét d6
cao hon Fe(OH), mat nudc bién thanh Fe,0,, Co(OH); bién thanh Co,0, va CoO cdn Ni(CH),
bién thanh NiO:
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500°C

2Fe(OH), Fe,0, + 3H,0

1%°C 250°C.
ooy, —ZE> coooH —2-5> o0, M€ 5 00

500°C
ANi(OH), ~ = 4Ni0 +0, +6H0

Khi dun néng trong dung dich kiém manh va dac, Fe(OH), va Co(OH); méi diéu ché
c6 thé tan tao thanh hidroxoferit va hidroxocobantat: .

Fe(OH), + 3KOH = K,{Fe(OH)]
Co(OH); + 3KOH = K;[Co(OH)]

Cing nhu Fe,0;, Fe(OH);, tan trong kiém néng chay tao nén ferit. Ngudi ta da biét
duoc nhitg ferit MFeO, (3 day M = Li*, Na*; K’) va M(FeOy), (& day M’ = Mn?", Co, Ni*",
Cu*). Nhiing ferit MFeQ, thity phan manh trong dung dich:

NaFeO, + 2H,0 = Fe(OH), + NaOH

Nhimg ferit M'(FeQ,), 6 Kién tric tinh thé giéng Fe,0, va cling c6 tinh sit-tl nén
duoc ding trong dién ki thuat (lam bang tir d€ ghi am). Ngudi ta ciing biét duge nhiing hgp
chét tuong ty MCoO, va MNIO,.

SAWHI) hidroxit tan dé& dang trong axit tao nén mudi Fe(IIl), ¢dn coban(Ill) va
niken(IT]) hidroxit la ch4t oxi héa manh, ching tan trong dung dich HCI gidi phéng khi clo,
trong axit khac giai phéng khi oxi va tao thanh mudi Co(Il), Ni(Il) tuomg ing.

Vidu:
2Ni(OH), + 6HCl = 2NiCl, + Cl, + 6H,0

S&t(HI) hidroxit dugc diéu ché bang tic dung ctia mudi sit(II) véi dung dich kiém,
coban(ITD) v niken(III) hidroxit dugc di€u ché bing tdc dung cha nhiing chat oxi héa manh véi
coban(IT) va niken(Il) hidroxit.

Vi du:

2Co(OH), + H,0, = 2Co(OH),
2Ni(OH), + KBrO + H,0 = 2Ni(OH); + KBr

Ac quy kiém. Ac quy kiém do Edixon phdt minh ra nam 1897. Cyc duong dugc lam
bing bot NiOOH, cyc am 1am bing bt Fe ép, c hai cyc nhiing trong dung dich KOH c¢6 cho
théem LiOH d€ ting dung lugng cia ac quy. Ac quy cho dong dién ~1,8V. Hoat déng cha ac
quy kiém dua vao phén tng:

INiOOH + Fe + 2H,0 %Pﬂomz + 2Ni(OH),
: . tich dien
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Ngay nay trong ac quy kiém Ni—Cd ngudi ta thay bot Fe bing bot Cd.

Ac quy kiém nhe hon ac quy chi v c6 thé di chuyén ma khong bi hong nén duogc dling
trong cdc thiét bi luu dong. Nhung nhugc diém cia &c quy kiém 12 he s6 téc dung hiu fch be
hon &c quy chi. '

Mudi Fe(IID, Co(11I) va Ni(Ill)

Siy(II1) tao nén mudi v6i da <& anion, trir nhiing anion ¢6 tinh kh, coban(Iii) chi tao
nén rft {t muéi don gian con niken(III) khong tao nén. '

Da s§ mudi Fe(Il) d& tan trong nudc cho dung dich chifa ion bét dién [Fe(H,0)l”
mau tim nhat. Khi két tinh ti dung dich, mudi sa(IIl) thudng & dang tinh thé hidrat vi du nhw
FeF,.3H,0 mau do, FeCl,.6H,0 mau nau-vang, Fe(NO,);. 9H,0 mau tim, Fe(Cl0,).10H,0 mau
héng, Fe,(50,);.10H,0 mau vang va phen skt MFe(S0,),.12H,0 (trong d6 M = Na*, K", Cs',

NH,") mau tim nhat. Mau cfia mu6i khan tdy thudc vao ban chét chia anion vi du FeF; mau luc,
" FeCl, mau nau-do, FeBr, mau do thim, Fe,(S0,), mau trng va Pe(SCN); mau do mau.

Mu6i sat(TII) thity phan manh hon muéi sit(ll) nén dung dich c6 mAau vang nau va phan
{ing axit fmanh; tdy theo néng do, pH cla dung dich c6 thé vao khoéang 2-3:

(Fe(,0)* + B0 == [FeOH(H0)I" + H,0"
[FeOH(H,0)* + H,0 == [Fe(OR,(H0MI" + H.0'

Chi trong dung dich c6 phan g axit manh (pH < 1) sy thiy phan mdi bi ddy 1di.
Ngugc lai khi them kiém hodc dun néng dung dich, phan ng thay phéan xay ra dén cling g0
thanh ket tda (gel) hoac dung dich keo (sol) ctia sit(II) hidroxit bao g6m nhimg phic chat
hidroxo nhiéu nhan do hién tugng Ngung ty 3o nén.

Vi du:
o, | HO  OH [l o H, 1™
N NN N
Fe — Fe Fc\ — Fe—QO—Fe '
HZO_/ \XHQ HZO/(L\?I / \ OH, LHZO/\ l\\OH2
. H,0 )

L OH2 A L H2 H2

Mudi Fe(IIl) trong dung dich nuéc bi khir tuong d6i dé bdi nhimg ion I", s, Sn®,
S,0%.
Vidu:

Fe, (SO, + 6KI = 2Fel, + T, + 3K;S0,
FeCl, +HS = 2FeCl +2HCL+ S
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2FeCl, + Sn(l, = 2FeCl, + SnCl,
2FeCl, + 2Na,5,0, 2FeCl, + Na,5,0, + 2NaCl

B&i vay tir dung dich khong thé tich ra nhitng hop chét Fel, va Fe,S,.

Séu11l) florua c6 kién trdc tinh thé kiéu ReO, , khé ndéng chay, thang hoa & >1000°C.
Ngudi ta d3 bi€t dugc nhitng tinh thé hidrat FeF;.3H,0 mau d6 v FeF;.4,5H,0 mau héng.
Séi(IH) clorua c6 kién tric 16p gidng véi CrCly. NS néng chdy & 308°C va s6i & 315°C. Sdr(ll)
bromua kém bén hon, trén 100°C da phan hity thanh FeBr, va Br,.

(3 trang thai khi va & 700°C, s&t(III) clorua & dang dime Fe,Cl, giong véi ALCls:
Cl\- Cl |
Fe/ \‘F/C

va & tren 700°C Fe,Cl, phan hiy thanh monome FeCl;.

SAt(TIT) clorua thudng duge diing 1am chét cin mau va 13 chét trung gian trong téng hop
hitu co. '

C#c trihalogenua khan c6 th€ didu ché bing téc dung clia halogen véi bot st ha;} véi
sat(Il) halogenua . :

Vidu:

1

2FeF, + 2Ch,
2FeBr,

2FeCl; + 3F,
2FeBr, + Br,

Coban(lIl) florua (CoF;) 12 chat dang tinh thé mau naw, & trén 400°C phan hiy:
2CoF, = 2CoF, + F,

nén dugc ding d€ diéu ché F, trong phong th{ nghiém. Khi dun néng véi cdc kim loai Na, Mg,
Zn, Al, Cu, n6 bi Kkhir dén kim loai. N6 cling bi nudc phan hity nhung ngudi ta da tach duge
nhimg hidrat CoF,.3,5H,0 & dang bot mau lyc khi di¢n phan dung dich mu6i coban(Il) trong
dung dich HF 40%.

. CoF, c6 thé diéu ché khi cho khi F, téc dung v6i CoF, hay CoCl, & 300-400°C.

Coban(lll) sunfat (Co,(80),18H,0) It chdt dang tinh thé hinh kim mau Iyc. Hidrat
ndy kém bén, c6 tinh oxi héa, phan hity nudc gii phong khi O

2C0,(SO,), + 2H,0 = 4CoSO, + 2H,S0, + O,
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Trong dung dich H,SO, lodng va lanh, hidrat dé tan khong phan-huy. V&i mudi sunfat
kim loai kiém hay amoni, né tao nén phén MCo(S0,),.12H,0 1a nhing tinh thé bét dién mau
xanh, it tan rong nudc va bén trong khéng khi khé.

Hidrat Co,(S0,),.18H,0O duge tao nén khi dién phan dung dich CoSO, trong axit
sunfuric 40% & 0°C. ' ' .

Nhiing mu6i don gidn trén day ciia coban(IIl) déu khong bén déi véi nude. Vay sy ton
tai cha céc hidrat CoF,.3,5H,0 va Co0,(S0Q,);.18H,0 cho thdy trong d6 ion Co™ dugc phéi tri

khong phai bang nhimg phan tr H,O ma nhitng anion nhu F hay SOX" (lién két qua nguyeén .

tir O). Nhitng phéi tir nay chén giita ion Co™ va nhitng phan tir H,O vi dd 1am bén hop chat &
dang hidrat.

Phirc chdt cua sat(1I)

Sat(II) tao nén nhiéu phitc chat. Da s§ phitc chat dé c¢6 cfu hinh bat dién vi du nhu
M,[FeF,], M,[Fe(SCN),}, M;[Fe(CN),], mot s6 rat it ¢é cdu hinh 1 dign, vi du nhu M[FeCl,]
(trong dé M la kim loai kiém). Nhiing phitc chat bat dién thudmg ¢ spin cao, trir nhimg phifc
chét tao nén véi phoi tr trudng manh ¢ spin thap, vi du nhu [Fe(CN),]*", [Fe(phen),]™* (& day
phen la o-phenantrolin). -

Amoniacat sdt(lll) tao nén khi mudi Fe(IlI) khan tdc dung voi khi NH,. Nhitng hop

chat.ndy kém bén hon amoniacat sit(II), ching phan huy hoan toan trong nudc cho nén khi tdc

dung véi dung dich amoniac, mugi Fe(III) ludn tao nén két tha Fe(OH),.

Ion Fe** trong dung dich tdc dung véi ion thioxianat SCN™ tao nén ‘mot s6 phic chat
thioxianato man dé dam. Héa hoc phén tich thudng sir dung phin dng d6 dé dinh tinh va dinh
lugng ion Fe™* ngay cd trong dung dich rit lofing. Mau dé d6 1a mau clia mét diy ion va ca
phén tir: FeSCN**, Fe(SCN); , Fe(SCN),,... [Fe(SCN)bj‘L . Mau d6 cia dung dich dé bi€n mat
khi ¢6 mit ion F~ vi tao nén anion [FeF; " khéng ¢6 mau. Khi 1am bay hoi dung dich mau

dd d6 & trong chan khong, tinh thé hidrat Fe(SCN);.3H,0 s& tich ra. Bing phuong phdp
nghiém lanh, ngudi ta  x4c dinh duge cong thic  phin tir cla hop chit d6 la
Fe|Fe(SCN),].6H,0.

Kali ferixianua (K,[Fe(CN),]), mot thudc thir thong dung trong phong thi nghiém, 1a
chit dang tinh thé don td mau d6 thudng duge goi la mudr dé mdu, dang bot nhd c6 mau vang.
N6 dé tan trong nudc cho dung dich mau vang va 1a hop chat hét sitc doc.

Kali ferixianua 13 mot trong nhitng phitc chat bén nhét cta sat(IIl), anion [Fe(CN)ﬁ]“;

phan li rit kém trong nuéc, K;, = 7,94.10%. Vi thé oxi héa-khir ciia nira phén tng:
[Fe(CN), " +e = [Fe(CN) )" la E°=036V,

kali ferixianua c6 tinh oxi héa manh, nhét 14 trong méi trudng kiém.
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Vidy:
6[Fe(CN), ™ + 8NH, = 6[Fe(CN)J"" + 6NH; + N,
2[Fe(CN), 1> + H,0, + 20H™ = 2[Fe(CN), 1"~ + O, +2H,0
Khi dun néng trong dung dich kiém, né chuyén thanh feroxianua.
Vi duy: ' | -
4K [Fe(CN)g) +4KOH = 4K, [Fe(CN)] + 2H,0 +0,

Phan tng nay cho phép thu duge mot dong lién tuc khi O, khi d6 dung dich KOH 20%
vao kali ferixianua rén.

V& mat nhiét ddng hoc, anion [Fe(CN), ] bén hon anion [Fe(CN), ]~ nhung vé mat
dong hoc [Fe(CN)s1'" tdra tro hom, ching han nhu phén ting trao 46i ph6i tir ctia né xay ra
cham hon so véi [Fe(CN) ).

Vi du nhu phén g trao ddi:
[Fe(CN), ™ + H,0 = [Fe(CN),H,0F" + CN°
x&y ra véi t6c d9 1ém hon so véi phan ting trao d4éi:
[Fe(CN),]*” + H,0 = [Fe(CN),H,0" + CN°

cho nén mudi vang méu it doc hai hon mudi d6 mdu. Hai ion [Fe(CN),J*~ va [Fe(CN), > 6
cfu tao gidng nhau va chi khac nhau & ché trong [Fe(CN), ", trén ba MO= khong lién két c6
6 electron con trong [Fe(CN), 1> chi c6 S electron. Vi vay sy Jam bén he, néu ké dén ci wong

thc 1t-cho nita thi & [Fe(CN),I** & kém hon & [Fe(CN)e1*™ .

Anion [Fe(CN),]*” tao nén véi nhiéu cation kim joai nhimg mu6i cé mau va it tan, Pac
trung nhét 12 phin (ng ding dé nhan biét ion Fe®* trong dung dich:
FeCl, + Ks[Fe(CN)e] = KFe[Fe(CN)] + 2KCl
hay:
+2 43
Fe?* + K* + [Fe(CN),© = KFe[Fe(CN)¢]

K&t thia KFe[Fe(CN),] ¢6 mau xanh cham dep va duge goi 12 xanh Tuabun.

Tru6c day, trong mot thdi gian dai ngudi ta coi xanh Beclin ¢6 thanh phédn 1A
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Fe,[Fe(CN)¢], va xanh Tuabun ¢6 thanh phin 1 Fe,{Fe(CN),],. Nhung gin day, phuong phdp
nghién ctu kién tric bing tia Ronghen cho thdy hai két tha dé c6 cling mét thanh phan

+2 +3

KFeFe(CN), va cé kién tric nhu nhau. Kién tric dé giéng véi kién triic cla sit(II]) ferixianua

+3 +3 +2 +2

FeFe(CN), , 1a hop chdt ¢6 mau ndu va cha kali s&t(JI) feroxianua K, Fe Fe(CN), [a két tha

mau trdng. T4t c nhimg hop chdt ndy c6 mang luéi lap phirong ciia nhimg ion sit, ndm trén

cdc canh clia lap phuong 12 nhimg ion CN™ va méi ion sit duge 6 ion CNT phdi tri. Phitc chat

+3 +3

Fe Fe(CN), dugc xay dung tir nhimg don vi kién tric lap phuong nhur vay, ion Fe* chiém
. +2 +2

nhing nit ciia mang 1udi. Trong phic chit K, FeFe(CN), , ion Fe** chi€m nhitng nit cfia mang

+2 +3
ludi va ion K* chiém tam cta t4t ¢ céc 1ap phuong. Trong phic chat K Fe Fe(CN), , ion Fe?* va

ion Fe’* chiém nhiing nit cia mang luéi 1ap phuong (Hinh 60), ion Fe** dugc phéi tri bdi
nhitng nguyén tr C va ion Fe* dugc phéi tri bdi nhitng nguyén tit N ciia ion CN~ cdn ion K*
chi€ém tdm cia mot nita s6 14p phuong.

+2  +¥

Hinh 60. Kién triic 1dp phuong cia K Fe Fe(CN), .

Mot ion CN™ trong ferixianua c6 thé thay th€ bing mot phan tit trung hda nhu H,0,

NH,, NO hay mét ion nhur NO;, SO tao nén nhitng dén xufit 6 tén goi chuﬁg la pruxit. Vi

du nhu natri nitropruxit dutgc tao nén béng tic dung cia khi NO véi dung dich Na,[Fe(CN),]
hay ctia NaNQ, véi dung dich Na,[Fe(CN),]).

Vidu:

+2 . +3
Na,[Fe(CN),] + NaNO, + H,0 = Na,[Fe(CN);NO] + NaCN + 2NaOH

Hop chit Na,[Fe(CN);NO].2H,0 1a chat & dang tinh thé mau dé ngoc, doc, bén & trong
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khéng khi va tan trong nudc. Déi khi né duge diing dé nhan biét ion S° va ion SO : v6i ion
87" dung dich ¢6 mau tim v véi ion SO;~ dung dich ¢6 mau dd-héng.
Vidu:

Na,[Fe(CN);NO] + Na,8 = Na,[Fe(CN),NOS]
(d5) (tim)

Kali ferixianua duge didu ché bang cdch ding khi clo oxi héa mudi vang mdu trong
méi trudng axit clohidric: '

2K, [Fe(CN)] + Cl, = 2K,[Fe(CN),] + 2KCI

hoic tde dung cha FeCl, v6i KCN:

FeCl, + 6KCN

K,[Fe(CN),] + 3KCl
Chit §: Hién nay ngudi ta chua biét duge mu6i don gidn Fe(CN),. Bdi vay phin tmg
diéu ché vira trinh bay trén day dugc coi 12 xdy ra nhu sau: '

FeCl, + 3KCN + 3H,0 = Fe(OH), + 3KCl + 3HCN
Fe(OH), + 3HCN + 3KCN K4[Fe(CN),] + 3H,0

Kali trisoxalatoferit (K,[Fe(C,0,),].3H,0) la chat dang tinh thé don ta mau lyc, tan
trong nudce. Dudi tic dung ciia 4nh sdng né bién thanh mudi sat(Il) va gidi phéng khi CO,:

K [Fe(C,0):] = 2K,[Fe(C0.,] + K,C0, + 2CO,

Tinh chat quang héa hoc dé dugc ding d€ in san céc bin v&. Bin vé& duge v& trén gidy
béng md goi la ban car, it ban can 1én t& gidy tring mét mat di dugc tdém hén hop dung dich
cha K,[Fe(C,0,),] va K,[Fe(CN),] réi chiéu sdng manh. Anh séng di qua nhiing ché khéng c6
dudng nét vé& cha bén can gy ra sy khit Fe(IIl} thanh Fe(IT) theo phan \ng trén. Khi nhing
gidy tring (da duoc chidu sing) vio nudc, nhimg chéd duge chi€u sang trén gifly trd nén cé mau
xanh cham ciia xanh Tuabun ¢dn nhiing ché tng véi duding nét cha ban v& ¢6 mau tring.

Kali trisoxalatoferit dugc tao nén khi hoa tan Fe,(C,0,);.5H,O trong du dung dich

K,G,0,.

St trisaxetylaxetonar [Fe(CsH,0,),] 12 mot hop chat néi phiic ctia Fe(III). Phan tr
¢0 cdu tao:

CH,
o=c7
Fel¥ >gH'

No—C
“CHyty
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N6 1a chét dang tinh thé mau d6-Iqu, néng chéy & 184°C, {t tan trong nudc nhung tan
nhiéu trong rugu etylic, benzen, clorofom, axeton va ca axetylaxeton.

S&t(IIT) trisaxetylaxetonat dugc tao nén khi axetylaxeton tdc dung v6i dung dich muéi
sit(TIT). Ngudi ta dya vao phén ing tao nén phic chﬁt c6 mau dé dé€ dinh luong ion Fe™ trong
“dung dich hogc dé nhan biét axetylaxeton.

Sdt(Hl) trisphenantrolin [Fe(phen),]* 12 ion phifc vong cang c6 c4u tao:
- 13+
N
o ¥
'\N

L 3.

va ¢6 mau xanh, dugc tao nén trong dung dich khi mu6i sat(Ill) tic dung véi dung dich 0,5%
o-phenantrolin trong nudc.

Trong khi ion [Fe(phen);]** ¢4 c4u tao tucmg T

- 12+
I
N
Fe
N

dugc tao nén trong dung dich khi mudi sit(IT) tic dung véi dung dich 0,5% o-phenantrolin
trong nudc ¢é mau dé dam va 13 ion phitc bén nh4t cha Fe?* déi v6i khong khi:

[Fe(phen),]’* + ¢ = [Fe(phen),J**, E°=1,12V

Ngudi ta dua vo phan tng tao nén phitc chit c6 mau ndy dé€ dinh luong ion Fe** trong
dung dich.

Phitc chdt cita coban(Ill)

Ngudi ta biét duge rét nhiéu phic chat clia Co(TI). Chinh vi nhimg phitc chdt nay dé
duge tao nén v tham gia tuong d6i cham vo nhimg phan tng trao ddi phéi t&r cho nén da duge
nghién cdu rat ki lLit'mg tir thdi Vecne va Jogenxen, phén 16n nhitng quan ni¢m v€ déng phan,
nhiing kiéu phan itng va tinh chdt cta phic chat bét dién da ra ddi wrén co s& nghién cfu nhimg
phitc chat cGa Co(III). Hiu hét phic chét caa Co(III) cé cfu hinh b4t dién con phitc chat tf 4+n
rdt hi€ém.

T4t ci nhing ion phic bét dién nhu [Co(NH,) I, [Co(CN)I**, [Co(NO, )}~ déu
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nghich tir trir mot ngoai 1¢ duy nh4t 12 jon thuan t&r [CoF, 1* véi 4 electron doc than.

Phuong phép chung d¢ diéu ché phiic chat ciia ion Co(III) 12 oxi héa musi Co(II) trong
dung dich bang O, hay H,0, khi c6 mét chét xiic téc ¢6 hoat tinh bé mat (thudmg la than hoat
tinh) va phéi tir. Vi du nhu amoniacat coban(Ill) dugc tao nén bing cdch théi manh dong
khong khi trong vai gi¢r qua dung dich mu6i coban(II) khi c6 mat amoniac, mu6i amoni vi mot
it than hoat t{nh: '

4CoCl, + 4NH,Cl + 20NH, + O, = 4[Co(NH,).]Cl, + 2H,0
hoéic oxi hod dung dich amoniacat coban(II) bing H,0, khi ¢é mit mudi amoni:
2[Co(NH;)iCl, + 2NH,Cl + H,0, = 2[Co(NH,),]Cl, + 2NH, + 2H,0
Sy c6 mat mét lugng 16n NH,Cl dam bao cho NH; ¢ néng do cao & trong dung dich.

Khi oxi hod dung dich [Co(NH,)]Cl,, trong két tha thu dugc ngoai mudi mau vang
[Co(NH,),]Cl; cdn ¢6 mot it két tha mau héng clia [Co(NH,)H,0]Cl, vad mau db cia
[Co(NH;);CI]Cl,. Viéc tao nén nhiing phic chat véi vai phdi tir khdc nhau trong cdu n6i 1a mot
ddc diém cha ion Co™. Ngoai nhing phic chat don nhan ngudt ta cdn biét nhidu phic chat da
nhan cda ion Co™, trong d6 cdu néi giifa céc jon Co™ ¢6 thé 12 OH™, 02", NH;, vi du nhu

 cdc ion phitc hai nhan [(NH;),Co(0,)Co(NH,)s]*, [(CN);Co - O - O - Co(CN), J* ...

Phic chat coban(III) bén hon phic chét coban(Il). Vi du nhu amoniacat coban() r41

bén hon amoniacat coban(Il). Amoniacat coban(II) dé bi thiy phan.

Vidu:
[Co(NH;),]Cl, + 2H,0 = Co(OH), + 4NH, + 2NH4C1

nén chi ton tai trong nude khi dung dich ¢ du NH, va NH,Cl trong khi amoniacat coban(III)
khong nht‘rﬁg bén trong nudc ma cé trong dung dich HCI d4c va chi phan hdy khi tdc dung véi
dung dich H,S. Hang s6 bén cia [Co(NH,),J* 14 2,45.10° va cBia [Co(NH,),]** 1a 10%. Nguyén
nhén cua tinh bén nhi¢t dong khdc nhau nhiéu nhu vay khong phéi chi & chd ion Co™ déng gdp
phén tinh dién 16n hon trong lién ket héa hoc & trong phitc chat ma con vi ion d6 cé cdu hinh
electron 3d° déng gép phdn cong héa tri 16n hon so véi ion Co? ¢6 ciu hinh electron 3d. Su
ket hop nhimg phdn tinh dién va cong héa tri trong phitc chéit coban(Ill) lam cho d6 bén cla
phifc chat coban(III} virgt gdp boi do bén clia phic chét coban(ll). Trés lai cic phic chat
hexaxiano cta sit, ta thdy hing s6 bén cha [Fe(CN)JJ* va [Fe(CN),]" Ia ~10% va ~10%
twong ting, nghia 1a khong sai khac nhau qud 16n. Diéu nay dugc giai thich 12 ion Fe?* véi cfu
hinh electron 3d® d6ng gép phén cong héa tri trong lién két héa hoc & phiic chat hexaxiano 16n
hon so véi ion Fe** ¢6 c4u hinh electron 3d°.

Natri hexanitrocobantat (Na;[Co(NO,)s]), mot thudc thir thong dung trong phong thi
nghi¢m hod hoc, 1a chdt & dang b6t nhd mau vang, tan trong nudc, duge ding dé dinh lugng
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| K*, Rb* va Cs* vi nhimg hop chit K, [Co(NO, )6l Rb3[Co(N02)6]' va Cs,[Co(NO,)s] 1 két tha
mau vang {t tan trong nudc, rugu va ete.

Natri hexanitrocobantat dugc di€u ch€ bing tic dung cia mubi coban(IT) v6i dung dich
dac clia NaNQO, va 50% CH,COOH:

CoCl, + TNaNO, + 2CH,COOH =Na,{Co(NO,),] + NO +2NaCl + H,0 + 2NaCH,C0,

HOP CHAT CUA SAT VOI SO OXI HOA CAO

Khéc véi coban va niken, ngoai nhimg s6 oxi héa +2 va +3, sét con c6 s6 oxi héa dic

+1 +2
trumg 13 +6. Nguoi ta di bigt duge nhitng ferat M, FeO, va M FeO, la chit dang tinh thé man

do-tim c6 ki€n trdc déng hinh véi cromat va sunfat. Céc ferat déu kém bén voi nhiet, K,FeO,
phan hay & 200°C va BaFe(, phan huy & 120°C. '

V4 tinh tan, ferat gi6ng voi cromat va sunfat: c4c ferat kim loai kiém v canxi tan trong
nudc cdn céc ferat stronti va bari khong tan. Khi tan trong nudc, ferat phan hiy giai phéng khi
OXi. : ' '

Vi du:
4K,FeQ, + 10H,0 = 4Fe(OH), + 30, + 8KOH

Vi vay ferat chi tuong ddi bén trong moi trudng kiém manh.

Forat 12 chit oxi héa rdt manh (Ef, 3 pae = 2,1 V), manh hon cd KMnO, va phén
(mg xiy ra dac biét nhanh chéng trong moi trudng axit, v{ du nhu né oxi hod NH, dén NO;,
Cr** dén CrO%, AsOY dén AsOY vov...

Ferat dugc nghién offu Ki hon hét 13 K, FeO, va BaFeO,. Kali ferat dugc diéu ch€ bing
cdch oxi héa huyén phit Fe(OH), trong dung dich kiém manh bang Cl, hay Bry: -

JFe(OH), + 3Br, + 10KOH = 2K,FeO, + 6KBr + 8H,0
hoic nung chdy hén hop Fe,0;, KNO, va KOH:
Fe,0, + 3KNO, + 4KOH = 2KFeO, + 3KNO, + 2H,0

Nhimg nam gén day da co6 théng béo v& viec diéu ch€ dugc sdt tetraoxit FeO, 1a hop
chit twong ty 0sO,. Oxit d6 duge tao nén khi dun néng ferat trong dung dich kiém manh.
d6 chha FeO, tao nén trong dung dich chi dat dén 10%, c6 th€ chiét duge bang dung moi hitu .
vi du nthu CCl,. N6 rat kém bén, trong nudc va trong dung moi hivu co déu phan hiy gidi phong
khi oxi.
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CHUGNG viiI

CAC NGUYEN TG NHOM VIIIB. HO PLATIN

Ho platin g6m cdc nguyen t6: ruteni (Ru), rodi (Rh), paladi (Pd), osmi (Os), iridi (Ir)
va platin (Pt). Day 1a nhimg nguyén t6 nang nhét trong nhém VINB.

Tuy ¢6 nhiing nét chung, nhimg nguyén t§ ho platin'’khic v6i nhau nhiéu vé d0 bén cha
cdc trang thdi oxi héa, vé héa hoc 1ap thé cia cdc hop chét v.v... Nhimg nguyen {6 ndy ciing
khong gidng nhiéu véi nguyen t6 ho sét (Fe, Co va Ni) trir su gidng nhau vé nhig phiic chat
vGi phéi tir c6 kha nang tao Lién két 7 vi dy nhr CO ching han. Dugi day 1a mot s6 dac diém
cha cdc nguyen t6 ho platin (Bang 20).

Béng 20

Pic diém ciia cic nguyen td ho platin

Nguyén S6 Nang luong ion héa, eV The€ dién cuc chudn, vV |
6 (E) | thity | I I I, i, M*/M

Ru 44 | 7,36 | 16,76 | 2846 | 4652 0,45

Rh 45 | 7,46 | 18,07 [ 31,05 | 4563 | 0,60

Pd 46 | 8,33 11942 (32,93 | 48.77 1,0

Os 76 87 | 15 | 25 40 0,85

Ir 77 92 | 16 | 27 39 1,15

Pt 78 9,0 | 856 {2855 41,13 12

V6i cdu hinh electron chung (n—1)d5°ns®? ciia nguyeén tl, cic nguyén 5 ho platin c6
nhi€u s6 oxi héa khéc nhay trong cic hop chét:

" Ru Rh Pd
1-8 1,234,6 2,34,5
Os Ir P:

2,3,4,6,8 1-6 2-6
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trong d6 nhitng s6 oxi héa dac trung nhit cha nguyén td bign déi déu theo hang va nhém &
treng ho: '

Ru Rh Pd
4 3 2
Os Ir Pt
6,8 3,4 24

Theo hang tir trdi qua phéi, s6 oxi héa cha céc nguyén t6 gidm xubng. Ditu d6 dugce
giai thich bang su tang d6 bén cla céc obitan d khi gén dat dén trang thdi bao hoa electron.
Trong nhém i trén xubng dudi, do bén clia s§ oxi héa dac trung tang len. Diéu ndy co lién
quan dén su tang tinh cong hda tri clia lien két héa hoc Vi sur tang do dé bign dang ciia ldp vo
gdn di 18 electron khi 8 16p electron clia nguyen tir tang 1én (nguyén 6 nang hon c¢6 16p 32
electron). Nhu vay, sy bi€n d6i d¢ bén cla trang thii oxi héa dac lrung tir (rén xudng dudi &
trong cdc nthom cha nguyén t6 ho platin ciing gidng véi cdc nhém kim loai chuyén ti€p khac.

Cac nguyén 16 ho platin c6 mot s6 nét chung sau day:

- Trong cdc hop chat, céc nguyén t6 ho platin tao nén lién k&t héa hoc chi y&u 14 lién
két cong héa tri

- Nhitng hop chat; oxit, halogenua, sunfua, photphua ... khong cé vai trd quan trong vé
I thuyét varthyc tién.

- Di€m néi bat cha cdc nguyen 1§ ho platin 13 kha nang tao nén nhiéu phifc chét. Lién
ket giifa kim loai va phéi tir trong cdc phitc chédt dé bén hon trong cdc phdc chit ciia Fe, Co va
Ni. S6 hop chdl don gidn cla nguyeén t6 ho platin chi 1a hang chuc trong khi s6 phiic chét cla
ching c6 dén hang ngan. Céc phic chat thudmg cla paladi va platin ¢6 d6 bén cao ciia liep két
cOng héa tri nén tro v& mit dong hoc.

- Téf ¢4 cdc nguyen (0, trit Pd va Pt, déu tao nén nhiing cacbonyl kim loai. Pa s6 cdc
cacbonyl d6 12 hgp chat nhiéu nhan. C4 6 nguyén t6 déu tao nén nhing halogenocacbonyl, vi du
nhr [Rh(CO),CL,], [PL(CO),Cl,] ..., vi nhimg phiic chit hdn hop cita CO va phéi tir khéc.

- Da 56 phiic chat clia kim loai ho platin & trang thai héa tri 3 v 4 ¢6 ¢4u hinh b4t dien.
Nhimg hop chat cla cac ion vdi cdu hinh d* nhu Rh(T), Ir(I), PA(II) va Pi(I) thudmg 12 phic chat
hinh vuong ho#c ¢6 c&u hinh véi s6 phéi trf 13 5.

- Céc kim loai cé hoat tinh xdc tdc cao, nhat 1a Pd va Pt. Riéng platin kim loai c6 thé
xlic tac cho 70 phén tng héa hoc khdc nhau.

206

2"

]
1
%}

R



CAC PON CHAT
Tinh chdt lf héa hoc

Céc nguyen t6 ho platin la kim loai mau tring bac va c6 4nh kim, dep nhat 1a kim loai
platin. Tinh thé cta kim loai Ru va Os c6 mang Iuéi luc phuong, bén kim loai con lai ¢6 mang
luéi tinh thé 1ap phuong tam dién. Du6i day 13 mét s6 hing s6 vat If quan trong cia kim loai
(Bang 21)

Béang 21

Hang so vat Ii quan trong ciia cic kim loai ho platin

Ru 2250 4200 603 12,4 6.4 10
“Rh 1963 3700 447 12,4 6,0 19

Pd - 1554 2940 381 12,0 48 10 _

Os 3027 5000 670 o 22,7 ?,O 11

Ir 2450 4500 669 22,6 | 6,25 16

Pt 1769 3800 556 21,5 4,3 10

Cac kim loai ho platin déu khé néng chdy va khé s6i, nhét 13 Os. Osmi con c6 nhiet'
thang hoa va ti khéi 16n nhét trong ho, riéng vé ti kh6i Os ditng ddu trong tét ca céc chat. Didu
niy dugc giai thich bing d¢ bén cua lien ket kim loai trong osmi tang lén nhdf sy tao thinh
nhiéu lien két cong héa tri din dén sy géi ghém sit sao cha cic nguyén tir trong kim loai.

Vé tinh chat co hoc, céc kim loai ho platin khdc v6i nhau & rét. Platin 13 kim loai déo
dai nht, & kéo soi va d& dit mong: 1g platin c6 thé kéo thanh sgi dai Skm va 14 platin c6 thé
mong t6i micromet. Paladi mém, iridi citng va chic, ruteni va osmi gidn, osmi ¢6 thé nghién
trong c6i thanh bot,

Cac kim loai ho platin c6 kha nang tao hop kim v6i nhau va véi nhiéu kim loai khéc.
Hop kim cua platin véi 10% rodi dung 1am cp nhiet dien dé do nhiét do dén 1400°C, hop kim
cua iridi v6i vonfram ding 13m cap nhiét dién dé do nhiét d6 dén 2360°C. Hop kim ciia cdc
kim loai ho platin v6i nhau duge ding nhiéu 1am chit xiic tic, dién cuc trong dién phén, chi
ti€l cla cdc mdy do chinh xdc, cong tic dién, d8 trang sic. Hop kim clia osmi vdi iridi ding
lam hat gao cia ngdi bit mdy, hdn bi cla biit bi. Hop kim cia platin v6i 10% iridi diing lam

thuéc mét chuin quéc t&.
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Vé liéa hoc, cdc kim loai ho platin kém hoat dong hon nhiéu so véi kim loai ho sét,
chiing 1a nhitng kim logi quy cing véi bac va vang,

G diéu ki¢n thudng, cdc kim loai ho platin khéng bi ri trong khéng khi. Khi dun néng,

cac kim Il .~ Ru va Os ¢ dang bot tdc dung véi oxi tao nén RuQ, va OsO,, phin tmg x4y ra

cham khi & n loai & dang tdm. G nhiét d6 néng do, cic kim loai Rh, Ir va Pd tdc dung véi oxi
tao nén Rh s, IrQ, va PdO nhung & nhiét d¢ cao hon, c4c oxit phan hity va kim loai ngling tac
dung vé6i oxi. Bén nhét v6i oxi & nhiét do cao 12 platin; nhimg chén nung, bat nung, thuyén
nung dung trong phong thi nghiém lam bing platin.

Tt ca cdc kim loai ho platin tdc dung véi khi clo khi dun néng. Brom long tic dung
cham véi platin & nhiét do thudng. Khi dun néng, céc kim loai he platin tic dung véi hdu hét
nguyén 16 khong-kim loai nhu S, P, Si, As ...

D61 véi céc axit, paladi va platin hoat déng hon cdc kim loai khdc. Ruteni, osmi, rodi
va iridi dang tdm thue & khong tan trong axit hay hdn hgp axit ndo ca. Paladi ¢6 thé tic dung
v6i dung dich HNO; dic va H,SO, dac. Platin chi tan trong cudng thiy:

3Pt + 4HNO, + 18HCI = 3H,PCl, + 4NO + S8H,0

Cdc kim loai ho platin tdc dung véi kiém néng chdy khi c6 mat oxi hay ch4t oxi héa
khic. Bai vay khong duge nfiu chiy Kiém hay ﬁung_hén'hr;fp chia kiém trong chén hay bdt lam
bang platin ma ding chén hay bt biing sat, niken hoic bac. Mot diém nifa cén chii ¥ 1 khong
dugc dun ndéng cdc chén bt platin 0 trong viing giita cha ngon lira dén khi vi & d6 cacbon tdc
dung véi platin tao thanh cacbua. '

Tuong téc cha Pt v Pd véi hidro phan tr cling 12 diém néi bat. (3 4p susit thudng va
* 80°C, mét thé tich kim loa platin ¢6 thé hdp thy 100 va kim loai paladi hdp thu 900 thé tich H,.
Kha nang hap thu d6 cha paladi 1 phdt hop v6i cong thiic PdH,,. Ngudi ta chua biét 13 hoan
toan day 1a qud trinh tao thanh pafadi hidrua hay 13 qué trinh paladi hda tan “vat Ii”” khi hidro
nhung qué trinh hip thy dé di durge ding dé tinh ché khi hidro. Do tan duge trong paladi kim
loai, khi hidro ¢é thé khuéch tdn qua ming mong fam bing paladi va d€ lai céc tap chat khi
khdc ¢ bén kia mang. Phuong phdp tinh ch€ ndy cho phép diéu ché khi H, c¢é do tinh khiét rat
cao.

Trang thdi thién nhién va lich su phdt hién

- Céc nguyen 16 ho platin luon dong hanh véi nhau va 13 nguyén t6 rat hiém. Trit lugng
cla chiing trong v6 Trdi Dt ta vao khoang 10°°% t6ng s6 nguyén tir. Chiing tén tai trong thien
nhién  dang tu sinh. Platin ty sinh chita ~80% Pt, ~10% c4c kim loai khdc ho platin v ~10%
Fe, Au, Cu va tap chit khdc. Nhitng lugng nhé kim loai ho platin con ¢6 trong mot s6 khodng
vét ctia Ni va Cu.

Platin tu sinh dugc phdt hién lan ddu tién vao th€ ki thit XVI trong cét cé ving & nudc
Columbia (Nam My). Dén nam 1750, ngudi ta méi bat ddu nghién citu platin tho dé, biét né 13
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kim loai vit dat @n |4 vang trang (aurum album). Ten g01 plutin v& sau ndy xudt phdt tir chit
plary, ti€ng Tay Ban Nha 13 bac. D&n nam 1845, platin duge diéu che & dang kim loai tinh
khiét.

Vao nhitg nam 18031804, céc kim loai Rh, Pd, Os va Ir dugc Gim ra khi nghién ciu
platin thé da thu dugc & Columbia. Rodi v paladi do nha héa hoc ngudri Anh Vonlaston
(W.H. Wollaston) fim ra. con osmj va iridi do nhii hoa hoc Tennen (S.Tennent, 1761-1815)
cung 1a ngudi Anh tim ra. Tén £01 rodi {rhodinm) clia nguyen t6 xuit phét tir chit +1odon, tiéng
Hi Lap nghta 14 mau héng (tdach duoc mué’iJ‘phL'rc mau hong ctta kim loai d6). Tén goi paladi
clia nguyén 16 duogc 14y tir tén clia tidu hinh tinh Palias vira duge phit hién trude dé mot nim.
Osmi va iridi fim dugc trong ba rin con tal khi hoa tan platin the vio cuong thay. Tén goi osmi
clta nguyen t6 xudt phat tir chir osme, tieng Hi Lap 6 nghia 13 ¢6 miti (hoi 0s0, ¢é mui khé
chiv). Ten goi iridi cha nguyeén 6 xuiat phdt tir chir iridis, tigng La Tinh nghia 13 cdu vong
{dung dich cdc mudi cta kim togi ¢6 mau khdc nhau),

Bén muoi nim sau nhi héa hoc ngudi Nga 13 Clau (K.Claus, 1796-1864) tim dugc
nguyén 16 ruteni khi nghién citu cic kim loai ho platin thu duge tir quang o ndi Uran. Tén goi
ruteni (ruthenium) cla nguyén 8 xuat phat tir chit Ruthenia, 1A ten Hi Lap c6 cha nuée Nga
{Russia). .

HOP CHAT CUA Ru VA Os
Cdc cacbonyl kim logi

Cdc nguyén 6 ruteni vi osmj tao nén nhitng hgp chit cacbonyl kim loai gidng véi sét
nhu Ru(CO); 1a chat long khong mau va Os(CO), ciing [ chat long khong mau, nhimg
cacbonyl nhi¢u nhan nhu Ru,(CO},, Ia chdt rin mau lue va Os,(CO),, 1a chit rén mau ving,
néng chay & 224°C vi tao nén nhimg c[orocacbonyf nhu [Ru(CO),Ci,| va [0s(CO),CL ...

Cdc dioxit EO,

Ruteni dioxit (RuQs) va osmi dioxit (Os0,) la chat ¢ dang tinh thé mau den cé kign tric
ki¢u rutin. RuQ, bén véi nhigt hon OsO,, né néng chily & 955°C vi phan hiy & trén 1100°C con
OsO, phan hily & trén 500°C. Khi dun néng chiing déu bi H, khir thanh kim loai.

Chiing khéng tan trong nudc, chi tan trong dung dich HCl dac rao nén phitc chat
hexacloro: '

EO, + 6HCI = H,EC, + 2H,0
Ruteni dioxit duge tao nén khi nung bot kim loai ruteni trong khi oxi & 600°C hoae dot

chdy ruteni(IV) sunfua trong dong khi oxi:

alu'C

Ru + O, RuO,

14-Hoa hoe vé oc- T3 , 209



RuS. + 30, = RuO, + 280,
Osnu dioxit duge tao nén khi dun néng bot kim loai osmi trong hoi OsQ,.
Hop chat cua Ru(VI1) va Os(VI)

Osmi hexaflorua (OsF,) [a chdt dang tinh thé mau vang, néng chdy ¢ 34,5°C va soi o]
47.5°C. Hoi ctia n6 khong cé mau va doc.

Osmi hexaftorua rat hoat déng vé mat héa hoc. N6 téc dung véi nude tao nén 0sO,,
0s0, vi HF. N6 tic dung v6i thity tinh, véi nhiéu kim loai va nguyén 6 khong-kim loai.

Osmi hexaflorua duoc tao nén cling véi OsF, vi OsF, khi dun néng osmi kim loai trong
khi flo. '
Rutenat var osmat kim fogi. Ngudi ta khong biét duge nhimg trioxit RuO, va 0503 cling
nhu nhimg oxiaxit H;RuO, va H.0sO, nhing ngudi ta biét duge rutenat va osmat cic kiéu
M,EOQ,, ML{EO,X,]... trong dé M ta kim loai kiém, X [a halogen. ( day chiing ta xét rutenat va
osmat kim loai kiém thudng gap hon hét 12 cdc hidrat K,RuO, H,0 va K,050,.2H,0.

Monohidrat kali rtenat (K,.RuQ,.H,0) la chiit dang tinh thé mau lyc tan trong nudc,
mét nude & trén 200°C va phan hiy & trén 400°C. Khi dun néng né bi khi H, khir dén RuO,.
Mat khéc né bi khi.clo oxi héa trong dung dich tao thanh RuQ;:

K,RuQ, + Cl, = RuQ, + 2K{
N6 bi axit sunfuric phan huy theo phan tng:
2K,RuO, + 2H,80, = 2K,80, + 2Ru0O, + O, + 2H,0

Kali rutenat duge tao nén khi nau chay ruteni kim loai hay ruteni dioxit trong hén hop
cia KOH va KCIO, (hay KNO,):

Ru + 2KOH + KCIO, K.-RuQ, + KClI + H,O
RuO, + 2KOH + KNO, = K,RuO, + KNO, + H,O

hi

Dihidrat kali osmar (K,0s0,.2H,0) la cht dang tinh thé mau tim, tan trong nudc, mét
nuéc & trén 200°C. N6 bi axit sunfuric phan huy theo phan tng:
. 4
2K,0s0, + 2H,80, = 2K,S0, + 0sO, + 0sO, + 2H,0
Kali osmat dugc tao nén khi khir OsO, trong dung dich kiém bing rurgu hodc natri
nitrit.
Vidu:

0s0, + 2KOH + KNO, = K,0s0, + KNO;, + H),0
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Cic tetraoxit EO,

Phan tit tetra oxit EO, ¢d cdu hinh tit dién déu, tinh thé ¢6 mang ludi phan nr néo dé

none chay va dé soi, tan nhidu trong CCl,.
& 2 g 3

Ruteni tetraoxit (RuO,) 1a chat dang tinh thé maw vang da cam, néng chdy 6 25°C va
<61 0 40°C. Hoi ctia 16 ¢6 moi giong ozon va doc. N6 tan vira phai trong nude. Trén 100°C, nd

.

phan hoy vicgay neé:
RuO, = RuO. + O,
Tuy nhién & trén 1000°C, phan dng nay xiy ra nguoc la.

~ La chat oxi munh, RuQ, gay né khi tic dung v&i rugu, gial phéng khi clo khi tae dung
vGi axit clohidric dic:

RuO, + &HCl = RuCl, + 2Cl, + 4H.0
N6 tie dung vér kiém tao thanh rutenat vi gdi phéng khi oxi:
2RuO, + 4NuOH = 2Na,RuO, + O, + 2H,0

Ruteni tetraovit duge tao nén khi nung kim loai osmi trong khi oxi o 1000°C hogc khi
Kim loai ruteni tic dung véi hipociorit o nhigt do thudng hoic khi clo héa cic hop chit cla
Ru(IV} trong dung dich kiém: '

Ru + 4KOCI = RuO, + 4KCI
RuCl, + 2Cl, +8KOH = RuQ, + 8KC! + 4H,0

Osmi tetraoxit (Os0,) 1a chdt dang tinh thé khong mau, néng chay & 40°C va 501 &
130"C. Hoi clia né ¢6 mii gidng clo v rit doc. Diy 1a hop chit thuong gip nhét cia osmi. N6
hoat dong vé mit héa hoc: tan trong nude tao thanh phiic chiit H,}OsO,(OH),], dung dich nay
¢6 phan Gng trung tinh (vi su phan i axit tong duong v6i su phan 1i bazo), tan trong dung dich
kiém dic tao nén peosmat mau do:

0sO, + 2KOH = K,|OsO,(OH).]
va tan trong dung dich florua kim loui kiém tao nén floropeosmat mau do-néu:
0s0, + 2KF = K,[OsO,F,]

Osmi tetraoxit la chat oxi héa manh, téc dung vdi dung dich HCI dac giai phéng khi
clo:

0s0, + 8HCI = OsCl, + 2Cl, + 4H.0,
trong dung dich kiént oxi héa nitrit thanh nitrat, axit oxalic thanh khi CO.:
Vidu:

050, + 2KOH + 3H,G,0, = K;[0s0,(C,0,),] + 2CO, + 4H,0
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Osmi tetraoxit cling 1a mot trong nhitg chat xic tdc thuong dung. N6 duge tao nén khi
dét kim loai osmi trong khong khi hodc bing tdc dung cla axit nitric dic v6i nhitng oxit clia
osmi hoa tri thap.

Os(t) + 204k) = OsOUn AG® = =299k]

HOP CHAT CUA Rh VA Tr
-Cdc cacbonyl kim loai

Cdc nguyén t3 rodi vi iridi a0 nén nhitng cacbonyl kim loai nhi¢u nhan giong voi
coban nhu Rh,(CO); 1 chit rin mau da cam néng chay & 76°C, Ir,(CO), la chat rin mau luc
thang hoa, Rhy(CO),, Ia chét rén mau do, Ir,(CO),, 12 chat rin mau vang va E{CQ). Ngodi ra,
chiing con tao nén nhitng halogenocacbonyl vi du nhu I(CO),X chang han.

Hop chdt ciia RR(III) va Ir(I1I)

Ngudi ta biét duge nhiing oxit E,Oy, hidroxit E(OH), kém bén, halogenua EX; va mot
s& hop chat khic vi du nhu cac musi Ex(SO,);, RR(NO,),... Trang théi oxi hdéa +3 bén nhat doi
véi Rh va kém bén déi véi Ir.

Rodi(1l) oxit (Rh,0,) li chdt dang tinh thé mau xdm cé mang ludi giong Al,O;-a. N6
rit bén véi nhiét, phan hiy thanh nguyén t8 ¢ 1200°C trong chan khong. Khi dun néng, oxit bi
H, kh{r thanh kim loai.

N6 khong tan trong nuéc, tan trong dung dich HCI déc nho tyo nén phic chat:

Rh,0, + I12HCl = 2H,[RhCl] + 3H,0

Hidroxit tuong ung Rh(OH);, ding hon 13 Rh,0,.nH,0, la két tha mau luc, kém bén, dé
mét nude khi dun néng tao thanh oxit, duge tao nén khi musi Rh(1ll) téc dung véi dung dich
kiém.

Rodi(Il1) oxit duge tao nén khi nung bdt Rh kim loai hay RhCl; hay Rh(NO,), trong
khéng khi & 800°C hodc khi mudi Rh(IIT) téc dung v&i dung dich kiém néng:

4Rh(r) + 304 k) = 2Rh,04), AG® = —209kJ/moi
4RhCl, + 30, = 2Rh,0, + 6C,
ORhCl, + 6NaOH = Rh,0, + 6NaCl + 3H,0

Iridi(II) oxit (Ir,0,) 12 chat bot mau xanh cham, « trén 400°C phan huy theo phan iing:

>400°C
21,0, = 3Ik0, + Ir

vl & trén [100°C phan hay thinh nguyeén t6. Khi dun néng, né bi khi H, khiy thanh kim loal.

N6 tan trong nudc, trong dung dich axit sunfuric lodng va axit clohidric dac:



khi quyén tro
.0, + 3HSO, = Ir(S0,); + 3H,0
IO, + I2HCI = . 2H,ICl] + 3H,0
Trong axit nitric diic varndéng né chuyén thanh IrO.:

0, + 2HNO, = 200, + 2NO, + H.0

Hidroxit twong ting Ir(OH),, ding hon 1 Ir,0,. mH,0, I k&t tla mau luc. kém bén va
kht c6 mat khong khi dé chuyén thanh két tha mau xanh cham I{(OH),. Hidroxit I(OH), dugc
tao nén khi muéi Ir(Ill) téc dung véi dung dich kiém trong khi quyén CO..

Iridi(III) oxit duge tao nén khi nung néng hén hop réin cta K,IrCl, va Na,CO,:
| KICl, + 3NaCO, = IO, + 6KCl + 6NaCl +3CO,
hoic dun ndng hop chit cia ir( [T} trong dung dich kiém: |
AN IiClg + 6NaOH = IO, + 12NaCl + 3H,0O

Mu6i phite Nu,IrCly c6 mau lue thim dé tan (2 chdt diu dé didu ché céc hop chat cha Ir
va duge tao nén khi hoda tan IrCl, trong dung dich NaCl bio hda. Cic mudi K,IrCl, va
(NH,);IrCl, it tan hon. Nhitng mugi phéte nay déu dé bin thanh kim loai khi dun néng trong
khi H-.

Cac trihalogema EX,. Ngudi ta biét dugce 14t ca ciic trihalogenua cia Rh va Ir;

RhF, Rh(t, RhBr, Rhl,
mau do mau do mau do-ndu mau den

IrF, [Cl4 IrBr, Irl,.
mia do mau luc mau luc mau luc

Tat ci deu li chat rin, bén v6i nhiét, phan hily & nhiét d6 cao, tan it trong nuée, dang
hidrat tan dé hon vi phan 1 it trong dung dich. Ching tic dung véi cic halogenua kim ]Ddl
ax1t halogenhidric tyo thanh cic phuc chat hexahalogeno.

Céc trihalogenua duge tao nén bing tic dung truc tiép clia cic nguyén t6 hoic bang tic
dung cua oxit vdi cde axit halogenhidric hoile bang tdc dung cla kim loai v&i halogenua ctia
kim loai hoa tri cao hon.

Hop chat ciia RW(IV) va I(IV)

Trang thdi oxi héa +4 la dac trung d6i vé&i Ir. Ngudi ta bigt dutge cdc oxit EO,, cic
hidroxit E(OH), kém bén, mét s8 tetrahalogenua va cdc phiic chat.

- Rodi dioxit (RhO,) 1a chat dang tinh thé mau den c¢6 kién trdc kiéu rutin, duge tao nén
khi nau chay kim loai rodi trong hén hop KOH va KNO, & 800-900°C.
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[ridi dioxit (IrQ,) 13 chat dang tinh thé miu den cé kién tric ki€u rutin, rit bén véi
nhict, & 1100°C phan hiy thinh nguyén 16, N6 khong tan trong nude va axit. Khi dun ndéng bi
H, khur dén kim loai. No tan dude trong dung dich axit clohidric dic khi c6 mat NaCl nho tao
thanh phic chat:

Ir0, + 4HCl + 2NaCl = Na,(irCl] + 2H.O

Iridi dioxit dugc tao nén khi nung kim loai trong khi oxi & 1000°C hodc nung ndéng hén
hop rin cta K5IrCl, vi Na,COy:

() + Ouk) = 1O, AG® = —-117k]
K.IrCl, + 2Na,CO, = IrO, + 2KCl + 4NuCl + 2C0,

Amoni hexacloroividiat(iVy (NH,),[IrCl,] 1a chdt ¢ dang tinh thé mau dé tham, tan f
trong nudc ngudi, tan nhiéu trong nude néng. Ngudi tu lgi dung tinh it tan clia mudi ndy dé
tach iridi ra khoi kim loai khidc cua ho platin. N6 khong tao nén hidrat.

Khi nung néng, né phin hiy tao thanh kim loai;
(NH4)2|er16] o= Ir + 2NH,Cl + 2Ci,
Khi dun néng v&i dung dich kiém, né phan hiy tao thanh IrO,:
(NH,),[liCl,] + 4NaOH = 1O, + 4NaCl + 2NH,CI + 2H,0

Amoni hexacloroiridiat(IV) dugc tao nén bing phan Ung trao déi gifta Nu,IrCl hay
K,IrCl, véi NH,Cl. Cdc musi Na.IrClg va K,IrCl, dugce 1z nén khi dun néng hén hop cua indi
kim loai va NaCl hay KCI trong khi quyén clo:

Ir + 2MCl + 2Cl, = M.ICly (& day M=Na, K)

hoic hoa tan 11O, trong axit clohidric dac khi cé mat NaCl hay KCI.

HOP CHAT CUA Pd VA Pt
Cdc cacbonyl kim loai

Khic véi Ni, cdc nguyén to paladi va platin khong tao nén tetracacbonyl nhung tao nén
nhitng clorocachonyl nhu [Pd(CO),Cl,] mau vang kém bén va [Pt(CO).Cl,| khéng mau va bén.

Hop chit ciia Pd(II) va P(II)
Trang thai oxi héa +2 1a dac trung déi vdi Pd.

Cde monooxit EO ia chit § dang tinh thé mau den. Trong tinh thé, cac hinh vuong EQ,
ndi véi nhau qua canh chung tao thanh mach, mach ndy vuéng géc véi mach kta (Hinh 61).
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Paluadi(il) oxit (PdO) 1a oxit bén nhdlt cla
paladi, phan hity thanh nguyén t6 & 877°C,
platintll} oxir (PtO) phan huy ¢ 507°C. Khi dun
néng, chiing bi H, khir thanh kim loai. Chung
khong tan trong nudc. rigng PtO khong tan ca
trong axit.

Céc oxit dugc tao nén khi nung muodi
_paladi v mudi platin trong dong khi oxi.

“Vidu

2Pd + O, = 2PdO

Cde hidroxit E(OH ), 14 chdt dang két tia
miu den, khong tan trong nuéc, tan trong axit.
Platingil) hidroxit Pt{OH), c6 kha ning ox1 hoa -
khit: bi O, oxi héa dén P{OH), va bi dung dich H,O, khir dén kim loai.

Hinh 61. Kién triic ciia PdQO va PtO

Paladi(ll) hidroxit PA(OH), duge tao nén khi dun 561 dung dich mudi Pd(I]) véi kiém.
Platin(1l) hidroxit dugc tac nén khi dung dich K,[PtClL,} tdc dung véi kiém trong khi quyén
CO,. .

Cde difidogenu EX,. Ngudi ta biet duge tat ca cic dihalogenua cta Pd va Pt

PdF, PdCl,-a PdBr, Pdl,
mau tim nhat mau do tham " may do-den mau den
_ PtF, PtCL,-[3 PtBr, . Pil,
mau vang luc mau den-do mau niu mau den

T4t cA déu }i chir réin khd bén nhiét, & nhiét do cao phan hily thinh nguyén (6. Dang
chi ¥ hon hét 12 PACl, va PiCl.

Patudi(ll) clorua (PdCl,) dang o 1a chét dang tinh thé mau do thidm, cé kién tric mach
dugc tao nén béi nhimg hinh vudng PACl, ndi vdi nhau qua nguyén tr Cl chung

\/C‘\/\/\/\/C
/\/\/\/\q/\

Paladi(1]) clorun khan hiit 4m, tan vira phai trong nudc va thuc & khong phéan li. Khi
ket tinh tlr dung dich, nd 0 dang dihidrat PACL,.2H,0. Dang hidrat tan nhiéu hon dang khan va
Ia chat ddu dé diéu ché€ hop chat khdc ctia Pd. D& thyc hién cdc phan ting, ngudi ta thudng ding
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dung dich H,[PdCl,] dugc tao nén khi PdCl, tan trong dung dich HCI. Mét phan ng quan
trong duge ding dé dinh tinh khi CO 13 tic dung cta dung dich PdCl, véi khi CO tao thianh Pd
kim loai.

Paladi(Il) clorua dugce tao nén khi nung mudi hay bot paladi trong ddng khi clo.

Platin(ll) clorua (PtCl,) dang B 12 chit bot mau den-dd va [a claste Pt,Cl,, trong mang
luéi tinh thé. Claste Pt,Cl , c6 cdu tao gidng cic ion claste Nb,Cl’y va Ta,Cl da xét trude
day. N6 c6 thé ket hop vé6i khi CO tao nén nhitng phirc chét clorocachonyl khi bén Pt{CO)Cl,
va Pt(C0O).Cl..

Platin(ll) clorua khong tan trong nude, khong tao nén hidra.l, chi tan trdng dung dich
HCl dic néng nhd tao nén phiic chét: '

PtCl, + 2HCQ = H,[PC,)

- Axit tetracloroplatino nity chi tdn tai trong dung dich ¢6 mau dé, mudi clia né tich
duoc & dang tu do,

Platin(II} clorua duge tao nén khi nung bot platin trong khi Cl, & 500°C hoac khi dun
s0i dung dich H,{PtCl,]. Dung dich nay dugc tao nén bang tdc dung cila axit cloroplatinic
H,[PtCl,] véi dung dich axit oxalic bdo hda:

H,[PCl] + H,C,0, = H,/PtCl,] + 2C0O, + 2HCI

Cdc phite chdt ctia Pd(l1) va Pt(Il) c6 nhiéu, trong dé ion phiic ¢6 c&u hinh hinh vuéng,
phuc chét clia Pr(lI) bén hon phitc chat cua Pd(Il). Nhimg phitc chét thuéng gap ¢6 cic dang:
M,(EX,] (trong dé M I ion kim loai kiém hay NH;, X a ¢, Br, I, CN", NO;),
|E(NH,),[X, va [E(NH,),X,]| (trong d6 X [a CI", Br’,NO; ).

Nhing muéi phifc quan trong va tan duge 1a M,[PdCL,] mau vang va M,[PtCl,] mau
d6. Nhimg mugi phic nay ctix Py(II) 13 chat ddu d€ didu ché hop chét khac caa platin,

biém néi bat 12 su tao thanh nhitng phiic chét trong d6 PA(IT) va Py(II) ¢ mat déng thoi

trong ca cation v anion, vi du nhu [PA(NH,),][PdCl,] va [Pt{NH,),|IPtCl,}.

Hop chat [PA(NH,),|{PdC],] 4 k&t tha mau &6 lin ddu tien dugc Vokelen téng hop khi
" thém NH; vio dung dich H,[PdCl,):

H,PdCl,] + 6NH, = [Pd(NH,,ICI, + 2NH,CI
H,[PdCL,] + [PA(NH,),]Cl, = [Pd(NH,),[[PdCL,] + 2HCI

nén duge goi 1a mudi Vokelen. Mugi ndy bén, khi dé lau khong san sé phdi tir cho nhau dé tao
thanh [Pd(NH,),Cl,]. Tuy nhién, khi téng hop néu cho them du NH; ngay tir ddu thi thu duge
ket tha mau vang c6 thah phan [Pd(NH,},Cl,]. Nhu vay, khi téng hop hop chat cta kim loai ho
platin, chét tao thanh khong chi phu thuéc vio ban chat ciia céc chat phan ting ma cdn phu
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thudc vao ca the tr tron [n chét, néng 4o chat va ca y€u 10 thdi gian nita. Musi Vokelen mau
d6 va mubi [PA(NH,),Cl.] mau vang 1a mot vi du vé kidu déng phdn phoi i,

Tuong ty v41 mudi Vokelen, hop chat [PYUNH,),]{PtCl,] 12 k&t tha mau luc, goi 3 mudi
Manhut lyc, tao nén khi tron dung dich [Pt(NH,),]Cl, vdi dung dich K,[PtCl,}:

» Sy tao thanh mudi mau luc ti cation [PYNH,),]* khong mau va anion [PICL)* mau dd
la bat thuomg va 1a hau qua cla kién tric tinh thé: cdc cation va anion hinh vuong sap XEp Xen
k& v nhau 120 nén mot mach thdng ctia cdc nguyén tir Pt. Tuong tic giita nhitng nguyén tr Pt
dé 1am chuyén dich sy hép thu clia [PtCLI tir vung luc (ton c6 mau do) sang viing d6 nén sinh
ra mau lyc. Khi dun néng dén 300°C, mudi Manhut chuyén thanh trans-| Pt{NH,).Cl,].

Tinh chat dac trung ca phitc chét [E(NH,),X,) 1A hién ttong déng phan cis-trans. Vi
du hop chét [PYNH,),CL] c6 hai déng phén: dang cis ¢6 mau ving da cam dugc £0i la mudi
Payron (Peironeyva dang trans ¢6 mau vang nhat. T nam 1969 ngudi ta da phat hién dang cis
c6 hoat tinh sinh hoc cé thé chita tri bénh ung thu va duge phém dé duge got gon 1a cisplatin.

Phuong phédp di€u ch€ hai dang déng phan cis-trans ¢6 ciing khdc nhau can ban.

Déng cis duge tao nén khi thay thé hai ion clo trong phitc chat K,[PtCl,| bing amoniac:

K.[PtCl,] + 2NH, = [P{NH,),Cl,] + 2KCI
(d6ng phén cis)

Dang trans dwse tao nén khi lhdy th¢ hai phan tr amoniac trong phitc chat
[PYNH,),]Cl, bing ion clo:

[PUNH,)ICL + 2HC = |PUNH,).CL] + 2NHCI
(dong phan trans)

Quy tdc dnh hudng trans do nhd héa hoc npudi Nga Secnhiaep (L1 Chernyaev) dé ra
nam 1926 cho phép hiéu 15 chiéu hudng cla phan tng thay thé cdc phéi Ll trong phirc chat.
Theo quy tac d6, mot s6 phdi tlr tao ra diéu kién thay the d& dang nhimg phéi iir & vitel trans
d6i v6i nd. Thue nghiém da xdc dinh duge day hoat dong anh hudng wrans cia cac phoi tir trong
cdc phite chat cha P la;

CN >NO>NQO;>I' >S8CN >Br >Cl'>F >»>0H > NH, >Py > H,0

Hoat dong anh huong rans khic nhau cia NH, va CI' ¢6 thé gidi thich nhimg phén ting
didu ché céc dong phan cis va trans cha [P(NH,),Cl,] vita trinh bay trén day:

2+

H.N NH, NH,T+ u

[ TN\p ] +c13l AN .’ +Cl’; > / J

HN \NH3 H3N/ \NH \Cl
(khong mau) (vang) (vang nhat)
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- Cl Ci2" -H,N Ci1” - H,N c P
{ Np” ]+NH1 [ "Np/ 1 +NH3;{ "N p ]
_Cl/ \CI o’ Nal H‘N/ Na
(do) (da cam) | {(vang da cam)

Vi ion CL” thé hién anh hudng trans manh hon phan tit NH, nén trong giai doan this h_ai&
clia hai phan ung trén diy, phoi tir duge thay thé nam 6 vi Ui trans 461 véi lon CI7, Nhu vy, wr
ion [Pt(NH,),]** chi c6 thé diéu ch€ ddng phan trans va tif ion {PtCI,|* chi c6 thé diéu ché
déng phan cis. Quy tdc anh huong trans ¢6 mot vai tro rat 16n lao trong viéc téng hop cic phite
chat.

Nhitng déng phan cis-trans cha [PUINH,),Cly] tic dung véi khi clo tao nén nhimg dfing.
phan ¢is-rrans tuong Ung cila |Pt(NH,),Cl,], trong d6 Pt(Il) dugc oxi hoa thanh Pt(IV) nhung
thimh phan vi tinh d6i xiing cua cdu phoi tri trong hop chat ban ddu khong bién, doi:

Diéu niy ching to tinh tro dong hoc lon ctia phiic chat cua platin(ll).. Loi dung tinh tro
dong hoc cha phic chat cta Pr(il) va vin dung quy tic anh huong trans ngudi ta ¢6 thé tdng
. hop nhimg phic chét hinh vuéng cta Pr(Il) v6i bén phoi ti khac nhau, vi du nhu:

"Py\Pt/Ci_+ a ‘Py\l')[/cn
HEO/ \NH3 Br/ \N |

H, (Py = Pyridin)

Mudi Xayze K|PtCL(C,H,)] 1a phic chét duge nghién ciru nhigu cua Pil), do nha hda
hoe ngudi Pan Mach la Xayze (W. C. Zeise) di téng hop tir nam 1827. Day Ia phic chat n co
kim durgre téng hop dau tién, mét trong nhimg phéi tir & trong cau phoi tri cha Pt(Il) 1a phéan
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C.H,. lon [PICL(C.H,)| ¢6 ciu tao:

\

j C
]
TN TN
C} Cl H H

e

5d _ :

tao lién két n-cho ‘ ________ \ _____________ J:
\C:C/ Cl” Cl- Q

Ba obitan lai héa dsp® tréng nhan ba cip electron cua ba ion CI', obitan lai héa thi tu
nhin cap electron & obitan phan tir 1 cla cdp nguyén tir C=C c6 lién ket doi. Giin d6 ning
luong duge don gian hoéa cua cdc obitan phén tr trong lién két doi C=C la:

Nang luong

1

/H, GIL

Mot cap election 5d ciia Pt™ tao lién két n—cho vé&i obitan phéan tir tréng cla cap
nguyén tir C=C. Dudi day |a so d6 bidu dién sur che phu gilra obitan phan te a* clia cip nguyén
1tr C=C véi obitan lai héa dsp® clia ion PC* va gitta obitan phan tir 1" clia cap nguyén tr C=C
v6i obitan nguyén tit 5d cia ion Pt
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Muéi Xayze [a chdt dang tinh thé mau vang, khéng bén nhiét, tan nhiéu trong nudc,
khong téc dung véi axit, bi kiém va dung dich NH, phan huy:

K{PiCl,(C,;H)] + 2KOH
K[PCl(C.H,)! + 4NH,

Pi(OH), + GH, + 3KCl1
|Pt(NH,),ICl, + CH + Kl

N6 duge tao nén khi etylen tdc dung véi dung dich K,jPtCl,] trong uxit clohidric déc:
KPCL] + GH, = KIPCI(GH) + KCI |
Hop chdt ciia Pd(IV) va P{1V)

Trang thdi oxi hda +4 1a dic trung déi véi PL. Cdc hop chit cua Pd(IV) ¢d kha nang oxi
héa, dé chuyén thanh hop chat cua Pd(ID).

Céc totrahidroxir E(OH),. Ngudi 1a khong bigt rd cic dioxit PdO, va PtO, nhung biét

dugc cdc hidroxit E(OH),, diing hon L& cac hidrat ctia cde oxit dé EO..xH,0.

Paladi tetrahidroxit PA(OH),, ding hon la PdO,.2H,0, 1a két tha mau do tham va
platin tetrahidroxit PUOH),, ding hon 13 PtO..2H,0, la két tua mau nau. Chiing kém bén v6i
nhiét, khi dun néng déu phan hiy:

200°C |
2P4OH), = 2P0 + O, + 4H0

400C
2Pi(OH), = 2P0 + O, + 4H,O

Chiing khong tan trong mde, tan trong dung dich axit va dung dich kiém.
Vi du;

Pt{OH), + 6HCI H[PCll + 4H.0
Pt(OH), + 2NaOH = Na,|[Pt(OH)]

Khi tic dung véi axit clohidric, PA(OH), c6 thé giai phong khi Cl..

Paladi tetrahidroxit duge tao nén khi hop chét ctia PA(IV) tdc dung vdi dung dich kiém:
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K,|PdCl]] + 4KOH = Pd(OH), + 6KCl
hoic khi oxi héa hap chit cia Pd(IT) trong mai trudng kiém béng khi ozon:
K,[PdCl,] + 2KOH + O, + H,0 = Pd(OH), + 4KCl + 0,
Platin tetrahidroxit dugc tao nén khi dun s6i PtCl, trong dung dich kiém.

Cde tetrahulogenua EX,. Ngudi ta biét duge paladi tetraflorua (PdE,) va tat ca cic
tetrahalogenua cua platin:

PdF, PtF, PtCl, PtBr, Ptl,
mau do gach MAau niu-vang mau nau-do miu nau-den mau den
Tét ci céc tetrahalogenua déu kha bén véi nhiét, PIF, phan hiy thanh nguyen 16 & 700-
800°C, Ptl, phan hiy 0.370°C...
Chting tan trong nudc va bi phan hity manh, nhit [a tetraflorua. Tinh chAt rat déc trung

clia cdc tetrahalogenua 12 dé két hop véi axit halogenhidric va halogenua kim loai kiém.

Vidu:

PCl, + 2HCI H,[P1Cl,]
PICl, + 2NaCi = Na,|PtCl)

i

Tat ca cdc tetra halogenua EX, duge téng hop chi yéu tir céc don chat.

Cdc phire chdt ciia Pd(V) va PyIV). Céc phife chit cltia PA¢V) c6 rdt it hon va kém.
bén hon so v8i phic chit cta Pt(1V). Tuy nhién trong phic chat, P4(1V) bén hon trong hop chat
don gian. S8 phife chét cta Pr(IV) tuong duong véi s6 phife chat cla Pi(ID).

Phitc chat thuong gip nhét cia PA(IV) chia anion PdX.", trong d6 X =F,Cl” va Br.
Nhiing phitc chédt nay déu dé bi khir thanh hop chit ctia PA(If). Trong nudc, anion PdF.” bi
thiry phan nhanh chéng con PAC!;” (mau do) va PdBr,” (miu den) phan hiy trong nuée nong
tao thanh PdX;™ va X,.

Phifc chét ciia PYIV) twong duong véi phidc chét cha Pr(1l) vé sd luong cling nhu vé
tinh bén nhiét dong hoc. -

Cé rat nhiéu phiic chét thuge cdc dang [PtCI . [PIX,L,] va [PtL,|*", trong d6 X = F,
Cl', Br, I, CN", OH va L = NH,;, amin.

Ngodi nhing phiic chit dang [PX,L,| ngudi ta con biét nhing day phic chdt hén hop
phéi tir ¢é thanh phén bién déi lién tyc.

Vidu:

- Day:[PUNH,),|Cl;, [PHNH,),CIICL, [P{NH,),ClICl,, [PUNH,),CLICH [PNH).CL,
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IPtNH,ICLL] vi K [PCY, .

- Diy: K,|Pt(OH),], Ko[PIOH),Cl1, K[ PUOH),CL}, Ky POH)CLy|, K[ PUOH)CL,
K, [Pt(OH)CL,} vii K,[PICl,]

Hop chat th(‘mg. dung nhat cia Pr(IV), chat dau dé didu ¢hd hop chat khdc cla Pt, 12
hexahidrat ciia axit cloroplatinic H,{PtCl,}.6H,0.

Avit cloroplatinic (H;[PtClg].6H,0) 1 chat dang tinh thé mau dé-nau, chf\.y rita trong
khong khi @m, tan trong nudc cho dung dich miu ving, tan trong ruou va ete.

Axit cloroplatinic 13 axit manh. Mu6i cloroplatinat cha natri va nhiéu kim loai déu dé
1an trong khi mudi ciia K. Rb", Cs* viv NH | lai kho tan. Bai vay. ngudi ta thudng ding axit

cloroplatinic d€ két tia nhiing cation do.
Vi du:
HAPICL] + 2KOI = KJfPCl] + 2HC

DéE tich platin ra khoi cic kim loai ho platin ngudi ta lgi dung tinh i1 tan coa
(NH,),{PtCl,|. Khi nung hop chat nay & 300°C, thu duge platin o dang bot.

(NH)PICL] = Pt o+ 2NHC + 2CL

Khi tdc dung vdi dung dich kiém, ion Ci” trong axit cloroplatinic dugc lién ti€p thay
thé bing ion OH  vd khi du kiém, phan dng thay thé x4y ra hoin todn tao thanh mudi
M,|Pt(OH),| mau vang nhat (M = kim loai kiém).

Vidu:
H,(PtCly + 8NaOH = NafPt(OH),] + 6NaCl + 2H,0

Dung dich cia mu6i ndy, khi tic dung vdi axit, tao thanh két tha mau vang cla axit
hexahidroxoplatinic:

Nu,[POH)J + 2HCI = H,[P(OH)| + 2NaCl

Hop chit axit ndy vita chda proton vira chita ion hidroxyl nhung phan tng trung hoa
khong xay ra. Didu nay cling ching to tinh tro dong hoc cua cac phitc chat cta platin.

Axit cloroplatinic ¢6 kha nang oxi héa, né tdc dung véi cic chit khit nhu SnCl,, FeSO,,
CO, Zn, ... bién thanh platin kim loai.

Axit cloroplatinic dugc diéy ché bing cdch hoa tan kim lodi platin trong cudng thuy
hodc bang tic dung cua PtCl, v axit clohidric.

Hop chdt cua P{VI)

Trang thdi oxi hoa +6 [a trang thai rit kém bén cua platin.
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Platin trioxit (PtO,). Khi dien phan dung dich kiém véi dien cuc duang 1am bang platin,
thu duge & dién cuc dé mot chat b6t mau dd-nau 6 thanh phén 14 3PtO, H,O rat kém hén, dé
phan hity thanh hidroxit cha Pt(IV) va oxi.

Platin hexaflorua (PIF,) 1a chat dang tinh thé mau do tham. dé nong chay, dé bay hoi
(ndnc. [a 61°C va nds. 13 69°C) va 13 hop chal kém bén nhat trong cac hexaflorua ca cic
nguyen 16 day 5d:

WF, > ReF, > OsF, > IrF, > P(F,

Vi¢e nghién citu tinh bén cha PICl, da dua dén nhimg két qua quan trong dai v s phat
tri¢n héa hoe vo co. Nam 1960 nha héa hoe ngudi Canada 1a Baclet bdng thue nghi¢m da chitng
minh rang PIF, ¢é the tich ra mot nguyén t F tao thanh PtF, réi PtF, phan huy thanh PIF, va
PIF,:

PF, = PF, + F
2PtF5 = P{Fﬁ + PtF4 s

trong thi nghi¢m ong phit hién duoc them nhimg vdy mdng mau nau bam trén thanh cia binh
phan (mg c6 thanh phan 4 O,PtF;. Su tao thanh hop chat nay ching t6 PtF, 1a chat oxi héa rat
manh, ¢é kha nang 14y electron cia phan tir O.: '

PIFe + O, = O}PF,)

Phét hién d6 1am cho Baclet nghi dén kha nang diing PtF, d€ oxi héa khi higm Xc vi
rang nang lugng ion héa thé nhat cta nguyén tr Xe (Xe—»Xe") x4p xi véi nang lugng ion hda
thit nhat clia phan tir O, (0,>0;) va nam 1962 ong d3 16ng hop duoe hop chat Xe[PtF,| &
nhiét d¢ thuomg: '

PtFy + Xe = Xe'[PtF,)
Phét minh nay cta Baclet dd md ddu cho sy phdt trién manh mé vi nhanh chéng hoa -
hoc cdc khi hiem.

Kha nang oxi héa manh cia PtF hon ca F, dugc gidi thich 13 lien k&t PI_F trong PAF,
kém bén hon lien k&t F-F (rong F,. Boi vay, PtF 1a mot ngudn flo nguyén tir, 13 chat oxi hoa
manh nhat. That vay,' n6 flo héa dé dang BrF, thanh BrF, , phan ing manh li¢1 véi kim loai uran
tao thanh UF,, phan hily nudc giai phéng Khf oxi, tdc dung vdi thay tinh ...

Platin hexaflorua duge tao nén khi PtF, tac dung véi F, hodc khi dét chdy muéti Pt trong
khi F,.
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TACH RIENG TUNG KIM LOAI HO PLATIN

Tach riéng timg kim loai ho platin la mot cong nghé phic tap cta cdc chat vé co.
Nguén nguyén liéu diing dé€ khai thdc cdc kim loai ho platin 1a platin tu sinh va bin dién phan
thu dugc trong san xudt dong va niken. C6é nhiéu phuong phdp khdc nhau ché héa nguén

mguyén ligu do dé tich riéng timg kim loai. TAt ca déu bit ddu bang tac dung cia cudng thay.

Cuong thiy hoa tan dé dang Pt va Pd tao thanh H,PtCl va H,PdCl,, hoa tan mot it Ir va
Rh tao thanh H,IrCl, va H;RhCl,, con lai Os, Ru, mét phan Ir va Rh khong tan.

Dudi day 12 mot so d6 téng quat ché héa tinh quang cla platin ty sinh ¢é chifa céc kim
loai ho platin, vang, bac va cdc tap chat khac (Hinh 62). Quy trinh diéu ché€ cdc kim loai ¢ phan
cudi ctia so d6 déu [a nung truc tiép hay nung trong khi quyén H, nhitng mudi phic clia kim
loai ho platin.

Vi du:
200°C
Na,[OsO,(OH),}] + 3H, = Os + 2NaOH + 4H,0
400°C
2(NH,);[RhCL] + 3H, = 2Rh + 6NH,Ct + 6HC)
900°C
[Pd(NH,},Cl.] + H, = Pd + 2NH,Cl

Pé tinh ché cdc kim loai ngudi ta cling chuyén cdc kim loai thianh nhimg muéi - phic
trong (ng va nung truc tiép hay nung trong khi quyén hidro.

15-Hoa hoc va ¢a- T3 ' 225
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CHUONG IX

CAC NGUYEN TO NHOM IB

Nhém IB bao gom cic nguyén 16: déng (Cu), bac (Ag) va vang (Au). Dudi day 1a mot
56 dac di€m clla nguyén 6 (Bing 22).

Bang 22

BPac diém cia nguyén t6 nhom IB

Nguyén | So6 thd tu | Cdu hinh Ning lueong ion héa, eV Bin kinh The dign
0 (E) nguyén | electron nguyeén tit , cue,
fur hoa tri II l2 I3 A v

Cu 29 3d"4s! 7,72 20,29 36,9 1,28 + 0,337
(Cu?*/Cu)

Ag 47 4d'%55! 7,57 21,50 34,82 1,44 + 0,799
(Ag'/Ag)

Au 79 5d'%s" 9,22 20,50 30,5 1,44 + 1,498
(Aut/Aw)

Nguyén tif ciia céc nguyén t6 nhém IB ¢é cdu hinh electron giong nhau: mét electron s
& 16p ngoai ciing va 18 electron (s°p°d'®) & 18p tha hai ké tir ngodi. Nhur viy nhitng obitan 3d
cua Cu, 4d ciia Ag va 5d ciia Au di duge s6m biio hoda electron béing cdch chuyvén t6i nhimg
obitan d d6 mot trong hai electron cta obitan ns dd duge bdo hoda tir nguyén tir cac kim loal
kiém thé (ns”) . Diéu d6 chiing té cau hinh electron (n-1)d''ns' vé mat ning luong la thuan
lgi hon cAu hinh electron (n-1)d’ns*. Su chuyén electron nhu vay da gap trong céc nguyén té
Cr va Mo, trong dé cdc obitan d sdm duge bdo hda moét nlra sé electron (d*) vi cfu hinh

(n—1)d*ns® v& mat nang lugng 1§ kém thuan loi hon so v6i cau hinh (n—1)d’ns'.

bic di€m vé cdu tao nguyén tir cdc nguyén t6 nhém IB quyét dinh nhitng tinh chat 1i
héa hoc khdc biét cia chiing, truGe hét 12 tinh tro vé mat héa hoc cha kim loai. That vay vo 18
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clectron chin electron s v&i hat nhan kém hiu qué hon so v6i vo 8 electron bén ciia khi hi€m,
lam ting manh niing lugng ion héa thi nhat cha nguyén tir cdc nguyén 16 nhém IB so véi céc
nguyén té nhém IA:

Cu Ag Au
I, eV 7,72 7,57 9,22

K Rb Cs
I,,eV 4,32 4,16 3,58

Boi vay, trong khi kim loai kiém rét hoat dong vé mat héa hoc, déng, bac va ving 12
nhitng kim loai rat kém hoat dong. Kim loai kiém tao nén hop chat ion con déng, bac, vang tao
nén hop chat bao gom chi y&u lién két cong hoa tri. Cdc phan ti Cu,, Ag, va Au, ¢6 do bén
(ning tugng lien ket 1a 174,3; 157,5 vi 210 kJ/mol tueng dng) 1én hon cdc phan tit K,, Rb, va
Cs, (nang luong lién ket ~ 40kJ/mol) la do sy tao thém lién két  gifra nhimg cap electron d vi
obitan p trong clia Cu, Ag va Au.

Su giam nang lugng ion héa thir nhit tit Cu dén Ag c6 lién quan dén su tang ban kinh
nguyén (o tir 1,28A dén 1,44A va su tang nang luong ion héa thit nhat tir Ag dén Au lién quan
dén su tang manh dién tich hat nhan nguyén tir trong khi ban kinh nguyén tir khéng bién déi
(1,444).

Nang lugng ion héa thit hai cia Cu, Ag v Au gin bing nhau vi rit bé hon so véi kim
logi kiém. B&i vay, trong khi kim loai kiém trong hop chét chi ¢6 s6 oxi héa duy nhat 1a +1,
cdc nguyén t6 nhém dong, ngoai trang thai oxi héa +1 con ¢6 nhitng trang thdi oxi héa +2,
+3.... nghia i electron héa tri clia chiing khong phai chi 12 electron s ma c4 nhimg electron d
nira. Di¢u nay dugc giai thich bing sy gan nhau vé nang luong cta cdc obitan (n—1)d v ns.
Tuy nhién mitc d bén clia cdc trang thdi oxi héa +1, +2 va +3 khong bién d6i mét cach tudn tu
trong nhém Cu—Ag—Au. Trang thii oxi héa +1 dac biét bén hon d6i v6i Ag vi mot phéan d6i
v6i Cu, diéu nay phi hgp véi niing lugng ion héa thit nhit ciia Ag bé hon Cu, rét bé hon Au va
lién quan dén do bén twong doi cha ciu hinh electron 4d'°, mét c&u hith d3 duoc hinh thanh &
Pd la nguyén t6 ding trudec Ag & trong chu Ki. Trang thédi oxi héa +2 dic trumg hon d6i véi Cu,
diéu nay ciing phi hop vdi tng nang lugng ion héa thit nhat v thit hai cha Cu 12 bé nhat so véi
Ag va Au. Trang thdi oxi hoa +3 dic trung hon d6i v6i Au, diéu pay cling phit hop véi tdng
nang lugng ion héa thit nhat, thit hai vi thit ba clia Au bé nhit so v6i cdc nguyén t& trong
nhdém.

So dé thé oxi hda - khit;
+0,337

Cu’* +1.8 210,153 Cu? +0,521 Cu

L CuX |
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CuXx i

X=Cl" +0,538 + 0,137
=Br + 0,640 + 0,033
=1  +0,860 -0,1852
=CN" +1.2 -0.43

[Ag(sgoa)g]tﬂ

Ag3+ +2,1 Ag2+ +1.980 Ag‘* 40,7991 Ag

+0,643 CH,COO
+0,2222 CI”
+0,0713 Br

1,498

Au't ALL.ZQ__AUH +1.29 Aut +1,691 Al

[AuCL,] +1,00

[AuBr,]” +0,87 [AuBr,|” +(,956

cho thdy trang thai kim foai fa bén nhit d6i v6i Cu, Ag vit Au: tat ca nhing trang thai oxi héa
duong deu khong bén vé mat nhiét dong, d& chuyén vé trang thai oxi hoa s6 khong. O trong
dung dich, d¢ bén cua cdc trang théi oxi héa +1, +2 va +3 cla Cu, Ag va Au ciing khong
giéng nhau. So do thé oxi héa - khir can cho thily su tao phite vA su két tua hop chat it tan lam
tang d6 bén cua nhing trang théi oxi héa duong kém bén clia nguyén t6 nhém IB. Vi du nhu
qud trinh chuyén Au' thanh Au khi khéng ¢6 ion CI” & trong dung dich cé th& oxi hda - khir
chuén 1a 1,5V nhung khi ¢é jon ClI” 12 1V, quad trinh tao phitc cna Ag* vdi anion thiosunfat lam
giam the oxi héa-khir chuén tir 0,8V dén 0,02V...

Khi nang dé tao nén nhiéu phitc chét 1a mét tinh chét rit dac trung cha ion kim loai
nhom IB. Nhitng hop chat Cu, Ag va Au véi s6 oxi hda cao déu ¢6 miu vi trong d6 cic cation
¢6 obitan d khong dién dit electron. Nhimg hop chat ctta déng, bac v ving déu doc, nhat ja
doéng.

CAC PON CHAT
Tinh chat Ii hoc

Cac kim loai nhém IB két tinh ¢ dang tinh thé 1ap phuong tam dién. Ching la nhitng
kim loai nang, mém. ¢ dnh kim, déng ¢6 mau do, bac mau tring vi vang mau vang chéi, Mau
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vang la mau khong binh thudng déi véi kim loai, ban than nd néi 1én cdu tao dac biét clia hé
electron trong kim loai. Trong thién nhién, ddng cé hai déng vi bén 13 **Cu (70,13%) va ®*Cu
(29,87%), bac ¢6 hai déng vi bén 1a 'Y Ag (51,9%) va '®Ag (48,1%) con vang chi cé mot déng
vi bén 12 '"Au (100%). Dudi day 14 mét s6 hiing s& vat Ii elia cdc kim {oai nhém 1B (Bang 23).

Bang 23

Hing s vat li cia kim loai nhom IB

Kim {Ndnc., °C|Nds., °C| Nhiét thang { Ti khdi{ Do citng o6 dan dién| P06 dan nhiét
loai (E) hoa, kl/mol (thang Moxa)| (Hg=1) (Hg=1)
Cu 1083 2543 339,6 8,94 30 57 36
Ag 960.5 | 2167 283,6 1050 | 27 59 49
Au 10634 | 2880 366,6 19,32 2,5 40 35

So véi kim loat kiém, cdc kim loai nhém IB ¢é nhigt dé néng chdy, nhiét d6 soi va
nhiét thing hoa cao hon nhiéu la vi tham gia trong lién két kim loai khong chi ¢é nhiing
electron s nhur trong kim loai kiém ma cdn ¢6 ca nhitng electron d nita.

Vé do dan dién va din nhiét, ca ba kim loai vuot tat ca cdc kim loat khic: bac ding
dau, déng ding thit hai, vang diing thi ba, sau d6é 12 nhém, magic... Péng, bac vi vang ciing
Vgt Xa (4t ca cdc kim loai khic vé tinh déo dai: dé ddt mdng va dé kéo soi, nhit 12 vang. Mot
gam vang cé thé kéo (hanh soi dai 3 km, 4 vang ¢6 thé dit méng t6i 0,0001 mm, nghia I3
manh hon sgi toc cha ngudi 500 lan. Li ving mong nhu vay ¢6 miu vang trong dnh sdng phan
chi€u vi ¢ mau luc trong dnh sdng xuyén qua.

Tinh déo dai ¢6 mot khong hai cia vang kim loai c¢fing 13 k&t qua cha cdu tao electron
diic biét cha vang. C6 18 trong kim loai ton tai déng thai ca hai cdu hinh electron cia nguyén
tis: 5d'Y6s' vt 5d°6s°, chiing ¢6 ning lugng rat gan nhau, electron cé thé nhay dé dang tir obitan
nay sang obitan khiic 1am cho hé electron trong kim loai tré nén linh dong. Pay 1a nguyén nhan
ctia “'su boi tron 16t electron” gdy ra tinh déo dai dac biét cua vang.

C4 ba kim loai dé& tao nén hop Kim vdi nhau va véi céc kim loai khie, dé tao nén hdn
héng véi thily ngan. Nhimng hop kim quan trong ctia déng Ja:

Bronzo hay con goi 12 ddng thiéc chita 10% Sn ¢4 1€ dd duge didu ché ra mot cdch ngau
nhién trong khi luyén déng va da dugc biét tir thoi ¢6 xwa. Bronzo ciing va d& néng chay hon
ddng nén di thay the déng, chdm diit thoi dai dé dong vax dat nén mong cho thoi dai dé dong
thiéc kéo dai hon hai ngan nam trong lich st ti€n hod cla nhan loai. Tir xa xua bronzd di duge
diing rong rai dé dic tréng, chudng, siing dai bdc, tuong... Ngay nay bronzo thiéc duge thay thé
din bing cdc bronzo khac. Vi du bronzo nhém chita 10% Al rdt bén, duge ding dé€ ché tao
phitg chi tiét clia dong co mdy bay; bronzo chi duge ding dé ch€ 6 truc cha ddu mdy hoi
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nuée, dong co may bay, dong co tau thity va tude bin thuy luc; hronze berili chita 2% Be bén
dac biét va cé tinh dan héi cao, duge dung dé ché 10 xo cao cap.

Déng thau chia 18-40% Zn, re tién hon bronzo, d& ché héa co hoc va bén hon vdi héa
chat, dugc ding dé lam ong tan nhiét, chi ti€t mdy, ndi héap, voi nudc, voi khi, tay nam ctta ra
vio, ban 1é... Déng thau chia them Al c6 dang bé ngoai gitng vang, duge ding lam huy higu
va biéu tuong. '

Menchio chia 29-33% Ni, bén véi nuSe bién, v6i hoi qué nhiét va véi nhilmg tac nhan
an mon khac, duoc ding trong nganh ché tao thu thiy, ding dé lam nhitmg dung cu co khf
chinh xdc va dé diing gia dinh, thia, dia...

Ndayzinhe chua 13,5-16,5% Ni va 18-22% Zn c6 mau trang bac dep va bén vdi cac

dung dich muéi va axit hitu co, duge duing dé thm nhilg dung cu 'y t&, d6 mi nghé.

Constantan, manganin, nikelin déu 1a hop kim ctia dong. Hop kim diing @€ dic tién la
hop kim ctia déng v6i Al hoac Ni hoac Ag.

Déng c6 mot luong bé trong thuc vat va dong vat. Trong co thé con ngudi, déng cé
trong thanh phdn clia mét s6 protein, enzim va tap trung cha y&u & gan. Hop chét clha dong 1
cén thiét d8i v8i qud trinh téng hop hemoglobin vi photpholipit. Sir thigu déng gdy nén bénh
thicu mdu. Trong méau clia ddng vat bac thdp (&c, sd va dong vat than mém) c6 chdt man la
hemoxianin, chia déng va ¢6 chitc nang nhu hemoglobin & trong méu cla dong vat cd xuong
séng. Hop chit clia dong khong doc bang hgp chat cua kim loai ning nhu chi va thiy ngan.
mu6i déng rat doc doi v6i ndm moe va réu tho. Ngudi ta dung CuSO, A€ chéng méc cho g,
dung nudc Boocdo 1a hon hap ctia dung dich CuSO, va sia voi dé.trlr bo cho mot s cay.

Tinh chdt héa hoc
V& mat héa hoc, déng, bac va vang 1a nhimg kim loai rit kém hoat dong.

Vi oxi khong khi, chi déng téc dung con bac va ving khong tic dung ké ci khi dun
néng nén bac va vang la kim loai quy dién hinh.

) nhiét do thuong va trong khong khi, déng bi bao phi mot mang mau do gbm dong
kim loai va déng(l) oxit. Oxit nay da dugc tao nén boi nhitng phan tng:

2Cu + O, + 2ZH,0 2Cu(OH),
Cu(OH), + Cu = Cu,0 + H,0

[}

Néu trong khong khi ¢6 mat khi CO., dong bi bao phi ddn mot 16p mau luc gbém
cacbonat bazg Cu(OH),CO, (ri déng nay thudng goi la tanh ddng). Khi dun noéng trong kKhong
khi & nhiét do 130°C, ddng tao nén & trén bé mat mot mang Cu,0, & 200°C tao nén 16p gém
hén hop oxit Cu,0 va CuO va & nhiét 4o néng do dong chdy tao nén Cu0 va cho ngon lira mau
luc.
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Ddi v6i oxi khong khi, bac tro hon déng, nhung néu trong khong khi ¢ mot it khi H,S
thi mau trang ciia bac ddn ddn tré nen x4m xit vi dd tao nén ming Ag,S theo phan ng:
2Ag + H,S = Ag,S + H,

4 trong day dign the, tuy bac diing sau hidro nhung phan g niy cé thé xay ra la vi
viéc 1ao thanh bac(I) sunfua mau den rdt {t tan (tich s6 tan ~107°") d4 1am bién d6i the dién cuc
cita bac tir gid tri duong thanh am.

) nhiét do thudng, déng khong tac dung véi flo bdi vi mang CuF, dugc tao nén rat bén
Cl,, AgCl

s& bdo v¢ d6ng. Vi clo, ¢4 ba kim loai tdc dung khi dun néng tao nén cdc musi Cu

va AuCl, trong tng.
Khi dun néng, d6ng va bac tdc dung vé6i S, C va ca ba kim loai tic dung véi P, As...
Dong, bac va vang khong tdc dung vai céc dung dich axit. Riéng déng va bac téc dung
véi dung dich HI gidi phéng H, nhd tao thanh Cul va Agl 1 chét it tan. C3 ba kim loai ¢6 thé
tdc dung vdi dung dich HCN dam dic gidi phéng H, nhd tao thanh nhitag anion phic bén

[ECCN), T .

Vidu:

2Cu + 4HCN = 2H{CW(CN),] + H,

Pong v bac tan trong axit nitric va axit sunfuric dac.

Vidw:
3Ag + 4HNO, = 3AgNQ, + NO + 2H,0O
(loang)
2Ag + 2H,80, = Ag,S0, + SO, + 2H,0
(dac)

trong khi vang chi cé thé tan trong cudng thity hodc trong dung dich HCI khi c6 mat khi clo:
H[AuCl,] + 2H,0 +NO
2H[AuCl,]

Au + HNO, + 4HCl =
2Au + 3Cl, + 2HCI

Nhu vay, ¢ day HNO,va Cl, lam chic nang cla chét oxi hod cdn CI™ 1am chitc nang clia

phdi fir tao phiic.
Khi c6 mat oxi khong khi, dong c6 thé tan trong dung dich HCI v dung dich NH, dc,
dong, bac va vang c6 thé tan trong dung dich xianua kim loai kiém:
2Cu + 4HCI + O, = 2CuCl, + 2H,0
2[Cu(NH,),1(OH),

2Cu + 8NH; + O, + 2H,0
4E + 8KCN + 2H,0 + O, = 4K[E(CN),] + 4KOH
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Trang thdi thién nhién va phuong phdp diéu ché

Trong thién nhién, déng 12 nguyén (6 trong d6i phd bign cdn bac vi vang kém pho bién
hon nhiéu, dac biét vang 1a nguyen 6 it phan tan. Trit lugng & trong v6 Trél DAt cha déng, bac
va vang 13 0,003%, 2.10°% va 5.10"*% téng s6 nguyen ti (twong (ng). C4 ba nguyeén 16 déu ¢d
thé 6n tai & dang tu do, nhimg hat kim loai tu do d6 dugc goi 1a kim loai ur sinh. Nhimg hat
kim loai ty sinh thudng rédt bé, doi khi gap hat ¢6 kh6i lugng rét 16n. Vidy hai hat vang tu sinh
1én nhat tim th&y & Australia nang 111,6 kg va 81,5 kg. Bac ty sinh tuy r4t hi€m hon vang va
déng nhung ciing ¢6 hat nang dén 13,5 tan. & M§ nam 1857 ngudi ta im thay & trong ving Ho
Lén mot khoi déng tu sinh nang dén 420 tdn, trén d6 c6 nhimg vet duc dgo ngay xua bing bda
riu d4. Tir thdi cé xua, lodi ngudi da tiép xdc voi cd ba kim loai ndy. C6 1€ vi vang tén tai cha
y&u & dang tr do va & phan tdn nén da dugc bi€t trude tién. Sau vang 1a ddng, nhitg coéng cu lao
dong bing déng dd duge gia cong bing nhimg cong cu lao dong bing d4 va thoi dat do da
trong lich sir phat trién cha nhan logi da dugc thay the bang thoi dai dé dong cich day khoang
6000 nam. Bac duge biét sau dong, ngudi ta dd bi€t dung vang va bac lam tién & cich day
khoang 4500 nam.

Ten La Tinh cuprum cla nguyén t8 d6ng c6 1€ xudt phét tir chit Cuprus la tén Latinh
chia hdn ddo Kipr, noi ngdy xuva ngudi C6 La Ma da khai thic quang d6ng va ché tac d6 dong.
Teén Latinh argentum clia nguyén t8 bac xust phat tir chit Phan arganta nghia 1a trang, man dic
tnmg cha bac. Tén La Tinh aqurum clia nguyén t6 vang xudt phét tir chit aurora 1a budi binh
minh, diéu d6 phit hop véi viéc cde nha gid kim thuat dung ki hi¢u mat troi chi nguyén t6 vang.

Nhimg khoéng vat chinh clia dong 1a: cancosin (Cu,S) chita 79,8% Cu, cuprit (Cu.O)
chita 88,8% Cu, covelin (CuS) chita 66,5% Cu, cancopirit (CuFeS,) chta 34,57% Cu va
malachit (CuCO,.Cu(OH),), clia bac 12 acgentit (Ag,S).chia 87.1% Ag, thudng ¢ lan trong cdc
quang da kim chia Cu, Pb va Zn. Ngoai dang tu do, vang ¢dn & dang hop chét (tuy rét hiém
hon), v du nhy vang telurua (AuTe,). Nhitmg hat vang tr do thutmg nam xen trong da thach
anh, d6 1 quang ving g6c. P4 thach anh d6 bi phong héa lau doi tao nén cét ¢6 vang, vang nay
dugc goi 13 vang sa khodng. Ngoai ra vang ta do con & l4n trong quang d6ng va cdc quang da
kim khéc.

Trén the gidi, nhimg nude chi y&u san xudt dong la Chi Le, My, Nga, Australia va
Trung Qudc; san xudt bac 1a México, My, Péru, Australia, Canada va sén xufit vang 12 Nam Phi,
M#, Australia, Trung Quéc va Nga.

Nudc ta cé cde md déng 16n & Ban Phiic (Son La) va Sinh Quyén (Lao Cai) ¢4 thanb
phin khodng vat chil yéu Ia cancopirit, manhetit, pirotin ... Bac ¢6 trong cdc md da kim & Ngén
Son va Cho Dién (Béc Can), Td Le (Yén Bai) va mo dong Sinh Quyén. Hai mo6 vang da dugc
khai thdc nhién nam 13 mo Pac Lang (Bic Can) v md Béng Miéu (Quang Nam). Rai réc &
nhiédu tinh mién Béc vA mién Trung c¢6 nhimg diém quang cha ving gc va vang sa khodng.

Dang 13 kim loai mau quan trong nhét d6i v6i cong nghiep va ki thuat. Hon 50% lugng
d6ng khai thic hang nam dugc ding d€ 1am day dan dién, loai déng nay phai c6 do tinh khiét
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cao, trén 30% duge dung dé€ ché hop kim. Dén nhiét t6t va chiu &n mon, déng kim loai duge
ding d€ ché cdc thiét bi trao déi nhiét, sinh han va chan khong, ché néi hoi, 6ng din ddu va
dan nhién liéu. Bac din dién 15t nhit va bén héa hoc duge ding dé 1am nhitng méy trong cong
nghiép hda chét (ch€ axit axetic bang, phenol v.v... } va trong cong nghiép thuc phdm (san xu4t
nuée hoa qua va nhitng nude gidi khit khac), lam nhimg dung cu phong thi nghiém. Luong 16n
bac duoc diing d€ ma nhiing linh kién vo tuyén, day din trong ki thuat vo tuyén cao tan, thay
tinh va gom trong midy dién t&r. Do phan xa tot bic xa, bac duge diing dé trdng guong, phich
nudc, pha cia den chiéu va kinh thién vin. Bac va déng kim loai ¢dn duoc dung lam chdt xiic
téc cho mét s6 phan (ng tng hop chit trong cong nghi¢p hod hoc. Vi nhitng tinh chat co If
héa quy gid va mau sic dep ma khong kim loai nao sanh néi, tir xa xua vang da duge diing lam
d6 trang stc, d6 ding trong céc cung dién nhu céc, chén, 4m, binh, lo va dung dé thigp len gé,
thiy tinh va d6 sit. M4i vom cia mét s6 cung dién va dén dai ciing duge ma vang. Ngay nay
mot lugng ddng ké ving duge ding trong cac nganh ki thuat hién dai nhu vo tuyén, dien ti,
thong tin, mdy tinh va hang khéng. Do phan chiéu tét nhing bitc xa héng ngoai , vang duge
ding d¢ ma nhiing bo phan phan chigu trong mdy hong ngoai, ma vo cla vé tinh nhan tao va
clta tau du hanh vii tru. Hién nay vang véan la vat liéu bdo dam tién & cla t4t ca cdc nude trén
the gidi. Hop kim chia vang va cilla bac con duoc diing d€ dic tién va boc ring.

Tir xa xua ngudi ta ding quang gidu dé luyén déng, mai dén the ki XIX cdn duoce dung
nhitng quang chia 5% Cu hay hon nita. Ngay nay déng dugc luyén tir quing ngheo chi chira
tir 1 dén 2% Cu. Béi viy cong nghé luyén déng 13 kha phifc tap va bao gém nhiéu giai doan:

- Tuyén quang: trudc tién quéng déng, vi du cancopirit chfiﬁg han, duge nghién nhé va
lam gidu bang phuong phép tuyén trong luc réi bang phuong phap tuyén néi. Tinh quing thu

- dugc sau khi da 1am giau thudng chita dén 12% Cu.

- Dot tinh quang & 800-850°C trong 10 nhiéu ting gidng nhu 10 d6t pirit cha day chuyén
san xudt axit sunfuric. Sau khi dét, luong S frong quang duge gidm bét nhd nhiing phéan tng:
2CuFeS, + O, = Cu,S + 2FeS + SO,

2FeS, + 50, = 2FeO + 480,
2FeS  + 30, 2FeO + 280,

Hai phan ting ddu xay ra hoan tokn, phan ting thit ba x4y ra mot phan. Sin phim thu
duge ¢ 16 dét nay ¢6 thanh phdn ting véi hén hop Cu,S, FeS va FeO.

- Ndu chdy & 1200-1500°C san ptidm trén trong 15 phan xa, ¢6 cho them cdt dé tao xi
v61 FeO:

FeO + Si0, = FeSiO, (xi)

Xi sit silicat tvong ddi nhe hon nén néi In trén va lien tuc chay ra khoi 10 con sdn phdm néng
chdy c6 thanh phan dng véi hén hop Cu,S va FesS, nang hon nam dudi 16p xi, duoe théo ra
khoi 10 theo chu ki. San pham dé duoe goi 1a stein.
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- Chuyen stein néng chiy vao 16 théi kidy 15 Besme, cho them cét va théi khi ox; vao
[o; nhiét do etia 1d duoc gir & 1300°C. & day xdy ra nhitng phan tng:
2FeS + 30, = 2Fe0 + 250,

FeO + Si0, = FeSi0O, (xi)
2Cu.S + 30, = 2Cu,0 + 250,

Hai phan iing ddu x4y ra hoan toan, phan tmg thit ba xay ra mot phdn.

- Gial doan ti€p theo ciing dugc thue hién & trong 16 théi nhimg khéng duoc théi khi
oxi vao 15. Két qua 1a dong(I) trong Cu,0 va Cu,S biluu huynh & dang sunfua khir thanh ddng
Kim loai:

2C0,0 +Cu,S = 6Cu + SO,
Béng the thu duge chia 90-95% ¢y va céc tap chat.

- Tinh ch€& dong ths trude tien bing phuong phép dst: chuyén déng tho long trg lai 1o
phdn xa va théi khéng khf d€ oxi héa tap chat;

45b + 30, = 28,0,
2Pb + O, = 2PbO
2Zn + O, 2Zn0

mot phdn dong ciing bi oxi héa:

4Cu + O, 2Cu.0

Cho thém cit vio 15 d& chuyén tap chit thanh xi. D& chuyén Cu,0 & lai thanh Cu,
Nguoi ta tron dong tho 1ong véi than g6: .

Cu,0 + C = 2Cy + CO

Dong dd thu duge chita 95-98% Cu. DE c6 déng tinh khiét cin phai tinh ché theo
phuong phdp dién phan. Ngudi ta dién phan dung dich CuSO, (¢6 cho thém H,S0,) véi cuc am
la nhiing [4 déng tinh khist va cuc duong la nhimg thoi déng do. Két qua la duong cute tan ra va
nhitng tap chat kim loai ding trude Cu & trong day dién th¢ 6 trong déng dé di vao dung dich
dudi dang muéi sunfat con nhiing tap chat 13 kim foai dimg sau Cu lang xudng ddy binh dién
phan duéi dang bin. Ban am cuc do chia Ag, Au, P, déng selenua va déng telerua. Gid clia
nhitng kim loai quy trong bin d6 hoan toan du bu trir cho chi phi cua qué trinh dién phan. 0§
cuc am thu dige déng tinh khiét chita dén 99.99% Cu. Loai ddng dién phan 46 duoc diing lam
day dén.

Mot lugng nhé dong duogc diéu che tiy quang ngheo theo piuony phdp thiy uyén: ché
héa quiang véi nhitng dung dich khic nhau dé duoc mudi déng. Vi du ngudi ta ché héa quang
chia Cu,S bang dung dich Fe,(80,);:

CusS + 2Fey(S0,), = 4FeSO, + 2CuSO, + §
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hodc ché héa quing chira cacbonat hay oxit déng bing dung dich H,SO, lodng. Sau dé ding
hot sit dé két tha dong kim loai tir dung dich mudi dong.

Ngudn chi yéu dé diéu ché bac 1a nhimg kim loai tho nhu dong, chi va kém da duge
luyén tir quang sunfua cé chifa Ag,S. Vi du dé tich bac tir chi thé cé chita bac, ngudi ta cho
thém k&m vao chi néng chay, kém két hop vdi bac (va vang néu ¢6) tao nén nhitng hop chét
gifta-kim loai nhu Ag.Zn,, Ag,Zn, (vd Au,Zn,, AuZng). Nhing hop chét nay bén, khong tan
trong chi néng chay. V&t ving bac d6 ra, dun néng A€ hoi k&m (ndnc. cia kém Ja 906°C) thodt
ra ngoai v oxi hda tap chét chi kéo theo. Bac thé s&€ duoc tinh ché bang phuong phdp dién
phén.

Khodng 20% lugng bac duge luyén truc tiép tir quang ngheo chia Ag,S bang phutong
phédp xianua. Nghién kho rdi nghién uét quing v6i dung dich NaCN dé€ duge bun nhio. Cho
bin nhio chay vao bé 1én, ding khong khi nén suc vao bé dé khudly dao biin trong vai ba ngay.
Khodng vit bac sunfua tan vao dung dich nhd phan ing:

Ag,S + 4NaCN _ 2Na[Ag(CN},] + Na,S

Natri sunfua tic dung v6i NaCN khi cé mat khong khi 1am cho can bing trén chuyén
dich va Ag.S tan nhiéu hon:

INaCN + 2Na,$ + 2H,0 + O, = 2NaSCN + 4NaOH
Sau cling dung kém bui dé két tha bac:
2Na[Ag(CN).} + Zn = Na,|Zn(CN),] + 2Ag
Hoa tan k&m du trong axit sunfuric d€ thu bac.

Ving duoc téch ra chit yéu tix vang tir do & trong quing gdc hodc sa khodng. Ngudi @
tach vang ra khoi quing (dd nghién) theo mot hodc k€t hgp hai hay ba phuong phap chinh sau
day:

- Tuyén trong hre: dua vao ti khéi cta dat, dd va cdt bé hon so v6i ving, ngudi ta ding
dong nude rira troi ching & trén cic méng dai dat déc dé tach vang. Tigp tuc dii nhicu 1an nhyu
vay bing nudc cd thé thu duge vang tho.

- Hén hong héa: cho quang hay tinh quang thu duge sau khi da dii bang nudc di qua
nhiing mang dat doc Vi rung, ddy mdng 6 nhiing 14 dong trén mat duge boi thiy ngan, vang
tan vio thily ngan tao thanh hén héng vang vd ndm lai trén méng. Dun néng hdén héng vang
trong thiét bi riéng dé chung c4t thily ngan va thu vang. Phuong phdp nay cho phép tach dugc
nhitng hat vang c6 kich thude tuong d6i 16n hon ¢ trong quang.

- Xianua héa: ché€ héa quing hay tinh quing véi dung dich NaCN (hay KCN) va lién
tuc suc khong khi nén vao dung dich trong it ngly, ving tan din theo phan dng:

4Au + 8NaCN + 2H,0 + O, = 4NalAu(CN),] + 4NaOH
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Sau dé dang bui kém dé ket tha ving:

2NafAu(CN),] + Zn = Na,|Zn(CN),] + 2Au

-, hoac téch vang bing phwong phép trac déi ion.

Phuong phip xianua duge diing réng rii hon haj phuong phap kia.

Hang nam th€ gi6i san xuit hon mOt ngan 1dn vang, hang chuc ngan t4n bac va hang
trigu tdn déng.

Dé ddnh gia ham lugng Au trong ving nguwi ta dung don vi cara, mot cara duge xdc
dinh bang 1/24 kh6i lugng toin phén cla vang. Nhur vay vang 24 cara la vang tinh khiét chita
100% Au, vang 18 cara I3 vang chifa 75% Au... Chi y riing moét don vi khi lwong ciia kim
cuong cling dugc goi 1a cara, mét cara dé bing 0,2g.

Tuyén khodng

Trong thién nhién rdt hiém cé quéng kim loai chi chita mot khodng vat. Nhiing khoang
vat ¢6 ich ludn sinh ra trén nén dat d4 duge goi la ddr ddi kiiong quang. Boi vy, trude khi
luyén kim loai tif quang, cén phai nang cao ham luong cha kim loai & trong quing, nghia l1a
lam giau khodng vat chita kim loai d6. Viec lam giau khodng vat & trong quang dugc goi la
tuyén khodng va quing di duge 1am giau duge goi Ia rinh qudng.

Nhiing quing sit chita 1t 60=70% manhetit cé thé ding tryc ti€p cho 1o cao nhung
nhitng quang déng chita tir 1+2% Cu luén luon cin phii tuyén thanh tinh quang chira 20-25%
Cu. D6i véi quang cia kim loai, nhiing phuong phép tuyén khodng thudng dung 1a phuong
phap tuyén qudng bdng tay, phuong phdp tuyén trong hee dua vao khéi hrong riéng khdc nhau
clta céc khodng var va da( d4 khong quang (¢ day goi chung la vat liéu) vi dy nhu diing nude
ddi vang sa khodng trong cét c6 chita vang, phutong phép fuyén nr dua vao tir tinh khdc nhau
clia céc vat liéu vi du nhu dung tix trudng dé tich khodng vat ctia sit vi vonfram ra khoi quing
caxiterit sa khodng va phuong phdp ruyén néi dira vao kha nang tdm uét nuSe khde nhau clia
cdc vat lieu. Nhiing phuong phép tuyén da duge trinh bay trude ¢ day thudng 1a phuong phdp
tuyén so bo trudc khi tuyén ndi, '

Phiong phdp tuyén néi. D& lam vi dy ching ta xét sy tuyén ndi quang déng dang
sunfua. Quang duge nghién, phan cip hat, rira biang nudc dé loai mot phén bér dat da réi sdy
kho. '

Dé quang dé vio thimg tuyén néi (Hinh 63) khudy tron quing véi nuée c6 chita mot
lugng nhé chit tao bot nhu dau thong, creozol va chat c6 cuc y&u khac, théi khong khi vao
nude tir ddy thing. Nhitg hat khodng vat sunfua déng bém dinh vio bé mat bot khong khi
ciing véi chat tao bot néi 1én trén mat nude tao thanh 16p bot chdy tran qua mat thang. D4t d4
nam lai & ddy thiing va duge théo ra ngoat.

Chdt tao bot 14 nhitng hap chét hitu co ludng cyc nhir rugu, amin, axeton va andehit.
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Chiing duge hiip phu Ién bé mat phan chia giita -
nude va khong khi 1am giam sic cang bé mat cla
nudc (Xem tr.97, Tap Mot va .23, Tap Hai). Phan
¢6 cyc cla phan tit hop chat hudng whdn wu nuic

t&1 nudc, ¢on phan khong cuc (goc hitn co -R) 1a
phan ki nmiide duge hudng 161 bot khi vi nhu vay
bot khi dugc lam bén. '

Dé tang khda nang bim dinh. cia hat
khodng vat vio bot khong khi, ngudi ta cho thém

chdr gom vio nudc, Nhitng chit gom nhu : _
xantogenat natri, panmitat natri, dietyltiophotphat Hinl 63. So'd6 ciia thiét bi tuyén noi
natri, dau hoa ... ¢6 khi nang bién vt liéu ra nude .

(khong ndi lén) thanh ki nude (néi len duge). Chat gom c6 tic dung cheon loc d8i véi timg vat
ligu.

Nhang chit ¢6 tinh chdt nguge véi chat gom, nghia |3 bign vat liéu né dugc thanh vat
licu khong nédi, duge goi |3 chdt i ché. Chat e ché cing ¢4 tac dung chon loc d6i vdi timg vat
liéu vi du nhu si¥a voi d6i véi pirit, soda déi véi sunfua ciia cic kim loai, natri silicat déi véi dit
sét, natri xjanua déi véi blendo, natri hidrocacbonat déi vdi galen.

Nhitng chat lam mat tic dung cla chit dc ch€ duge goi 1a chdt hoat héa. Nhig chat
hoat h6a quan trong nhét 12 axit sunfuric (d&i véi pirit), déng sunfat (d6i v6i blendo), natri
sunfua, xantogenat va dfin xuét thom cla tioure (d6i véi sunfua).

Bing cdc chit tc ché va chat hoat héa khde nhau, ngudi ta ¢6 thé tuyén néi phan doan
nhitg quang phife tap: tich duoc khodng vat ¢6 ich ra khoi dat d4 vi phan chia cdc khodng vat
rr quang da kim. Da s6 cdc chit gom 13 axit y&u hoic bazo hitu co, sur phéan 1i cta ching phu
thude nhi€u vao pH cta dung dich. Béi vay pH ctia dung dich va nhiét do 1a nhitng y&u 6 quan
trong trong qud trinh tuyén néi.

Phuong phap tuyén néi duge diing tam giau va phan chia cdc khodng vat sunfua,
asenua, antimonua cta cdc kim loai mau (déng, chi, kém, molipden ...) vi ciing dé lam giau
khodng vat chita oxi ctia dong, 1am gilu than chi, cao lanh.

HOP CHAT CUA Cu(D), Ag(I) VA Au(I)

Dong, bac va ving & trang thii oxi héa +1 ¢6 cdu hinh electron d'°. Nhing ion M* dé
khong chi 1a chat rhin 6 ma con la chat cho © vi khi nang cho 7t ndy tang lén tik Cu® dén Au”*
vi d¢ linh hoat cia nhing cip electron d ting lén.

Nhit da ndi & trén, trang thdi oxi héa +1 1a dic trung nhit doi v6i Ag, kém dac trung
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hon nhiéu d6i véi Cu va nhét la d6i véi Au. Ngudi ta da biét nhiéu hop chit ctua Ag(l) nhung
biét it hgp chit cia Au(l).

Oxit E, O '

Ca ba oxit déu 1a chat bot, Cu,0 c6 mau dd, Ag;O mau nau-den va Au,0 mau tim.
Tinh thé Cu,0 va Ag,O c6 kién tric kiéu 13p phuong, trong d6 nhimg nguyén tir O dugc goi
ghém kiéu lap phuong tam kh6i va m6i mot
nguyén tir duge phéi ui ti dién bsi bon
nguyén ti kim loai. Hinh 64 trinh bay kién
tric tinh thé clhia Cu,0, trong dé médi
nguyén tr O lien két véi bon nguyén tir Cu
(hai lién két cong hda tri binh thudmg va
hai lien két cho-nhan) va mbi nguyén ti Cu
lien k&t v6i hai nguyén tlrO (mot lien ket
cong hda tri binh thudng va mot lien ket Hinh 64. Kién triic tinh thé ciia Ci,0
cho-nhan: —Cu<«). Nhu vay mbi nguyén uf
O c6 vd ngoai gém 8 electron con mdi nguyén tr Cu cé v ngoai gébm 4 electron.

Péng(l) oxit rat bén vdi nhiét, néng chay & 1240°C, hai oxit con lai kém bén, bac(I}
oxit phan hity thanh nguyén t6 & trén 200°C va vang(1) oxit phan hiiy thanh Au va Au,0, & trén
220°C nén Au,O thudng dugc coi 1a hén hgp cla hai chét do.

Ca ba oxit déu tan it trong nuéc nhung tan trong dung dich kiém dac tao thanh cuprit,
acgentit va aurit tuong ung.

Viduy:

Cu,0 + 2NaOH + H,0 = 2Na[Cu(OH),)
' (natri hidroxocuprit)
Trong dung dich NH, dam dac, Cu,0 va Ag,0 tan tao thanh phic chat amoniacat:
E,O + 4NH, + H,O = 2[E(NH,),10H

con Au,0O tao nén két tia den Au,;N.NH, 12 hop chat khéng bén, phan hiry né khi dun néng.
Trong dung dich HCl dac, Cu,0 tan tao thanh phic chit H{CuCl,).

Déng(I) oxit ton tai trong thién nhien dudi dang khodng vat cuprit. N6 dugc diéu ché

bing téc dung cla dung dich muéi déng(Il) trong’ méi trudng kiém vdi chat khir (thuong 1a
glucozo, hidroxilamin):

2CuSO, + 4NaOH + CH ;0 = Cu,0 + CyH,,0, + 2H,0 + 2Na,S0,
(axit gluconic)

con bac(I) oxit va vang(I) oxit dugc diu ché bing tic dung clia dung dich mudi E(I) voi kiém:
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2AgNO, + 2NaOH
2AuCl  + 2KOH

Ag,0 + 2NaNO, + H,0
Au,0 + 2KCl + H,0

Hidroxit EOH

Céc hidroxit ndy khong bén, nhat 1a AgOH vd AuOH. Trong phan tng diéu ch€ Cu,O
vira trinh bay trén day, méi ddu tao nén két tha vang CuOH va khi dun néng dung dich, hidroxit
d6 phan hiy thanh oxit. Con AgOH vi AuOH khong tich ra dugc 0 dang tr do vi ngay khi
duoce tao thanh da phan hily. Trong nude, tuy Ag,O tan {t nhung c6 tdc dung mot phan véi nudc
tam cho dung dich ¢6 tinh kiém:

Ag, 0 + H,0 == 2AgOH = 2Ag"' + 20H"

Thuc t&€ musi AgNQO, khéng bi thiy phan, diéu dé chimg to AgOH Ia chét kiém manh.
Loi dung phan ting trén ngudi ta ¢S thé diéu ché hidroxit cia kim loai kiém bang tdc dung cla
huyén phit Ag.O trong nude vdi clorua kim loai.

Vidua:
Ag,0 + H,0 +2RbCl = 2RbOH + 2AgCl
Mudi E(I)
Pa 58 musi E(I) dang tinh thé déu {t tan trong nudc. Nhimg mudi tan cla Ag(l) 13

AgNO,, AgClO,, AgClO,, AgF. Khi két tinh tit dung dich, hdu hét mudi Ag(l) déu & dang
khan, trirt AgF.2H,0. ;

Tuy cé cdu hinh d'" nhung & trong nude chi ¢é mudi Ag(l) 1a tuong d6i bén cdn mudi
Cu(1) v mudi Au(l) tw phan hay: '

2Cut = Cu + Cu*, E° = 40,38V
AU = 2 AU+ A’ E° = 40,3V

Chéng han nhu mudi Cu,SO, chi cé thé didu ché trong dung moi khic nude, d trong
nudc te phan hiy theo phan ing:

Cu,S0, = Cu + CuSO,

hoac két tia mau vang AuCl ty phan hiy trong nudc hay trong dung dich HCl lodng theo phan
irng:

3 AuCl
3 AuCl + HCl

2Au + AuCl,
2Au + H{AuClL,]

Tuy nhién, & trong nude, ion Cu® va ion Au* dugc 1am bén khi tac thanh hoac ket tha {t
tan nhu Cul, CuCN, Aunl v AuCN hoic ion phic tuong d6i bén nhu [Cu(NH;),1", (CuX.]
(trong d6 X = CI', Br , T vd CN"), [Au(CN),] . Mot nguyén nhan guan trong cia sy lam bén
d6 13 kha nang nhén 7 cia nhimg anion I vd CN . Khi ¢6 mat nhitng anion ndy & trong dung
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dich, nhiing can bing trén day sé chuyén dich sang bén trdi. [on Ag® cling rit dé tao nén nhﬁ'ﬁg
ion phiic wwong ur va bén.

Nhitng mudi Ag(l) dugc diéu ch€ tir cdc don chit hodc tit chdt dau ta AgNO,, con
nhitng muoi Cufl) va Au(l) duge diéu ché biing cdch khit nhitng muéi Cu(Il) va Au(IID.

Déng(l) clorua (CuCl. Béng(l) clorua, bromua va iodua déu ia chat & dang tinh thé
miw tring c6 ki&n triic ki€u sphalerit. Ching rat bén véi nhigt va tan it trong nude. Duéi day [a
nhigt d¢ néng chay, nhiét d6 soi va tich s tan clia ching:

CuCl CuBr Cul
Ndnc., °C ... 430 504 605
Nds., °C ... 1359 1345 1336
Tich s6 tan ... ~107 ~107 ~10"

baéng(I} clorua tan it trong nude lanh nhung phan hiy trong nuéc néng.

N6 tan dé trong dung dich dam dic ctta NH,, HCl, NH,Cl va clorua kim loai kiém nhd
tao thanh phite chat.

Viduy:

CuCl + 2NH, = |Cu(NH,}),|ClI
CuCl + HCl = H[CuCl,]

Dung dich clia nhitng phiic chit nay dé& bién déi mau vi bi oxi khong khi oxi hoa.
Vidu:
HCu(NH3),]" + 0, +2H,0 + 8NH, = 4 [Cu(NH,),}** +4 OH"
Bai vay dung dich phite chat amoniacat cGa ddng(I) duge ding dé loai khi oxi khoi cdc
khi hiém.
Dung dich CuCl .lrong NH; hogc HCI hdp thu khi CO tao nén dung dich khéng mau

cta phifc chat dang dime (Cu Cl CO H,0),,
kht dun ndng, phic chat dé phan hiy gidi

phéng khi CO nén dung dich CuCl dugc \ / \ /
diing dé tinh ché khi. Phitc chat d6 c6 cdu / \ / \

tac phan tu:

va c6 thé tich ra & dang tinh thé,

Dung dich CuCl trong HCI ¢6 thé hap thy khi PH, tao nén phic chat [(Cu(PH,)]ClL
Dung dich CuCl trong NH, c6 kha nang hdp thu axetylen hay nhiing hop chét hitu co R-C=C-
R tao nén Cu,C, hay R—C=C~Cu la nhimg ké1 tha mau do d& phan hiy né khi dun néng.

Pong(I) clorua dugc diéu ché bang tdc dung cGa Cu,O véi axit clohidric hodc bing tic
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dung cta dung dich CuCl, véi khi SO

Cu,0 +2HCI

2 CuCl + H,0
2 CuCl, + 8O, + 2H,0

2 CuCt +H,S0, +2HC
hoic bang tic dung cta déng kim loai véi CuCl, trong dung dich HCI

Cu + CuCl, + 2HCI

= 2 H[CuCl,]
réi thém nude vao dung dich thu duge dé CuCl két tha

Bac nitrat (AgNO,), mudi bac théng dung nhét, 12 chdt & dang tinh thé ta phuong,

khong mau, néng chay & 209,7°C. N6 dé tan trong nudc, do tan bi€n di nhiéu theo nhiét do,
tan ca trong ete, rugu etylic, axeton.

Khi dun néng dén 300°C bac nitrat phan hily

2 AgNO;, = 2Ag + 2NO, +0,

N6 d& bi khir thanh kim loai béi nhitng chét hitu co nhu gidy, glucozo, focmandehit,
axit tactric... Khi téc dung véi nhitng chét khir d6, dung dich AgNO, trong NH; fao nén [dp két
tha sing badm chic trén kinh goi ta guong. Dua vao tinh chét dé ngudi ta ding AgNO, dé nhan
bigt axit tactric va dé trang guong

Vidu: .

2 [Ag(NH,), INO, +H,0 + HCHO

2Ag + HCOONH, + NH, + 2 NH,NO,

Cha ¥: Khéng duge ¢t giit lau dung dich amoniacat bac vi khi d€ lau, tir dung dich sé
sinh ra k&t tha den Ag;N ling xu6ng ddy thanh binh, két tia nay rat dé phan hily no & diéu kién
thuong.

Do tic dung duge véi céc mé co thé, ngudi ta ding dung dich AgNO; tam thube sdt

i 3 - ~ S I
triing. N6 [a mot trong nhimg thude th thong dung nhdt trong phong thi nghiém va [a chat dau
dé diéu ché& nhiing hop chat khic cia bac

Bac nitrat dugc diéu ché bang cdch hoa tan bac kim loai trong axit nitric.

Bac halogenua (AgX), & day X = halogen. Dugi day !a mét so tinh chat cia bac
halogenua:

Tinh chat AgF AgCl AgBr Agl
Kién tric tinh Lap phuong Lap phuong Lap phuong Lap phuong
thé kiéu NaCl kiéu NaCl ki€u NaCl kiéu ZnS
Miu Tring Tring Vang nhat Vang
Ndnc.)C 435 : 455 432 554
Nds., °C Phan hiy 1550 Phanhily 8700 | Phanhily & 554
Tich s& tan,TT D& tan 1,8.10°"° 5.1017 8,3.10°"
16-Hoa hoc wo oo - T3
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Su tang mau va sy giam do tan cua bac halogenua tir florua dén iodua dugce giai thich 1a
anion X~ ¢6 bdn kinh cang Idn cang dé bién dang, nghia 14 cing dé bi cuc hda boi tac dung
cua cation Ag*. Tinh dé bi cuc héa d6 cing 1a nguyén nhan 1am giam do6 bén nhiét cha cic két
tia bac halogenua. That viy bac clorua bén nhat d6i v6i nhiét, cdc halogenua khac phan hay
trude khi dén nhiét d6 s6i. Tuy nhién, & nhiét d6 thudng dudi tdc dyng clia dnh sdng céc
halogenua kho tan clla bac phan hily dén tao thanh bac kim loai va hatogen tu do:

2AgX = 2Ag + X, (§day X =Cl, Brval)

Su phan huy dé gay nén bdi cdc tia vliing cham-tim cia dnh sang trong thdy trong khi
cdc tia do khong 6 tic dung. Phan dng phan huy nay dua dén cong dung quan trong cia mudi
bac trong nganh anh.

Nhitng mudi AgCl, AgBr va Agl tuy khéng tan trong nudc nhung tan véi mite d6 khac
nhau trong dung dich NH; va tan hoan toan trong dung dich HX dam dac (X = Cl, Br va 1),
dung dich Na,S,0,, dung dich NaCN nhd tao thanh phdc chit.

Vi du qué trinh hoa tan ket tha AgX trong dung dich NH, ¢é céc hang so can bang:

AgCl+2NH, ==  [Ag(NH),|* + CI° K=18.10"
AgBr+2NH, =  [Ag(NH\),]* + Br K=5010"°
Agl+2NH, =  [Ag(NH),|* + T K=83.10"

Nhimg hang s6 can bang nay tinh duge khi két hop 2 qud trinh phan li ctia mudi
halogenua v ion phite |Ag(NH,),]".

Qua cdc hing s6 can bing trén day, ¢6 thé két luan rang trong dung dich NH; dam dic,
AgCl tan hoan toan, AgBr tan mét phan con Agl thyc t€ khong tan.

Tinh todn teong w nhu vay ta thay AgCl, AgBr va Agl ¢c6 thé tan hoan toan trong cic
dung dich Na,$,0, vd NaCN vi hing sd bén ctia nhiing ion phffc [Ag(S5:0.).1" va [Ag(CN),]
12 2,8.10" va 7,8.10" tuong ting, nghia 12 nhitng ion dé rat bén hon ion phic [Ag(NH,),]". Tuy
nhién, ngudi ta c6 thé két tua bac tir dung dich nhimg phitc chit d6 bang khi H,S hoac Na,S vi
Ag,S [a mot trong nhitng mudi it tan nhat.

Vidu:

ZK[Ag(CN),] + 2H,S = Ag,S + K,5 + 4HCN

Céc bac halogenua duge diéu ch& tryc tiép tlr don chill, nhiing halogenua khé tan con

dugc két taa dé dang tir dung dich bing phan tng trao doi.

Héa hoc va ki thudt nhiép dnh

Co s& héa hoe cia k§ thuat nhiép anh 14 tinh nhay cam clia bac halogenua d6i v6i 4nh
sang. Nguoi ta thudng ding AgBr vi AgCl kém nhay hon con Agl qud nhay. Phim anh va gidy
dnh géom chi yéu mot 16p mong, khoang 20p, cia huyén phit AgBr trong gelatin phét lén trén
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mang xenjuloit trong sudt hay gifly trang (Ban anh ddu tién dugc 1am ra tiy nam 1837 gom c¢6

16p Agl phu trén 14 dong).

Khi chigu séng lén phim anh, AgBr phan hay thanh bac kim loai va brom, brom hoa
hop véi gelatin con bac duoc tao ra ¢ dang nhing tinh thé mam rét bé. Nhing tinh thé dé sinh
ra cang nhiéu tai nhimg chd duge chiéu sang nhiéu. Phim anh, sau khi duge chifu sang trong
mot thosi gian rdt ngan, tuy bé ngoai khong ¢ gi thay déi nhung bén trong di ¢6 hinh anh an
cua vit duge chup. Dé thdy rd hinh, ngudi ta [%m hién hinh trén phim anh bang céch tiép tuc
khir AgBr thanh Ag kim loa & dang hat c&t nho 6 mau den. Thudc hién hinh thuong gém co
chat khir hitu co nhu hidroquinbn {C,H,(OH),| hay metol |(_C6H4OHNH3CH3)ZSO4] va chét khir
v6 co nhu NaHSO;,. Diéu quan trong g diy 11 qué trinh khir AgBr xdy ra vi nhanh nhat & xung
quanh nhiing tinh thé mam ciia bac da c6 san trong anh in. Do d6 anh 4n hién ra rd hon nho sy
xuat hién nhimg hat bac den. Sau dé ngudi ta dinh hinh cho phim anh dé 1am cho né mét tinh
nhay véi dnh sang. Thude dinh hinh thudng dung 13 dung dich Na,5,0, ¢6 kha ndng hoa tan 16p
AgBr cdn lai trén phim anh: ' '

AgBr + 2Na,5,0; = Na;|Ag(S:0,),] + NaBr

Hinh thay 13, sau khi da dinh hinh, s& bén Vo 4nh sang va nguoc véi vat duge chup
(ban Am).

Muén ¢ anh that ciia vat duge chup (ban duong), ngudi ta dat phim dnh 1én trén gidy
anh cing duge tring (6p AgBr mong rdi chi€u sang. Anh sang dé di qua chd séng cta phim va
khé di qua chd 6i clia phim. B&i vay trén gidy anh, sau khi da duoc lam hién hinh va dinh hinh
gidéng nhu da 1am d6i véi phim anh, s& xuat hién anh that cuia vat can chup.

Phim va anh den-trang khi ché héa véi dung dich AuCly s€ ¢4 mau tim-do nhat vi phan
ing: : ' '

3Ag + Au™ = Au + 3Ag”

HOP CHAT CUA Cu(Il) VA Ag(dD)

Trang théi oxi héa +2 12 rit dic trung d6i voi déng. C6 nhigu hop chit ciia Cu(ll), rat it

hop chét clia Ag(ll} va khong c6 hop chét cla Au(ID.

Pong(Il) oxit

Dong(H) oxtt (CuQ) la chat bot mau den ¢d kién tric tinh thé chua biét dugc chinhleéc,
néng chay & 1026°C vi trén nhiét 4o d6 mat bét oxi bién thinh Cu,0.

Péng(1f) oxit khong tan trong nuéc nhung tan dé trong dung dich axit a0 thanh mudi
Cu(ID) va trong dung dich NH, tao thanh phic chat amoniacat:

CuO + 2HCI = CuCl, + H0
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CuO + 4NH, + H,0 = [Cu(NH,),J(OH),

Ngudi ta 1oi dung phan tng thd hai dé loai khi O, ra khoi céc khi: cho khi c¢én tinh che
di qua binh dung phoi déng da dé ngap dung dich NH,, khi O, 12 tap chét s& tdc dung vdi phoi
déng tao thanh CuO va CuO tan ngay trong dung dich NH, nén oxi ti€p tuc tdc dung vdi phoi
déng.

Khi dun néng v6i dung dich SnCl,, FeCl,, déng(IT) oxit bi khir thanh mudi déng(1):

2Cu0 + SnCl, = 2CuCl + SnO,
3Cu0 + 2FeCl, = 2CuCl + CuCl, + Fe,0,

Khi dun néng, CuO dé bj cc khi H,, CO, NH, Kkhir thanh kim loai.
Vidu:
CuO + CO = Cu+ CO,

Hink 65. Kién tric ldp phong kiéu peropskit (a)
Kién triic tinh thé cia YBa,Cu,0, (b}

Tinh ludng tinh cha CuO thé hién khi tan trong kiém néng chiy tao thanh cuprit: -

| +2 +1
M, CuO,, M, CuO, va cd MCuO, . Kién tric chia cdc cuprit nay di dugc cdc nha nghién ciu
quan tam nhiéu sau phét hién cia hai nha vat li nguoi Thuy Si 1a Bednorz va Muller vao nam
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1986 vé tinh siéu ddn & nhi¢t d¢ cao cha gém chita dong, bari va dat hi€ém (Nam 1987 hai éng
da dugc giai thudng Noben vé phat minh gém siéu din dau tién). Mot gém quen thuéc nhat véi
thanh phén gin ding 1a YBa,Cu,0, ¢6 tinh siéu din & nhlét 5 ~90°K va c6 mang ludi tinh thé

+2 +4
kiéu peropskit ABO,, trong dé Y** va Ba™ chi®m vi tri cla A, Cu®* chiém vj trf ciia B (Hinh

65) va khuy€t mot phan O.

Hién nay chuta cé 1f thuy&t ndo néi v€ tinh siéu din cha gém. Tuy nhién, ngudi ta cho
ring su ty phéan hiy Cu(Il) - Cu(l) + Cu(III) l4 diéu kién c4n d€ sinh ra tinh siéu dén va c6 18
sy ty phan hity dé xay ra dugce 1a nhd lién két Cu—O chll yéu I3 cong héa tri. Sau nhitng gém
siéu din chita dong ngudi ta di nghién citu nhitng gdm siéu din khdc ¢6 kién tric tuong tu,
trong dé déng duge thay bang Tl hay Bi. '

Déng(I) oxit duge diing d€ tao mau luc cho thiy tinh va men. Thiy tinh chia keo
déng c6 mau do tham.

Dong(Il) oxit duge diéu ché tryc tiép tir don chdt hodc bing cich nhiét phan hidroxit,
nitrat hay cacbonat. :

Vi du:
‘ . ~600°C
2Cu + O, = 2Cu0
(du)
. 50-80°C
Cu(OH), = CuO + H,0
(trong nudc)
Dong(Il) hidroxit

Dong(Il) hidroxit (Cu(OH),) 12 két tha béng mau lam, d& m4t nuée bi€n thanh oxit khi
dun néng trong dung dich.

N6 khong tan trong nudéc nhung tan dé dang trong dung dich axit, dung dich NH; dglc
va chi tan trong dung dich kiém 40% khi dun néng.

Vi du:

Cu(OH), + 2NaOH
Cu(OH), + 4NH,

Na,[Cu(OH),]
fCu(NH,),}(OH),

Dung dich mau cham cha tetraammin déng hidroxit c6 kha nang hoa tan
nitroxenlulozo, xenlulozo va dugc goi 1a nude Sudyze (M.E. Schweitzer, 1818-1860, phat hién
tinh chat d6 nam 1857). Khi pha lodng nudc hay thém axit vio dung dich trén, xenlulozo lai
két tha. Do dé, nudc Suayze duge dung vao viéc san xuét sgi nhan tao.

Péng(II) hidroxit duge diéu ché bang téc dung clia kiém véi dung dich .muél déng(II)
ngudi.
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Mudoi déng(II)

Pa 56 mudi déng(IT) dé tan trong nudc, bi thity phan va khi két tinh tir dung dich
thudng & dang hidrat. Dung dich lodng clia mudi tan 6 mau fam, mau cha ion [Cu(H,0)]*,
trong khi & trang thai rdn cic mudi ¢6 mau khéc.

Ton |Cu(H,0)]** ¢6 ciu hinh bét dién l&ch vt lon Cu™ & trung tam, trong dé hai phan
tér H,O & cdch Cu®* xa hon so véi1 bon phan tit H,O con lai. Nhu da bi&t & trén, trong vi du vé
ion Cu®* véi cdu hinh d°, ta ¢6 thé thdy cu thé hon higu tng Jan-Telo. Trong sy phéi tri bét dién
quanh ion Cu®, Kién tric tuon bi sai léch. Vi du nhu nhitng hap chat CuF,, CuCl,, CuBr,,
CsCuCl, c6 kién tric bét dién kéo dai va nhiing hop chit KCuF,, K,CuF, ¢6 kién tric bt dién
det. Nhu vay su phoi tri hinh vuéng phét hign duge ¢ tinh thé CuO va & nhiéu phic chét cha
Cu(I) chi |4 trudomg hop gidi han ca bat dién b sai léch do hiéu émg Jan-Telo chit khong phai
ta mot kiéu phéi tri méi d6i véi fon Cu™.

lon Cu® 13 chét tac phitc manh. Nhing ion phic quen thudc cla Cu* 1a {CuX,],
[CuX,)* (trong d6 X = F, Cl va Br), [Cu(NH,),]**, [Cu(C,0,)]7, [Cu(en),]*, (trong dé en la
etylendiamin H,N-CH,—CH,~NH,).

So d6 thé oxi héa-khir cho thiy & trong nude ion Cu™* khong d& chuyén thinh ion Cu*
nhung khi c6 mat nhimg anion ¢6 kha nang tao nén hop cha it tan v6i Cu*, kha nang oxi héa
chia ion Cu®* tang lén nhiéu. Vi du nhu mudi Cu(ll) téc dung véi dung dich Nal, dung dich
NaCN theo céc phan dng:

2CuSO, + 4Nal = 2Cul + I, + 2Na,80,
2CuSO, + 4NaCN = 2CuCN + (CN), + 2Na,S50,
Nguoi ta dung phin (ng thi nhat dé dinh luong ion Cu® va phan tng thit hai dé diéu
ché dixian.

Né&i chung khi gap cc chdt khi, mudi dong(1) c6 thé chuyén thanh mudi déng(l) hoac
déng kim loai. |

Khi them NH, vio dung dich nuéc ciia muéi Cu(il), nhing phan tr H,O trong
|Cu(H,0)¢J** Jan lugt bj thay th& dé dang boi nhing phin tir NH, tao nén nhimg ion phirc
[Cu(NH)(H,0)4 7 erevevey |Cu(NH,),(Hy0),]** nhung vige dua ti€p vao ion phic nhitmg phan
NH, thit nim va thit sdu gap kho khan. Trong dung dich nudc néi chung khdng phét hién dugc
maot lugng rd rét clia ion phike v6i sdu phan tit NH,. Ton phitc hexaammin [Cu(NH,)|** chi ¢6
thé tao nén & trong amoniac (6ng. Tinh chat bat thudng dé cé lién quan véi higu (ng Jan-Telo.
K&t qua cia hiéu tng dé [a ion Cu’* lien k&t y&u véi phéi tir thit ndm va phéi i thi séu, ké ca
khi phdi tir d6 1a H,O. Tuong tw nhu vay khi thém du etylendiamin vao dung dich mudi Cu(IT)
ngudi ta clng chi thu duge ICu(eﬁ)z(HZO):]. Lien két cia Cu véi hai phan tir H,O & trong
[Cu(NH,),(H,0),1**, va [Cu(en),(H,0),]** déu y€u {y&u hon so véi lien két tuong ting & trong
(Cu(H,0), 1), dén misc cd thé coi nhu khong c6. Boi vay nhimg jon phitc ctia Cu® véi NH; va
etylendiamin trén day thudng dugc bidu didn boi cong thic [Cu(NH,),]** va [Culen),} véi
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Hind 66, Pho haip thi e JCutHL0), 077 (1) vee fCHENH 317 (2}

Su big¢n déi maw tit xanh lam ctia |Cu(H,0),)** dén xanh cham cla [Cu(NH )™ va
xanh chim dim ciia {Cu(en),]** 12 gay nén bdi su tang trudng phdi tir tir H,O, NH; dén cn da
Jam chuyén dich dai hap thy (r viing d6 xa vé viing do trung binh clia quang phé trong thiy.
That vay qua  hinh 66, ta thay ion |Cu{H,O)}** ¢6 cuc dai hap thu & ~8000A va ion
FCu(NH j,]”* ¢6 cuc dai hip thu ~60004 . Con cudng do ciua mau (hi ¢6 lien quam vdi hé s
hip thu cla phite chat. Su tang hé o hap thu xay ra néu su thay déi thinh phan va ciu tao cia
phic chat doai bo duge su ngan cam chuyén ddi electron. Trong ion bat dign [Cu(H.0), )" ¢6
tdc dung cua sy ngan c¢dm vé tinh doi xiing cdn trong ion tf gidc |Cu¢{NH,},]** khong c6 tim
déi xitng nén khong chiu sy ngan cdm chuyén doi electron. Ngoiti ru lién két Cu-NH, ¢6 tinh
chit cong héa tri hon tién két Cu-H.O nén trong jCu(NH,),|™ ¢6 su chuyén dién tich tir phoi
tr dén cation kim loai ma su chuyén nay cﬁng loai bo sy ngan cAm chuyén doi electron vt lam

tang manh cuong dé miu.

Déng(ll) clorne  (CuCly) ta cht & dang tinh thé mau ndu néng chdy & 596°C va s6i ¢
993°C ¢ phan hiy thanh CuCl va Cl.. Dong(I1} clorua la polime vo co, & trang thii hoi ¢6 ciiu

tao mach div:

Cl Cl Cl
NN NG N
‘u u
/ e /
E\Cl \Cl \Cl :
& trang thdi tinh thé , nhilng mach dai dé chéng lén nhau [am cho méi nguyén tit Cu duge siu
nguyén o Cl bao quanh tao thanh bt dién iéch:
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Déng(ID) clorua dé& tan treng nude, rwgu, ete va axeton. Khi két tinh tir dung dich nudc,
no tach ra duéi dang dihidrat CuCl,.2H,0.

Dihidrat dﬁng(ll) clorua 13 nhitng tinh thé mau luc ciing ¢6 kién tric 13p phuong léch
nhu déng(IT) clorua khan nhung trong d6 méi nguyén tir Cu duge phdi trf boi bén nguyén tix Cl
va hai phan tr nudce:” '

Oy o Oy Oy
NP2V N P2aN
SN AN

| N 1 N a” | > a”

OH, OH, OH,

Dung dich dam dac clia CuCl,.2H,0 & trong nuéc vin ¢6 mau luc nhung dung dich
-
lodng c6 mau lam, mau dac trung cha jon [Cu(H,0))*".

Péng(Il) clorua ¢cé thé tao nén véi-clorua kim loai kiém vi amonj nhimg phitc chat
M[CuCl,] va M,[CuCl,]. Déng chi y la ion [CuCL}* ¢6 cfu hinh hinh vuéng, trong
(NH,),[CuCl,} mau vang nhimg c6 cfu hinh ti dién det, trong Cs,[CuCl,Jmau da cam.

Dihidrat CuCl,.2H,0 dugc diéu ché bing cich hoa tan déng kim loai trong cudng thiy
hoac déng(Il) oxit trong axit clohidric. Mudi khan duge diéu ché truc tiép tir cac don chat hodc
bing cdch lam mat nudc cha dihidrat ¢ 150°C.

Déng(l1) sunfat (CuSO,) 1a bot mau tréng, hiit manh hoi 4m cha khong khi tao thanh

hidrat CuSO,.5H,0 miu lam. Loi dung tinh chil nay, ngudi ta diing CuSO, khan dé phdt hién
nuée & 1in trong hop chét hitu co.

Pentahidrat CuSO4.5H20 12 nhitng tinh thé tam ta miu xanh lam, trong d6 ion Cu*
dugc phéi tri kidu bdt dién Iéch. Bao quanh ion Cu* ¢6 bon phan tr H,0 cung nim trén mot
mat phing, hai nhém SO nam & hai phia ciia mat phang va trén cling mét truc con phan tir
H,O thit nam, bing lién két hidro, lién két véi mot phan tit H;O cia mat phang va voi mét
nhém SO :
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Khi dun néng, pentahidrat mat ddn nudc va dén 250°C bién thanh mudi khan:

CuS0,.5H,0—C 5 Cus0, 3H,0 —*5— CuSO, H,0 € 5 450,

Khi tac dung véi khi NH;, pentahidrat tao nén tinh thé [CU(NH3)4]SO4.H20 mau cham
dam. Tinh thé hidrat nay ciing tdch ra khi cho thém rugu vao dung dich cua CuSO, trong
amoniac dam dac.

Nuse Felinh (H Fehling, 1812-1885, fim ra nim 1849) 14 dung dich ca CuSO, va kali
natri tactrat (KNaC,H,0,) trong dung dich NaOH 10%, ¢6 mau cham dam cha ion phiic
[Cu(C,H,O,),]%, duge ding lam thudc thir dé phat hi¢n andehit hay monosacarit trong héa hoc
hitu coe Khi dun néng véi nhimg chat d6, tir nuée Felinh mau xanh cham s& xuat hién két tha
d6 cua Cu,0. :

Vidu: .
2Na,[Cu(C,H,0;),]+ NaOH +CH3CHO+H2-O = Cu,0+CH,COONa +2H,C,H O+ 2Na,CH,O,

Nude Felinh duogc ding trong y hoc dé xéc dinh ham lugng dudng troﬁg nude tiéu cha
ngudi méc bénh dai dudng.

Ddng(1l) sunfat tic dung véi sunfat kim loai kiém hay amoni tao thanh sunfat kép
M,S0,.CuS0O,.6H,0. '

Hidrat CuSO,.5H,0 12 héa chét thong dung nhit ciia dong. N6 duge dung vao viée tinh
ch€ d6ng kim loai bing phuong phédp dién phan, dung lam thuéc trlr séu trong cong nghiép va
diing dé diéu ché nhiéu hgp chat ctia dong.

Pentahidrat duge diéu ché !:)ang cdch hoa tan ddng(Il) oxit, hidroxit hay cacbonat trong
dung dich axit sunfuric. Mudi khan duge tao nén khi tam mét nuée cha pentahidrat & 250°C.
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Dong(ll) avetar 12 chit dang tinh thé mau luc, dé tan trong nusc. N6 cé cau tao dime
| Cu{CH,COO0}..H,0}, giéng nhu crom(ID) axetat, trong dé nguyén tit Cu o trang thai lai héa
d*sp’, nhitng nhém CH,COO™ 1a ciu ndi gilta hal nguyén tir Cu. Tinh nghich tir cua chit cho
thdy c6 tuong tic gifta hai electron dgc than cua hai nguyén tir déng nhung khodng céch giita
hai nguyén ti d6 12 2,644 16n hon khodng cich Cu—Cu trong tinh thé déng kim loai (2,56A).
Nhv vay khéc véi crom(Il) axetar vd molipden(Il) axetat, }ién k&t Cu~Cu trong dime déng(Il)
axetat 12 lién két don va y&u. Diéu niy cing phdt hop v6i sy phin li hoan toan thanh ion cua
dime khi tan trong nuée. '

Déng(fl) axetat dugce tao nén khi hoa tan dong(ll) oxit trong axit axetic. Co6 dac dung
dich thu duge, tinh thé dime s€ tach ra.

Hop chdt cua bac(ll)

_ Bac(H) oxit (AgO) lit chit dang tinh thé lap phuong mau den, khong tan trong nudc,
bén ¢ nhiét do thudng, phan hily thinh nguyén t6 ¢ 100°C va phan huy né o 110°C.

Bing phuong phip ti-héa hoc, ngudi ta biet AgO la chdt nghich tir, trong dé bac ¢d thé
tén tai o trang thdi Ag(l) véi cdu hinh d'° va trang thdi Ag(llD) véi cau hinh d®. Bing phuong
phdp nhiéu xa notron, ngudi ta xdc dinh dugc trong tinh thé AgO cé hai loai nguyén nr Ag:
phitng mach —Ag-O-Ag— va nhiimg nhém hinh vuéng AgQ, ma Ag nam & tam. Nhu vay

+t 43

bac(IT) oxit 12 oxit chia Ag(T) vd Ag(Ill) véi cong thite Ag AgO,.

Bac(Il) oxit tan trong axit giai phéng khi oxi nhung tao nén ion Ag™* trong dung dich.
- N la chiit oxi héa rat manh, E:?}*_I_ =1,89V so val E eut = =0, ]53V Trong
dung dich, ion Ag™ chi ¢é thé 16n tui trong phifc chit véi nhitng phos ta-hitu co nhu pyndm

dipyridyl, phenantrolin véi cau ngoai ia anion pesunfat: [Ag(py),]$:0y » [Ag(dipy).1S:0g
| Ag{phen),1S,0;.

Do c6 tinh oxi héa manh, AgO dugc ding dé ché ar gy kiém. Ac quy gbm c6 dign
cue duong 1am bing bot min cua hdn hop AgO vd Ag.O, dién cyc am Jam bang bot nén ciia
Zn, nhting trong dung dich KOH. Qud trinh xay ra trong ac quy la:

héng dié
A2O + Zn se—=—= Ag + ZnO
tich dlen

Thé hiéu clia ac quy la 1,85V. Ac quy kiém-bac gon nhe hon ac quy chi vi ac quy
Kiém-niken nén dugc ding trong mdy bay phan lyc va ki thuat vii tru.

Bac(I1) oxit duge diéu ché bang cich dun s6i Ag,O véi pesunfat trong dung dich kiém.

Bac(ll) florua (AgF,), hop chat don duy nhat ctia Ag™, 1a chit dang tinh thé méau nau,
néng chay ¢ 690°C. N6 bi nuée phan huy theo phan ting:
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6AgF, + 3H,0 = 6AgF + 6HF + O,

Bac(I1) florua 4 chit oxi héa manh v 13 tic nhén flo héa manh (ngudn flo nguyén ti):

AgF, — AgF + F

Bac(II) florua duge diéu ché bing tic dung cua khi F, v4i bac kim loai hay vé AgF &
~250°C. '

HOP CHAT CUA Au(III)

Trang that oxi héa +3 1a dac trung nhat 461 véi vang. Ngudi ta bigt duge nhiu hgp chit
cta Au(Il) chu y&u 1a nhing phic chil, it hop chét cla Cu(lIl} va Ag(IIl). Nhing hgp chat cua
Au(IlT) déu la chét oxi héa manh.

Vang(Ill) oxit

Vang(lll) oxit (Au,0,) 1a chit bot mau nau, kém bén, phan huy dudi tdc dung cla dnh
sang hoic khi dun néng dén 160°C. N6 duoc tao nén khi lam mét nuée cta vang(Hl) hidroxit &
150°C trong chan khong.

Vang(lIl) hidroxit

Vang(I{l) hidroxit (Au(OH),) 1a chat bot mau nau do, khdng tan trong nudc. & nhiet 46
thudng, né mat dan nude bi€n thanh dang meta AuOOH, khi dun ndng bién thanh Au,O,.

Hidroxit ¢ling nhir oxit déu ¢d tinh judng tinh, tan trong dung dich kiém vi axit tao nén
phite chat: '

Au(OH); + NaOH = NalAu(OH),}
Au(OH), + 2H.SO, = H|Au(S80,}%] +3H,0
Au{OH), + 4HNO, = H|Au(NO;),] +3H.,O

Vang(Ill) hidroxit duge 1wo nén khi cho dung dich muéi vang(Ill) tic dung véi dung
dich kiém.

Vang(HI) clorua

Vang(I) clorua (AuCly) 1a chat dang tinh thé miu dd ngoc. N6 ¢é ciu tao dime o

trung thai ran ¢cOng nhu trang thili hoi:
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Khi dun néng trén 175°C né mdt bét clo bién thanh AuCl:
AuCly = 2AuCl + 2ClL
va dén 290°C phan hiy thanh nguyén t6.

Vang(III) clorua tan trong nuéc, fuqu va ete. Khi tan trong nude, né bi thity phan mot
phin cho dung dich cé mau da cam:

AuCly, + HO = H[AuOHCI;]
(axit hidroxotricloroauric)

Vang(Il) clorua k&t hop véi axit clohidric tao thanh axit tetracloroauric:
AuCl, + HCI == H[AuCl,)

Axit ndy ciing tao nén khi hoa tan vang trong cudng thiy. Khi c6 dac dung dich, thu
dugc nhimg hidrat tinh thé hinh kim méau vang H{AuCl,).4H,0.

Vang(III) clorua két hop véi mudi clorua kim loat kiém tao nén phirc chat M[AuCL,].
Nhitng phifc chét trén day cia vang(1ll) déu d& tan trong nudc va dung moi hitu co. Nhiing
anion phiic ctia vang(IIT) cé c&u hinh hinh vuong giéng véi nhitng anion phic cua Ni(ID), PA(II)
va Pt(Il). D6 1a csu hinh dac tnmg cba ion phic ¢6 cfiu hinh electron d°.

Vang(IIT) clorua cé tinh oxi héa manh, d& bi khir hon so véi mudi ciia bac (I).

Vidu:

2AuCl, + 3H,0,
AuCl, + 3FeSO,
AuCl, + 4Na,S,0; -

2Au + 30, + 6HC
Au + Fe,(80,); + FeCl,
Na,[Au(S,0,),] + Na,5,0, + 3NaCl

Vang(III) clorua 1a héa chat thong dung nhit cha vang va la chat ddu dé diéu ché cac
hop chit khac cla vang. N6 duge diéu ché bing tac dung cha vang bot véi khi clo & 250°C
hoac bang céch dun néng H{AuCl,}.4H,0 6 120°C.
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CHUONG X

CAC NGUYEN TO NHOM 1IB

Nhém IIB gém céc nguyén t5: kém (Zn), carmi (Cd) va thity ngan (Hg). Duéi day la
mét s6 dac diém clia cac nguyen t& d6 (Bang 24). '

Bﬁng 24
Pac diém cia cac ngayén t6 Zn, Cd va Hg
Nguyén | SO thaty Ciu hinh Nang lﬁqng ion héa, eV | Ban kinh |  Thé dién
3 (E) nguyén electron : nguyén | cyc chudn,
tu | nguyén tir I, 1, L tr. A \Y
Zn 30 [Ar]3d''4s* 939 [ 17,96 39,90 1,39 - 0,763
Cd 48 [Kr]4d'°5s* 899 | 16,90 | 37,47 1,56 - 0,402
Hg -~ 80 [Xe] 4f'45d'°6s* | 10,43 | 18,75 3243 1,60° 0,854

K&m, catmi va thity ngén [a nhitng nguyén t6 dimg cu6i cing trong ba day nguyén t6 d.
Nguyén tif chia chiing c6 cdc obitan d da dién di 10 electron giéng nhu nhing nguyén tr Cu,
Ag va Au nhung cfu hinh electron (n-1)d"° trong trudng hop nay ia tuong déi bén. That vay
trong khi nhitng nguyén ti Cu, Ag va Au c6 thé mé&t mot hoac hai electron d tao nén nhiing
trang thai oxi hda +2 hogc +3, nhimg nguyén tir Zn, Cd va Hg khong cé khi ning d6, nghia la
electron hod tri ciia chiing chi la electron s. Nguyén nhan la ning lugng ion héa thit ba rét cao
cha chiing da lam cho néng lugng sonvat hoa hay ning lugng tao thanh mang judi tinh thé
khong di d€ 1am bén duoce cho trang théi oxi héa +3. Trang thdi oxi héa cao nhat ctia ca ba
nguyén t6 chi 13 +2. '

Téng nang lugng ion héa thi nhat va thi hai ctia nguyén tir clia ba nguyén t6 nay Idn
hon nhidu so véi nguyén t6 nhém IIA & trong cing chu k1. B&i vay so vdi Ca, Sr va Ba, cic
nguyén t& nhém IIB kém hoat dong héa hoc hon nhiéu, nhét ta thay ngén. Diéu nay ciing dugc
gidi thich 1a v6 18 electron trong nhimg nguyén tir Zn, Cd va Hg chén céc electron s vdi hat
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nhan kém hiéu qua hon so véi vo 8 electron bén cua khi hi€m trong nhig nguyén tir Ca, Srva

Ba. Su giam téng nang lugng ion hod dé tir Zn dén Cd ¢6 lién quan dén sy tiang bin kinh

nguyén tir va su tang fén & Hg ¢6 nguyén nhan | nhiing electron 6s* xam nhép vao khong chi '

electron 5d'° ma cA nhitng electron 4f'* nita. Chinh do bén cao ctia cap electron 6s* ciing lam
cho néng lugng ion hod ctia Hg cao hom tét ca nhilng nguyén t& d khac va 1am cho thiy ngan
Kkhic nhidu véi Zn vi Cd vé mot s6 tinh chat. Vi du nhu thé dién cuc cua Hg c6 gid tri duong
twong doi 1én trong khi clia Zn va Cd ¢6 gid tri am, da s6 hop chiét cia Hg kém bén hon so véi
hop chit tuong tng cua Zn va Cd, thuy ngan c6 khi nang tao thanh ion Hg:" véi lién ket kim

loai-kim loai (-Hg-Hg-), trong d6 Hg ¢6 s6 oxi hda +1.

Néu dinh nghia kim loai chuyén tiép 1a nguyén t6 mi nguyén tl clia no & trang thai
trung hoda hoac & mot trang théi oxi héa nao dé c6 obitan d hay f chua dién du efectron thi Cu,
Ag v2 Au [ kim loai chuyén ti€p con Zn, Cd va Hg khong phai 13 kim loai chuyén ti€p. That
vay k&m, catmi va thuy ngan khac véi kim loai chuyén ti€p vé mot s tinh chat. Vi dy nhu
chiing 12 kim loai mém va dé néng chdy, vé mat hdéa hoc Zn va Cd hoat dong hon Cu va Ag la
nhiing nguyén t6 diing gin nhit d trong day va c4 ba nguyén 6 khong thé hién héa tri bién doi.
Nhimg kém, catmi va thiy ngan giéng véi kim loai chuyén ti€p ¢ chd ¢6 kha ning tao nén
nhitng phtic chat, nhat 14 véi amoniac, amin, ion halogenua va ion Xianua. Tﬁy nhién ngay
trong nhitng phic chit vgi ion CN', kha néng tao lién ké&t 7 gifta kim loai va phéi tt vin kém
hon kim loai chuyén tiép.

Hop chét clia ba kim loai déu doc, nhét [a thily ngan, ca kim loai va hop chat déu hét
sitc doc. Khi hit phii hoi thity ngan, hoi theo méu di [én ndo va lam suy nhuge hé than kinh.
Hop chit cha thuy ngan vao co thé ngudi gay réi loan dudng rudt va than, gay viém loét miéng
va [am suy tim. Tham hoa xay ra & Irac nam 1973 tam 450 ngudi chét vi an phai lia mi cé dinh
bui thudc trir sau chiia hop cht cia Hg.

CAC PON CHAT
Tinh chdt li hoc

Kém, catmi va thuy ngan 1a nhitng kim loai mau tring bac nhung & trong khong Khi
4m, chiing din dén bi bao phl boi mang oxit nén mét anh kim. Trong thién nhién, kém cé 5
ddng vi bén, trong d6 **Zn chiém 50,9%, catmi c6 8 dong vi bén, trong d6 4Cd chiém 28% va
12C4 chigm 24,2%, thity ngan c6 7 déng vi bén, trong do “*Hg chiém 23,3% va 22Hg chiém
29.6%. Dic biét déng vi bén '*Cd c6 ti€t dién bt notron rit Idn nén catmi kim loai dugc ding
lam thanh diéu chinh dong notron trong 16 phan dng nguyén tir. Ca ba kim loai déu mém va dé
néng chay, dac biét thuy ngan la chat I6ng & nhiét dé thudng. La kim loai nang o trang thai
ldng, thiy ngan duge dimg trong nhiét k€, dp k€, phi ké& va bom chan khéng cao. Dudi day la
mot s& hiing s6 vat If quan trong clia kim toai {Bang 25). o
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Bang 25

Hing so vat li cia kim loai nhém 11IB

Kim joai| Ndnc.,°C| Nds.,°C| Nhiét thang hoa, | Tikhéi | D¢ dan dién
(E) ki/mol
Zn 4195 906 140 7,13 16
Cd 321 767 112 8,63 13
Hg -38.86 356,66 61 13,55 1

Nguyén nhan cla tinh d& néng chady va twong d6i d& bay hoi ciia ba Kim loai nay la
twong tic yéu gilra cdc nguyén (i trong kim loai, nhat la trong thuy ngan, gay nén boi cdu hinh
tuwong déi bén d'° can trd céc electron d tham gia vao lién két kim loai. Thiy ngan dé bay hoi
nhit, hoi gém nhiing phan t¢ don nguyén tr, o 20°C ép suit hoi cua thuy ngan la
1,3.10'mmHg. Vi rit dé néng chay, dé bay hoi va thudng tao nén ion Hg>*, ¢6 gia thiét cho
ring trong thily ngan long ton tai nhimg phan tit gia Hg,. Piéu la 1a thiy ngan dé tan trong
dung moi ¢é cyc va dung moi khéng cuc. Dung dich clia thiy ngn trong nude (khi khong cé
khong khi) & 25°C chita 6.10g Hg/l. Thiy ngan dé bay hoi va hét siic dgc nén can dyng trong
binh kin va dé ché ram mat, khi si dung phai hét stic cdn than.

K&m, catmi vi thiy ngan tao nén rat nhiéu hop kim. Mot hop kim cla kém quan trong
d5i véi thuc 1€ 13 thau. Mot lugng nhd Cd thém vao dong tam tang d¢ bén nhung khong lam
gidm do din dién cla déng nén hop kim cla déng véi catmi dugc diing lam day dén. Hop kim
ctia Cd ¢6 diic diém 13 mém nén la vat ligu khong thay the duge dé ché cac 6 truc. Catmi chiém
dén 12,5% hop kim dé néng chay (75°C) goi 1a hop kim U do (Wood fa tén nha, vat i My da
ché hop kim dé. D€ dua cot v6i nhitng ngudi trong nha, 6ng da iam nhing chiéc thia con bing

"hop kim d6. S& sg hii biét chimg nao khi thdy nhimg thia do chay ra trong nudc tra ndéng!).

‘Hop kim cila thiy ngan dugc goi la idn hong (amalgam, ti€ng A Rap, nghia 12 hop
kim). Tuy thuac vao ti 1¢ cla kim foai tan trong thiy ngan, hén héng & dang long hodc dang
rin. Nhu d4 biét tir xua ngudsi ta da ding sy tao thanh hén héng d€ tich vang, bac ra khoi dét
d. Sir tao thanh hén hong c6 thé don gian 12 qué trinh hoa tan kim loai trong thiy ngan long va
¢6 thé 13 tuong tac manh liét gidta kim loai va thiy ngan. Vi du nhy qué trinh tao hén hong cua
kim loai kiém phit ra nhiét va chép sdng. Trong hdn hong thudng ¢6 nhitng hop chilt gilra—kim
loai vé6i thanh phan bi€n déi tuy thude vao ti 1¢ gitfa kim loai va thily ngan. Vi du nhu vang tao
nén nhiing hop chit Hg;Au,, HgAu,, natri tao nén 7 hop chat, kali tao nén 5 hop chét, trong
dé Hg,K bén nhit va néng chdy & 269,7°C. ( trong hén héng, cdc kim loai t6 ra kém hoat
dong hon so véi kim loai ty do. Boi vay trong phong th{ nghiém ngudi ta thudng ding hon
hong natri va hén héng kém dé 1am chat khir trong dung dich. Nhitmg hop kim clia nhimg kim
loai khé néng chay, khé dugc tao nén bang cdch ndu chay, thuong duge ché bing cich tron
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hén héng cha nhitng cfu tir kim loai r6i dun néng d€ thity ngan thoat ra. Platin khé tao hdn
hong v6i thily ngan; mangan, sit, coban va niken khong tao hén hong vdi thiy ngan. Thuc 1é
ngudi ta chuyén chd thily ngén trong thiing sét.

Tinh chdt héa hoc

Hoat tinh héa hoc gidm xubng theo tht ty Zn—Cd-Hg: kém va catmi tuong déi hoat
dong con thiy ngan khi tro. '

Trong khong khi 4m, kém va catmi bén & nhiét do thudng nhd cé mang oxit bao ve.
Nhung & nhiét do cao, ching chay manh liét tao thanh oxit, kém chdy cho ngen 1ra mau lam
sdng chéi trong ngoan muc, catmi chdy cho ngon lira mau sdm. Thuc t€ nguoi ta dung nhing
j6p ma kém va catmi d€ bao v¢ cho kim loai khong bi ri. Ton 14 thuémg dung dé 1op nha 13 sét 14
~ dugc ma kém & ngoai. Nhitng chi ti€t may moéc cha 0 10, e tang, mdy bay va tau thiy, thuong
xuyén ti€p xic v6i moi trudng an mdn, dwoc ma béng catmi. Ldp ma catmi bén v dep hon 1dp
ma kém.

Thiy ngan khong téc dung voi oxi @ nhiét do thudmg, nhung tic dung o rét & 300°C tao -

thanh HgO va & 400°C oxit 46 lai phan hity thanh nguyén t6. Chinh kha nang cia thiiy ngan ket
hop duge vdi oxi khong khi £6i lai gidi phong khi oxi nhu vay da gitp ong Lavoazié va ong
Pristli tim ra nguyén t6 oxi trude day.

C# ba nguyén t6 tdc dung voi halogen, Tun huynh va céc nguyén 16 khong-kim loai khic
nhu photpho, selen v.v... Bac biét twong tdc chia thiy ngan v6i luu huynh va véi iot xay ra dé
dang & nhiét o thudng cd I€ do trang théi 16ng 1am cho né ti€p xtc 6t vdi céc chéit. Thuc €
agudi ta ding bot min cua lvu huynh d€ thu gom nhing hat thuy ngan bé nho 1ot vio khe ban
v khe san nha khi roi vai thy ngan. Liu huynh ket hop v6i thily ngan tao thanh hop chal bén
Hg$ 1am cho thily ngén khong thé bay hoi va gay doc d6i véi ngudi. Ngoai ra cdn cb thé thu
gom Hg bang dung dich FeCl, (2FeCl, + Hg = HgCl, + 2FeCl,).

(3 nhiét do thudng, kém va catmi bén véi nudc vi ¢6 mang oxit bao v¢, g nhiét do cao
khit hoi nude bien thanh oxit.

Viduy

~T00° C
Zn + H,0 =  ZnO + H,

C6 thé dién cuc khd am, kém va catmi tic dung dé dang vdi axit khong phai 1a chdt oxi
héa giai phéng khi hidro:
E + 2H,0" + 2H,0 = (E(H,O0)) + H;

trong d6 kém hoat dong hon catmi. Tuy nhién kém rét tinh khiét gdn nhu khong tan trong axit.
Nguyén nhan 12 qué the qué cao cha hidro & trén kém (0,7V). Nhung néu buge thanh kém vii
soi day Pt r6i tha vao dung dich HCl chéng han thi nhiing bot khi H, bay 1én tir sgi day Pi va
kém tan dé dang. SO di nhur vay 1a viqua thé cia hidro trén day Pt chi la 0,3V.
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Thuy ngén chi tan trong nhitng axit ¢é tinh oxi héa manh nhu HNO,, H,SO; dac.

Vidu:
Hg + 4HNO, = Hg(NO,), + 2NO, + 2H.,0
(déc)
6Hg + 8HNO, = 3Hg, (NO,), + ZNO + 4H,0

{lodng)

Vi nhimg axit nay, k&m va catmi t6 ra hoat déng hon, vi du kém ¢6 thé khit dung dich
HNO, rit loAng dén ion amoni: '

4Zn + 10HNO, = 4Zn(NO,), + NH,\NO, + 3H,0
Riéng k&m c6 theé tan d& dang trong dung dich kiém giai phéng hidro gidng nhu nhém:
Zn + 2H,0 + 20H = [Zn(OH),|” + H,

Chinh vi phan ing nay ma Zn la-chat khir rdt manh trong méi trudng kiém cao, né cé
thé khir duge ion NO; thanh khi NH, gi6éng nhu Al, nhung khéc véi Al, kém tan khong chi

trong dung dich ki€ém manh ma cé trong dung dich NHj;:
Zn + 4NH, + 2H,0 = [Zn(NH,),/(OH), + H,

Catmi v thiy ngan khong cé kha nang nay 1a vi catmi thé hién yéu hon kha nang tao
phitc chat hidroxo va vi Hg(OH), khong bén phan hily ngay thanh oxit.

Trang thdi thién nhién va phuong phdp diéu ché

Trong thién nhién, kém |a nguyén 6 tuong doi phd bién con catmi va thay ngan kém
ph6 bién hon nhiéu. Trit lugng cha ching & trong vé Trdi Dat {a 1,5.10°, 7,6.10° va 7.107%
téng s8 nguyén v (tuong (ng). Nhilmg khodng vat chinh cGa k&m 1a sphalerit (ZnS), catamin
(ZnCO,), cha catmi ta grenokit (CdS). khodng vat nay hi€ém khi & rieng va thudng & lin véi
khodng vat cua ké&m, va cta thiy ngin la xinaba hay thin sa (HgS). K&m vi catmi thudng cé
trong nhiing quing da kim cung véi chi va dong. Kém cdn ¢6 lugng déng ké trong thuc vat va
dong vat. Co thé con ngudi chita k&m dén 0,001%. K&m cé trong enzim cacbanhidrazo 1a chat
XGc¢ tdc qua trinh phin hay cia hidrocacbonat & trong mdu va do dé dim bdo t6¢ dé can thiét
clia qué trinh hé hip va trao d6i khi. K&m ¢6 trong insulin th hocmon ¢é vai trd diéu chinh do
dudng & trong médu. Ngoai dang hop chat, thily ngan con & dang tu do ¢é 1€ vi nhitng hgp chat
ctia né déu kém bén d& phan hity thanh kim loai. Vi vay thily ngan {a mot trong bay kim loai
da biét tir thdi ¢d xwa va duge coi (A (ing véi bay hanh tinh cia Trai Dat: Au (Mat Trai), Ag
(Mat Trang), Hg (sao Thay), Cu (sao Kim}), Sn (sao Moc), Fe (sao Hbda) va Pb (sao Thé).

Trén th€ gidi, nhimg nuwde cé nhi€u md k&m Ia Canada, Australia, Trung Quéc, Péru;
¢6 nhi€u mo thiy ngén (4 Tay Ban Nha, Nam T, Nga, Trung Quéc, Ialia, Canada, México va
My.
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Nudc ta cé cic md kém-chi & Ngan Son, Chy bién. Ty L&, Lang Hit (Thdi Nguyén) va
Duc B6 (Quang Nam). Day ta nhitng mé da kim bao gém chi yéu quang sunfua cua cdc kim
loai Zn, Pb, Cu, Cd va Ag. Cac tinh Son La, Cao Bang, Bic Can, Thdi Nguyeén va Ninh Binh cé
cédc diém quing xinaba.

Hop kim va hop chat cia kém da duoc biét tir thi xa xua con kEm kim loai dugc bigt .

muon hon phiéu. Co € nguyén nhan 12 viéc luyén k&m doi hoi nhiét do cao ma k&m da bay hai
& duéi nhiét do d6. Ngudi ¢o An D6 va Trung Hoa di che dugc kém thoi biing cdch ngung tu
hoi k&m. O chau Au, k8m kim loai méi duge bi€t vio thoi Trung C8, mai dén the ki XVII va
X VI ngudi ta mdi san xuft duge kem kim loai. Nguén g6c cla tén La Tinh zincum clia
nguyén té k&m chua duge biét rd rang.

Catmi dd duge phat hién vao nam 1817 bai nha khoa hoc ngudi Dac Stromaye (F.
Stromeyer, 1778-1835). Khi diéu ché ZnO bing céch nhiét phan ZnCO,, éng ngac nhién nhan
thay mau vang cha kém oxit néng thu duge khong bign mat khi d€ ngudi (trude d6 ngudi ta da
bict ZnO c6 miu tring, khi dun néng ¢6 mau vang va khi dé nguoi 15 lai c6 mau trang). Khi
hoa tan oxit d6 vio axit rdi suc khi H,S qua dung dich, éng thay xufit hien két tia vang. D6 la
sunfua ciia mot kim loai mé. Ong dat tén nguyén & 1a cadmiun (Cd) xudt phat tir tiéng La
Tinh cadmia 12 tén goi clia quang k&m thoi by gio.

Cac nha gid kim thuat idy tén cha hanh tinh Mercury {sao Thuy) dat tén cho nguyén o]
thiy ngan. Tén goi mercury dé ngay nziy vin duoc ding trong ti€ng Anh, ¥, Phap va Tay ban
nha. Tén La Tinh clia nguyén t6 thiy ngan la hydragyrum (Hg) c6 nghia 1a “bac long”.

Gan mot nra lugng k&m va catmi sn xudt bang nam trén thé gidi dugc ding dé ma sit
thép, phdn con lai dung dé ché hop kim, lam pin kho va ac quy. Nhitng nam gén day, nhing két
cdu khoi dong dé phorig tén lira cling duge ma k&m. Nhiét caa ludng khi phén lyc sinh ra khi
phéng tén lra duge hap thu mét phin do iép ma k&ém dd bay hoi va nhd d6 két cdu khai dong
duge bao vé.

Mot trong nhimg nguyén li¢u chinh ding dé luyén k€m la quing sphalerit. Tinh quang
sphaterit thu-dugc bing phuong phdp tuyén ndi chia dén 48 - 58% Zn. Tinh quang dugc dot
trong 1d nhiu tang & nhigt d¢ 700°C, quang
sunfua chuyén thanh oxit v kKhi SOy

1ZnS + 30, = 2Zn0 + 250,

Khi 8O, duge ding dé san xudt H,50,
con ZnO tho dugc ché hod theo mot trong hai
phuong phép: nhiét luyén va thity luyén.

- Qud trinh nhiét luyén duge thyc hién
& trong 10 ham (Hinh 67).

Hinh 67. S0 dé 16 luyén kém .
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Nap phdi lieu gém ZnO thé va than bot vao nhiing 15 chung A Jam bing gach samot,
Nhimg 1o nay duge dat trong 10 hdm 16n va duge dét néng dén 1200-1350°C bang khi dét,
trong d6é k&m oxit bi khir thanh k&m kim loai:

ZnO + C = Zn + CO

Ké&m long tap trung vao nhitng thi€t bi ngung tu B duge néi véi 1d chung va giit & nhiét
do 430°C cdn kém hot bay 1&n ciing véi khi CO duge ngung tu thanh kém bui (kém hat rat nhd)
& trong nhimg 6ng C [Am bang thép 14 va duoc 1am ngudi bing khéng khi. Kém bui chita ~90%
Zn va nhitng tap chat nhu Cd, Pb, Fe, Cu, ZnO, Si0,...

- Trong qud trink thity luyén, ngudi ta hda tan ZnO tho, thu duge sau khi dét quéng,
vao dung dich H,80, lodng va loai tap chat ¢6 trong dung dich ZnSO,. Dién phén dung dich
ZnS0, di duoc tinh che va da thém H,SO,, & trong thiing dién phan lam bang g hodc xi mang,
véi cuc duong bang chi va cyc am bang nhém tinh khiét. Do qud thé rat Ién clia hidro trén
kém, khi H, khong sinh ra & cuc &am ma kém kim loai két tla:

dong dién :
2ZnSO, + 2H,0 ———— 2Zn + O, +2H,S0,
K&m dién phan c6 do tinh khiét 99,99% va bén véi axit sunfuric cé & trong thiing dién
phan.

Sén phdm kém tho clia qud trinh nhiét luyén, khi can thiét, ¢6 thé duge tinh ché theo
phuong phép. dién phan trén day nhung véi cue duong [ thdi kém the.

Catmi thudng c6 the téch ra khi tinh ch€ dung dich ZnSO, thu duogc trong thiy luyén
k&m. Dung dich d6 ¢6 thé chita céc tap chat nhu FeSO,, CuSO, vi CdSO,. D€ loai bd mudi sit,
ngudt ta cho thém vao dung dich dé6 MnO, réi CaCO,;:

FeSO, + MnO, + 2H.0O
FeOHSO, + CaCO, + H.O

FeOHSO, + Mn(OH),
Fe(OH), + CaS0, + CO,

Dung dich, sau khi di loc két tia, con chifa CuSO, v CdSO,. Khi them bot kém vao
dung dich dé, déng va catmi kim loai s& két tia. Hod tan két tha dé vio dung dich H,SO,
lodng va cho thém k&m buyi vao dung dich CdSO, thu dugc dé catmi kim loai két thia:

Zn + CdSO, = Cd + ZnSO,

Catmi kim loai dvgce tinh ché bing phuong phdp dién phan dung dich CdSO, vdi cuc
duong ia catmi tho hodc bing cdch chung cat phan doan kim loai the & trong chan khéng.

Thiy ngan dugc diéu ché bang cdch dun néng tinh quang xinaba trong dong khong khi
& 700-800°C hoac dun néng tinh quang véi voi sdng hay véi mat sét & 600-700°C:

HgS + 0O, = Hg + S0,
4HgS + 4CaO = 4Hg + CaSO, + 3CaS
HgS + Fe = Hg + FeS
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Hoi thiy ngan duge ngumg ty trong thiét bj sinh han Jam bang thép khong ri. Ngudi ta
tinh ché thiy ngan kim loai bing céch rita véi dung dich HNO, 10% r6i chung cat phan doan &
trong chan khong.

HOP CHAT CUA Zn(I) VA Cd(Il)
Oxit EO

Kém oxit (ZnQ) va catmi oxit (CdO) 12 chat khé néng chay (ndnc. cia ZnO va CdO la
1950° va 1813°C tuong tng), ¢6 thé thang hoa khong phan hily khi dun ndng, hoi cia ching rat
doc. ZnO ¢6 mau tring & nhiét do thudng va c6 mau vang khi dun néng, CdO c6 cdc mau tir
vang dén nau gin nhu den thy thudc qud trinh ch€ hdéa nhiét. Nhimg mau khéc nhau dé cia
chiing c6 lién quan dén kiéu khuyét trong mang ludi tinh thé. :

Tinh thé ZnO <6 kién tric kifu vuazit (ZnS) trong d6 Zn ¢6 s phéi tri 4 con CdO ¢6

ki€n trdc ki€u NaCl trong d6 Cd ¢6 s6 phéi tri 6. Nhu vay lién két Cd—O c6 tinh chdt ion hon -

lién k&t Zn—-0:

Ca hai oxit khong tan trong nuéc, tan trong dung dich axit. ZnO cdn tan trong dung
dich kiém va CdO chi tan trong kiém ndng chay:

Vi du:

CdO + 2KOH = K,CdO, + H,0O
(aéng chay) (kali catmiat)

Phan dng tuong tu cling xay ra vdi ZnO:

7Zn0 + 2KOH = K,Zn0O, + H,0O
(néng chay) (kali zincat)

Trong thién nhién, ZnO va CdO t6n tai dudi dang Khodng vat zinkit va monteponit
tuong ung. K&m oxit duge diing 1am bét mau tréng cho son, thudng goi la trdng kém, va lam
chat don trong cao su.

C2 hai oxit ¢6 thé diéu ché bing cdch d6t chdy kim loai trong khong khi hodc nhigt
phan hidroxit hay cdc muéi cacbonat, nitrat.

Vidu:
-Zn(OH), —%ZC 5 740 +H,0

Cd(OH), —="C , C40 +H0
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Hidroxit E(OH),

Céc hidroxit Zn(OH), vi Cd(OH), ta két tha nhdy, rdt it tan trong nude vi ¢é miu
trang.

Kém hidrovit 1a chat ludng tinh dién hinh: tan trong dung dich axit tao thinh muéi
Zn(Il) va tan trong dung dich kiém tao thanh phic chat htdroxozmcat Tinh chédt d6 c6 thé dugc
biéu dién bing so d6:

Zn(OH), o

[ Zn(H0),1* .
H_‘O H:‘_O

[Zn(OH),]*

Tinh ludng tinh d6 cta hidroxit cong véi the dién cyc kha am cla kim loai gidi thich
tinh dé tan ctia Zn trong dung dich kiém giai phéng Khi hidro.

Catmi hidroxit khong thé hién 6 tinh ludng tinh: tan trong dung dich axit, khong tan
trong dung dich kiém ma chi tan trong kiém néng chay.

Ca hai hidroxit tan trong dung dich NH, tao thinh amoniacat:

E(OH), + 4NH, = {E(I\JH;;)‘;I(OI-I).2
Céc hidroxit nady dugc tao nén khi dung dich muéi clia chiing tic dung voi ki€ém.
Muéi cua Zn(II) va Cd(IT)

Cac muoi halogenua (trlr florua), nitrat, sunfat, peclorat va axetat clia Zn(ID) va Cd(II)
dé tan trong nuéc con cic mudi sunfua, cacbonat, orthophotphat vi muéi baze it tan. Nhiing
mudi tan khi k&t tinh tr dung dich nudc thudng ¢ dang hidrat. Vi du nhu Zn80,.7TH,0,
Zn{NO;),.6H,0, Cd(NO,),.4H.O, CdC),.H,O v.v... Trong dung dich nuéc, musi kém thuy phén
manh hon muéi catmi.

Da s6 cdc mudi don gian khong ¢ mau, trr ZnSe ¢ méu vang, ZnTe mau dd, CdS
mau vang, Cd.SCl, mau da cam va CdTe mau nau.

lon Zn™* vii fon Cd™ gidng véi ion Mg™, nhidu mudi cla chiing déng hinh véi nhau. Vi
dy nhu ZnSO,7H,0 vi MgSO,7H,0, M,S0,.ZnS0,6H,0, M,SO, CdSO,6H0 va
M.S80, .MgS0,.6H,0 dong hinh v4i nhau (M = kim loai kiém).

- Jon Zn™ va jon Cd™ tao nén nhiéu phic chat, tuy nhién khd nang tao phic ciia chiing
kém hon dong va bac: Nhiing ion phdc thudng gapla  [ZnX,]*", [CdX,}* {trong d6 X =CI",
Br . 1" va CN'), {Zn(NH,), 1™, [CA(NH,), 1™, [Zn(NH,}]* va {Cd(NH,),)*.

Dihalogenua EX,. Cdc dihalogenua cGa Zn va Cd 3 chét & dang tinh thé mau tring, c6
nhiét dd néng chay v nhiét do soi khd cao: g
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ZnF, | ZnCl, | ZnBr, | Znl, | CdF, | CdCl, | CdBr, | Cdl,

Ndnc.’C | 872 275 394 446 FHO0 B68 568 3R7

Nds., °C 1502 756 697 thang 1747 980 1136 thang
hoa hoa

ZnF, ¢6 kién tric tinh thé ki€u rutin vi CdF, ¢6 kién trie tinh thé kiéu florit. Lién két
M-X trong cdc florua dé 12 lién két ion con trong cdc dihalogenua khiic co bian chit cong héa
tri. B&i vay ZnF, vi CdF, c6 nhiét do nong chay vi nhiét do s6i cao nhat ong cic dihalogenua
nay. Tinh it tan clia ching ¢6 lién quan dén nang hrong mang ludi cao cha tinh thé. Cic
dihalogenua khic dé tan trong nudc va ch trong ete, rugu VA axeton. Trong nudc, kém
dihalogenua phan li manh hon catmi dihalogenua viL cling thily phan manh hon. Nhing
dihalogenua d& tan nay co thé k& hop véi halogenua kim loai kiém rao thanh ion phic
[EX,)" (¢ day X = ClI°, Br™ va 1) trong d6 (CdX,]7" rit bén hon [ZnX ] trong khi

[CA(NH,), T kém bén hon [Zn(NH,), [
Trong céc dihalogenua EX,, k&m clorua duge ding nhiéu trong thuc té,

Kém clorua (ZnCly) 12 chit & dang tinh thé 13p phuong, trong dé ZnCl, ¢6 cau hinh 14
dién véi Cl 1A ciu nobi. & trang thai hoi phan 1ir ZnCl, ¢é cdu hinh duong thing. Mudi khan dé
chay rita & trong khong khi vi tan it nhiéu trong nude, 100g nude & 20°C ¢6 thé hoa tan 367g
7ZnCl,. Dac biét ZnCl, khan 6 thé két tinh tir durig dich nuéc & trén 25°C. Nhu vay tuy
Zn(OH), c6 tinh ludng tinh, ZnCl; c6 thé tao nén khi dun néng nhe hidrat cla né trong khi cic
mugi khan MgCl,, CaCl, va MnCl,, nhur da biét, khong thé sinh ra khi dun ndéng hidrat tuong
ting mic di céc hidroxit tuong tng khong phai 12 chat ludng tinh. C6 thé gidi thich diéu d6 néu
chti y dén khuynh hudng tao nén lién ket cong héa tri cha kém. C6 18 ring vé 3d'" 1am cho ion
70 lien k&t d& v6i CI” hon véi oxi  ciia HyO. Bai vay, trong dung dich ZnCl, dic & trong
nude xay ra sy canh tranh giita ion CI° va phfm tir H,0 tam cho CI” thay thé H,0 & trong cau
noi. That vy trong dung dich ZnCl, lodng, Zn{I) ton i chil yéu dudi dang 1on {Zn(H,0),)*
cdn trong dung dich dic, dudi dang ion |ZnCL,(H,0) 1.

Dung dich ZnCl, dac khi trén v6i bot ZnO tao nén oxoclorua ¢6 thanh phan Zn,OC,:

ZnCl, + ZnO = Zn,0C,

*

K&m oxoclorua 12 mét polime vo co khong tan trong nudc, dong cting nhanh sau khi
duge tao thanh nén duge goi 1a xi mdng kém va thudng diing dé trdm rang. Hop chét nay cling
duge tuo nén khi dun néng mugi clorua bazo:

2ZnOHCl = Zn,0ClL, + H,0

Dung dich ZnCl, dac thé hi¢n r6 phin (ng axit do tao tharh axit phiic:
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ZnCl, + 2H,0 ==  H,[Zn(OH),CL]
Bii vay, dung dich ZnCl, dac thudng duge ding dé danh sach sét thép khi han:
FeO + H,[Zn(OH),CL] = Fe[Zn(OH),CL,] + H,O

Khi hin, nuée bay hoi con bé mat sit thép duge phit 16p nmudi trén & trang thdi nong
chay cho nén khong bi oxi khong khi oxi héa va nhd dé m6i han duge vitng chac. Ngoai nhimg
cong dung vira trinh bay trén day, ZnCl, con dwge diing vio viéc in hoa trén vai, tam gb dé gb
khoi bi muc nat va ché gidy da dé.

Kém clorua khan cd thé diéu ch€ bing tic dung clia k&m hat véi khi clo & 400°C cdn
hidrat ¢é thé diéu ché bing tac dung ctia k&m hay oxit, hidroxit va cacbonat clia k€ém vdi dung
dich HCI loang.

Hop chdt co kim ciia Zn va Cd

Hop chét co kém c6 ¥ nghia quan trong vé mat lich stt. Pietyl kém (C,H;),7n 1a hop
chit cor kim ddu tién duoc nha héa hoc ngudi Anh 13 Franclen (E.Frankland, 1825-1899) dicu
ch¢ vado nam 1849 theo phan 1ing:

~150°C

2C,HJ + 2Zn (hgpkimvai Cu) = (CH),Zn + Znl,
# j N
Phat minh cia Franclen da gop phdn dang ké vao su phat trién nhimg quan diém hién

dai vé ban chat cia lién két héa hoc.

Nhimg hop chat co k&m va co catmi éﬁng quan trong d6i vdi thue 1€ vi khd nang dé
phan tmg v&i nhitng nhém chide nhat dinh ciia hop chét hitu co cho phép thye hién duge nhimg
phan tng 10ng hgp doc ddo. '

Ngay nay ngudi ta da biét dugc nhimg hop char co k&m va co catmi ¢6 cong thirc tong
guat 1a RZnX, R.Zn va R,Cd, trong d6 R 12 g&c hidrocacbon va X la halogen.

HOP CHAT CUA Hg(Il)

Nhu da bict, khdc véi Zn va Cd, thily ngan tao nén hai loai hgp chat, trong d6 né c6 s
oxi hda +2 v +1. Xdc suat tao thanh hai trang thai oxi hoéa d6 gén twong duong véi nhau vé
mat nhiét dong hoc, trong d6 trang thii oxi héa +2 thudng gap hon va bén hon. Bdivay ching
ta xét trude hop chat clia Hg(IT) € tién so sdnh v6i nhimg hop chét clia Zn va Cd vira %€t trén
day va trén cd sd d6 xét dén nhing hop chét cha Hg(D).

Thity ngan(Il) oxit
Thuy ngan(Il) oxit (HgO) 1a chdl & dang tinh thé ta phuong, hiat rat nho ¢6 mau vang,

-
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hat to hon ¢6 mau do. N6 dugc cau tao nén tir nhitng mach dai, gay va phing lién két yéu véi
nhau.

0 180" /0\
/1};\1@ ) /Hg
O

Trong khi ZnO va CdO c6 thé thing hoa khong phan hiy & nhiét d6 cao, HgO phan
hily & trén 400°C. Diéu niy phi hop véi sy bién ddi nhiét tao thanh clia céc oxit doé:
Zn0O CdO HgO
AH | kJ/mol... -318 -226 -58,5

B vay & ~100°C, HgO bi H, khir dé dang thanh Hg va & nhiét d¢ thuong HgO dé tic
dung véi khi clo hay nudc clo tao nén ket tua oxoclorua mau do-nau:

2HgO + 2Cl, = Hg,0Cl, + CLO
2HgO +2CL, + H,0 = HgOCl, +2HOCI

(thity ngan oxoclorua Hg,OCl, thudng dugc bidu dién dudi dang hop chit kép HgO.HgCl,).

Thiy ngan(II) oxit tan rat it trong nudc, tan dé trong dung dich axit nhung khong tan
trong dung dich kiém manh. Tuy nhién khi tic dung véi dung dich NH,, HgO khong tao nén
amoniacat nhu ZnO ma tao nén hop chét {t tan mau vang goi 1a bazo Milon:

2HgO + NH, + H,0 = Hg,NOH.2H,0

Bazo Milon Hg,NOH,2H,0 la mét trong
nhimg hop chdt mdéi cla Hg v6éi N, trong do
jon Hg,N* ¢6 mang ludi tinh thé kiéu cristobalit
(Hinh 68) con ion OH™ va phan tir H,O dugc gilt &

trong 1 tréng clia mang ludi do bang lién ket ion, ©N
lién két hidro va luc phan tin. ® Hg

Bazo Milon phan dng véi axit tao nén
mudi ¢é céng thitc chung 1a Hg,NX.H,0, trong dé
X =NO, ,Clo,”, CI', Br", I" viv... Su tao thanh
ké’t’ tﬁz.l nau Hg,NLH,0 la thm tmg ra'E nhay df&' Hinh 68. Mang hudi Hg,N" trong
phat hien NH, hoac NH,"* bing thudc thir Nesle la Bazo Milon
dung dich K,[Hgl,] trong kiém:

2K,[Hgl]+ 3KOH + NH, = HgNLH,0 + 7KI +2H,0

Trong thién nhién, HgO tén tai & dang khodng vat hi€m montroidit. HgO ding dé diéu
ch hop chat khic cha thity ngan, ché son v tau bién, thuéc md va pin thiy ngan. Pin thay
ngan gbém c6 cuc am 1am béng hén hong kém, cyc duong 1a bt nhio clia HgO tron vdi than
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v chat dién i 14 bot nhio clia ZnO tron véi KOH. Trong pin xay ra phan ing:
Zn + HgO = ZnO + Hg

Pin thity ngan dugc lam & dang cie ding cho mdy nghe, dong hd deo tay. Pin ¢6 the
hieu 1,34V,

Dang vang cua HgO duge diéu ché khi cho thém kiém vao dung dich mudi Hg(ll),
dang d6 duge diéu ché bang cach dun néng Hg trong khéng khi & 350°C hoic nhiét phan cén
thian mudi nitrat.

Vidy:

Hg(NO,), + 2KOH
2Hg(NO;},

HgO + 2KNO, + H,0
2HgO + 4NO, + O,

Thity ngdn(Il) hidroxit

Khi them kiém vao dung dich mugi Hg(Il), chi thu duge HgO chit khong tach ra dugc
Hg{OH)}),. Tuy nhién dua vio d6 tan rat bé cia HgO (107107 mol/l) trong nudce va tinh thuy
phan manh c¢lla mudi Hg(1l) ngudi ta thudmg coi Hg(OH), 12 mot bazo rit yéu.

Mudi cua Hg(1l)

Céc mudi nitrat, peclorat , sunfat va axetat ciia Hg(IT) dé tan trong nudc con cic mudi

sunfua, orthophotphat vi mudi bazo it tan. Khi tan trong nudc, mot s6 mudi Hg(II} phan li rat

« kém, nhat 12 Hg(CN), duoc coi 13 chét khong dién 1i. cic mudi cdn lai phan li binh thuong va
bi thiy phan manh.

Pa s6 mudi don cua Hg{lD khéng 6 maw trir HgS ¢6 mau den hodc dé, Hgl, ¢6 mau
vang hoac do.

Thity ngan 12 mot kim loai tao nén nhiéu hop chit rat kém bén va dé phan hiiy né nhu
HgC,, Hg,N,, Hg(N,), va Hg(OCN),. Vi du nhu HgC, dugc tao nén khi C,H, tdc dung v&i dung
dich HgCl,. N6 ¢6 kié€n tric tinh thé giong CaC, nhumg khi tic dung v6i axit khong tao nén
C,H, ma CH,CHO:

HgC, + 2HCl + H,0 = HgCl, + CH,CHO
So dé the oxi héa - khi:
2. 0789 o
Hg _ 9920  yg
\ 0,854 |

cho thay muéi Hg(1l) ¢ khi nang oxi héa, khi tdc dung véi nhitng chat khu mudi Hg(II) mdt
diu bién thinh mudi Hg(l) réi sau d6 bign thanh Hg(0). Ngay khi tic dung véi thuy ngan kim
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loai, mu6i Hg(II) tao thanh musi Hg(l).
Vidu:
Hg(NO,), + Hg = Hg,(NO,),

Béi vay khi téc dyng vdi axit nitric hay axit sunfuric dac, n€u c6 du thiy ngn thi san
pham thu dugc khong phai 13 musi Hg(II) ma 12 muéi cia Hgl*.

TIon Hg** ¢6 kha nang tao nén nhiéu phitc chit, trong dé thily ngan c6 nhitng sé phoi tri
dic trung 12 2 va 4. Nhitng phic chdt ny bén hon nhitng phiic chat tuong ing ciia Zn™ va Cd*.

Thuy ngan(Il) halogenua

Thity ngan(ll) halogenua (HgX,) 1a chit dang tinh thé khong mau, trir Hgl, ¢6 mau do.
Duéi day 1a mot s& tinh chat vat 1i quan trong cla chiing:

HgF, HgCl, HgBr, Hgl,

Nhiét d6 néng chay, °C 645 280 238 257

Nhiét dé soi, °C 650 303 318 351

Pd tan & 20°C, g/100g nude | thiy phan 6,59 0,55 0,004

Thiy ngan(IT) florua 1a hgp chat ion, ¢6 kién triic mang ludi kiéu florit (CaF,). Né ¢6 .
nhiét d6 néng chay va nhiét d¢ séi cao nhat trong cac halogenua HgX,. N6 bi thuy phan gan
nhu hoan toan ngay trong nudc lanh. Piéu nay cho thdy né Ia mot mudi ion duge taoc nén boi
mot axit yéu va bazo rat yéu. _

Ba halogenua cdn lai thé hién r5 dac tinh cdng hod tri, tinh thé HgCl, ¢6 mang ludi
phan i, céc tinh thé HgBr, va Hgl, ¢6 mang ludi 16p. Ching c6 nhigt d¢ ndng chdy va nhiét do
s0i thap so véi HgF,, tan trong mot s6 dung moi hiu co nhiéu hon & trong nuée. G trong nude,
ba halogenua nay phan li rit kém (~1%) nén bi thity phan khong déng ké. G trang thai hoi va
trong dung dich, chting déu tén tai & dang phén .

T4t ca cdc halogenua HgX, c6 thé diéu ché bang tic dung tryc ti€p cua cic don chat,
trong dé HgCl, 1a hoa chit duge sir dung réng rai nhat.

Thity ngan(ll) clorua (HgCl,) 12 hgp chét thudn tuy cong hod tri, két tinh & dang tinh
thé nhd hé ta phuong, d& néng chay, dé bay hoi va c6 thé thang hoa. NG rat bén trong khong

khi, rdt doc, tan trong nudc, rugu, ete, axeton, benzen va clorofom. D¢ tan cha né & trong nudc
bién d8i nhiéu theo nhiét d6, 100g nudc hoa tan 6,6g & 20°C va 54g & 100°C.
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Dung dich nu6e cua HgCl, c¢é phan img axit rat y&u vi bi thiy phan:
HgCl, + H,0 = HgOHCI + HCl
La chat rat kém dién li, HgCl, duoe tao nén khi dun nong HgO trong dung dich NaCl:
| HgO + 2NaCl + H,O = HgCl, + 2NaOH
nhung lai c6 thé tic dung véi dung dich axit xianhidric giai phéng axit clohidric nhd tao thanh
chat khong dién 1i Hg(CN),;
2ZHCN +HgCl, = Hg(CN), + 2HCI
Phén dng nay duge dung d€ dinh lugng axit xianhidric.

Khi tic dung véi nhing chét khir, HgCl, ¢6 thé tao nén Hg,Cl, hay thily ngan kim loai.

Vidu:

HgCl, + S0, + 2H,0 = Hg + H,80, + 2HC!
2HgCl, + SnCl, = HgCl, + SnCl,
2HgCl, + H,C,0, = HgCl, + 2HCI + 2CO,

Khéc v6i ZnCl, va CdCl,, khi tdc dung véi dung dich NH,, thity ngan(II) clorua khéng
tao nén aminoacat ma tao nén amidoclorua 13 hop chat it tan, cé man tring va phan hiy trudc
khi néng chay:

HgCl, + 2NH, = HgNH,Cl + NH,CI
Amontacat chi dugc tao nén trong dung dich NH, dac va ¢6 du NH,Cl:
HgCl, + 2NH, = [Hg(NH,),ICl,
Amoniacat nay I& hop chét it tan, c6 mau tring v ¢é thé néng chay khong phan hily.
Khi dun s6i dung dich HgCiz vdi HgO, thy thude vao ti 1& cia cdc chat phan dng, ngudi
ta ¢é thé két tinh dugc nhitng oxoclorua c¢é cic thanh phin: HgO.HgCl,, 2HgO.HgCl,,
3HgO.HgCl,...

Thuy ngan(ll) clorua ¢6 thé dugc diéu ché bing cdch dun néng hén hop HgSO,va NaCl
¢ 300°C hoiic hoa tan HgO hay HgSO, trong axit clohidric hoic hoa tan Hg trong cuding thity:

HgO + 2HCI = HgCl, + H,0
HgSO, + 2HCI = HgCl, + H,S0,

3HgCl, +2NO +4H,0

1l

3Hg + 6HCI + 2HNO,
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Thuy ngan(Il) sunfua

" Thity ngdn(Il) sunfua (HgS) la chét dang tinh thé ¢6 mau do va mau den. Tinh thé dang
d6 ¢6 kién tric kidu vuazit, dang den ¢6 kién tric kidu sphalerit va néng chdy o 820°C. Trong
hai dang tinh thé d6, dang d6 bén hon. Khi dun néng & 344°C dang den chuyén sang dang do.
Dang dé c6 thé thang hoa ¢ 559°C.

Thily ngan(II) sunfua tan rdl it trong nude va tan it hon nhiéu so véi ZnS va CdS cung
la nhiimg cha it tan. Tich s6 tan cua ZnS,CdS va HgS 14 107, 10% va 10 3 twong tng. Bai vay,
cdc sunfua nay tan khic nhau trong axit: ZnS tan trong dung dich axit lodng, CdS tan trong
dung dich axit khd dic, con HgS tan rilt cham trong dung dich axit dac ké cia HNO, vi chi tan
dé khi dun néng véi cudng thay. '

IHgS + 8HNO, + 6HCl = 3HgCl,+ 3H,80, + 8NO + 4H,0 .

Sy ting mau va sir giam d¢ tan trong nhém ZnS-CdS-HgS 6 nguyén nhan 1a cation
M véi vo 18 electron ¢6 bin kinh tang 1&n nén cang dé bi cyc héa boi anion §*” v nho dé

hicu itne cue héa thén cha cation M™ d6i vai §7 tang lén.
éu ing « g

Khéc v6i ZnS va CdS, thiy ngan(ll) sunfua tan trong dung dich dic cta sunfua kim
loai kiém tao nén phic chat tan M,[HgS,] ¢6 mau vang (M =Na, K):

HeS + K,S = K,[HgS,)
(kali thiomecurat)

Thiy ngan(ll) sunfua dang do ton tai trong thién nhién dudi dang khodng vat xinaba co
mau do. Dang den cta HgS c6 thé diéu ché khi nghién luu huynh voi thuy ngin kim loai hode
khi suc khi H,S qua dung dich muéi Hg(Il).

Vi du:
HgCl, + H,S = HgS + 2HC

Dang do cta HgS dugc diéu ché bang cich dun néng dang den hoic cho thang hoa hén
hop gém luu huynh va Hg (hay HgO) & 600°C trong [udng khi nito.

Phire chdt cua Hg(I1)

fon Hg™ tao nén nhiéu phic chat bén. Lién ket Hg-phdi tir o trong tat ca cdc phuc
chat, nhat 1a phic chat véi s§ phéi tri 2, 12 lién ket cong hod sri. Bén nht 14 nhiimg phic chat
durge tao nén v&i phéi tr chita halogen, cacbon, nito, photpho, luu huynh. Nhimg phitc chat nay
clia Hg(II) ludn luén bén hon nhilng phic chét twong tng ctia Zn(Il) vad Cd(ID). D¢ sing 16,
chiing ta xét hing s6 bén (Bang 26) caa nhitng phiic chdt kiéu [EX,]", trong 46 E = Zn Cd va
‘Hg,X=Cl",Br ,I',CN",SCN” vaNH,,n= 2— va 2+
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Bang 26

Hing sé bén cta phite chat [EX,]"

Phtic Héng s6 bén, K,,

chat Cr Br’ r CN”™ SCN’ NH;
(ZnX,]" 1 0,10 4,5.10° 7,69.10" 20 5.0.10%
[CdX, T 1,1.10° 5.10° 1,25.10° 1,29.107 2,5.10° 3,36.10°
[HeX, " ‘ 1,66.10"° 1,0.10% 6,67.10% 9,33.10 1,69.10° -

Nhitng phic chat cia Hg(ID) duge dung tong héa hoc phan tich 1a K,|Hgl] va
(NH,),(Hg(SCN),]. :

Muséi phic kali tetraiodomecurat K,[Hgl,] tan trong nudc, ¢ mau vang nhat, dugc tao
nén khi hoa tan kél tha dd Hgl, trong dung dich KI:

Hg(NO;), + 2KI
"Hgl,

Hgl, + 2KNO,
+ 2K1 = K,[Hgl]

Thude thir Nesle (1en nha héa hoc ngudi Pife J. Nessler, 1827-1905. nam 1868 ong da
dung thu@c thi ndy dé dinh tinh va dinh lugng tap chat NH, vd mu&i amoni & trong cdc chan) la
dung dich cha K,[Hgl,] trong KOH.

Nh su tao thanh phic chét [Hgl,}*” kha bén, HgO c6 thé tan trong dung dich K1 ki
dun néng:

HgO + 4KI + H,0 = K, [Hgl] + 2KOH

Mudi phifc amoni tetratioxianatomecurat (NH,),[Hg(SCN),] tao nén khi hoa tan két tua
tréng Hg(SCN), trong dung dich NH,SCN:

HgCl, + 2NH,SCN
Hg(SCN), + 2NH,SCN

Hg(SCN), + 2NH,Cl
(NH4)2[HE(SCN)4]

]

Dung dich (NH,),[Hg(SCN),] dugc dung dé phat hién ion Cu** va ion Co™* khi ¢6 mat
jon Zn**, ion Cu** tao nén ké&t tla mau tim thim:

Cu* + Zn?* + 2[Hg(SCN),J = CulHg(SCN),]- Zn[HE(SCN),]
trong khi ion Co™ tao nén ket tha mau cham thim:

Co™ + Zn?* + 2[Hg(SCN),]° = Co[Hg(SCN),]. Zn[Hg(_SCN)A
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Hop c¢hit co thuy ngan

Thiy ngan(ID tao nén mot sG 16n chit co kim, trong d6 nhigu chat ¢é hoat tinh sinh
hoc. Nhitng co thuiy ngdn co cong thitc téng qudt 13 RHgX vd RyHg (R la g6¢ hidrocacbon va X
15 anion axit).

Nhitng chat co thiuy ngén thudng 1& hop chat cong héa tri, tan trong dung mdi hitu co
nhiéu hon trong nude. Chi nhing RHgX, trong d6 X la NO; hay SO, 1a hop chét ion, vi du

nhur [RHg* NO; .

Da s6 co thiy ngan li chill 16ng dé bay hoi, doc v rat ¢6 kha niang phan Ung. Ngudi ta
thudng ding chiing dé diéu ché nhiing chat co kim khéc.
Vi du:
R.Hg + Zn = RyZn + Hg -

Nhimg co thiy ngan thudng duge diéu ch€ bing tic dyng cua HgCl, voi thude thu
Grinha 4y theo nhitng ti 1€ nhit dinh.

Vidu:

]

2RMgl + HgCl, R.Hg + Mgl + MgCl,
R.Hg + HgCl, = 2RHgCl

HOP CHAY CUA Hg(D)

Nhur di nhan xét & ddu chuong, khac véi Zn va Cd, thiiy ngan con tao nén nhimg hop
chit trong d6 ¢é ion Hg® véi lien két Hg-Hg. St tén tai clia ion do dugc xéc minh bing thuc

nghi¢m:

- Phuong phdp tir-héa hoe cho biét cdc hop chit clia Hg(I} déu nghich tir, trong Khi Hg*
6 electron déc than. '

- Phuong phdp nghién ciu kién tric bing tia Ronghen cho biét trong cdc hop chat clia
Ha(D). lien két Hp—Fg c6 do dai bign déi tir 2,43 dén 2,694 tiy thude vao anion cia hop chat.

‘ - Phuong phip do do dan dién cha dung dich thily ngan() nitrat xdc nhan trong dung
dich cé mat Hg,(NQ,), chir khong ¢6 monome HgNO,.

C6 mot s6 it hop chéat caa Hg(l). Pa <6 mudi {t tan tele nitrat, peclorat va florua dé tan.

Do ¢6 s6 oxi héu trung gian, ion Hel* dé& bi khir thanh Hg va cling dé& bi oxi héa thanh

ion Hg™.
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Vidu:
Hg.Cl.+ SnCl, = 2Hg + SnCl,
Hg,Cl, + 80, + 2H,0 = 2Hg + H,SO, + 2HCI
Hg,Ci,+ Ci, = 2HgCl,

3Hg,Cl, + 8HNO, 3HgCl, +3Hg(NO,), + 2NO + 4H,0

I

Theo so dé thé oxi héa - khir, can bing tu phan hity trong dung dich cia jon Hg3":

‘Hg3* — Hg + Hg* ¢6 the oxi héa-khit chuan B* = ~0,13V
[Hg™*]

2+
2

va ¢6 hiing s6 can bing K = =6,0.107"

Hiing s6 cin bing d6 cho thdy ion Hg3" chi bén va khong tu phan hiy trong mét gidi
han hep. Can bing d6 chuyén dich nhiéu sang bén phdi bdi tic dung cba nhitng chét cé kha
nang 1am giam manh ndng do cta ion Hg™ bang cdch tao thanh két tha it tan, hop chdt kém
dién li hodic phic chét bén.

Vidu:
Hg;* + 20H" = Hg + HgO + H,0
Hg:' + S§& = Hg + HgS
Hgi* + 2CN° = Hg + Hg(CN),
Hgl* + 4CN° = Hg + [Hg(CN),]™

Pay 1a nguyén nhan cd it hop chét cia Hg(I).

Ton Hg2* khong cé kha nang tao phitc nhy ion Hg™, c6 18 vi lién két giita jon Hg;' va
nhitng phoi tir khéd manh dii lam y&u lién két Hg—Hg trong ion d6 gay nén sy phan b6 lai mit
do electron giita hai nguyén 1 thiy ngan nén mét bi€n thanh Hg va mot bién thanh Hg*.

Thuy ngdn(1) nitrat

 Dihidrat thily ngdn(l) nirrat - Hg(NO5),.2H,0 l3"chdt dang tinh thé ta phuong khong
mau, d& tan trong nudc va bi thily phan tao thanh mudi bazo:
Hg,(NO,), + H,O = Hg,OHNO, + HNO,
~ Boit vay, khi pha dung dich mudi dé, can phai them HNO, vao dung dich dé day lui
phan ung thuy phén.

Thity ngan(I) nitrat thuong ding lam chat ddu dé diéu ché nhimg hgp chat khic cua
Hg(1). Né duve diéu ché bing tac dung cua mot lugng du Hg véi dung dich HNO; ¢é nong do
trung binh.
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Thuy ngan(l) halogenua

Thity ngan(l) halogenua (Hg,X,) 12 chat dang tinh thé uf phuong, tinh thé Hg,F, va
Hg.l. ¢6 mau vang con tinh thé Hg.Cl, va Hg,Br, ¢6 mau trang. Trir Hg,l, kém bén véi nhiét,
cdc halogenua con lai ¢ thé thang hoa ma khéng phan hiy. -

Thily ngan(]} florua rat d€ tan trong nude va bi th_ﬁy phan manh theo phan dng:

Hg.F, + HO = Hg +

HgO + 2HF

Ba halogenua con lai rdt {t tan nén khong bi thiy phan va khong tu phan hiy. Do tan

clia chiing giam xuéng tir clorua dén jodua:

Hg,Cl,
Tich s6 tan, TT 13107

Hg,Br, Hg,l,
52.107% 45107

Ca b6n halogenua déu 1 phan hity khi téc dung véi dung dich NH;:

HeX, + 2NH,. = Hg

+ HeNH,X + NHX

Trwde kin phin tng nay di duoc ding dé phit hien Hg,Cl,.

Khi téc dung v6i dung dich amoniac, Hg,Cl, tao nén mot san pham it tan mau den bao
gém keét tila HgNH,CI mau tring trén lin v&i nhimg hat Hg rat bé mau den. Tén goi calomen
ctia Hg,Cl,, tiéng Hy Lap, c6 nghia 1a mau den dep (calos 13 dep, melos la den).

Trong cdc halogenua nay, Hg,Cl, 12 hoa
chat thong dung nhat. Trong di¢n héa  hoc,
Hg,Cl, duge dung € lam dién cuc calomen
(Hinh 69). Pién cuc d6 1am bang thuy ngan,
ben trén phil 16p bot nhio gdém c6 calomen
vi thlly ngin, tiép xdc vdi dung dich KCl bao
hoa. Dién cuc niy c6 the [ 0,246V & 25°C déi
v6i dién cuc hidro chuan. Vi viéc st dung dién
cuc hidro gap mét s6 khé khan vé ki thuat, nén

‘ngudi ta ding mot s6 dién cyc so sdnh khac dé

do thé. Pién cuc calomen la mot dién cuc so
sanh duge ding phd bién nhal.

Céc muéi thity ngan(l) halogenua ¢6 thé
didu ché duoc hodc tryc tidp tf cdc nguyén to
hoac bang phan tmg trao déi gilta Hg,(NO,), va
halogenua kim leai kiém.
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CHUONG XI

cAC NGUYEN TO LANTANOIT

Cic lantanoit hay ho lantan ¢ s6 thd ty nguyén tiy tir 58 dén 71 dugc xép vio cling mot
 vdi lantan (s6 thir tu 57), bao gdm cdc nguyén to: veri (Ce), praseodinr (Pr}, neodim (Nd),
prometi (Pm), sumari (Sm), erwropi (Ev), gadolini (Gd), rechi (Tb), dysprosi (Dy), honmi (Ho),
echi (Er), tudi (Tm), vteehi (Yb) va fitexi (Lu). Dudt day 1a mot s0
lantanoit cling v&i Ba, La va HBf la nhimg nguyén t§ ding trude, & cling 6 va ding sau céc
lantanoit (Bang 26).

dic diém cla cde nguyén t6

Bang 26

Mot s6 dic diém cua cac lantanoit (Ln)

So thy _ The dién
Nguyén| tu Ciu hinh electron | Ning lugng ion héa, | Bin kinh | Ban kinh cue
t0  [nguyén eV nguyén | ion, Ln* | chuén,
tr | 40 {5si5p [5d]6s| [ | 1, e A A v
Ba 56 T2 e | -1 25210 1995 - 1221 -
La 57 216 | 1121577 [11,38]19,10] 1.877 1,061 -2.52
Ce 5% 71216 -2 560 [1084)20,10] 1,825 1,034 -2,48
Pr 59 112161 -] 21540 |1054]21,65| 1,828 1.013 -2,46
Nd 60 at1216l -1 21549 | 107112205 1821 0,995 243
Pm 61 sl216]| -12]555"1090 22,17 - 0,979 2,42
Sm 62 6| 216 -12 561 {11,06]23,69] 1,802 0,964 -2,41
Eu 63 71216 -12]566 [11.24]2512712,042 0,950 -2.,40
Gd 64 71216 12616 12142071 ] 1,082 0,938 -2,40
Tb 65 91216 -12 358 |11,52|21,92|1,782 0,923 -2,39
Dy 66 |10 2|6 2 | 587 11,66]23,10| 1,773 0,908 -2,36
Ho 67 |11l2i1e6| - 21594 (118023001 76 0,894 -2,32
Er 68 (121216 -12]581 [1192]2287]1 157 0,881 -2,30
Tm 69 |13]2]16] -|2i60 12,051 23,88 ) 1,746 0,899 -2,28
Yb 20 |14l 2]6] -]2]624 [12,17]|2495]1 940 (0,858 -2,27
Lu 71 141216 t]2|531 [1889)21,28|1,747 0,843 -2,25
Hf 72 114|216 22550 [1490}21,00]1 90 -
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Cau hinh electron chung cla nguyéen tit lantanoit 13 4™ 5s* Sp*5d™'“6s*. Trong cdc
lantanoit, electron Ian lugt dién vao obitan (4f) cha I6p ngoai thit ba trong khi 16p ngoai cling ¢4
2 electron (6s°) va 16p ngoai thi hai ciia da s6 nguyén 16 ¢6 8 electron (5s*5p°). Nhimg dif kién
quang phé cho bi€t céc obitan 4f va 5d c6 nang lugng gfn nhau, trong nguyén Ur lantanoit, cac
obitan 4f ¢6 ndng lugng thap hon céc obitan Sd. Boi vay, khéc vdi La, trong nguyén tr cac
lantanoit, electron 5d chuyén vio 4f trr Gd.

Dua vao cich dién electron vao obitan 4f, cdc nguyén t6 lantanoit duge chia thanh 2
nhém. Bay nguyén t6 ddu tir Ce dén Gd c6 electron di€n vao céc obitan 4f tuan theo quy tic
Hun, nghia I3 méi obitan mot electron, hop thanh nhdm xeri hay nhém lantanoit nhe; bay
nguyén 16 con lai tr Th dén Lu c6 electron thit hai lan luot dién vdo cic obitan 4f, hop thanh
nhom techi, hay nhom lantanoit ndng: :

La
454!
Nhdém xeri Ce Pr Nd Pm Sm Eu Gd
af? 4f a4t af° 4f° 41 4f’5d’
Nhém tecbh Tb Dy Ho Er Tm Yb Lu
47+ 4f+ - 4+ 4f7 af’e af™’ 4f145d"

Qua c4u hinh electron clia nguyén tir cic nguyén t tir La dén Lu, nhan thay electron cd
them (ngoai cau hinh 4f7 va 4f'%) cha Gd va Lu ciing nhu cda La déu & trén obitan 5d.

Khi duge kich thich nhe, mot (it khi hai) trong céc electron 4f nhdy sang obitan 5d,
electron 4f con lai bi céc electron 5525p° chéin véi téc dyng bén ngodi cho nén khong c6 anh
hudng quan trong dén tinh chal clia da s6 lantanoit. Nhu vay, tinh chét ctia lantanoit dugc quyét
dinh chil yéu bdi cc electron 5d'6s”. Boi vay, cac lantanoit giéng nhifu vdi nguyén 6 d nhom
I[IB, ching rdt gidng v4i yiri va lantan c6 cdc bén kinh nguyén 1ir va ion tuong duong.

Sy khac nhau trong kién tric nguyeén tit chi & 16p ngoai thit ba it cé anh hudng dén tinh
cht héa hoc cha nguyén t8 nén cdc lantanoit rat giéng v6i nhau. Mat khéc, ching rat gidng voi
lantan va yiri nén ngudi ta x&p 14t ca chiing thanh ho nguyén t6 ddt hiém. Ngudi ta cling thudng
hay phan chia d4t hi€m thanh nhdm xeri bao gém La, Ce, Pr, Nd, Pm, Sm va Eu (nhém dat
hi¢m nhe) va nfiidm ytri bao gébm Y, Gd, Tb, Dy, Ho, Er, Tm, Yb va Lu (nhém dat him nang).

Ngoai nhitng tinh chat dic biét giéng nhau, cic lantanoit cling cé nhimg tinh chat khong
pitng nhau, tir Ce dén Lu mot s6 tinh chét bién déi déu dan va mot s6 tinh chat bién di tuan

hoan:

- Su bi¢n d6i déu dan céc tinh chat dwge giai thich bing su co lantanoit. Co lantanoit la
sy gidm ban kinh nguyén tit cha ching theo chitu tang chia s6 thit tr nguyén tit. Nguyén nhan
cha su co dé 1a sy tang lyc hit cdc 16p electron ngoai (n=5 vi n=6) khi dién tich hat nhan tang
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lén tir La déo Lu. Mudi bon nguyén t6 lantanoit {c6 s6 thi w tir 58 d&n 71) dugc xe&p vao cung
mot 6 trong bang tudn hoian vai La (c6 s6 thit tu 57). Su co lantanoit jam cho nguyén tu clla céc
nguyén t§ difng sau La—Lu & trong ciing chu ki 6 ¢6 bin kinh khong khac may so véi nguyén -
6 cling nhém & trong chu ki 5. Vi du nhitng ciip nguyén t6 Zr-Hf, Nb-Ta ¢6 bén kinh thuc &
bang nhau v.v... Chinh vi vay, phiing nguyén t6 tréug chu ki 5 vi 6 thuoc nhém 1VB, VB va
VIB cé tinh chét gidng nhau timg dé1 mot.

- Su bign ddi tudn hoan tinh chit clia céc tantanoit vi hop chét duge giai thich bing
viéc dién vao céc obitan 4f, lic diu mbi obitan mot electron va sau dé mdi obitan mot electron
thit hai. Vi du su bién déi cta tdéng nang luong ion héa thit nhat, thit hai va thit ba cla cédc
lantanoit: ning lugng d6 tang tir La dén Eu la cyc dai réi giam xudng & Gd va tiép tuc tang lén
dén Yb la cuc dai v gidm xuéng & Lu. Su giam sut dot ngot téng ning fugng ion héa ¢ Gd va
Yb chimng t6 su d& dang mét mot electron d du thira so véi cfiu hinh bén 417 va 4",

Electron héa tri ciia lantanoit cht yéu la céc electron 5d'6s” nén trang thdi oxi héa bén
v dac trung cta ching 13 +3. Tuy nhién, nhing nguyen t§ ddng gan La (4f%), Gd (4f") va Lu
(4f'") c6 s6 oxi héa bien doi. Vi du nhu Ce (4f257) ngodi s3 oxi héa +3 con cb s6 oxi dic trung
2 +4. D6 12 két qua clia viéc chuyén 2 electron 4f sang obitan Sd. Tuong tu nhu vay, Pr(4£6s%)
o6 thé c6 s6 oxi héa +4 nhung kém dic trung hon so v&i Ce. Nguge lai, Bu (4f'6s%) ¢é thé cé
<6 oxi héa +2, Sm (4f%6s%) ciing c6 s8 oxi héa +2 nhung kém dic trung hon.

Diéu trong tu ciing x4y ra trong nhém tecbi: Tb (41765 va Dy (4f'%6s%) c6 thé c6 sO
oxi héa +4, Yb (4f'*6s%) vi Tm (4"°65%) c6 thé ¢6 6 oxi hda +2.

Nhu vay céc s6 oxi hoa clia cdc lantanoit cling bién déi tudn hoan:

+4 [
1 Sm Eu Gd

+3 —h—n 38
La Ce Pr Nd Pm [
+2 .

Su khdc nhau vé tinh chit olia cdc lantanoit o6 lien quan dén su co lantanoit va cdch

.
-

Tm Yb Lu

Ho E-,r

e

dién electron vio cdc obitan 4f 1t nhién la kKhong lon. Nhung trén nén chung clia nhiing tinh
chét r4t giéng nhau cha cdc lantanoit, su khéc nhau vé tinh chat c6 tdm quan trong trong viéc
tach riéng cac nguyén to lantanoit ra khoi nhau.

DON CHAT
Tinh chdt li héa hoc
‘Céac lantanoit 12 nhimg kim loai mau tring bac, riéng Pr va Nd ¢6 mau vang rit nhat. e}
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trang thdi bot, chiing ¢é mau tr xdm dén den. Da s6 kim loai két tinh & dang tinh ihé Iap
phuong. Tat ca kim loai déu khé nong chay va kho soi. Dudi day la mot s6 hing s0 vat li quan
trong cla chdng (Bang 27).

Bang 27
Mot sé hang s6 vat li cua kim loai lantanoit
Kim loai |Nhiét d6 néng chay,| Nhi¢tdo séi, | Tikhsi | Nhiét thing hoa,
(I.n) °C “C kJ/mol
Ce 804 3470 6,77 419
Pr 035 3017 6,77 356
Nd 1024 3210 7,01 328
Pm 1080 3000 7,26 301
Sm 1072 1670 1,54 207
~Eu 826 1430 5,24 178
Gd 1312 2830 7,89 398
Tb 1368 2480 8,25 389
Dy 1380 2330 8,56 291
Ho 1500 2380 8,78 301
Er 1525 2390 9,06 317
Tm 1600 1720 9,32 232
Yb 824 1320 6,95 152
Lu 1675 2680 9,85 410

Qua bang nhan thiy nhiet do néng chiy, nhiét d¢ soi, nhiét thang hoa va t1 khéi cua
c4c kim loai lantanoit cling bién déi tudn hoan theo dién tich hat nhan. Céc hing s déu c6 gid
trj cuc tiu & Eu (4176s%) va Yb (4f16s%), c6 1& vi trong d6 chi ¢6 hai electron 6s tham gia vao
lién k&t kim loai, con cdc cdu hinh bén 4f7 va 4f'* khong tham gia.

Cic lantanoit déu gion, c6 do din dién twong duong thiy ngan. Céc lantanoit tao hop
kim v6i nhiu kim loai, trong d6 thudng tao nén hgp chat gifta - kim loai. Cac lantanoit dugc
dang dé cho thém vio mot s6 hop kim. D€ san xudt loai gang biéh tinh, ngudi ta cho thém cac
lantanoit. Do téc dung cla cdc lantanoit, khong nhiing mot s tap chat ¢6 hai 0 trong gang bi
loai ra ma kién tnic clia cacbon trong gang ciing bién doi lam gidm tinh gion cla gang va gang
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bi¢h tinh do ¢6 thé thay the thép. Thém lantanoit vio hap kim cita magie 1am cho hgp kim bén
¢ hoc v bén nhigt hon. Nhimg hop kim ndy duge ding dé ché€ tao thict bj trong may bay.
Lantanoit duge cho thém vio cdc loai thép, dac bigt d€ tang chat lugng thép. Thép chita 6% Ce
ding tam dung cu phau thuat trong y t&.

Nhicu kim loai lantanoit ¢6 tiét dién bét notron 1én nén duge ding d¢ hdp thu notron
nhiét trong 1o phan img hat nhan.

Samari la kim loai ¢6 ur-tinh manh khdc thuong vi trén obitan 4f cla nguyén tit ¢6 6
clectron dée than, Nhimg nam cham 1am béng hyp chal giita-kim loai ctia samari nhu SmCo,. v
SmFeCu ¢4 ti-tinh manh, glp 5-6 1dn nam cham lam bang sit. Nhu vay nhimg hop kim clia
samari cho phép thu nhd dong ca dien. Piéu nay dic biét quan trong d6i véi viec ché tao cdc
thi¢t bi trén mdy bay va rau vii trn. Mot nam cham lam bang sit nang 40kg ¢6 thé thay the bang
mot nam cham [am bing hgp kim cla samari va coban chi nang 2,45kg vdi gid thanb giam
509,

V¢ mat héa hoc, céc lantanoit 12 nhitng kim loai hoat déng, chi kém kim loai kiém va
kiém thé. Nhém xeri hoat dong hon nhém techi.

Kim loai dang t&m bén & trong khong khi kho. Trong khong khi &m, kim loai bi m& duc
nhanh chdng vi bi phi mang cacbonat bazo duge tao nén do tdc dung véi nude va khi cacbonic.

(3 200-400°C, cdc lantanoit chdy trong khong khi tao thanh oxit v nitrua. Xeri va mot
val lantanoit Khac ¢6 iinh 1y chay. Chinh nhi héa hoc Ao Von Venbach ( A. Von Welsbach) da
xay dung nha mdy san xudt dd Itra tir hogp kim feroxeri va bang 1gi nhuan clia nha may O6ng da
xay dusg vién khoa hge nghién ciu v& héa hoc cde dat hidm.

Cdc lantanoit tic dung vdi halogen o nhiét d¢ khong cao, tdc dung véi N-, S, C, Si, P va
H. khi dun néng.

Cic lantanoit td¢ dung cham vai nude ngudi, nhanh véi nude néng gidi phong khi hidro,
tan d¢ dang trong cdc dung dich axit trir HE va H,PO, vi mudi ft tan duoc tao nén s& ngan cin
chiing tdc dung ticp tue. Céc lantanoit khong tan trong kiém k& ca khi dun néng.

(3 nhi¢t do cao, antanoit ¢6 thé khir duge oxit ctia nhiéu kim loai vi du nhu st, mangan
... Kim loai xeri & nhiét d6 néng dé c6 thé khir khi CO, CO, dén C.

Trang thdi thién nhién, lich sit phdt hién va phuong phdp diéu ché

V¢ trit lwgng trong vo Trdi Pat, cic lantanoit khong thua kém I, Sb vd Cu, nmimg chiing
rat phan (dn (rong thién nhién. Ngudi ta bigt duge trén 250 khodng vat ¢é chita cdc lantanoit.
Lantanoit véi sd thit ar nguyén i chdn c§ thé ph6 bign hon lantaneit ¢6 s thit tu nguyén tir 1¢,
pho bién nhit 12 Ce va hi€m nhét 13 Tm. M&i lantanoit véi s thit tu 1é chi cé mot déng vi thién
nhi¢n (rlr Eu va Lu, mdi nguyén 16§ ¢6 hai dng vi. M&i lantanoit v&i s thit tu chén c6 7 dong
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vi, rieng Er ¢6 6 v Ce ¢6 4 dong vi. Prometi 1& nguyén t6 phdng xa khoéng co trong thién
nhién, dugc tim thiy trong khodng vat clia uran, n6 1a san phim phan rd phéng xa cua uran.

Trong thién nhién, cac lantanoit & chung vdi nhau va v61 Y va La, ngudi ta goi chung
ching 13 nguyén 8 ho ddt hiém. Nhilng khodng vat quan trong cia nguyén t6 dat hi€ém {a
monazit, batnesit (xem cdc nguyén t6 nhém 1B}, loparit (Na,Cu,Ln), (Ti,Nb,Ta),Oy ... Nhilng
nude giau khodng vat clia dit hiém 1a: Nga, My, An Po, Canada vd Nam Phi. Nudc ta ¢6 mo
céc khodng vat clia dat higm & Nam Xe (Cao Bing) va cé cdt monazit & trong cdc sa khodng
ven bién mién Trung.

Nguyén t& dat hi€m c6 tinh chél rdt giéng nhau, 0 ciing v&i nhau trong khodng vat va
bao gdm mot 56 luong 16n nguyén 16 (16) nén lich sir phdt hién cia ching c6 li€n quan mat

thiét v&i nhau va khd phie tap. Bdi vay, viée quy két quyén phat minh nguyén t6 cho nha khoa

hoc nao di gap khong it khé khan. Tinh i khi tdch duge “d4t ytri” ldn ddu tién dén khi phét
hign duge nguyén té dat hiém cudi ciing 14 Lu, thoi gian kéo dai hon mot the ki.

Nam 1803, Claprot (ngudi Pric) va Beczeliuyt (ngudi Thuy Di€n) doc 1ap véi nhau da
tdch duoc tir khodng vat xerit mot oxit clia xer, tén goi xuft phdt tir chit La Tinh Ceria dé ghi
nhé viéc tim ra nguyén t& ngay sau khi phat hién duge ti€u hanh tinh Ceres. Nam 1843,
Monzande d3 tich tir “d4t ytri” duge ba oxit: oxit ctia y#ri tao nén mu6i khong mau, oxit cia
techi tao nén mudi miu vang va oxit cia echi mau vang thim tao nén mudi khéng mau. Sau dé
ngudi ta hodn vi cho nhau tén goi ciia hai nguyén t3 tecbi va ecbi: echi 1a nguyén 13 tao nén
oxit v mudi déu ¢é mau héng cdn fechi 1a nguyén t6 tao nén oxit miu nau nhat va mudi khong
mau. Nam 1878, Lococ do Boabodrang (Iecoq de Boisbaudran, 1838-1912) phét higén dugce
nguyén t& samari trong khoang vat do ki su Samacki (Samarki) tim thdy & viing nii Uran.
Cung nam d6, Marinhac nghién ciu oxit cla ecbi da tich dugc tir muéi mau hong mot chat
khéng mau va 6ng goi dé la mudi cla yrechi. Chinh tir mu6i ytecbi nay cba Marinhac, Ninxon
da tich duoc mudi cha nguyén t6 scandi (nam 1879). Nhu vay, tir “dat ytri”, ngudi ta dd phat
hién duge mot s6 dat higm, trong dé bdn nguyén t6 ytri, ecbi, tecbi va ytecbi déu cé tén goi
xuit phdt tir chir Ytterby 12 tén cla lang dau tién 4 phét hién duge khodng vat gadolinit. Nhu
da bidw, tir “dat xeri”, Mozande di tach duoc “d4t lantan”, réi tir “dat lantan” da tdch duge oxit
clia lantan v oxit cta didim, tieng Hi Lap didymos 1a sinh d6i. Nam 1885, nha héa hoc ngudi
Ao 12 Von Venbach tim thay didim clia Mozande 13 hai nguyén t6: neodim, ti€ng Hi Lap neos
nghia 1h méi v praseodim, ti€ng Hi Lap praseos nghia Ia mau lyc. Neodim tao nén mudéi mau
tim-do, , praseodim tac nén mudi miu luc nén khi hai muéi dé két tinh véi nhau thi tao nén
mudi khéng mau. Nam 1886, Marinhac tich dugc tir mudi clia samari mét hop chat cia
nguyén t6 mdi 12 gadolini, tén goi ndy ghi nhé cong lao clia ong Gadolin, ngudi da dat nén
méng cho viéc phit hién cic nguyén té ddt hiém.Cing nam nay, nha héa hoc Thuy Pién 12
Cléva (T. Cleve) tim thdy trong echbi c6 cdc nguyén t& honmi va tuli, ti€ng La Tinh Holmia 1a
tén ¢ cha thd d6 Stockholm va Thule 12 “Ving cuc bic clia chau Au” titc ving Scandinavie.
Nam 1886, Lococ do Boadodrang ding phuong phép phén tich quang phd da phat hign duge
trong honmi mét nguyén t6 mdi nita 14 dysprosi, ti€ng Hi Lap dysprositos nghia 1a khé ki€m
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dugc. Nam 1901, nhd héa hoc ngudi Phap la Demacxay (Demarsay) tdch dugc europi w
samari, tén goi clia : Zuyén t6 nay xudt phdt tir chit Europe cé nghia 1a chau Au. Nam 1907,
Von Venbach (ngudi Ao) va Uyabanh (G. Urbain, ngudi Fiiap) doc lap v6i nhau da tach duge
tir ytecbi mot hop chat clia nguyén t6 méi. Uyabanh dat tén cho nguyen t6 d6 1a lutexi, tiéng
La Tinh Lutetia 1a tén c¢d cha thi d6 Pari.

Nam 1947, cac nha khoa hoc M§ 1a Marinski (A. Marinsky), Glendenin (E. Glendenin)
va Corien (D. Coryell) d& phét hién dugc s6 thif ty 61 trong san phdm phan ré coa 25U trong 10
phan tmg hat nhan. Céc 6ng dat tén cho nguyén 6 d6 1a prometi My tén cia vi thin
Prometheus trong truyén thuyét Hi Lap, ngudi dé an trom lira cia Ngoc Hoing cho loai ngudi.
Ho dat tén nhu vay ngy ¥ ring trén con dudng diéu che nguyeén t6 mdi do con ngudi ndm duge
nang luong clia sy phan ra hat nhan nguyeén tir 12 ddy chéng gai nhung ciing canh bédo cho con
ngudi vé hiém hoa ciia chién tranh nguyén tit khi diing ning luong nay.

Sy 16n tai cha s& thi ty 61 da duge dy dodn tir nam 1913 nhd dinh luat Mozolay (H.
Moseley, 1887-1915): cdn 56 bdc hai s6 nghich ddo ciia budc séng bic xg Ronghen (sinh ra do
electron nhay tir cdc obitan & xa hat nhan nguyén ti vé céc obitan cla cdc 16p bén trong) I 1 I¢

thudn vdi s6 thit ty nguyén tir:
1,% =a(z—h)

trong d6 A 12 budc séng chia bitc xa Ronghen, z 1a s& thif tu nguyén t6, a va b 12 nhimg hang s6.
Dinh luat Mozolay cho phép xéc dinh s6 thit ty nguyén t§ bing thyc nghiém. Nh& dinh luat dé
ngudi ta da khiing dinh dugc ring giita La va Hf ¢6 14 nguyen t6 Jantanoit. '

Céc kim loai lantanoit duge diéu ché chii yéu bang phuong phap dién phan mudi florua
hay clorua khan néng chdy trong binh dién phan 1am bing kim loai tantan (tantan bén véi kim
loai d4t hi€ém néng chay) va trong khi quyén agon. Phuong phép di¢n phan nay khong ding
dugc d6i v6i cac lantanoit ¢6 nhiét do néng chay cao vi & nhiét d6 d6 cdc mudi halogenua c6
thé bay hoi. Ngoai ra, ngudi ta cdn ding phuong phép nhiét-kim loai. Nhimg chét khit c6 thé
dung 1a Na, Ca, Mg ..., nhung thuong ding hon hét 1a Ca:

- 2LnF(Cly) + 3Ca = 3CaF(Cl) + Z2Ln
Ln,0O, + 3Ca 3CaO + 2Ln

Qui trinh ciing dugc thyc hién trong nhimg ndi lam bing tantan va trong khi quyén
agon. Phuong phdp nhi¢t-kim loai khong thé 4p dung cho halogenua clia samari, europi va
ytecbi vi trong trudmg hop d6, kim loai s& khif céc trihalogenua dén dihalogenua chi khong d€n
lantanoit.
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CAC HOP CHAT CUA LANTANOIT
Oxit Ln,0,

Céc oxit Ln,O; ¢6 thé & dang vo dinh hinh hay & dang tinh thé ; mot s6 & dang tinh thé
luc phuong, sd khic & dang tinh thé 1ap phuong. Oxit Ln;O, gidng véi oxit cia kim loai kiém
thé. Ching rat bén v6i nhiét (AG clia ching vao khoang -1600 kJ/mol) va khé nong chay
{ndnc. vao khoang 2000°C).

Ching khong tan trong nudc nhung tic dung voi nudc 20 thanh hidroxit va phdt nhiét.
Chiing tan dé& dang trong axit tao thanh dung dich chifa ion [La(H,0),)*, trong dé n = 8-9,
nhung gidng v6i AlLO, Ja sau khi da nung tru6e s& kém hoat dong. Céc oxit Ln,O, khong tan
trong dung dich kiém nhung tan trong kiém ndéng chay:

Ln,0, + Na,CO, = 2NaLnO, + CG,

Nhimg lantanoidat NaLnO, cia cac nguyén t6 ddt hiém nhom ytri la rat bén nhiét va
bén héa hoc.

Cic Ln,O, thudng dugc dung 1am chét xic tdc hodc chat kich hoat chit xic tdc. Cac
oxit Y0, va Eu,0, dugc ding trong san xul céc kinescop clia mdy thu hinh, Nd,0, dugc dung
trong quang hoc laze va dung 1am ty dién gom, Pr,O,, ding lam bot mau ...

Céc Ln,0O, dugc diéu ché bing cdch nhiét phan hidroxit, cacbonat, oxalat, nitrat cua
lantanoit. Phuong phdp nay khong ding dé diéu ché oxit-tuong ing cia Ce, Pr va Tb vi oxit
bén ciia ching 1a CeO,, Pry0,, va Tb,0,. DE diéu ché nhimg oxit d6, ngudi ta ding khi H, khi
oxit bén cla nhimg nguyén t& dé khi dun ndng.

Hidroxit Ln(OH);

Céc hidroxit Ln(OH), 12 chit dang két tha vo dinh hinh, thyc t¢ khong tan trong nudc,
tich s6 tan ctia ching 1a vao khoang tir 107 & Ce(OH), dén 107 & Lu(OH);. Do bén nhiét
clia ching cling giam xudng tir Ce dén Lu.

La nhimg bazo kha manh, tinh bazg nim gita Mg(OH), va AI(OH), va giam dan tr Ce
dén Lu. Do ¢6 thé hdp thu khi CO, trong khong khi, cdc hidroxit thudng chua tap chdl cacbonat
bazg.

Mot s6 hidroxit ¢6 thé tan trong kiém néng chay tao thanh nhimg hop chét lantanoidat,
vigdu nhu KNAO,, NaPr(OH), ...

Cac Ln(OH), dugc diéu ch€ bing téc dung clia cdc dung dich mu6i La(lll) vdi dung
dich kiém hay amoniac. Khi dé trong khong khi, Ce(OH), chuyén dédn thanh Ce(OH),.

Cdc muéi cua Ln(III)

Ton Ln* ¢6 mau sic bién déi thy thude vao ciu hinh electron 4f. Nhitng electron ¢d ciu
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hinh 4", 4F va 4f" cling nhu cu hinb 4f' va Af'* déu khong ¢6 mau cdn cde ciu hinh electron
4f khéce ¢6 mau khic nhaw:

La™ (4f") khong mau Lu® (4f'%)
Ce™ (417) luc O Tm'™ 4"
Nd' (4% do nhat Er*t 4f'h
Pm™ (4f") héng, vang Ho™ (4£'")
Sm** (4f7) vang Dy (4f")
Eu™ (4% héng nhat To' (4f%)
Gd™ (417} khong mau - Gd™ (4f7)

Miw cta jon La™ sinh ra do su chuyén dai electron f-1. Vi nhing electron 4f bi cac
electron 5525p° chin véi tde dung bén ngodi nén mau clia ion Ln** khong phu thuge vao ban
chit clia phéi tir bao quanh.

Mudi ctia lantanoit giéng nhiéu véi muéi cia canxi, cdc muoi clorua, bromua, 1odua,
nitrat va sunfat tan trong nudc, cdn cac mudi florua, cacbonat, photphat va oxalat khong tun.
Cic mudi tan khi két tinh dén 0 dang hidrat vi du nhu LnBr;6H.0O, Lna(NO,),.6H,0,
Ln(S0,},.8H,0. Cic mudt Ln™ bi thiy phan mét phan trong dung dich nuée va kha ning do
tang 1én tir Ce d&n Lu. Diém ndi bat clia Ln'* 1a dé tao nén cic muoi kép. Trude kia nguoi ta
dung cdc mudi kép dé phan chia lantanoit.

Lantanoit trihalogenia (LnX;). Lantanoit trihalogenua 1h nhimg chat & dang tinh thé ¢
ciu tao ion. Nhiét do néng chiy va nhiét do soi cua chiing déu cao vd giam xudng tir bromua
aé&n iodua. Cac triflorua khan khong tan trong aude con cic trihalogenua kKhan khdc hdt am va
chay rita khi d& trong khong khi 4m. Dugc nghién ctu nhiéu hon ch 1a cac triflorua va
triclorua. Céc triclorua khan c6 kha nang hap thu khi NH; tao nén nhitng amoniacat
LoCl,.xNH;.

Cic trihalogenua dugc diéu ché tu céc nguyén to hodc bang tac dung clia oxit véi dung
dich HX. Cac triclorua khan con 6 thé didu ché bing tic dung ciia CCl, vai Ln.O, ¢ 400-
600°C hoic ctia Cl, v6i hon hop Ln,0; va than:

1

2Ln,0, + 3CC
Ln,O, + 3C + 3C,

4LnCl, + 3CO,
2LnCl, + 3CO

il

Lantanoit(il) sunfat (Lny(SO,)). Cic lantanoit{II) sunfat déu tan trong nudc, khi két
tinh tir dung dich ching thudng & dang hidrat Ln,(SO,),.8H,0. Khi dun néng 6 600-650°C, cac
hidrat mat nude bién thanh mudi khan. Do tan cua cac lantanoit(I1]) sunfat giam xuéng khi
nhiét do ting.

Giong v6i lantan(11l) sunfat, mudi Ln,(SO,); dé tao nén mudi kép véi mudi sunfat kim
loai Kiém hay amonti, vi du nhu mudl kép Ln4(S0,);.3N,50,.12H,0. Mugi sunfat kép clia ddt
hiém nhoém xeri khong tan trong dung dich bio hoa ciia mudi sunfat kim loai kiém hay amoni,
con mudi sunfat kép ctia dat higm nhom ytri tan nhiéu hon. Su khac nhau vé& do tan ctia mudi
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sunfat kép dugc dung dé phan chia sg bo cac 44t hi€m thanh hai nhém.

Céc Lny(SOy); duge diu ché bing cdch hda tan oOXit, hidroxit hay cacbonat cua
lantanoit trong dung dich axit sunfuric lodng.

Lantanoit(I) nitrat (Ln(NO;);). Lantanoit(IIT) nitrat dé tan trong nude khi két tinh tr
dung dich & dang hidrat. Nhitng hidrat nay hit 4m va dé chiy rlra trong khong khi. Khi dun
néng cham trong khong khi, céc hidrat mat nudc bién thanh mudi bazo khong tan trong nuéc
v cudi ciing bién thanh oxit khi dun ndéng tiép tuc.

Lantanoit(I11) nitrat ¢6 thé tao nén mudi kép v&i nitrat amoni, kim loai kiém hay kim
loai kiém thd. Nhimg mudi  nitrat kép dugc nghién clu nhidu nhat 1a
2Ln(NO3)3.3Mg(NO3)2.24H20 va Ln{NO,},.2NH,NO, 4H,0. '

Mu6i nitrat kép ctia Ln va Mg duge dung dé phan chia hén hop cdc ddt hi€m nhém
xeri. D6 tan rat bé cha nitrat kép ctia La(NO,),.2NH,NO, 4H,O trong dung dich amoni nitrat
bio hoa duoc ding trong cong nghé diéu ché lantan tinh khiét. Trude kia, chinh Von Venbach
bang cich két tinh phin doan mudi nitrat kép ciia didim va amoni da tach rigng duge mudi clia
neodim va muéi cha praseodim sau hang tram 14n k&t tinh lai cdc mudi.

Céc Ln(NO,), duge diéu ch& bing cich hoa tan oxit, hidroxit hay cacbonat clia
lantanoit trong dung dich HNO,. ‘

Lantanoit(HI) cacbonat (Lny(CO3);. Lantanoit(Il[) cacbonat 12 chat & dang két tua,
thuc t& khong tan trong nudGc. Khi dun néng trong nude né chuyén thanh cacbonat bazo:

LngCOy, + H,0 = 2Ln(OH)CO, + CO,
Khi bi nhiét phan, san phém sau cling 13 oxif Ln,0,.

Lantanoit(Iil) cacbonat dugc dung [am chat ddu dé diéu ch€ cde oxit va hop chat Khéc
nhau cia lantanoit.

Ln,(CO,), dugc tao nén khi cho mu6i lantanoit(IiI) tdc dung di véi dung dich cacbonat
kim loai kiém hay amoni. Khi ¢6 du cacbonat kim loai kiém hay ameoni s& thu duge mudi
cachonat kép MyCO;Lny(COy);.nH,0 (trong 46 M=cation kim loai kiém hay NH7j ). Céac
cacbonat kép ctia 44t hi€m nhém xeri hdu nhu khong tan trong dung dich bao hoa cuia cacbonat
kim loai kiém hay amoni, con cdc cacbonat kép clia dat hi€m nhém ytri c6 46 tan tang ién dan.

Lantanoit({l} oxalat (Lny(C0,);-10H,0). Hidrat cta lantanoit(I1]) oxalat 12 chét dang
k&t tia tréng, tan rdt it trong nudc, it hon ca CaC,0,.4H,0. Bdi vay, lantanoit(11l) oxalat Khong
tan trong moi trudng axit (pH<3) trong khi canxi oxalat tan. Ngudi ta thudng ding axit oxalic
hay mu6i oxalat tan 4é tich hoan toan dat hiém ra khoi cac kim loai khdc k€ ca canxi bang
céch két tha lantanoit(IIl) oxalat trong dung dich axit nitric loang. Ria sach két tha oxalat d6
réi nung & ~900°C, thu dugc oxit:

Ln(C,00,10H,0 = Lm0, + 3CO + 3CO; + 10H,0
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Oxit Ln,0, dude tuo nén d6i véi tét ca cac lantanoit trir Ce, Pr va Tb vi khi nung oxalat
& trong khéng khi, Ce(III} bi oxi héa thanh Ce(IV) va tao nén CeQ, mau vang, con Pr va Tb tao
nén oxit mau dé thim Pr,0,, (hay 4PrQ,.Pr,0;) va Tb,0, (hay 2TbO,. Tb,05).

Ton Ln™ ciing d& tao nén mudi oxalat kép MLn(C,0,), v&i mudi oxalat kim loai Kiém
hay amoni. Nhimg oxalat kép nay tan it trong nudc, oxalat kép ciia dit hiém nhém xeri tan it
hon oxalat kép cla dét hi€m nhém ytri.

Phitc chdt cua lantanoit(I11)

Giong v6i ion Ca™, ion Ln* ¢6 thé tao nén véi nhimg phdi t thong thutmg nhu NH,,
CI™, CN™, NOj;, SO ... nhiing phic chat rat khong bén: trong dung dich lodng nhitg phic
chat d6 phan li hoan todn, trong dung dich dac ching két tinh & dang mudi kép.

Nhimg phtc chat bén ctia Ln™ 12 phiic chdt vong cang tao nén véi nhing phdi tir hitu co
c6 nhidu cAng nhur axit xitric, axit tactric, axit aminopoliaxetic.

Nhimg phtic chit vong cang nay cha Ln* ¢6 do bén tang 1én theo chiéu gidm clia ban
kinh ion, nghia 13 tir Ce d&n Lu. Khi tao phic, ion Ln* 1am bién d6i cdu tao phan tit cia phoi t
nhiéu cang nhu géc gia lién ket va do dai cia cic lién két ... Boi vy, su khic nhau tuy rét it
v& béan kinh cha cdc ion & trong ddy lantanoit ¢é anh hudng dén tinh chat cla cdc phiic chat
vdng cang manh hon nhiéu so véi cic hop chit don gian nhu hidroxit, nitrat, clorua. Su khdc
nhau vé do bén cha cac phic chit vdng cing cla céc lantanoit ]a co s dé tdch riéng timg
nguyén t3 dat hidm ra khoi hén hop (thudng goi 1a phan chia hén hop).

Phite chat ciia lantanoit(HIT) véi axit xitrie. Axit xitric (H,C,H,0,) 12 axit ba mic,
thudng duge ki hidu 1a H,Cit, ¢6 ciu tao:
(I:OOH
HOOCCH,— € — CH,COOH
COOH

Axit xitric va mudi xitrat tao nén véi ion Ln’* phiic chat monoxitrat LnCit.xH,O tan it
trong nudc nhung tan trong dung dich natri xitrat nh¢ tao nén phitc chét dixiwato
Na[LnCit,].yH,O tan trong nudc.

Nhitng phitc chat dixitrato 1a nhitng phic chét lan ddu tién duge sir dung dé phan chia
hén hop dét hi€ém bing phuong phdp trao déi ion va ngay nay con dugc ti€p tuc diing trong
phan tich héa hoc.

Phize  chdt  cha  lantanoi(Ill) véi  axit  etylendiamintetraaxetic.  Axit
etylendiamintetraaxetic (EDTA) va mudi clia né tao nén vdi céc ion Ln** nhitng phifc chét vong
cang cé cong thitc HILn(EDTA)]. Nhimg phic chét ndy rdt bén, hing s6 bén clia chiing bi€n
déi tr ~10"° & Ce dén ~10" & Lu.
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Ngay nay trong phan tich héa hoc vit cong nghe, ngudi ta sit dung phic chat ndy dé
phén chia cdc nguyén t6 dat hi€m bang phuong phép trao doi ion.

Hop chdt cda Ln(1IV)

Nhu di néi & dau chuong, trang thdi oxi héa +4 1a déc trung déi véi Ce vi mot phan déi
v6i Tb va Pr. Nhimg hop chit cda To(§V) va Pr(IV) déu kém bén hon nhimg hop chit cia
Ce(IV) nén la chat oxi héa rdt manh. The oxi héa khir ctia cic cip Tb*/Tb™ vi Pr*/Pr** la trén
3V, con cila Ce™*/Ce™ 1a 1,61V. Vi vay, hop chit ciia Pr(IV) vi Th(IV) khong ton tai duge
trong dung dich nudc, ching oxi héa nudc gidi phéng oxi:

4P+ 2H,0 = 4P + O, + 4H’
Xeri dioxit (CeQ,) 1a chil dang tinh thé mau vang nhat, ¢6 mang 1udi kiéu CaF,. N6
kho néng chdy (ndnc. 1a 2500°C), rét bén v6i nhigt va khéng tan trong nudce. Sau khi di duac

nung, oxit dé tré nén tro vé mat héa hoc: khong tan trong cc dung dich axit va kiém nhung téc
dung khi dun néng.

Vidu:

CeO, + 2H,S80,(dac) = Ce(SO,), + 2H.O
CeQ, + 3HNO, (dac) CeOH(NO,), + H,0

il

Ceri dioxirt duge ding lam bot mai bong dé bing thily tinh.

Xeri dioxit duge diéu ché bing tic dung trye tidp clia cdc nguyén 18 hoic nhiét phan
hidroxit va mot s6 mudi cia Ce(lll) khi ¢6 mit khi oxi.

Vidu:
4Ce(OH); + O, = 4Ce0, + 6H,0

Keri(lV') hidroxit (Ce(OH),) 1a chit dang két tua nhdy, mau vang, thuc t€ khong tan
trong nudc va ¢6 thanh phin bién doi CeO,.xH,0. N6 fa bazo yéu, yéu hon Ce(OH), cho nén
muoi cua Ce(IV) bi thiy phan rit manh khi tan trong nuée. Do tink bazo y&u dé, nd c6 thé két
tba trong dung dich ¢6 méi trudng axit manh pH~1, trong khi Ln(OH), két tia trong moi
trudng c6 pH tir 6,5 (d6i véi Lu(OH),) dén ~8 (d6i v6i La(OH),). Diéu kién két tha khac nhau
ndy duge diing dé tich xeri ra khoi cde nguyén 18 dit hidm khdc. Xeri 1a nguyeén 16 phé bién
nhit trong cdc dat hi€ém, thudng chi€m trén 50% téng lwong dat higm. Viéc téch xeri ra trudce
lam che qud trinh phan chia cic ddt hi€m con lai rd nén it phitc tap hon nhiéu. Khi thém
KMnO, hay (NH,),5.0; vio dung dich axit c¢6 chita cde ion dat hiém, Ce(IlT) s& bién thanh
Ce(IV). Khi thém NH, dé nang pH ctia dung dich, Ce(OH), s& két tha trude va ¢6 thé tich ra d&
dang. Cén chd y rang, néu ding dung dich H,0, dé oxi hda Ce(Ill) dén Ce(IV) réi thém NH,
thi lang xudng két tia mau dé-da cam la mét hop chit peoxi clia xeri(IV) c6 cong thic
Ce(OH), ,(O-OH),.yH,O. Phiin ting niy dugc ding dé phét hign ion Ce* trong dung dich.

Xeri{IV) hidroxit tan trong axit tao nén dung dich ¢6 miu da cam cua ion [Ce(H,0), |*.
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Giang nhi CeOs, né ¢é 1hé tan trong kiém ndng chay tao nén xerat:
2NaOH + CeQ, = Na,CeO, + H,0
Xeri(1V) hidroxit cing nhu CeQ, 13 chit oxi hda twong ddi manh.,
Vidu:
2Ce(OH), + 8HCl = 2CCl, + Cl, + 8H.O
Xeri(1V) hidroxit dwge tao nén khi kiém tac dung véi dung dich mudi cla xeri(1V).

Muoi cia veri(fV). Mudi cia xeri(1V) khong o6 nhidu. Thudng gap hon hét 1a CeF; o
dang tinh 1thé mau trang, Ce(SO,), & dang tinh thé mau vang, Ce(CH,COQ), & dang tinh the
mau db. Musi cia Ce(TV) tuong i véi mudi ctia Zr(1V) va HF(TV). Muéi clia Ce(IV) thudmg
khong bén, bi thiiy phéan rat manh trong nude nén ion Ce™ chi tén tai trong dung dich ¢6 maoi
irurdng axit manh. Trong cdc mudi két tinh duge tir dung dich nutde, mudi bén hon 1 muéi kép
(NH_),[Ce(NO,),].2ZH,0. N6 14 chat dang tinh thé man dd-da cam, treng do ion Ce ¢6 sa phoi

i bing 12, méi ion NO. 13 mot phdi ti hai cing, lien két véi ion Ce'* qua hai nguyén 1 O.
£ 1 AP £ 4 gu)

Cac mudi clia Ce(IV) déu ¢6 tinh oxi héa tuong doi manh (E . . =1,61V). Trong
hGa hoc phan tich, phan tng khir Ce™* dén Ce®* duoe ding dé chuan do cdc chal khi. bay la
phuong phap chudn do bang Ce(1V) twong (r phuong phap chudn do bing KMnQ), va phuong
phap chudn do bang I, da xét trude day.

Xeri(TV) sunfat duoc didu ché biang cach hoda tan CeQ), hay Ce(OH), trong dung dich
H.SO, dac va nong.

Hop chat cua La(Il)

Trang thdi oxi hoa +2 ta dac trimg d6i vai Eu va mot phan doi voi Smova Yb. Cac hop
chét etta Eu(Il), Sm(I1) va Yb(ID) tuomg ta v61 hop chét cta Ca, Sr va Ba. Céc oxil LnO va
hidroxit Ln(OH)- 14 hop chél ¢é tinh bazo. Cdc mudi cacbonat va sunfat cta Ln(IT) dong hinh
vdi muoi tuong tng cha Sr(IT) va Ba(ll) va déu tan ft. Mudi clorua 1a thutGng gap hon hét, tan
trong nude cho dung dich ¢6 miu vang-luc hay khong mau cia ion [Eu(H,O),I”", mau do-mau
clia [Sm(H,0).1** vd mau vang cha [Yb{H.0) I**. Nhimg ion nay déu dé bi oxi khong khi oxi
héa, SmID va Yh(IT) con ¢6 thé tdc dung vdi nude giai phdng khi H,.

Ciéc mudi clorua cha Eudll), Sm(IT) va Yb{1) c6 thé didu ché bang cich dign phéan dung
dich axetat cha Ln(I1]) véi dién cyc am bang thiy ngan vA dign cuc dwong bang platin hay
niken. O dién cuc am tao nén hdn hong lantaneit. Hn héng lantanoit téc dyung vai dung dich

HCt tao nén mudi dihalogenua:
La(Hg) + 2HCl = LnCl, + Hg + H. (0 day Ln=Eu, Sm va Yb)
Ngoai phuong phip dién phan, ngudi ta con ding phuong phép nhi¢t-kim loai.
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1000°C

2LnCl, + Ca 2LnCl, + CaCl,

P& vii cdc lantanoit khic ngoai Eu, Sm va Yb, phan 1ing nhiét-kim loai niy tao nén
kim loai lantanoit.

Tdch riéng tieng nguyén t6 ddt hiém

Céc nguyén 16 ddt hi€m c6 tinh chat rdt giéng nhan va cling tén tai trong cic khodng vat
cho nén viéc phén chia ching thanh timg nguyén t6 riéng 1a rat khé khan.

Ngudn nguyen lieu chinh d€ diéu che cdc kim loai d4t hi€m [a cit monazit. O day
chiing ta xét qué trinh ché& héa cét monazit dé tich riéng timg dat hieém:

Tuyén qudng. Khodng vat monazit & phan tén trong nhiéu nham thach nhung c6 ti khdi
16n, tro vé€ héa hoc va do su phong hda cdc nham thach & trong thién nhién, monazit duyc tap
trung lai trong cét song hodc cdt bién, trong cdt nay thudng ¢é nhimg khodng vat khdc nhu
Immenit, caxiterit ... Tai noi khai thic quang, ngudi ta ding phuong phap trong luc két hop véi
phuong phép tir &€ tuyén so bo quang.Tinh quang ndy duge chuyén vé xi nghiép vi tuyén 1i€p
bang phuong phép tir va phuong phdp dién. Nghién tinh quang thu dwge va bing phuong phap
tuyén néi, thu dugc tinh quang monazit trén 90%.

Ché héa héa hoc monazit. Trong cong nghiép, ngudi ta thuong hay ché héa monazit
bang H,S0, hoac bang NaOH.

Ché héa bang axit. Pun néng bot min cla tinh quang monazit trong axit sunfuric 93%
(l&y du gdp 3 1an) & 200-240°C trong 3-4 gid. Nhitng phan tng xay. ra la:

2LnPO, + 3H,S0, = Ln,(S0,), + 2H,PO,
Th,(PO,), + 6H,S0, = 3Th{SO,), + 4H,PO,
ThSiO0, + 2H,S0, Th(SO,), + S0, + 2H,0

Hoa tan san phdm vao nudc & nhiét 4o dusi 20°C va tiép tuc ché héa theo so db (da don

gian hoa):
| - Monazit
H,S0, dic réi H,0O

bd rén dd sunfat cia La,
LnvaTh
NH,
[ _ 1
két tha mudi dd (La, Lr),(SO,),
bazo cua Th I N30,
| 1
tinh thé muéi dd mudi sunfat
sunfat cia dat cha dat hiém
hi€m nhém nhe nhém nang
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Che héa bang kiém. Bun néng bdt min clia tinh quang monazit trong dung dich NaOH
45% (ldy du gap 3 1an) ¢ 150°C. Nhimg phan tmg x4y ra [a:

2LnPO, + 6NaOH 2Ln(OH), + 2Na,PO,
Thy(PO,), + 12NaOH = 3Th(OH), + 4Na,PO,

I

Pha lodng nuéce, dun s6i trong mot gid va loc. Rira két tha hidroxit, hoa tan trong dung
dich axit clohidric dic va tiép tuc ché héa theo so d6 (da don gian hda):

Monazit
dd NaOH 459%

l ]
dd Na,PO, quang khong tan va két tia
- hidroxit clia Th va d4t hiém
dd HCI dac
' f
qﬁuang dd mudi clorua
khong tan cua Th va dat hi€m
NaOH dén
pH=3,5
|
ThO, dd (La, Ln)Cl,

Tach riéng nguyén 3. Nhitng hén hop hop chat cda nguyén td dit hi€ém thu duoc khi
ch& héa quang monazit dugc tich rigng thanh hop chit cia timg nguyén t8 bing nhimg phuong
phép chi y€u nhur két tinh phan doan musi kép, trao déi ion va chiét nhitg phiic chat. Tay theo
hén hop chat ban ddu, ngudi ta cé thé ding mét hay két hop mét vai phuong phip dé dé tich
riéng.

Khi san xudt v6i quy mé I6n, ngudi ta thudng ding tributyl photphat ((C,H,),PO,) dé
chiét ion kim loai d4t hiém tir dung dich mudi nitrat trong méi truong axit nitric. Tributyl
photphat (viét tat 1a TBP) vira 1A dung méi hitu co, vira la phai tlr tao phuic kha 16t véi ion dat
hiém. Phic chat c6 thanh phin Ln(NO,),.3TBP vi ¢6 do bén ting len theo khéi hrong hguyén
tir ciia kim loai. D€ gidm do nhét ciia he chiet, tributyl photphat duoc pha lodng bing mét dung
mai tro, vi du nhu diu hoa. Qué trinh chiét dugc tién hanh lién tuc, sén phdm thu duge cling
nhu dung méi khéng bi bign déi.

Khi san xuft véi quy mo nhd va khi can san phdm cé dé tinh khiét cao, ngudi ta diing
phuong phap trao déi ion. Ding hai c6t dung nhua trao déi ion (cationit) dd nghién nho, néi véi
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phau (Hinh 70): cot thit nhit dung nhia da bao hoa
jon Ln™ va cot thir hai dyng nhua da béo hoa ion

Cu®*. Ai luc cGa cdc jon Ln™ d6i véi cationit giam
xudng fir Ce dén Lu™ va 4i lye d6 rdt gan v6i nhau
nén khong do dé phan chia duge hén hop ddt hiem o
trén nhud.

Khi cho dung dich muéi triamoni cia
EDTA (khong qud 0,015M) di qua cot tha nhat, ion
Ln™ tach ra khoi nhua di vao dung dich do tao nén
phitc chét bén v6i EDTA:

Ln™ + (NH,),HEDTA =2 3NH] + H[Ln(EDTA)]

(vach ngang & trén ion chi rang ion d6 duoc hip thu
trén cationit).

Dung dich (NH,);HEDTA duogc goi 1d dung
dich rita: EDTA rira céc ion Ln™ ra khot nhua. Khi

Hinh 70 8¢ dé ciia thiét bi trao dot ion

dung dich rira di qua cot thif nhat, sy rira ion Ln** 1. Cor, 2. Luoi, 3. Niuga, 4. Lop

xiy ra theo thif tu tng véi do bén cha anion phitc trén ciia nhiu dd bdo houa ion
_ T ) L R L', 5. Dung dich Lot 6. Dung

[Ln(EDTA)]". Do bén d6 nhu di biét, tang 1én tu dich rita, 7. Nuoe loc

Ce™ d&n Lu™ Nhu vay, trong dung dich rita chay ra
& phia dudi cla ct, hén hop cde cation Ln* dd duoc phan chia thanh viing kha rd nét va chay
ra véi mot toc do xdc dinh. Dung dich nay chifa H|LnEDTA)] va (NH,HEDTA,

lon Cu** ¢6 kh& nang tao v&i EDTA phiic chat bén hon so vdi da s6 ion Ln™. Khi dung
dich thoat ra tir c6t th@ nhdt chay vao cot thif hai, ion Cu® di vao dung dich, con ion Ln™ bi ddy
ra khoi phic chat va duge nhua hép thy:

30>+ OH|LMEDTA)] = 2Ln* + Cu(HEDTA),
Quad trinh nay cﬁng xay ra theo thif ty ing véi do bén cha anion phitc [Ln(EDTA] va
tao nén trén nhya viing hip thu cia timg jon Lo** rd nét hon nhiéu.
Khi dung dich rita tiép tuc di qua cgt thif hai, nude loc thu duge & phia dudi cia cdt nay
duoc hing riéng timg phan doan. Méi déu trong nuéc loc chi ¢é ion Cu*. Sau khi tat ci ion

Cu* bi rira ra khoi nhua, nhiing phan doan clia riéng timg ion Lo™ xuft hién theo thir tir ion
niang thodt ra trude ion nhe (nghia la ing véi thik te do bén cia anion phtic),

K&t tiia ion Ln™ trong céc phan doan nudc loc bing axit oxalic réi nung lantanoit(IL)
oxalat dé duge oxit.
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CHUONG XIl

CAC NGUYEN TO ACTINOIT

Céc nguyén t& actinoit hay ho actini ¢6 s thif tw nguyén 1 tir 90 dén 103, duge xép

vio cling mot 6 véi actini (s6 thd tu 89), bao gom cdc nguyeén td: thori (Thy, protactini (Pa),
wran (1), neptuni (Np), plutoni (Pu), amerixi (Amj}, curi (Cm), heckeli (Bk), califoni (Cf), -
ensteni (Es), fecmi (Fm), mendelevi (Md), nobeli (No) va lawrenxi (Lr). Mot &6 dac diém cla
c4c actinoit cling véi Ra, Ac va Ku ta nhiing nguyén t6 ding truéc, ding (rong cling 6 va ding

sau actinoit, dugc trinh by trong bing 28,

Bang 28
. Mot s¢ dac diém coa cac nguyén t6 actinoit (An)
Nguyén| S3thdty| Cduhinh | Bankinh | Bdn kinh | Bdn kinh | Thé di¢n cyc chuén,
t6 |nguyén tit| electron cia | nguyén t,| ion An™| ion An** Vv
nguyén t A An*/An | An*/An

Ra 88 7s* 2,35 - - - -
Ac 89 6d'7s” 2,03 1,11 — 2.6 _
Th 90 6d-7s 1.80 1,08 0,94 - -1,899
Pa 91 | 5f%d'7s? 1.62 1,05 0.90 1,95 1,7
U 92 5f°6d'7s* 1,53 1,03 0,89 -1,798 -1,5
Np 93 575" 1,50 1,01 0,87 -1,856 -1,355
Pu 94 51%7s" 1,62 1,00 0,86 -2,031 -1,272
Am 95 51775 —~ 0,99 0,85 -2,38 -1,24
Cm 96 5£76d'7s* 0,98 0,83 - —
Bk 97 5f%6d'7s” - - - - -
Ct 08 5£1475° - - - - -
Es 99 5F1475° - - - - -
Fr 100 | 5F°75° - - - _ _
Md 101 5775 - - - - _
No 102 | 575 - — — - -
Lr 103 | 5f"*6d'7s’ — - - — _
Ku 104 | 6d°7s" - - - - -

19-Héa hoc vo o - T3
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Theo nhimg dir kién quang phd, trong nguyen tit nhimg nguyén t& nang nhat cla bang
tudn hoan, cdc obitan 5f, 6d va 7s c6 nang luong rét gan nhau. Bi vay, khé xac dinh diit khodt
dwyc cdu hinh electron cia nguyén tir. Vi du nhu d6i vdi protactini, cdu hinh clectron cta
nguyén 1 & trang thai co ban thudng durge viét 1a [Rn) 5°6d'7s?, trang thdi ndy rat gdn vdi
trang thdi c6 c&u hinh 6d°7s%, 5f'6d°7s* va 5f°7s>. Vay trang thdi nao thuc sir 1 trang thdi co
ban?

Do cdc obitan 6d va 5f ¢6 nang lirgng rét gan nhau, cdc nguyén 16 nhém thori (Th—Cm)
¢6 dac tinh vira cia nguyén td { vira ciia nguyén t6 d. Khi cdc obitan 5T duge dién thém electron
thit hai, ciu hinh electron ctia nguyén tir cang bén hon va viéc chuyén electron 6d sang 5[ trd
nén cang khé khan hon. Boi vay, cic nguyén t6 nhém beckeli (Bk—Lr) ¢ dac tinh clia nguyén
td f dién hinh va chiing giéng véi c4c lantanoit. Nhu vay, tuong tu véi céc lantanoit, cic actinoit
ciing c6 thé chia thanh hai nhém: nhém thori va nhém beckeli.

Thét ra t&n goi actinoit dat ra khong duge dat nhu tén goi /antanoit. Nhimg actinoit
dimg ngay sau actini khong gidng mdy v6i actini. Actini chi thé hién trang thai oxi héa +3,
trong khi thori, protactini v uran (mot mic d6'it hon) c6 thé coi 1a nhitng nguyén 16 ciing nhém

' véi Hf, Ta va W tuong tmg; tir amerixi tréy di, s gi6ng v6i lanfanoit méi tang lén.

Uran, neptuni, plutoni vi amerixi giéng véi nhau nhidu hon va cé trang théi oxi hoéa khd
bén bi€n d6i tlr +3 dén +6.

Curi gi6ng véi gadolini v ¢é cdc obitan 5f duge dién dit mot nira s6 clectron. Tuy
nhién, khdc v gadolini, curi con tao nén hgp chét trong dé nd ¢é s6 oxi hda +4. Amerixi, déng
rude curl tao nén hop chdt bén tmg véi sd oxi hda +2 gidng véi europi.Beckeli, dimg sau
amerixi, tao nén hop chdt bén tng vdi s oxi hoa +4.

Fecmi va laurenxi gidng vdi lantanoit.

T4l ca céc actinoit déu 14 nguyén t6 phéng xa. Hat nhan cang nang cang dé phan ra
phdng xa twr nhien. Néu chu ki bdn ra phéng xa ty nhién cia U 13 vio khoang 10" nam thi clia
Pu 13 10" nam, Cm 12 10° nam, Cf vao khodng 1 nam, Fm 13 mot vai gidy, cia **No, déng vi
bén nhat cita nobeli 1a 1500 giay.

Nét ndi bat trong hop chét v phifc chat chia actinoit giong lantanoit 13 ¢é s3 phéi trf cao,
¢6 thé dén 12.

PON CHAT

Tinh chdt li héa hoc

') dang don chat, thori, protactini, uran, neptuni, plutoni, amerixi, curi la nhitng kim loai
mau trang bac, trd nén xam den & trong khong khi c6 ti khdi 16n, ¢6 nhiét do néng chay va nhiét
d¢ 01 khd cao:
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Kim loai... "Th Pa U Np Pu Am  Cm

Ti khoi... 11.7 15.4 }.9,0 204 19.7 11.9: 135
Ndnc., °C... 1750 1575 1133 . 637 640 1200 1340
Nds., °C ... 4200 4300 3860 3900 3235 2600 -

Vé héa hoc, cic actinoit déu hoat dong. Trong khong khi, da s6 cdc actinoit bi oxt hda
dan bdi oxi va nit, dang bot min c6 tinh ty chdy. Khi a6t chdy trong khi oxi, ching tao ném
nhimng hop chét img véi s6 oxi héa bén nhat cia nguyén 5.

Vi du:
Th + O, = ThG,
4Pa + 50, = 2Pa, 0,
3U + 40, = U,04 (hay UO,. 2UO1)

Pu + O, = Pu0,

Khi dun nong, céc actmon tac dung vdi dai da s6 nguyén 16 khong-kim loat. Thori,
uran va actinoit khic tic dung dé ding véi hidro tgo thanh hidrua c6 thanh phén bién doi gifta
AnH, va AmH, vi khé hoat dong vé mat héa hoc. Vi du & 250°C, uran tédc dung véi khi hidro
tao nén chit bot mau den c6 tinh fy chay:

2U + 3H,- = 2UH,
Céc a.ct'mojt tao hop kim v&i nhiéu kim loai v trong d6 thudng tao nén nhitng hop chat
gilta-kim loai.

Trong dily dién thé, cdc actinoit dimg xa trude hidro nén tic dung vdi nudc va dé tic
dung véi axit. Tuy nhién v6i nuéc, phin ung tr& nén phie tap. Vi dy uran tac dung vdi hoi nude
tao thanh dioxit va khi hidro:

U + 2H,O0 = UO, + 2H, ,
hidro tic dung véi kim loai tao thanh UH, 161 UH, ¢6 thé tdc dung véi hoi nude theo phan ing:
. 2UH, + 4H.0 = 200, + TH,

Céc actinoit tic dung nhanh v6i axit clohidric déc tao nén san phdm khong tan mau den
{doi vdi Th va U) va mau tring (d61 voi Pa). San pham mau den cta Th va U ¢ thanh phan gén
ding 13 HThO(OH) va UH(OH),. Phan dng voi cic dung dich axit khdc (khong c6 tinh oxi
héa) xay ra cham. Axit nitric dac thu dong héa céc kim loai Th, U va Pa nhung khi c6 miit ion
F . tinh thu dong cha kim loai bién mat. Co ch& cua qua trinh d6 chua duge xdc dinh rd nhung
day 12 qua trinh t6t nhat dé hda tan cic kim loai Th, U va Pa.
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Ciic actinoit khong tic dung véi kiém & diéu kién thudng.

Khéc véi cac lantanoit, trong hop chit cac actinoit ¢é nhiéu trang thai oxi héa ti +2
dén +7.

Trang thdi oxi héa +3 14 trang thdi chung nhét cho cic actinoit trir Th va Pa. Trang thai
oxi héa ndy rat dic trmg cho Ac, Am va nhiing nguyén t3 sau Am. Tinh chat hoéa hoc cha ion
An™ gidng vdi tinh chét héa hoc cia ion Ln*, vi du nhu cdc triflorua déu két tda tir dung dich
axit nitric lodn}, Cé bén kinh tuong durong véi nhau nén hai nhém ion dé gidng nhau vé kha
nang tao thanh phiic chat va h'mg 6 bén cla perc chit.

Trang thdi oxi héa +4 dac trung nhét 46i véi Th. Déi véi Pa, U, Np v Bk, nhiing cation
An* tén tai trong dung dich, trong khi d61 véi Am vi Cm, ngudi ta chi bi€t duoc trang théi oxi
héa +4 & trong cic anion phife floro. Nhitng nguyén t6 ¢ trang thai oxi héa +4 déu tao nén hop
chdt rin. Céc cation An** c6 thé két tda tir dung dich c6 tinh axit & dang iodat, oxalat, photphat
vi florua. Nhitng nguyén 16 t& Th dén Bk tao nén dioxit c6 kién triic tinh thé kiéu florit.

Ti‘ang thai oxi hoéa +5 dac trung chi yéu cho Pa, vé mat nay Pa giong vdi Ta. Nhing
actinoit tr U dén Am chi c6 {t hop chit ing véi trang thdi oxi héa dé, trong s6 d6 thuong gap
hon 13 hop chit clia ion AnO7. |

Trang thdi oxi héa +6 thé hién & U, Np va Pu. Hop chdt don gian duy nhét clia chiing &
trang th4i oxi héa dé 1a hexaflorua. Ngoai ra, thudng gip hon hét la bop chat clia ion AnO3",
trong dé An [a U, Np, Puva Am.

Trong dung dich, d bén cla cation AnO; giam xudng theo thit tu Np—Am-Pu-U va
L]
do6 bén clia ion AnQ2” giam xudng theo thit ty U-Np-Pu-Am.

Trang thai oxi héa +2 va +7 rdt it gap.
Trang thdi thién nhién va phuong phdp diéu ché

Trong cdc actinoit, chi Th, U va Pa (dn tai trong vé Qua it, cic nguyén t& con lai
khéng gap trong thién nhién (trir lugng vo cling nho cua Np va Pu) vl dugc téng hop nhin tao.
Thori thién nhién gom c6 6 déng vi: *Th, #*Th, **Th, **'Th, 3Th va #*Th, uran thién nhién
gém c6 ba déng vi: **U (chiém 99,28%), *U (chiém 0,74%) va B4U (chi€m 0,0055%).
Nhiing déng vi >*Th (¢6 chu ki ban i T, = 1.4.10"° nam), U (T, = 7.10% nam) va **U (T,
=4,5.10° nam) c6 thdi gian song khd dai nén 6 thé cung ton tai voi Trdi bt trong sudt 4,5-5 ti
nam. Nhitng déng vi nay ddng dau ba ddy phong xa W nhién ctia cdc nguyén t6 nang. Sy phat
tia @, tia B trong nhing ddy phéng xa d6 két thic bang sy tao thanh ba déng vi bén cua chi 2
“Epy %7 ph va WP (wong dng). Tét ca nhimg nguyén t6 phéng xa ding sau Bi (s6 thit ty

83) ¢ trong bang tuin hoan déu dugc tao nén trong ba dily phong xa do,
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Thort va uran 12 nhitng nguyén (6 phan tdn nhung ¢6 phé bién hon Ag, Hg va Cd, con
Pa 1a nguyén td hi€m. Trit lugng trong vo Qua DAt cua Th 14 7,5.107 ‘% caa U 1a 2.107°% va .
cua Pa la 8.107"°% téng s6 nguyén tir.

Nhitng khodng vat quan trong clia Th 1a thorit (ThSiQ,) v cdt monazit, clia uran 13
uraninit (UO,_;} vA uranothorit (silicat cha Th va U). Protactini thuong déng hanh véi uran
trong khodng vat. Trén the gidi, nhitng nudc co gidu khodng vat ciia Th 1a An D6, Nam Phi,
Brazin, Australia va Malaixia. Quang theori thudng chita duéi 10% ThO,, ca biét ¢ quang chika
dén 20% ThO.. Nhitng nudc ¢é gidu khodng vat clia U th My, Canada, Nam Phi va Australia.
Quang uran thudng chi chida 0,1% U. Nudc ta ¢ cat monazit & 1an véi inmenit, zicon, rutin 13
nhitng sa khodng ven bién & céc tinh Ha Tinh va Binh Dinh, c¢é diém quing uraninit & Pa Lira
(Quing Nam) chuaa dén 0,4% U.

Nam 1789, Claprot phét hién dwoe nguyén 16 wan & trong khodng vat pitchblende, ltic
bay git dugc coi la quang oxit ¢lia cdc kim loal k&m, sit vi vonfran. Tén goi uran 14y tén ciia
hanh tinh Uranus duge phit hién truée dé may nam (nam 1771). Mii dén nam 1841, Peligot
lan dau tien méi didu ch€ duge uran kim loai bang cich ding kali khir uran tetraclorua.

Nam 1828, Beczeliuyt ché€ duge oxit clia mdt nguyén 16 mdi tit mot quang & Na Uy
(ngay nay quing dé dugc goi la thorit) va ong dit tén 1a rhoria, 14y tén clia vi thin chién tranh
Thorr cha xit Scandinavi. Sau dé ong dung kali khir mudi tetraclorua va thu duge thori.

Nam 1917, hai nhi khoa hoc ngudi Bifc 13 Han v Meitner doc [ap vé6i hai nha khoa
hoc ngudi Anh 1a Soddy va Cranston da phét hién duge déng vi ®'Pa I san phdm trung gian
trong diy phan rd phéng xa ctia **U:

235 a 23 v o 227
92 U > 701D Ly o Th > AC

Tén goi protactini xudt phdt tir chit protos actis, ti€ng Hi Lap nghia 12 tia ddu tién. Vi
trit lugng rat thdp trong thién nhién cho nén mii dén nim 1960 cdc nha khoa hoc clia Vién
Ning lugng Nguyén tv Anh méi tich duge 130g Pa tir 60 tan bi thu duge trong qud trinh tich
uran tir quang uraninit,

Tir ndm 1891, khi nha héa hoc Venbach sdng ch€ mang dén mang séng, viéc Khai thic
thori 1it cit monazit duge phdt trién manh. Hén hgp gém 99% ThO, va 1% UQ, 0 trén mang
den mang song khi duoc dot ndng toa ra dnh sdng trang va chéi, trong d6 UO, xiic tac qud trinh
dot chédy khi, con ThO, vi kém dan nhiét nén lam cho nhimg hat UQ, duge d6t néng va tda
sang manbh. Luc_}ng thori dugc khai théc nhiéu di kéo theo viéc nghién citu va st dung cdc dit
hi€m vi cat monazit thudng chira khoang 12% ThO, va Ln,0,.

Ngay nay, thori kim loai dugc san xuit méi nam hang tram t4n bing cdch diing Ca hay
Mg kht ThO, hay ThCl, ¢ nhigt d6 500+700°C trong khi quyén agon. Oxit ThO, dugc tich ra
khi ch€ héa cdt monazit (xem cédc lantanoit). Kim leai thori tinh khi€t duge di€u ch€ theo
phuong phip Aken-Do Boé.
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Trude kia, uran kim loai chi duge san xuit hang kilogam ding dé nghién ciru khoa hoc.
Hop chat ciia uran duge ding dé tao mau cho thdy tinh va d6 gom. Quéang uran 1A ngudn dé
tach nguyén t6 phéng xa Ra diing chita tri bénh ung thu.

Nam 1939, hai nha héa hoc Dirc 1a Han va Stasman phat hién ra hién tieomg phan chia
hat nhdn cla déng vi ~°U khi duoce chiéu notron:

141 1

235 1 9
»U + on = JKr+ (Ba + 20n

Qua trinh phéan chia hat nhan d6 sinh ra mét lugng khéng 18 nang luong. Tir dé dén nay
uran dugc dung lam nhién liéu cia 16 phian Gng hat nhan. Lugng kim loai uran dugce san xuodt
hang nam trén thé gidi {&n t6i hing tram ngan tan.

Quang uranmit sau khi da tuyén duge ché héa vdi axit sunfuric khi ¢é6 mat MnO,;:

UO, + H,80, = U080, + H,0
UO, + MnO, + ZH,SO, = UO,SO, + MnSO, + 2H,0

il

Dé tich uran, ngudi ta cé thé cho dung dich chita UO,SO, di qua nhua trac déi ion.
Dung dung dich HNO, lodng dé rira nhya da hép thy ion UO2" rdi diing tributylphotphat
(TBP) trong ddu hoa hay trong hexan dé chiét UO,(NO,), & trong dung dich thu duge khi rira
nhya. Cudi cling ding dung dich HNO, lodng dé tich UO,(NO,), ra khoi tributylphotphat va
dau hoa (hay hexan). Nhiét phan mudi uranyl nitrat & 350°C, thu dugc UQ,. Diing khi H, khit
U0, vé& UO,. Muén chuyén UO, thanh kim loai U, rlglron ta chuyén UQ, thanh UF, réi khit UF,
béng kim loai Mg theo céc phan ting:

500°C

UO, + 4HF “ = UF, + 2H,0
700°C

UF, + 2Mg '= U + 2MgF,

Magie tuy khir kém hon canxi nhung dé loai khéi uran kim loai khi dun nong O trong
chan khéng.

Ngoai ra uran kim loai con ¢6 thé diéu ché bing cich d:én phan hén hop néng chay cua
- K[UF,], CaCl, va NaCl.

Tong hop nhdn tao nhitng actinoit ditng sau uran

Nhiing nguyén t¢ ding sau uran khong tén tai trong thién nhién. Ching dugc téng hop
nhan tao trong nhimg nam 1940+196] bang cdch bin nhimg-hat notron, dotron, anpha cé nang
lhrgng vao khoang 30-40 MeV va nhiing ion cé dlén tich tén nhu '°B*, 2C*... c6 nang fuong
vio khoang 130eV viao dong vi ciia nhitng nguyén t& nang & trong 1d phin tng hat nhan. Lugng
téng hop dugc clia Np va Pu tinh bing kilogam, cia Am va Cm tfnh bing chuc gam, clia Bk va
Cf tinh bang miligam, cta Es tinh bang microgam, cla cdc actionoit con lai tinh bdng s&
nguyén tir. Bang 28 liét ké tén tdc gid, nam va phuong phédp téng hop nhéan tao cdc nguyén t&
actinoit sau uran va ngudn goc tén goi clia ching.
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Bang 28

Téng hop nhan tao cac actinoit sau uran

Cf

Street, A. Ghiorso, G.
Seaborg

bin %2Cm bing ;He

Nguyén 6 Tac gia Nam Phuong phép tong hop Ngudn gdc tén goi
F93 Neptumi] E. Mc Millan, P. 1940 | ban “EU bang ¢o hanh tinh Neptun
Np Abelson :
94 Plutoni| Seaborg, E.  Mc 1940 | ban *ZU bang *H haph tinh  Pluto
Pu Millan, W. Kennedy, i (phét hien dugc sau
A. Wah! Neptun)-
95 Amerixij G. Seaborg, R. James, (1944 | pin *[;Pu bang in chiau My (America)
Am L Morgan, A. '
Ghiorso
96 Curi, Cm| G. Seaborg, R. James, 1944 | bin *,, Pu bang ‘He ong ba Quiri (P va
A. Ghiorso ) M. Curie)
97 Beckelij S. Thomson, A. 1949 | ban % Am bang “He thanh pho Beckeli
Bk Ghiorso, G. Seaborg ‘ ) (M%)
98 Califoni] S.  Thomson, K. 1950 bang Califonia (My)

99  Ensteni,
Es

Cic nha khoa hoc O

manh v& clia phan tng nd

ong Anbe Anhstanh

Laurenxi, Ly

_

Sikkeland, A. Laroch,
R. Latimer

bing 9BvA ‘(B '

Berkeley, Argonne va nhiét nhan dau tién khi (dinh luat  tuong
Los Alamos chi&u notron nhanh vao uran doi)
100 Fecmi, Cic nhd khoa hoc & 1952 | manh v& cha phan Gng né | Ong Enrico Feemi
Fm Berkeley, Argonne va nhiet nhan dau tén khi| (ngudi xay dung ]
Los Atamos chi€u notron nhanh vao | phan (ng hat nhin
. uran tu-duy  tri nam
1942) J
101 A.  Ghiorso,  B.|1955 | bén % Esbang ‘He ong Pimitri
1 Mendelevi, | Harvey, Choppin, S. Mendeleep  (bang
Md Thomson, G. Seaborg tudn  hoan  cic
nguyén 16)
102 Nobeli; A. Ghiorso,  T. [1958 | bén %o Cm bang e ong Anfrét Noben
No Sikkeland, J. Walton, (A. Nobel, nha tai
G. Seaborg , trg khoa hoc)
103 A Ghiorso, T. 1961 |ban hén hop dong vi ctia Cf | ong Ecnes Lauren

(E. Lawrence, ngudi

phdt minh may gia
to¢c)
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Nhém cac nhi khoa hoc clia truding Dai hoc Califonia & thanh phé Beckeli (Berkeley)
ditng du 13 Xibo (G. Seaborg) di ¢é nhing déng gop rat [6n lao vao viée tdng hop nhan tao
cdc nguyén 16 sau uran. Nim 1951, cic 6ng Xibo va Milen (E. Mc Millan) di dugc nhan giai
thudng Noben vé héa hoc.

- HOP CHAT CUA THORI
Thori dioxit

Thori dioxit (ThO,) Ia chat rdn mau tring, c6 kién tric tinh thé kiéu florit. N6 néng
chay 0 3050°C vi ta oxit kim loai khé néng chay nhat nén duge ding 1am vat liéu chiu nhiét,
vi du nhu [am chén nung & nhiét dé cao.

Thori dioxit khong tan trong nudc, axit lodng, amoniac va ci kiém néng chiy.

N6 duge tao nén khi dot chdy kim toai trong khong khi ¢ 250°C hodc nhiét phan
hidroxit hay mudi nitrat.

Vidu:
- 400°C
Th(NO,), = ThO, + 4NO, + O,
Thori tetrahidroxit

Thori tetrahidroxit |3 chit & dang két tha nhay mau tring, khong tan trong nudc va cé
thanh phén tng véi cong thiec Th(OH),.xH,0. Né 13 hidroxit that su, trong d6 cdc ion Th** két
hop véi nhau qua ciu néi OH tao thanh mach dai:

di }JH | O/H \OH
/OH\\// \\//OH\
// \\OH/Z\\OH/

OH OH H OH

\ N

(3 S00°C, né mat nude bién thanh dioxit ThO,. N6 khéng tic dung vdi kiém va
amoniac. Khi méi diéu ch&, né hap thu khi CO, tao thanh ThOCO,. Thori tetrahidroxit thé hién
tinh baza tuong d6i y&u, tan trong dung dich axit tao thanh mugi ctia Th*. N6 cling ¢6 thé tan
trong dung dich chia cacbonat, xitrat va tactrat kim loai kiém nhé tao nén nhitng phic chat.

Thori tetrahidroxit duoc tao nén khi musi ciia Th(IV) tdc dung véi dung dich kiém.
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Vi du:
ThCl, + 4NaOH = Th{OH), + 4NaCl
Mudi cua Th(IV)

- Trong cdc mudi cia Th(lV), cic mudi clorua, sunfat va nhdt la nitrat tan trong nudc,
con cdc muéi cacbonat, photphat, florua khong tan. Nhilmg mudi tan 111 thuy phan. Khi két tinh
tr dung dich nuée, nhimg mudl ndy thudng o dang hidrat nhue Th(NG,),.4H,0,
Th(NO,),.12H,0 via Th(580,),.4H,0.

Thori tetrahalogenua (ThX,). T4t ca cic tetrahalogenua déu [4 chat rAn mau tring, rét
bén vdi nhiét. Dudi day la nhiét do néng chay va nhiét 4o s6i cha chiing:

ThF, ThCl, ThBr, Thi,
Ndnc., °C 1111 770 679 566
Nds., °C - 921 857 837

Nhiét d6 néng chay ciia tetrahalogenua rét thap hon so véi ThO, chi cho thdy tinh thé
cta chiing ¢6 ki€n tric phan tr. :

Thori tetraflorua khong tan trong nugdc, céc hatogenua khic 1an d&. Nhimg mudi tan bi
thay phan, vi du nhu dung dich ThCl, khi dun s6i tao nén két tha ThOClI,:

ThCl, + H.,O = ThOCl, + 2HCI

Thori tetrahalogenua duge diéu ch€ bang tic dung cia ThO, véi axit halogenhidric.
Riéng thori tetraclorua cdn ¢6 thé diéu ché theo phin ung:

600°C
ThO, + CC, = ThCl, + CO,

HOP CHAT CUA URAN
So dé the oxi héa-khu:
0.32
.. 0,063 5 ‘l’ -0, -1, 0
oz uo! 058 i 0621 L 180 O

cho thay trang thai oxi héa +6 la dac trung nhat trong dung dich nudc cdc hgp chét cla uran.
Thé oxi héa-khir clia ciic hop chit ¢6 56 oxi hda trung gian khong Khdc nhau nhiéu cong véi
kha ning d& bj thity phan cla cdc hogp chit d6 1am cho viée nghién ciu dung dich nuée cla
cdc mudi uran trd nén phiic tap.

Uran trihalogenua
Uran trifalogenta (UX,) 13 chét ran, bén v6i nhiét. Dudi diy 12 mau va nhiét dé néng
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chdy c¢dia cac trihalogenua do:

- UF, UCl, UBr, UlL,
Mau ........ den huc do den
Ndnc., °C ... 1495 837 727 766

Uran triflorua khéng tan trong nutdc, céc trihalogenua khdc tan. Cdc hgp chat clla
uran(IID) ¢6 tinh khit manh, phan huy nuée giai phéng khi hidro.

Vidu:
200, + 4H,0 = 2UOH)Cl, + H, + ZHCU

Uran triflorua vi triclorua 6 thé diéu ché bang cach ding nhoém khir tetrahalogenua o
nhiét dé cao:

900°C
UF, + Al = UF, + AIF

400°C
3UCl, + Al = 3UCl, + AICk

Céc triclorua, tribromua va triiodua cé thé diéu ché biing tic dung cia uran hidrua v6i
hidro halogenua.

Vidu:
350°C
UH, + 3HCl "= UC + 3H,
Uran dioxit

Uran dioxir (UO,) 1a chit rin mau nau thdm, ¢6 ki€n tric tinh thé giong v6i ThO,,
néng chay & 2176 °C. Khi dun néng manh trong khong khi, né bién thanh U,0Oy:
T00°C
3U0, + 0O, = U0,
N6 khéng tan trong nudc, axift lodng va kiém nhung tan trong dung dich axit nitric tao
thanh urany! nitrat: '

Uran dioxit dugc diing cing véi uran kim loai d€ 1am nhién li¢u cho 10 phan dng hat
nhan.

Uran dioxit dugc diéu ché bing céch ding H, hay CO khir céc oxit ctia uran vé6i s6 oxi
héa cao hon.

- Vidu:

vo, + H, "2€uo, + HO

U0, + 200 "2 300, + 200,
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Uran tetrahalogenua
Uran 1ao nén tetrahalogenua véi tt ci cdc halogen. Ching déu 1a chét rén, tinh thé c6

kién tric phan tl, khd bén nhigt. Duéi day 1a mau va phigt do néng chay cia ching: -

UF, ucl, UBr, Ui,
Mau ... luc lyc naun den
Ndnc., °C ... 036 590 519 506

Uran tetraflorua khong tan trong nudc, cac tetrahalogenua khéc tan trong nudc va cic

dung m6i hiru co. Khi tan trong nudc, ching bi thty phan.

Céc uran tetrahalogenua c6 thé diéu ché truc tigp tir nguyén t& hodc diéu ché tir dioxit.

Vidu:
U + 2F, = UFE (& nhiét do thudng)

: 60°C
U+20, = Ug,

165°C
Uo, + CBr, = UBr, + CQ,
Uran trioxit

Uran trioxit (UO,) 13 cht rin mau da cam, & dang tinh thé hay v6 dinh hinh, phan hiy

khi dun néng :

4500C
6UO, = 200, + O,

N6 t4c dung véi nudc, axit va kiém:

U0, + H,0 = UO,OH),
U0, + H,80, = UOS0, + H.O
U0, + 3Na,CO, + H,O = Na,[UO,(CO,),} + 2ZNaOH
Uran trioxit dugc ding dé€ diéu ché UO,, UF, N6 duge tao nén khi nhiét phéan mudi
uranyl nitrat hay mugi amoni diuranat:
2U0,(NO,), = 2UO0; + 4ANO + 30,
(NH).U,0, = 2UQ; + 2NH, + H,O
Phin tmg thit hai cho phép diéu ché UQ, tinh khiét hon.

Oxit hén hop U;0,4
Oxit hén hop U;0, (hay UQ,2U0;) 1 chdt rén mau lyc thim gdn nhu den, bi phan hiy
khi dun néng trong chan khong:

1000"C .
U0, = 3U0, + O,
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Khi dun néng trong dong khi O,, né tao nén U0,

350°C
20,0, + O, "= 6UO,

N6 khéng tde dung véi nudc, axit lodng, ki€m va amoniac, nhimg tdc dung véi cdc axit
sunfuric va nitric dac,
Vi du:
U0, + 8HNO, = UNO),), + 2UO,(NOy), + 4H,0
O nhiet d¢ cao, U,0, con tic dung véi céc khi H,, F,, CO va H,S.
Oxit U;O; duge ding dé diéu ché U0, va UF,. N6 duoc tae nén khi dst chdy uran kim
loai trong khong khi hoac bing tic dung chia UQO, va hoi nude:

S00°C
3UO, + 2H,0 "= U0, + 2H,

Uranyl hidroxit

Uranyl hidroxit (UOL,(OH),) hay axit uranic (H,UQ,) 1a chét dang tinh thé mau do
thim hay dang v6 dinh hinh mau vang. N6 khong tan trong nudc, phan hity khi dun nong:

0o'C
vooH), ‘€€ vo, + Ho

NG 1a chat lugng tinh, tinh bazo troi hon tinh axit. N6 tan trong dung dich axit loing
fao nén mudi uranyl nhung chi tic dung véi dung dich ki¢m dac v amoniac:

UO,OH), + 2HCI = U0, + 2H,0
2UO,(OH), + 2NaOH = Na,U,0, + 3H,0
2UO(OH), + 2NH, = (NH,,U,0, + H,0

Urany! hidroxit duoc tao nén khi dun s6i UQ, trong nuée hodc khi dun néng nhe dung
dich ctia UOL(NO,),.6H,0 trong ruou etylic;

UQ,(NO;),. 6H,0 = UOLOH), + 2HNO,; + 4H,0
Mudi uranyl
Mudi uranyl 1x mudi trbng d6 uran(VI) & dang oxocation UO;+ (ion uranyl). Cic mudi
nitrat, sunfat va clorua dé tan trong nuéc va dé két tinh, cic musi cacbonat, oxalat va sunfua
khong tan. Muéi cua uran thuong ding nhat trong phong thi nghiém 13 uranyl nitrat. N6 dugc

tao nén khi UQO, hay UO, tan trong axit nitric. Khi két tinh tiy dung dich nuéc, né thudng &
dang hexahidrat UQ,(NO,),.6H,0 ¢6 mau vang.

Dung dich muéi uranyl trong moéi truomg axit (pH = 2,5+3,5) tic dung véi H,0, tao nén
két tia mau vang UO,.2H,0:
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UOLNO,), + H,0, + 2H,0 = UO,2H,0 + 2HNO,
Hop chit d6 duoc coi [a dihidrat ctia wranyl peoxit UO3" (O, Y~ 2H,0.

Cation UQ3" ¢6 cdu hinh dudng thing:

R

O U O

"r
trong d6 mbi lién két U-O 12 lién két ba, lién két o va mot lién két m duge tao nén bang hai

electron doc than ciia U vA hai electron doc than cioa O, con mot lién két n nifa duge tao nen
bdi cip electron tu do cua O va obitan tréng cua U.

D6i véi cac nhém CrO2*, MoOX* va WOI", ngudi ta chi biét nhimg hop chat
halogenua, vi du nhu CrQ,Cl,, MoO,Cl, va WO,C),. Chiing 1 hop chat cong héa tri ¢6 céu
hinh tg dién:

(E = Cr, Mo va W)
/ \\Cl
O

Nhém EOQZ" trong phén tif ¢6 céu tao duong gay, duoc tao nén nhd su che phu cua cic
obitan lai hoa d’s ctia E véi cic obitan p ctia O. Hop chat cromyl clorua 1a cloanhidrit, né thiy
phin manh trong nudc tao nén hén hop hai axit giéng nhu sunfuryl clorua {SO,Cl,). Hai hop
chat molipden va vonfram clorua thity phén trong nude kém hon nén nhitng cation MoQ3" va
WO ¢6 thé tén tai trong dung dich nudc cé moi trudng rat axit. Trong khi do, cation Uos”

hoiin toan bén trong dung dich nuéc ¢6 méi trutng axit yéu va & dang hexahidrat v6i cau hinh
chép kép luc gide ma tryc 1a O-U-O:

wo || on

H,O U —OH,

no”” m\m

trong dé do dai lien két ba U-O 1a 1,92 va do dai cha lién két don U-OH, 1a 2,24
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lon uranyl ¢6 kha nang tao nén nhiéu phic chat, trong dé cdu hinh duong théng'cﬁa
UO3" van ton fai nhu bit ky mot cation don clia kim loai héa tri hai. Vi du nhu phife chat
K.fUQ,F,} gém cation K* va anion UO,F? .Anion nity ¢é c&u hinh chop kép ngt gide ma truc
la O-U-0:

e
S

véi do dai lien ket ba U-0 13 1,84 va cita lién k&t don U—F 12 2,24,

Muéi uranat

Nhitng hop chat UO, va UOE('OHJ2 khi tac dung v6i dung dich kiém manh va dic hay
ki€ém néng chiy tao nén nhing uranat c¢6 cac cong thic chung A M,U,0,, M,UO,, M,UO,,
M,UQ, (trong d6 M =kim loai kiém, M’ = kim loai kiém thé). Vi du nhiing uranat sau day cé
thé duge tao nén khi ndu chay UQ, véi Li,CO;:

200, + Li,CO, = LiLUG, + CO,
Li,U,0, + Li,CO, = 2LLUO, + CO,
Li,UO, + Li,CO, = Li,UO, + CO,

LU0, + Li,CO, = LiUO, + CO,

Phuong phdp nghién cu ki€n tric bing tia Ronghen chi ra ring trong céc uranat khéng
¢6 mat nhimg anion uranat UO; , U,07 ... giéng nhu anion CrO?", Cr,O: trong cdc mugi
cromat. Nhiing uranat nay cé thé duoc coi Ia n_hl"mg'oxil hén hgp tao nén béi nhimg bat dién
UO, ndi v6i nhau qua nhitng dinh chung hay canh chung. Vi dy nhur magie uranat (MgUO,)
dugc tao nén bai nhimg bét dién UO, néi véi nhau qua canh chung thanh mach dai:

NN PN EN
/M\O/(“J\O/m\o/

va-ion Mg** nim gifta cic mach dai dé.
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Tuy nhién khic véi Mo(VI) vi W(VD), U(V]) khéng tao nén isopolianion va
heteropolianion & trong dung dich.

Uran hexahalogenua

Uran tao nén hexaflorua UF, v hexaclorua UCle. Uran hexaflorua 1a chat rdn mau
tring, néng chdy & 64,5°C (dudi dp suél) va thang hoa 3 56,4°C (4p sudt thudng). La chat dé
bay hoi, UF, dugc ding dé phan chia cac dong vi cla uran 2511 va U bang phuong phép nhiét
khuéch tan. Uran hexaclorua 1a chit rin mau {uc thdm, néng chay & 177°C.

Chung bi thily phan manh trong hoi 4m cta khong khi:
UX, + 2H0 = UOX, + 4HX

Chiing 12 chét oxi héa manh, tdc duﬁg minh liét v6i nhiéu kim loai. Uran hexaflorua la
mot trong nhitng tic nhan flo héa manh.

Uran hexaflorua dugc didu ché bang téc dung clia UF, vdi F; con uran hexaclorua dugc
didu ché bing tac dung cta UF, véi AICI,.
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Chisé pHI, 224
Chi thi mau I, 225
Chong an mon kim loai HI, 159
Chu trinh Habe-Boocno 1, 118
Chudn d¢ axit-bazo 1, 240
Chuén d6 bromat 11, 269

.Chuan do iot 1, 237

Chu4n d6 pemanganat II1, 140
Chuyén dich dién tich 111, 142
Claste 111, 77, 103, 144, 216
Clinke 11, 143, 146
Clo :

axit clohidric II, 258

axit clorg 11, 268

axit cloric 11, 268

axit hipoclore I1, 266

axit pecloric 11, 271

clorat I1, 268

clorua voi II, 267

* don chat II, 251 .

hop chit giita halogen II, 274

hidro clorua 11, 257

hipoclorit 11, 266

kali clorat I, 270

nudc Javen I1, 267

oxit H, 263

peclorat I, 271
Coban :
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cacbonyi III, 171
dihalogenua III, 175
don chat III, 155
hidroxit 111,174, 194

mau clia phiic chat Co(IT) III, 184

muéi coban(Il) I11, 175
mudt coban(I1I) 111, 196

natri hexanitrocobanat I1I, 206

oxit III, 173, 191, 192
phtic chat coban(ID I11, 183
phitc chat coban(I1I) HI, 202
sunfat III, 197
triflorua 11, 197

Cobantin III, 161

Cobantoxen III, 182

Columbit I11, 72

Constantan 11, 157

Corundum 11, 89

Covelin ITI, 232

Cong thidc hod hoc I, 8

Co ché phén tng I, 160

Coch& xic tic I, 171

Co hoc cé dién 1, 29

" Co hoc lugng tir I, 29

Ca hoc Niuton I, 29

Criolit II, 86, 255

Cristobalit IT, 134

Crom :
axetat III, 96.
axit cromic [II, 103
axit policomic I, 103
cacbonyl II1, 91
cromat I, 104
dibenzen 111, 93
diclorua III, 95

_dicromat III, 104

dorf chat II1, 86
hidroxit III, 9%, 98
muéi crom(II1) 111, 99
oxit II1, 95, 97
peoxicromat III, 107
peoxit 111, 107
triclorua I, 101
trioxit I1I, 102

Cromat IIl, 104

Cromit I1I, 89. 97

Cuprit III, 232, 244

Curi III, 289

Diu mo I1, 107

© Diém ti¢u II, 163, 189
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Dung dich bio hoa I, 196
Dung dich keo I, 297

Dung dich 1i tudng I, 195
Dung dich phan tit I, 197
Dung dich quia bdo hoa I, 197
Dung dich rin I, 103

D4 cdm thach II, 54

P4 hoaIl, 54

Pa lda 111, 277

P4 ma ndo 1, 137

D4 phan II, 54

bia quy 11, 53, 89, 103, I1I, 57
b4 quaczit I1, 137

b4 tan (Hoat thach) II, 53, 140
bat sée 11, 143

Dat sét chiu lira 11, 143

Diém néng chay I, 98 -
Piémsoil, 95

biém tuong duong I, 240
bién cuc 1, 246 _
Dién cye calomen III, 273
Dién cuc hidro I, 249

bieén di I, 276

Dién 11 [, 208

- Pién phan I, 263

Binat I1, 143

Dinh luat Avogadro I, 5

Dinh luat bao toan khéi lugng Lavoadie I,

5

Dinh luat Boi-Mariot-Gay Luyxac I, 12

Dinh luat duong lugng Panton I, 15

Pinh luat Faraday I, 263

Binh luét géc khong déi gitta cac mat
tinh thé 1,100

DPinh luat Henri I, 198

Pinh luat Hexo I, 139

Dinh luat Lavoadié-Lapiaxo I, 139

binh luat Mozolay 111, 279

Binh luat Necsto 1, 151

Dinh luat pha lodng Otvan 1, 219

BDinh luat phan b6 I, 220

Dinh luat Raun thi hai I, 204

Dinh ludt Raun tht nh4t 1, 202

Dinh luat tdc dung khéi lugng 1,159, 180

Dinh luat ti 1 thé tich Gay Luyxac I, 9

Dinh luat thanh phan khong d6i Porut I, 8

Binh {uat tudn hoan Mendeéléep I, 37, 123

Binh lust Van Hép 1, 206

Polomit IT, 53

b6 boi cia lien két I, 73



Pé bén cua phic chit [11, 37, 42
Do cimng cua nudce 11, 67
Po ciing lau dai 1, 67
D6 citmg tam théi 11, 67
D6 dai lien ket 1, 74
Do din dien [, 123,214
bo dién am [, 43, 130
Pé manh cua axit hay buzo 1, 218
D6 phan li biéu kién 1, 215
Po phan I hay dién i [, 212
D6 tan 1, 196
D¢ thuy phan 1, 235
Dong hod hoc I, 138
Poéng tu keo 1,270
Dong :
axetat Iil, 250
chit siéu dén & nhiét do cao IlI, 245
diclorua III, 247
don chat II1, 228
hidroxit III, 239, 245
monoclorua IIL, 240
muéi cua Cu(l) 11, 239
mudi clia Cu(il) 111, 246
nude Felinh 1, 249
nudc Suayze 111, 245
oxit 111, 237, 243
sunfat I1I, 248
thau IIE, 230
Péng phan 1, 8, 11L, 10
Déng phan guong III, 11
Poéng phan hinh hoc 111, 10
Déng phan ion hod 111, 12
Péng phén lién két II1, 13
Déng phan phaéi tri [IL, 12
Péng phan quang hoc 1il, 11
Péng phan trong phifc chét 111, 10
Poéng thau 111, 230
Pang thigce 111, 229
Poéng tho 111, 234
bonchat 1, 5
Doteri 11, 3
Puyra lI, 51
Puong luong I, 16
Buong luong gam |, 18, 201
Puong lugng gam lit I, 201
Puong lugng hop chit I, 17
Puong lugng I, 16
DPuong lugng nguyén to 1, 16
Bysprosi
cacbonal 111, 282

+ 21-Hbahecvé co- T3

dan chat III, 275
hidroxit 111, 280 :
mudi cua Dy (1) 111, 280
nitrat 111, 282
oxalat I11, 282
oxit III, 280
phite chét cua Dy(1IT) 111, 283
phttc chat véi axit xitric 111, 283
phiic chat vai EDTA I, 283
sunfat 111, 281
tach riéng nguyén t4 I, 286
trihalogenua 111, 281

Echi : .

. cucbonat 1§, 282

don chat I, 275
hidroxit 111, 280
mudi cua Er(1I1) II1, 280
nitrat 111, 282
oxalat 111, 282
oxit I11, 280
phttc chét cia Er 111, 283
phitc chdt véi axit xitric 111, 283
phic chat véi EDTA 111, 283
sunfat I1I, 281
tach riéng nguyén t6 111, 286
trihalogenua 111, 281

Electron 1, 6

Electron ¢(hop kim) 11, 51

Emaorot 11, 53

Ensteni IlI,

Entanpi I, 142

Entanpi tw do I, 54

Entropi [, 150

Enzim I, 171

Europi :
cucbonat 111,
don chat I, 275
hidroxit II1,
mudi Eu(Il) va Eu(IIl) 111, 280
nitrat III,
oxalat 11,
oxit 111, 280
phuc chét cia Eu 111, 283
phitc chat véi axit xitric 111, 283
phitc chat véi EDTA I, 283
sunfat III, 281 :
tach riéng nguyen t5 111, 286
trihalogenua 111, 281

Feemi LI, 289

Ferat 11, 204



Ferocrom II1, 90
Feromangan III, 125
Feromolipden II1, 91
Ferosilic 11, 129, 111, 73
Ferotitan 111, 57
Ferovonfram IIl, 91
Ferit i1, 192
Feroxen 111, 181
Flo:
axit flohidric 1, 258
axit hipofloro II, 266
don chatIl, 128
hop chét giita halogen 11, 274
hidro florua II, 257
oxit II, 262
Floapatit II, 54
Florit I1, 54, 255
Franxi II, 3
Fuleren II, 103
Gach chiu lta 11, 143
Gadolini :
cacbonat 11, 282
don chat II1, 275
hidroxit II1, 280
mudi cua Gd(III) III, 280
mitrat [T, 282
oxalat IfI, 282
oxit 111, 280
phitc chit cua Gd I, 283
phitc chit vdi axit xitric 11,283
phirc chét véi EDTA 111, 283
sunfat I, 281
tach riéng nguyén to I1I, 286
trihalogenua 111, 281 '
Gadolinit IIT, 49
Galen I1, 150
Gali :
don chat 11, 49, 95
halogenua II, 97
hidroxit 11, 97
oxit I1, 96
Galoazit 11, 143
Gang bié€n tinh III, 276 '
Gang kinh III, 123
Gang tring II1, 163
Gang xam III, 163
Gecmanat I, 157 : -
Gecmani ;
dihalogenua II, 153
dioxit I, 154 '
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don chat 11,148
gecmanat 11, 157
hidroxit 11, 152, 157
hidrua II, 151
monoxit I, 151
sunfua II, 160
tetrahalogenua I, 158
Gel 1,27: 11, 138
Gom 11, 134
Gom composit I1, 144
(G6m dén dung 11, 143
Gom ki thuat 11, 144
Grenokit III, 257
Halogen 11,251
Halogen gia II, 278 :
Halogenua cdc nguyén 16 11, 260
Halogenua céng hoa tri 11, 261
Halogenua ion II, 261
Hafni :
don chat III, 54
hidroxit I1, 59, 66, 67
oxit hén hop 111, 63
oxit II1, 59, 66
sunfat II1, 65
tach riéng nguyén t6 111, 159
tetrahalogenua 111, 63
Hat nhén nguyén tir I, 6
Hausmanit 111, 125
Hiang s6 axit I, 218, 220
Héng s& bén cua phiic chat 111, 37, 40
Hang s6 bazo [, 220
Hang s& can bing clia phan ing oxi hod -
khir I, 263
Hing s6 can bing 1, 180
Hang s& nghiém lanh 1, 204
Hing s6 nghiém séi I, 205
Hing s6 t6c do phan (mg I, 159, 164
Hing s6 t¢i han I, 93
Hiing s6 thuy phan I, 235
Heli 11, 278
Hem 111, 188
Hematit I11, 161
Hemoglobin I1I, 189
Hé di thé 1, 184
Heé déng thé 1,181
He gel 1,297; 11, 137
Hé huyén phu 1, 193
He keo I, 267
Hé lo ling I, 193
He lap phuong I, 101



3t ey

H¢ luc phuong 1, 101
Hé mat thoi I, 101
He¢ nhii twong [, 193
Hé phantanl, 193
Hé platma I, 121
Hé¢ sol 1, 297; 11, 137
Hé sé hoat d0 I, 216
He s6 nhiét do 1, 166
Hé s6 phuong trinh phan ting I, 243
He¢ s6 Van Hop I, 208
H¢ tam phuong I, 101
Hé tam ta I, 101
Hé tinh thé I, 100
He tinh thé léng I, 119
Hé i phuong I, 101
Hién tugng déng phan I, 18, 111, 10
Hién tugng biao mon ting ozon 11, 17
Hién tuong chay ria I, 24
Hién tugng chim hod ran I, 96
Hién wrgng cham soi 1, 96
Hién tuong da hinh I, 102; I, 89, 134
Hién tugng doéng ciing thach cao I1, 64
Hién tuong dong cing vita voi 11, 58
Hién twong déng cing xi mang I, 145
Hién tugng dong tu keo I, 270
Hién tuong ddng phén trong phiic chat
IL10 '
Hién tuong hoa tan I, 194
Hién tugng khéi mi quang hod 11, 177
Hién tuong 1én hoa [, 24
Hién nrong lai hod 1, 56; 111, 13
Hién tuong mua axit [1, 233
Hién twong qda bio hoa I, 197
Hién tuong qua the 11, 264
Hién tugng quang dién 1, 23
Hién wgng thim thau I, 250
Hién tugng tht hinh I, 6
Hién tuogng thu dong héa 11, 185
Hién tugng Tindan I, 268
Hiéu dmg cuc hod thém 11, 268
Hiéu ting Jan-Telo 111, 24, 246
Hiéu img nha kinh II, 117 -
Hiéu (ng vong cang III, 41
Hidrat I, 194
Hidrat tinh thé II, 24
Hidrat hod I, 194, 209: 11, 24, 64, 145
Hidrazin 11, 179
Hidro :
azit 11, 172
bromua II, 257

clorua II, 257
don chat II, 3
florua I1, 257
hidrua II, 8
iodua II, 257
nguyén tir 11, 6
peoxit II, 28
sunfua I1, 223
xianua I, 123
Hidro kim loai II, 4
Hidro nguyén tir I1,.6
Hidroxilamin II, 173
Hidrua cic nguyén t5 11, 8
Hidrua cong hod tri I1, 9
Hidruaion 11, 8
Hidrua kiéu kim loai II, 9
Hoatril, 17, 54
Hoat d6 1, 215
Hoat thach (D4 tan) II, 53, 140
Honmi :
cacbonat III, 282
don chat I1I, 275
hidroxit 111, 280
mudt ctia Ho(III) 111, 280
nitrat 111, 282
oxalat II1, 282
oxit 111, 280
phifc chét clia Ho I1, 283
phitc chat véi axit xitric I11, 283
phiic chit véi EDTA 111, 283
sunfat I11, 281 _
tach riéng nguyén t& 111, 286
trihalogenua I11, 281
Hén héng I1, 33, 41, 111, 255
Hén héng ho 111, 235
Hén hop dang phi 11, 184, 258
Hén hop dong soi 11, 184, 258
Hénhopno I1, 5, 112
Hopchat 1,5
Hop chit banh kep 111, 93, 181
Hop chdt bao II, 297
Hap chit claste 111, 77, 103, 144, 216
Hop chit co kim I, 93, 181, 263, 270
Hop chat heteropoli III, 117
Hop chét izopoli 111, 82, 116
Hop chat khéng hop thic I, 8
Hop chét phéi tri 111, 6
Hop chdt thi€u electron I, 73
Hop kim chix in 11, 151
Hop kim Udo 11, 208,111, 255
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Indecmii 11, 72

Indi :
don chat 11, 49, 95
halogenua [1, 97
hidroxit 11, 97
oxit II, 96

Inmenit 11, 57

Iot :
axit hipoiodo II, 258
axit todic 11, 268
axif iothidric II, 257
axit metapeiodic II, 274
axit mezopeiodic II, 273
axit parapeiodic II, 275
axit pejodic I, 273
don chat 11, 251
hop chat giita halogen 11, 274
hidro iodua 11, 257
iodat 11, 268
oxit I, 265
petodat 11, 273

Indi :
amoni hexacloroiridiat(IV) 111, 214
dioxit II, 213
don chdt 111, 207
oxit 11, 22, 213
tich riéng nguyén 6 111, 224
trihalogenua I, 213

Izumrut I, 53

Kuli :
cacbonat 11, 47
clorat I1, 270
cromat [II, 104
dicromat 11, 104
don chat 11, 31
halogenua I, 44
nitrat [1, 189
oxit [1, 35
ozonit II, 20, 37
pemanganat 111, 139
peoxit 11, 36
supeoxit 11, 37

Keenit II, 72

Kém :
diclorua 111, 262
dihalogenua III, 261
don chat 111, 254
hidroxit HI, 261
hop chat co k&m 111, 263
mudi Zn(II) 111, 261
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oxit III, 260
Keo ki dung méi I, 269
Keo ki nuéc , 269
Keo ua dung méi [, 269
Keo ua nude I, 269
Khoéi lugng nguyén tir I, 9
Khoi jugng phan ti chat tan 1, 207
Khaéi lugng phan tir [, 9, 207
Khi hiém 1I, 27§
Khi quy II, 278
Khitro 11, 278
Khoing pH déi mau I, 226
Kihiéu hoi hoc 1,6
Kim loai chuyén ti€p I, 40, 111, 3
Kim loai ¢y thé xem muc cia mdi kim loai
Kim loai actineit I, 38; 111, 289
Kim lowi ho dat hiem III, 274
Kim loai lantanoit 1, 38; 111, 273
Kim loai ho platin III, 205
Kim loai ho sét 11, 153
Kim loai kiém 1, 31
Kim loai Kiém thé 1, 49
Kim loai mau 111, 232, 237
Kripton II, 278 .
Lantan :
cacbonat [If, 282
don chat I11,47
hidroxit I11, 51
mudi La(IID) 111, 51
nitrat 111, 282
oxalat IfI, 282
oxit III, 51
phitc chat cua La 111, 52, 283
phiic chdt véi axit xitric 111, 283
phuc chat vé: EDTA 11, 283
sunfat III, 281
tich riéng nguyén (6 111, 286
trihalogenua III, 51
Lantanoit III, 237
Laurenxi 111, 289
Lién k&t bon 11, 96, 145
Lién két ba electron 11, 12, 176
Lien kétbal, 63
Lién két ba tam I, 91; 11, 74
Liénkétcécucl, 49
Lién k&t cong hda tri I, 49, 51
Lién k&t cho-nhan [, 50, 222; 111, 14
Lién két doi I, 62
Lién két don I, 61
Lién két hidro 1, 89



Lién kétion I, 46

- Lién két khong cuc 1, 49

Lién k&t kim loai I, 111
Lién k&t n-cho I11, 91, 127, 169
Lién két n khong dinh ché 1, 64, 73
Lien kétn 1. 61
Lién ké&t phaéi i {11, 14
Liénkéto 1, 61
Litr :
cacbonat I, 46 *
don chat I, 31
halogenua 11, 44
hidroxit I1, 38
oxit I, 35
Loparit II1, 278
Lo bazo-oxi 111, 168
Lo Bexeme III, 166
LocaoIll, 164
Lo dién diéu ch€ axetilen I, 111
Lo dién diéu ché photpho 11, 193
Ld Mactanh II1, 167
Lutexi :
"~ cacbonat III, 282
. don chat I1i, 275
hidroxit III, 280
mudi caa Lu(IID 111, 280
nitrat IT1, 282
oxalat III, 282
oxit [iI, 280
phitc chat cta Lu II1, 283
phitc chét véi axit xitric 111, 283
phtic chat voi EDTA 111, 283
sunfat [II, 28]
tich riéng nguyén 16 I, 286
trihalogenua III, 281
Luyc gilta phan tir I, 85
Lyc triedng phéi tur 111; 20
Luc Vande Van I, 85
Lwu huynh :
axit ditiono II, 239
" axit ditionic 11, 240
axit bromsunfonic I, 244
axit closunfonic I1, 244
axit flosunfonic TI, 244
axit peoxidisunfuric II, 237
axit peoximonosunfuric 11, 237
axit polisunfuric II, 230
axit politionic 11, 240
axit sunfuro 11, 227

axit sunfuric I, 230
axit tiosunfuric 11, 235
déo I, 220
dihidro polisunfua II, 224
dihidrosunfua II, 222
dioxit II, 226
don chat I1, 218
dontall, 219
halogenua 11, 241
hoa II, 222
natri sunfua II, 226
oleum II, 231
sunfat IT, 233
sunfit 1T, 227
sunfua kim loai I, 224
sunfuryl halogenua II, 243
ta phuong 1, 219
thdi 11, 222
tionyl halogenua II, 243
trioxit I, 229

Ma ndo I, 135

Macnhali II, 51

Mactensit III, 156

Magie :
cacbonat 1I, 64
don chit 11, 49
halogenua II, 60
hidroxit II, 57
magie clorua II, 61
magie peclorat 11, 271
oxit IT, 55
peoxit 11, 56
sunfat II, 63

. Magiezit 11, 53

Malachit 111, 232
Mang luéi ion I, 105, 108
Mang luéi kim loai I, 108

Mang tuéi nguyén ta I, 104; 11, 83, 101,

147
Mang luéGi phan ti I, 1-5;11, 220, 252
Mang 1uéi tinh thé I, 103
Mangan :
axetat I11, 134
axit pemanganic II1, 139
cacbonyl I1l, 127
chuin dé pemanganat I1I, 140
dioxat ITI, 134
disunfat III, 137
don chat 11, 122
heptaoxit III, 138

S
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hidroxit II1, 129, 132
manganat III, 137
manganit IT1, 135
monooxit [11, 128
mudi mangan(II) 111, 129
mudi mangan(1Il) 11, 133
mudi mangan(I'V) I11, 136
oxit III, 128, 132, 133
pemanganat IIl, 139
phiic chat mangan(III} IH, 134
sunfat I11, 134
tetraciorua III, 137
tetraflorua I1I, 136
triflorua Iil, 133

Manganat II1,137

Manganin III, 123

Manganit 111, 135

Manhetit III, 161

Mau nguyén tir Bo-Xomefen I, 24

Mau nguyén tir Rozopho I; 23

« Menl, 171; 11, 144

Menchio 111, 230

Mendelewvi I1I, 289

Mica 11, 86, 140

Milerit 111,161

Mioglobin I1I, 190

Mol I, 10, 200

Mol ion' 1, 200

Mol nguyén ur I, 10

Mol phan tir 1, 10

Molan 1, 200

Molipdat II1, i 14

Molipden :
axetat II1, 11O
axit molipdic 111, 114
cacbonyl III, 91
claste IIE, 108
dihalogenua III, 108
dioxit III, 111
disunfua III, 112
don chat 111, 86
heteropolimolipdat III, 117
hexahalogenua IIi,119
hidroxit I1I, 110
izopolimolipdat I1I, 117
oxitIII, 110, 113
phite chét clia molipden (III) II1, 111
polimolipdat I1I, 114 '
sunfua III, 1 {0
tetrahalogenua III, 112

318

trihalogenua 111, 110
trioxit 111, 113
xanth molipden III, 114
Molipdenit 111, 89
Momen ludng cuc |, 78
Momen tir I, 83
Monazit III, 28, 43, 293
Monen I1I, 157
Montmorilonit 111, I, 143
Muéi 1, 211
Muéi an I1, 45
Muéi dé mau IIL, 198
Muoi Graham 1I, 201
Muai kép II, 93; 111
Mudi Liuyt 1, 222; 111, 19
Mudéi Manhuat 111, 217
Mudai Mo III, 178
Mu6i Payron II1, 217
Muéi vang mdu III, 181
Mud) Vokelen 111, 216
Muéi Xayze I11, 218
Natri :
cacbonat I1, 47
clorua II, 45
don chét II, 31 *
halogenua II, 44
hidrocacbonat 11, 47
hidroxit I, 38, 39
oxit 11, 35
peoxit I1, 36
sunfua I, 226
tiosunfat II, 236
Ning tugng Gip 1, 154 ; 11, 269
Nang luong hoat hoa I, 166
Nang luong ion hoa 1, 40
Ning luong 1am bén bdi trudng tinh thé 111,
23
Nang luong lién két cOng hod tri 1, 72
Nang lugng lién k&t ion I, 47
Nang lugng mang ludi jon [, 116;11 59
Nayzinbe III, 230
Nefelin II, 86, 88
Neodim :
cacbonat III, 282
don chat III, 235
hidroxit III, 280
mudi Nd(III) III, 280
nitrat III, 282
oxalat I11, 282
oxit ITI, 280
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Sig

phuc chit cua Nd 111, 283
phifc chét voi axit xitric 111, 283
phiic chat véi EDTA I, 283
sunfat 111, 281
tach riéng nguyén to II1, 286
trihalogenua III, 281
Neon 11, 278
Neptuni HI, 289
Nguyén I bat dinh Hayxenbe I, 28
Nguyén 1i Lo Satotié I, 188
Nguyen li loai trir Paoli'l, 34

Nguyén If thif ba clia nhiét dong hoc I, 151

Nguyén 1{ thit hai cta nhiét dong hoc I,
149

Nguyén Ii thif nhat cha nhiét dong hoc 1,
141

Nguyén t6 cu thé (xem muc riéng)
Nguyeén t8 actinoit [, 40, 111, 289
Nguyén 16 chuyén tiép I, 40

Nguyén t6 dién hinh [, 40

Nguyén t6 ho actini I, 40, I1I, 289
Nguyén t6 ho lantan I, 40, 111, 273
Nguyén t6 ho platin 111, 205

Nguyén té ho sat 111, 253

Nguyén td hod hoc 1, 6

Nguyén t6 lantanoit 1, 40, 11, 273
Nguyén t6 phéng xa 11, 31, 246; 111, 289
Nguyén tirl, 5

Nguyén tir gam [, 10

- Nguyen tir lugng I, 9
~Nguyén tir nhiéu electron I, 34

Nguyeén tr trung tam I, 6
Nhém ;
clorua II, 92
don chat I1, 70, 84
halogenua II, 92
hidroxit 11, 91
hidrua II, 88
oxit II, 89
phen 11, 94
phén nhom -kali II, 94
sunfat II, 94
Nhiét chuyén pha 1, 195
Nhiét dung 1, 14, 143
Nhiét d6 béc chay 11, 12
Nhiét do néng chay 1, 98,143
Nhiét do s6i 1, 95, 134
Nhiét 40 téi han I, 93
Nhiét dong hoc qud trinh oxi héa
cacbonll,i 18

Nhiét dong héa hoc I, 140
Nhiet dot chay 1, 136

Nhiét hidrat héa 1, 209, 297; 11, 43, 59, 252

Nhiét hoa tan I, 195; 11, 43
Nhiét héa hai I, 96
Nhiét héa hoc I, 137
Nhiét néng chay I, 98
Nhiét nguyén tir hoa I, 98, 257
Nhiét phan ing I, 137, 144
Nhiét sonvat héa 1, 195
Nhiét tao thanh I, 138, 144
Nhiét thiang hoa [, 98, 257
Nicrom III, 88
Niken :
ic qui kiém niken (III), 195
don chdt I11, 155
hidroxit 111, 174, 194
mudi niken(II) 111, 175
nikeloxen III, 182
oxit 111, 173 _
phic chdt hinh vuéng ctia niken(Il)
11,185
sunfat III, 177
tetracacbonyl I, 172
Nikelin 111, 157, 161
Nikeloxen I, 182
Niobat III, 82
Niobi :
claste 1, 79
dihalogenua 111, 75
don chit 11, 69
hop chdt peoxi 111, 83
niobat III, 82
oxit I, 74,75, 77,79
pentahalogenua 111, 83
tetrahalogenua III, 79
trihalogenua II1, 76
~ tach riéng nguyén t6 111, 73
Nita : .
axit hidrazoic II, 173
axit hiponitro II, 181
axit nitro II, 182
axit nitric II, 183
azit 11, 173
don chat I1, 161, 162
hidroazit II, 172
hiponitrit 11, 181
nitrit I, 183
nitrua kim loai I, 174
oxit I, 175
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trihalogenua II, 166
Nitrat I, 188
Nitroglixerin II, 186
Nitrotoluen II, 186
Nitrua kim loai I, 174
Nobeli 111, 289
Noinang 1, 141
Néng d6 duong lugng gam I, 201
Néng dé 1,200
Néng do mot 1, 200
Néng do motan I, 200
. Néng d6 phan moi I, 201
Néng d6 phidn tram 1, 200
Nude bién 11, 26
Nudc cong nghiép 11, 26
Nudc cat 11, 26
Nuéce ciimg I, 67
Nude 11, 21
Nuge Javen II, 267
Nude khoang I, 25
Nuéc mém I1, 67
Nuéce nang 11, 26
Nudce oxi 1, 28
Nudce séng I, 25
Nudc sinh hoat 11, 26
Nuéc thai 11, 27
Obitan khéng dinh chd I, 111
Obitan nguyén tr I, 31
Obitan phan tir I, 64
Obitan phan tit lién két I, 64
Obitan phan tu 7 I, 68
Obitan phan tit phan lién két I, 64
Obitan phan tr ¢ 1, 64
Opal 11, 135
Orthoclazo 11, 86
Osmi:
cacbonyl III, 209
don chat I, 207
osmat [, 210
osmi dioxit 111, 209
osmi tetraoxit I, 211
tach riéng nguyén t8 111, 224
Oxi :
~don chat 11, 11
oxihod Il, 13
oxit II, 18
Oxit axit I1, 19
Oxit bazo 11, 18
Oxit I7, I8
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Oxit ludng tinh I1, 19
Oxit tro I, 19

Ozon II, 15
Ozonit II, 20, 37
Paladi -

diclorua 111, 215
dom chat 111, 207
hidroxit III, 215, 220
monooxit 111, 214
mudi Vokelen II1, 216
phidc chit cta PA(II) va Pd(IV)
1il, 216, 221
tich riéng nguyén 19 II, 224
 tetrahalogenua I, 221
Patromt 111, 72
Pehidrol 11, 29
Pemanganat 111, 139
Penladit 111, 161
Peoxiborat 11, 98
Peoximolpdat 111, 107
Peoxiniobat 111, 83
Peoxisunfuric II, 237
Peoxit I1, 20, 36, 56; 111, 167, 301
Peoxitantalat I1I, 83
Peoxititanic I1I, 65
Peoxivanadat 111, 83
Peoxivonframat I11, 107
Perenat 111, 151
Peropskit I1I, 63
Pesunfat 1I, 237
Petecenetat 111, 151
Pha |, 191

. Pha [& thien nhién II, 136

Phan (mg day chuyén I, 173

Phan (ng hat nhan 111, 51, 126, 295
Phan ting héa hoc I, 18

Phan ting nitro hoa II, 186

Phan iing oxi héa-khir 1, 242, 111, 44
Phan img phdt nhiét I, 18

Phan img quang hop I1, 117, III, 189
Phan (ing quang héa hoc I, 175
Phan img tao phuc I, 19, 222,111, 3
Phan ing tu xvc tic I, 169

Phan img thu nhiét I, 18

Phan img thuan nghich I, 179

Phan tng thuy phén L, 234, III, 46
Phan (ng trao déil, 18,232

Phan dng trung hoa I, 239

Phan bén héa hoc 11, 201

Phéan dam 11, 202



Phan kali II, 202
Phén lan hitu ¢o vi sinh 11, 203
Phan lan 11, 202
Phan phiic hgp I1, 203
Phantr I, 8
Phan tr gam |, 10
Phan tir lugng 1, 9
Phén tirsé 1, 161
Phenakit 11, 139
Phenspat 11, 141
Photphin I1, 193
Photpho :
" axit metaphotphoric 11, 19
axit orthophotphoric II, 198
axit pirophotphoric II. 198
don chdt I1,161, 162
den 11, 191
diphotphin II, 194
do 11, 191
oxiclorua I, 205
oxit hén hop I1, 196
oxit IT, 194,195
pentaclorua II, 205
pentahalogenua 11, 204
phan 1an hitu co vi sinh 11, 203
phan 1an nung chay II, 202
photphin II, 193
photpho ngung tu II, 200
photphonitrilic 1, 206
sunfua I, 207
supephotphat don II, 202
supephotphat kép 11, 202
trang I1, 190
triclorua II, 205
trihalogenua II, 203
Photphorit I1, 193
Phé dnh sdng mat trdi 1, 20, 11, 26
Phé bic xa dién tir 1, 20
Pho chuyén dai electron 111, 27
Phé chuyén dién tich 111, 142
Phé hap thu ciia musi Co(Il) 11, 185
Phé hap thu clia mudi Cu(Il) 111, 247
Phé hép thu clta mudi Mn(IT) 111, 130
Phé hap thu ctta mudi Ni(IT) ITL, 179
Phé hap thu clia mudi pemangnat 111, 143
Phé hép thu I, 21,11, 26
Phé hép thu vd mau cha phitc chat 111, 26
Phé nguyén tit H I, 21
Pho phédt xa I, 21
Phét e 1, 7

Phé&i tir mot cang I, 7

Phai tu nhiéu cang 111, 8

Phic chat banh kep I, 93, 181

Phuc chat bat dién 11, 15, 16, 30
Phttc ¢hat cu thé (xem muc riéng )
Phuc chét claste 1, 77, 103, 144, 216

_Phtc chat hinh vudng 111, 14, 18, 185, 216

Phitc chat hén hop phéi tir I11, 183, 206,
214

Phitc chat II1, 3

Phitc chat n co kim 11, 93, 181, 218

Phitc chat tir dién III, 14, 17, 33

Phirc chat vong cang II1, 8, 11, 42

Phuong phidp Aken-Bo Boe HI, 58

Phuong phdp budng chi 11, 232

Phuong phdp Cannizard I, 15

Phuong phdp chdng an mon kim loai I,
159

Phuong phép chuan dé bromat 11, 269
Phuong phép chudn dé iot 11, 230

Phuong phdp chudn dé pemanganat 111,140
Phuong phép chudn d¢ xeri 111, 285 '
Phuong phap chung cat phan doan I1, 14
Phuong phap dién phan I, 263, 11, 39, 87
Phuong phép diéu ch€ dung dich keo I, 267
Phuong phap PBuylong-Poti I, 14

Phuong phép hon héng héa I, 235
Phuong phép két tinh phan doan 111,59,74,
287

Phuong phap Lo Blang 1, 47

© Phuong phép nhiét kim loai HI,

50,58,279,294

Phuong phédp nhiét luyén II, 120, 258
Phuong phédp nhiét nhom 11, 85; IT1, 90
Phirong phdp quang phé khdi I, 14

Phuong phip thdm tich I, 268

Phuong phdp thaim thau nguoc 1, 206
Phuong phép thuy luyén III, 234, 259
Phuong phap tiép xiic 11, 232 _
Phuong phap trao déi ion 11, 68; 111 59, 287
Phuong phap tuyén khodng TII, 236
Phuong phdp xdc dinh do dién 1i [, 212
Phuong phdp xdc dinh khéi Ivgng phan tir I,
11

Phuong phap xdc dinh phan tir lugng chit
tan [, 207

Phuong phap Xonvay I, 47

Phirong trinh Booceno 1, 118

Phuong trinh Capustinski I, 118

Phuong trinh héa hoc I, 18
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Phuong trinh Necsto I, 258
Phuong trinh séng Scrodingo I, 29
Phuong trinh tramg thai khi thuc 1, 92
Phuong trinh trang théi khi I, 12
Phuong trinh trang théi khi I{ tudng I, 92
Pin ciic thily ngan 111, 265
Pin dién I, 246
Pin kho 1L, 170
Pin néng dg 1, 260
Pin nhién {iéu hidro-oxi I1, 5
Pirit IT, 228, II1, 161
Pirolusit I11, 125, 138
Platin :
diclorua III, 216
don chat 111,207
hexaflorua II1, 223
hidroxit 111, 215,220
monocoxit 111, 214
mudi Manhut 111, 217
mudi Payron III, 217
mudi Xayze I, 218
phifc chit cha Pi(II) va Pt(IV)III, 216
221
tach rieng nguyen 6 i, 224
tetrahalogenua 11, 221
trioxit I1I, 223
Plombat II, 157
Plutoni III, 289
Policromat II1, 104
Polimolipdat 111, 116
Polivonframat III, 116
Poioni I1, 218, 245
Prazeodim :
cacbonat I11, 282
don chat 111, 275
hidroxit TI1, 280
mudi Pr(IT} 111, 280
nitrat I1I, 282
oxalat I11, 282
oxit I11, 280
phiic chit cua Pr 111, 283
phifc chat véi axit xitric 1, 283
phiic chat vl EPTA TI1, 283
sunfat II, 281
tdch riéng nguyén té II1, 286
trihalogenua III, 281
Prexipitat 1I, 202
Prometi :
cacbonat 111, 282
don chat I11, 275

1
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hidroxit III, 280
mudi Pm(III) II1, 280
nitrat 111, 282
oxalat ITI, 282
oxit III, 280
phitc chét ctia Pm III, 283
phitc chit véi axit xitric 111, 283
phiic chit v&i EDTA III, 283
sunfat III, 281
tach riéng nguyen t6 111, 286
trthalogenua III, 281
Protactini III, 289 -
Qud thé 1, 264
Quaczit 11, 137
Quy téc anh huémg trans 111, 217
Quy tic Puylong -Poti I, 14
Quy tac Hun 1, 37
Quy tdc khi hi€m Situyc III, 92
Quy téc pha 1, 191
Quy tic Van Hép 1, 166
Radon II, 278
Ram thép III, 157
Reanga II, 209
Renat III, 149
Reni :
axit perenic III, 151
axit renic I1I, 149
cacbony! 111, 127
claste II1, 144
dioxit III, 146
don chat II1, 122
heptaoxit III, 150
hexahalogenua 11, 149
oxohalogenua I}, 151
perenat III, 151
phiic chat Re(III) 111, 145
phuc chat Re(IV) III, 147
renat i1, 149
tetrahalogenua I11, 147
trihalogenua I11, 144
trioxit II11, 148
Rodi :
dioxit II1, 213
don chat 111,201
oxit III, 212, 213
tach rieng nguyén 16 Il1, 224
trihalogenua 111, 213
Rubi II, 89 :
Rubidi :
don chat 11, 31
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oxit [, 35
ozonit 11, 20
peoxit I1, 36
supeoxit I, 36
Ruteni :
cacbonyl III, 209
dioxit I, 209
don chat 111, 207
rutenat I11, 210
tich riéng nguyeén t¢ 111, 224
tetraoxit III, 211
Rutin HI1, 57, 58
Samari :
cacbonat 1T, 282
don chat HI, 275
hidroxit 111, 280
hop chat Sm(II) III, 285

mudi Sm(Il) va Sm(Ill) 111, 280

nitrat 11, 282
oxalat 11, 282
oxit III, 280 .
phitc chat cia Sm 111, 283
phuc chat védi axit xitric 111, 283
phitc chit v6i EDTA 111, 283
sunfat ITI, 280
tach rieng nguyén o 111, 286
trihalogenua 11, 281

Samot 11, 143

Sanh 11, 143

Sat
amoniacat sar(I11) 1,198
bisxiclopentadienyl III, 181
cacbonyl 111, 169
dihalogenua III, 175
don chat III, 155
feroxen III, 181
hidroxit [I1, 174, 194
kali ferixianua I, 198
kali feroxianua III, 120
kali trisoxalatoferit I11, 201
kién tric tinh thé oxit sat ITI, 193

- mudi sat (ID) I, 175

mudi sét (1) 11, 196
oxit III, 173, 191, 192
phitc chét cia st (ID 111, 198
phitc chat cua sat (IT1) 111,178
ri sat 11, 159
sunfat II1, 174
tetraoxit III, 204
triclorua I11, 197

trthalogenua I, 197
trisaxetyaxetonat I1I, 111, 201
trisphenantrolin 111, 202
Scandi :
don chat [, 47
hidroxit II1, 51
mudi khae 111, 52
oxit III, 51
phitc chat 111, 52
" trihalogenua III, 51
Selen :
axit selenic 11, 249
axit seleno I1, 249
dilidro selenua 11, 247
dioxit 11, 248
don chat 11, 218, 245
selen do 11, 245
selen xdm 11, 245
selenat II, 249
selenit 11, 249
trioxit II, 249
Sieguam I1, 136 s
Silic : :
axit florosilixic II, 147
axit silixic I, 137
don chat 11, 99, 128
silan II, 132
silic cachua I1, 147
-silic dioxit I, 134
silic monooxit I, 133
silicagel II, 138
silicat II, 138
tetrahalogenua I1, 146
Silicagel 11, 138
Silicat 1I, 138
Siticat don I, 140
Silicat dang ortho I1, 139
Silicat kép I, 140
Silicat 16p I, 140
Silicat mach thfmg II, 139
Silicat mach vong II, 140
Silicat mang luéi 11, 140
Silit ITI, 89
Silumin 11, 51
Smantit 11, 161
Soda ll, 47
Sol 1, 267: 11,137
Solvat héa I, 194
Selvat I, 194
Séng siéu am 11, 136

b
2
& §



56 Avogadro I, 10
"S6dotudol, 192
S6 khéi 1. 6
S6 luong tur chinh 1, 30
S6 luong tit phu I, 30
86 lugng tw spin 1, 34
S6 lugng tirtir 1, 30
S6 oxi hoa l, 131, 242
56 phoi tri I, 8
S6 thit tuy nguyén tir 1, 6
Sgi cap quang 11, 135
Sphalerit II1, 257
Spinen 11, 90, 111, 63, 192
Stanat I1, 157
Stelit 111, 88, 157
Stronti :
' cacbonat I1, 64
don chit 11, 49
halogenua II, 60
hidroxit I1, 59
oxit II, 55
peoxit II, 56
sunfat II, 63
Strontianit II, 54
Sunfua kim loati I1, 224
Sunfat 11, 233
Sunfu II, 218
Sunfuryl halogenua 11, 243
Supeoxit 11, 20, 36
Sunvanit 1, 72
St i, 143
Str cue héa ion 1, 81
Su cuc hod thém Iil, 268
Su cham héa rén I, 96
Su cham séi I, 96
Su dién li trong méi truong nude 1, 208
Su gay 6 nhi€m moi trudng nude 11, 27
Su ha nhiét do héa rin clia dung dich |,
204
Su ion hda cua nuée I, 222
Sir phan li cia phic chat 111, 37
Su tang nhiét 46 soi ctia dung dich I, 203
Sutc cang bé mat 1, 91, 11, 23, III, 237
Stic dién dong 1, 249
Téch rieng cap Nb-Ta III, 73
Téch riéng cap Zr-Hf 111, 59
Téch riégng ho dat hiém 111, 286
Téch riéng ho platin II1, 224
Téch riéng nguyén 16 cip Nb-Ta I, 73
Tach riéng nguyén 6 cap Zr-Hf 11, 59
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‘Téch riéng nguyén t& ho dat hiém 111, 286

Tédch riéng nguyén td ho platin III, 224
Tali :

don chét 11, 49, 95

hop chat Tali (I) 1, 98

halogenua II, 97

hidroxit 11, 97

oxit II, 96

Tantalat IIL, 82

Tantalit III, 72
Tantan :
claste 111, 77
dihalogenua IfI, 75
don chdt 111, 69
hop chét peoxo 111, 83
oxtit 111, 74,475, °77, 79
pentahalogenua III, 83
tantalat 111, 82
tetrahalogenua III, 79
trihalogenua III, 76
tach riéng nguyeén t§ II1, 73
Techs :
cacbonat 111, 282
don chat III, 275
hidroxit 111, 280
mudi caa Tb(111) III, 280
nitrat 111, 282
oxalat 111, 282
oxit [II, 280
phitc chat ciia Tb II1, 283
phtrc chat véi axit xitric II1, 283
phic chat véi EDTA 11, 283
sunfat 111, 281
tach riéng nguyén t6 I11I, 286
trihalogenua HI, 281
Tecneti :
axit petecnetic I, 150
cachonyl 111, 127
dioxit Iil, 146
don chat 117, 122
heptaoxit III, 150
hexahalogenua III, 149
oxohalogenua III, 151
petecnetat 111, 151
phic chat Te(IV) 111, 147
tetrahalogenua IIl, 147
trioxit ITI, 148
Telu :
© axit telurg I1, 249
axit telutic 11, 250
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dihidro telurua II, 247
dioxit I1, 248
don chat II, 218, 245
trioxit I, 249
Thach anh II, 134
Thach cao 11, 54, 64
Than antraxit H, 106
Than bun 11, 107, 203
Than coc 1, 104; 111
Than chi 11, 102
Than di 11, 106
Than g6 11, 104
Than hoat tinh II, 104
Than mo I, 106
Than mudi 11, 104
Than nau II, 106
Thép cacbon 1II, 166
Thép ché tao mdy IIL, 157
Thép dac biét I, 87, 166
Thép hop kim III, 166
Thép inva 111, 157
Thép khong ri 11, 88, 157
Thép mangan 1il, 123
Thé dién cuc 1, 250
Thé hiéu phan giai I, 263
Thé oxi héa-khir 1,250
Thé phan giai I, 264
Thiéc :
axit stanic- 1, 149, 157
diclorua II, 154
dihalogenua II, 153
dioxit 11, 154
don chat 11, 148
hidroxit I1, 152, 157
hidrua f1, 151
stanat I, 157
sunfua II, 158
tetraclorua 11, 157
tetrahalogenua I, 158
trang 11, 148
xam 11, 148
Thiéc han II, 151
Thién thach 111, 161
Thién thach sat 111, 161
Thort :
dioxit IlII, 296
don chat 111, 289
tetrahidroxit ItI, 296
tetrahalogenua [II, 297
Thorit 111, 293

Thuoc diem 11, 192
Thudc phao 11, 190, 270
Thudc sat trang 11, 36, 79, 267, 270, III,

- 139

Thudc thi Nesle 111, 269
Thuy ngén :
bazo Milon 111, 264
calomen 11, 272
diclorua 111, 266
dihalogenua 1II, 266
don chat 111, 254
halogenua thuy ngan(I) I11, 272
hgp chat co thiy ngan II1, 270
mudi Hg(ID) I11, 265
mudéi Hg(D) 111, 270
nitrat thuy ngan(l) III, 271
oxit III, 263
pin cic III, 265
pin thuy ngén 1, 265
sunfua 111, 268
Thiy tinh I, 141
Thiy tinh bong 11, 142
Thay tinh Iena 11, 142
Thily tinh 16ng 11, 138
Thiy tinh pha i& 11, 142
Thiy tinh Pirec II, 142
Thiy tinh soi [T, 142
Thay tinh tan 11, 138
Thity tinh thach anh I, 137
Thuy tinh tinh thé 11, 143
Thuyét "khi electron" I, 111
Thuyét axit-baze Bronstét Lauri [, 216
Thuyét axit-bazo Liuyt I, 221
Thuyét dién li Aréniuyt 1, 208
Thuyét Bo Broi 1, 27
Thuyét hoat hod Aréniuyt 1, 166
Thuyét lién két hod tri I, 52, 111, 13
Thuyét lugng 1 1, 22
Thuyét mach III, 4
Thuyét obitan phan ttt [, 64, IIL, 30
Thuyét phéi trf Vecne IIL 4
Thuyét phifc chit hoat dong 1, 168
Thuyét trang thdi chuyén tiép I, 168
Thuyét trudmg phoi nr I, 30
Thuyét trudng tinh the 111, 16
Thuyét ving I, 111 _
Tich s6 ion ctia nude I, 22
Tich s6 tan 1, 228; 111,
Tinh thé 1, 99
Tinh thé léng 1, 119



Tinh dp dién I, 136
Tinh ban dan I, 129; II, 129
Tinh dan dién I, 123
Tinh dan nhiét I, 113
Tinh mao din I, 97
Tinh nghich tir I, 83
Tinh nhét 1, 47
Tinh sat tir 1 34, IIL, 156
Tinh siéu din |, 115, 111, 245
Tinh tu chay Iil, 48, 158, 277, 291
Tinh thuan tir I, 83; 11, 12
Tioasenat 11, 217
Tioasenit I, 216
Tionyl halogenua II, 243
Tiostanat 11, 160
Tiosunfat I1, 236
Tiosunfuric II, 235
Titan: :
axit peoxititanic III, 65
dihalogenua II1, 66
don chat 11, 54
hidroxit 1II, 59, 66, 67
oxit hén hop 111, 63
oxit III, 59, 66
sunfat I1I, 65
tetrahalogenua 11, 63
trihalogenua III, 67
Toveitit I, 139
Téc dé phan ung I, 158
Toi thép III, 156
Trang thai tdp hop 1, 91
Trang théi tap hop trung gian I, 119
Tridimit I, 134
Triti I, 3
Tuli :
don chat 11,275
cacbonat I{I, 282
hidroxit 111, 280
mudi cha Tm(III) I, 280
nitrat {II, 282 '
oxalat I11, 282
oxit III, 280
phitc chat cia Tm II1, 283

phitc chit véi axit xitric 111, 283

phifc chat v6i EDTA 111, 283
sunfat IIi, 281
tach riéng nguyén 16 111, 286

trihalogenua III, 281
Tirtinh 1, 83; 11, 12; 111,156, 277
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Tuong tac cam vng I, 86
Tuong tac dinh hudng 1, 85
Tuwong tac khuéch tan I, 86
Tuong tac tinh dién I, 46
Untramarin 11, 141
Uran :
dioxit ITI, 298
don chat III, 289
hexaftorua III, 303
oxit hén hop 111, 299
peoxit Iii, 301
tetrahalogenua 111, 299
trihalogenua III, 297
trioxit II1, 289 '
uranat 111, 302
uranyl 1II, 300
Uraninit I11, 293
Vanadat III, 80
Vanadi :
dihalogenua III, 75
don chét ITT, 69
hop chat peoxo 111, 83
oxitIII, 74, 75, 77, 79
pentahalogenua II1, 83
tetrahalogenua III, 79
trihalogenua 111, 76
vanadat III, 82
Vanadinit 111, 72
Vanadyl ITI, 78
Vang :
don chat IIE, 228
hidroxit 1, 239, 251
mudi vang(I) IIL, 239
mudi vang(III) I, 251
oxit II, 237, 251
vang triclorua III, 251
Vatlieul, 5,11, 144
Vilemit I, 139
Vitalium III, 157
Viterit 11, 54
Vorfram :
axit vonframic I11, 114
cacbony! III, 91
dihalogenua III, 108
dioxat 11, 111
disunfua III, 112
don chit I, 86
heteropolicromat 111, 117
hexahalogenua 1,119
isopolivonframatat I1I, 117
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polivonframat III, 117
tetrahalogenua III, 112
trioxit III, 113
vonframat III, 114
<anh vonfram III, 114
Vonframat II1, 114
Vonframit 111,89
Xanh Beclin I11, 181
Xanh molipden IiI, 115
Xanh Tuabun Iil, 119
Xanh vonfram III, 115
Xaphia 11, 89
Xaxolin II, 72
Xelenotit II, 54
Xenon:
axit pexenic II, 284
diflorua II, 281
don chat I1, 278
hexaflorua II, 283
pexe nat II, 284
tetraflorua II, 282
tetraoxit II, 284
trioxit I, 283
Xenotim II1, 49
- Xeri:
cacbonat I1I, 282
dioxit I1I, 284
don chat II1, 275
hidroxit 111, 280, 284
muéi xeri(11) U, 280
mudi xeri(1V) 111, 283
nitrat II1, 282
oxalat III, 282
oxit 111, 280
phitc chat ctia Ce 111, 283
phirc chét v6i axit xitric III, 283
phuc chat véi EDTA III, 283
sunfat il, 281
tach rieng nguyén to 111, 286
trihalogenua III, 281
Xesi -
cacbonat II, 46
don chat 11, 31
halogenua II, 44
hidroxit 11, 37
oxit I, 35
peoxit 11, 36
supeoxit 11, 36
Xiderit I11, 161
Ximang k&m II1, 262

Ximang magie II, 62
Ximang Pooclang 11, 145
Xinaba III, 257
Xitan I1, 143
Xitocrom III, 191
Xt an da I, 39
Xir li nuée thai 11, 28
Ytechi :
cacbonat 1I{, 282
don chat III, 275
hidroxit I11, 280

hop chit cita Yb(II) 111, 285

mu6i cha Yb(II) va Yb(IID) 111, 285,

nitrat 111, 282

oxalat III, 282

oxit 111, 280

phuic chat ctia Yb I, 283

phitc chat véi axit xitric 11, 283
phiic chat véi EDTA 1II, 283
sunfat 111, 281

tach rigng nguyén o II1, 286

_ tach riéng nguyén-td I, 286

trihalogenua 111, 281
Ytri ¢
don chat 111, 47
hidroxit 111, 51
mudi khdc 111, 52
oxit 111, 31
phirc chét I11, 52
trihalogenua III, 51
Zeolit I1, 68, 141
Zincat 111, 260, 261
Zicon I, 139, 111, 57
Zicon :
don chat II1, 54
hidroxit I11, 59, 66, 67
oxit hén hop I11, 63
oxit III, 59, 66
sunfat III, 65
tetrahalogenua I1I, 63 _
tach riéng nguyén t6 Iil, 59
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Chin trdch nhiem xudt ban:
Chii tich HDQT kiém Téng Giam doc NGO TRAN Al
Phé Téng Gidm déc kiem Téng bién 1ap VU DUGNG THUY

Bién tip lan ddu:
NGUYEN CAM TU
Bién tép tdi ban:
PHUNG PHUQONG LIEN
Bién tap mi thudt:
TA THANH TUNG
Trinh bay bia:

TA THANH TUNG
Sua ban in:
NGUYEN CAM TU

HOA HQC VO CO - Tap ba
Ma s6: 7K394T5 - DAI
In 4.000 ban, khé 19 x 27cm. Tai Cong ty In Thai Nguyén.
S6 xudt ban: 21/341 - 05. In xong va nép hru chiéu quy IV nam 2005.



: CONG TY CO PHAN SACH DAI HOC - DAY NGHE

HEVOBCO

Dia chi : 25 Han Thuyén, Ha Nai

TIM DOC SACH PAI HOC VA CAO DANG - BO MON HOA HOC
cua Nha xudt ban Gido duc

13.

14.
15.

16.
17.
18,
19.

20

21

22

Hoéa hoe vo co - Tap 1,2,3
Heéa hoc dai cuong - Tap 1,2,3

Co 50 li thuyét Hoa hoc - Phan I : (Cdu tao chit)

Co sd li thuyét Hoa hoc - Phdn II :

(Nhiét dong hoa hoc, ...}

Co sa i thuyét cac qua trinh Hoéa hoe

Héa hoc cic hgp chit di vong

Hoa li - Tap 1,2,3

Hoéa li - Tap 4 .

Hoa hoc dai cuong (khéi Nong - Lam - Ngu)

. An mon va bao vé kim loai
. Phan ung dién hoa va ung dung
. Hoa hoc phan tich - Phéan I1:

{Phan ung cda ion trong dung dich nuée)
Hoa hoce phian tich - Phan III:

(Cac phuong phap dinh luong héa hoc)
Gido trinh hoa li - Tap 1,2

Hoéa hoc - Nam thit nhit, niam tha hai
(Gido trinh dao tao ki su chét luong cao)
Héa hoc bai evong (CPSP) - Tap 1

Thue hanh Hoéa hoc Dai cuong (CBSP)
Héa hoc Vo6 co (CDSP) - Tap 1,2

Héa hoc Phan tich (CPSP)

Co s¢ Hoa hoc Huu co (GDSP) - Tap 1,2,3

Phuong phip day hoe Héa hoc (CPRSP) - Tap 1,2,3

Hoa hoc Cong nghé va Moi truang (CDSP)

B doc oot the unn naa ted cde Cong 1 Sdeh

e Crive o sdelt cria Ny vl ban Gido chire:

HOANG NHAM

RENE DIDIER (Vi Bdng D6 ...
dich tit bgn tiéng Phdp)
NGUYEN PINH CHI
NGUYEN HANH

VU BANG DO

NGUYEN MINH THAQ
TRAN VAN NHAN (chu: bién)
NGUYEN VAN TUF

. NGUYEN VAN TAU {chu bién)
- NGUYEN VAN TUE

TRAN HIEP HAI
NGUYEN TINH DUNG

NGUYEN TINH DUNG

NGUYEN DINH HUE

ANDRE DURUPTHY, ... (Pdo Quy Chifu,
Tir Ngoc Anh dich tix bdn tigng Phdp)
TRAN THANH HUE

HA THI NGOC LOAN

NGUYEN THE NGON, TRAN THI bA
NGUYEN TINH DUNG

TRAN QUAC SON, NGUYEN VAN TONG
PANG VAN LIEU

NGUYEN CUCONG, NGUYEN MANH DUNG
NGUYEN THJ SUU

PHUNG TIEN DAT (chi bién)

Fhict DI trieem hoe o cde div phirion g hode

Tar Fig Noi 0 25 Han Thaven, 81 Trin Hung Bao, 1878 Giang Vo, 23 Trang Tién

Foi Da Nang - 15 Nenven Chi Thanh

Lo Thandi ph {10 Chi Mink - 104 Mai Thi L, Quan |

WL

ria: 37.400d




	HOA HOC VO CO. TAP 3
	Chuong 1: Phuc chat 
	Chuong 2: Cac nguyen to nhom IIIB
	Chuong 3: Cac nguyen to nhom IVB
	Chuong 4: Cac nguyen to nhom VB
	Chuong 5: Cac nguyren to nhom VIB
	Chuong 6: Cac nguyen to nhom VIIB
	Chuong 7: Cac nguyen to nhom VIIIB. Ho sat
	Chuong 8: Cac nguyen to nhom VIIIB. Ho platin
	Chuong 9: Cac nguyen to nhom IB
	Chuong 10: Cac nguyen to nhom IIB
	Chuong 11: Cac nguyen to LANTANOIT
	Chuong 12: Cac nguyen to ACTINOIT
	MUC LUC 

