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Loi noi dau

Gido trinh “ Hod phan tich ” nay dugc bién soan trén co s¢ dé cuong mén hoc chinh
thirc dung cho khoi nganh Nong- Lam- Ngu nghiép da duoc Truong Dai hoc Nong
nghi¢p I duyét (Quyéet dinh QD 25/2004/QD-DH1 ngay 14. 1. 2004).

Gido trinh nham cung cap cho sinh vién nhimng kién thiic co ban vé Ho4 phén tich
va danh cho sinh vién khoi Nong Lam Ngu nghiép.

Dé tiép thu dugc nhimg ndi dung trinh bay trong gido trinh, yéu cau sinh vién phai
¢6 kién thirc vé todn hoc cao cap, todn xic suat thong k&, vat Ii hoc, hod hoc dai cuong,
hoa hoc v6 co va hoa hoc hiru co.

Du da rit ¢ gang dé cho gido trinh ¢6 nhiéu thong tin, d& doc va dé tiép thu, song,
khong thé tranh khoi nhitng khiém khuyét, chiing t6i rat mong nhan duoc nhiing 1 kién
déng gép ctia ban doc va dong nghiép dé khi tdi ban gido trinh duoc hoan thién hon.

Ha Noi, 2006

Cdc tdc gia
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Bang ki hi¢u

Ki hiéu Tiéng Viét

A d6 hip thu quang

C néng do

D mat d§ quang

b duong lugng gam

E thé dién cuc, hidu di¢n thé

E% phan trim chiét

e electron

e% sai s6 phan trim

I cuong d§ dnh sdng

Ind chi thi

K hang sb can bang

K hang sb cin bang biéu kién, hang sb can bang
thuc nghiém

L phdi tir, ligand

1 chiéu dai

1 lit

A budc song anh sing

M nong do mol/lit (ndng d6 phén tir gam)

M kim loai M

M khoi lugng mol phan tir (phan tur gam), khoi
luong mol ion (iongam),

N nong do duong lugng gam

p lg

ppb mot phan ti

ppm mot phan triéu

Q hé s6 phan bo

q ti s6 phan bo

T tich s6 tan

T% do truyén quang

TKHH tinh khiét hod hoc

TKPT tinh khiét phan tich

TK tinh khiét

w khoi luong
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CHUONG I

CAC KHAI NIEM CO BAN CUA HOA PHAN TiCH

1. HOA PHAN TICH VA VAI TRO CUA NO

Hod phan tich 12 m6n khoa hoc tmg dung sir dung céc kién thiic ctia Hod v6 co,
Ho4 hitu co, Hod 1i, Hod sinh, Vat Ii... nham tra 151 cAu hoi vat chat nghién ctu dugc cau
tao tir cdc thanh phan nao va ham lugng ctia timg thanh phan d6 1a bao nhiéu.

Ho4 phén tich d3 duoc sir dung tir rit 1au trong Hod hoc néi chung. Song, phai tir
thé ki 17, v6i nhiing co s bit dau tir cdc cong trinh ctia R. Boyl va sau d6 1a cia M. V.
Lomonosov, A. L. Lavoisier va R. Fresen, Héa phan tich méi tré thanh mot nganh khoa
hoc riéng biét. Trong nhiing thé ki tiép theo, cdc nha khoa hoc di khéng ngimg phat trién
nganh hoc nay theo huéng phan tich nhanh hon, chinh xéc hon, ty dong hod hon va gid
thanh ré hon. Chinh vi thé, ngoai céc phuong phép phan tich hod hoc thong thuong, cic
phuong phép phén tich bang cong cu da phét trién manh mé va tro thanh bo phan khong
thé thiéu cua phan tich hi¢n dai nhu cic phuong phép: quang phd, sic ki, cuc pho...

Trong thuc té, Ho4 phén tich tham nhap vao nhiéu linh vuc khoa hoc va 1a cong
cu nghién ctru ciia chiing; ngoai ra, n ciing chiém mot vi tri quan trong trong san xuat.

Hod phan tich thudng duoc chia thanh hai phan Ho4 phén tich dinh tinh va Hoa
phan tich dinh lugng. Nhiém vu cua Hod phan tich dinh tinh la xdc dinh vat chat nghién
ciru duwoc cau tao tir cdc thanh phdn nao, con cua Hod phdn tich dinh lwong la xdc dinh
ham lirong cia cdc thanh phan cdu tao nén vt chdt nghién ciru.

2. PHAN LOAI PHUONG PHAP PHAN TICH

C6 nhiéu phuong phép phan tich, dé tién cho su chon lua, trong Hod phén tich,
thuong chia cac phuong phap phan tich theo hai cach: dya trén ban chat ctia phuwong phép
phan tich va ham luong chat can phan tich chira trong mau.

2.1. Phan loai theo ban chit ciia phwong phap phan tich

Khi phan tich, thudng sir dung céc tinh chat hod hoc, tinh chat vat 1 va cdc cong
cu do khéc nhau dé tién hanh phan tich. Do d6, ¢6 cdc phuong phép: phan tich hod hoc,
phan tich hod 1i, phan tich vat 1i, phan tich sinh hod... C4c phuong phap nay dugc chia
thanh 3 nhém chinh:

- Phuong phap phan tich hoa hoc.

- Phuong phdp phén tich bang cong cu.

- Phuong phap phan tich sinh hoa.

Trong d6 cdc phuong phdp phan tich hod hoc va phan tich bang cong cu 1a thong
dung nht.

a. Phuong phap phan tich hoa hoc

Thuong duoc goi ngin gon 12 phan tich hod hoc, & day, sir dung céc phan tng hod
hoc thich hop dé phan tich chit can xé4c dinh. Vi dy, khi xdc dinh CI” ding phan tng:

ClI' + AgNO3 = AgC} I+ NOs’, (trong moi truong axit HNO3)
trang
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Su xuat hién két tia trang cho biét trong miu c6 ion clorua, con khdi lugng két
taa cho biét ham luong cta ion clorua trong mau. Phan ung trén duoc goi 1a phdn img
phan tich, dung dich AgNO; dugc goi la dung dich thuéc thit.

Phuong phép phén tich hod hoc ¢6 wu diém: c¢6 do chinh xédc cao, dung cu phén
tich don gian. Tuy nhién, trong phén tich ding mét dé quan sét cic hién tugng da xay ra,
nén phuong phép c¢6 do nhay khong cao, chi c6 thé phan tich duoc cdc chat khi ham
lugng ctia né trong mau 16n hon 107 % (bdng B. L.1), ngoai ra khong thé ty dong hod
dugc qua trinh phén tich. Trong nhém cdc phuong phéap hod hoc c6 cac phuong phap:
phwong phdp phdn tich khéi heong (chwong II) va phwong phdp phan tich thé tich
(chuwong III).

b. Phwong phap phan tich bang cong cu

Con dugc goi ngan gon 1a phan tich céng cu (chuong IV). Gém cdc phuong phap
phan tich hod li va phan tich vat li.

*Phwong phdp hod It

O day, dung céc cong cu dé do céc dai lugng vat If ¢6 lién quan dén phan tmg hod
hoc da xay ra. Vi dy: dung dién cuc bac dé do dién thé dung dich ctia phan mg giira ion
CI' va AgNOs néi trén, gitip theo déi dugc dién blen cua phan tng... Phuong phap hoa Ii
c6 do nhay kha cao, cho phép xdc dinh dugc cdc mau voi ham luong cua chat phan tich
nho t6i 10° % (bang B.1.1). Vi du: phuong phdp so mau, phwong phdp cuc pho ..

* Phwong phdp vat Il

O day, sir dung cdc cong cu dé do cdc dai lwong vat If ¢6 lién quan dén thanh phan
can phén tich. Phuong phép c6 do nhay rat cao, cho phép phan tich cdc thanh phan rét
nho6 trong mau, chi chiém khoang 10® - 10°% (bdng B.1.1).

Bing B. 1.1: Gidi han xdc dinh ciia mét sé phwong phdp phén tich

Phwong phdp Ham lwong chit can phén tich (%)

10  10° 10° 10°  10° 10
12

Khoi lwgng, chuanddé | cmememeeeee

Cucpho e

Quang pho phatxa | e

Quang pho ngon ltra S

Quang phd hap phu

Quang pho hap phu nguyén tir S —

Quang pho huynh quang I ———

Quangphokhdi | e

Phan tich phéngxa | e

Vé6i phwong phdp vat I c6 thé dong thoi xdc dinh dinh tinh va dinh lirgng nhiéu
chat (phwong phdp cyc phé, phwong phdp quang phé ron ghen, quang pho phdt xa,
quang pho hdp thu nguyén tir, cdc phuwong phdp sac ki....) va doi khi khong can phai phd
huy mau (phwong phdp quang pho ron ghen, quang pho phit xa...).

Phuong phép phan tich cong cu ¢6 uu diém:
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- C6 @0 nhay cao nén c6 thé ding dé phan tich mau véi khdi lugng nhé hodc mau
¢6 chira lugng nho thanh phan can phén tich.
- C6 kha nang tu dong hoa cao.
Song, nhuoc diém ctia nhém phuong phép nay la mdy do rat dat tién va chi phi van
hanh mdy do 16n, d4 han ché phan nao su phd cap clia ching.

2.2. Phan loai theo khéi lwong va lwong chira ciia chat phan tich trong
miu

Duya vao khéi lwong mau ldy phan tich va luong chira ctia chat phan tich trong
mau, da xay dung cdc phuong phép ghi trong bang B.2.1.

Bing B.2.1: Phan logi cdc phwong phdp phdn tich theo lwong méu phén tich

Tén phwong phdp Luwong chira chat phén tich
Lugng (8)
mau
&) Thanh phan thé lugng | Thanh phén
Moai Ci Chinh Phu vi lwong
(1-100%) | (0,01-1%) | <0,01%
Gram Thuong luong | > 10" > 107 >107 107
Xentigram | Ban vilugng | 107 -10" | 107 -107 | 10°-107 <107
Miligram | Vi luong 107 -107 | 10°-10° | 10® - 107 <107
Microgram | Siéu vi lugng <10* <10* <10° <10

2.3. Chon lya phwong phap phan tich

Khi phan tich, tuy theo yéu cau vé do chinh xéc, diéu kién phong phan tich ciing
nhu ham luong thanh phan can phén tich c6 trong mau vat, khéi lugng mau vat cuing nhu
ngudng xdc dinh cua phuong phap ma chon phuong phap thich hop. Nguyén tac chung:
luong mau nhiéu, ham luong 16n ding phuong phéap kém nhay va nguoc lai lugng mau it,
ham lugng bé ding phuong phdp cé d6 nhay cao. Vi du: phuong phép quang pho thich
hop cho xdc dinh 10° - 10® gam chat cin phan tich, song, phwong phip chuan do thich
hop cho viéc xdc dinh cdc ham lugng c& gam, xentigam chat.

Vi cdc mau chira chét can phan tich v6i lugng qud nho d6i khi van phai lam giau
mau trude khi phan tich.

3. CAC BUOC CO BAN TRONG HOA PHAN TICH

Qua trinh phén tich bao g6m 4 budc:
1 - Ly mau
2 - Pua phan cin phén tich vé dang ma qua d6 c6 thé tién hanh phan tich dinh
tinh hodc phan tich dinh lugng thong qua theo ddi mot s6 tinh chat vat li, hod hoc thich
hop.
3 - Bo xac dinh
4 - Tinh todn két qua.
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Budce 1: Léy mau 12 viéc lam rat quan trong, lam sao léy dugc mau dai dién cho
vat can phan tich (muc 4 chuong I, trang 10), dé két qua phan tich phan dnh dting tinh
chét ctia mau.

Budc 2: Bao g@)m céc cong doan nhdé nhu chuyén mau thanh dung dich (muc 4
chuong I, trang 12), tich cdc thanh phan gdy nhidu, chuyén thanh phan cin xic dinh sang
dang ma cé thé phan tich dinh tinh hodc xac dinh dinh lugng né. Vi du: x4c dinh ion Cu**
di dong trong dat, chiét ion Cu®* tir dét bang axit HNO3; 1M rdi téch ion Cu® dudi dang
phtrc chét tan [Cu(NH3)4]**, sau d6 chuyén phuc chit amo dong sang dang phirc chét Cu -
dithizon (mau do) trong moi trudng axit dé do xac dinh bang phuong phap so mau.

Budc 3: Chinh 1a do cdc dai lugng vat 1i nhu khéi luong, thé tich, cuong do mau,
do dan dién... (cic chuong 11, II1, IV) c6 lién quan dén tinh chat va ham luong cua thanh
phan can xdc dinh. Vi du: Po cuong 46 mau do cua phirc mau Cu - dithizon néi trén.

Budc 4: Tu cdc gid tri do dugc cua dai lugng vat Ii can theo doi suy ra két qua vé
dinh tinh ciing nhu dinh luong cua thanh phan can phan tich.

4. LAY MAU VA XU LI MAU PHAN TICH

Mot nhiém vy quan trong khi tién hanh phan tich 13 ldy mau va x{r If miu phan
tich, nhitng cong viéc nay thuong giy ra sai s6, doi khi sai sé nay con 16n hon nhiéu so
v6i sai s6 do phuwong phap phan tich giy nén. Do d6, viéc 1y mau va xir If miu can tuan
thii ding qui trinh va ding yéu cau phén tich.

4.1. Lfiy méiu

Trong phén tich, rat it khi c6 thé phan tich toan bd vat thé can nghién ciru. Vi dy:
khi nghién ctru tinh chat néng ho ctia mot thira rudng, thanh phan dinh dudng cia mot
kho thtic an gia stic khong thé mang phan tich toan bo dat cua thira rudng hoic ca kho
thirc an d6... Do vay, dé két qua phan tich ¢6 i nghia thuc tién can tién hanh trén mau dai
dién (mdu trung binh). Mau dai dién la mdau chita thanh phan va ti lé ham hrong giong
nhu o vt thé can phan tich. Tuy nhién, kho ¢ the lay dugc mau dai dién dép ung yéu
cau trén ma chi c6 thé lay duoc mau c6 tinh chat gan dung voi yeéu cau dé ma thoi.

Mau phan tich rat da dang vé& nhiéu mat nhu vé trang thai ton tai, vé do dong nhat
cling nhu khéi luong cua mau. Vi thé, dé lay dugc mau dai dién can tuan thu mot sb
nguyén tic ldy mau cho timg loai dbi tugng.

* Vit thé phan tich cé khoi liong nho:

V6i vat thé ¢6 khdi lwong nho, c6 thé phan tich toan bo, thi mau ldy 1a toan bg vat
thé. Vi du: Vét méu, mau bénh phém nhu nudc dai cda vat nudi. ..

* Vit thé dong tinh:

La cdc vat thé ma & moi diém thanh phan va ham luong cua chét can phan tich 1a
nhu nhau. Vi du: vat thé can phan tich 1a hoa chét sach, mau vat 1a dung dich... Trong
truong hop nay, c¢6 thé 1y miu ¢ bat cir diém nao ctia vat thé. Vi du: khi phan tich ham
luong axit HCI trong dung dich, ¢ thé dung pipet hiit dung dich & bat ctr vi tri nao trong
binh chtra.

% Vit thé khong dong tinh:

Khi vat thé can phan tich ¢6 khdi lwong 16n va khong dong tinh, thi viéc 1dy miu
dua trén nguyén tac léy mau & nhiéu diém roi tron lai v6i nhau dé dugc mau dai dién.
Tuy nhién, viéc léy nhiéu hay it diém phu thudc vao trang théi cua vat can phan tich.
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DOi voi chdt khi, do tinh linh dong 16n clia cdc phan tir chat khi, khdi khi d& dong
nhat hod trén toan bd khong gian, nén c¢6 thé chi can ldy mau ¢ mot diém bat ki. Trong
truong hop riéng biét, khong dam bao tinh dong nhat cua khoi khi thi lay mau & nhiéu
diém roi tron lai, vi dy, khi iy mau nghién ctru anh hudng cta chat khi thai tir ong khéi
10 cao.

Poi véi chat long, do tinh linh dong ctia cdc phan tir chat 1ong ciing khd 16n, nén
khi 14y mau chi can 1iy mot s luong diém mau vira phai theo tang va theo khu vuc rdi
tron lai dé duoc mu dai dign.

Doi voi chat rdn, vé nguyén tac chung phai lay mau ¢ nhiéu diém rdi tron lai, sao
cho khéi lwong miu dat yéu cau. Mdi diém lay mot luong it nhat phai bang 3 lan khdi
luong cia hat to nhét va lugng mau ldy chi chiém khoang 1% khdi lugng ctia toan bo cic
diém tron lai. Néu khoi luong mau tir cac diém vuot qua khoi lugng can 1ay thi dung ki
thuat chia tu dé giam bot. Ki thudt chia tw la: ddp hodc thdi mau thanh cdc hat nhé,
mdnh nhé, roi vun dong thanh khéi hinh tru. Chia khéi tru thanh 4 phan bdng nhau, bo di
hai phan doi dién va trén déu 2 phan con lai voi nhau. Neu phan con lai van qué 1on, tlep
tuc st dung ki thudt chia tu dé giam bét tiép luong mau dén khi dugc khdi lugng can
thiét.

Khi 14y mau can sir dung dung cdc dung cu qui dinh cho timg dbi tuong mau.

Mau phan tich sau khi lay xong can dugc bao quan can than trong céc dung cu
dung mau dé tranh bi 6 nhiém béi mdi trudng xung quanh. Pdi khi phai phoi, siy kho
trude khi bao quan (vi du: d6i véi miu sinh vat twoi) hodc xir If so bo bang cédc hod chat
bao quan thich hgp dé tranh sy chuyén hod ctia thanh phan can phan tich (vi dy: khi phan
tich ion Fe** trong dat thi mau phai bao quan trong axit HCI loang dé ion Fe** khong bi
chuyén thén}} jon Fe’* dudi sy tic dong cia oxi trong khong khi).

4.2. Lap ho so miu

Sau khi léy xong, mau phan tich dugc chia it nhét thanh hai phan: mot phan gii di
phan tich, cdc phan con lai duoc luu gitr dé phong khi miu bi hong, bi that lac trén dudng
van chuyen hodc khi can phan tich thém chi tiéu hoic khi can phan tich kiém chung. Trén
ca hai phan ctia mau can 1am ho so day du va nhu nhau. Trén hé so phdi ghi ré: tén mdu,
ngay ldy mau, nguoi ldy mau, dia diém ldy mdu, cdch ldy mdu, cdch so ché mau (néu cd)
va muc dich cua viéc ldy mau (dé phan tich chi tiéu nao). Viéc 1ap hd so can chinh xéc dé
khong bi nhdm 1an mau ciing nhur nham 13n két qua phan tich. Cong viéc nay cang quan
trong d6i voi céc vat thé can phén tich theo thoi gian. Vi du: khi danh gid chat luong cua
mdt ngudn nude, phai phan tich nudc theo ché do thuy van va theo dbi trong nhiéu nam,
do d6 viéc cb dinh thoi diém, vi trf va céch thic léy mau 12 rat quan trong trong vi¢c so
sdnh két qua sau nay.

4.3. Khoang hoa méu

Khi phan tich, nhét 13 véi cdc mAu ran, thuong chuyén miu phan tich thanh dung
dich. Cong viéc nay dugc goi la khodng hod mau hay con goi 1a cong pha mau.

Trong khodng hod mau thuong dung cac hod chat c6 tinh chat hod hoc dbi khang
v6i tinh chéat hod hoc clia mau can khodng hoa. Mau chira thanh phan chu yeu 1a cac chat
¢6 tinh bazo thi ding cdc axit manh dé cong phd, vi du, khodng hod mau dat dung axit
H,S0y ddc phdi hop véi cac axit HCIO, va HF; mau c6 tinh khir nhu mau thyc vat ding
céc chat c6 tinh oxi hod hay hén hop céc chat oxi hod nhu H,SO4 + K,Cr,07, H,SO, +
HNOj; hay NaOH + NaNOs...
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Trong khodng hod mau can ¢ gang sir dung cang it hod chit cang tot, hod chét
cang don gian cang t6t dé tranh 1am ban mau do hod chat diing céng phd, giam su ton hai
cua dung cu cling nhu tranh doc hai cho nguoi phén tich va cho mdi truong. Do d6, khi
khodng hod thudng chon céc hod chét theo tuan ty: H>O (ngudi, nong), axit loang, bazo
lodng, axit dac hodc kiém dic, hdn hop axit dic véi chét oxi hod, hdn hop kiém dic véi
chat oxi hod. ..

Khi khodng hod can luu i dén chi tiéu phan tich dé sir dung hod chat khodng hod
va cach khoang hod thich hop nham khodng hod mot phan hay hoan toan chét can phan
tich. Trong phan tich cac d6i tuong nong nghiép, mirc d6 khodng hod phu thude vao chi
tiéu can phan tich nhu phén tich thanh phan dé tiéu hay tong s6...Vi du: dé xdc dinh mubi
tan trong dét, ding nudc cat dé chiét mudi hoa tan; dé phan tich kali dé tiéu trong dat
dung dung dich amoni axetat 1M 1am dung méi chiét, nhung, dé phan tich kali tong sd
phai khodng hod mau dat bang cach dun né véi hdn hop 3 axit dac H,SO,, HCIO, va HF.

Thuong dung hai phuong phdp khodng hoé: khoang hod uét va khoang hoa kho.

Khodng hod wot 1a cho dung dich hod chét tac dong lén mau & nhiét do thuong
hodc dun néng. Phuong phdp nay c¢6 wu diém: chi dung cdc dung cu don gian, téc do
phan tmg nhanh. Tuy vay, trong mot s6 truong hop, khodng hod wdt khong thanh cong, vi
duy, khodng hod mau thyc vat chia nhiéu xenlulo.

Khodng hod kho 1a nung mAau v&i hod chat ¢ nhiét d6 xdc dinh phit hop véi tinh
chat ctia mau vat va hod chéat khodng hod. Phuong phép dugc su dung khi phuong phap
khoang hod w6t khong thanh cong, vi du, khodng hoa méu thyc vét chira nhiéu xenlulo
nhu n6i ¢ trén. Phuong phap nay c¢6 uu diém: trong mot lic cong phd duwoc nhiéu mau,
nhung, téc ¢ phan Gmg cham va phai diing cic dung cu chuyén diing dé diéu chinh nhiét
do khodng hoa.

Doi khi phai phdi hop ca hai phuong phap khoang hod dé chuyén toan b mau
phén tich vao dung dich.

Ciing nhu viéc 1dy mau, viéc khoang hod mau €6 vai tro quyét dinh dén chat
lugng phén tich sau nay, nén khi khoang hoa can phai tién hanh ding qui trinh ding cho
timg doi tuong, timg chi tiéu phan tich cy thé.

5. HOA PHAN TiCH PINH TINH

Nhiém vu ctia Hod phan tich dinh tinh 1 x4c dinh c4c thanh phén chét c6 trong
mau phan tich nhu: nguyén td, ion, nhém nguyén td hodc hop chét tao nén vat chat hoic
mau vat nghién ctru. Hod phéan tich dinh tinh con dugc goi 1a phdn tich dinh tinh.

Phén tich c6 thé duoc tién hanh bang sir dung phuong phap hod hoc hodc bang
phuong phép cong cu.

5.1. Phan tich dinh tinh cac hop chét vo co bang phwong phap hoa hoc

Trong phan tich dinh tinh céc hop chat v6 co bang phuong phdp hod hoc, dén nay,
ton tai rat nhiéu phuong phdp, do 1a phan tich theo hé thong va phan tich riéng.

Phén tich theo hé thong 1a chia céc ion can phan tich thanh cdc nhém bang céc
thudc thir cu thé duge goi 1a thude thir nhém, roi ding cdc hod chat dic thit duge goi 1a
thudc thir chon loc dé tim ting ion trong mot nhém da phan 1ap. Thudc thir nhém la hod
chdt ma trong diéu kién xdc dinh chi c6 mgt nhom cdc ion phan ung. Thuéc thir chon loc
la hod chat ma trong diéu kién cu thé chi ¢6 mét ion tham gia phan ing. Vi du: tich cic
ion tao két tia clorua (gdm cic cation Ag®, Pb**, Hg,*") ra khoi hdn hop cdc ion bing
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thudc thir nhém HCI 2M. Li tim lay két taa, rdi nhé vao d6 thude thir chon loc SnCl, 5%,
néu két tia chuyén sang mau den hodc xam, diéu d6 ching t6 ¢6 ion Hg,™ trong mau:

Agt + CI = AgCl{,
tre‘ing

Pb** + 2CI' = PbCL{,
tre‘ing

Hg,” + 2CI° = HgCh i,
tr'flng

Hg,Cl,d +SnCl, = 2Hg! +SnCl,
den

Trong phan tich cic cation, thuong sir dung hai hé thong phén tich: hé thong
hidrosunphua (H,S), hé thdng axit-bazo. Piém chung cta cic phuong phdp phan tich
theo h¢ théng 1a phan tich dugc trién khai 1an luot timg budc dé tich cac ion theo timg
nhém bang cic thudc thir nhém, tir nhém dau tién dén nhém cuéi cing. Trong gido trinh
nay, chi trinh bay nguyén tic ctia hai hé thong phan tich: hé thong hidrosunphua va hé
thong axit-bazo.

* H¢ thong phan tich hidrosunphua

Duya trén do tan cua cac mudi sunphua, clorua, cacbonat va cic hydroxit, thudc
thir nhém 1a khi H,S hoac dung dich H,S bao hoa va cidc dung dich HCI, (NHy4),S va
(NH4),COs. Cac cation kim loai duogc chia thanh 5 nhém:

1- Gom céc cation tao két tiia sunphua trong moi truong axit voi thude thir nhém
12 dung dich H,S bdo hoa, song, cdc két tia nay khong tan trong amoni polysunphua
(NHy4),S«. Céc cation nay lai dugc chia thanh 2 nhém nhd:

la- Gom cdc cation: Ag(I), Pb(I), Hg,(ID), TI(I), tao két tia clorua.
1b- GOm cdc cation: Hg(II), Cu(II), Cd (II), Bi(III), khong tao két tia clorua.

2- Nhém céc cation tao két tia sunphua trong moi truong axit voi thudc thir nhém
la dung dlCh H,S bao hoa, song, cic két tua nay tan trong (NHy),S, tao thanh cac phtrc
chét tan, gorn céc cation: As(IIl, V), Sb(IH V), Sn (II, IV), Mo(VI), V(V), Se(V]).

3- Gom cic cation khong tao két tiia sunphua trong méoi truong axit voi thudc thir
nhém la dung dich H,S bao hoa cling nhu két tha clorua, chi tao két ta voi (NH,),S hodc
v6i H,S trong moi truong kiém. Cac két tiia nay gom hai loai:

3a- Két tua sunphua cua cac cation: Fe(Il, IIT), Ni(Il), Co(Il), Zn(II), Mn(II).
3b- Két tia hidroxit cla céc cation: Al(III), Cr(III), Be(ID).

4- GOm céc cation tao két tiia cacbonat trong moi truong chira NH4Cl, (NH4),CO3
nhung khong tao két tia v6i cdc thude thir da néu trén, d6 1a céc ion Ca(Il), Ba(II), Sr(II).

5- GOm céc cation khong tao két tiia voi tat ca cdc thude thtr da néu trén, d6 12 céc
ion Mg(II), Na(I), K(I), Rb(I), Cs(I) va NH,4".

Phuong phép hidrosunphua c¢6 wu diém 13 khd don gian, tich va chtimg minh duoc
nhiéu cation véi do chinh xdc cao, song, c6 nhugc diém 1a sur dung khi H,S c6 tinh doc
dbi voi nguoi phan tich va moi truong.

* H¢ thong phan tich axit-bazo

Dua trén dd tan cia cdc mudi clorua, sunphat va cua cdc hidroxit trong moi
truong du chat kiém hodc du NHs, thude thir nhém 1a cdc dung dich: HCI , H,SO,4, NaOH
va NH4OH. Cac cation kim loai dugc chia thanh 6 nhém:

1- Gdm céc cation tao két tua clorua véi thude thir nhém 1a dung dich HCI, d6 la
cac ion: Ag(I), Pb(Il), Hgy(II), TI(I).
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2- Gdm céc cation tao két tua sunphat v&i thudc thir nhém 1a dung dich H,SOq, d6
1a cac ion: Ca(II), Ba(II), Sr(II).

3- GOm céc cation tao két tua hidroxit tan trong NaOH hoac KOH du, dé la cic
cation ludng tinh nhu Be(II), Zn(1I), AI(IIT), Sn(II, IV), Cr(III).

4- GOm cdc cation tao két ta hidroxit khong tan trong NaOH hodc KOH du va
NH4OH du, d6 1a cac ion Mg(II), Sc(I1I), Bi(IIT), Mn(II), Fe(I, III).

5- GOm céc cation tao két taa hidroxit tan trong NH4,OH du, d6 1a cac ion Cu(Il),
Cd (II), Hg(1I), Co(II), Ni(II).

6- GOm céc cation khong thudc cdc nhém trén, d6 1a cac ion Li(I), Na(I), K(D),
Rb(I), Cs(I) va NH,".

Phuong phdp axit-bazo c6 wu diém 1a kha don gian va it doc, nhung, phuong phép
nay kém nhay hon phuong phép hidrosunphua.

Trong phan tich cac amon cung ton tai nhidu hé thong phan tich, nhu hé thong str
dung mudi tan cua céc ion Ba®* va Ag* 1am thudc thir nhém. Theo hé thdng nay cic anion
duoc chia thanh 3 nhém:

, 1 Cic ion tao két tia v6i ion Ba®: SO47, SOs%, Si05™, PO4™, COs™, F, CrO,”,
BO;™.

2- Cdc ion tao két tua véi ion Ag™: CI, Br. I, CNS, S*, CN, [Fe(CN)e]"*,
[Fe(CN)q]™

3- Cic ion khong phan tmg véi cic ion Ba** va Ag': NO,, NOs, ClO,, ClO5,
MIlO4

Tuy Vay, trong phan tlch cac dbi tuong ndng nghiép thuong chi gap cac ion SO,%,
CI, NO3, SiOs*, PO4”, COs™, 1a cdc ion dé dang dyoc chimg minh bang phuong phép
phén tich riéng.

Ngay nay, cdc phuong phap phén tich cation va anion theo hé thong chi con ¢6 {
nghia su pham, it dugc st dung, ma thay vao dé st dung phuong phap phan tich dinh tinh
riéng.

* Phwong phdp phan tich dinh tinh riéng

Phan tich céc cation theo hé théng dd néu & trén ¢6 wu diém 1a cdc hod chat diing
trong phan tich déu don gian, phd bién. Song, viéc phan tich tén nhiéu thoi gian, luong
dung dich thudc thir ding nhiéu nén d& gay sy nhiém ban miu phan tich bang tap chat
trong hod chat diing 1am thudc thtr, dan dén chét lugng phan tich c6 thé khong dam bao.
Ngoai ra, phan tich theo hé thong phai qua nhiéu budc nén dung dich dé tim céc cation &
cdc nhém cudi bi pha lodng qud nhiéu giy khé khin cho phan tich nhat 12 khi str dung cic
phan ing c6 do nhay khong cao.

Ngay nay, voi sy hiéu biét vé tinh chat hod hoc cua cdc nguyén td, cic hop cht
V0 co cung voi s0 luong thudc thur ngay cang nhiéu va c6 d chon loc cao va két hop véi
thuc thé rang khi phéan tich mot s6 ion khong nhét thiét phai 4p dung hoan toan qui trinh
tach theo hé thong, da xay dung phuong phép phan tich tu do hon, do la sir dung t6i thiéu
cac phan Ung tach 10i ding thudc thir chon loc dé tim thang ion trong mau, thudc thur
diing c6 thé tuy i chon. Céch phan tich nhu vay goi 1a phdn tich dinh tinh riéng (goi ngdn
gon: phan tich riéng), vi viéc phan tich ting ion 1a doc 1ap véi nhau.

Phuong phép phan tich riéng cho téc do phan tich cao va két qua chinh xac, nhat
1a khi phan tich cdc dung dich loang.

Dudi day trinh bay phuong phép phan tich riéng thudng dung trong phén tich mot
sO ion thuong gap khi nghién ctru cdc d6i tugng nong nghiép.
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+ Tim ion NH,':
Cho vao dung dich phéan tich dung dich NaOH du, s€ xay ra phan rng:
NH;" + OH = NH,OH
Khi dun néng dung dich NH4OH bi phan huy:
tO
NH4OH = NH; T + H,0
Amoniac bay 1én gip gidy qui d6 tam w6t s& 1am cho mau d6 cua gidy qui chuyén
thanh mau xanh.
C6 thé tim ion NH," b?lng thudc thir Nestler (K;Hgly). Hoi NH3 bay 1én tac dung
v6i thude thir cho két tia nau:
NH; + 2K,Hgl, +3KOH = [Hg,ONH,]I{ + 7T + 2H,0
nau

+ Tim ion K*:

Chinh pH dung dich phén tich vé& gid tri 5 — 7. Cho vao dung dich thudc thir natri
cobantinitrit Nas[Co(NO,)e], néu cé ion K* trong dung dich xuét hién két tia mau vang:

2K + Nas[Co(NOy)s] = NaKo[Co(NOy)s]d + 2Na*
vang

Khi ¢6 mat ion NH," trong dung dich phan tich, phai dudi hoan toan né di trude
khi phan tich ion K* bang cach cho vao dung dich phén tich NaOH du va dun néng.

+ Tim ion Na'*:

Trung hoa dung dich phén tich vé& méi truong trung tinh rdi cho vao dung dich vai
giot thudc thtr kém uranylaxetat (Zn(UO;);(CH3COO)g), néu c6 ion Na* s& hinh thanh két
tua mau vang:

Na* +Zn(UO,);(CH3CO0)s + CH;COO = Na Zn(UO,)3(CH3COO)qd
vang

C6 thé nhan biét ion K*, Na* bang cdch quan sat mau ngon Itra ctia chiing. Nhiing
mot diy Pt sach vao dung dich phan tich rdi dot né trén ngon lira khong mau, néu cé ion
K" s& thay ngon Itra phat mau tim, con néu c6 ion Na* s& thdy ngon lira mau vang. Néu
cling ¢6 ca hai ion Na™ va K7, thi mau vang sé& che 14p mau tim va nén dé nhan thdy mau
tim can nhin né qua kinh mau cham.

+ Tim ion Mg**:

Cho vao dung dich phan tich cdc dung dich (NH,),CO;3 va (NH,),S dé két tua tat
ca cdc ion kim loai trir cdc ion kim loai kiém, NH," va Mg”*. Tim ion Mg** trong dung
dich loc bé‘mg thudc thu Na,HPO, trong moi truong c6 NH4Cl va NH,OH:

Mg®* + NayHPO, + NH,OH = MgNH,PO,| +2Na’ +H,0
tréng

Néu mau chira ion PO,” thi phai tich bo né bang cich cho vao dung dich phén
tich mudi AI(NO3); trude khi 1am két tia mau bang (NH,),COs va (NH,),S.

+ Tim ion Ca’*:

Cho vao dung dich phén tich dung dich K,SO4 6% dé két tia cdc ion Ba™, Sr**
(ion Cat trong diéu kién nay hau nhu chua bj két taa). Loc tach két tua, diéu chinh pH
dung dich vé pH = 4 bang dung dich dém axetat va cho vao d6 mot thé tich tuong duong
cta dinatri etylendiamintetraaxetat (Na,EDTA) 10% dé che cdc ion gdy nhidu. Sau dé,
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cho vao dung dich AI(CH3;COO); du dé che Na,EDTA va tim ion Ca*" trong dung dich
bang (NH4),C204:
Ca™ +(NH4:C,04 = CaCy04 1 +2NH,"
tréng

+ Tim ion Ba**:

Cho vao dung dich trung tinh can phan tich tuan ty cic dung dich Na,EDTA 10%
(léy du, dé che céc ion kim loai nang) va Mg(CH3COO), (léy du, dé che Na,EDTA du).
Sau d6, cho vao dung dich thubc thir K,Cr,07 va dung dich CH3COONa, néu c6 ion Ba®*
$& xuat hién két tia mau vang BaCrOu:

KoCr,07 + 20H = 2CrO4” +2K* + H,O
Ba™ + K,CrO; = BaCrO, ! +2K*
vang

+ Tim ion Mn’*:

Cho vao dung dich phan tich dung dich K»S,0g, axit HNO; va xtic tdic AgNOs.
Pun néng dung dich, néu dung dich chuyén sang mau tim, thi trong mau c6 ion Mn**:

2Mn** + 58,057 + 8H,O = 2MnOs + 1080, + 16H'
tim

Su giy nhiéu ctia ion CI” dugc khir béng cach cho thém vao dung dich phan tich
dung dich AgNOs. Su gy nhidu cua ion Fe’* & ndng do cao (mau vang cia ion Fe’*)
duoc khir bang su tao phuc chét khong mau [Fe(POy), ] v6i viée cho H3PO, vao mau
phén tich.

+ Tim ion Fe'*:

Cho vao dung dich phan tich dung dich NaOH va NH4OH du. Téch két tia hinh
thanh va hoa tan né bang dung dich HCI, rdi tim ion Fe’* bang cic phan (mg véi thudc
thir KCNS hay K4[Fe(CN)¢]:

Fe'* + 6KCNS

[Fe(CNS)]* + 6K*
do méu
4Fe® + 3Ku[Fe(CN)s] = Fey[Fe(CN)lsd + 12K*
xanh Berlin

+ Tim ion Cu’*:

Cho vao dung dich phan tich NH4OH dac du va dun dén soi. Dung dich thu dugc
dugc trung hoa bang axit CH;COOH dén khi mait mau hong ctia phenoltalein, rdi cho vio
d6 thudc thir K4[Fe(CN)g]. Néu xuét hién két tia mau niu do chimg té dung dich chira
ion Cu® (v4i ham lwong Cu®* nho chi nhén thdy dung dich mau hdng):

2Cu™  + Ky[Fe(CN)s] = Cuy[Fe(CN)s] | + 4K
nau do

+ Tim ion Hg**:

Cho vao dung dich phan tich axit HCI dé két ta céc ion Hg,**, Ag* va Pb**. Ding
CH3COONa chinh pH dung dich vé pH = 5 va cho vao d6 dung dich SnCl,. Néu ¢6 ion
Hg™*, s& xuat hién két tua den:

Hg* + Sn** = Hgl + Sn™
den

+ Tim ion S042':

Axit ho dung dich phan tich bang HNOs lodng (néu c¢6 két tua thi loc bo), thém
tur tor vao do vai giot Ba(NOs),. Dung dich chira ion SO.* sé& cho két tua tréng:

Ba™* + SO, = BaSOs!
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tre‘ing

+ Tim ion CI :

Axit héa dung dich phan tich bang axit HNO; (néu xuat hién két tua thi loc bo),
cho tiép vai giot dung dich AgNOs. Néu c6 két tiia hinh thanh ching to miu c6 thé chira
cacion CI', Br, I (X'):

AgNO; + X = AgX | +NO3

Li tdm ldy két ta va cho vao d6 hdn hop gém 4 phan (NH4),CO; bdo hoa + 1
phan NH,OH (6M), thi AgCl s& tan ra:

AgCl + 2NH,4OH = [Ag(NH3),]" + 2H,0 + CI

Téch dung dich ra khoi két tiia va cho vao d6 HNOs, néu xuét hién két tiia chimg
t6 céion Ag" :

[Ag(NH3),]C1 + 2HNO; = AgCll + 2NH,NO;
tr'flng
gidn tiép chig minh sy ton tai cia ion CI'.

+ Tim ion NO5':

Cho vao dung dich phan tich dung dich FeSO, du rdi thém tir tir timg giot HySOy
dic theo thanh 6ng nghiém. Néu c6 ion NO5™ thi & bé mit tiép xiic gitra hai 16p dung dich
va H,SO,4 dac s€ ¢c6 mot vanh mau nau:

2HNO; + 8FeSO4 + 3H,SO4 = 3Fex(S04)3 + 2FeNOSO4 + 4H,0
nau

+ Tim ion P043':

Cho vao dung dich phan tich axit HNO; du 1am mdi truong, rdi thém vao d6
thudc thir amoni molypdat, néu c6 ion PO,* s& xut hién két tha mau vang (khi lugng ion
PO, it, chi nhéan dugc dung dich mau vang):

PO, + 3NH;" + 12MoO,> +24H' = (NH,)3[P(M03O10)4] 4 + 12H,0
vang
+ Tim ion CO5”:

Cho vao dung dich phan tich mubi Hg(II) va KMnOy4 dé loai bo cdc géc mubi cta
céc axit dé bay hoi khac. Sau d6, axit hoa dung dich bang axit H,SO, (1: 4) va dan khi
CO; thodt ra vao dung dich Ba(OH), , néu c6 CO, s& tao thanh két tia mau trfmg BaCOs:

CO;” +H,SOs = CO,t +H,O +S0,*

CO;1 + BaOH), = BaCO; | +H0
trang

5.2. Phan tich dinh tinh cac hop chit hitu co bang phwong phap hoa hoc

Nhiém vu cta phén tich dinh tinh cic hop chat hitu co 1a xdc dinh su ton tai cua
mot chat cu thé do d6 can phan tich dinh tinh céc nguyén t, cdc nhém chire ciu tao nén
hop chat hiru co hodc phan tich x4c dinh ca cong thirc cau tao phan tir ctia hop chat hiru
co. C6 3 phuong phép trong phan tich dinh tinh cdc hop chét hiru co: phan tich nguyén
t6, phén tich ciu tao va phén tich phan tir.

a. Phan tich dinh tinh cac nguyén t6 trong hop chat hiru co

* Phan tich Cva H

Nung hdn hop chit phan tich véi CuO trong dng nghiém thuy tinh chiu nhiét.
Trong trudng hop nay, C bi d6t chdy thanh khi CO,, dan khi nay sang binh dung
Ba(OH),, néu c6 CO, binh s& bi van duc; H bi ddt chdy thanh nudc, hoi nudc bay 1én tao
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thanh céc giot swong bam 1én thanh dng nghiém. Dé khang dinh chéic chan d6 1a nudc, c6
thé ric 1én cac giot swong bot CuSO, khan, néu 1a nudc, mau tr?ing cua CuSO; khan
chuyén thanh mau xanh ctia CuSO,4.5H,0.

* Phdn tich N, S va halogen

Nung chay chét can phan tich voi kim loai Na hoac K r0i hoa tan vao nudc.
Trong trudng hop nay N chuyén thanh ion CN', S thanh ion S, halogen thanh cic ion
halogenua.

- Chirng minh ion CN':

Cho vao dung dich phan tich dung dich FeSOj, sau dé cho thém vai giot dung

dich ion Fe®*. Néu c6 ion CN’, trong dung dich xuét hién két tia mau xanh:
6CN~ + Fe”* = [Fe(CN)e]*"

Fe’* + 3 Ky[Fe(CN)s] = KFe[Fe(CN)g]!
xanh Berlin
- Chirng minh ion S*:
Cho vao dung dich phéan tich dung dich Pb(NO3),, néu ¢6 ion S, trong dung dich
xuat hién két tia den hodc nau den:

S + Pb(NO3); = PbS!| + 2NOy
den
- Chirng minh ion CIl:

Tién hanh tim ion CI" nhu & muc 5.1 chuong I di trinh bay & trén.

* Phdn tich P

Mau phan tich dugc khodng hod b?mg hdn hop axit H,SO, dac va K,Cr,O7. Axit
H;POy hinh thanh dugc chirng minh nhu da trinh bay ¢ muc 5.1 chuong L.

b. Phan tich ciu tao cac hop chit hiru co

Céu tao cua céc hop chit hitu co quyét dinh tinh chét cta ching, do d6 c6 thé sir
dung céc tinh chét nay dé xadc dinh c4u tao cta cic hop chat hitu co. Thudng sir dung tinh
tan ctia cdc hop cht hitu co trong cdc dung méi khdc nhau, phan tng ctia cic nhém chirc
va phan tmg cua cdc mach cacbon.

* Swdung tinh tan:

Céu tao khac nhau cua céc chat hitu co din dén sy tan khac nhau cta ching trong
cac dung modi khic nhau. Cac dung moi dugc st dung la: nudc, ete, dung dich NaOH
lodng, dung dich NaHCO3, dung dich HCI lodng, H,SO, ddc ngudi. Bang viéc sir dung
tinh tan nay c6 thé chia cdc hop chét hitu co thanh 8 nhém.

* Swr dung phdn ting ciia nhom chirc:

O day, cling ton tai phan tng nhém véi thude thtr nhém va phan tng chon loc
(hay con goi 1a phan tng phan loai) véi thudc thir chon loc (hay con goi 1a thude thir phan
loai).

Vi du:

Thudc thir phenylhidrazin tao céc hop chat phenylhidrazon véi cdc hop chét ¢6
nhém chic cacbonyl >C=0, do d6, phenylhidrazin 12 thudc thir nhém cho cdc hop chat
chtra nhém cacbonyl.

Céc hop chat ruou, phenol déu phan ung véi kim loai Na, nén c6 thé néi Na 1a
thudc thir nhém cta cdc chat niy. Song, phenol c6 thé tham gia cdc phan tng thé, vi du,
v6i axit nitoric tao thanh cdc san pham nitro ¢6 mau vang, do d6, trong truong hop nay cé
thé néi axit nitoric 1a thude thir chon loc ctia cac hgp chat nhém phenol.
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c. Phan tich phan tir cic hop chét hiru co

Phuong phdp phén tich nay dua trén tinh chat vat 1f cta chat can phan tich. Mbi
mdt chat hiru co déu duogc ddc trung boi cdc hang s6 vat i nhu: diém tan, diém soi, kh6i
lugng riéng, he s6 chiét quang, do ‘quay quang... Theo ddi cic dai lugng nay cho phép
khang dinh sy ton tai ctia mot cd thé nao d6 hodc xéc dinh d6 sach ciia ching.

5.3. Phan tich dinh tinh cac hop chat bang phwong phap cong cu

Bang cdc cong cu do, d6 1a cdc mdy do hién dai, c6 thé cing mot lic phét hién
nhiéu ion, hop chat dya trén viéc theo dbi cdc hién tugng vat Ii gan voi chét can phan tich
nhu: sy phat xa, su hép thu dnh sdng cta ion, hop chat can phan tich (quang phd phét xa,
quang pho hap thu)..., sy khir hodc oxi hod ciia ion can tim trén dién cuc (phuong phép
cuc pho, phuong phap von - ampe)...

Vi du:

- Tim ion Na", c¢6 thé dung phuong phap quang ké ngon lira (thudc nhém phuong
phap quang pho phit xa), 4nh sang mau vang do nguyén tir Na phat ra trong ngon lira c6
budc séng 589nm (5890A°), néu may do quang ké ngon Itra ¢6 tin hiéu & budc séng niy
ching t6 ¢6 ion Na'.

- Tim cac hop chat hitu co c6 thé sir dung quang phé hong ngoai ¢ vung tan sb
700 — 1400cm™, & d6, mdi chét hiru co c¢6 phd dic trung ciia minh cho phép khing dinh
d6 1a chat nao.

Trong khu6n khé gido trinh nay, khong thé trinh bay nhiéu vé nhém phuong phap
cdng cu. Poc gia ¢é quan tm sau hon, xin doc cic gido trinh hodc sdch viét riéng vé linh
vUuc nay.

6. HOA PHAN TICH PINH LUONG

Nhiém vu ctia Hod phan tich dinh Iugng la xdc dinh ham lugng cua cic thanh
phéan tao nén mau phan tich. Day 1a phan chinh cta gido trinh nay va dugc trinh bay
trong cac chuong II, III va IV.

Viéc phan chia Ho4 phan tich thanh hai phan Ho4 phan tich dinh tinh va Hod phén
tich dinh luong chi mang tinh chét kinh dién va tinh su pham, vi ching c¢6 quan h¢ mat
thiét véi nhau. Dé 1am t6t phéan tich dinh luong mau vat can phai biét thanh phan dinh
tinh ctia n6 thi moi chon dugc phwong phdp phan tich toz wu. Vi du: khi phan tich dinh
lugng ion Cl c6 thé dung phuong phap chuan do truc tiép theo Mo, song, khi c¢6 mat cua
cic ion CO5”, PO4 phai ding phuong phdp chuan do gidn tiép theo Fonha (muc 8.3
chuong III). Con két qua cua phan tich dinh luong lai khang dinh két qud ciia phan tich
dinh tinh hodc thanh phan dinh tinh. Vi du: khi n6i trong mau c6 chtra 16,2% Al,O3 tlic
d3 bao ham ca yéu té dinh tinh d6 12 mau chira Al,Os.

Tuy vdy, ngly nay, voi trang thiét bi phan tich ngay cang hoan thién cho phép
phan tich dong thoi ca dinh tinh va dinh lugng mot mau nghién ciru, cling véi phuong
phap phan tich ngay cang hoan chinh, phan tich dinh tinh trong nhiéu trudng hop da tro
nén khong can thiét.

Vi du: ¢ thi nghiém phén tich Na néu trén (muc 5.3 chuong I), khi st dung
phuong phdp quang phd phat xa, budc séng 4nh sang phat xa 589nm cho biét d6 la
nguyén té Na (yéu t6 dinh tinh), con cuong do cia séng nay cho biét ham lugng ctia né
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(yéu td dinh lugng); nhu vay khi phén tich chi can chinh budc séng cua mdy do vé gid tri
589nm thi cuong do dnh sang do dugc s€ phan dnh ham luong Na trong mau.

7. DUNG CU, THIET BI PO VA HOA CHAT

Trong phan tich thuong str dung kha nhiéu céc loai dung cy, cong cu khic nhau
ding dé chira dung dich, do thé tich dung dich, can khéi lwong ho4 chét, do cic dai lugng
vat li cia h¢ phan tich... Dudi day 1a mot s6 dung cy, cong cu co ban thuong dugc dung
trong Hod phan tich.

7.1. Dung cu thuy tinh

Céc dung cu thuy tinh dung trong phan tich phai lam tur thuy tinh chiu nhiét va chiu
hod chét hodc tot nhét tir thuy tinh thach anh (tuy nhién thuy tinh thach anh rat dit tién).
Ngay nay, mot sd dung cu thuy tinh c6 thé duoc thay bang nhua tong hop chiu nhiét va
khong bi hod chat an mon nhu 12 nhya teflon. Ngoai dung cu lam tir thuy tinh con ¢6 cic
dung cu lam tr kim loai chiu an mon nhu Pt, Ni hodc lam tur gém. Néu dung dung cu
bang gbm can lam mau tring d¢ kiém tra kha nang str dung ctia né.

Nhitng dung cu nhie binh dinh mikc, buret, pipet ding dé do chinh xdc thé tich dung
dich. Nhitng dung cu khdc nhw éng dong, coc chia dg chi ding dé do gan diing thé tich.

* Binh dinh mirc:

Binh dinh murc 12 binh c6 thé tich xdc dinh chinh xdc, duoc diing dé pha dung
dich tiéu chudn. Binh dinh mirc ¢6 dang hinh ciu, ddy bang, ¢b nho, ¢6 nit mai, s6 do thé
tich dugc ghi trén than binh (hinh H.1.1).

Khi str dung can kiém tra thé tich ctia binh, nhiét d6 x4c dinh thé tich va vach xéc
dinh thé tich (trén ¢6 binh). Khong dugc dun néng binh dinh muec, néu can hoa tan bé‘mg
nudc néng thi phai dun riéng va sau khi pha can cho cho dung dich ngudi dén nhiét do
phong rdi méi rét vao binh va dinh muc dén vach.

* Buret

Buret 12 dung cu do chinh xdc thé tich dung dich tiéu ton trong qua trinh chuan
do. Buret c6 dang 6ng hinh tru ¢ chia vach xdc dinh thé tich, phﬁn cudi ¢6 van khod
(hinh H.2.1). Buret thong thuong c6 cac loai voi thé tich 10, 25, 50ml duoc chia vach dén
0,1ml, thé tich cua mot giot khoang 0,02 - 0,03ml. Microburet c6 thé tich tr 1 - 5 ml,
duoc chia vach dén 0, 02 hodc 0,01ml. Thé tich cua mot giot phu thudc vao tiét dién dau
mao quan cia buret, tiét dién cang nho thé tich giot cang nho.

Buret dwoc ding trong chudn dé hodc dwoce ding dé ldy chinh xdc mét thé tich
dung dich.

Khi doc két qua trén buret phai dé tam mdt ngang véi mdt thodng cia dung dich,
trdnh nhin tir trén xuong dwdi hodc tir duwdi lén. Thong thuong, v6i dung dich khong c6
mau, doc vach xdc dinh thé tich 1a vach trung voi ddy mat thodng cua dung dich trong
buret; v&i dung dich mau, nén doc vach xac dinh thé tich 1a vach trung voi bién trén cua
mit thodng dung dich trong buret. Sau khi két thiic chudn dé, cho khodng 30 gidy mdi
doc két qua dé tranh sai sé do phdn dung dich bdam trén thanh buret tao nén.

* Pipet

Pipet la dung cu lay thé tich chinh x4c dung dich. Pipet thong thuong c6 2 loai:

- Loai hinh dng c6 chia vach (hinh H.3a.1), loai nay cho phép ldy mot thé tich
dung dich tuy 1.
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- Loai hinh bau (hinh H.3b.1), loai nay chi cho 1ay chinh xdc thé tich dung dich
theo nhu dung tich da ghi trén pipet khi 13y tron ca bau.

Trong phdn tich thé tich thwong dung pipet bau dé lay tron mot thé tich dung dich
chir khong diing pipet thang vi pipet bau cé tiét dién & phan vach doc nhé hon nén sai sé
doc nho hon.

Pipet con duogc thanh 3 loai A, B, C theo d0 chinh xéc cua vach chia dg, trong d6
ki hidu A c6 do chinh x4c cao nhét, ki hiéu C c6 do chinh xé4c thap nhét. Trong Ho4 phan
tich, chi dung pipet c6 ki hi¢u A.

Khi sir dung pipet can luu f:

- Vi sai s6 khi 1y tron the tich cua cac loai pipet 1a nhu nhau nén ldy pipet twong
ing dé hiit eong dung dich can thiér. Vi du: can 1ay 3 - Sml dung dich dung pipet Sml,
1y 6 - 10ml dung dich dung pipet 10ml. Trdnh hit nhiéu lan, dé sai sé ldy dung dich la
nhé nhat.

- Bao gio ciing lay dung dich tir vach xudt pht.

* Ong dong va coc chia dj

Sai s6 cua cic dyng cu nay la rat 1on vuot qud sai s6 phén tich cho phép nén
khong dung chiing dé ldy thé tich chinh xdc dung dich, chi ding dé ldy thé tich gan diing.

7.2. Thiét bi do

a. Can
Trong Hod phan tich, st dung céc loai can c6 d chinh xac khic nhau, vi du: can ki thuat
voi sai s6 can + 0,01 g, £ 0,001g, can phan tich voi sai b can + 0,0001 g (dung cho phan
tich thong thuong), £ 0,00001g (dung cho phan tich ban vi lugng), £ 0,000001g (dung
cho phan tich vi lugng) va voi ciac gioi han khéi lugng dugc can khic nhau. Tuy theo
muc dich ma sir dung cén thich hop. Nguyén tic chung la:

- Poc ki hudng dan st dung can va gidi han toi da cta khdi lugng dugc can, dé
dam bao sai s6 can va an toan clia can.

- Khi cén can xéc dinh lugng tdi thiéu can can dé dam bao sai sd can khong 16n
hon sai s6 phan tich cho phép.

Vi du: v6i sai sO phan tich * 0,1%, cn phai cin bao nhiéu mg mau trén cin phén
tich £ 0,0001g, dé sai s6 can khong vuot qud sai s6 cho phép?

Gidi: Khi cin phai can hai 1an: can bi va cin bi cong v&i khoi lwong phai cén a,
nén mac hai lan sai s6 can. Theo nguyén tic tinh sai s6 (muc 2 chuong V), sai s tuong
d6i e% = [(2. sai s6 can)/a ].100, suy ra: a = 2.0,1. 100: 0,1 = 200mg. Vay phai cin it
nhat 200mg mau.
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Hinh H.1.1 Hinh H.2.1 Hinh H.3§1.1 Hinh H.3‘p.1 Hinh H.4.1
Binh dinh muc Buret Pipet thing Pipet bau Ong dong

- Khi can can chinh xdc nhitng hod chdt nhu 1 chat gbc dé pha dung dich tiéu
chuan hodc hod chat 1a dang can trong phan tich khdi luong, ding can phan tich. Vi du:
khi can H,C,04.2H,0 tinh khiét phén tich... 1a chat gbc dé pha dung dich tiéu chuan gdc,
BaSOy 1a dang cin trong phan tich x4c dinh ion SO,”...

- Khi khong can can chinh xdc, nhu khi cin nhitng hod chat dé bay hoi, d& hit am,
dé phan huy, ding can ki thugt. Vi dy: khi cAn NaOH. ..

b. Cac may do
Nhu mdy do so mau, mdy do pH..., can thao tic ding theo tai liéu huéng dan sir
dung may. ) ) )
7.3. Hoa chat tinh Khiét, nwoéc cat
a. Hoa chit tinh khiét
Trong cong nghiép hod chat, tuy theo muc dich str dung, hod chat san xuit ra c6 cic
mirc d6 tinh khiét khac nhau. C6 4 muc do tinh khiét: tinh khiét hod hoc (TKHH) (dg tinh
khiét > 99,9%, tinh khiét phan tich (TKPT) (d¢ tinh khiét = 99,9%), tinh khiét (TK) (dé
tinh khiét = 95%) va ki thudt (KT) (d¢ tinh khiét 80 — 85%). Trong phan tich thuong
lirong ding hod chdt cé do tinh khiét TKPT, trong phan tich vi lwong va siéu vi lwong
ding hod chat cé dé tinh khiét TKHH.

Nhiéu khi ngudi phén tich phai ty tinh ché 1iy hod chat bang cich két tinh lai hod
chat hodc chung cét lai hod chat tir hoa chét tinh khiét. Mot nguyén tic can luu 1 1a: néu
can do tinh khiét TKPT phai di tir hod chat tinh khiét, ding nudc cit va céc hod chit phu
¢6 do tinh khiét TKPT, néu can do tinh khiét TKHH phai di tir hod chét c6 do tinh khiét
TKPT, nuéc cit phai 1a nudc cat hai 1an, cdc hod chat phu phai ¢6 d6 tinh khiét TKHH,
céc dung cu phai lam tur thuy tinh thach anh hodc céc kim loai tro nhu Pt, Au.

b. Nuéc tinh khiét va cat nuéc

* Nuwdc tinh khiét:
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Gom hai loai nudc sach khodng va nudce cat. Nuéde sach khodng dugc tinh ché tur
nudc sach dan dung bang phuong phdp trao ddi ion. Nude cat 1a nudc tinh khiét duoc
tinh ché bé‘mg viéc cat nude sach dan dung.

Nuéc tinh khiét ciing ¢6 cdc muc d6 tinh khiét twong ty nhu hod chat. Trong Hod
phan tich chi ding nudc ¢6 d6 tinh khiét TKPT hoic TKHH. Khi phan tich thuong lugng,
dung nuéc cé @6 tinh khiét TKPT. Nudc nay c6 thé dat dugce bang cach cat 1 1an nudc
thuong (nudc dan dung) hodc ding phuong phap trao dbi ion dé lam sach nudc thuong.
Khi phan tich vi lugng, ding nudc c¢é do tinh khiét TKHH. Nudc nay c6 thé dat duoc
béng cdch cat lai nuéc cat 1 lan hodc nude sach khoang, vi thé nuée thu duoc con goi la
nuéc cat 2 1an, nudc nay c6 dg tinh khiét TKHH.

* Cit nwdc:

- Nuwdc cit 1 lan:

Diing bo cét lam tir thuy tinh thuong, trude khi cat cho thém 0,025g KMnO, va 2
ml H,SO4 ddc 95% cho 1 lit nudc. Khi cét bo 20 ml nuée ban dau cho 1 1it nude dem cét.

- Nudc cdt 2 lan:

Dung bd cat 1am béng thuy tinh thach anh, hoac bo cat 1am tur bac, platin. Nudc
dé cAt 1a nudc cat 1 lan hodc nudc da qua trao ddi ion. (Lwu i, nuwoc cat hai lan khong
phdi la nuée thu dwoc khi cdt hai lan trén b cat bang thuy tinh thuong, vi trong thuy
tinh thirong ¢é nhiéu cdc hop chat hod hoc khdc nhau tan dwoc trong niede néng).

8. MOT SO LOAI NONG PO DUNG DICH THUONG DUNG TRONG HOA PHAN
TICH

Trong Ho4 phan tich thudng ding cic ndng d6 mol/lit, ndng d6 duwong luong
gam, nong d) phan tram, nong do phan tri¢u, nong do phan ti va cac dung dich vdi céc do
chuan khéc nhau.

* Néng dé mol/lit:

La s6 mol chat tan c6 trong mot 1it dung dich. Nong d6 nay con duge goi 12 ndng
d6 phén tr gam va duogc ki hiéu 1a M. Nong do mol/lit dugc tinh theo biéu thirc I-1:

M = w/(M.V) (I-1)
Trong d6: w- khdi luong chat tan (g), M- khéi lwgng mol phén tir (phén tir gam) chat tan
(g/mol), V- thé tich dung dich (1).

Nong d6 mol/lit duge ding dé biéu dién két qua phan tich. Ngoai ra, né con dugc
str dung trong tinh todn céc hang s6 can bang hoic cic dai luong c6 lién quan dén hang
s0 can bang phan tng. Nong do mol/lit ciing dugc ding dé thé hién ndng d6 cua céc dung
dich lam moi truong trong cac phan tng hod hoc.

* Nong dé dwong lwong gam:

La s6 duong lugng gam chit tan c6 trong mot lit dung dich va duoc ki hiéu 1a N.
Nong d¢ duong lugng gam duoc tinh theo biéu thic I- 2:

N=w/(b.V) (I1-2)
Trong d6: w- khdi lugng chét tan (g), D- duong lugng gam chat tan (g/mol ), V- thé tich
dung dich (1).

Nong do duong luong gam dugc ding dé biéu dién két qua phén tich trong phan

tich thé tich.
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Trong mdt phan tng hod hoc cu thé, mbi quan hé giita hai ndng do mol/lit va
ndng do duong lugng gam dugc thé hién bang biéu thirc I- 3:

N=nM - 3)
O day, n la tri s6 (chi sd) duong luong, né cho biét mot phan tr chat tham gia phan rng
twong dwong v6i bao nhiéu dwong luong chat d6. Vi du: v6i phan tng:

H,SO4 +2NaOH = Na,SO4 +2H,0,
n ctia H,SO, bang 2, con clia NaOH bang 1.

* Nong d¢ phan tram:

La s6 phan khdi lugng chét tan c¢6 trong 100 phan khdi lwong dung dich. Nong do
nay duoc ki hiéu 12 % va duoc tinh theo biéu thic I- 4:

% = [Wehit tan/( Wehét tan + Wdung moi)]-100 (I-
4)
Trong d6: Wenit tan - khdi luong chét tan ( g) Wdung moi - - khéi lugng cua dung moi (g).

Nong do phan tram dugc dung dé biéu dién két qua phan tich. Ngoai ra, n con
dugc dung dé thé hién ndng do ctia cic dung dich 1am mdi trudng trong céc phan tmg hod
hoc.

* Nong d¢ phan triéu (ppm — part per million) va néng d¢ phan ti (ppb - part
per bimillion):

Tuong ty nhu ndng d6 phan trim, nong d6 phan tridu 12 s6 phan khéi luong chét
tan c6 trong mot tridu phan khéi lwong dung dich va nong do phan ti 1a sb phan khdi
luong chét tan trong mot ti phan khéi lugng dung dich. Cc nong d6 nay dugc tinh nhu
sau:

ppm = [Wchat tan/ (Wchat tan T Wdung m01)] 106
PPb - [Wchat tan/ (Wchat tan + Wadung m01)] 10
Trong dé: Wehit tan - khdi luong chét tan ( g) Wdung méi - - khéi lu’()’ng cua dung moi (g).
Song, do phan chét tan qué bé so voi phan dung mdi, nén c6 thé tinh gan ding:
ppm = [Wchat tan/ Wdung mm]-lo (I'
5)
PPb = [Wenét tan/ Wdung mf)i]-lo9 (I-
6)
Trong d06: Wendt tan - khdi luong chét tan (2), Waung moi - kh01 lugng cua dung moi (g).
Nong do ppm va ppb thuong dugce dung dé biéu dlen nong do cua cic dung dich chuan
cling nhu két qua phan tich d6i véi cdc luong chira rdt nhd & mirc vi lugng hodc siéu vi
lugng.
* Pg chudn:

C6 nhiéu loai d6 chuan khac nhau nhu mg/ml, pug/ml...

D6 1a cdc ndong do duge biéu dién bang sé mg hodc s6 Mg chat tan ¢6 trong mot
ml dung dich.

Cic loai ndong do nay duoc ding dé biéu dién ndng d6 cua cic dung dich chuan
cling nhu két qua phén tich.

Cau héi on tap
1. Nhiém vu ctia Hod phéan tich? Hod phan tich dinh tinh va dinh lugng la gi? Quan h¢

cua hai Iinh vuyc nay.
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2. MAu dai dién 1a gi? Nguyén tic 1dy mau dai dién?

3. Noi dung va i nghia ctia viéc 1ap hd so mau?

4. Nguyén tic ctia viéc khoang hod mau?

5. Céc phuong phap khoang hod mau?

7. Phuong phép hidrosunphua va phuong phédp axit bazo trong phan tich dinh tinh cic
cation la gi?

8. Cach phan tich dinh tinh céc anion theo nhém?

9. Phan tich dinh tinh riéng la gi? So sanh phuong phédp nay véi cac phuong phép phan
tich theo hé thong?

10. Phan tich dinh tinh riéng ctia mot sd cation? anion?

11. Phan loai hod chat, nudc theo d¢ tinh khiét?

12. Céch sir dung céc dung cu, thiét bi thuong gip trong Hod phan tich!

13. Céc loai ndng d6 thuong diing trong Hod phén tich va cdch pha chiing?

Bai tap

1. Léy chinh x4c 100ml dung dich 0,2M H,SOy4 cho vao binh dinh mtrc 250ml va dién
nudc ct t6i vach. Hiy tinh nong d6 duong luong gam cua dung dich mdi nhan dugc va
s6 gam H,SOy ¢6 trong 100ml dung dich nay! (Bdp so: 0,16N; 0,7846g).

2. Dung dich NH3 dam dac c6 nong do 26% (d = 0,904). Dung dich nay co noéng do
mol/lit 12 bao nhiéu? Néu 1iy 100 ml dung dich nay dé pha thanh dung dich NH; IN thi
thé tich dung dich sau khi pha loéng 12 bao nhiéu m1? (Pap s6:13,8M; 1380ml).

3. Trén 500ml HCI 0,1N véi 250ml HCI 0,2N. Dung dich thu dugc cé néng do duong
lugng gam 1a bao nhiéu? (Pap sb: 0,133N).

4. Tron 500ml HCI ¢6 pH = 1 véi 250ml HCI ¢6 pH = 2. Dung dich thu dugc ¢6 ndng do
mol/lit 12 bao nhiéu? (Pdp s6: 0,07M).

5. Can cin bao nhiéu mg CuSO,.5H,0 dé pha 100 ml dung dich 1000ppm Cu? (Dép sb:
390,6 mg).

6. Hoa tan 100mg CaCO; bang axit HCI thanh 100ml dung dich. Nong d6 ppm cua ion
Ca” 12 bao nhiéu? (Pép sé: 400ppm).

7. Can lay bao nhiéu ml dung dich Cd** 5ppm dé pha thanh 100ml dung dich Cd**
500ppb? (Pép sb: 10ml).
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Chuong 11
PHAN TICH KHOI LUONG

1. CAC KHAI NIEM CO BAN TRONG PHAN TICH KHOI LUCONG

Pay 1a phuong phdp c6 lich sir 1au doi nhét trong cdc phuong phép phan tich dinh
lugng. Phuong phdp nay dua trén kh01 lugng can chinh xdc cua san pham sach, c6 cong
thirc hod hoc xac dinh chira nguyén t6, ion, hodc thanh phan ... can phan tich da duoc
tach ra sau khi chuyén hod ching bang cic phan ung thich hop, dé tir d6 tinh ra luong
chat can phan tich ¢ trong mau.

Vi du: khi phan tich ion Fe*t trong dung dich, lam két taa n6 dudi dang Fe(OH);
b?lng dung dich NH4OH. Loc léy két tha va rira sach. Nung két tha & nhiét 36 1000°C dén
khdi Iugng khong d6i, nham chuyén két tiia thanh Fe,O3. Dé ngudi mau nung dén nhiét
d6 phong, roi can khéi luong ciia né bang cin phan tich. Tir khdi lwong cén tinh ra khoi
lwong ion Fe'*.

Duya trén céch tién hanh khic nhau, c6 thé chia cdc phuong phdp phan tich khdi
lugng thanh 4 nhém phuong phap chinh sau:

+ Phuong phép tach

+ Phuong phap chung cat hodc ddt chay

+ Phuong phap nhiét phan

+ Phuong phap két tia
1.1. Phwong phap tach

Trong phuong phdp nay, thanh phan can x4c dinh duoc tich ra ¢ trang théi ty do,
rira sach, 1am khé va cin bang can phan tich.

Vi du: dé xdc dinh Au trong cdc hop kim Au — Cu, hoa tan mot lugng hop kim
trong nudc cuong thuy (HNO; dac + HCI déac). Dung dich thu dugc cho tic dung vai
hidropeoxit, ion Au’t s& bi khir dén trang thai Au tu do va tach ra khoéi dung dich, con ion
Cu”* khong phan tmg:

2Au™ +3H,0,= = 2Au ! +6H' +30,
Sau khi rira sach, 1am khd, lugng Au dugc cin bang cin phén tich va tir luong can suy ra
ham lugng Au c6 trong hop kim.

Phuong phép téch thuong duoc ding trong cdc nganh san xuét cong nghiép, trong
phan tich ddi twong ndng nghiép pé it dugc c}fmg.

1.2. Phwong phap chung cat hoac dot chay

Trong phuong phdp nay, thanh phan can xdc dinh dugc tich ra ¢ thé khi bang
nhimg phan mg hod hoc thich hop (phan mg phan huy, phan tmg d6t chdy...), sau d6
céc chét khi thodt ra duoc cat va duoc hap phu vao binh hap phu. Tir sy ting khdi lugng
ctia binh hp phu suy ra ham lugng chét can phan tich.

Vi du 1: X4c dinh CO, trong d4 voi. Dya vio phan (mg phan huy CaCOs bang
axit:

CaCO; +2H" = Ca™ + H,O + CO, T
Khi CO, thoét ra dugc din vao binh hdp phu chira hdn hgp NaOH + Ca(OH),. O diy, xay
ra phan Ung:

2NaOH + CO;, = Na,COs + H,O
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Na,CO; + Ca(OH), = 2NaOH + CaCOs 1

do d6, khéi lugng binh hap phu ting 1én va tir sy ting khéi lwong nay suy ra lugng CO,
ciing nhu CaCOjs trong mau.

Vi du 2: Xdc dinh ham lugng C va H trong chét hitu co. Dya vao phan ting chay
ctia chat hitu co trong oxi véi sy c6 mit cia chat xic tic AgMnO, hodc hdn hop oxit
coban (II) va (III)... & nhiét do 550°C dé chuyén C thanh CO» va H thanh H,0. Dan céc
khi CO, va H,0 1an lugt qua binh hap phu chira chat hip phu H,O nhu P,05, Mg(Cl04),
khan... rdi qua binh hap phuy chira chat hap phu CO, nhu KOH, hoic hdn hgp NaOH véi
Ca(OH); phan tan trén s¢i amidng (azbest) va tur su tang khéi lugng cac binh hép phu suy
ra ham luong C va H trong mau.

Phuong phép d6t chdy thuong duoc ding trong phin tich cic chat hitu co.

Trong phan tich céc hgp chat hiru co, ngoai phén tich C va H, d6i khi con phai
phan tich N. Nito trong cc hop chét hitu co khi bi dot chdy cho céc san phém nito phan
tir va cdc oxit clia né, cdc oxit nay dugc khir thanh nito phan tir bang bot dong ¢ nhiét do
550°C. Po thé tich khi nito va tir d6 tinh todn ham lugng chira nito trong mau.

Ngay nay, dd san xuit ra mdy phan tich ty dong C, H, N trong céc hop chat hitu
co. Thoi gian phén tich cho mdt mau mat khoang 15 phiit. Chét hitu co dugc dot bang oxi
sach trong bau khi quyén heli voi sy 6 mat ciia chét xiic tac.

1.3. Phwong phap nhiét phan

Trong phuong phap nay, ham luong chat can xic _dinh duogc suy ra tir sy giam
khdi lugng can ctia mau phan tich sau khi say hodc nung mau.

Phuong phap nhiét phan thuong dugc ding dé xdc dinh d¢ am, thanh phan nudc
két tinh hay cic hop chat d& bi phan huy khi nung & nhiét d¢ cao.

Vi du 1: Xéc dinh nudc két tinh cia mudi bari clorua. Can trudéc mot mau mudi,
rdi mang sdy ¢ nhiét d6 105°C dén khdi lwong khong ddi, ¢é ngudi va cin phan san phim
thu duoc:

BaCLxH,0 = BaCl+xH0T
Trudce khi nung Sau khi nung

Dua vao su chénh 1éch vé lvong can trudce va sau khi nung suy ra ham lugng nudc
két tinh trong mau.

Vi dy 2: Xdc dinh ham lwong NaHCO; trong hdn hop véi Na,CO;3 bang céch nung
mau. Khi nung, NaHCOj3 bi phan huy:

tO
2NaHCO; = Na,CO;+H,0 T +CO,T
Nhu vay, bé‘mg su chénh 1éch khdi lugng can trude va sau khi nung s€ tinh dugc lugng
NaHCO; trong mau.
1.4. Phwong phap két taa (Phuwong phap phan tich khéi lwong két taa)

Trong phuong phap nay, thanh phan can xédc dinh duoc két tia dudi dang hop
chét khé tan. Két tia duogc loc, rira sach, siy hodc nung dé chuyén sang dang c6 cong
thirc hod hoc xac dinh va dem can. Dya vao luong cén tinh ra ham lugng thanh phan can
xac dinh.

Vi du: xédc dinh ion AI’* trong mau. Két tua ion AI’* dudi dang AI(OH); bang
NH4OH:

AP’* + 3NH,OH = AI(OH); | + 3NH,*
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Sau khi loc, rira sach, két tia duoc nung & nhiét @6 1000°C dé chuyén sang dang ALOs:
1000°C
2AI(0H); =  ALO;+3H,0T
c6 thanh phﬁn hod hoc xdc dinh va can. Tt lugng can Al,Os tinh ra ham lugng ion A
trong mau.

Trong 4 phuong phap ké trén, phuong phap két tia thuong dugce dung nhiéu de
dinh lugng cdc chat nhat 1a céc hop chét v6 co, vi qud trinh chuyén thanh phan can xéc
dinh vao mot hop chit khé tan dé dang hon nhiéu so véi qua trinh tich né duéi dang tu
do, thém nira, ciing vi cdc phan ung tao két tia c6 thé st dung trong phan tich ¢6 nhiéu
hon nhiéu so véi cic loai phan mg khéc. Ngoai ra, phuong phap két tia con 1a mot trong
nhitng phuong phép tich chat can phan tich hay chat giy nhiéu rat hiéu qua.

Phuong phép két tiia thuong duge sir dung trong phan tich nong nghiép, do vay,
duéi day sé tap trung trinh bay vé phuong phép nay.

13+

2. PHUONG PHAP PHAN TICH KHOI LUONG KET TUA

Tién trinh cta phuong phap két tiia bao gdm lan luot cdc cong doan sau:

Cén madu — Dung dich — Két tia — Loc, rira — Sdy hodc nung — Can — Tinh todn.

Tat ca cic cong doan déu c6 anh hudng truc tiép dén do chinh xdc cua két qua
phan tich. Song, cong doan lam két tia c6 anh huong 16n nhat den két qua ctng nhu dén
tdc do phén tich, vi do chinh x4c cua phép phan tich phu thudc rat nhiéu vao viéc chon
chat két tua, vao luong két tia, vao dicu kién thyc hién két tia... Sir dung phuong phap
két taa phit hop s& tranh duoc hodc lam giam cdc anh hudng x4u nhu: sy tan cta két tia,
su ban két tia..., ciing nhu gitp cho qua trinh loc rira d& dang va viéc chuyén dang két
tua sang dang can dugc thuan ,lqi.

2.1. Yéu cau cia dang ket tiaa

Dang két tia 12 hop chét it tan thu duoc khi cho thudc thir thich hop tic dung véi
thanh phan can xéc dinh trong dung dich.

Vi dy: @ dinh lugng ion SO,”, ¢6 thé ding thudc thir Ba(NOs), va phéan (mg xay
ra nhu sau:

Ba’* + SO,” = BaSO4 |
San phém két tia BaSO, thu duoc, duge goi la dang két tua.

Trong hod hoc, mot nguyén t6 hodc ion... c6 thé dugc chuyén vao nhiéu dang két
tua khac nhau. V1 du: ion SO4 " duogc chuyén vao céic dang két tua BaSOg4, PbSOy4, hoac
SrSO;...; ion Fe** ¢6 thé chuyen sang ciac dang Kkét tua Fe(OH);, FePO,, Fe(cuferon)s,
FeS... Nhung, chi c6 dang két tiia ddp tmg cdc yéu cau dudi ddy moi dugc dung trong
phan tich két taa:

a. Dang két tia phai it tan

Khi phan tng tao két tia MX, tlr cdc ion M™ va X" da hoan thanh, két tha va
cic ion tao ra né nam trong trang théi cin bang theo II- a

M X, 4 5 aM™ + bX™ (II- a)
Do ¢6 trang thai can béng ma trong dung dich van ton tai mot lugng chét can theo doi &
dang hoa tan gy ra mat ket tua, hién tuong nay duoc goi la si khong hoan toan cua phdan
ing. Luong két tiia bi mat do chét can phan tich khong di vao két tia dugc tinh theo bicu
thace II- 1:
w=M.CV I- 1)
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Trong d6: w - khi lugng két ta bi mat (g), M - khdi lugng ctia mot mol phén tir chat két
tua (phan tr gam) (g/mol), C - noéng do6 mol/lit cta ion can phan tich con lai trong dung
dich (mol/1), V - thé tich dung dich khi ngimg lam két taa (1).

Day chinh 1a nguon gy sai sO phan tich.

Nong do ctia ion can phan tich (vi du ion M™) con lai trong dung dich, sau khi
phan ung tao két tia M, X, d xay ra dugc tinh nhu sau:

Néu trong 1 lit dung dich c6 s mol phan tir két tia M,X, tan ra theo II- a (s con
duoc goi la do tan cua két taa), thi s& c¢6 as mol ion M™ va bs mol ion X" hinh thanh:

MX, 1 S aM™ + bX™
S as bs

Nhu vay, Cym+ =as.

Tir d6 cho thay, sy khong hoan toan cta phan tng tao két tiia phu thudc vao su
tan cua két tua tirc phu thudc vao do tan cua két taa.

C6 rat nhiéu yéu 6 anh huong dén do tan ciia két tiia, & déy, chi trinh bay mot sb
yéu t6 chinh, dé tir d6 tim cach 1am két taa thich hop.

*Anh hwdng ciia tich sé tan dén dp tan ciia két tia

Tt can béng I1- a, tich sd tan cua két tia M, X, 1a:

Tatax = [ M™ ] [ X" ]° (II-
2)
va nhu trén da trinh bay, s& ¢6 [ M™]* = asva [ X" ]° =bs. Do d6, Tyaxs dugc viét 1a:
Tamaxy = (as)* . (bs)® = a®.b? s**° (II-
3)

Trong diéu kién vira xét, tri s6 ciia s ciing c6 thé coi 1a tring v6i do tan ctia két tia M Xy,
do d6 do tan s s€ 1a:

s = (Tpaxp /a"b") (11-
4)

Nhue vdy, dé tan ti 1é thudn véi tich sé tan cia két tia, do dé, muén phan ing
phan tich la cang hoan toan thi phai chon logi phan ng cho két tia c6 tich sé tan cang
bé cang tot. Trong trudng hop phan tich w gam ion M™ ¢6 khéi luong mot mol ion ki
hiéu 12 Myms, v6i sai 86 % (e %) cho trudc va thé tich khi dimg két tia 1a V 1it, thi Tyaxs
phai dat gia tri:

Trvaxy S (107, W/V. Mym+)**.a".b (1I-
5)

Thong thudng, trong phan tich khoéi lwong két tia, khoi lwong chat phén tich
khoang 0,1g, thé tich dung dich 1a 0,1lit, khdi lugng mot mol ion chat can phan tich Ia
khoang 100g, sai $6 phan tich 1a 0,1%, thi v6i m = n = 1, tich sb tan cua két tha MX can
dat 12: Tyx < 107, hay s < 10°M, khi lugng thude thir 12 vira du.

* Anh hwéng ciia ion chung dén dé tan ciia két tiia

Ton chung 12 ion c6 trong thanh phan két tiia, nhu vay, viéc bo sung ion chung vao
dung dich bdo hoa cuia két tiia s& 1am cho phan tng II- a chuyén dich vé phia tao két tua
va lam giam d6 tan ctia két tiia (nguyén Ii Le Chatelire)

Vi du: tinh d6 tan cia PbSO, trong nude va trong dung dich Na,SO4 10”M, cho
Tppsos = 1,6 . 107

- Trong nuoc:

Két tia PbSO, phan li:

PbSO, 4 S Pb* + SO~
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Vay, d6 tan ciia né theo biéu thirc II- 3 1a:

Tesos=ss=s> —s=(1,6.105" = 1,3.10*M.
- Trong dung dich Na,SOy4 1 0°M:
Co:
[Pb* ] =5, [ SO ]=s+ 102, nén Tpysos = s(s + 1072). Gia thiét s <107 thi Tpysos= 107

z.s, suy ra: s = 1,6.10"6M < 10°M.

Nhu vay, d6 tan ciia PbSO, trong dung dich Na,SO4 10°M nhé hon d6 tan cia
PbSO, trong nudc khoang 100 lan.

Qua vi du trén cho thdy: muén cho két ta xay ra hoan toan va nhat 1a d6i véi cac
két tia c6 tich sd tan 16n thi can dung du thudc thi, tuy nhién, su du can vira da, néu
khong s& dan dén:

- Tén kém,

- Tang sy hap phu thudc thir ciia két tia  gdy kho khan cho viéc rira két tia,

- Tao phirc chét tan trong diéu kién thudc thtr du, giy su tan ket taa, lam mat mau.
Vi du: khi lam két tua ion AI** dudi dang AI(OH); (Taion3 = 1.10° ), nhu vay, theo biéu
thirc II- 5 két tua s& hoan toan voi ndng do cia [OH] = 10°M, tac & pH = 5. Néu lam két
tia & pH> 6 s& lam cho mot phan két tia Al(OH); tan ra dudi dang phiic chét tan
[AI(OH),] ", giy ra sai s phén tich.

* Anh hwéng ciia phén mg phu

Thuong hay gip d6 1a cdc phan Gmg thuy phan va phan tng tao phirc chat.

+ Anh hwéng ciia phdn iing thuy phén:

Trong mdi trudng nudc cdc cation M™ ciing nhu cdc anion X™ c¢6 thé bi thuy
phan ma sy thuy phan lai phu thudc vao pH mdi truong. Khi pH tang 1€n cic cation bi
thuy phan manh hon va nguoc lai khi pH gidm di thi cdc anion bi thuy phan manh hon.
Su thuy phan s& 1am cho ndng d6 tu do cua cdc ion tao két tia giam di dan dén két tua s&
tan ra, hay do tan ctia két tia ting. Vi dy: Khi lam két tia ion Ca** dudi dang két tia
CaC204:

Ca™ +C047 = CaCy04

néu tién hanh phéan g tai pH < 5, s& dan dén c4c phan tng:
C,047 + H" = HGCOs

HC204_ + H+ = H2C204

lam giam néng do ion C204 ", dan dén két tha CaC,0y s& tan ra.

+ Anh hwéng ciia phan ung tgo phiic:

‘Trong sy c6 mit cua chét tao phirc, cation M™ con c6 thé tao phtic chit tan véi
céc phéi tor L™

Mm+ + XLn— — [MLx]m—xn

lam cho néng dd tu do cua cdc ion tao két tua giam di dan dén két tua s& tan ra, hay do
tan ctia két ta ting 1én. Vi du: khi 1am két tia ion Fe** duéi dang két tua Fe(OH); tai pH
=4 -5, trong moi truong c6 du ion CN', két tiia s& khong hinh thanh, vi ion Fe’* tao phuc
chét tan [Fe(CN)6]3' lam cho n6ng do tu do cua ion Fe’* quéd bé khong du dé két taa
Fe(OH)s.

Cédc phuong trinh phan tng trén cho thay sy thuy phan, su tao phirc chat déu dan
dén su giam ndng do céc ion tao két taa ((M™], [X™]), do d6 1am ting su hoa tan cua két
tua theo phuong trinh II- a (nguyén 1i Le Chatelier).
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* Anh hwéng ciia cdc yéu té khdc dén dp tan két tiia

Cic yéu t6 khdc c6 anh huong dén do tan cua két tia d6 1a: nhiét do, kich thudc
hat két tua, su gia héa ciia két tua, tinh chat ciia dung mai...

+ Anh hieong ciia nhiét do dén do tan két tia:

Dai bd phén cac két tua c6 do tan tang khi tang nhiét d¢ cua mdi trudng tao Kkét
tua.

+ Anh hwong cua kich thudc hat dén dé tan kér tia:

Nang lugng bé mat cia hat to nhé hon nang luong bé mat cia hat nho, do dé khi
tang kich thudc hat thi do tan cua két tia giam.

+ Anh hong ciia si gia két tia dén dé tan ciia né:

Khi dé lau két ta trong mdi truong két tia (1am gia két tia, 1am chin két ta, lam
mudi két tua) sé dan dén cdc hién tuong:

- C4c hat nho s@ tan ra va céc hat 16n sé& 16n 1én, dan dén do tan két tua giam.

- Céc hat két toa chira nudc két tinh c6 thé s& mat nudc va dan dén do tan giam.
Vi dy: két tia CaC,04.2H,0 chuyén thanh CaC,0,.H,0.

- Sy polime hod cic hat két tia, nhat 13 d6i voi cac két tia sunphua, hidroxit dan
dén do tan cua két tua giam. Vi du: cac két ta CuS, ZnS dé tao thanh mach: -M-S-M-
gay ra sy chuyen dang tinh thé va do tan giam.

+ Anh huong ciia dung moi dén dj tan két tua:

Pai bo phan céc két tua trong méi trudng nudc (dung modi c6 tinh phan cyc 16n
nhét) déu c6 do tan 16n hon trong dung méi hitu co. Do d6, khi tién hanh két tua trong
dung moi htru co thich hgp s€ lam cho két tuia hoan toan hon so v&i khi 1am két tia trong
mdi trudng nudce. Vi du: két tia AgCl, trong H,0, ¢6 d6 tan 0,00191g/lit, song, trong mdi
truong etanol, c6 do tan 0,000015g/1it, hoac két tia CaSO, (Tcasos = 9,1.10’6) tan nhiéu
trong nudc, song, trong mdi trudng c6 bd sung etanol hodc axeton thi do tan giam di
nhiéu lan.

Nghién ctru vé d6 tan cua két tia cho thy ¢ yéu t 1am giam do tan nhung lai ¢6
yeu t6 lam tang do tan. Do do, khi sur dung loai két tiia nao trong phan tich can xdc dinh
diéu kién lam két taa thich hop, dé qua trinh phén tich don gian ma van dam bao dg chinh
xéc ciing nhu tao diéu kién thuan loi cho cédc cong doan phén tich tiép theo.

b. Két tiia phai chon loc

Thong thuong, di cung voi ion can xéc dinh con c6 céc ion khic c6 thé tham gia
phan ng voi thudc thir din dén sai s6 phan tich, do d6 chon phan tng sao cho chi ion
can phén tich tham gia 12 hét strc quan trong dé dam bao két tua thu dugc sach, néi cach
khéc 1a tang do chon lgoc ctia phan Gng phan tich. Sy Kkét tua chon loc co6 thé dat duoc
bang nhiéu céch nhu:

* Chon dang két tiia thich hop:

Khi khong c6 ion giy nhiu, chon két tiia ¢6 d6 tan nho nhat dé sy két tiia 13 hoan
toan hon. Trong truong hop cé mat céc ion giy nhiéu, chon két tia c6 do chon loc cao,
mac du c6 do tan 16n va lam giam do tan cua ket tia bang cdc bién phap thich hop nhu
dung thuée thtr du ... Vi du: khi lam két tua Pb* trong su c6 mdt cic ion Cu*, Zn2+,
chon két tia PbSOy4 (Tppsos =1,6.10") chir khong chon céc két tia PbCOs3 (Tppcos =
7,49.10™%), PbCrO4 (Tppcios = 1,8.10™%), PbS (Tpys = 2,5.10°%7), béi vi céc ion Cu**, Zn*™*
cling tao két tha vGi cdc ion COgZ', CrO42' va 87 Trong diéu kién nay, su khong hoan
toan cua két tia PbSO, duoc khéc phuc bé‘mg viéc st dung du ion SO~
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* Chon diéu kign két tia thich hop:

Chon diéu kién sao cho chi c6 ion phan tich phan ung, nhu thay d6i pH moi
truong... Vi du: phan tich ion SO* trong mau chtra céc ion PO,>, COs™ dudi dang két
tia BaSO,, can tién hanh 1am két tha & moi truong HNO;3; hay HCI pH = 4, dé céc ion
PO,*, COs™ khong tao cdc két tiia Bas(POy),, BaCO; gy anh huong dén két qua phan
tich.

* Che ion gdy nhiéu:

Day la bién phap chuyen ion gdy nhiéu vao phirc chat bén va khong phan tng voi
thudc thir, nhur Vay, chi c6 ion can phan tich tham gia phan u’ng v6i thude thir. Vi dy: khi
phan tich ion Mg* trong sy c6 mit cua cdc ion Fe’, AI’* dudi dang két tua
MgNH4PO,4.6H,0, cho vao mdi truong két tua ion xitrat, nhu’ vdy cdc ion Fe’*, AI’* s&
tao phirc chit bén voi xitrat va khéng tham gia phan tng tao két tia photphat.

Néu céc giai phdp néu trén khong thé tién hanh duoc, thi phai tich cdc ion gy
nhiéu hay ion phan tich trudc khi lam két tua.

¢. Dang két tia phai dé loc, dé rira sach

Mudn vay, nén chon dang két tua tinh thé, c6 bé mit tiép xic nho, it hap phu chat
ban va khong bit kin 16 glay loc, dé dé rua sach va loc nhanh hon. Céac dang két tua vo
dinh hinh va nhat 1 céc loai két tua keo, nhu cdc két tua hidroxit, déu c6 bé mit tiép xic
16n, d& hip phu nhiéu chét ban, nén khé loc va khé rira sach. Vi du: khi Chon lu’a 2 két tha
c6 do tan tuong duong nhau két tha VO dinh hinh Al(OH)3 (Taions = 1. 107 ) va két tua
tinh thé AIPO, ( TA1p04 =5,7.10 19) néu c6 thé, vu tién két tia AIPO,.

d. Dang ket taa phai dé dang chuyén hoan toan sang dang can

Day la yeu t6 co ban lam can cu cho su tinh todn thanh phan can xac dinh. Do d6,
can chon dang két taa sao cho khi sdy hoic nung s& chi thu dugc mot san pham duy nht,
6n dinh (dang can). Vi dy: khi phan tich Pb* thuong két tiia né dudi dang PbSO, 1a dang
dé dang chuyen sang dang can PbSO4 chir khong dung dang PbS (mac du ¢6 d6 tan nho
hon), vi khi say, nung, dang PbS khong 6n dinh dé bi oxi trong khong khi oxi héa:

t°
2PbS +30, = 2PbO +2S0,
dan dén san pham thu dugc sau khi sdy, nung 12 hdn hop PbO va PbS khong c6 cong thire
ho4 hoc xac ‘dinh, khong thé lam dang can.
2.2. Yéu cau cua dang can
i Dang cén 1a dang két tiia sau khi da dem sdy hodc nung dén khéi luong khong
doi.

Tuy theo ban chét cua két tua, dang két taa va dang cin c6 thé c6 cliing hoidc
khong cung cong thuc hoa hoc.

Vi du: két tha BaSO, cho dang két taa va dang can nhu nhau, déu 1a BaSO,. Viéc
sdy hodc nung, trong trudng hop nay, chi 1am mat di nudc hap phy. Nhung, déi véi dang
két tia Fe(OH)s, khi nung s& thu duoc dang cin 13 Fe,Os:

1000°C
QFC(OH)3 = Fe, O3 + 3H,O

Dé c6 thé tir khdi lugng dang cén tinh todn dwoc ham lugng cua thanh phan can
phan tich, thi dang can can phai dam bao cic yéu cau sau:

a. Dang can phai c6 cong thirc hoa hoc xac dinh

Dé c6 thé tinh duoc két qua phan tich bat budc dang cin phai c¢6 cong thic hod
hoc xdc dinh, ké ca phﬁn nude két tinh.
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Vi du: cdc két tua hidroxit hay cdc két tia mudi bazo khong thé ding lam dang
can duoc vi thanh phan cua ching khong on dinh va phy thudc vao diéu kién két tiia. Cén
phai nung chuyen céc két tia nay sang dang on dinh vé cong thirc hod hoc nhu cic dang
oxit, dang mudi... Vidu: két tua Fe(OH); chuyen thanh Fe,O3; nhu da néu & trén.

b. Dang cin phai bén vé phwong dién hoa hoc

Nhu khéng duoc hap thu hoi nudc hay CO,, khong tham gia phan tng oxi hoa
khtr voi oxi trong khong khi. Vi du: khi phan tich ion Ca®* dudi dang két tua
CaC,04.H,0, co the co cac dang can: CaC204 H,O0, CaCOg, CaO, song, khong nén dung
dang CaO vi n6 hiit am rat manh, khi can s¢ mac sai so.

¢. Ham lugng cia thanh phén cin tim trong dang can cang bé cang tot

Khi can s€ mac sai so can, do d6 dé han ché duoc anh huong cua sai s6 nay thi
ham luong cua thanh phan can tim trong dang cin cang bé cang tét. Vi du: khi x4c dinh
ion AI’* dudi dang oxit nhdm ALO3 (M = 101,96) s& gap sai s6 2,4 1an 16n hon so véi khi
xéc dinh du6i dang AIPO4 (M = 121,95) néu ciing can sai mot luong nhu nhau.

Nhitng yéu cau néu trén dbi véi dang két tia va dang cin cho thiy viéc chon dang
két ta, dang can 1a rat quan trong trong phuong phép két tiia, vi né quyét dinh do chinh
xéc cling nhu tég do ctia phép phan tich.

2.3. Su gay ban ket tia

Két tua thu duoc dé trong mdi truong két tia s& tuong tic véi cdc ion cb trong
mdi trudng va tao nén sy ban két tia. C6 2 nhém nguyén nhéan chinh giy ban két tia d6
1a su cOng két va su két tua theo.

a. Sw cong két

Két taa dugc hinh thanh trong qud trinh phén tich thudng kéo vao ciu tric cua
minh céc tap chat (cic ion la). Khi cdc tap chat cing két tiia dong thoi véi két tia chinh
mac du nong do cua chiing chua dat toi trang théi bao hoa, thi hién tuong nay dugc goi la
su cOng két — mot yéu t6 gdy nén sai sé phan tich.

Cé4c nguyén nhan gy nén su cong két 1a: su hép phu bé mat, su két vén, su tao
tinh thé hdn hop.

“Sw cong két do hap phu:

Xay ra khi két tiia chinh ¢ dang keo trong sy du thira thudc thir. Cac hat keo hép
phu ion hoat dong cua thudc thu sé dan dén su hap phu cdc ion trdi ddu. Vi du: két tua
BaSOy trong diéu kién du ion SO, s& hap phu céc ion duong. Trong truong hop nay,
thuc té cho thay ion gay nhidu nao tao mudi véi thude thir cé do tan nho hon, s& bi hap
phu nhiéu hon; véi két tia BaSO, néi trén, thi sy hap phu ddi véi cdc cation nhu sau: Na*
<K'<Ca® < Pb*.

Nham khic phuc sy hip phy, nén tién hanh két tia v6i dung dich loang thudc thir
loang, két tia néng va khong nén dé két tia qud l1au trong dung dich.

“Sw cong két do hién twong két von:

Gay béan co hoc két tiia, béi khi tién hanh két tia mot phan chat gy nhidu da bj
két tia bao boc. Hién tuong nay thuong gap khi két tua vdi dung dich dac, két tia nhanh
va khuay khong t6t. Dé loai trir su ~cong két nay, can tién hanh két taa véi dung dich
lodng néng, két tiia cham va khudy t6t hodc 1am két tiia ddng tinh. Néu khong thanh cong,
thi phai str dung bién phdp két taa lai.

“Sw cong két do hién twong tao tinh thé hén hop:

Xay ra khi ban kinh ion cua ion trong két tiia chinh va ion gdy nhiéu khong khéc
nhau nhiéu (d9 sai khac nho hon 10 — 15%). Liic nay cic ion gdy nhidu cé thé thay thé
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cho ion tao két ta chinh trong mang tinh thé. Vi du: ion MnO, c6 thé thay thé ion SO4%,
nén khi két tia BaSO, vdi sy ¢ mit ctia ion MnO,” s& thu duoc tinh thé két tua c6 chira
ion MnOy". Sy cong két nay khong thé loai bé dugc bang cach rira hodc két tia lai ma chi
¢6 thé loai bé duoc bang céch che, khir cdc ion gy nhiéu di. Chang han, ¢ vi du trén, c6
thé loai anh huéng ctia ion MnO,” bang cach khir né vé ion Mn** khi cho axit oxalic vao
dung dich phén tich trudc khi 1am két tia.

Trong phan tich, si cong két khéong phai lic nao ciing gdy hai ma doi khi lai co
loi. Khi phan tich ham lwong nho cdc chat, thmmg sw dung su cong ket dé “gom” cdc
chdt can phan tich. Vi du: khi x4c dinh ion Pb™" tir dung dich lodng, nong d6 ctia né nhod
dén mirc ma két tiia PbS, 1a két tua it tan nhét cua ion Pb**, ciing khong hinh thanh. Cho
vao dung dich phan tich ion Ca®* va két tia ion Ca™ dudi dang CaCOs, trong diéu kién
nay ion Pb>* bi cong két theo. Sau d6, hoa tan két tia cacbonat vao axit axetic va phén
tich ion Pb** bang cic phuong phap thong thudng. Mot vi du khéc, d6 1a sy gom luong
nho cédc ion kim loai hod tri 2 nhu Cu®*, Cd**, Mn*", Zn™* trén két tia Fe(OH); hodc
AI(OH)3.. Bang su cong két c6 thé lam tiang ndng do cdc chat can phan tich 1én hang
ngan, hang van lan.

b. Sw két tiia theo

Ngoai sy cong két, trong thuc té con gip hién tuong két tia theo 1am cho két tia
chinh bi ban. Hién twong nay xdy ra khi két tiia chinh da két tia xong va khong duoc tich
kip thoi ra khéi dung dich, thi sau mot thoi gian s& hinh thanh trén két tia chinh két tia
ctia cdc chat ban mic di trong diéu kién binh thuong né khong két tia. Vi du: MgC,0,4 1a
chat tan, khong ciing két tia véi CaC,04, nhung sau khi CaC,0, da két tiia hét va dé 1au
trong dung dich (khoang 2 gio), thi MgC,0, bi két tia theo. Dé khac phuc su két tia theo
can tach kip thoi két tia chinh trude khi két tua theo xuat hién.

2.4. Mt so ki thuat trong phwong phap phén tich khoi lwong két tia

Sau khi da chon duoc phan img tao két tia thich hop, cac budc tiép theo bao gom:
chon dang thudc thtr, 1am két taa, loc rira két tua, siy va nung két tua dé chuyén sang
dang cén, cAn san pham va tinh todn.

a. Chon thudc thir 1am két tia

Khi d4 c6 phan tmg phan tich, viéc chon dang két tua rat quan trong dé dam bao
viéc phan tich nhanh va chinh xédc. Vi du: khi phén tich ion Fe™* du6i dang két tua
Fe(OH)s, chon hoa chat nao trong $6 hod chét: NaOH, NH4OH Na,COs3, ure, lam thude
thu? Viée chon lya dang | thudc thtr phai theo cdc nguyén tic sau:

+ Chon loai thuéc thir khong bén véi nhiét, nhu vay, khi séy nung két tua n6 dé
dang bi phan huy va bay di khong gy nén sai s6 phan tich. Vi du: trong truong hop phan
tich ion Fe’* néi trén s& dung NH,OH hoac ure.

+ Chon logi thuéc thir ¢6 dé tan lém, dé khi rira két tua thi phan du cta thude thir
bi hip phu boi két tiia d& bi loai di. Vi du: 1am két tia ion Ba™ bang axit H,SO4 chir
khong ding Na,SO4, vi H,SO4 ¢6 d6 tan 16n hon nén d& bi dudi ra khoi két tia hon khi
rua.

+ Chon logi thuéc thir cho phép tién hanh két tia dong tinh, &6 chinh 1a giai phdp
diéu ché thudc thir ngay trong dung dich, nhu vdy, thudc thir s& xuat hién & moi chd va
phan tng tao két tiia s& xay ra & moi noi ciing mot lic. Vi dy: trong truong hop phén tich
ion Fe™* néi trén s& ding ure. Khi cho ure vao dung dich, né hoa tan nhanh va phan b6
déu trong toan bd khong gian. Pun néng dung dich, ure bi thuy phin nhanh tao ra
NH,OH:
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tO
CO(NHy)» + 3H,O = 2NH4OH + CO;
va phan ng tao két tia Fe(OH); xay ra tai moi diém cling mot lic. Sw két tiia nay goi la
két tia dong tinh.

+ Ding mot lwong thuoc thir duw so véi Ii thuyét (thuong ding du gip doi), vi do
tan ctia két tia s& giam di nhiéu, khi trong dung dich c6 ion chung.

Tuy nhién, can Iuu 1, mot s két tha c6 thé tan trong thude thir du. Vi du: cic két
tia AgCl, Hgl... tan dugc trong thude thir du (CI™, I') do su tao thanh céc phirc chit tan
[AgCL], [HgI4] , & céc truong hop nay, phai tinh todn lwong thudc thir sao cho vira
du dé két tua hoan toan va tranh duoc su hoa tan cua két tia do su tao phirc chat tan.

b. Lam két tia

Lam két taa trong cbc chiu nhiét. Khdi lugng két tha can nam trong khoang
200mg, thé tich khi két thic 1am két tia khoang 100 - 200ml. Tuy theo ban chat ciia két
ta (dang tinh thé, dang keo hay dang v6 dinh hinh) ma chon céch 1am két taa thich hop.

* Lam két tiia tinh thé

Su tao thanh két tua bao gém hai qua trinh: sy phat sinh cic mam két tinh 12 trung
tam cua sy két tia va cdc mam tinh thé 16n dan 1én.

+ Sw phdt sinh cdc mam két tinh 1 trung tam cia sie két tia.

Céc mam két tinh c¢6 thé ty hinh thanh trong qud trinh 1am két tia, ciing c6
truong hop tao nén bang cac thao tac thich hop nhu dung diia thuy tinh co vao thanh binh
dé tao mam tinh the (truong hop két tia MgNH,4PO,...)

+ Cdc mam tinh thé lén dan lén.

Dé tang cuong qua trinh nay, thuong dé yén két tha trong vai gio hodc 1au hon
(lam muoi két tia, u két tia). O giai doan nay, cdc tinh thé nho sé& tan ra, con cic tinh thé
lon ¢ 16n 1én, vi trong cung diéu kién, dung dich s& bdo hoa ddi véi tinh thé 16n nhung
c6 thé chua bdo hoa dbi véi tinh thé nho.

Nhur vay, khi lam két tiia tinh thé, dé cé két tua tinh thé hat lom, phai han ché qud
trinh tao mam tinh thé va phdi cé thoi gian lam mudi két tia. Pé han ché sé mam tinh thé
can lam két tia chdm bang cdch két tua véi dung dich loang, thuéc thir loang hodc lam
ting do tan cia két tia nho két tia véi dung dich néng, thudc thir néng hodc ¢ pH thich
hop... Sau d6, sy két tiia hoan toan duge dam bao bang viéc ding thude thir du hay bang
diéu chinh pH hodc thanh phan dung méi...

Vi duy: két tiia ion Ca™ dudi dang CaC,0,. Piu tién dun néng dung dich phan tich
véi axit oxalic (dé s6 mam tinh thé duoc tao thanh it do c6 it ion C2042'), sau d6 trung

hoa mdi trudng bang NH4OH dén pH > 5 (ting luong ion C,0,47). Dé yén két tua khoang
1 gio (1am mudi), roi loc 1ay két taa.

* Lam két tiia vé dinh hinh:

Nguoc lai voi viée lam két tua tinh thé, khi lam két taa vO dinh hinh can phdi tién
hanh nhanh trong dung dich néng véi thuéc thir dw va khudy tot, ¢é thém chat dién li dé
hé théng keo nhanh bi dong tu va chong dwoc sw pepti hod. Nhu vay, két tua s& day dic,
vimg chic hon, bé mit tiép xiic s& bé hon. Sau khi 1am két tia xong phai loc ngay, vi dé
lau két tha quanh lai gy khé rira. Néu c6 thé duoc, nén lam két tia dong tinh.

Tir nhitng phén tich trén c6 thé thdy nhimng thao tdc trong phén tich khong thé tién
hanh mot céch tuy { ma phai theo mot qui dinh nghiém ngit dé dam bao cho viéc phan
tich dat két qua chinh xdc. Nong do thudc thir ddc, lodng, cho du nhiéu hay it hodc lam
két tia nhanh hay cham... 1a nhitng qui dinh ma mdi ngudi 1am phan tich phai tuan theo.
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c. Loc két tia

Dé loc két taa thuong ding 3 loai dung cu loc: phéu loc, cdc loc bang gbm va coc
loc bang thuy tinh.

* Phéu thuy tinh:

Puoc thoi tir thuy tinh chiu hod chét véi cdc tiéu chuan: géc tao boi hai dudng
sinh bang 90° va chiéu cao cua phéu tir 9 — 12cm. Pi véi phéu loc phai dung gidy loc
khong tan, tirc loai gidy khi @t chay hoan toan cho lugng tro khong dang ké (< 0 ,0001g,
sai 80 cua can phan tich). Gidy loc duogc chia 1am 3 loai tiy theo kich thudc 16 cua gidy:

- Loai 16 nho (gidy loc bang xanh) dung dé loc gilr cac két tiia c& hat nho.

- Loai 15 trung binh (gidy loc bing vang, bang trang) dung dé loc giit ¢ hat vira.

- Loai 10 to (gidy loc bang do) ding dé loc giir cac loai hat tho.

Viéc chon gidy loc cho phit hgp véi ¢ hat 1a rat quan trong nham loai trir viéc két tua
chui qua giéy va tao cho viéc loc, rira dugc nhanh.

Bo loc nay c6 uu diém 1a rit phd bién trong phong thi nghiém. Tuy nhién, khi
chuyén sang dang cin nhat thiét phai nung két tua vi phai dbt chdy gidy loc. Ngoai ra,
khong thé su dung ki thuat hit chan khong vdi bd loc nay, vi viéc hit chan khong s€ lam
thing gidy loc, gdy mat mau.

* Céc loc bdng gém

La loai cdc lam bang gbm c6 ddy la mang gdm xdp véi cic kich ¢& clia cic 15
héng khac nhau. Ki hiéu cho tig loai cdc ctia cdc nude 6 khac nhau, vi du: Al, A2, A3
(Du’c) trong d6 Al c6 kich thude 15 to nhét, A3 c6 kich thudc 15 bé nhat Uu diém cua
loai cbc loc nay la cho phép dung ki thuat loc chén khong va c6 thé say hodc nung dé
chuyén dang két tiia sang dang can.

* Céc loc bdng thuy tinh:

La loai cdc 1am bang thuy tinh c6 ddy 1a mang thuy tinh x6p Vi céc kich cd cia
cac 16 hong khac nhau. Ki hi¢u cho tung loai cbe cua céc nude ¢6 khac nhau, vi du: Sy,
S», S3, S4, (Séc), G1, G2, G3, G4 (Duc), trong d6 S4, G4 c6 16 hong 16n nhat va S1, G1
¢6 16 hong bé nhat, thuong dung loai S2, S3 hay G2, G3. Uu diém cua loai coc loc nay 1a
cho phép ding ki thuét loc chan khong, song, chi c6 thé sdy dé chuyén dang két tia sang
dang can.

Khi loc thuong két hop gan rua va loc dé mau dat duwoc két tia sach. Trudc tién,
chét phan nudc trong 1én hé thdng loc, cho tiép dung méi vao két tia va khudy déu rdi dé
sa lang. Chat tiép phan nuoc trong 1én hé thong loc. Qua trinh nay duoc lap lai khoang 3
lan, sau d6 méi chuyen toan bo két tha 1én hé thong loc va tién hanh rira két tua.

d. Rira két tiia

Muc dich cua su rira két tia 12 loai cdc tap chét hép phu trén két tua. Trong khi
rira, cdc két tia thuong tan ra cho nén cin chon dung dich rira, dung méi rira va céch rira
thich hop.

Thuong chon dung dich rira nhu sau:

- Dung dich rita ¢é chita thudc thir, néu thudc thir 1a chat dé bay hoi hodc d& bi
phan huy khi sy va nung két tia. Rira bang céch nay s& han ché duoc sy tan ctia két tua.
Vi du: rira két tia AgCl bang dung dich chira HCI lodng.

- Dung dich rita ¢ chita chdt dién gidi dé bi bay hoi khi nung. Rira bé'mg dung
dich nay s€ han ché duogc hién tuong keo tan (pepti hod) cua céc két tia keo. Vi du: rira
két tia Fe(OH)3, AI(OH); bang dung dich NH,C1, NH,;NO:s.

Trieong Pai hoc Nong nghiép Ha Noi — Gido trinh Hod Phan tich.................coooiiiiiiiiiiiiiiniaina, 36
http://hoahocsp.tk



- Dung dich rua co chdt ngan can su thuy phdn cua két tia. Vi dy: rira két tua
MgNH4PO4 bang dung dich chira NH4OH d¢ han ché sy thuy phan cia MgNH,PO, .

- Néu két tia la chat it tan, khong bi thuy phdn, khong bi pepti hod thi chi can
dung dich rita la nuoc cat.

Khi rira cn luu { rang: voi cung mot lugng dung dich rura, néu chia ra rira lam
nhiéu 1an va trong mdi 1an rira can dé chay hét nude rira méi d6 nudc rira moi, thi két tha
mau sach hon va it bi tan hon. Diéu nay dé dang nhén thiy qua biéu thtc II- 6:

Ch = G [RAV + R)]" (II- 6)
trong do: n —so lan ria
V — thé tich dung dich rira
R - thé tich dung mdi bj két tia hap phu
Co— ndng do chat bi hap phuy khi bat dau rira
C,— ndng d6 chat bi hip phu sau lan rira tha n.

Qud trinh rira két thic khi khéng phét hién phan ¢mg cta thude thir hodc ion chi
thi trong nuée loc. Vi dy: khi rira két tia CaC,0,4 hinh thanh tir phan Gng giita ion Ca** va
thude thir (NH,),C,04. Vi két ta hinh thanh hip phu ion C,04> nén khi rira ion ndy s&
duoc giai phéng vao dich loc. Thu léy dich loc va nho vao dé dung dich ion Ca®*, néu
dich loc khong ¢6 phan tng tao két tia CaC,04, chiing t6 viéc rira da hoan tat.

e. Say va nung két tia

Say va nung nham dé chuyen két tua sang dang cén. Déi véi két tiia ¢6 cong thirc
hod hoc gidng v6i dang cén thi chi can sdy loai bo nude & nhiét do 95 —1050C Con dbi
voi két tha c6 cong thire khong trung voi cong thirc dang can hodc khi can phai d6t chay
glay loc, thi sau khi say kho, ket tua dugc nung ¢ mot nhi¢t d6 xdc dinh. Sau thoi gian
sdy, nung khoang 2 — 3 gid, mau ldy ra dugc dé trong binh hiit a am dén khi nguoi Ve nhiét
d6 ctia phong cén thi mang can trén can phan tich. Sau d6, mang sy hodc nung mau thém
30 phit, rdi dé ngudi va can. Néu khi luong can duge khong sai khac so voi khdi luong
can lan trudc (véi sai s6 cin cho phép), thi viéc sdy nung da két thic. Néu khéi luong
giam di, thi can nhéc lai qud trinh say, nung dén khi khéi lugng khong doi.

Nhiét ¢6 nung phai chinh x4c, dé chuyén hoan toan dang két tia sang dang cén,
nhung khong 1am dang cn tiép tuc bién doi. Vi du: dé chuyén Fe(OH); sang Fe,O3 phai
nung & nhiét dd 1000 °C, néu nung & nhiét d6 1200 °C, sat ba oxit s& bi phan huy thanh
sit hai oxit, két qua s& thu dugc hdn hop 2 oxit véi cong thirc hod hoc khdng xéc dinh:

1000°C
2Fe(OH); = Fe, 035 + 3H,0
1200°C
2F6203 = 4 FeO + O,

f. Cach tinh toan két qua

Ham luong ciia thanh phan can x4c dinh trong mau dugc tinh toan tir khdi luong
ctia dang cén thong qua hé sd chuyén F.

Vi du: dé x4c dinh AI** trong miu phén tich da cAn a(g) mau va hoa tan vao dung
dich. Két tia nhom dudi dang AI(OH); bang NH,OH. Sau khi nung chuyén Al(OH);
thanh Al,Os thi cAn dugc b(g). Hay tinh thanh phan phan trim nhom trong mau?

Cdch giai:

Céc phan tng phan tich da xay ra:

AI’* + 3NH,OH = Al(OH); + 3NH,*
2A1(OH)3 = ALO3; + 3H,O
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Cur 101,96 g Al,O5 ¢6 53,96g Al, vay trong b(g) Al,O3 co x g Al
x =(53,96/101,96). b (2)
Thanh phéan phan trim y% ctia Al trong mau la:
y% = 100.(53,96/ 101,96). b/a

Trong cong thic trén, ti 50 53,96/101,96 duoc xdc dinh bang dinh luat thanh phén
khong ddi cua cac chét tham gia phan tmg, la mot hang s6 va duoc goi la he 56 chuyén F.

Viy hé s6 chuyén F i ti s6 gitka khoi lieong ciia thanh phan can xdc dinh c¢é trong
mét mol phdn tik ciia dang can véi khéi lirong ciia mét mol phan tir ciia dang can.

Do d6, cong thiic tong quét dé tinh thanh phan phan tram céc thanh phan can xac
dinh la:

y% = 100F. b/a (II- 7)

F - hé s6 chuyén.

b - khdi lugng ciia dang can (g).

a - khdi lugng ctia mau 14y vao can phan tich (g).

Céc phép phan tich khdc nhau c6 hé s6 chuyén khic nhau. Vi du: xac dinh Ba®*
qua két tha BaSO4 c¢6 F =137,34/233,40, con X4c dinh Fe qua Fe,O3 c6 F =
111,69/159.,69... .

2.5. Mot so ung dung cu thé

Ung dung ctia phuong phap két tia rat da dang va cho phép phén tich hang loat
céc ion, cdc hop chat (bang B.1.2).

Dudi day, chi trinh bay nguyén tic cic phuong phdp thuong ding trong phén tich
mot s6 ion thudng gap ndng nghiép:

* Xdc dinh ion SO42':

Dang két tiia va dang can déu 12 BaSO,.

Mau phén tich dugc axit hod dén pH = 4 bang axit HNO; va lam két tia ion SO42'
bang dung dich thudc thir Ba(NOs), lay du. Trong diéu kién nay, céc ion CO5%, PO4 ’
khong gy anh huong dén két qua phan tich. Két tia BaSO, sau khi duoc rira sach bang
nudc cét, thi dem nung & nhiét do 700°C dén khdi lwong khong doi va can. Hé sé chuyén
Fso42 = 0 4116.

Bing B.1.2: Mt sé phwong phdp phan tich khoi luong két tiia

Nguyén to Dang két tia Tich so Nhiét do Dang can Hé sb

dwogc xac tan (T) | sdy, nung chuyén
dinh (O €))

Ag AgCl 1,78.10™° 130 AgCl 0,7526
AgBr 5,3.10"° 130 AgBr 0,5744
Agl 8,3.10" 130 Agl 0,4594
Al Al(OH); 1.107* 1000 | ALOs 0,5292
AIPO, 5,75.10" | 1000 | AIPO, 0,2212

Ba BaCO; 5,1.107 600 BaCOs 0,6959
BaCrO, 1,2.10"° 550 BaCrO, 0,5421
BaSO, 1,1.101° 700 BaSO, 0,5884

Ca CaC,0..H,0 2,3.107 900 CaO 0,7147
CaC,04.H,0 500 CaCO; 0,4004

CaC204.H20 105 CaC204.H20 0,2743

CaS0..H,0 9,1.10°° 600 CaSO, 0,2944
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Cl AgCl 1,78.10°° 900 AgCl 0,8141
Co CoNH,PO,.H,0 1100 | Co,P,0; 0,4039
Cr BaCrO, 1,2.107° 500 BaCrO, 0,2052

Cr(OH); 6,3.107! 1000 | Cr0; 0,6842
Cu CuCNS 48.10° 110 CuCNS 0,5225
F CaF, 4,0.10"" 500 CaF, 0,4866
Fe Fe(OH); 3,2.1078 1000 | Fe,04 0,6994
I Agl 8,3.10"7 130 Agl 0,5405
Mg MgNH,PO,.6H,0 2,510 1100 | Mg,P,0; 0,2184
Mn MgNH,PO,.H,0 1.10"7| 1100 | Mn,P,0; 0,3871
Ni NiNH,PO,.6H,O 1100 | Ni,P,O; 0,4030
p MgNH,PO,.6H,0 2,510 1100 | Mg,P,0; 0,2790
Pb PbCrO, 1,8.10™ 140 PbCrO4 0,6411

PbSO, 1,6.10° 550 PbSO, 0,6832
S BaSO, 1,1.10° 700 BaSO, 0,1374
Si Si0,.xH,O 1000 | SiO, 0,4674
Zn ZHNH4PO46H20 1100 Zn2P207 0,429 1

* Xdc dinh ion CI:

Dang két tiia va dang can déu 1a AgCl.

Mau phén tich duoc axit hod bang axit HNO;3 dén pH =~ 1 va lam két taa ion CI
bang dung dich thudc thir AgNOs. Két tiia AgCl sau khi dugc rira sach thi siy o nhiét do
130°C va can. Hé $b chuyén Fcr- = 0,2474. Trong phuong phédp nay, cac ion COgZ', PO43'
khong gdy anh hudng dén két qua phan tich.

* Xdc dinh ion P043':

Dang két tha MgNH4PO,4.6H,0, dang can Mg,P,0;.

Cho vao dung dich phén tich da duoc axit hod bang axit HCI thudc thir MgCl, +
NH,CI va sau d6 dung NH4OH chinh pH méi truong dén khi két tua hoan toan ion PO,
dudi dang MgNH4PO,4.6H,0. Dé két tta hoan toan can dung du NH4OH (khoang 1/5 thé
tich dung dich NH4OH 20%). Két tha duoc rira béng dung dich NH4OH 5% va sau khi
sy kho thi dugc nung ¢ nhiét do 1100°C dé chuyén hoan toan sang dang can Mg,;P,0y.
Heé s6 chuyén Fpog3- = 0,8535. Trong trudng hop c6 cdc ion A", Fe™* trong mau, can lam
két tha MgNH,4PO, trong mdi trudng chira ion xitrat dé ngan ngira sy tao két tia FePOy
hay AIPO,.

* Xdc dinh ion SiO5":

Dang két tua H4S104 (hay Si10,. 2H,0), dang can SiOs.

Ton SiOs> dugc két tua trong mdi truong chita 20% axit HCI va 5% gelatin hay
agar. Mang nung két tia thu dugc 6 nhiét do 1000°C dugc khoi lugng a (g). Thuong
trong két tiia c6 1an mot s tap chat, nén sau khi nung cho tiép vao phan chat ran con lai
axit HF va axit H,SOy4 dic va nung tlep dé dudi toan bo SiF,. Khéi luong chét ran con lai
1a b (g). Tu luong hao hut (a — b) cho biét luong SiO, chira trong mau. Hé s6 chuyén Fsio2
= 1,000, Fsio32- = 1,5333.

* Xdc dinh ion Fe’*:

Dang két tua Fe(OH)s, dang can Fe,0s.

Cho vao miu phan tich mudi NH4C1 hay NH,NO; (dé 1am chat dién giai) va két
tia ion Fe’* tir dung dich néng bang lwong du dung dich thudc thir NH; loang (1:3). Két
tia Fe(OH); duoc loc va rira b?lng dung dich néng NHsNOs; hay NH4CI 1% va sau d6
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mang nung & nhiét do 1000°C dé chuyén toan by Fe(OH); sang dang can Fe,Os. H¢ )
chuyén Fr. = 0,6994.

* Xdc dinh ion AP*:

Dang két tia AI(OH)s, dang can AL,Os.

Cho vao mau phan tich mudi NH4Cl hay NH,NO; (dé 1am chat dién giai) roi két
taa ion AI’* tir dung dich néng bang dung dich thubc thir NH; lodng (1:3). pH khi dung
két tiia: 5 — 6. Két tiia AI(OH); duogc loc va rira bang dung dich néng NH,4C1 hay NH,NO;
1% va sau d6 mang nung & nhiét d6 1000°C dé chuyén hoan toan Al(OH); sang dang cin
Al,O3. Hé $b chuyénoFAl =0,5293. ) .

2.6. Uu nhuoc diém cia phwong phap phan tich khoi lwgng két tia

Phuong phép phan tich khéi lugng két tia cé nhitng wu nhuoc diém chinh sau:

* Un diém:

- Trang thiét bi diing trong phan tich don gian va khong dit tién nén c6 kha niang
phd cap cao.

- P06 chinh xdc rat cao, vi khi phén tich da tich dugc phan can x4c dinh ra khoi
hén hop, nén dugce ding 1am phuong phép chuan dé kiém tra cac phuong phap khic va
dé kiém tra céc dung dich me¢ (1a dung dich c6 n6ng do > 10°M, khi str dung thi pha
lodng thanh céc dung dich v6i nong d6 nhé hon).

- C6 thé diing dé phan tich hau hét céc ion vé co.

- Phuong phdap két tia con dugce st dung dé tach céc ion ra khoi nhau.

* Nhuwoc diém:

- Téc d6 phan tich cham.

- Do nhay thip nén khong thé diing dé phan tich lugng nho chét can phan tich néu
khong 1am gidu mau trude khi phén tich.

- Khong thé ty dong hod dwgc qué trinh phan tich. Do d6, ngay nay, trong phan
tich rng dung it st dung phuong phap nay.

Cau héi on tap
1. Trong céc cong doan cta phuong phdp phan tich khéi lwong két tua, cong doan nio 1a
quan trong nhét? Tai sao?
2. Dang két tiia can phai thoa mén nhimng diéu kién gi? Tai sao?
. Dang can can phai thoa man nhing diéu kién gi? Tai sao?
. Céc yéu t6 anh huong dén do tan cua két taa?
. Su cong két 12 gi? Cach khic phuc? va str dung hién tugng nay?
. Nguyén tic chon thudc thtr trong phuong phdp phén tich khéi luong két taa
. Hay néu cach 1am két tua.
. Hiy néu céch loc va rira két ta.
. Céch tinh todn két qua phan tich.
10. Ung dung phuong phdp phan tich khdi lwong két tia trong phan tich mot s dbi twong
nong nghiép.

O 0 JON N K~ W
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Bai tap

1. Can 0,400g mau chira SO,> rdi hoa tan thanh 200 ml dung dich. Liy 100ml dung dich
nay va lam ket taa bang Ba(NOs), ldy du trong mdi truong axit HNO3 Loc lay két tua,
rira sach va sdy kho duoc 0,1165g. Hay tinh thanh phan % SO4* trong mau. (Pap sb:
24%).

2. Can 0,500g mau chira Cu**, Pb** va tap chat khong tham gia phan tmg rdi hoa tan
thanh 250ml dung dich. Ldy 100ml dung dich nay cho tic dung véi axit H,SO4 0,5M lay
du thi thu dugc 0,151g két tha. Mit khac, khi 1dy 100ml dung dich trén cho tic dung véi
H,S du thi thu duoc 0,1675g két tua. Hay tinh thanh phin % Cu** va Pb** trong mAu.
(Dap sb: 16,0%Cu**, 51,6Pb™).

3. Can 0,500g mau chira COs> va SO,> rdi hoa tan thanh 200ml dung dich. Lay100ml
dung dich nay dé lam két tia v6i Ba(NO3), ldy du trong méi truong kiém yéu thi thu
duogc 0,414g két tia. Mat khéc, khi 1am két tia dung dich trén ¢ pH = 4 véi Ba(NO3), lay
du thi thu duoc 0,233g két tia. Hay tinh thanh phan % cia hai ion trén trong mau. (Dép
s6: 38,6%CO0;5”, 38,4%S0,7).

4. Bé luong két tia MX, mat do phan ting khéng hoan toan khong 16n hon 0,1mg (sai s6
can), thi Tyixs 12 bao nhiéu, néu thé tich khi nging 1am két taa 12 V 1it? Pép sd: Tyxn =
[107/(Myixa VII™*.0")).

5. Tinh khoang pH de két tiia hoan toan jon Fe’* (khi [Fe’*] <10°M) trong hdn hop véi
ion Mg . Gia thiét nong do ion Mg khi ding két tiia ion Fe’* 12 0,01M. Cho Treon)3 =
3,2.107° TMg(OH)z =6,0.10" . (bap s0: 3,5 < pH <10,4).

6. Tinh nong do AgNO; du can th1et dé khi két tha ion CI thi sy mat CI" do két tua
khong hoan toan khong vuot qud sai sO can (0, lmg) Biét thé tich khi dirng két tia 12 0,2
lit, Tagc1 = 1,78.10° 10 (Dap s0: [AgNOs] = 1,27.10° )

7. Tinh luong CaC,04 mat di khi rira né bang 100ml nudc cat (gia thiét bo qua su thuy
phén). Cho Tcaca04 = 2,3.107. (Pdp s6: ~ 0,0004g).

8. Cho dung dich NH; du vao 25 ml dung dich FeCls. Thu ldy két tia, rira sach, nung dén
khdi lugng khong d6i duge 0,1952 gam chat ran. Tinh néng dd mol/l ciia FeCl; trong
dung dich phan tich. (Pap sb: = 0,0976M).

9. Tinh lugng AgCl bi mat khi rira n6 bang: a- 200ml nudc cat; b- 200ml HCI 0,01 M.
Cho Tager = 1,78.10™"°. (Pdp s6: a) 3,8.10™g; b) 5,1.107g).
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~ CHUONGII
PHAN TICH THE TICH

1. NHUNG KHAI NIEM CO BAN VE PHAN TICH THE TiCH

Phuong phap phan tich thé tich (phuong phap chuan do) 1a phuong phép phan tich
dinh luong dua trén viéc do chinh xdc thé tich dung dich thudc thir c6 nong d6 chinh xdc
phan tmg vira dit véi dung dich phén tich. Tir lugng thude thir tiéu tén tinh ra ham luong
chat can phan tich ¢ trong mau phan tich.

Dung dich thudc thir ¢6 ndng d6 chinh xic goi 1a dung dich tiéu chuan.

Tinh todn két qua cua phuong phép nay la dya vao dinh luat duong luong: “Cdc
chdt tham gia phdn vmg theo so dwong lirong gam bang nhau™:

Vxa:Nxg = VieNee (II- 1)
(trong d6 xd l1a chét can xdc dinh, tc 1a cht tiéu chuén).

Nhu vay, néu biét thé tich cia dung dich phan tich V4 da 14y, thé tich dung dich
tiéu chuan Vi ¢6 néng d6 N da tiéu tdn, s& d& dang tinh duoc néng dd cua dung dich can
xac dinh Nyg.

Pé do chinh xdc thé tich dung dich tidu chuan di tham gia phan tng, sir dung
dung cu do chinh x4c, d6 1a buret. Qud trinh dwa tir tir dung dich tiéu chuan tir buret vao
dung dich phén tich goi la qud trinh chudn dé hay qud trinh dinh phéan. Tuy vy, trong
thuc té chuan do, nhiéu khi dé chit can phan tich trén buret.

Piém ma tai dé dung dich tiéu chudn tdc dung vira dii véi dung dich phan tich goi
la diém twong dwong.

Trong nhiéu phan g khong thé ding mét dé x4c dinh diém tuong dwong. Vi du:
vO1 phan g

HCI + NaOH = NaCl + H,0,

céc hod chét tham gia déu khéng c6 mau, nén khong thé ding mét dé x4c dinh khi nao da
dat dén diém twong duong. Dé xic dinh diém twong duong, can dung chi thi cho vao binh
phan tmg. Chi thi la hod chdt hodc céng cu do, né thay doi tinh chdt ciia minh nhw mau
sdac hodac tin hiéu do ngay tqi dzem twong dwong, bdo hi¢u sy dung chuan do (két thiic
chudn dj). Song, trong thuc té ¢ nhiéu trudng hop, chi thi ‘khong phan ing diing diém
twong dwong dan dén sai so6 chudan dg va dwoc goi la sai s6 chi thi. Sai sb chi thi mang
tinh chét sai s6 hé théng do phuong phdp (chuong V).

Vi dy: chuin d6 xdc dinh HCI bang NaOH véi viéc d¢& NaOH trén buret, tai diém
tuong duong c6 pH =7, néu dung chi thi 1a qui tim (c6 pK, = 7) thi phan ng chi thi xay
ra ding diém twong duwong va chuan do c6 sai s6 bang 0, néu dung chi thi 1a metyl do (c6
pK, = 5) thi phan tng chi thi xay ra truéc diém tuong duong, nhu vay khi ket thiic chuan
dd trong dung dich con mot lugng du axit HCI, dan dén sai s6 chi thi (sai s6 &m), con khi
sir dung chi thi phenophtalein (c6 pK, = 9) thi phan tmg chi thi xay ra sau diém tuong
duong, nhu vy khi két thic chuan do trong dung dich con mot lugng du bazo NaOH,
dan dén sai sb chi thi (sai s6 duong).

Sai sb chi thi phén tram (ss%, e%) duoc tinh theo biéu thirc II- 2:

e% = [(Vk - Via)/V14]. 100, (II- 2)
trong do, Vi 1a thé tich dung dich tiéu chuin can dé dat diém tuong duong, Vi la thé tich
dung dich tiéu chuan da diing khi két thic chuan d9.
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Ti s6 (Vi/Via). 100 con duoc goi la phd‘n tram chuan dg (% chudn dg), do d6 sai
8O chi thi % s¢ la: i
e% = % chuan d6 - 100.

2. YEU CAU CUA PHAN UNG CHUAN PO

Khac voi phuong phap phan tich khdi luong, trong phuong phap phan tich thé
tich, thoi gian chuan d6 ngan va khong dugc phép cho du thudc thir, nén phan tng chuan
d6 duoc str dung phai tho man céc dicu kién sau:

a. Phén ing phai hoan toan

C6 nghia la phan chat can phén tich chua tham gia phan tng phai nho hon sai 5O
cho phép, hay sai s6 cua phép can... Trong Hod phdn tich sai so cho phép thuong la +
0,1% (6 mdt s6 trudng hop cu thé c6 the cho phép sai s6 16n hon nhu * 1%, + 2%+ 5%

..). Muén vy phan ng phai c6 hang s6 cin bang du 16n. Dya vao sai s6 cho phép c6 thé
t1nh d6 16n céan thiét cia hang s6 can bang. Vi du: véi phan tng chuan do:

A+B=A"+B (IMI- a)
hang sb cin bang K ciia né dugc xdc dinh bang biéu thirc III- 3:

K = [A] [B] (A" [B]
(I1I- 3)
Theo phuong trinh III- a, ndng d¢ toan phan ciia cc A va B a:

Ca=[A]+[A7]

Cg =[B] +[B’]

Néu sai s6 cho phép 1a - 0,1% thi: [A] = (0,1/100). Cx = (1/999). [A’]
[B] = (0,1/100). Cg = (1/999). [B’]

Nhu vay: K > 999. 999 ~ 10°

Khi phan ng xay ra khong hoan toan, phai c6 bién phép thic diy dé phan ung
xay ra hoan toan, chang han ding phan tng phu...

Vi du:

- Trong chuén d6 complexon III (muc 8.4 chuwong III) xé4c dinh ion kim loai M™"

M™ +NaH,Y = MY™ + 2Na* + 2H",

pH ciia dung dich ludn giam, nén phai ding h¢ dém pH dé duy tri pH dung dich & gia tri
bdo dam cho phan rng xdy ra hoan toan.

- V6i phan tng thuan nghich:

2CU2+ +4I = CUQIQ\L + 1
khi cho thém KCNS, san phdm Cu,I, dugc thay bang két tia Cu,(CNS), va giai phéng
KI, 1am tang lugng KI va giam lugng Cu,l,, gitp cho cin bang xdy ra theo chiéu thuén:
Culd + 2KCNS = Cuy(CNS)d + 2KI
b. Phin tng chi cho mét loai sin phim duy nhét, hay chi c6 mét phan ing
X4y ra
C6 nhu vay mdi xdc dinh dugc duong luong gam hodc lugng ti€u tén thuc cua
céc chat tham gia phan ing. Néu phan tng c6 thé xay ra theo nhiéu hudng khac nhau, thi
phai gidi han diéu kién dé chi mot phan tng dinh luong xay ra.
Vi du: chon pH mdi truong, dé ion MnO,™ chi tham gia 1 trong tham gia 3 phan
ung:
pH=1
MnOs +8H" +5¢ = Mn** + 4H,0
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pH=7
MnO; +3H,0+3e =  MnO(OH), +40H"
pH > 10
MnOs +e = MnO,*

Hay khi chuan d6 chuin d¢ ion CI' bang AgNO;. phai duy tri méi trudng trung

tinh hodc axit yéu, vi trong méi truong kiém xay ra phan tng:
2Ag" +20H = Ag,0! + H,0
lam mat mot luong thude thir, gdy nén sai sd.

c. Phin iing phai chon loc dé tranh anh hwéng ciia ion giy nhiéu

Néu ¢6 cic ion gdy nhidu thi can gii han diéu kién dé phan (mg xay ra l1a chon
loc hoidc phai tich, che ion giy nhiéu.

Vi du:

- Chuin d6 complexon III xdc dinh ion Fe’* trong diéu kién c6 cdc ion AI’*,
Mg**, Ca®* can chuén d6 tai pH = 2, ltic nay chi ¢6 ion Fe’* tham gia phan tmg chuén do,
cdc ion khic khong tham gia nén khong gy nén sai sb chuan do.

- Chuén d6 complexon III x4c dinh ion Ca®* trong diéu kién c6 ion Mg**, can
chuan d tai pH = 12, ltic nay chi ¢6 ion Ca®* tham gia phan tng chuén d6; con ion Mg
bi két tia dudi dang Mg(OH), khong tham gia nén khong gdy nén sai sd chuan do.

- Chuan d6 complexon IIT xdc dinh ion Mg®* trong diéu kién c6 ion gy nhidu
Fe™, Cu2+ c6 thé che cac jon Fe**, Cu®* bang i ion CN’ dudi dang céc ion phirc chat tan
[Fe(CN)6]™, [Cu(CN)4] lic nay chi c6 ion Mg** tham gia phan ung v6i complexon III.

- Chuan do complexon III x4c dinh ion Mg trong diéu kién c6 ion giy nhiéu
Fe™*, AI**, c6 thé tich cdc ion gy nhidu Fe’*, AI’* duéi dang cdc két tua hydroxit
FC(OH)3, AI(OH)3 tai pH 5 -6, loc bd két tua s& thu dugc dung dich chi c6 ion Mg2+,
sau d6 mai tién hanh chuén do.

d. Téc dd phan vng phai di 16m dé phan img tirc thoi dat cAn bing

Nhu vay, s€ tranh duoc sy du thudc thir do trang thai qué bao hoa cua no tai diém
twvong duong, nguyén nhin giy nén sai s6. Néu tc do phan Gmg cham phai ding xic tic
dé tang tde do hay chon céch chuan do nguoc (muc 3.2 chuong III).

Vi dy 1: Ding xiic tdc dé ting toc do cua phan ung chudn do xic dinh H,C,0,
bang KMnO, trong mdi trudng axit bang cdch dun néng dung dich dén nhiét d6 60 - 80°C
hodc cho vao dung dich chuan d6 ion Mn**.

Vi du 2: Chon céch chuan do nguoc dé chuan do complexon III xac dinh ion Al

e. Phai c6 chi thi dé xac dinh diém twong dwong

Néu khéng c6 thi dit phan ng thoa man cdc diéu kién trén ciing khong sir dung
dugc. Vi du: phan Gng

Ca2+ + C2042_ = CaC204~L
thoa man tat ca cdc diéu kién tir a dén d, song, khong diing duoc, vi khong ¢6 chi thi mau
thich hop dé xédc dinh diém twong duong.

3. PHAN LOAI PHUONG PHAP CHUAN DO
Cic phuong phdp chuin do thudng duge phan loai theo hai céch:

- Dya theo loai phan tmg hod hoc di xay trong chuan do.
- Dua theo cach tién hanh chuan do.
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3.1. Phan loai phwong phap chuan d¢ theo loai phan trng
Trong dung dich, cdc ion tham gia phan tng theo hai nhém phan Gmg chinh:
- Phan tng trao d6i gdm cac phan tng: trung hoa, két tiia va tao phirc.
- Phan ung oxi hod khu.
Do d6, cdc phuong phdp chuan do dugc chia thanh 4 nhém:
- Chuan d¢ trung hoa.
- Chuan d6 oxi hod khir.
- Chuén d¢ két tua.
- Chuén d6 tao phuc.
a. Chuén dj trung hoa
La phuong phép chuan d6 dya trén phan (mg trung hoa ctia Bronsted:
axit; + bazo, = bazo; + axity, (III- b)
Trong mdi truong nudc, c6 thé viét don gian hod theo Arrhenius:
H" + OH =H,0
Nhu vy, & ddy dung dich tiéu chuan 1a cic dung dich axit hodc bazo va ding dé
xéc dinh cdc chit c6 tinh bazo hodc axit. Vi du: xdc dinh NaOH, Na,COs b?mg dung dich
tiéu chuan HCL.
Trong phép chuan d6 nay, duong luong gam (D) cua chat tham gia phan tmg
dugc xdc dinh bang biéu thuc I1I- 4:
D =M/n (I1I- 4)
Trong d6 n 1a chi s (tri s6) duong luong.
O day, n 1a s6 nhém OH™ hoic H ma mot phan tir chat tham gia phan tng cho
hay nhan. Vi du: trong phan ing:
HZSO4 + 2NaOH = NaZSO4 + 2H20
Dr2sos = Mu2so4/2
Praon = Mnaon,
con trong phan tng
H3PO4 + NaOH = NaH2P04 + HZO
Duspos = Muszpos,
mac du axit H3POy ¢6 chtra 3 proton; con voi phan ing:
Na,COs + 2HC1 = 2NaCl + H,O + CO,
DNazco3 = MNaacos/2
b. Chuin d¢ oxi hoa khir
La phuong phép chuan d6 dva trén phan tng oxi hoa khir

aox; + b’kh, = a’kh; + box» (III- ¢)
c6 nghia la & day xay ra hai qua trinh :

aox; + ame = a’kh; (III- ¢y)

box, + bne = b’kh, (ITI- ¢,)

va thoa man diéu kién am = bn (m, n 12 s6 electron ma mot phén tir ox; hay ox, nhan).

Trong phuong phép chuan d nay, dung dich tiéu chudn 1a nhimng chét oxi hod
hogc chat khir dyoc dung dé xdc dinh cdc chat mang tinh khir hodc c6 tinh oxi hod. Vi du:
chuén d6 ion Fe** bang dung dich tiéu chuin KMnOy.

Duong lugng gam cua céc chét tham gia phan Ung cung dugc xdc dinh bang biéu
thirc I1I- 4 véi n 1 sb electron ma mot phan tr chat tham gia phan tng nhan hodc
nhuong.

Vi dy: trong phan tmg chuan do
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6Fe™ + KoCr,07 + 14H' = 6Fe™ +2Cr’* + TH,0 + 2K

DPra+ = Mpa+/1, vi tir Fe®* sang Fe’* chi nhuong mot e, con DPxocpor =
Mxkacr07/6, vi phéan tir K,Cr,O7 ¢6 2 Cr(VI), ma mdi Cr(VD nhan 3e dé thanh Cr(III), do
d6 ca phan tu nhan 6e.

¢. Chuén d¢ két tia

La phuong phép chuan d6 dya trén phan mg tao két tia:

M +nX = MX, { (I1I- d)
(d¢ don gian, & ddy bo qua dién tich ctia cic ion M va X).

Mac du phan tng tao két tia c6 nhiéu, song, trong thuc té cdc phan ung duogc
ding trong chuan d¢ rét it vi khéng tim dugc chi thi thich hop. Trong phan tich cic dbi
tuong néng nghi¢p, thuong chi dung nhém phan ng ciia AgNO; véi cac ion CI, Br, T,
CNS" (ki hi€u chung la X'):

AgNO; + X =AgX | +NO;y
dé xdc dinh céc ion nay.

O day, qui dinh duong luong gam ctia AgNO5 bang chinh khdi lugng mol phan ti
cua no: DAgNO3 = MAgNOS- *

Do d6 Dx- = Mx—.

d. Chuén d¢ tao phirc

La phuong phap chuan d¢ dya trén phan tng tao phic:

Mm+ + XY = [MXt]m-nt
(I1I- e)

Cic phan tmg tao phtic c¢6 nhiéu, nhung thudng ding cic phan Gng cla
Hg(NOs),, Hg(ClOy4),, v6i céc ion ClI', Br, CN’, CNS’ (céc ion X') dya trén su tao hop
chat phirc [HgX,] it phan 1i hodc cia AgNO; véi ion CN” tao hgp chat phirc [Ag(CN),]
va dic biét 1a cdc phan tng cia nhém phdi tir cdc chét hitu co chira nhém
CH, - COOH
\CHZ — COOH
cic ion kim loai. Trong d6 quan trong nhat 13 nhat 1a hop chat dinatri
etylendiamintetraaxetat (complexon III, Na,EDTA, Na,H,Y,...), chét nay tham gia phan
g vai cdc ion kim loai M™ tao cdc phirc chét bén:

M™ + Na,H,Y = MY™™ + 2Na* + 2H"

Trong céc phan ng chuan d6 nay, qui dinh Pnoepra = Mniwepra/2. Do d6,
duong lugng gam ctia cdc chit tham gia phan mg tinh theo qui dinh nay ma khong dya
vao dién tich cua ion tham gia phan ing, tirc Pym+ = Mym+/2.

Vi du: voi phan g

Fe** + Na,H,Y = FeY™ + 2Na* + 2H*
thi: Pre3+ = M ge3+/2. ) X
3.2. Phan loai phwong phap theo cach tién hanh chuan do

Duya theo thao tdc tién hanh phan tng giita chat can xdc dinh va thudc thtr ¢6 thé
chia cdc phuong phdp chuan d¢ thanh 2 nhém:

- Chuén d6 truc tiép.

- Chuan d¢ gidn tiép.

a. Chuin dj truec tiép

La chuan d6 chi dua vao mot phan tmg duy nhét gitta chat can xac dinh va dung
dich thudc thir. Chinh vi thé, nén cdc phan Gng va céc thao tic trung gian giam di, do d6

aminocarboxylic axit (=N ) (nhém hop chat complexon) véi
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Kkét qua chuén‘d(f) truc tiép thuong chinh XE:IC hon chuén do gian tiép. Vi du: chuan do xdc
dinh NaOH bang dung dich HCI, hay chuan d¢ x4c dinh ion CI" bang AgNOs v6i chi thi
K,CrO4 (phuong phdp Mo) (muc 8.3, chuong III).

* Vi trong phan tich the tich, dung dich AgNOj3 con la dung dich tiéu chudn cho
chudn ds tao phuec xdc dinh ion CN ":
AgNO; +2CN = [Ag(CN);] + NOs
Dagnosz = Magnos, nén Den-= 2Mcen-

Chuén d truc tiép chi thyc hién duoc khi:

- Phan tmg phan tich c6 téc do 16n (tranh hién twong qua bio hoa chét tham gia
phan tng & diém twong duong).

- Chi ¢6 mot phan tng duy nhat giira chét can xéc dinh va thudc thir.

- C6 chi thi thich hop dé x4c dinh diém tuong duong.

Trong chuan d¢ nay, sé duong lugng gam cia chit can xdc dinh ludn bang sb
duong lugng gam thude thir can dung cho chuén do, tuc 1a Vi . Ny¢ = Vic . Nie.. Puong
luong gam ciia cdc chat tham gia phan img dugc xé4c dinh theo loai phan mg chuan do da
xay ra (myc 3.1 chuong III).

b. Chuén d$ gian tlép

Puoc ding khi chét can phan tich khong phan tng truc tiép duoc véi dung dich
tiéu chuan hodc khong thé tién hanh chinh x4c phan tng truc tiép gitra chung.

'Tuy theo cac phan ng xay ra trong qud trinh thao tic chuan d6 ma chia chuan do
gidn tiép thanh 3 loai:

- Chuén d6 nguoc.

- Chuan d9 thé.

- Chuén d6 thé, nguoc.

* Chudn dp ngwoc

Con goi 12 chuin dd nghich. La phép chuan do st dung 2 dung dich tiéu chuan,
dau tién cho chét can xé4c dinh phan tmg voi mot lugng chinh xac va liy du ciia dung dich
tiéu chuan thir nht, sau d6 lugng du ctia dung dich tiéu chuan nay dugc xdc dinh lai bang
mdt dung dich tiéu chuén thir hai.

Vi du: x4c dinh ion CI" trong moéi truong axit (phuong phdp Fonha) (muc 8.3,
chuong III, cho né tic dung véi dung dich tiéu chuan AgNOj; 1y du:

HNO;
Cl + AgNO; = AgCl | +NO;
sau d6 chudn do lai lugng AgNO; du bang dung dich tiéu chuan KCNS:
AgNO; + KCNS = AgCNS | + KNO;

Chudn d¢ nguwoc thuong dwgc ding khi:

- Phan ing giita chdt can xdc dinh va thuéc thir xdy ra chdm. Vi du: phan tng
gitlra ion APP* voi complexon III, & ddy, chuan d6 lwong du complexon III bang dung dich
tiéu chuan ZnSOy:

cham
AP+ NapH, Yo = AlY +2Na’ +2H'
Zn** +Na,HoY e = ZnY” +2Na* +2H'
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- Khi khong c6 chi thi thich hop dé xdc dinh diém twong dwong. Vi du: & phan
{rmg chuan d6 x4c dinh ion CI néi trén khong thé dung K,CrOy4 1am chi thi vi két taa niu
Ag>CrO4 khong hinh thanh trong moi truong axit.

- Khi chuan dé nhitng chdt dé bay hoi, khéng bén. Vi du: khi xdc dinh H,0,, ion
SOs™ ... bang KMnO,, cho cic chét phan tng véi KMnOy ldy du sau d6 lugng du ctia
KMnO, dugc chuén d6 bang dung dich tiéu chuén ion Fe**.

Trong chuan d6 nguoc, sé6 duong luong gam cua dung dich tiéu chuan 1 (tc;)
bang tong s6 duong luong gam chit can xdc dinh va sé duong lwong gam cua tiéu chuan
2 (tcy), tic thoa man biéu thic:

- Vxa - Naa= Vi1 . Nier - Vi Nieo

Trong chuan d6 ngugc, cdc phan ing xdy ra la cung loai, do dé duong luong gam
cdc chit tham gia phan Gmg dugc tinh theo loai phan tmg chuan d¢ da st dung (muyc 3.1
chuong III).

* Chudn dé thé

Khi chit can xdc dinh va dung dich tiéu chuan khong phan tmg véi nhau (vi dy:
ion Ca®* khong phan tng véi KMnOy) hodc phan tng khong theo mot dinh lugng nhat
dinh (vi du: phan tng gitta K,Cr,0; v6i NayS,05 trong méi truong axit manh), thi thé
dinh lugng chéat can xdc dinh bang mot chat thi 3 1a chat c6 phan tng dinh luong véi
dung dich tiéu chuan.

Vi dy: xdc dinh ion Pb** bang chuin d6 voi dung dich tiéu chuin ion Fe** theo
phuong phap oxi hod khir 1a khong thuc hién dugc, vi ion ion Pb* khong phan tmg voi
jon Fe**. Tién hanh chuin d6 nhu sau: cho vao dung dich ion Pb** luong K>CrO, lay du ,
s& két tha dinh luong ion Pb** dudi dang PbCrOy, sau d6 hoa tan lugng PbCrO4 thu dugc
trong axit H,SO, lodng va chuin do lugng ion Cr,0;% giai phéng ra bang dung dich tiéu
chuan ion Fe**:

Pb** + K,CrO,4 = PbCrOy4 | + 2K* (1)

} (phan tmg thé)
2PbCrO, + 2H' = 2Pb** + Cr,07* + H,0 2)
Cr,0;” + 6Fe™ + 14H" = 6Fe™ + 2Cr’* + TH,O0  (3) (phan g chuin

do)

Nhu vay, thay cho viéc chuan do ion Pb**, da xac dinh luong ion CrO4* tuong
duong vai luong ion chi.

Trong chuan d6 thé ludn thoa man mdi quan hé: s6 duong luong gam ciia chat can
xac dinh b?mg ) duong luong gam chét tiéu chudn: Vyq . Ny = Vi . N, dul st dung mat
lan hay nhiéu lan thé. Puong luong gam ctia cdc chét tham gia phan tng dugc xdc dinh
dya vao co ché phan tng thé va phan Gmg chuén d6. Chang han, nhu & vi dy trén: Dpy2s =
Mpb2+/3 vi theo cdc phan Ung thé (1), (2) & trén, thi 2 ion Pb2+ duoc thay bang 1 10n
Cr,0,%, ma theo phan u’ng chuén d6 (3) & trén thi 1 ion Cr,0;” nhén 6e c6 nghia rang
phan tmg cua 1 ion Pb** twong duong véi phan tng cua 3e.

* Chudn d thé, ngwoc

D6 1a cdch chuan do phdi hop gitta chuan d6 thé véi chuan dé nguoc. Trong
chuan d6 thé, nguoc, duong lugng gam ctia cdc chat tham gia phan tng tinh theo phuong
phép chuan do thé con sé duong lugng gam cua ching tinh theo phuong phép chuan do
nguoc.
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Vi du: chudn dd xac dinh ion Ca* béng dung dich tiéu chudn KMnO,. Cho ion
Ca”™ phan tmg véi dung dich tiéu chuén (NH,4),C,04 14y du, loc bo két tua, dung dich thu
duogc duoc chudn do bang dung dich tiéu chuan KMnOy:

Ca2+ + (NH4)2C204 du = CaC204~L + 2NH4+ (phén l'mg thé)

5(NH4)2C204 au + 2KMnOy + 16H" = 10CO;, + 2Mn** + 2K* + 10NH4* + 8H,O (phan
ung chuén do)

Cdc phan tng trén cho thiy: 1 ion Ca** duoc thé boi sy mat di cua 1 ion C,047, 1
ion C,04> khi tham gia phan mg chuan d6 da nhudng 2e, do d6, 1 ion Ca®* twong dwong
voi 2e, suy ra: Pep2+ = Mceg2+/2. Cling theo cic phan Ung trén c6: Vea2+. Neg2+ =
Vnu4)20204- NNHAY20204 - VEMn04-NKMno4-

4. CACH PHA DUNG DICH TIEU CHUAN

Tat ca cic hoa chat dung trong phan tich phai dam bao do sach tinh khiét phan
tich (TKPT) hoic tinh khiét hod hoc (TKHH). Trong phan tich thong thuong, chi ding
loai sach tinh khiét phan tich.

Pé pha ché mot dung dich tiéu chuan can phai biét céc tiéu chi sau:

* Dung dich tiéu chudn can pha sé ding cho chudan d¢ nao, dé tir 46 xdc dinh
duong luong gam (D) ctia chat can pha. Vi du: khi pha dung dich KMnOy can biét né
ding cho chuén d¢ trong méi truong axit hay bazo; néu ding chuan do trong méi truong
axit manh thi:

) 7 Bxmnos = Mkmnos/S,
néu dung chuan d¢ trong moi truong kiém thi:
. DPxmnos = Mkmnos. i .

* Nong do va luong dung dich can pha la bao nhiéu, dé tr d6 tinh lugng can can.

Vi du: pha 2 lit dung dich KMnO, 0,IN ding cho chuan d6 oxi hod trong moi
truong axit manh. C6: Mgwymos = 158,038; Pxvnos = Mkmnoa/5= 31,6075. Nhu vay, luong
cains€la: w=bD . N.V=31,6075.0,1.2=6,3215¢g.

* Hod chdt ding dé pha la chat goc hay khong phdi la chdt goc, dé tim ra cach
pha va céach bao quan.

Chit géc la chit béo dam cdc tiéu chudn:

- Phai tinh khiét vé phirong dién hod hoc, &6 tinh khiét phai dat > 99,9%, tirc phai
dat do tinh khiét TKPT hoac TKHH.

- Phdi bén ¢ trang thdi rdn, trang thdi long ciing nhir trong dung dich. bay l1a yéu
t6 rat quan trong, né dam bao cho viéc 1y chinh xdc luong hod chat di tinh ciing nhu sy
bao quan chung sau khi pha. Chinh vi thé, ma hang loat cac hod chat sach nhu NaOH rén
(dé hit am va hit COz) HCI 35%, HNO; 65% (dé bay hoi), HZSO4 95% (dé& hit am),
KMnOy4, AgNO3 (de bi dnh sang phan huy)... khong phai 1a chat goc.

- Thanh phan ciia héa chdt phai ing diing voi cong thirc hod hoc, néu c6 nudc két
tinh thi phai biét s6 phan tr nudc két tinh. Vi du: CuSO4.5H,0, thi chic chan 1 phén tir
CuSOy phai ngadm 5 phan to H,O...

- Puong lwong gam cia hod chdt cang 16n cang tot, dé sai sd can 12 nho nhat. Vi
du: gitra H,C,04.2H,0 va H,C,04, nén dung H,C,04.2H,0 dé pha dung dich axit oxalic
tiéu chuan gdc, vi c6 duong lugng gam 16n hon.
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Khi pha dung dich tiéu chuén tir hoa chét gbc chi can cin chinh x4c lwong da tinh
todn bang can phan tich va hoa tan vao binh dinh mirc ¢6 dung tich bang thé tich can pha
s& duoc dung dich tiéu chuan c6 nong do can pha.

Néu hod chét dung dé pha khong phai 12 chét gdc thi chi can cn twong ddi chinh
xdc lugng can cén da duogc tinh thém tir 5 — 10% bang cn ki thuat va dem pha. Dung
dich thu dugc c¢6 ndong do gan ding. Nong do ding cua dung dich nay can duoc xic dinh
bang chuan d¢ v6i dung dich tiéu chuan khac. O day, ¢6 2 cich pha:

- Cdch I: Pha dung dich c¢é néong do chinh xdc gan bang véi nong dé can pha.

Luong can da tinh dugc pha vao trong cdc hodc trong binh dinh mirc thanh dung
dich c6 the tich can pha, loc bo két tia néu c6. Dung dich thu duoc dugc chuan do lai dé
kiém tra nong d bang dung dich tiéu chuan khic.

Vi du: phal lit dung dich NaOH 0,1000N diing cho chuan d trung hoa. Vi NaOH
rin dé& hit 4m nén né khong phai 1a chat gbc. Do vay, khi cin can cin tiang khoang 5 —
10% so voi lugng phai cén, tic tir 4g thanh khoang 4,2g — 4,4g, rdi pha vao binh dinh
muc 1 lit. Dung dich thu dugc duoc chuan do lai béng dung dich chét géc H,C,04
0,1000N hoic dung dich HCI 0,1000N tiéu chuan dé x4c dinh chinh x4c nong d6 cua né.

- Cdch 2: Pha dung dich cé nong do diing véi nong do can pha N.

Luong cin da tinh dugc pha vao trong coc véi thé tich dung méi chinh xdc (Vml)
nhé hon thé tich can pha, dé thu dugc dung dich ¢6 nong d6 N’ cao hon nong d6 can pha
N. Dung dich thu dugc dugc chuan do lai dé kiém tra néng do b?lng dung dich tiéu chuan
khic, r6i tir két qua thu dugc tinh ra lugng dung méi (Vipo) can thém vao lugng dung
dich con (V) lai theo biéu thirc III- 5:

Vino (ml) = [(N°/N) - 1]. Vi (ml) (I1I- 5)
& ddy: N’ —ndng d6 dung dich di pha.

N —ndng d6 dung dich can pha.

V| — thé tich dung dich da pha con lai can pha lodng, bang thé tich dung dich ban
dau V trir di s6 ml dd ding cho chuan d6 kiém tra.

Vi du: pha khoangl1 lit dung dich NaOH 0,1000N dung cho phan Ung trung hoa.
Ciing nhu ¢ cach 1, cAn khoang 4,2g — 4,4g NaOH rén r0i pha vao mot thé tich chinh xac
bé hon thé tich can pha, vi du: 800 ml. Tir dung dich thu duoc hidt 2 1an, mdi 1an 25 ml,
dé chuan d6 véi dung dich H,C,O,4 0,1000N hét trung binh, vi du: 30,0 ml. Nhu vay,
dung dich pha c¢6 nong d6 0,1200N cao hon ndng do can pha. Do d6, can thém nudc cat
vao dung dich di pha, lugng nuéc d6 duoc tinh theo biéu thirc III- 5: N” = 0,1200 ; N =
0,1000; V> = 800 — (2 . 25) = 750 ml; Vo can thém = 150 ml. Nhu vay, khi cho thém
150 ml H,0 vao 750 ml dung dich da pha con lai s& c6 900 ml dung dich NaOH véi nong
do chinh xac 0,1000N.

Céch pha thir 2 phirc tap hon cich pha thir 1, nhung rat thuan tién cho viéc tinh
todn, nhét 12 trong phén tich hang loat mau, vi & ddy, tri s6 nong do 1 nhitng s6 chin.

Hién nay, voi sy hoan thién cua cong nghi¢p hoa chat, da san xuat sn cic 6ng
chuan (fixanan) nhur: ong fixanan HCI 0,IN; KCNS 0,IN ... Viéc pha dung dich tiéu
chuan tir cdc dng fixanan rat don gian: chi can hoa tan toan bo luong chira trong 6ng
thanh mot thé tich xdc dinh theo chi dan s& duoc dung dich c6 nong d06 chinh xac nhu da
ghi trén 6ng. Vi du: pha mot dng fixanan HCI 0,1N thanh mot lit dung dich s& duoc dung
dich HCI ¢6 ndng d6 chinh xdc 0,1N ma khong can chuan d9 lai.

Truong Dai hoc Nong nghiép Ha Noi — Gido trinh Hod PhGn tich...............c..coocieiiiiiiiiiiiiaaiie, 50
http://hoahocsp.tk



5. CACH TINH KET QUA PHAN TiCH

Phuong phap phan tich thé tich 1a phuong phdp dya trén dinh ludt duong luong.
Trong phan tmg chuan d6 khong c6 sy du thira ctia chat can xdc dinh hay thudc thir, néi
céch khac s6 duong lugng gam cua céc chét tham gia phan tng 1a bang nhau, tirc:

WA/BA = WB/DB . (IH-
6)
Trong d6: wa, wg — khoi luong cua céc chat A, B tham gia phan tng, D,, Pg — duong
luong gam cua cac chét A, B.
Ung dung cdc biéu thuc I- 2 va III- 6 , c6 thé viét:
WA/DA = VB NB 107 3
(néu can mot luong mau va dem chuan d6 toan bo, V — tinh b?lng ml) hoac:
Va.Na =Vp.Np
(khi hit mot luong dung dich miu mang chuan do).
Tir d6 khéi lugng w (g) ciia chat A dugc xdc dinh bang biéu thirc III- 7:
wa = Da.Vp.Ng. 107 (g) (I1I- 7)

Vi dy 1: C6 bao nhiéu gam Ba(OH), hoa tan trong 250 ml dung dich, néu chuin
d6 20 ml dung dich nay hét 22,4 ml dung dich HCI 0,09884N?

Gidi:  Phan tg chuan do:

Ba(OH), + 2HCI = BaCl, + 2H,0
do d6: DBa(QH)z = MBa(OH)2/2 = 171 35/2 = 85 675 (g)

Ap dung biéu thuc III- 7, khdi lwong w ctia Ba(OH), trong 20 ml dung dich mau
la: w = 85,675. 22,4. 0,09884.10° = 0,190 (g) va trong 250 ml dung dich miu la:
0,190.(250 : 20) = 2,275 (g).

Vi dy 2: Tinh phén tram H,C,04 trong mau, néu can 0,200 g mau va hoa tan vao
50 ml dung dich. Chuan do dung dich niy trong méi truong axit hét 30,5 ml KMnO,
0,10N.

Giai: Phan tmg chuan do:

5H2C204 + 2KMIlO4 + 6H+ = 10C02 + 2K+ + 2Mn2+ + 8H20
do do: DH2C204 = MH2C204/2 90/2 =45

Ap dung biéu thic III- 7, khdi lugng w ctia H,C,04 trong 0,2000 g mau la: w =
45. 30,5. 0,10. 10 3 =0,1372 (g). Suy ra% % H,C,04 trong mau la: % H,C,04 = (0,1372:
0,2000). 100 = 68,60%.

6. PUONG CHUAN PO

6.1. Dinh nghia

Trong chuan d¢, nong do6 ctia cdc chét trong dung dich ludn thay déi. Sy thay do6i
nay din dén hang loat cdc dai luong vat 1i, hod hoc ciing thay dbi trj sb cua minh. Do d6,
theo doi sy thay ddi cua céc dai luong vat 1i, hod hoc c6 thé cho biét nong do cac chét
trong dung dich. Vi du: khi chuan do xac dinh HCI bé“mg NaOH thi hang loat céac dai
luong nhur nong d¢ ciia HCI, NaOH, H*, OH ™ thay doi din dén pH dung dich thay doi
hay céc dai luong vat If khac nhu d6 dan dién cua dung dich, dién thé dung dich...thay
ddi phu thudc vao lugng NaOH da dua vao hé chuén do. Do c6 nhiéu dai luong vat i,
hod hoc gin lién véi hé chuan dd, cho nén, tuy timg phuong phdp chuan do ma st dung
dai lugng theo doi thich hop. Thong thuong, trong phuong phdp trung hoa dung dai
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luong pH, trong phuong phdp oxi hod khir ding dai lugng dién thé dung dich E, trong
phuong phép két taa dung cdc dai luong pX (pX = -1g[X"™]), pM (pM = -Ig[M™]), trong
phuong phép tao phuc dung dai lugng pM, pX.

Do thi biéu dién su phu thuoc cua mot dai lwong vdt li, hod hoc nao do co lién
quan dén nong dé cdc chat tham gia phdan vmg chudn dg lén thé tich dung dich tiéu chudn
da dwa vao dwoc goi la dwong chudn dé. Tuy vay, tuy theo loai phan Gmg chuan d6 ma
chon mdi quan hé thich hgp. Thong thuong, trong phuong phdp trung hoa dé 1a duong
biéu dién phuy thudc: pH = f(Vy); trong phwong phép oxi hod khu: E = f(Vi); trong
phuong phéap két tua, tao phuc: pM = f( Vi), pX = f(Vi). Cing ¢c6 thé biéu dién dwong
chuan dg duoi dang ham dai lirong do phu thugc lén % chudn do.

Tri s6 cua pH, E, pM, pX... tai diém twong dwong duwoc goi la chi so 5 pT.

Viéc nghién ciru dudng chuan do c6 i nghia rat 16n trong viéc tién hanh chuan do,
no6 gidp cho viéc xéc dinh dat d§ chinh xac cao va chon chi thi thich hgp cho chuén do.

Qué trinh chuén do trai qua 4 giai doan: chua chuan do, chuan do trudc diém
twvong dwong, chuan do tai diém tuong duong, chuan d¢ sau diém tuong dwong. G mdi
giai doan, thanh phan céc chit trong dung dich chuan d¢ giéng nhau, nén xdy dung
dwong chudn dé chinh la thiét lap cdc biéu thirc todn biéu dién su phu thuéc cua dai
lirong theo déi ciia tirng giai doan 1én thé tich dung dich tiéu chudan da sir dung hay lén %
chudn dg. Viée tinh chi tiét chi con 1a sy thay s vao cdc biéu thic todn da c6.

6.2. Puwong chuan d trung hoa

Cac axit dugc chia thanh cac nhom theo d0 manh yéu cua ching: axit manh (K,2
1), axit trung binh K, tir 107 — 107, axit yéu K, tir 10 — 10™"° va rat yéu K, < 10™"°.
Tuong tu, cic bazo cling dugc chia thanh cdc nhém theo d0 manh yéu cua ching: bazo
manh (Ky 2 1), bazo trung binh Ky tu 107 - 107, bazo yéu K, tir 10* - 107 va rat yéu Ky
<107 Ngoai ra, cic axit, bazo tham gia phan tng chudn d6 trung hoa c6 thé 1a cic axit,
bazo don chuc, da chirc, ¢6 thé nam trong hdén hop nhiéu axit hodc nhiéu bazo, do dé,
trong phuong phap chuan d¢ trung hoa c6 thé gap cdc loai chuan do: chuan d¢ axit manh
bang bazo manh va nguoc lai, chuan do axit yeu bang bazo manh, chuan d6 bazo yéu
bang axit manh, chuin do axit yéu bang bazo yéu va nguoc lai, chuan d6 hdon hop axit,
hdn hop bazo hoic axit da chirc bang bazo manh hay axit manh...

Puwong chudn do trung hod la dwong biéu dién sw phu thuéc pH dung dich lén thé
tich dung dich tiéu chudn dwa vao trong qud trinh chudn do: pH = f(V,.) hay la lén %
chudn dg: pH = f(% chuan dd).

M&i dang chuan do khdc nhau d6 s& c6 dudng chuan d¢ khéc nhau.

Trong thuc té sir dung chi can biét gan ding dudng chuan do nén trong tinh todn
cho phép ding céc biéu thuc tinh gan ding pH dung dich.

a. Cach tinh pH ciia mjt sé6 dung dich

Trong dung dich, ¢ thé sir dung dinh nghia axit, bazo ctia Arrhenius hodc dinh
nghia tong quét hon ciia Bronsted. Song, viéc chon dinh nghia tién cho tinh ton pH dung
dich phu thudc vao ting truong hop cu thé, vi du: trong méi trudng nude, ddi véi cic
axit, bazo dién hinh nhu: HCI, H;PO,, NaOH, NH4OH st dung dinh nghia ctia Arrhenius
don gian hon, con ddi voi cdc axit, bazo nhu ion NH4*, ion COs> nén st dung dinh
nghia cua Bronsted.

* pH dung dich axit manh:

Gia thiét c6 axit manh HA, theo Arrhenius, trong dung dich nuéc ciia né c6 hai
cin bang:
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HA = H + A

H,0 = H" + OH
T mbi quan h¢ can béng vat chat c6:
Cua = [HA] + [A] = [HA] +[H'] -[OH] = [HA] +[H'] - Kio/[H'] (III- 8)
Suy ra:
[H'® + [H]([HA] - Cia) - Kino =0 (IT-
9)

Néu coi su phan li cua axit manh HA 1a hoan toan thi [HA] = 0 va Kypo << Cha,

s€ co [H+] = CHA = NHA va
pH = - Ig[H"] = -1gCia (I1I-
10)

Trong thiee té, sit dung mdy do pH dé do pH dung dich. Do cdc mdy do thuwong
ding c6 dj chinh xdc +0,02pH, vi thé viéc tinh pH theo biéu thirc ITI- 10 chi cé nghia khi
pH < 6,3, néu pH > 6,3 sé khéng thé bo qua [OH ] do nwéc phan li va nong do [H' ] phdi
tinh theo biéu thirc I11- 9.

* pH dung dich bazo manh:

Gia thiét c6 bazo manh BOH, theo Arrhenius, trong dung dich nuéc ciia né ¢6 hai
cin bang:

BOH = OH +B"

’ H,0 = H" + OH
Tur moi quan hé can bang vat chat co:
Cgon = [BOH] + [B'] = [BOH] + [OH] - [H'] = [BOH] + [OH] - Kuo/[OH] (III-
11)
Suy ra:
[OHT” + [OH')([BOH] - Cgon) - Kizo =0 (II-
12)

Néu coi su phan li ctia bazo manh BOH Ia hoan toan thi [BOH] = 0 va Ko <

Cgon, € ¢6 [OH] = Cgon = Npon va
pOH =- lg[OH_] = 'lgCBOH,
Tu d6:

pH =14 - pOH = 14 + 1g[OH] = 14 + 1gCpon (III-
13)

Ciing nhu trén da trinh bay, do cdc mdy do pH thuong dung c6 do chinh xdc +
0,02pH, vi thé viéc tinh pH theo biéu thirc IlI- 13 chi cé nghia khi pH > 7,7, néu pH < 7,7
sé khéng thé bé qua [H ] do nwéc phan li va nong do [OH | phdi tinh theo biéu thirc I11-
12.

** pH dung dich axit trung binh va yéu:

Gia thiét ¢6 axit HA, theo Arrhenius, trong dung dich nudc cua né cé hai can
bang:

HA = H +A
H,0O s H' + OH

Su phan li ctia axit dugc biéu thi bang hang s6 phan li K,:

K. = ([HJ[A])/[HA] (I1I- 14)
Tir mdi quan hé cin bang vat chat c6:
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Cua = [HA] + [A'] = [HA] +[H'] - [OH]= [HA] +[H'] - Knoo/[H']
(I1I- 8)
Thay céc mbi quan hé cua III- 8 vao III- 14 s& c6:
[H'] = Ku{Cua- [H']+ Ko/ [H']}/{[H'] - Kroo/[H']} (- 15)
Pé tinh dugc chinh xac nong d6 cua ion H* can giai phuong trinh béac 3, 1a diéu
khong dé thyuc hién. Viéc giai c6 thé don gian hod nhu sau:

Néu coi [OH] < [H'], thi Cya = [HA] + [H'] va thay né vao biéu thirc ITI- 15

s€ cO:
[H')? + K [H'] - K.Cra =0 (I1I- 16)
Khi sy phan li ciia HA 1 khong déng ké (d6i véi axit yéu va rat yéu) va Cyy du

16n, ¢6 thé coi [H'] < Cpua hay [HA] = Cya, thi biéu thirc III- 16 duoc don gian hod
thanh biéu thirc III- 17 va pH dung dich dugc xéc dinh bang biéu thic ITI- 18:
[H] = (Ka. Cia)™” (III- 17)
pH= (1/2)pK, - (1/2)lgCua (III- 18)
Khi do pH, thuong mac sai sO 5%, nén viéc tinh pH theo biéu thic III- 18 dugc
coi 1a diing, néu pH tinh duoc thoa man diéu kién:
pH >pCya + 1,3,
(6 day, pCha = - 1gCha), néu khong, phai tinh [H*] theo biéu thirc ITI- 16 hodc biéu thirc
II- 15.
* pH dung dich bazo trung binh va yéu:
i Gia thiét c¢6 bazo BOH, theo Arrhenius, trong dung dich nudc cia né cé hai can
bang:

BOH = OH +B"

H,0 = H' + OH
Sy phan li ctia bazo dugc biéu thi bang hang sé phan li Ky:
K, =(OH 1[B* 1)/[BOH] (II- 19)
Tu moi quan hé can bang vat chat c6:

Cpon = [BOH] + [B*] = [BOH] + [OH] - [H'] = [BOH] + [OH] - Kio/[OH] (III-
11)

Thay céc mbi quan hé cta ITI- 11 vao III- 19 s& c¢6:

[OH] = Ko{Cgon - [OH] + K2o/[OHT}/{[OH] - Kti2o/[OH T} (I1I- 20)

bé tinh dugc chinh xac nong dd cua ion OH™ cling can giai phuong trinh bac 3, 1a
diéu khong dé thyc hién. Viéc giai c6 thé don gian hod nhu sau:

Néu coi [H'] < [OHT, thi Cgoy = [BOH] + [OH] va thay né vao biéu thirc
III- 20 s€ co:
[OH]* + Ky[OH] - KyCpon = 0 (ITI- 21)
Néu su phan li cia BOH 1a khong dang ké (d6i v6i bazo yéu va rat yéu) va Cgon
du 16n, c6 thé coi [OH] < Cgoy hay [BOH] ~ Cgop, thi biéu thire III- 21 dugc don gian
hod thanh biéu thtrc I1I- 22 va pH dung dich dugc xéc dinh bang biéu thirc III- 24:
[OH] = (Ks . Cpon)"?

(III - 22)
pOH = (1/2)pKy - (1/2)1gCpon (III - 23)
pH=14-pOH = 14 - (172)pKy + (1/2)IgCpon (-
24)
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Nhu da néi & trén, khi do pH, thuong méc sai s6 5% nén viéc tinh pOH theo biéu

thirc II1- 24 duogc coi 1a ding, néu pOH tinh dugc thod man diéu ki¢n:
pOH >’ pCBOH + 1,3, .
(¢ day, pCgon = - 12Cpomn)), n€u khong, phai tinh [OH'] theo bi€u thue III- 21 hodc III- 20.

* pH dung dich chira cdp axit bazo lién hop ciia axit hodc bazo trung binh va
yéu:

Trong dung dich nudc, theo Bronsted, cdp axit bazo lién hgp cta axit hodc bazo
trung binh va yéu véi nong do cﬁg axit 1a Cya va cua bazo la Cu- s€ tao ra hé dém pH. Su
tuong tac gitra chiing voi nhau thé hién qua cac phuong trinh:

HA = H" + A (I1I- ey)

) A+ H+’ s HA ’ . (I1I- ey)
Cdc moi quan hé nay duoc thiét 1ap boi hang s6 can bang K, (III- 14).

Tu moi quan hé can bang vat chat cé:

Cua = [HA] + [AT] = [HA] +[H"] - [OH] — [HA] =Cpya - [H'] +[OH] e
25)
Ca = [A] +[HA] = [A1+[OH]-[H] — [A] =Ca- -[OH]+ [H'] (I1I-
26)

Do d6, phuong trinh ITI- 14 duoc viét thanh:
[H'] = Ko{Cua - [H'] +[OH1}/{Ca- - [OH] + [H']} (II-
27)
Néu [OH] < 5% [H'], [H'] < 5% Cua va [H'] < 5% Ca- (5% 1a sai s6 cua mdy do
pH), cac biéu thuc III- 25 Yé III- 26 dugc don gian hod thanh: [HA] = Cya va [A7] = Ca-.
Thay cdc gia tri nay vao bicu thirc III- 27 s€ c6:

K, = {[H"] Ca-}/Cha
(I11- 28)
Log hod biéu thirc III- 28 va chuyén vé sé& c6:
pH = pKa - lg(CHA /CA-) (IH— 29)

* pH dung dich muéi thuy phén:
- Khi trong dung dich nudc c6 mudi BA tao boi axit yéu HA va bazo manh BOH.
Mudi BA bi thuy phan:
BA + H,O = HA + B* + OH (I1I- f)
Theo Bronsted, c6 thé coi BA nhu 12 mét bazo yéu. Do d6, c¢6 thé sir dung biéu
thirc ITI- 24 véi viéc thay Cpon bang Cpa va pKy = 14 - pK, dé tinh pH dung dich mudi
BA (III- 27).

pH= 7+ (172)pK, + (1/2)IgCga (III- 30)
- Khi trong dung dich nuéc c6 mudi BA tao bdi bazo yéu BOH va axit manh HA.

Mubi BA bi thuy phén:
BA + HO = BOH + H" + A (IM-

g , ) : :
Theo Bronsted, ¢6 thé coi BA nhu la mét axit yéu. Do d6, c6 thé st dung biéu
thire III- 18 vai viéc thay Cya bang Cpa va pK, = 14 - pK,, dé tinh pH dung dich muoi
BA:
pH= 7- (1/2)pKy - (1/2)IgCga
(III- 31)
* pH dung dich muoi luong tinh:
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D6 1a mubi c6 thé déng vai trd nhur mot axit va nhu mot bazo. Cac mubi nay hinh
thanh do trung hoa chua hoan toan cic axit hodac cac bazo da chuc, vi du nhu cac mudi
NaH2P04, NaHCO'g cee

Viéc tinh pH dung dich ctia cic mudi nay ¢ thé duge minh hoa cho truong hop
mubi BHA hinh thanh tir axit H,A (c6 hai hang s6 phan li K,; va Ky») va bazo manh
BOH. Trong dung dich, mudi BHA phan li thanh ion HA", ion nay tham gia cdc phan ting
nhu mot axit:

HA s H' + A voi Kp = [H[A]/[HAT] (I11-
32)

va nhu mdt bazo:
HA + H" s HbA véi K= [HhAJ[H'.[HA] = UKy, (I11-

33)
Trong dung dich, nong do [H'] s& bang téng lugng [H'] do HA™ phén 1i ra (tirc bang [A*]
va nudc phén li ra (tc bang [OH] trir di lwong [H'] da tham gia phan tng véi HA™ tao
H,A (tic bang [H,A]):

[H'] = [A™]- [H:A] +[OH] = [A”]- [HA] + Kino/[H'] e
34)
Thay [Az'] va [HpA] tur II- 30 vao III- 28 va III- 29 s¢€ c6:

[H] = {Ku(Ko[HAT + Kino)/(K. + [HAT)}? e
35)

Thong thuong [HA] > Ko, [HA] > K,1, nén biéu thirc III- 35 ¢6 thé rit gon
thanh: [H'] = (KuKw)"? . Nhu vay:
pH = (pKa1 + pKa)/2 (I11- 36)
Vi truong hop tong quit cta ion HpA™:
HnA" s Hp A" + H vaH,A" + H s Hp A™Y, ¢6 thé viét:
pH = (pKan + pKans1)/2 (I1-
37)
Trong do: K, 12 héng sd axit phan li ra géc mudi H,A™, Kupey 12 héng $d axit ma géc
mubi H,A"™ s& phan li dé ¢6 gdc Hy A,
b. Pudong chuin dj axit manh bang bazo manh
Khi chuan d6 axit manh HA c6 thé tich dung dich Vs va ndng d6 Ny (=Cha)

bang dung dich bazo manh BOH c6 ndng d6 Ngon (=Cgon), vi du, chudn do 100 ml HCI
0,IN bé‘mg dung dich NaOH 0, 1N, duong chuan d6 duoc xéc dinh nhu sau:
* pH khi chwa chudn dj:
Dung dich chi chtra axit manh HA phan li hoan toan:
HA=H"+ A,
nén str dung biéu thire ITI- 10 dé tinh pH dung dich.
Thay s, theo vi du néu trén, c6:
pH=-1g[H]=-1gCuys =-1g0,1=1
* pH trwdc diém twong dwong:
Viéc dua BOH vao dung dich HA da dan dén phan tmg:
HA + BOH = BA + H,O
lam giam nong do axit HA, nhung, axit van con du va né quyét dinh pH dung dich. Nong
d6 axit HA du sé& bang:
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[HA] = (Vua . Nua - Veon - Ngon)/(Vua + Vion)
Tuong ty nhu trén: [H'] = [HA]q4,, do d6, pH dung dich la:
pH =-1g[(Vua . Nua - Veon - Neow)/(Vua + Veon)] (III-
38)

Thay s6, theo vi du néu trén véi 50% chuan do, tirc da st dung 50 ml NaOH 0, 1N,

s€ co:
pH = - 1g[(100. 0,1 - 50. 0,1)/(100 + 50)] = 1,48

* pH tai diém twong dwong:

Toan bd axit HA da dugc trung hoa b?mg lugng vira du bazo manh BOH, nén,
trong dung dich chi ¢6 muébi trung tinh BA va H,O. Do d6, pH dung dich 14 pH ctia nudc
va bang 7.

* pH sau diém twong dwong:

Luong BOH dua vao sau diém twong duong trg thanh lugng bazo du. BOH 1a
bazo manh phan li hoan toan:

BOH = B"+ OH
nén, pH dung dich phu thudc vio ndng d6 BOH du. pH duoc tinh theo biéu thic III- 13.
Néng d6 BOH du la:
[BOH] = (Vgon - Ngon - Vua - Nua)/(Vua + Veon)
Do d6, pH dung dich dugc xé4c dinh bang biéu thic ITI- 39:
pH=14-pOH =14 - 1g[BOH]

= 14 —1g[(Veon - Neon - Vua - Nua)/(Veon + VhHa)] (III-
39)

Thay s6, theo vi du néu trén voi 150% chuan do, tac da su dung 150 ml NaOH
0,1N, s€ co:

pH =14 -1g[(150. 0,1 - 100. 0,1)/(100 + 150)] = 12,30

Ung dung cac biéu thic III- 10, III- 38 va III- 39 d¢ tinh todn pH trong mot sd
chuan d6 cho cic s6 liéu ghi trong bang B.1.3.

Biéu dién cdc sb liéu ctia bang B.1.3 trén do thi, dwogc hinh H.1.3.

Bing B.1.3: Sw bién thién pH dung dich trong chuin dé 100ml HCI véi cdc
nong dp khdc nhau bang NaOH 0,IN

Trang thai | % chuan d§ | Vén dung pH
chuén d biéu thirc HCI 0,1N HC10,01N | HCI 0,001N
Chuwa chudn
do 0 III- 10 1,00 2,00 3,00
50 1,48 2,30 3,30
Trude diém 90 III- 38 2,30 3,04 4,00
tuwong 99 3,30 4,04 5,00
dwong 99.9 4,30 5,04 6,00
Tai diém
twong 100 7,00 7,00 7,00
dwong
100,1 9,70 8,96 8,00
Sau diém 101 I1- 39 10,70 9,96 9,00
tuwong 110 11,70 10,96 10,00
dwong 150 12,30 11,70 10,69
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Tt hinh H.1.3 ¢6 nhan xét:

1- Puong chuan d6 1a duong cong dbi xtmg qua diém 100% chuan d6 va pH = 7.

2- Gan diém tuong duong, pH dung dich thay d6i manh khi dua mét luong nho
dung dich tiéu chuan vao. Khoang thay d6i d6 cua pH dugc goi 1a bude nhay ciia dudng
cong chuan d6. Ung véi mot sai s6 cho trude (+ 0,1%, + 1%...) s€ c6 mot budc nhay
twong tng trén dudng cong va rd rang sai s6 cang 16n thi budc nhay cang dai. Vi du: Véi
Nia = 0,IN, Ngoy = 0,1N, véi sai s6 + 1% c¢6 bude nhay tir pH = 3,3 dén pH = 10,7; con
v6i sai s6 % 0,1% bude nhay chi con 1a tir pH = 4,3 dén pH = 9,7.

Hinh H.1..3: Duong chudn do axit manh bcfng bazo manh:
1. HCI 0,00IN; 2. HCIl 0,0IN; 3. HCI 0,IN

3- Budc nhay duong cong chuin do phu thudc vao ndng d cdc chat tham gia
phan tng, nong d6 cang 16n thi budc nhay cang dai.

Vi du: Ciing sai s + 0,1% va cting chuan d6 bang NaOH 0,1N, véi nong do ban
dau cua HCI 1a 0,1N ¢6 bude nhay: pH = 4,3 — 10,7, nhung véi nong do HC1 0,01N thi
budc nhay chi la: pH = 5,04 — 8,96.

Do d6, khong nén pha loang dung dich khi chuan do. Néu c6 thé, nén diung dung
dich tiéu chuan voi nong do cao dé thoi gian chuan do khong kéo dai. Tuy nhién, khi
dung dung dich tiéu chuan véi nong dd cao can luu { dén sai s6 giot du (myc 6. 6 chuong
III).
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c. Pudng chuin dj bazo' manh bing axit manh ‘
Khi chuan d6 bazo manh BOH c6 thé tich dung dich Vgony va nong d0 Npon

(=Cgon) bang dung dich axit manh HA c6 ndong d6 Nya (=Cha) , vi du, chuan d6 100 ml
NaOH 0,1N bé‘mg dung dich HCI 0,1N, dudng chuén d6 dugc xdc dinh nhu sau:
* pH khi chwa chudn dj:
Dung dich chi chtra bazo manh BOH phan li hoan toan:
BOH = OH + B*

Do d6 c6: [OH] = Cgon = Ngop, Vi thé pH duoc tinh theo III- 13. Thay $d, theo
vi du néu trén, s€ co:

pOH =-1g [OH] =-lIg Cgog =-1g0,1=1,dodé6pH=14-1=13.

* pH trwdc diém twong dwong:

Viéc dua HA vao dung dich BOH da dan dén phan tmg:

BOH + HA = BA +HO
lam giam ndéng do6 bazo BOH, nhung, bazo van con du véi nong do bazo BOH du s&
bang:

[BOH] = (Veon - Neon - VHa - Nua)/(Via + Veon)
Do d6 pH dung dich dugc x4c dinh bang bi€u thire I11I- 39.

Thay s0, theo vi du néu trén v&i 50% chuan d9, tirc da sir dung 50 ml HCI 0,1N,
s€ co:

pH =14 —1g[(100. 0,1 - 50. 0,1)/(100 + 50) = 12,52

pH tai diém twong dwong:

Toan b¢ lugng bazo BOH da dugc trung hoa bé‘mg lugng vura du axit manh HA
nén trong dung dich chi ¢c6 mudi trung tinh BA va H,O. Do d6, pH dung dich 14 pH cia
nudc va bang 7.

* pH sau diém twong dwong:

Luong HA dua vao sau diém tuong dwong try thanh lugng axit du. Vi HA 14 axit
manh phan li hoan toan, nén, néng dd cua né duoc tinh theo biéu thirc:

[HA] = (VHa . Nua - Veon - Neon)/(Va + Veon) i
Do d6 pH dung dich duogc tinh theo III- 38. Thay s0, theo vi du néu trén véi 150% chuéan
do, tirc da su dung 150 ml HCI 0,1N, sé c6:

pH = - 1g[(150. 0,1 - 100. 0,1)/(100 + 150)] = 1,70

Ung dung cic biéu thirc III- 13, III- 39 va III- 38 dé tinh to4n pH trong mot sb
chuan d6 thu duoc cdc sb liéu ghi trong bang B.2.3.

Bing B.2.3: Sw bién thién pH dung dich trong chudn dp 100ml NaOH véi cdc
nong dp khdc nhau bang HCI 0,IN

Trang thai % Vién dung pH
chuan d¢ chuan biéu thirc | NaOH 0,IN | NaOH 0,0IN | NaOH 0,001N
do
Chua chudn
do 0 III- 13 13,00 12,00 11,00
50 12,52 11,70 10,69
Truwoc diem 90 I11- 39 11,70 10,96 10,00
twong dwong 99 10,70 9,96 9,00
99,9 9,70 8,96 8,00
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Tai diém
twong dwong 100 7,00 7,00 7,00
100,1 4,30 5,04 6,00
Sau diém 101 I11- 38 3,30 4,04 5,00
twong dwong 110 2,30 3,04 4,00
150 1,48 2,30 3,30

Biéu dién céc s6 lidu ciia bang B.2.3 trén d6 thi, duoc hinh H.2.3.

Ttr hinh H.2.3, tuong ty nhu trong chuan d6 axit manh bing bazo manh, ¢6 nhan
xét sau:

1. Pudng chuan do 1a dudng cong dbi xung qua diém 100% chuan d6 va pH = 7.
Puong chuan do bazo manh bang axit manh cé dang ngugc lai (d6i ximg guong qua truc
di qua diém 100% chuan dd) v6i dudng chuan do axit manh bang bazo manh (hinh
H.1.3).

2. Gan diém twong dwong, pH dung dich thay d6i manh khi dwa mot luong nho
dung dich tiéu chuan vao. Khoang thay 601 manh dé cua pH duogc goi 1a budc nhdy cia
duong cong chuan do. Ung v6éi mot sai sb cho trude (= 0,1%, + 1%...) s& c6 mdt budc
nhdy twong ung trén duong cong va ro rang sai sd cang 16n thi budce nhay cang dai. Vi
du: voi Ngon = 0,1IN, Nua = 0,1IN, voi sai sO + 1% c6 budc nhay tur pH = 10,7 dén pH =
3,3; con véi sai s6 + 0,1% budc nhdy chi con la toe pH =9,7 dén pH=43.

3. Budc nhay duong cong chuan do phu thudc vao néng do cc chat tham gia
phan tmg, ndng d6 cang 16n thi budc nhay cang dai.

Vi du: cling sai s6 + 0,1% va ciing chuan d6 bang HCI 0,1N, véi ndng do ban dau
ctia NaOH 12 0,IN ¢6 budc nhay: pH = 10,7 - 4,3, nhung v6i nong do NaOH 0,01N thi
budc nhay chi la: pH = 8,96 - 5,04.

Do d6, cling nhu khi chuan d6 axit manh bang bazo manh khong nén pha loang
dung dich khi chuan d6. Néu c6 thé, nén diung dung dich tiéu chuan voi nong do cao dé
thoi gian chuan do khong kéo dai. Tuy nhién, khi ding dung dich tiéu chuan véi nong do
cao can luu { dén sai sb giot du (muc 6. 6 chuong III).
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Hinh H.2..3: Duong chudn do bazo manh bcfng axit manh:
1. NaOH 0,00IN; 2. NaOH 0,0IN; 3. NaOH O, IN.

d. Puong chuin dj axit yéu bang bazo manh
Khi chuin do axit yéu HA véi thé tich Via va nong dd Nya (=Cpa) bang bazo

manh BOH ¢é néng dd Npon (=Cpon) theo phuong trinh:
HA + BOH =BA + H,O
Duong chuén do duge xay dung nhu sau:
* pH khi chwa chudn dj:
Trong dung dich chi ¢6 axit yéu HA phan li mot phan:
HA s H + A,
nén pH dung dich dugc tinh theo III- 18 hodc tur III- 16, III- 15.
* pH trwdc diém twong dwong:
Trong dung dich c6 mubi BA va axit yéu HA du tao nén cip axit bazo lién hop.
Néu [HA] con lai 16n hon 0,1% so v6i Cua, tinh pH dung dich nhu d6i véi hdn hop dém
pH (biéu thirc I1I- 29) va trong trudong hop nay cu thé 1a III- 40:
pH = pK, - Ig([HA]/[BA]) = pKa — 1g[(VHA . NHa - Veon - Neon)/(Veon - Neon)]  (III-
40)
Néu [HA] con lai nho hon 0,1% so v6i Cya, tinh pH dung dich véi viée st dung biéu
thae III- 27.
* pH tai diém twong dwong:
Trong dung dich ton tai mudi BA va H,O. Vi mudi BA 13 mudi cua axit yéu véi
mot bazo manh, nén, né bi thuy phan:

BA + H,O = HA + BOH

cho mdi truong kiém. Do d6, pH dung dich mudi BA duoc x4c dinh bang biéu thic III-
30 va trong trudng hop nay cu thé 1a I1I- 41:

pHa =7+ (172)pKy + (1/2)Ig[(Vua - Nua)/ (VHa + VBon)]
(I1I- 41)

* pH sau diém twong dwong:

Trong dung dich du BOH, 1a bazo manh. Néu su du ctia BOH 1én hon 0,1% cia
Cgon, ¢6 thé bo qua sy thuy phan ctia mudi BA va pH dung dich s& dugc tinh gan diing
theo biéu thirc I1I- 39. Néu su du caa BOH nho hon 0,1% cta Cgon, khong thé bo qua su
thuy phan ctia mubi BA va pH dung dich s& dugc tinh theo biéu thirc III- 27.

Két qua tinh pH cua chuan d6 mot sb axit yéu b?lng bazo manh dugc minh hoa
trong bang B.3.3 va dang dudng chuén do cta chiing dugc minh hoa bang cac hinh H.3.3
va H.4.3.
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Bdng B.3.3: Sw bif?'n thién pH dung dich trong chudn dp 100ml axit yéu
CH;COOH (pK,=4,76) nong do 0,IN bang NaOH 0,IN

Trang thai chuan d¢ % chuan d6 Van dung biéu pH
thire

Chua chuan dp 0 II- 18 2,88
Truwdc diém twong 50 4,76
dwong 90 II1- 40 5,72

99 6,76

99,9 I1- 27 7,80

Tai diém twong dwong 100 I1I- 41 8,73
Sau diém twong dwong 100,1 I1I- 27 9,70
101 10,70
110 1I- 39 11,70
150 12,52

Hinh H.3..3: Puong chudn dé axit yéeu CH;COOH (pK,= 4,76) 0,IN bang bazo
manh NaOH 0, IN.
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Hinh H.4..3: Puong chudn dé axit yéu khdc nhau bang bazo manh:

1. CICH,COOH (pK,= 2,85); 2. CH;COOH (pK,=4,76); 3. Hs:BO;3 (pK,= 9,23).

Ttr cdc hinh H.3.3 va H.4.3 c6 nhéan xét nhu sau:

1. Puong chuan d6 1a dang duong cong bat d01 xung, léch vé phia méi truong
klem diém twong duong c6 pH 16n hon 7. Piéu nay rét rd khi xem xét trong khoang sai
50 0,1%.

2. Axit cang manh thi budc nhay cua dudng cong chuin do cang dai va ddi véi
axit yéu c6 pK, > 10 dudong cong khdng c6 budc nhay.

3. Céc nhan xét khic ciing gidng nhu cdc nhan xét 2, 3 cua dudng cong chuan do
axit manh b?mg bazo manh.

e. Prong chuin @9 bazo yéu bang axit manh

Khi chuin do bazo yéu BOH vdi thé tich Vgon va ndng do Ngoy (=Cgon) bang

axit manh HA c¢6 néng dd Nya (= Cya) theo phuong trinh:
BOH + HA =BA + H;O

Duong chuén do duge xay dung nhu sau:

* pH khi chwa chudn dj:

Trong dung dich chi ¢6 bazo yéu BOH phén li mot phan:

BOH = OH + B,
nén pH dung dich dugc tinh tur III- 24 hodac tu III- 21, III- 20.

* pH trwdc diém twong dwong:

Trong dung dich ¢6 mubi BA va bazo yéu BOH du tao nén cdp axit bazo lién
hop. Néu [BOH] con lai 16n hon 0,1% so véi Cpop, tinh pH dung dich nhu ddi véi hdn
hop dém pH (biéu thirc I1I- 29) va trong trudng hop nay cu thé 1a I1I- 42:
pH = pK, - 1g([BA]J/[BOH]) = 14 - pKyp — 1g[(Vua - Nua)/(Veon - Npon - Vua - Nua)] (I
42)

Néu [BOH] con lai nhé hon 0,1% so véi Cpoy tinh pH dung dich theo biéu thirc III- 27.

* pH tai diém twong dwong:
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Trong dung dich ton tai mubi BA va H,0. Vi mudi BA 1a mudi ctia bazo yéu véi
mot axit manh nén né bi thuy phan:

BA + HO = HA + BOH
cho méi trudng axit. Do d6 pH dung dich mubi BA duoc xéc dinh bang biéu thic III- 31
va trong trudng hop nay cu thé 1a I1I- 43:

pHq = 7 - (172)pKy - (1/2)Ig[(Veon - Npon)/(Veon + Vua)l (-
43)

* pH sau diém twong dwong:

Trong dung dich du HA, 12 axit manh. Néu sy du cia HA 16n hon 0,1% ctia Cow,
6 thé bo qua su thuy phan ctia mudi BA va pH dung dich s& dugc tinh gan diing theo
biéu thire III- 38. Néu su du cua BOH nho hon 0,1% ctua Cgop, khong thé bo qua su thuy
phan ciia mudi BA va pH dung dich s& dugc tinh theo biéu thirc III- 27.

Két qua tinh pH cua chuan d6 mot sb axit yéu béng bazo manh dugc minh hoa
trong bang B.4.3 va dang dudng chuén do cta chiing dugc minh hoa bang cac hinh H.5.3
va H.6.3.

Tu cac hinh H.5.3 va H.6.3 c¢6 nhan xét nhu sau:

1. Puong chuan d6 1a dang duong cong bat dbi xung, 1éch vé phia moi truong
axit, diém tuong duong c6 pH nhé hon 7. Diéu nay rat rd khi xem xét trong khoang sai so
0,1%.

2. Bazo cang manh thi budc nhay cia duong cong chuin do cang dai va ddi véi
bazo yéu c6 pKy, > 10 duong cong khong ¢6 bude nhay.

3. C4c nhan xét khic ciing gidng nhu cdc nhan xét 2, 3 cua dudng cong chuan do
bazo manh bé‘mg axit manh.

Bing B.4.3: Su bién thién PH dung dich trong chudn @p 100ml bazo yéu
NH,OH (pKy, = 4,74) nong do 0,IN bang HCI 0,IN

Trang thai chuan dé % chuan do Van dung biéu pH
thirc

Chua chudn dj 0 I11- 24 11,13
Trude diém twong 50 9,26
duwong 90 II1- 42 8,31

99 7,26

99,9 I11- 27 6,22

Tai diém twong dwong 100 I1I- 43 5,28
Sau diém twong dwong 100,1 I1I- 27 4,31
101 3,32

110 I11- 38 2,38

150 1,70
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Hinh H.5..3: Puong chudn dé bazo yéu NH,OH (pK, = 4,74) 0,IN bang axit
manh HCI O,IN:

Hinh H. 6..3: Puong chudn dg bazo yéu bang axit manh:
1. Dietylamin (pKy= 3,02); 2. Amoniac (pKp= 4,74); 3. Anilin (pK,=9,38)

Trieong Pai hoc Nong nghiép Ha Noi — Gido trinh Hod Phan tich.................coooiiiiiiiiiiiiiiniaina, 65
http://hoahocsp.tk



Tur céc hinh v& H.3.3 - H.6.3 ¢6 nhan xét: Khi chuan d6 axit yéu bang bazo
manh cling nhu khi chuan do bazo yéu bang axit manh, & truc diém tuong duong, trong
dung dich déu ton tai h¢ dém pH nén pH thay ddi cham. Do d6, d& dang nhan thay rang
viéc chuan d¢ axit yéu bang bazo yéu hodc nguoc lai s& dan dén duong cong chuan do
khong c6 budc nhay (vi trude va sau diém twong duong trong dung dich ludn ton tai hé
dém pH lam pH thay ddi cham). Chinh vi diéu nay, nén trong thuc té khi chuan do theo
phuong phép trung hoa chi ding dung dich tiéu chuan 1a céc axit, bazo manh dé duong
chuan dd c6 budc nhay du 1on.

e. Duong chuin d9 hén hop nhiéu axit don chirc hoic axit da chirc bang bazo manh

hoic chuin d§ hén hop nhiéu bazo don chirc hoic bazo da chirc bang axit manh
Puong chuan d6 hdn hop nhiéu axit don chirc cho budc nhay riéng r& & gan diém

twvong dwong tng véi viée chuan do ciia timg axit chi khi cdc axit nay c6 hang s axit

khac nhau 10 rét (véi sai $6 % = 0,1% thi Kal/Kaz 10* ) (vi du hon hop axit HCI (phan
li hoan toan) va CH3;COOH (K, = 1,74.10 ), néu céc hang sb axit K,; khac nhau khong
nhiéu (vi dy: cdc axit hiru CO‘ day axit focmic nhu HCOOH vo1 K, = 1,8. 10 va
CH3COOH v¢i K, = 1,74.107)), thi dudng chuin d6 c¢6 chung mot budc nhay. Dleu nay
cng ding cho chuan do axit da chirc, boi vi axit da chirc phén li theo timg nic va mdi
nac phan li khac nhau c6 thé duoc coi 1a sy phan li cia mét axit khac. Vi du:

Axit HyA phén 1i nhu sau:
H,A s H. A + H (nic 1),
HoiA s HpoA” + HY (nc 2),
HA®™Y = A™ + H' (nc n)

pH cua dung dich axit H,A duogc tinh theo cac biéu thic III- 10 (cho axit manh) hodc cac
biéu thirc III- 16 va III- 18 (cho axit yéu). Cac ion gdc mudi H, A", HynA™,... . HA™
duogc goi 1a cac gbc mudi ludng tinh va pH ciia cdc dung dich chtra cdc ion nay dugc tinh
gan ding theo biéu thic I1I- 37.

V6i bazo da chitc B ciing c6 thé viét tuong tu

B + H = BH' (néc 1)
BH® + H" = BH,” (nc 2)
BH,,""* + H" = BH,"™ (nic n)

pH cua dung dich bazo B dugc tinh theo céac biéu thuc III- 13 (cho bazo manh) hodc cdc
biéu thirc III- 21 va III- 24 (cho axit yéu). Céc ion gbc mudi Hy A", HynAY,.. HA®™!
dugc goi 1a cdc gdc mubdi ludng tinh va pH cua cic dung dich chua céc ion nay duoc tinh
gan ding theo biéu thuc III- 37.

Vi€ xdy dung duong chuan d6 cho ca hai truong hop ciing tuong ty nhu khi xay
dung duong chuén d6 axit bang bazo manh hodc chuan do bazo bang axit manh, chi c6
khac mot diéu 1a ddi véi axit da chire c6 thé coi ddy 1a hdn hop ctia nhiéu axit don chirc
¢6 cting ndong d6 mol/lit va tuong ty ddi véi bazo da chirc c6 thé coi nhur chuan do hdn
hop nhiéu bazo don chiic ¢6 ciing ndng do mol/lit.
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Viéc xay dung duong chuén do c6 thé duge minh hoa qua vi du chuan do 20ml
dung dich axit H;PO4 0,IM (H3A) (v6i cdc hing s6 axit: Ky = 7,6.107 (pKa1 = 2,12); Ky
=6,2.10% (pKy» = 7,21); Koz = 4,2.10™"° (pK,3 = 12,38)) bang NaOH 0, IN.

* pH khi chwa chudn dj:

Vi néc 1 cua axit HyPO, phan li trung binh nén [H'] ctia dung dich dugc xac dinh
bang biéu thirc III- 16 v&i Cyza = 0,1N:

[H']? + Ku[H'] - KuiCisa = 0, thay sb s& duoc:

[H']*> + 7,6.107 [H*] - 7,6.107. 0,1 = 0, giai ra s& c6:

[H]=3,12.107, pH = 1,50.

Néu sir dung biéu thirc I1I- 18, s& tinh duoc pH = 1,58, nho hon pC, + 1,3 = 2.3,
khong thoa man diéu kién.

* pH trwdc diém twong dwong 1:

Trong dung dich ton tai hdn hop H3;PO, va NaH,PO, tao thanh h¢ dém pH, nén
pH duoc tinh bang biéu thirc II- 40 v6i pK, 14 pKa. Vi du, khi chuan d6 50% ctia nac 1,
s€ co:

pH =2,12 —1g[(20. 0,1 - 10. 0,1)/(10. 0,1)] =2,12

* pH tai diém twong dwong 1:

Dung dich chi chita NaH,PO, 13 mubi ludng tinh, nén pH dugc xic dinh bang
biéu thic III- 37 véi viée sir dung pKy; va pK,, cta axit H3PO,. Thay s6 s& c6:

pH=(2,12 +7,21)/2 =4,66
* pH sau diém twong dwong 1 va diém twong dwong 2:

Trong dung dich ton tai déng thoi NaH,PO4 va Na,HPO, tao thanh h¢ dém pH,
nén, pH duoc tinh theo biéu thic III- 40 véi pK, = pKy» v6i

[NaH,PO4] = (2Vu3pos - Muspos — VNaon - Nnaon)/(Vazpos + VNaon) (III-
44)

[Na;HPO4] = (VNaon - NNaon — VHzpos - Muspoa)/(Vuzpos + VNaon) (-
45)

Vi du, khi chuan d6 50% cua nac 2, sé& c6:

pH =721 -1g[(2. 20. 0,1 — 30. 0,1)/(10. 0,1)] = 7,21

* pH tai diém twong dwong 2:

Dung dich chi chira Na,HPO, 12 mot chat ludng tinh nén pH dung dich duoc xdc
dinh bang biéu thtc III- 37 véi viée sir dung pKyo va pKys cia axit HsPO,. Thay sb sé thu
duoc:

pH = (7,21 + 12,38)/2 =9,80

* pH sau diém twong dwong 2 va truwdc diém twong dwong 3:

Trong dung dich ton tai déng thoi Na,HPO,4 va Na3;PO, tao thanh h¢ dém pH, nén,
pH duoc tinh theo biéu thic I1I- 40 véi pKa = pKaj voi

[Na,HPO4] = (3VH3pos - Muspos — VNaon - Nnaon)/(Vazpos + VNaon) (III-
46)

[Na3PO4] =(VNaon - NNaon — 2Vh3pos - Mu3po4)/ (VHzpos + VNaoH) (IMI-
47)

Vi du, khi chuan d6 50% cua nac 3, sé& c6:

pH =12,38 —Ig[(3. 20. 0,1 —50. 0,1)/(10. 0,1)] = 12,38

Viéc tinh toan tiép theo khong c6 nghia, vi axit HPO42' (pKy3 = 12,38) qua yéu,

khong thé chuan do duoc.

Trieong Pai hoc Nong nghiép Ha Noi — Gido trinh Hod Phan tich.................coooiiiiiiiiiiiiiiniaina, 67
http://hoahocsp.tk



Puong chuan d¢ axit H;PO, bang NaOH duoc biéu dién bang hinh vé H.5.3.
DBuong nay c6 3 diém twong duong nhung chi ¢6 hai budc nhay Gmg voi viec chuan do
nac 1 va nac 2, con chuan do nac 3 s& khong cé budc nhay vi axit thir 3 qua yéu. Tuong
tu ¢6 thé x4y dung duong chuin do bazo da chic bang axit manh véi viée sir dung biéu
thuire 111- 48:

pK. + pKy = 14, (III- 48)
trong d6 K, va K, 1a cdc hang sd axit va bazo ctia mot cip axit bazo lién hop.

Hinh H. 7..3:; Puong chudn dj axit H;PO, bang NaOH
6.3. Pwong chuan d¢ oxi hoa khir
La duong biéu dién sy phu thudc thé dién cuc dung dich E 1én thé tich dung dich
tiéu chun dua vao trong qué trinh chuén do (E = (V) hay 1a 1én % chuan d¢ (E = f(%
chuan do)).
C6 rat nhiéu phan tng oxi hod khtr dwoc ding trong chuan do, song, ¢ thé phan
ching thanh 2 nhém nhu sau:
- Phan img oxi hod khir, trong dé cdc cdp oxi hod khir trao doi sé electron nhu
nhau.
Cu thé, v6i cdc phan Gmg riéng phan Il — ¢, vaIlll —c; cé6m=n, véia=a’, b=b’,
vi du:
Fe?* + Ce™ = Ce® + Fe™
Fe’* +e = Fe**
Ce" +e = Ce™
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hodcvéia + a’, b+ b’, vi du:
2Na23203 +1, = 2Nal + NaZS4O6
S406” +2e = 25,05”
L+2e = 21
- Phdn tng oxi hod khit, trong dé cdc cdp oxi hod khir trao doi sé electron khong
nhu nhau.
Cu thé, dbi véi phan ng riéng phén II- ¢y valll-co voi m n,véia=a’,b=>b’,
vi du:
5Fe’* + KMnO, + 8H' = 5Fe’ + K + Mn”* + 4H,0
Fe’* +e = Fe’*
MnOy4 + 8H" + 5¢ = Mn** + 4H,0

hodcvéia + a’, b+ b’, vi du:
6Fe™ + KoCr,07 + 14H" = 6Fe™ + 2K* + 2Cr’* + 7TH,0
Fe’* + e = Fe*
Cr,0,” + 6e + 14H" = 2Cr™* + TH,0

Puong chuan d6 ctia mdi nhém c6 nhing dic diém khac nhau.

Kha niang tham gia phan @mg oxi hod khir ctia cdc chat phy thudc rat nhidu vio
diéu kién moi truong, do d6, dé don gian cho viéc xay dyng duong chuan do, thuong gisi
han diéu kién phan tmg chuan d6 1udn cb dinh. Vi du: néu trong phan tng c6 sy tham gia
cua ion H, thuong qui u6c [H'] = 1 iong/l.

a. Pwong chuin dd oxi hoa khir ciia truong hopm=n,a=2a’,b=b’

Nhu vay, d6i voi hé nay ton tai: a=a’ =b =b’ = 1. Chuan d6 xac dinh chat khir 1
¢6 thé tich Vi1, n6ng d0 Nini b?lng dung dich chat oxi hod 2 ¢6 néng d0 Nox> s€ theo
phuong trinh:

kh; + ox, = ox;+ khy (Hl—d)
Thé E cua dung dich c6 thé dugc xdc dinh theo biéu thirc:
E = Eoimnl + (0,059/m)lg([ox,]/[kh;]) (III- 49)
hoac
E = E o + (0,059/n)1g([ox,]/[kh,]) (III- 50)

Tuy nhién, can chon lva biéu thirc thich hop, dé c6 thé dé dang tinh dugc néng do
ctia cdc chat trong biéu thirc tur nhiing du li¢u chuan dd. Thong thuong, dya vao sy du
thira ciia cdc chét tham gia phan Ung dé chon. Vi du: v6i chuan do xéc dinh chat khir 1
bang chat oxi hod 2, khi trong dung dich con du chat khtr 1, chon biéu thuc III- 49, khi
trong dung dich c6 du cht oxi ho4 2, chon biéu thtrc ITI- 50.

Puong chuan d6 dugc xdy dung nhu sau:

* E khi chwa chudn dé:

Trong dung dich chi cé chat khur 1, nén, E dung dich dugc tinh dya vao néng do
cdc chét oxi hod khtr cua cap 1 (biéu thirc III- 49). Thay sb ¢o:

E = Elomn + (0,059/m)1g[0/(Nkn1/m)] (III- 51)

Vi chua chuan dd, nén [ox;] =0 va E =- co. Nhung, trong thuc té, E ¢6 mot
gid tri xdc dinh, vi & mdi truong nudc ban than ion H" déng vai trd chat oxi hod, né s&
oxi ho4 chat khur 1 tao ra chét oxi hod 1, nhu vay, [ox;] > 0.
* E trwdc diém twong dwong:
Liic nay, trong dung dich du chat khir 1, nén tinh E theo cdp ox,/kh; (biéu thirc
I11- 49).
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Thay dit liéu s& c6 biéu thic ITI- 52:
E = Elguinnt + (0.059/m)lg([ox,1/[kh]) =
= Eloxint + (0,059/m)lg{[(Voxz - Nox2)/ml/[(Vini - Nint — Voxz - Noxo)/m]} (III-
52)
* E tai diém twong dwong (E):

Trong dung dich ndng d6 ciia cic chat oxi hod ciing nhu chat khir ciia ca hai cip
oxi hod khir ndm & trang thai cAn bang va rat nho, nén E dugc tinh dya vao ca hai phuong
trinh tinh thé oxi hoa khir III- 49 va III- 50:

Eq = Eloumn +  (0,059/m)lg([ox,]/[kh;])

B = Eloamn + (0.059/m)lg([ox,]/[kha])

(vi m = n). Nhan ca 2 vé ciia 2 phuong trinh nay véi m, roi cong chiing
v&i nhau, s€ co:

2mEy = mEooxllkhl + mEOOXZ/khZ + 0,059 lg([ox] [ox2]/[khy] [kh>])

Theo phuong trinh III- d, tai diém tuong duong phai thoda man: [kh;] = [ox;] va
[ox1] = [khy]. Thay [ox;] va [kh;] b?mg [kh;] va [ox,] vao phuong trinh trén, thu dugc:

2mEy = mE’oin + mE oo + 0,059 1g(fox,] [khi1/[kh;] [ox,])
hay: . Eu = (Eoamnt + Eloxomne )/2 (III- 53)

* E sau diéem twong dwong:

Trong dung dich du chét oxi hod 2, vi vay, thé dién cuc dung dich dugc tinh don
gian dya vao thé cia cip oxi hod khir thir 2 (biéu thuc III- 50). Thay dif liéu s& c6:

E = Eloomn + (0,059/m)lg([ox,)/[kha])
= Eloann2 + (0,059/m)Ig{[(Vox2 - Nox2 = Vinr - Niwt)/mI/[(Viens - Nigny)/m]}
(I1I- 54)

C6 thé minh hoa viéc xdy dung duong chuan do oxi hod khir cua truong hop m =
n, a=a’, b= b théng qua truong hop chuan do 20 ml FeSO, 0,IN bang dung dich
Ce(SO4)2 0,IN. Chuan d6 xay ra theo phuong trinh:

Fe®* + Ce™ = Ce® + Fe™

Nhu vdy, m = n = 1. Goi cip Fe’*/Fe** 1a cip ox,/khl, cip Ce**/Ce’ 1a cap
0x,/kh,; cic s6 lidu tinh todn dugc ghi trong bang B.5.3.

Puong chuan do ¢6 dang nhu ¢ hinh H.8.3.

b. Puong chuin dj oxi hoa khir véi truong hopm # n,a’=a’,b=b’

Nhu vay, dbi voi hé nay ton tai: a # b. Chuan do x4c dinh chat khir 1 ¢6 thé tich
Vini, néng d0 Nini b?lng dung dich chit oxi hod 2 ¢6 néng d0d Nox2 s€ theo phuong trinh:

akh; + box, = aox; + bkh, (II-e)

Thé E ciia dung dich ¢6 thé dugc xdc dinh theo céc biéu thic III- 49, I1I- 50. Viéc

chon lya biéu thirc thich hop nhu di néu ¢ truong hop trén.

Bing B.5.3: Thé di¢n cuc dung dich khi chudn d¢ 20 ml FeSO4 0,IN bing
dung dich Ce(S04); 0,IN ( E’pe3sjpers = 0,77V, E’ cotrjce3s = 1,44V)

Trang thai chuan dé % chuin dj Van dung biéu E (V)
thire
Chua chuan dp 0 III- 51 -
1 0,53
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Trwée diém  twong 10 III- 52 0,71
duong 50 0,77
90 0,83

99 0,89

99,9 0,95

Tai diém twong dwong 100 I1I- 53 1,10
100,1 1,26

Sau diém twong dwong 101 III- 54 1,32
110 1,38

200 1,44

* E khi chwa chudn dé:
Giéng truong hop trén, thé dién cuc E duoc xédc dinh bé‘mg biéu thuc III- 49.
* E trwdc diém twong dwong:
Tuong tu nhu trén E dugc xdc dinh béng biéu thuc III- 50.
* E tai diém twong dwong (E):
Tuong ty nhu & phén trén, co thé viét:
B = Eloxiant + (0,059/m)lg([ox,]/[khy])
Ed = Eloomnz +  (0,059/m)Ig([ox2)/[kho])

va
[khi] = (a/b)[0x:]
, [ox1] = (a/b)[kh.]
Tiep tuc bién doi sé co:
(m + 1) B = mE o1 + nE oxonn
hay

Eu = (ME o101 + NE oom)/(m + 1) (II- 55)
* E sau diém twong dwong:
Tuong ty nhu & phan 6.3.a & trén, E duoc tinh theo biéu thic I1I- 50. Thay di
li€u s€ co:
E = Eloonmn + (0,059/m)g{[(Vox2 - Nox2 — Vi - Nint)/nl/[( Vit - Niw)/n]} (II-
56)

C6 thé minh hoa viéc xdy dung dudng chuan d6 oxi hod khir ctia trudng hop m #
n, @ = a, b = b thong qua truong hop chuan d6 20 ml FeSO, 0,IN bang dung dich
KMnOy, 0,IN trong mdi truong c¢6 [H'] = liongam/I.

Chuan d6 xay ra theo phwong trinh;

SFe”* + KMnOy4 + 8H" = 5Fe’* + K" + Mn™* + 4H,0

Nhu vdy, cap Fe**/Fe’* 1a cip ox,/khy, trao ddi le, tirc m = 1, cip MnO4/Mn**
cap oxy/khy, trao d6i 5e, tire n = 5. Céc sd li¢u tinh todn dugc ghi trong bang B.6.3.

Puong chuan d6 ¢6 dang nhu ¢ hinh H.8.3.
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Bing B.6.3: Thé di¢n cuc dung dich khi chuin dp 20 ml FeSO4 0,IN bing
dung dich KMnO4 0,IM ( E’pe3+/pe2+ = 0,77V, E” sinog-nan2+ = 1,51V)

Trang thai chuan dé % chuan do Van dung biéu E (V)
thirc
Chua chuan dp 0 I1- 51 -

1 0,53

Trude diém tuwong 10 0,71
dwong 50 II- 52 0.77
90 0,83

99 0,89

99,9 0,95

Tai diém twong dwong 100 111- 55 1,39
100,1 1,48

Sau  diém  twong 101 I1I- 56 1,49
duwong 110 1,50
200 1,51

T hinh H.8.3 qcé nhan xét: ) i i
1. Buong chuén dg la duong cong doi ximg qua diém 100% chuan d6 va Ey khi
hai cdp oxi hod khtr trao doi s6 e nhu nhau (n = m) va bat déi xang khi hai cap oxi hod

khir trao doi so e khdc nhau (n + m).

2. Gan diém tuong duong, E dung dich thay d6i manh khi dua mot lugng nho
dung dich tiéu chuan vao. Khoang thay d6i manh d6 cua E duoc goi 1a budc nhay cua
dudng cong chuén d6. Budc nhdy phu thuge vao:

- Sai s6 phan tich: Sai s6 cang 16n thi budc nhay cang dai,

- Do chénh thé oxi hod khir tiéu chuén ciia hai cip oxi hoa khir: Su chénh nay
cang 16n thi budc nhay cang dai.*

- Nong do dlmg dich ’khéng ¢6 anh huong dén budc nhay.

6.4. DPuwong chuan do ket tua

Trong thuc té sir dung rét it cdc phan Gng két tia dé tién hanh chuan do. Pho bién
nhat 1a sir dung céc phan tng tao cdc két tia AgCl, AgBr, Agl, AgCNS va doi khi
BaSO,, PbCrO, trong viéc x4c dinh cdc ion tao nhitng mudi trén. Nhu vay, phuong trinh
phan tmg c6 thé viét dudi dang tong quat:

M™ + X" =MX | (I1I- e)
v6i tich s tan:
o Twx=IM"T[X*]

Puong chuan do két tua 1a duong bi€u dieén sy phu thudc pX = f(Vy), hodc pM =
f(V) hay pX = f(% chuan d6) hay pM = f(% chuan d9).

Khi chuan d6 xé4c dinh ion X™ c¢6 ndong d6 N, thé tich V, bang dung dich ion M™
¢6 nong do Ny, duong chuan d dugc xay dung nhu sau:

* D¢ chénh thé tiéu chudn cua hai cap oxi hod khwr cang lon thi hang so cdan bang K cua
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phan umg cang lom. Voi phan umg III- ¢, IgK = am.(E° oy 111 - E 0x212)/0,059 ; am la téng
s6 electron trao doi trong phadn ing.

Hinh H. 6.3: Puong chudn dj oxi hod khii: o ‘
a- Chuan do ion Fe*t bang ion Ce' (m=n=1); b- Chuan dé ion Fe*t bang
ionMnOs (m=1,n=2>5)

* pX khi chwa chudn dj: . i
Trong dung dich chi ¢6 ion X" nén pX duoc xéc dinh bang biéu thic III- 57:
pX =-1g Cx =-1g(Nx/n) (III- 57)

(n - chi s6 duong lugng, trong chuan d6 AgNO; xdc dinh cdc ion CI, Br, I, CNS, n =
D).

* pX trudc diém twong dwong: .

Khi dua dung dich tiéu chuan M™ vao dung dich X" thi nong do X" gidm. pX
dugc xédc dinh bang biéu thtrc I1I- 58:

pX = -lg[Xn_] = -lg{[(Vxn—an— - VMm+NMm+)/(Vxn— + VMm+)]/Il} (III-
58)

*pX tai diém twong dwong: )

Nong d6 ion X" va ion M"" 1a twong duong nhau va dugc coi 1a d6 tan cua két tia
MX (MX! = M™ +X").

Vi tich s tan Tyx = [X"] [M™] =[X"T — [X"]= (Tux)"”
do do:
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pX = —(1gTmx)/2 (I1I- 59)

“pX sau diém twong dwong:

Viéc dua du dung dich tiéu chuan M vao dung dich chuén d6 lam cho can bé‘mg
III- e chuyén dich sang bén phai, do d6 nong d6 ion X" tiép tuc giam. Nong do ion X™
lic nay la:

[Xn_] = TMX/ [Mn+] = TMX/ [(VMm+ . NMm+ - Vxn— . NXH—)/ n (VMm+ + Vxn—)
tirc

pX =- lg[TMX (VMm+ + Vxn-).n/(VMm+ . NMm+ - Vxn- . an-)] (HI—
60)

C6 thé minh hoa viéc xay dung duong chuan do két tia thong qua truong hop
chuan d6 20 ml CI 0,1N bang dung dich AgNO; 0,IN (Tagci = 1,78.10™'%). Chuén do xay
ra theo phuong trinh:

Cl' + AgNO; = AgCl{ +NOy

Cic sb liéu tinh todn dugc ghi trong bang B.7.3.

Bing B.7.3: pCl dung dich khi chudn dé 20 ml CI' 0,IN bang dung dich AgNO;3
0,IN (Tagci = 1,78.10")

Trang thai chuan d9 | % chuan dd | Vin dung biéu thirc pCl
Chua chudn dj 0 I1I- 57 1,00
10 1,04

Truwdc diém twong 50 1,48
duwong 90 III- 58 2,28

99 3,30

99,9 4,30

Tai diém twong dwong 100 I1I- 59 4,87
100,1 5,45

Sau diém twong 101 I1I- 60 6,45
duwong 110 7,43

150 8,95

Puong chuan do két tiia ¢é dang nhu ¢ hinh v& H.9.3.

Tt hinh v€ H.9.3 c6 nhan xét:

1. Puong chudn do 1a duong cong dbi ximg qua diém pX = (-gTux )/2 va 100%
chuan do.

2. Tuong tu nhu ¢ phuong phdp trung hoa, gan diém tuong duong pX thay ddi
manh tao ra budc nhay ctia duong cong. Budc nhay phu thudc vao:

- Sai s6 phén tich: Sai s6 cang 16n thi budc nhay cang 16n,

- He‘ing $6 T Taix cang nhd, budc nhay cang 16n.

- Nong dg cdc chdt tham gia phdn vmg: Nong d¢ cdc chdt tham gia phdn img
cang lon, budc nhay cang lon.
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Hinh H.9.3: Puwong chudn dé cdc halogenua bang AgNO3:
1. Cl" 0,IN; 2. Br O0,IN; 3.1 O,IN; 4. ClI 0,0IN

6.5. Pwong chuan dg tao phirc
Trong chuan d§ xdc dinh cdc ddi twong ndéng nghiép, thuong ding phan tmg
chuan do cua complexon III (Na,H,Y) dé xéc dinh cdc ion kim loai M™":
M™ + Na,H,Y = MY™* + 2Na* + 2H", (I1I- f)
v6i ki hiéu Na,H,Y 1a L, pH méi trudng 1a cd dinh va bo qua dién tich, c6 thé viét ngan
gon phuong trinh III- f nhu sau:

M+ L =ML, (III- £7)
v6i hang s6 cin bang K:

K =[ML)/[M] [L] (III- 61)
va nong do cic chat trong dung dich:

Cu = [M]+[ML] (I1I- 62)

C. = [L]+[ML] (I1I- 63)
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Viéc xay dung duong chuan do6 cho truong hop xac dinh ion M™ ¢6 ndng do Ny
va thé tich Vyy bang dung dich tiéu chuan complexon III ¢6 néng d6 N nhu sau:

* pM khi chwa chudn dg:

Khi chua chuan d6, dung dich chi c6 ion M™. Chi sé dwong luong n ctia ion M™
12 2, nén ndng do mol/l cta ion M™ la:

[M] = Cy = Nw/2
do dé:
pM = - Ig(Nw/2) (I1I- 64)

* pM trwdc diém twong dwong:

Khi cho dung dich tiéu chuan L vao dung dich chuan d¢, thi ndng do ion M™ s&
giam. Bang viéc giai hé 3 phuong trinh III- 61, III- 62, III- 63 ¢6 thé x4c dinh dwoc ndng
do ion M™". Song, viéc giai chinh x4c hé 3 phuong trinh nay khd phtrc tap. Céch gidi don
gian gan diing nhu sau:

Néu coi phan tng III- f* 12 hoan toan thi sé mol ctia phdi tir L bang s6 mol cia
phirc chit ML, nén c6 thé viét:

[ML] = VL. N]_/2(VM + VL)
Do d6, tir biéu thic I1I- 62 s& c6:
M]= [(VMNm - VLNL): (Vm+ V)12
pM =? - lg{ [(VM .NM - VL.NL)Z (VM + VL)]/Z} (HI— 65)
*pM tai diém twong dwong:
Theo phuong trinh III - f* c6:
q [L] = [M]
va theo biéu thirc III- 62 co6:
[ML] = Cy — [M] =[Vm . NM/2(Vm + V)] = [M]

Thay [L] va [ML] vao biéu thuc III- 61 s€ duogc:

K={[Vm.Nw2(Vm + Vo] — [M]}/[M]. [M] (II- 66)
hay:
K [M]* + [M] = Vi . N\/2(Vp + Vi) =0 (I1I- 67)

Giai phuong trinh III- 67 s& c¢6 nong do ctia ion M™ va tir d6 suy ra pM.

Trong trudng hop phirc chat bén ¢6 thé coi [ML] ~ Cy; thi:

[ML] = CM - [M] ~ VM . NM/2(VM + VL)
va khi d6 biéu thirc III- 66 duoc viét thanh:

K[M]? = Vy.Nw2(Vym+ Vy)
tur do:

[M] = [Vam - Nw/2K (Vi + VD) VDT

hay:
pM = (1/2)IgK — (1/2)Ig[Vm . Nm/2(Vm + V1) (IH 68)
Viée tinh pM theo biéu thuc III- 68 dugc chap nhan khi luong ion M™ du nho
hon sai s6 cho phép (thong thuong véi sai s6 1%).
* pM sau diém twong dwong:
Trong dung dich du L nén c6 thé coi ndng d6 tu do ctia ion M™ 1a khong dang ké
so vOi néng do [ML], tirc:
[ML] =Vum. NM/Z(VM + VL)
[L] = (VL. NL—Vm . Nw/2(Vm + Vi)
thay cac gid tri nay vao biéu thic III- 61 va bién doi tiép s& c6:
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M] =[(Vm . N\)Z2J/[K(VL. NL = Vv . Nw)/2]
hay:
pM = ng — lg[VM . NM/(VL . NL — VM . NM)] (IH—
69)

C6 thé minh hoa viéc xdy dung dudng chuan d¢ tao phirc thong qua trudng hop
chuan d6 20 ml M™ 0,01N bang dung dich Na,H,Y 0,01N vdéi céc hing s6 K khic nhau
ctia phirc chat MY.

Chuan d6 xay ra theo phuong trinh III- f.

Céc s lidu tinh todn dugc ghi trong bang B.8.3.

Puong chuan do tao phirc ML ¢6 dang nhu & hinh vé H.10.3.

Bing B.8.3: pM dung dich khi chuéan d¢ 20 ml M™ 0,02N bang dung dich complexon
111 (NaZHZY) 0,02N

Trang thai % Vian dung pM g vé6i cac hing so K khiac nhau
chuin d§ | chuin | biéu thirc
do 10° 10" 10" 10" 10%°
Chua
chudn dj 0 I11- 64 2,00 2,00 2,00 2,00 2,00
Trwoc 50 2,48 2,48 2,48 2,48 2,48
diém twong 90 III- 65 3,28 3,28 3,28 3,28 3,28
dwong 99 4,30 4,30 4,30 4,30 4,30
99,9 - 5,30 5,30 5,30 5,30
Tai diém
twong 100 I11- 68 5,15 6,15 7,15 9,15 11,15
dwong
Sau diem | 100,1 - 7,00 9,00 13,00 17,00
twong 101 I11- 69 6,00 8,00 10,00 14,00 18,00
duong 110 7,00 9,00 11,00 15,00 19,00
150 7,70 9,70 11,70 15,70 19,70
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Hinh H.10.3: Puong chudn dg complexon II1
Qua d6 c6 nhan xét:
1. Puong chuan d¢ 1a dudng cong ddi xtng qua diém 100% chuan do va
pM = {ng - lg[VM .Nm/2 (Vv + V)1 }/2

2. Tuong tu nhu cic phuong phédp chuan d6 khic, xung quanh diém tuong duong
pM thay d6i nhanh va tao ra buéc nhay. Budc nhay phu thudc vao:

- Sai s6 phan tich: Sai s6 cang 16n thi budc nhay cang 16n,

- Hang s6 can bang K: K cang 16n, budc nhay cang 16n.

- Nong do céc chat tham gia phan Gmg: Nong d6 cdc chat tham gia phan tng cang
16n, budc nhay cang 16n.
6.6. Nhan xét chung vé dwong chuan d6. Ung dung ciia dwong chuin dj

a. Nhén xét chung vé dwong chuan do

Tir cdc dang duong chuan d¢ trung hoa, oxi hod khir, két tia va tao phirc c6 nhan
xét chung nhu sau:

1. Pudng chuan d6 c6 2 dang: dang ddi xtng va dang bat ddi xtmg qua diém chi
s6 chuan do pT (pHy, Ew, pXia, pPMua, pXi) va 100% chuén do.

Dang doi xung nhan dwoc:

- Trong chudn do trung hoa: khi chuan do axit manh b?lng bazo manh va nguoc
lai.

- Trong chudn dj oxi hod khir: khi céc cap oxi hod khir riéng phan trao ddi ciing
s electron.

- Trong chudn do két tia va chudn do tao phirc: khi céc chat tham gia phan (mg
v6i hé s phan tir nhu nhau.

Dang bat doi xung nhan dwoc:

- Trong chudn do trung hoa: khi chuén dd axit yéu bé‘mg bazo manh hodc chuan
d6 bazo yéu bang axit manh.

- Trong chudn dé oxi hod khit: khi céc cap oxi hod khir riéng phan trao d6i khong
cling s6 electron.

- Trong chudn do két tia va chudn dé tao phirc: khi cdc chéat tham gia phan tng
v6i hé sb phan tir khac nhau.

2. Xung quanh diém twong duong (pT va 100% chuan d9), cic dai lugng pH, E,

pX, pM... c6 su thay d6i manh tri s6 do va tao nén budc nhay cua dudong chuan do ApH,
AE, ApX hodc ApM. Ung véi mdi sai s6 cho trudc ¢6 mot bude nhdy riéng, budc nhay

nay cang 16n khi sai sb cang 16n, vi du: trong chuan do trung hoa Ale% > ApHo 1.
3. Budc nhay duong chuan d¢ phu thudc vao hang sd cén bang cua phan Ung
chuan d6. Hang sd can bang cang 16n, budc nhay cang dai. Vi du: Chuan d6 axit manh
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bang bazo manh c6 budc nhay dai hon chuan d9 axit yéu bang bazo manh, chuan do két
tua véi Tvx cang nho thi budc nhay cang dai...

4. Budc nhay duong chuan do phu thuc vao nong do dung dich cac chat tham gia
phan tng, néng d6 cang 16n budc nhay cang dai. Riéng trong chuan d6 oxi héa khir thi
budc nhay it phy thudc vao ndng do.

5. Khi chuan do hdn hop nhiéu chat thi thu duoc dudng chuan d¢ vai nhiéu bude
nhdy tuong tmg vé6i timg chat, budc nhay trude l1a ciia chét hoat dong manh hon. Tuy
vay, cac budc nhdy chi r0 rang tich ra khoi nhau khi hang sO can bang cua cac phan tmg
ma ching tham gia khéac nhau ro ret Vi dy: Vi sai s6 0,1%, cic hang sd cin bang cia
c4c phan tmg phai hon kém nhau 10* 1an.

b. Ung dung cia dwong chuin do

Puong chuan do c¢6 nhiéu tng dung trong thyc té nhu:

1. Xdc dinh sai s6 chudn dg.

Vi du: khi chuan do trung hoa da dung chuén do tai mot gid tri pHy, nao do6 thi sai
sO chuan d6 1a bao nhiéu? Pé xdc dinh sai so chi can ding duong cong chuan do tuong
tng. Tur tryc tung (pH) xdc dinh pHy, va trén truc hoanh tim tri 6 phan trim chuan do
tuong ung vo6i pHy, cudi cung la tinh sai s6 %: sai s6% = % chudn dg - 100.

2. Chon chdt chi thi thich hop dé dam bao chuan do véi do chinh xéc cho trudc.
Chét chi thi mau duoc ding phai c¢6 khoang d6i mau nam trong budc nhay cia duong
chuan d¢ (muc 7.1 chwong III) va cb gang sao cho chi s6 chuin d§ pT nam giita khoang
doi mau.

3. Chon cdch thao tdc chudn dg thich hop.

Dbi véi dwong cong chudn dé doi ximg cé thé chudn do theo cd 2 chiéu ma van
dat dwoc dd chinh xdc nhw nhau néu cung dung o mot tri s6 chudn dé. Vi du: chuan do
axit manh béng bazo manh hoac nguoc lai, néu dung chuan d6 & pH =5 thi viéc chuan
d6 theo chiéu ting pH (dua bazo vao axit) hay chiéu giam pH (dua axit vao bazo) déu
cho két qua nhu nhau.

DPéi voi dwong cong bat doi xung thi chi cé mot cdch chudn dé sao cho tri sé dai
lieong do thay déi tir phan bién doi chdm sang phan bién déi nhanh, vi anh hudng cua
giot du 1a khdc nhau & mdi phan duong cong. Cu thé: khi chuan d6 axit yéu bang bazo
manh thi phai dua bazo manh vao axit, chun do bazo yéu bang axit manh thi phai dua
axit manh vao bazo, hay, trong chuan do oxi hoa khir b6 tri dung dich ciia cip trao doi
electron it hon & trén buret, vi du, chuin do xac dinh ion Fe’* b?lng K,Cr,07 thi dua ion
Fe®* vao dung dich K,Cr,0;...).

4. Chon néng dé thich hop cia cdc dung dich tham gia phdn vmg.

Budc nhay dudng cong chuan do cang dai khi nong d cang 16n, nén tranh sy pha
loang dung dich chuan do mot cach khong cén thiét va nén sir dung dung dich tiéu chuin
c6 nong do cao. Song, khong nén ding nong dé qiia cao cua dung dich tiéu chuan dé
trdnh sai sé giot dir (giot du 1a giot dung dich chat tham gia phan tung gy ra su d6i mau
cua chi thi, vi khong phai toan bd giot nay tham gia phan tng).

Vi du: chuan d¢ xdc dinh NaOH bang HCI, néu diung HCI 0,IN hét 20 ml, con
néu dung HCI 1IN hét 2 ml, thi sai s6 do giot du (1 giot twong dwong véi 0,03 ml) giy nén
s€ la:

- Trong truong hop dung HC1 0,1N: e% = (0,03 . 100)/20 =0,15 %

- Trong truong hop dung HC1 IN:  e% =(0,03 . 100)/2=1,5 %
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7. CHI THI

C6 rat it cac phan tng chuan do, ma & do, ban thén cdc chat tham gia phan mg c6
mau va ty né chi thi diém turong duong nho sy xudt hién hogc sy bién mat ciia chat mau
nay. Vi du: chuan do cdc chat khtr bang dung dich tiéu chuan KMnOy, thi loi dung mau
tim ciia KMnO, 1am chi thi diém tuong duong, khi mau tim hong xuét hién s& dung
chuan do. Cic phan tng chuan do nay dugc goi 1a cdc phan ing tw chi thi. Cac chuan do
loai nay c6 do chinh xéc rat cao, vi sai s6 ¢ ddy chi 1a sai sb giot du.

Trong dai bo phan cic truong hop chuan do, nham xdc dinh diém tuong duong
phai dung chi thi. Chi thi la mét hop chat hay mot dung cu do dwoc dwa vao dung dich
chudn dg. Tai diém tuong duong hay xung quanh diém twong duong, chi thi bang sy thay
d6i tinh chat cia minh bdo hiéu diém két thic chuan do. Trong phan tich thé tich hay
dung chi thi 1 nhitng chat mau hay chét tao mau (goi chung 1a chi thi mau).

7.1. Phan loai chi thi

Dua vao su ton tai cla dang mau, cdc chi thi dugc chia thanh chi thi m¢t mau va
chi thi hai mau:

Chi thi mét mau 1a loai chi thi ma trong mét pha chi c6 mot dang cua chi thi c6
mau. Vi du:

- Chi thi phenolphtalein, trong dung dich mau dang axit cia né khong mau con
mau dang bazo ctia né mau hong.

- Chi thi KoCrO4 dung trong phuong phép Mo, vi hai dang K,CrO,4 (dung dich
mau vang) va Ag,CrOy (ket tua nau dé) nam ¢ hai pha khac nhau.

Chi thi hai mau Ia loai chi thi ma trong mot pha c6 du hai dang mau cua chi thi.
Vi du: chi thi metyl do, trong dung dich mau dang axit cia n6 ¢c6 mau do6 con mau dang
bazo cua n6 mau vang.

Dua theo phan tng cua chi thi, cc chi thi mau dugc chia thanh 4 nhém:

1. Chi thi axit bazo, 1a cac hitu co c6 mau, c6 tinh axit, bazo yéu va mau cua cac
dang axit, dang bazo 1a khdc nhau, su chuyén mau 1a chuyén tir mau dang axit sang mau
dang bazo va nguogc lai phu thuoc vao pH moi truong chuén dd. Vi du: chi thi metyl do
noéi trén, c6 mau dang axit la mau do, mau cua dang bazo la mau vang, nhu vdy mau
chuyén tir vang sang do khi giam pH dung dich va ngugc lai tir &6 sang vang khi ting pH
dung dich.

2. Chi thi oxi hod khir, 1a cac chat mau c¢6 tinh oxi hod khir va mau cua cic dang
oxi hod, dang khtr 1a khéc nhau, su chuyén mau 1 chuyén tir mau dang oxi hod sang mau
dang khtr va nguoc lai phu thudc vao dién thé E cua dung dich. Vi du: chi thi
diphenylamin, trong mdi truong axit, né c6 mau dang oxi hod 1a mau tim than, mau cia
dang khir 12 khong mau, nhu vdy mau chuyén tir tim than sang khéng mau khi giam E
dung dich va nguoc lai tir khong mau sang tim than khi tang E dung dich.

3. Chi thi két tia, 1a cic chat c6 thé tao cdc két tiia c6 mau vdi cdc chat tham gia
phan tng chuan d6. Vi dy: chuan do xdc dinh ion CI bang AgNO5 theo phuong phip Mo
dung ion CrO42' lam chi thi, vi né tao két thia mau nau do AgyCrOy4 vGiion Ag”.

4. Chi thi tao phirc, 1a cic hod chét c6 thé tao phitc mau véi cic chéat tham gia
phan mg chuén d¢, tirc mau chi thi tw do khic véi mau cta phtic chét giita chi thi véi
chit tham gia phan ng chuan d6. Su chuyén mau la chuyén tor mau dang chi thi ty do
sang mau dang phtrc chét cua chi thi va nguogc lai phu thudc néng do cua cac chat tham
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gia phan tng chuan d9. Vi du: chi thi eriocrom T den, tai pH = 10, c6 mau xanh da troi,
song, phirc chét ciia né voi ion Mg** ¢6 rnélu d6 nho, nhu vdy mau chuyén tir xanh da troi
sang mau do nho khi tang nong do ion Mg va ngugc lai tir do nho sang xanh da troi khi
tang nong d6 complexon III, hay chi thi ho tinh bot trong chuan do idt dua trén su tao
phirc chét xanh tim than ciia n6 véi i, ch1 thi Fe(NO3); trong chuan do Fonha dya trén
su tao phuc chat mau d6 mau cta ion Fe®* voi ion CNS'.

Nhu vay, sy ddi mau cta moi chi thi déu gfm lién véi néng dd cua cdc chat tham
gia phan ung chuan do, hay néi mot cdch khac phu thudc vao tri s6 cua cac dai luong do
ctia dung dich, vi dy, pH, E, pX, pM... Khi cic tri s6 nay thay d6i ddn dén mau cua dung
dich thay déi.

7.2. Khoing ddi mau cia chi thi

Khi chuén d0, tri s6 chuan d6 lién tuc thay ddi 1am cho cdc thanh phﬁn cua chi thi
thay d6i dan dén mau sic thay d6i. Tuy vdy, trong chuan do thudng ding mat dé nhan
biét su thay d6i mau ma kha ning cua mat chi ¢6 han, né chi c6 thé nhan dwugc mau sic
trong nhirng gidi han nhat dinh ciia nong do chat mau. Khoang nong d6 gi6i han d6 lai
phu thuge vao tri s6 chuan d6. Khodng tri s6 chudan d¢ ma & dé mau cia chi thi thay doi
mdt con nguoi nhan biét dwoc, duoc goi la khoang do6i mau cia chi thi.

Khoang ddi mau cua chi thi phu thudc vao chi thi mt mau hay hai mau.

a. P6i v6i nhém chi thi mjt mau

Vi loai chi thi nay, khong ¢6 su pha tron mau gitra cdc dang cua chi thi, nén sy
nhan duoc mau ctia mat phu thugc vao nong do cua dang mang mau. Thuong mat nhan
dugc mau khi trong dung dich ¢6 nong d6 ciia dang mang mau khoang 10 ® —10"° mol/lit.
Vi du: véi chi thi phenolphtalein chi nhan thdy mau hong khi nong d6 dang bazo ciia chi
thi nay trong dung dich 12 > 10 °M.

b. P6i v6i nhém chi thi hai mau

0] day, c6 sy pha tron mau, nén, viéc nhén thdy thay d6i mau ctia mat phy thudc
vao ti 1¢ nong do cdc dang mang mau cua chi thi.

Thuong mit chi nhan thdy mau ciia mot dang nao d6 khi né chiém khoang 1/10
tong lwong chat mau. Vi dy: véi chi thi axit bazo:

HInd = H" + Ind™
Cig = [HInd] + [Ind]
mit nhan théy mau chuyén sang mau cua dang [Ind’] khi: ([Ind]/Cyq ) = 1/10 va khong
thdy su chuyén nita khi ([Ind'1/Crq ) = 9/10 va ti s6 nay thay d6i phu thudc vao pH dung
dich.
* Vi chi thi axit bazo:
Néu ki hi¢u chi thi axit bazo c6 dang axit 1a HInd va dang bazo 1a Ind’, c6:
‘ ) HInd s H" + Ind’
vO1 hang so6 phan li:

o Kanma = [H'] [Ind ]/ [HInd] (III- 70)
Bién d6i biéu thic II- 70 s€ co:
pH = pKapinna - lg{[HInd]/[Ind 1) (III- 71)

Nhu trén da néi, sy d6i mau ma mat nhan dugc xay ra khi lugng ciia mot dang
nao dé chiém 1/10 tong lwong mau, hay ti 1¢ [Ind/[HInd] bién doi tir 1/9 dén 9/1. Tir d6,
biéu thuc III- 71 duoc viét thanh biéu thire II- 72:

pH = pKapma * 1 (I11- 72)
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va duoc goi 1a khoang doi mau cia chi thi HInd; hang s6 pKaume duoc goi 1a chi s6 chi
thi cua chi thi axit bazo.

Vi duy: chi thi metyl d6 ¢6 pK, =5, thi sy d6i mau cua né xay ra trong khoang pH:
4 - 6.

* Vi chi thi oxi héa khir:

Thudng gdp cic chi thi oxi héa khir 1a nhitng chét hitu co ¢6 tinh oxi hod khi:

Ind,x + ne = Indy,
duoc dac trung boi thé dién cuc Epq (1I- 73):
Eina = E naox/ makn + (0,059/m)lg{ [Indox]/[Indis]} (III-
73)

V6i 1f luan tuong ty nhu & phan chi thi axit bazo, s& c6 khoang d6i mau cua chi
thi oxi hod khir 1a:

E = E” lndox/ makn % 0,059/n (I1I- 74)
va E “lndox / mdkn dugc goi 12 chi s6 chi thi cua chi thi oxi hod khu.

Vi du: chi thi diphenylamin (ox + 2e = kh) ¢6 E° = 0,76V, thi su ddi mau cua né
xay ra trong khoang E: 0,73 — 0,79V.

* Vi chi thi tao phirc:

Su tao phirc mau cua chi thi vi ion kim loai M:

M + alnd = M(Ind),
(& day, bo qua di¢n tich cua céc hat),
dugc dic trung boi hiang s6 bén biéu kién K’y (vi chi thi Ind ¢6 thé phan Gmg véi HY):
K’y = [M(Ind),]/[M][Ind]* (III- 75)

Su d6i mau xay ra khi ¢6 ti 1& ([Ind]/[M(Ind),] bang 1/9 hay 9/1, nhu vy bang
viéc bién doi biéu thirc I1I- 75 c6:

pM1/9 = ng’b -1va pM9/1 = ng,b +a (HI— 76)
nhu vay, khoang doi mau cta chi thi 12 tir pM,0 dén pMoy; hay c6 tri s6 tir 1gK’y - 1 dén
1gK’y + a. Gid tri 1gK’y, cling dugc goi 1a chi $6 chi thi cuia chi thi tao phuec.

* Vi chi thi két tia:

Vi dung dich chi thi va san pham két ta giira chi thi v6i chat x4c dinh thudc hai
pha khic nhau, nén c6 thé coi chi thi nhu 1a chi thi mot mau, do d6 lugng két tia ciing
phai dat dén mot luong nhat dinh mat méi nhan duoc. Vi thé, néu chuan do voi dung dich
lodng s& rat khé nhan mau.

Khoang d6i mau cua chi thi tinh theo céc biéu thirc I1I- 72, III- 74 va III- 76 hoan
toan mang tinh chét 1f thuyét. Trong thyc té, khoang d6i mau ciia cic chi thi khong nhu
nhau do sy nhay cam cua mét véi tung loai mau sdc c6 khdc nhau. Vi du: Mét nhay cam
v6i tht ca céc loai mau xanh nhung rat kém nhay voi mau vang. Cho nén, dbi véi mot chi
thi, thao tdc chuan do khac nhau c6 thé cho sai sb khdc nhau. Vi du: Khi dung chi thi
metyl da cam, néu chuan d¢ theo chiéu giam pH, mit c¢6 thé nhan thy sy d6i mau khi chi
¢6 5% dang mau do, nhung chuan do theo chiéu ting pH thi chi nhan dugc mau vang khi
trong dung dich c6 téi 20 — 30% dang mau vang, do d6, sai s6 chuan do s& 16n hon sai s6
O truong hop trérE.

7.3. Nguyén tac chon chi thi

Dé chuéan do dat d6 chinh xéc cho trudc, can chon chi thi dap ung cic yéu cau

sau:
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- Uu tién chon cdc phan Gng ty chi thi dé tranh sai s6 chi thi. Vi du: trong chuin
dd pemanganat dung luén mau tim ctia ion MnO,4 lam mau chi thi.

- Khoang d6i mau cua chi thi nim tron trong hodc it nhat ¢c6 mot phan nam trong
budc nhdy cua duong chuan d¢. Vi du: chuin d6 axit manh béng bazo manh hodc nguoc
lai v&i sai s6 + 0,1% (bude nhay pH tir 4,3 dén 9,7) c¢6 thé ding cic chi thi metyl da cam
(pKa = 3,46), metyl do (pKa=5), quy (pKa = 7), phenolphtalein (pK, =9)... Néu khong
¢6 duong chuan do thi tinh sai s6 chi thi (xem chwong V) dé chon chi thi phit hop.

- Chi thi phai c6 cdc mau twong phan nhau ro rét (Aln.x = 70nm) nhu vay mét
méi dé dang nhén thiy su chuyén mau. Nhitng cdp twong phdan mau mdt rat dé nhdn biét
do la: khong mau — cé mau, mau xdm — cé mau hodc xanh = dé. Ung dung hiéu biét
nay dé bd tri chuin d6 sao cho quan sat mau dé nhat, vi du: khi chuan do trung hoa axit
manh b?mg bazo manh véi chi thi phenolphtalein nén dé bazo & trén, dé mau chi thi
chuyén tir khong mau sang mau do.

- Nong d6 chi thi phai vira dii d¢ mét nhéan thay sy thay d6i mau, nhung, khong
qud 16n dan dén sai s6 chuan dd, vi thuc chat phan tng chi thi 1a phan (mg canh tranh véi
phan tmg giita chat can x4c dinh va chat tiéu chuan.

8. CAC PHEP CHUAN PO THUONG DUNG

8.1. Chuin dj trung hoa

O day, c6 2 phép chuan do: chuan do axit va chuan do kiém.

a. Chuin d¢ axit

La phép chuan dd voi dung dich tiéu chuan 1a cdc dung dich axit manh, ding dé
xéc dinh céc chét c6 tinh bazo (céc bazo, cdc mudi bazo).

Dung dich tiéu chuan thuong dugc ding 1a cdc dung dich axit manh HCI, HNO;
va H,SO,4. Cac dung dich nay thuong dugc pha tur cac axit HCI, HNO3, H,SO4 dac
(TKPT). Boi vi, cdc axit dac nay khong phai la chét goc, do ching dé bay hoi (HCI,
HNOj; déc) hay dé hit 4m (H>S0O4 dac), nén dung dich sau khi pha xong can duoc chuan
do lai bang dung dich cac chat goc nhu KHCO3 (Pgncos = Mkucos), Na,CO3; khan
(Pra2cos = Mnac03/2), NayB4O7.10H,0 (Pnazpao7.10m20 = Mnazgao7.10020/2) VOi chi thi
metyl da cam. Mgt ciach pha khac 1a dung cidc Ong fixanan, vi du: ong fixanan HCI,
HNO3;, H,SO,.

b. Chuan d9 kiém

La phép chuin d6 v6i dung dich tiéu chuan 1a cic dung dich kiém manh, ding dé
xdc dinh cdc chét ¢6 tinh axit (cdc axit, cdc mudi axit).

Dung dich tiéu chuin thuong 1a cdc dung dich kiém manh: NaOH, KOH,
Ba(OH),. Céc dung dich nay thuong dugc pha tr NaOH, KOH, Ba(OH), ran, 13 nhimg
chat khong phai 1a chat goc do chung dé hit am va hap thy CO,. Do do, dung dich thu
duoc sau khi pha can loc va chuan do lai dé xéc dinh nong do bang dung dich tiéu chuan
géc nhu dung dich H,C,04 (Paac204 = Muac204/2) v6i chi thi phenolphtalein va dugc bao
quan kin trong cdc binh bang polyetylen. Trong nhitng chuan d6 ma luong mudi cacbonat
khong anh huong dén két qua phan tich thi khong can tich cacbonat (vi du: v6i chuan do
két thiic tai pH 4), con ¢ cac chuan d6 ma luong mubi cacbonat c6 anh huong thi can loai
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chiing di bang cach cho vao dung dich NaOH, KOH moét it mudi BaCl, va loc ldy dung
dich, sau d6 méi xdc dinh ndng d6 cta cic dung dich nay.

c. Céc chit chi thj thuong dung trong chuén dg trung hoa

Thudng dung chi thi 1a chat hitu co ¢6 tinh axit yéu, bazo yéu va c6 mau dang axit
khac mau dang bazo (bang B.9.3).

Bing B.9.3: Cdc chit chi thi thwong diing trong chudn dé trung hoa

Tén chi thi Cach pha cho PKanma Khodng Mau cia cac dang
100ml dung dich ddi mau axit bazo
. (pH)
Bromthymol 0,1g trong con 20% 7,30 6,2-7,6 vang xanh
xanh
Metyl da cam | 0,1g trong nudc 3,46 3,1-45 doé vang
Metyl do 0,1g trong con 60% 5,00 42 -6,2 do chanh
Phenol dé 0,1g trong con 20% 8,00 6,8 — 8,4 vang vang
Phenolphtalein | 0,1g trong con 50% 9,00 8,0-10,0 khong do
mau dé

d. Ung dung chuén d6 trung hoa

Chuan d¢ trung hoa thuong duoc ding dé xic dinh cic chat c¢6 tinh chét axit,
bazo. Chuan d6 c6 thé tién hanh chuan do truc tiép hodc chuan do nguoc. Trong dai bd
phan cdc truong hop, thuong ding chuan do truc tiép. Trong truong hop xéc dinh cic
chét it tan (cac mudi khong tan), cac chét rin, cdc chit khi hodc cac chat phan rng cham
v6i thube thu (vi du: x4c dinh este), thuong tién hanh chuén do nguoc.

Vi du: xdc dinh CaCO3;, MgCOs, cho chiing tic dung vdi dung dich tiéu chuén
HCl léy du, x4c dinh két taa (NH,);sP(Mo03010)s (amoni molybdatophotphat), cho chét nay
tdc dung voi dung dich tiéu chuan NaOH l4y du hodc khi xdc dinh este thi dun néng hon
hop este voi NaOH 1y du; sau d6 luong du ciia axit hodc bazo duge xic dinh bang dung
dich tiéu chuan NaOH hogc HCI.

Bing chuan d6 trung hoa c6 thé xdc dinh hdn hop cic bazo hoic hdn hop cic axit
v6i viée chon chi thi thich hop dua trén sy khac nhau vé d6 bazo, do axit cua ching.

Vi du: chuan d¢ xdc dinh hon hop NaOH va Na,CO; bang HCI: véi chi thi
phenolphtalein, chuén do xac dinh NaOH va nic 1 cta Na,COs, cOn véi chi thi metyl da
cam s& chuan d6 dong thoi NaOH va ca 2 nic ctia Na,COjs. Tir luong tiéu ton HCI ciia 2
lan chuan dp suy ra ham lugng NaOH va Na,COj3 trong mau.

8.2. Chuan do oxi hoa khw

O day, ciing ¢6 2 phép chuan do: chuan d6 oxi héa va chuan do khir.

a. Chuin d9 oxi hoa

La phép chuan d véi dung dich tiéu chuan 12 dung dich céc chét oxi héa, ding dé
xdc dinh cdc chat khtr.

Dung dich tiéu chuén thu’(mg dung 1a KMnOy4, K,Cr,07, I, Ce(SO4)2, ...t do6
hinh thanh cic phuong phap chuan d¢ pemanganat, chuan do bicromat, chuan do 1ot

Céc chét gbc thuong ding H,C,04, K,Cry07, Ce(SO,),.

b. Chuin d6 khir

La phép chuan do voi dung dich tiéu chuan 1a dung dich cdc chat khi, ding dé
xdc dinh cdc chat oxi hod.
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Dung dich tiéu chuin thuong dung 1a FeSOy, Ti(SO4)3, NaxS;0s... tor d6 hinh
thanh cac phuong phap chuan d9 sit (IT), chuan do titan, chuan do thiosunphat. ..

Céc chét gbc thuong ding K>Cr,07, K103, Ce(SO4),.

c. Chi thi thuong dung trong chuin dd oxi hoa khir

Trong chuén do oxi hod khir thuong st dung 3 loai chi thi: ty chi thi, chi thi
khong lién quan dén dién thé dung dich va chi thi c6 lién quan dén dién thé dung dich.

* Tw chi thi:

D6 1a chuan do véi dung dich tiéu chuan KMnO, trong moi truong axit. Mot giot
du KMnOy lam dung dich chuyén tir khéng mau sang mau hong, bao sy két thiic ciia
chuén dd.

% Chi thi khong lién quan dén dién thé:

Chét chi thi tao phttc mau voi mot dang oxi héa khir cua cht can xdc dinh hodc
thude thtr. Khi du mot giot dung dich tiéu chuén s& Xay ra sy chuyén mau. Vi du: chuin
d6 16t v6i chi thi hd tinh bot thi sy chuyén mau 12 do viéc tao ra hay mat di mau xanh tim
than ctia phirc chat i6t — ho tinh bot. ..

* Chi thi lién quan dén dién thé:

D6 1a cac chi thi ¢6 tinh oxi hoa khu. Su chuyén mau cua né lién quan chat dén
thé dién cuc cua dung dich. Tuy theo timg phan tng chuan do ma chon chi thi thich hop.
Mot s6 chi thi thuong diing dugc néu & bang B.10.3.

Bing B.10.3: Cdc chit chi thi thwong diing trong chudn dé oxi héa khir

Tén chi thi Ciach pha cho 100ml | E’,q So e Mau cia cac dang
dung dich trao oxi hoa khir
doi

Fe(Il)(o—phenan- | 1,485g o—phenanthrolin + | 1,11 1 xanh dé

throlin); (ferroin) | 0,695gFeS0O,.7H,0

Benzidin 1g trong H,SO,4 dac 0,92 1 tim khong
mau

Diphenylamin 1g trong H,SO,4 dac 0,76 2 tim khong
mau

Axit N-phenyl- | 0,2g trong nudc 1,08 2 tim d6 | khong

anthranylic mau

d. Mot so6 chuan d9 oxi héa khir thwong dung trong phan tich d6i twong nong
nghiép

* Chudn dé pemanganat (permanganatomet):

Pay 1a phuong phdp chuan do voi dung dich tiéu chudn KMnO, va thudng tién

hanh trong moi truong axit (pH ~ 0) theo phuong trinh phan Gng:
KMnO; + Se + 8H' = K" + Mn*™" + 4H,0
(tim hong) (khong mau)
E”Mnoarvn2e = 1,51V, ([H'] = 1M)
Pxmnos = Mxmnoa/S
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Dé lam mbi trudng cho chuan d¢ nay, dung axit H,SO, ma khong diing axit HCI.
Tuong tu, chuan do khong dugc tién hanh néu mau chira ion CI', boi vi, thé dién cuc cua
clo EOClz /2c- = 1,36V, nhd hon thé dién cuc cua cdp MnO4'an2+, nén ion MnO, oxi hoa
duoc ion CI:

2MnOy + 10CI" + 16H" = 5Cl, + 2Mn** + 8H,0

Trong truong hop khong thé loai trir duoc ion CI', thi cho vao dung dich chuan do
MnSOy, dé han ché anh huéng cua ion CI.

Véi chuan do _pemanganat khong can dung chat chi thi, vi ban than ion MnOy ¢6
mau tim hong, su Xuat hién hoac mat mau tfm hong bdo hi¢u diém két thic chuan d¢. Do
dé trong chudn do truc tiép luon bé tri KMnOy 6 trén buret.

Pemanganat 12 mot chat oxi héa manh nén ding chuén d9 pemanganat c6 thé xac
dinh duoc nhiéu chit bang nhitng cach chuan do khac nhau:

+ Chudn d¢ truc tiép: Xac dinh dugc nhing chét tham gia phan tng truc tiép voi
ion MnOy nhu: Sn™, Fe’™*, AsO5”, Sb™*, Ti**, Ti™*, [Fe(CN)s]*, NO,, H,0,, HyC204,
ancol...

+ Chudn dé nguwoc: Dung dé xdc dinh cdc chat khir kém bén trong moi truong
axit, do tao chat bay hoi, d& phan huy, nhu S*, SO;™, I.... Trong truong hop nay, cho
KMnO, du vao dung dich chuan do va luong du cua KMnO,4 dugc xac dinh lai béng
dung dich tiéu chuin FeSO,.

Chuén d6 nguoc cling con ding dé xic dinh cdc chat oxi héa nhu MnO,, PbO,,
K>Cr,0O7, HyO,... Trudc ti€n, cho cac chét nay phan ung véi dung dich tiéu chuén
H,C,04 hay FeSO4 léy du, sau d6 lugng du cua H,C,04 hay FeSO,4 dugc xdac dinh béng
chuan d6 pemanganat.

+ Chudn do thé: Céc ion kim loai Ca™, Sr**, Ni**, Co™*, Mn™*, Cd*', Cu™...
khong phan tmg voi ion MnOy, nhung lai tao két tiia hoan toan véi ion C,047, thu lay
két tia rdi hoa tan trong axit H,SO,4 va chuan do lugng axit H,C,04 giai phong ra bang
KMDO4.

+ Cdch pha dung dich tiéu chudan KMnOy4: Vi KMnOy rdn dé bi phdan huy béi dnh
sdng va nhiét do cao nén né khong phdi la chdt goc. Sau khi hoa tan luong cin da tinh
vao nudc cat, dé yén trong béng tdi va noi mat 72 gid roi chat 1y phan dung dich trong
hoéc loc dung dich b?mg phéu loc str hodc thuy tinh (khong loc qua giéy loc). Dung dich
thu dugc mang chudn d6 lai bang dung dich tiéu chuan gbc H,C,04 ¢ nhiét d6 60 — 80°C
(vi & nhiét do thap, phan g xay ra cham):

60°C - 80°C

2KMI]O4 + 5H2C204 + 6H+ = 10C02 + 2K+ + 2Mn2+ + 8H20
va bao quan trong cic binh mau niu ¢ noi tdi va nhiét do thap.

* Chudn d¢ bicromat (bicromatomet):

La phép chuan d6 véi dung dich tiéu chuan K,Cr,O; va tién hanh trong méi

truong axit (pH ~ 0) theo phuong trinh phéan trng:
KoCr07 + 6e + 14H' = 2K* + 2Cr’* + 7TH,0
E” cro72+ 203+ = 1,36V, ((H]=1M)
Bxacror = Mkacro7/ 6
Moi truong axit dugce duy tri bang axit H,SO4 hodc axit HCI. Khic v6i phuong

phép chuan do pemanganat, trong chuan do nay ion CI" khong gy anh hudng dén két qua
phan tich. Nhung khi tién hanh chuan d6 ¢ nhiét do cao, thi ion CI' s& gdy anh hudng, vi
lic nay bicromat oxi héa dugc ion CI', gidi phéng Cl,.
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D¢ xdc dinh diém tuong dwong phai ding chi thi mau nhu: diphenylamin,
diphenylbenzidin, natri diphenylaminsulfonat, axit N - phenylantranylic, vi mau da cam
cta ion Cr,07% ¢6 cuong do mau thép va trong chuén d¢, ion mau xanh crt duoc tao
thanh ciing ¢6 cudong d6 mau thap.

Chuin d6 bicromat duoc ding dé xdc dinh céc ion c6 tinh khtr nhu Fe**, Sn**...
(chuan do truc tiép) hoac cac hop chit hitu co (glyxerin, etanol, mun...) (chuan do
nguoc).

Pha dung dich tiéu chudn K>Cr,07: Boi vi K,CroO7 1a chat gdc, nén viée pha
dung dich tiéu chuan rat don gian, chi can cén chinh xdc lugng da tinh roi hoa tan né
trong binh dinh mirc ¢4 thé tich bang thé tich can pha.

* Chudn dp iét - thiosunphat:

La phuong phap chuan do véi dung dich tiéu chuan 1a dung dich i6t theo phuong
trinh phan ung:

I+ 2¢ = 2T (PH=0-38)
E’ppor- = 0,54V,
D[2 = M[2/2

va dung dich Na,S,0s tiéu chuan theo phuong trinh phan tmg:
8406~ +2e =28,05"
Eos4062—/52032— = 0,09V
Phan tng gitra I, va Na,S,05; xay ra theo phuong tinh sau:
L+ 2Na28203 + 2Nal + NaZS4O6 s
do d6 Drazs203 = MNazs203 ) i

Phuong phép chuan dg iot — thiosunphat dugc st dung dé xac dinh hang loat cac
chét khtr va céc chat oxi héa c6 tinh oxi hod khir trung binh bang nhiéu cdch chuan do.

+ Chudn do truc tié'p:

Thuong ding dé xac dinh cic chat khir (c6 thé oxi héa khir nho hon thé oxi héa
khtr cua I,) nhu cac ion: 82032', CN, AsO33', Sb(1I). Cac chuén do tién hanh trong moi
trudng axit voi chi thi 12 ho tinh bot; khi du I, ho tinh bot s& chuyén tir khéng mau sang
mau xanh tim than.

+ Chudn dé nguoc:

Diing dé chuan d6 nhitng chit khir d& bi oxi hod béi oxi ctia khong khi (SO5™, $*
...) hoac nhirng chét hitu co (nhu cdc dau béo...) c6 ndi doi phan tng cham véi I,. Sau
khi cho céc chét can xdc dinh phan mg hoan toan vé6i dung dich tiéu chuan I, 14y du, thi
lugng I, du duoc chuin d6 bang dung dich tiéu chuan Na,S,05 véi chi thi 1a hd tinh bot
(dung dich chuyén mau tir mau xanh tim than sang khong mau).

+ Chudn dg thé:

Dung dé xac dlnh cdc chat oxi héa nhu: ClO5, BrOs, 105, AsO4 , CrzO7 ,
CrO4*, MnOy’, [Fe(CN)el”, Fe’*, Cu®, Cl,, H,0,, MnO,, PbO;... Dya trén nguyén tic:
céc chat nay oxi héa ion idtua trong mdi truong axit dé giai phéng ra I, sau d6 luong I,
duoc xac dinh bang dung dich tiéu chuan Na,S,0; véi chi thi ho tinh bot. Bang cach nay
ciling 6 thé chudn do céc chét tao két tua véi ion CrO,* nhu Ba**, Pb** ...

+ Cdch pha dung dich tiéu chuan I, va Na»S,0;:

Dung dich tiéu chuén I, dung cho chuén d6 truc tiép va chuén do ngugc dugc pha
tir lwong i6t thang hoa da tinh trude trong dung dich KI 1% (dé tang d6 tan va do bén cua

dung dich, vi ¢ ddy xay ra phan tng I, + KI = KI3). Sau d6, ndng do chinh xdc ctia dung
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dich duoc xac dinh b?mg dung dich tiéu chuén Na,S,0:s. Dung dich dugc bao quan trong
binh mau va dé noi t6i, mat.

Trong truong hop chuan do nguoc ¢ thé ding bién phép didu ché truc tiép I
trong dung dich bang phan tng:

KIO; + 5KI + 6H" = 31, + 6K* + 3H,0

i o D103 = Mki03/6 o
O day, chi can lay chinh xdc mot lugng KIO; (KIOs; 1a chat goc) twong duong véi lugng
I, can ¢6 va cho tac dung véi dung dich KI du trong méi trudng axit H,SOy4 hodc axit
HCL

Dung dich tiéu chuin Na,S,0; dugc pha tor Na,S,03.5H;0. Vi Na,S,05.5H,0
khong phai 12 chéat gdc nén dung dich sau khi pha can duoc xic dinh lai ndong do bang
dung dich tiéu chuén géc K,Cr,07, KBrOs; hay KIO3 b?lng cach cho cac dung dich tiéu
chuan gbc K,Cr,07, KBrOs, KIO; phan tmg vé6i KI du trong méi trudng axit:

K,Cr,07 + 6KI + 14H" = 31, + 8K* + 2Cr’* + TH,0
Dxacro7 = Mkaco7/6
KBrO; + 6KI + 6H" = 7K* + 31, + Br + 3H,0
. 7 Dkeros = Mkar03/6 .

roi chuan do lugng I, gidi phdong ra bang dung dich NayS,03; véi chi thi ho tinh bot.
Dung dich Na,S,0; sau khi pha xong duoc b sung vai giot CHCl3 dé chdng vi khuan an
luu huynh.

Khi sir dung phuong phap i6t - thiosunphat can luu f:

- Chuan d¢ chi tién hanh ¢ pH = 0 — 8, bdi vi & pH thdp hon 0, axit HI c6 thé tu

phan huy tao thanh I, (2HI = Hy+1,), con ¢ pH > 8 s€ xdy ra phan ung:

L+20H s 10 +T + H,O
gdy mat 16t hodc cho phan tng phu béi kha ning oxi héa manh cua IO,

- Do phan ung ciia I, v6i chat khir hodc ciia I v6i chat oxi héa thuong xay ra
chdm, nén can c6 thoi gian cho phan ng xay ra hoan toan.

- It d& bay hoi, nén khong chuan d¢ vé6i dung dich ‘noéng va khi chuan do gian
tiép, phai day kin binh phan tng trong khi I, phan tng voi chat khir hay khi diéu ché L.

- B& mat mot s0 chat két tua, chat keo c6 kha nang hip thy I, nén khi chuan do
can lac ki, nhét 1a ¢ gan diém twong duong.

- Phirc chat i6t — hd tinh bot chi thuan nghich khi ndng do i6t thap, nén khi chuan
do gidn tiép phai chuan do khong c6 chi thi dén khi ndng do idt con rat thap (mau vang
nhat) méi cho chi thi vao va chuan do tiép.

- Dung dich KI dé bi oxi khong khi oxi héa:

4I' + O, + 2H,0 = I, + 40H
nén trong chuan d6 thé can lam mau trang Ciing do phan tmg nay, ma trong chuan do
gidn tiép su mat mau cta chi thi chi cn bén trong 30 gidy, vi sau d6, mau cé thé s& tdi
xudt hién.
- Dung dich Na,S,0; khong bén trong moi trudong axit manh:
Na,$,0; + 2H" =2Na* + S | + SO, T
nén né dugc bé tri ¢ buret va nho tir tir vao binh phan tng.
- Néng dd cua cac dung dich ti€u chuén I, va Na,S,05 cin duoc kiém tra thuong
xuyén.
* Ung dung chudn dé oxi héa khi:
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Dudi ddy trinh bay nguyén tic x4c dinh mot s6 ion hay hop chat thuong gip trong
néng nghiép bang chuan do oxi héa khir.

+ Xdc dinh ion Fe’*:

Ton Fe’* dugc khir vé ion Fe** bang SnCl, (Iwgng SnCl, du duoc oxi héa biang
HgCly), sau d6 chuin do lwong Fe®* tao thanh bang dung dich tiéu chudn KMnOy hay
K,Cr,0O7 trong moi trudng axit.

Ton Fe’* ciing dugc xdc dinh bang chuan do idt — thiosunphat. Trudc hét cho ion
Fe phan tng véi KI 14y du, rdi chuén d6 lwong I, giai phéng ra bang Na,S,03 vdi chi
thi hé tinh bot.

+ Xdc dinh ion Cu’*:

Ton Cu™ duoc xdc dinh bang chuén d6 idt — thiosunphat. Trudc tién cho Cu®* téc
dung voi KI 13y du trong méi truong pH 3 — 4 va véi su ¢ mat caia KCNS, sau d6 chuan
d6 luong I, giai phéng ra bang Na,S,0;3 véi chi thi ho tinh bot.

+ Xdc dinh ion Ca**:

Ton Ca** dugc xéc dinh gidn tiép bang chuin do pemanganat duya trén viéc thé ion
Ca”™ bang luong twong dwong CaC,0,. Sau d6 hoa tan CaC4O4 trong méi trudng axit
H,S04 va chuan d6 luong axit HyC,Oy gidi phéng ra baing KMnO,.

+ Xdc dinh mun trong dit:

Cho dat téc dung véi dung dich tiéu chuan K,Cr,0; ldy du trong méi truong axit
H,SO,4 50% & nhiét 36 200°C. Luong du ctua K,Cr,O; duoc chuan do lai be‘ing dung dich
tiéu chuin FeSO,.

+ Xdc dinh chi sé iét cia ddu béo:

Hoa tan dau béo trong clorophoc, cho vao d6 dung dich I 1y du. Sau 15 phiit
chuan do lugng iot du bang Na;$,03 v6i chi thi ho tinh bot.

8.3. Chuan d¢ keét tia

S6 lwong phan tmg tao két tia nhiéu nhung chi ¢6 rét it cdc phan (mg thoa man
cdc diéu kién cua phuong phép phan tich thé tich. Trong phan tich cdc déi twong nong
nghiép, thudng chi str dung phan tng ctia dung dich tiéu chuan AgNOs dé chuan do xac
dinh céc ion nhém halogenua CI', Br', I' va CNS™ (X'):

Agh+X = AgXd

Phuong phap chuan d nay goi 1a chuan do bac (argentomet).

Chuan d6 bac thudng duoc tién hanh theo hai cich: chuan d¢ tryc tiép (phuong
phap Mo, phuong phép Fajans) va chuan do nguoc (phuong phap Fonha).

a. Phuwong phap Mo (Mohr)

Diing dé xéc dinh cic ion CI, Br (X)) véi chi thi K,CrO,. Do céc két tia AgCl,
AgBr ¢6 d¢ tan nho hon do tan cia két tia AgyCrOy (Tager = 1,78 . 107°, Tags, = 1,5 . 10°
"2 Tagcos = 1,1 . 107'), nén cédc két tia AgCl, AgBr hinh thanh truéc va chi khi dén
diém tuong duong két tia Ag,CrO4 méi hinh thanh:

AgNO; + X =AgXl +NOy
trfmg
2Ag" + CrO4* = Ag,CrO4d
nau do

Trong chuén do, bd tri AgNOs ¢ trén buret, nén sy chuyén mau 12 tir két tha mau
trang sang két tia mau nau.

Trong phuong phap Mo can luu {:
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- Chuén d9 chi tién hanh & méi truong ¢6 pH 6,5 — 10, boi vi & moi truong kiém

pH > 10 s€ xay ra phan ung:

2Ag" +20H = Ag,0! + H,0
lam tiéu tén thudc thir gdy nén sai s, con trong moi trudng axit két tia Ag,CrO, khong
hinh thanh, nén khong c6 phan trng chi thi.

- Do chuan d6 trong moi truong trung tinh, nén cic ion gy nhiéu nhu COs%,
PO,”... can phai dugc tich trude khi chudn do.

- Piém két thic chuan do phu thudc vao néng do chi thi, nén can tinh néng do
K,CrOy can thiét cho timg chuan do. Vi du: Chuan d6 xac dinh ion CI, tai diém tuong
duong cé:

pCl = - 1g(Tagc)'? = 4,88 = pAg tire nong do [Ag'] = 1,3 . 10° M.
Nhu vay, dé AgZCrO4 két tia, ndng do CrO4 & tai diém tu’O’ng duong la:
[CrO,”] = Tagciod[Ag” I =1,1.10"%/(1,3.10°)* = 6,5.10° M.

- Khong dung phuong phap nay de chuan d6 xdc dinh céc ion I', CNS’ vi cic két
tia Agl, AgCNS hép phu manh ion CrO,* nén su chuyén mau cua chi thi khong ro rang.

b. Phwong phap Fonha (Volhard)

Phuong phdp dua vao sy chuin do xdc dinh ion Ag" bang dung dich tiéu chuan
KCNS hay NH,CNS véi chi thi 1a Fe(NOs);. Tai diém tuong dwong, trong dung dich xuat
hién mau hdng cta phirc chit [FeCNS]**

Ag"+ KCNS = AgCNS | +K*
tréng
KCNS + Fe(NO3); = [FeCNS]** + K" + 3NOy’ (tai pH=~1 -
2)
hong

Phuong phép Fonha ding dé chuan d¢ truc tiép CNS’, nhung ciing dugc ding dé
xdc dinh cdc ion CI, Br', I (song, chu yéu 1a chuén d6 ion CI) b?lng chuan do nguoc.

Khi xdc dinh ion CI', cho vao dung dich phén tich c6 pH = 1- 2 dung dich tiéu
chuan AgNOs ldy du. Luong du cta ion Ag* duoc xéc dinh bang chuan d6 véi dung dich
tiéu chuan KCNS hay NH4CNS vdi chi thi 1a ion Fe®* nhu da trinh bay & trén.

So voi phuong phdp Mo trong xéc dinh ion CI', phuong phap Fonha tién hanh
chuan d6 gidn tiép nén sai s 16n hon, nhung c6 uu dlem 1a chuan do tién hanh trong moi
truong axit nén anh hudng cua cic ion C03 , PO4 ... khong ton tai, do cac két tua
Ag>CO3, AgsPO,4 khong hinh thanh trong moi truong ax1t (pH=1-2).

Phuong phap Fonha ciing duoc dung dé xéc dinh cic ion PO,”, CrO4> ..., song,
trude khi chuan do luong ion Ag* du can loc bo két tia.

Dung dich tiéu chuén AgNO3, KCNS, NH4CNS dugc pha tir cac hoa chat tuong
mg. Nhung vi cdc héa chat nay khong phai 1a chét gbc, do bi nhiét do va dnh sang phan
huy (AgNO3) hodc bi oxi khong khi oxi hod (KCNS, NH4CNS), nén dung dich pha xong
can chuan d lai bang dung dich tiéu chuén gc NaCl theo phuong phap Mo hodc Fonha.
8.4. Chuin do complexon

Viéc sir dung rong rai thude thir hitu co vio Héa phan tich da md rong pham vi
{mg dung cuia chuan d6 tao phic.

Khoang 30 nam gan ddy, da xuat hién nhiéu cong trinh nghién ctru vé sy tao phiic
clia céc hop chét chira nhém aminopolycacboxylic, cic hop chat nay dugc goi chung Ia
cdc complexon. Thuong str dung 3 hop chit sau:

Y CH, - COOH
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N — CH, - COOH

\CH, - COOH
axit nitriltriaxetic (complexon I)
HOOC - CH, N v CH, - COOH
N—CH;—CH, —
HOOC - CH, 4 N\ CH, - COOH
axit etylendiamintetraaxetic (complexon II , EDTA)
HOOC - CH CH; — COONa
L
2>\I—CH2—CH2— NQ
NaOOC - CH; CH, - COOH

dinatri etylendiamintetraaxetat (complexon III, Na,EDTA, Na,H,Y, Trilon B...)

Céc hop chat complexon déu tao phirc chat bén vai hang loat cic ion kim loai véi
thanh phan phan tr 1:1, nén ching déu c¢6 thé str dung 1am thude thir trong chuan do xdc
dinh céc ion kim loai. Song, hop chat complexon III dugc sir dung nhiéu nhét, vi phirc
clia né véi ion kim loai rat bén (bang B.11.3), n6 de tan trong nude hon complexon II va
tinh thé Na,EDTA. 2H,0 c6 thé duoc coi 1a chat gdc. Su tao phirc ciia complexon III voi
céc ion kim loai duoc thé hién qua phuong trinh:

NaH,Y + M™ = MY ™+ 2H" + 2Na"
6 dﬁy, quy dlnh DNazEDTA = MNazEDTA/z, nén DMm+ = MMm+/2.

EDTA la mot axit hitru co 4 lan axit voi pKai = 2,0, pKax = 2,76, pKyz = 6,16 va
pKas = 10,26, nén su tao phirc MY™ s& phu thudc vio pH mdi truong. Phirc chét cang
bén thi cang c6 kha ning hinh thanh ¢ pH thip hon. Dya trén kha nang nay c6 thé chia
cdc phire chat thanh 3 nhém:

- Nhém phirc chét hinh thanh & méi truong axit manh (pH 1 — 2): gdm phirc chat
ctia dai bd phan cdc ion kim loai ning héa tri +3, +4 nhu Fe’*, Cr’*, Th*...

- Nhém phtic chét hinh thanh & méi truong pH > 4: gdm phirc chat ciia dai bo
phe;m cdc ion kim loai ning héa tri +2 nhu: Zn**, Pb**, Cu®*, Co®*, Ni**, Fe**...va ion
Al’".

- Nhém céc phuc chét hinh thanh ¢ méi trudng pH > 10: gdm phirc chit cua cdc
jon Ca®*, Mg”*, Ba™, Sr**.

Day 1a co so cua viéc chuén d6 phan doan cédc ion kim loai.

Bing B.11.3. Hang sé bén phirc chit ciia mot sé ion kim logi vdi
axit etylendiamintetraaxetic

Cation Phire chat Ig Kyrym-4 Cation Phirc chat Ig Kyrym-4
Ag' AgY 7,2 Mn®" MnY * 14,04
Pb** PbY* 18,04 Al AlY” 16,13
Hg™ HgY ™ 21,8 Zn”* ZnY ” 16,5
Cu* CuY” 18,8 Ca™ CaY * 10,96
cd* cdy” 16,46 St SrY ” 8,63
Ni** NiY > 18,62 Ba™t BaY ~ 7,76
Co™* CoY~ 16,31 Mg™ MgY * 8,69
Fe" FeY 14,33 Crt CrY~ 24,0
Fe’* FeY " 25,1 Th* ThY 23,2
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a. Chi thi trong phwong phap chuin dé tao phirc
Céc chét chi thi 1a cic hop chat tao phirc chat mau vai ion kim loai:

M + alnd = M(Ind),, ( & day bo qua dién tich)
nén thuong goi cac chi thi mau loai nay l1a chi thi mau kim logi. Tai diém tuong duong,
dung dich tiéu chuan (vi du: dung dich complexon III) phan u’ng v6i phirc chat M(Ind),:
NaHoY + M(Ind), = MY™* + alnd + 2Na* + 2H*
lam mau cua dung dich chuyén tir mau cta phirc chat M(Ind)a sang mau cua chi thi tu do
Ind. Dé sy chuyén mau xdy ra, bat budc phuc chdt MY™" phai bén hon phirc chat
M(Ind),.

Do phan tng tao cdc phirc chdt MY™* va M(Ind), phu thudc vio pH méi trudng,
nén mudn cho phan tng chi thi nhay can duy tri pH & gi4 tri thich hop bang dung dich
dém pH.

Trong chuén do complexon, thudng diing cic cht chi thi mau 12 cac hop chét hiru
co ¢6 tinh axit, bazo va tao phirc chit mau véi ion kim loai, nhu vay ddi véi mot chi thi
c6 thé c6 nhiéu mau tng véi timg dang cia chi thi: mau dang axit, mau dang bazo, mau
dang phuc chat. Cho nén dé mot chi thi thoa man duoc diéu kién cua chat chi thi (muc
7.2 chuong I1I) can duy tri pH dung dich ¢ gid tri xdc dinh. Vi du: Vi chi thi ericrom T
den (HyInd’):

pH=63 pH=11,5

H,Ind =  Hhd® = Ind™
do xanh vang da cam
va mau cua phtrc chat vai ion kim loai 1a mau dé nho, nén can tién hanh chuan d¢ ¢ pH =

10 v&i dung dich dém amoni, dé su chuyén mau cua chi thi 12 rd rét nhat: xanh = do.

Mot s6 chi thi thudng ding cling nhu pham vi tng dung cta chiing duoc trinh bay
¢ bang B.12.3.

b. Ung dung chuin d9 complexon III

Chuén dé complexon III c6 thé tién hanh theo 3 céch: chuin do truc tiép, chuin
do nguoc, chuan do thé.

* Chudn dp truc tiép:

buogc dung khi phan rng tao phurc xay ra nhanh, thuan nghich va cé chi thi thich
hop. O bang B.12.3 trinh bay céc ion kim loai dwgc xdc dinh tryc tiép bang nhiing chi thi
khéac nhau.
Bing B.12.3. Mt sé chi thi thwong diing trong chudn d¢ complexon II1

Tén chi thi Cach pha ché chi| Ion kim loai dwogc | pH méi trwong
thi xac dinh truec tiép
Murexit 1% trong NaCl Ca™ pH 12
Cu®, Ni**, Co™ =10, dém amoni
Eriocrom T den 1% trong NaCl Mg, Mn™*, Zn™,| 10, d&m amoni
C d2+ Pb2+
Xylenol da cam 0,5% trong etanol Bi**, Th* 1-3
Hg®*, Cd*, Zn**... |5-6
Fluorexon 2% trong nudc Ca™ 12
Axit sunphosalixylic | 5% trong nudc Fe'*
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* Chudn dé ngwec:

Dung dé xéc dinh céc ion kim loai tao phttc chdam v6i complexon III nhu A,
Cr’*... hodc xdc dinh cdc ion d& bi thuy phén, hodc khong c6 chi thi thich hop. Trong
truong hop nay, thuong cho cac ion can x4c dinh phan tmg véi lugng dung dich ti€u
chuan lay du, sau dé luong dung dich tiéu chuan du duoc chuan do bang MgSO, véi ch1
thi eriocrom T den hoac bang cdc dung dich tiéu chuén khéc nhu’ ZnSQOy4, Pb(NO3);...
phtc chit cta cdc ion nay kém bén hon phirc chit cua cdc chat can xéc dinh.

* Chudn dg thé:

Diing dé xdc dinh mot s6 ion kim loai tao phirc chit MY™* bén hon phtrc chét cia
ion Mg** (MgY?™). O day, cho ion can xac dinh phan tng v6i phirc chit MgY >

M™ + MgY”> = MY™ + Mg**
sau d6 lugng ion Mg®* giai phéng ra dwoc chudn d6 biang complexon III véi chi thi
eriocrom T den.

Chuan d6 complexon III cho phép xic dinh nhiéu ion trong hdn hop duya trén sy
chuan do phan doan va sy che cic ion giy nhiéu.

Chuéan d6 phan doan dya trén sy khic nhau vé d6 bén cua cic phtric chat & pH
khac nhau. Gia thiét trong hdn hop c6 nhiéu ion thi tién hanh chuan d¢ xdc dinh cdc ion
M* tai pH < 1 (Ti**, Zr*"...), chuin do cdc ion M** tai pH 2 — 3 (Fe’*, Bi**...), sau d6
chuin cdc jon M**, AI’* tai pH 3 — 5, con cdc ion Ca®*, Mg, Sr** duoc chuin d6 cudi
ciing tai pH > 10. Vi du: chudn d6 xédc dinh hdn hop Fe'*, Mg, dau tién chuin do xic
dinh ion Fe** & pH = 2 véi chi thi axit sunphosalyxilic, sau d6 chuan d¢ tiép ion Mg**
pH = 10 vdi chi thi eriocrom T den.

Chuén dd véi su che cdc ion giy nhiéu 1a dya trén sy tao phtrc chat bén cua cic
ion gy nhiéu véi cic phdi tir khac nhau; céc phirc chat nay bén hon phtc chat MY™* nén
cdc ion kim loai gy nhiéu s& khong tham gia phan tng v6i complexon IIL Vi du:

Diing KCN c¢6 thé che: Fe**, Cd**, Hg™*, Cu™*, Zn**, Ag*, Ni**, Co™*.

Diing trietanolanmin dé che Fe®*, AI**.

Ding F che A" Ti**, Fe™*, Zr™ ...

Tém lai, chuan d6 complexon III v&i cdc céch thao tic khic nhau cho phép xac
dinh hang loat cdc ion va phuong phdp nay cang ngay cang duoc tng dung nhiéu trong
phan tich dinh lugng. Dudi day 1a nguyén tac chuan d6 mot s6 ion thuong gip trong nong
nghiép.

+ Xdc dinh ion Fe’*:

Dung dich chira ion Fe®* dugc trung hoa vé pH = 2 va dun dén nhiét do 60°C. Sau
khi cho vao dung dich vai tinh thé axit sunphosalixylic, thi chuan d ion sat (III) bang
complexon III dén khi mau dung dich chuyen tr mau hong sang khong mau hoic mau
vang nhat (mau cua phirc chat FeY). Dé anh hudng ciia mau vang cta phirc chat FeY™ 1a
khong dang ké, can chuén do véi dung dich loang (= 0,001M).

+ Xdc dinh d¢ cung ciia nwoc (Xdc dinh ion canxi va ion magie):

Dung dich chira cdc ion Ca®* va Mg?* thi dugc diéu chinh vé pH = 10 bang dung
dich dém amoni va dugc chuan do biang complexon III véi chi thi eriocrom T den (tir d6
sang xanh).
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Con néu xac dinh riéng ion Ca’, thi dung dich duogc diéu chinh vé pH = 12 (ion
Mg** s& bi két tia dudi dang Mg(OH), va khong tham gia phan tng) va chuin do xdc
dinh ion Ca” bé‘mg complexon III véi chi thi murexit (tr mau do sang mau tim).

+ Xdc dinh ion AP*:

Cho vao dung dich (pH = 4) chura ion AP luong complexon III 1ay du. Sau khi
pha loang dung dich va cho thém pyridin, luong complexon III du dugce chuan do bang
dung dich ZnSOy tiéu chuén v&i chi thi eriocrom T den (tir mau xanh sang mau do).

+ Xdc dinh ion P043':

Ton PO43‘ duoc két tha dudi dang MgNH,4PO,. 6H,0 va dugc hoa tan lai bé‘mg axit
HCI. Sau khi cho vao dung dich luong complexon III 1dy du va chinh pH vé pH = 10
bang dung dich dém anioni, thi lugng du ctia complexon IIT dugce chuan d bang dung
dich tiéu chuan MgSOy véi chi thi eriocrom T den dén khi dung dich chuyén tir mau xanh
sang mau do.

+ Xdc dinh ion S042':

Cho vao dung dich lugng BaCl, 13y du, loc bo két tia BaSO,. Cho vao dung dich
loc lugng complexon III 14y du va diéu chinh pH vé pH = 10 (dém amoni),
roi chuan do lugng complexon III du bang dung dich tiéu chuin MgSO, véi chi thi
eriocrom T den dén khi dung dich chuyén tir mau xanh sang mau do.

9. UU NHUOQC PIEM CUA PHUONG PHAP PHAN TICH THE TICH

Phuong phép phan tich thé tich c6 nhitng uu nhuoc diém chinh sau:

- Uu diém:

- Trang thiét bi dung trong phan tich don gian va khong dit tién nén, c¢6 kha ning
phd cap cao.

- P6 chinh xéc cao, nén ciing dugc ding 1am phuong phdp chuan dé kiém tra céc
phuong phéap khac va dé kiém tra cac dung dich me.

- C6 thé dung dé phan tich nhiéu ion vo co.

. - Tdc d phén tich cao, cao hon phuong phép phan tich khdi lugng két tiia nhiéu

lan.

- C6 kha nang ty dong hod, néu st dung chi thi 1a cdc cong cu do.

- Nhueoe diém:

- Do chinh xic khdéng bang phwong phap phan tich khbi lugng két tia.

- Phé mg dung khong 16n nhu phuong phap phan tich khoi lwong két tiia. Nhidu
phan tmg tao két tua khéng dugc sir dung trong chuan do.

Cau héi on tap

1. Nhitng yéu cau ctia phan ing chuan d6?

2. Phan loai cdc phuong phdp chuan d9? Céch tinh dwong lugng gam cua cic chét tham
gia phan g chuan d6?

3. Cach pha ché dung dich tiéu chuan?

4. Céc loai nong d6 thuong diing trong phan tich thé tich? Cach tinh két qua phan tich?

5. Puodng chuan d6 1a gi? Céch xay dung duong chuan d6 cua timg phan tng chuan do?
6. Su ddi mau cua chi thi dung trong chuan d6? Cach chon chi thi?

7. Ung dung duong chuén do trong viéc chon chi thi va trong xdc dinh sai s6 chi thi?
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8. Céc phép chuan do thuong ding (chuan d6 trung hoa, chuan d¢ oxi héa khtr, chuan do
két tha, chuin do tao phtic), nguyén tic va pham vi tng dung ctia ching?

Bai tap
1. Can can chinh xdc bao nhiéu gam H,C,04.2H,O (TKPT) dé pha duoc 2 lit dung dich
tiéu chuan 0,1N diing trong chuan d¢ xdc dinh KMnO, trong méi truong axit. (Dap so:
12,6000gam).
2. Tinh s6 gam Na,COj; (TKPT) dé pha 250 ml dung dich, biét rang chuan d¢ 20 ml dung
dich nay thi hét 30 ml dung dich HC1 0,05N néu két thic chuan do tai pH = 8,3. Cho: cdc
hang s axit ciia HyCO;3 1a Ky =4,5.107; Ky =4,8.10"". (Dép s6: 1,9875gam).
3. Chuan d6 20 ml dung dich hdn hop hai axit H,SO, va H3;PO4. Néu két thic chuan do
tai pH = 4,66 thi hét 15 ml dung dich NaOH 0,1N. Néu két thiic chuan do tai pH = 9,8 thi
hét 25 ml dung dich NaOH 0,IN. Tinh néng d6 mol/l ciia mdi axit trong hon hop dau.
Cho: céc pK, cia H3PO, 1a pK,; = 2,12; pKy = 7,21; pKyz = 12,38; axit H,SO4 dién li
hoan toan. (Pap s6: H,S0,0,0125M, H5PO, 0,05M).
4. Chuan do 20 ml dung dich CH;COOH 0,IN bang dung dich NaOH 0,1N. Néu phép
chuan do mic sai sd: + 1%, thi khi két thic chuan d6 pH cua dung dich bang bao nhiéu?
Biét pK, ctia CH;COOH = 4,76. (Dap s6: pH _o .14, = 6,76, pH 19,19, = 10,7).
5. Cho 50ml dung dich NaOH 0,1N vao 90 ml dung dich CH;COOH 0,07N, tinh pH
dung dich sau phan tmg! Can thém vao bao nhiéu ml dung dich NaOH 0,IN nita thi t6i
diém tuwong duong? Biét pK, cuia CH;COOH = 4,76. (Pdp s6: pH = 5,34, 13ml NaOH
0,IN).
6. Can 6 gam mau gém NaOH, Na,CO;3 va H;O pha thanh 1 lit dung dich. Biét re‘ing,
chuan d¢ 25ml dung dich nay thi hét 16,5 ml dung dich HCI 0,1N néu két thic chuan do
tai pH 8,3 véi chi thi phenolphtalein); con khi ciing chuan do luong trén, nhung két thic
chuén do tai pH = 4 (chi thi metyl da cam) thi hét 20,5 ml dung dich HC1 0,1N. Tinh %
khoi lugng cac chat trong mau phan tich? Biét: H,CO; c6 pKa = 6,35; pKy, = 10,32.
(Dip s6: 33,33% NaOH, 28,26% Na,COs, 38,41% H,0).
7. Ttr dung dich HC1 0,3 N va dung dich NH4OH 0,2N, tinh thé tich mdi dung dich can
lay dé pha duoc 250 ml dung dich dém c6 pH = 8,46. Biét: pK,, ciia NH,OH = 4,74. (Dép
s6: 89,3ml HCI, 160,7ml NH,OH).
8. Tr dung dich CH;COOH IM va dung dich CH;COONa 1M, hay tinh thé tich can ldy
cdc dung dich dé pha 250 ml dung dich dém CH3;COOH/CH3COONa 1M c6 pH = 5,08.
Biét: pK, cia CH;COOH = 4,76. (Pap s6: 83,3ml CH;COOH, 166,7ml CH;COONa).
9. Can 1,2 gam mau chita Na,COs3, NaHCO5 va tap chét tro hoa thanh 250 ml dung dich.
Chuan d6 50 ml dung dich nay, néu két thic chuan d¢ tai pH = 8,3 thi hét 5,7 ml dung
dich HCI 0,2N, néu két thic chuan do tai pH = 4 thi hét 15,2 ml dung dich HC1 0,2 N.
Tinh % khdi lugng cua mdi mubi trong mau phén tich. Biét: H,CO;3 c6 pK,; = 6,35; pKa
=10,32. (Bép s0: 50,35% Na,CO3, 26,6% NaHCOs3).
10. Can 0,588gam K,Cr,07, hoa thanh 300 ml dung dich. Can bao nhiéu ml dung dich
nay, dé khi thém KI du va H,SO, loang réi chuan d¢ luong I, giai phéng ra hét 25,16 ml
dung dich Na,S,0;3 0,1N. (Bédp $b: 62,9ml).
11. Hoa tan 4,895 g mau chi chira KCI va NaCl thanh 500 ml dung dich. Chuan d¢ 25 ml
dung dich nay hét 20 ml dung dich AgNO; 0,IN. Tinh % khdi lugng ciia CaCl, trong
mau. (Pap sd: 76% KCI).
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11. Hoa tan 2,062g mau chi chira CaCl, va MgCl, thanh 500 ml dung dich. Chuén d6 25
ml dung dich nay hét 35 ml dung dich AgNO; 0,1N. Tinh % khéi luong ciia KCI trong
mau. (Pap s6: 53,83% KCI).

12. Thém 40 ml dung dich (NH4)>C,04 0,1N vao 25 ml dung dich chtra ion Ca*". Loc bo
két tha, ldy phan dung dich. Tién hanh chuan d6 dung dich nay trong méi truong H>SO,
loang hét 15 ml KMnOy 0,15N. Tinh sé gam ion Ca®* ¢6 trong 1 lit dung dich. (Dép sé:
1,4g ion Ca™).

13. Hoa tan 5 gam mau chira ion Pb** thanh dung dich rdi két tia toan b luong ion Pb**
dudi dang PbCrO,. Hoa tan két tiia bang H,SO4 loang va thém KI du. Chuan do luong I,
giai phéng ra hét 25 ml dung dich Na,S,03 0,2N. Tinh % khdi lugng Pb trong mau. (Dap
s6: 6,9% Pb).

14. Hoa tan hoan toan 0,2425 gam mau chi chira mudi cia cdc ion Ca®* va Mg** thanh
500 ml dung dich. Liy 20 ml dung dich nay va diéu chinh pH dén 10 rdi chuan do hét
11,75ml dung dich complexon III 0,016N véi chi thi eriocrom T den. Néu chuan d6 10
ml dung dich nay & pH = 12 véi chi thi murexit hét 4,85 ml dung dich Trilon B néi trén.
Tinh % khdi lugng ctia Ca va Mg trong d4 voi. (Pap sd: 32% Ca, 4,06% Mg).

15. Tinh s6 ml dung dich chi thi K,CrO4 0,5M cho vao 20 ml dung dich NaCl 0,1N, dé
khi chuan d6 xdc dinh ion CI" bang dung dich AgNO; 0,05N thi méc sai s6 + 0,1%. Biét:

Tager = 1,78.10™"% T agocros = 1,1.107"%. (Pép sb: =~ 0,12ml).

16. Hoa tan 0,0202 gam dd voi rdi két tia hoan toan ion Ca** dudi dang CaC,0,. Hoa tan
két tha bang dung dich H,SO, lodng du rdi thém vao d6 35 ml dung dich KMnO,
0,0366N. Lugng KMnO, du dugc chuén béng 9,57 ml dung dich FeSO4 0,1N. Tinh %
khdi lwgng ctia Ca trong mau phan tich. (Dap s6:31,9%).

17. M6t mau nude khodng chi chira mudi hydrocacbonat va sunphat cua céc ion Ca®* va
Mg**. Chuan d6 100ml nuéc nay véi chi thi metyl da cam (pHy, = 4) hét 20,5 ml dung
dich HCI 0,04N. Mt khéc, sau khi dun néng rdi chuan do 50 ml nuéc khodng nay ¢ pH =
10 véi chi thi eriocrom T den thi hét 20 ml dung dich Trilon B 0,025N. Tinh d¢ cung
toan phan va do ctng vinh ctru ciia nude khodng. (Pdp sb: Do climg tam thoi K = 8,2, do
cung vinh cuu K = 10).

18. Hoa tan 5 gam mau c6 chtra dong thanh 250ml dung dich ion Cu®. Liy 25 ml dung
dich nay cho tic dung véi dung dich KCNS va KI ldy du. Chuan d6 lugng I, giai phéng
ra hét 15 ml dung dich Na,S,03 0,IN. Tinh % khdi lugng Cu trong mau. (bap $6:19,2%
Cu).
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Chuong IV

PHAN TICH CONG CU
1. PHAN LOAI PHUONG PHAP

Phén tich cong cu 1a cach thudng goi clia phén tich biang cong cu gom cic phuong
phap phan tich ma & d6 ding cdc mdy do dé danh gid va theo doi cdc dai lwong vat Ii, hoa
hoc lién quan dén hé phan tich. Phan tich cong cu la linh vyc rat rong bao gdm nhiéu
phuong phap khéc nhau, dwa vao tuong tic ctia chat can phén tich véi cdc tic nhan phan
tich va tinh chét dic trung cta dai luong do c6 thé chia thanh cdc nhém co ban sau: cic
phuong phdp quang hoc, cdc phuong phdp do di¢n tur, cic phuong phdp tich, cic phuong
phép nhiét.

1.1. Nhém phwong phap quang hoc

Duya trén sy tuong tic cua chét can phan tich vai cac buc xa dién tir hoac su phat
ra cac buc xa dién tir cua chét can phan tich.

Vit thé duoc cau tao boi cdc nguyén tir va cdc phan tir. Su tuong tdc ctia chiing
v6i cdc birc xa dién tir rat khdc nhau va cho céc hiéu ng quang hoc khac nhau. Viéc do
cac hiéu mg quang hoc nay s€ giip phén tich dugc cic chét. Dya trén hiéu tng quang
hoc khi vat chat twong tic voi birc xa dién tir ¢6 thé chia cic phuong phap quang hoc
thanh hai nhém chinh:

- Cdc phuwong phdp quang phé, 1a cic phuong phdp du trén su trao doi nang
lugng gitra vat chat va buic xa dién tir.

- Cdc phwong phdp khong quang pho, 1a céc phuong phdp dya trén su thay do6i
mot sb tinh chat quang hoc ctia bire xa dién tir dudi tic dong cua vat chat can nghién ciu,
song, ning luong ctia birc xa dién tir khong bi thay doi.

a. Céac phwong phiap quang phd

Buc xa dién tir (4nh sdng) 1a khai niém rat rong gém tap hop cua cac hat photon
(hat 4nh sdng, tia 4nh sdng) c6 ning lugng khic nhau. Xép theo ning luong cua tia birc

xa dién tir tir cao xubng thap cao s& c6 cdc loai tia chinh sau: tia vil try, tia y , tia ronghen,
tia tir ngoai, 4nh sdng nhin thay, tia hong ngoai, bic xa nhiét, séng vd tuyén, séng
radio...

Vat chit nghién ctru ludn chira céc hat electron, proton, neutron. ¢ trang thai binh thuong,
céc hat nay luén nam trén cc qui dao xac dinh phu thudc vao nang lugng ctuia nd, nhung
khi né nhan thém nang lugng (btc xa dién tur, nhiét, cong...) né cbd thé thay ddi qui dao
va hiu qua 1 din dén cédc hiéu Gmg quang hoc tiép theo, d6 1a vat chat hap thu buc xa
dién tir hodc phat ra bic xa dién tir. Khi vdr chat hap thy bire xa dién tir s€ tao ra quang
phé hdp thu, con khi vdt chdt phdt ra birc xa dién tir sé tao ra quang phé phdt xa. Tuy
theo birc xa dién tir ma vat chat hép thu hodc phiét ra ¢6 thé do duoc, da xdy dung cic
phuong phap do nhu: quang pho hap thu ronghen, quang ph phadt xa ronghen, quang phé
hap thy nguyén tur, quang pho phdt xa nguyén tir, quang phd hap thu phan tor vung tu
ngoai va kha kién, quang phd huynh quang, quang pho hap thu hong ngoai, phuong phap
cong huong tir hat nhan.
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b. Cac phwong phap khong quang phd

Ngoai nang lugng cua minh birc xa dién tir con cdc tinh chat khac nhu huéng
truyen mat phang truyen cua né. Khi birc xa chuyen tur moi truong nay sang moi trudng
khic céc tinh chat nay ciing thay doi theo, tao ra cdc hiéu ing quang hoc nhu su chiét
quang, su phan cyc quang. Viéc do cdc hiéu ung nay cho cic phuong phap: phuong phip
do chiét quang va phuong phép do phan cuc.

1.2. Nhém cac phwong phap dién tir

Dua trén viéc theo doi cac tinh chét dién, tir cua hé can phan tich hodc tuong tic
clia cdc chat can phan tich véi cic dai luong dién tir, tir d6 cho cdc phuong phép do dién
va cdc phuong phép do tur.

Phuong phap do dién dya trén cic qua trinh vat 1, héa hoc xay ra trén dién cuc va
trong dung dich giita hai dién cuc. Cdc qud trinh nay gan lién véi sy bién doi céc dai
luong vat If nhu: dién thé (E), dong dién (I, 1), dién tro (R), dién dung (C), tr¢ khang (L),
d6 dan dién (S)... Nhimng dai luong vat 1i ké trén déu lién quan dén nong do va ban chat
ctia chét phan tich. Thong qua viéc do cac dai lugng vat 1i nay c6 thé x4c dinh duogc
thanh phan dinh tinh, thanh phan dinh lugng cdc chat can phan tich trong hé. Dya vao
moi quan hé cua dai lugng vét 1i do duoc v6i chit can phan tich di xdy dung nhiéu
phuong phép do dién khic nhau: phuong phdp do dién thé, phwong phép cuc phd,
phuong phdp von — ampe, phuong phdp dién khdi luong, phuong phdp do d dan dién,
phuong phép dién di...

1.3. Nhom cac phwong phap tach

Dai bo phan cic phuong phéap phan tich hod hoc va nhiéu phuong phap phan tich
cong cu can c6 su tich cdc phan gay nhiéu trude khi tién hanh céc phép do. C6 thé tach
chat gdy nhidu hodc thanh phan can phan tich ra khéi hdn hop. Phuong phép tich khong
chi loai bo thanh phan giy nhiéu ma con c6 thé lam giau mau.

Cdc phuong phdp tich théng dung 13 phuong phép két tua, phuong phdp dién
phéan, phuong phap chung cat, phuwong phép chiét, phuong phap séc ki.

1.4. Nhom cac phwong phap nhiét

Duya trén su phan huy hodc chuyén cau tric cua chat can phan tich dudi su téc
dong cua nhiét. Nhiét do6 ma ¢ do dlén ra phan Ung hod hoc goi 1a nhiét d§ phén huy,
nhiét do chuyen hod, né biéu thi yéu t6 dinh tinh cua chat can phan tich. Kh01 lugng vat
chat bi mat di do sy phan huy béi nhiét cho biét yéu t6 dinh lugng ciia vat can phan tich.

Trong khudn kh6 cho phép cua gido trinh, dudi day chi trinh bay vé nguyén tac
cua ciac phuong phép hap thu viing ttr ngoai va 4nh sdng nhin thiy, phuong phap do dién
thé va phuong phap chiét.

2. PHUONG PHAP QUANG PHO HAP THU PHAN TU VUNG TU NGOAI VA ANH
SANG NHIN THAY

Trong ty nhi€n, cdc phan tr ludn ludn c6 cac dang chuyen dong: chuyén dong
quay cua cac phan tir, dao dong cuia céc electron lién két, sy chuyén orbitan ctia electron
trong phan tir. Ung vdi céc dang chuyen dong s€ co cdc dang nang lugng tuong g dac
trung cho phén tir. Giita cic dang chuyén dong, néu so sanh d6 16n nang lugng thi c6:

Ning luong chuyén dong quay (E;) nhé hon ning luong dao dong (E.) va ning
luong chuyén dich orbitan (E.): E.<Eo<E..
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Ning luong ciia tia tir ngoai va dnh sdng nhin thay tuong dwong véi nang lugng
E., nén né tao nén su dich chuyén electron tir orbian nay sang orbitan khéc (thay do6i
trang thai orbitan) tao nén quang pho Khi vét chét hap thu birc xa dién tir ¢6 quang pho
hap thy viing tr ngoai va kha kién, thudng duoc goi 1a quang phé hap thu dich chuyén
electron. Ving 4nh sang tir ngoai va dnh sdng nhin thay gdm céc séng c6 budc séng tir
200 — 800 nm (2000 — 8000 AO) c6 nang luong du dé kich thich céc electron lién két dich
chuyén tir orbitan lién két sang orbitan phan lién két.

Vung dnh sang nay dugc chia thanh 3 ving nho véi cac budce song danh sang (A)
khéc nhau:

- Budc song <200nm - vung tir ngoai chan khong

- Budc séng tir 200 dén 400nm - viing tir ngoai gan

- Budc séng tir 400 dén 800nm - viing 4nh sdng nhin thay.

Thong thuong hay sir dung vung dnh sang tir ngoai va anh séng nhin thay, vi dé
khong ché diéu kién do. Phuong phap do véi dai buc xa dién tir ¢ cdc bude séng tir 400
dén 800nm con duoc goi 1a phuong phdp tric quang so mau hay ngin gon 13 phuwong
phdp so mau.

Phuong phép so mau dua trén sy chuyén thanh phan x4c dinh thanh hop chat hap
thy 4nh sdng ¢ viing nhin thay roi do lugng hap thu 4nh sang, tir d6 suy ra ham luong
thanh phan can phan tich.

2.1. Co sé li thuyét ctia phwong phap so mau

a. Dinh luit Bugo - Lambe- Bia

Gia st ton tai mot moi truong ddng nhat c6 chiéu day 1a 1 chira chat mau c6 kha
nang hap thy dnh sdng. Cho tia sing don sic c6 bude séng A va cudng do I, di qua moi
truong d6 (tia sing nay khong bi phan xa, khiic xa va tan xa). Sau khi bi méi truong hap
thy, dong sing yéu di va chi con cudng do I. Quan hé giira I, va I dugc xédc dinh theo
dinh luat Bugo - Lambe- Bia:

/,=10 €€ (IV-
1)
Pit A =-Ig I/I, va goi 1a d6 hap thu quang, thi:
A =¢€lC (IV-2)

Trong d6: - € 12 hé sb hdp thu ndng do, hé sé nay chi phu thudc vio ban chét cia chét
mau va bude séng dnh sang hap thy, néu ndng d6 C duoc tinh bang mol/lit thi £ 1a hé s6
hép thy phén tir gam va thuong khong 16n hon 2.10°, néu C tinh bang ndng d6 % thie 1a
hé s6 hap thy %. ..

- 11a chiéu day cua tang hap thu 4nh sing, do bang cm,

- C landng do chat mau, c6 thé 1a ndng d6 M, %, mg/ml...

Nhu vay, dinh luat Bugo - Lambe - Bia phat bleu nhu sau: dé hdp thu quang cua
dung dich hdp thy mau la 11 l¢ thugn voi chiéu day ciia tang hdp thy mau va nong dé chat
mau ¢é trong tang do.

Dinh luat Bugo - Lambe - Bia con dugc goi 1a dinh luat Lambe - Bia, do hép thu
quang A con dugc goi béng mot thuat ngtr khac d6 1a mat do quang D.

b. Tinh chit cia dinh luit Bugo - Lambe - Bia:

Tinh chét quan trong nhat cia dinh luat nay d6 1a tinh cong tinh. Tinh cong tinh
nay dugc thé hién theo 3 hudng sau:

- Tinh céng tinh theo chiéu day ciia tang hdp thu mau:
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Néu c6 thé chia tang hap thy mau thanh n phan nho thi tong d¢ hap thu quang ctia
cdc tiéu phan 1a d6 hp thu quang ctia toan b dung dich mau. Tic:

A= €lC=¢l,C +el,C+ ...+ €l,C=eCX"o 1, (IV-

3)
trongdo I=i+L+..+1,.

Ung dung tinh chét nay, c6 thé ting d6 hap thu quang cua dung dich mau lodng
bang viéc str dung dng mau (cuvet) c6 kich thudc hon 16n hodc giam do héap thy quang
ctia dung dich mau dic bang viéc sir dung cuvet ¢6 kich thugce nho 16n, dé viéc do d6 hip
thu quang dat do chinh xdc cao. Trong thuc té, chi san xuét cic cuvet c6 do day tr 0,1
dén 10cm, thuong 1a cuvet 1cm. Khong diung céc loai cuvet nho hon 0,1cm, vi ldc nay
rat khé rét dung dich vao cuvet; khong diing cdc loai cuvet 16n hon 10cm, vi lic nay su
khtic xa dnh sdng qué 16n gy sai sd phan tich.

- Tinh céng tinh theo nong do chat hdp thu mau:

Néu c6 thé chia ndng do chat hap thu mau thanh n phan nhé thi tong d6 hap thu
quang clia cic tiéu phan 1a d6 hap thu quang ctia toan b dung dich mau. Tic:

A= €lC=¢lC; +€lCr+ ...+ €lC, =X C;, (IV-

4)
trong d6: C=C + Co+ ...+ Cy

Ung dung tinh chét nay, c6 thé tang do hap thu quang cua dung dich mau loang
bang viéc cdch cho thém chat mau hogc giam do hap thu quang cua dung dich mau dic
bang pha lodng dung dich mau hay 14y Iwong chit mau it hon lam phan tich, dé viéc do
do hép thu quang dat do chinh xéc cao.

- Tinh céng tinh theo thanh phdan cdc chat hdp thu mau:

Néu trong dung dich ¢6 n chat hap thy mau va mdi chit mau déu tuan tha dinh
luat Bugo - Lambe - Bia thi tong do hip thu quang ctia cdc chat mau 1a 6 hap thu quang
cua toan b dung dich mau. Tuc:

A= €IC= 811C1 +821C2 + ...+ enlCn = l.znizl & Ci (IV-
5)
Ung dung tinh chit nay c6 thé c6 thé gidi bai toan phan tich nhiéu chat mau trong
dung dich phan tich.

Diing mdy do dé xdc dinh d6 hip thu quang. P9 chinh x4c ctia mdy do 1a cao nhat
khi A = 0,4343. Song, trong khoang A tir 0,15 - 0,7, sai s6 do 1a khong déng ké, do d6
khi do A can diéu chinh chiéu day ting hip thu hay nong do chat mau dé gid tri A do
dugc nam trong khoang do.

Ngoai viée do A, con c6 thé do truyén quang T%: T% = (I/I,).100. Tuy nhién,
phép do nay it dugc sir dung trong phan tich dinh lugng, vi ham sb T% = f(C) khong
tuyén tinh nhu ham s6 A = f(C). Thuong chi ding do T% khi cin chinh mdy do. Luu i:
T% =100 thi A =0.

c. Pham vi irng dung cia dinh luit Bugo - Lambe - Bia:

Dinh luat Bugo - Lambe - Bia chi tuyén tinh trong céac diéu kién sau:

+ Anh sdng di qua dung dich mau la dnh sdng don sdc, vi dbi véi céc dnh sdng c6
céc budc séng khac nhau thi hé s6 hip thu mau cta chat mau khéc nhau dan dén d6 hap
thu quang do dugc s€ khac nhau. Twc, mg voi hai budc séng A, vad, c6: Ay =
EnlC #= A= €01.C.

+ Vi mét khodng nong dg chat mau. Do thi biéu dién sy phy thudc A = f(C)
thuong c6 cac dang nhu trong cac hinh H.1a.4, H.1b.4.
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Nguyén nhan tao ra cac dang nay nhu sau:

- Dang 1:

Day 1a duong i thuyét.

- Dang 2:

O ndng d6 qué cao, cdc chat mau che khuat nhau dan dén do hap thy quang dung
dich bi giam.

- Dang 2, 3:

O n6ng do qua cao, céic chdt mau cau tric lai tao ra chat méi c¢6 hé sb hép thu
khac voi chat mau ¢ nong do thap, din dén d¢ hap thu quang dung dich ting (dang 3)
hodc giam (dang 2).

- Dang 4:

Dbi v6i cdc chit phan tich ma mau cia né ¢ duoc nhd tao phirc chat mau, song,
hang s6 bén khong di 16n, thi & nong d6 thdp cta chét can phan tich phan ng tao mau
chua xay ra hodc xay ra khong hoan toan, dan dén do hap thy quang bi giam. Con & ndng
do cao thi nguyén nhén lai nhu ¢ céc dang duong 2, 3.

Do do khi do can kiém tra si tuyén tinh cua dinh ludt dé xdc dinh khodng dung
dich can do. Déi v6i céc dang duong 2, 3, nong do do 1a tir 0 dén C,, con véi dang
duong 4 1a tir C, dén C,.

a b
Hinh H.1a.4, H.1b. 4: Mt s6 dang dwong A = f(C)

+Dung dich mau la dung dich thdt, tic trong dung dich khong c6 két tua, huyén
phti hay nhil twong, vi céc hat nay tidn xa manh dnh sang va lam thay d6i cudng do anh
sdng di ra khoi cuvet chiéu vao b phan do.

+ Diéu kién do la thong nhdt ¢ moi mdu, vi do so mau 1a phép do so sanh. Khi
diéu kién do thay doi c6 thé dan dén:

- Nong d¢ chdt mau thay déi. Vi du: Khi st dung dung méi 1a cdc chat dé bay
hoi, néu thoi gian do khong nhu nhau, luong dung moéi bay di khong nhu nhau dan dén
ndng do bién d6i khdc nhau, tao nén sai sé phan tich.

- Thay déi dang chdt mau. Vi du: Khi do mau vang cia ion CrO4>, néu pH dung
dich thay d6i chuyén sang méi truong axit, trong dung dich hinh thanh ion Cr,0;> ¢6
mau da cam:

2Cr0 + 2H" =  Cn0O7 + H0,
vang da cam
1am sai 1éch s6 do.
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+ Khong pha loang dung dich mau, nhat 13 di vé6i céc phirc chat mau khong bén

vi khi pha lodng phirc chat mau bi phan li, vi du: ML <= M + L lam cho phtic chat mau
thay d6i vé cuong d6 mau cting nhu dang mau (mau cua dang ML sang mau cua dang L)
2.2. Nhirng yéu cau doi voi phirc chat mau

Trong nhiéu trudng hop chit can phan tich khong c6 mau hodc cuong d6 mau
khong du 16n, phai tao mau cho ching bang cdc phan tng thich hop. Viéc tao mau
thuong dua trén cdc phan ung tao phic chit c6 mau. Phan tng duoc lya chon phai thoa
min cic yéu ciu sau:

* Phikc chét phdi cé d bén lén:

Phtic chat cang bén thi anh hudng ciia sy pha lodng va cdc phan tng phu cing
giam nén phép do dat d6 chinh xic cao. Ngoai ra, khong can phai ding qué du thudc thir,
cho phép giam chi phi phan tich.

% Phikc chét phdi cé hé sé hdp thu phdn tiv gam lon:

Phtic chat c6 hé s6 hap thy gam 16n thi phép do s& nhay cao, cho phép phan tich
lugng nho véi dd chinh xdc cao hon, vi du: phuc chét [Cu((NH3)4]2+ co6e =500, con
phtrc chét cua ion Cu®* véi dithizon cé6€ = 5000, do d6, phép do véi phirc chat Cu -
dithizon s& nhay hon 10 lan.

“Phikc chdt phdi cé thanh phan xdc dinh:

Tuc trong dung dich chi ¢6 mét phirc chat mau hinh thanh, béi vi mdi chat mau
c6 mot gid tri £ va nhu vy, khi trong dung dich hinh thanh nhiéu chit mau thi tinh
tuyén tinh cua dinh luat Lamba - Bia s€ bi vi pham khi qui néng do chat phan tich vé mot
dang chat mau nao dé.

Muén cho trong dung dich chi ton tai mot chat mau can chon cac diéu kién phan
ung thich hop nhu:

- Dimng thuéc thir phdi ¢é tinh chon loc cao, tic chi tao mau véi mot ion nht
dinh. Vi du: xdc dinh ion Fe** trong hdn hop véi céc ion AI’*, Ca®*, Mg, thi chon
thudc thir 12 KCNS va tién hanh phan tng & moi truong axit pH = 2, vi chi c6 ion Fe’*
tao phirc chat mau, con céc ion khac khéng phan tng.

- Thudc thik phdi ¢é nong dé xdc dinh & bao dam chi ¢6 mot phirc chat mau dugc
hinh thanh, bdi vi phan tng tao phtc chit thuong xay ra theo nhiéu bac. Vi du: phan
{ng tao phirc chat mau giita ion Fe’* vaion CNS xay ra nhu sau:

Fe’* + 2CNS™ = [Fe(CNS), 17, khi [CNSg, =1,2.10°
‘M
Fe’* + 3CNS "= [Fe(CNS);], khi [CNS g, =4.10°M
Fe’* + 4CNS "= [Fe(CNS)4], khi [CNST]gy = 1,6.10
M
Fe’* + 5CNS “= [Fe(CNS)s]*, khi [CNSJae = 7.10'M

Theo sy bién d6i ctia ndng do thude thir ma mau sic cia phirc chat bién doi tir
mau vang sang mau do. Do do, dé chi ¢6 mot loai phtc chat mau hinh thanh phai cho
luong du thude thir nhu nhau & ca dung dich phan tich va dung dich tiéu chuan.

- pH moi truong phdi én dinh & mét gid tri nhat dinh, boi vi cdc ion kim loai
trong dung dich chiu sy thuy phan:

M™ + H,0 = M(OH)™"* + H*
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M(OH)™ " + H,0 = M(OH), ™" + H*...

va ligand (phdi tir) (L) thuong 1a cdc axit, bazo nén sy tao phirc chat giita cdc cation M™
va cdc phdi tir L phu thude vao pH méi trudng. Vi du:

Phan (g tao phirc chat mau giira cdc ion Fe’ va CNS™ chi xayra 0 pH < 2,5, vi
& pH cao hon thi ion Fe** bi thuy phén:

Fe**+ 3H,0 = Fe(OH); + 3H*

Hay phan tng tao phirc chit mau giira ion Fe’* va axit salyxilic (sal) xdy ra nhu

sau:

Fe’* +sal = [Fe(sa)]* + 2H' pH<4
tim do
Fe’* + 2sal = [Fe(sal),]” + 4H* pH4 — 9
do
Fe’* + 3sal = [Fe(sal);]” + 6H" pH>9
vang

Nén, trong phan tich so mau ion Fe®* véi thude thir axit salyxilic thudng tién hanh tai pH
=2-25.

* Phirc chdt mau phdi bén véi thoi gian dé kip do dé hép thu quang:

Thoi gian thich hgp dé do 1a khi d6 hap thu quang dung dich dat cuc dai va
khong d6i. Thoi gian bén cia chat mau cang dai cang tét, it nhat phai dat tir 5 — 10 phuit.
Duong biéu dién su phu thudc A = {(t) thuong c6 2 dang H.2a.4 va H.2b.4.

Nhu vay, voi dang duong nhu ¢ hinh H.2a.4 thi thoi gian do 1a tir O — t;, ¢ hinh
H.2b.4 12 tir t; — to, cdc khoang thoi gian nay déu phai dat tir 5 dén 10 phiit tré 1én.

Néu phirc chat kém bén véi thoi gian thi ¢6 thé dung thang mau gia. Thang mau
gia 1a ddy dung dich c6 mau va cuong d6 mau giéng mau dung dich khao sat nhung mau
bén hon. Thang mau gia thuong dugc pha tir cic hop chét vo co. Vi du: khao sit mau da
cam cua caroten c6 thé dung dich K,Cr,O; dé pha thang mau gia.

a b
Hinh H.2a.4 va H.2b.4: Puong biéu dién phu thuéc A= f(t)

2.3. Phé hép thu va chon buéc séng do

* Phé hdp thy:

Ph6 hap thy 1a duong biéu dién sy phu thudc cua gia tri do hap thy quang A
hodc £ vao budc séng dnh sang. Trong viing 4nh séng nhin thay, thudng gap phd hap thy
vo1 mot cuc dai (hinh H.3.4).
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Hinh H.3.4: Phé hdp thu ciia thudc thir v phirc chat mau:
1- Thuoc thir, 2- Phirc chat mau

Pho hap thu 1a thong tin rat quan trong duoc (mg dung trong phan tich dinh tich
va dinh lugng.

Trong phan tich dinh tinh: Phd hap thu 1a mot thong sb ddc trung cho mdi chat
nén qua viéc xac dinh phd hap thu c6 thé xdc dinh duoc thanh phan dinh tinh cia dung
dich phan tich. Tuy vay, khong str dung phd hép thy trong phan tich dinh tinh cdc chat vo
co. Trong phan tich cdc hop chat hitu co, ciing chi dung phd hép thu dé kiém tra do sach
clia cdc chat thong qua so sanh phd hap thu ctia chit can phén tich v6i phd hap thu cta
chat chuan.

Trong phdn tich dinh luong: Dung phé hép thu dé chon bude song do do hép thu
quang.

* Chon buwdc song do dp hép thu quang:

Chon budc séng do do hap thy quang 1a mot khau rat quan trong trong phén tich
dinh lugng bang phuong phdp so mau, vi né ¢6 anh huong 1on dén do chinh xdc va do
nhay cua phép phén tich. Viéc chon budc song do dya trén cdc nguyén tac sau:

+ Truong hop dung dich chi ¢é chat phan tich hdp thu mau con thuéc thir khong
hdp thu mau, thi chon budc séng do (/?.) & d6 do hap thu quang dat gid tri cuc dai, vi &
day anh huong cia budc séng do dén két qua phan tich 1a nho nhat. Budc séng do A tng
Vi gid tri A cuc dai goi 1a A pax.

+ Truong hop thudc thir ciing hdp thu mau, thi c6 thé chon budc séng do theo 1
trong 2 cich sau:

- Céch thtr nhat: chon budc séng do sao cho & d6 hi¢u hé sé hap thy phan tir gam

cua phtrc chat mau va cua thude thir (A €) dat gid tri cuc dai.

- Céach thtr hai: chon budc séng do sao cho ¢ d6 dong thoi hiéu hé s6 hap thu
phan tir gam cua phirc chat mau va cua thude thir (Ae) dat gid tri cuc dai va ti s6 € phitc
chét mav/ € thuée thir cling dat cuc dai. Trong truong hop nay, doi khi cling phai hai long véi
A€ gan véi gid tri cyc dai.

+ Truwong hop phan tich hon hop nhiéu chat mau:
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Dua trén su cOng tinh ctia dinh ludt Lambe - Bia (biéu thuc IV- 5), c6 thé xdc
dinh n chat mau ciing mot ldc néu do do hap thy quang cua dung dich phan tich & n budc
séong A; (i=2,3,..., n) khac nhau. Nhu vay, khi biéu dién d6 hip thu quang & ting buoc
song s€ cé n phuong trinh thé hién mbi twong quan AA1, Ao ...., A], VOl cac nong
dd cua n chat mau. Giai hé phuong trinh bac nhét nay s€ thu duoc céc gid tri néng do cua
céc chat mau. Thong thuong hay chon cic budc séng ing véi su hap thu cyc dai cta
ting chat mau. Vi du: X4c dinh dong thoi chlorophyl a va chlorophyl b trong dung dich
dua vao viéc do do hdp thu quang & 2 budc séng 662nm (A ma, ctia chlorophyl a) va
644nm (A yax cta chlorophyl b).

* Tao dnh sdng don sdc:

Hién nay, ¢ 3 phuong phép tao dnh sing don sic, d6 1a dung kinh loc, dung lang
kinh va ding mang. Phd bién nhét 1a 2 phuong phép dung kinh loc va ding ling kinh, vi
san pham tao ra c6 gid thanh ré cho phép san xuat cdc mdy do véi gid thanh ré.

+ Phwong phdp dung kinh loc:

D6 12 dung cy 1am bang kinh trong d6 di hoa tan nhimng chat mau c6 thé hap thu
mot phan 4nh sang trang, do d6, chi cho phan dnh sdng can thiét di qua. B¢ loc nay c6 do
phan gidi 20 — 100 nm tuy theo ting kinh loc, vi thé, khi can do do hap thu quang & mot
budc séng cu thé, khong thé ding loai mdy do véi phuong phdp tao 4nh sing don sic
nay. Hién nay, thuong cdc mdy do dugc thiét ké véi 5 - 7 kinh loc cho viing 4nh séng
nhin thiy.

+ Phwong phdp dung lang kinh:

Day 1a phuong phdp tach dnh sang dya trén sy khic xa cua céc tia dnh sang khi di
qua ling kinh. Anh sdng trang khi di qua ling kinh sé& bi tich ra thanh cdc anh sdng mau
khéic nhau. Do phan giai dat 0,1 - 0,5nm, dat d§ chinh xac can thiét cho do do hap thu
quang ctia mot budc séng cu thé.

2.4. Po so mau

a. May so mau

Mady do c¢6 hai loai, loai 1 tia sdng (H.4a.4) va loai hai tia sang (H.4b.4). Loai 1
tia sang don gian, ré tién, song, khong thé ty ghi quang phd (phd hap thu), thudng dung
trong do mg dung, do phén tich dinh luong. Loai 2 tia sang cho phép tw ghi quang pho,
song, dit tién, thuong dung trong nhirng nghién ctru co ban gom ca nghién ctru phén tich
dinh tinh va phén tich dinh luong. Pé tao dnh sdng trang ding deén soi dot vonphram, dé
tao dnh sdng tir ngogi dung den thuy ngan hodac den deuteri. Cuvet dung cho do o ving
dnh sdang nhin thay dwoc lam tie thuy tinh thuong, song, cho do ¢ ving dnh sdng tir ngoai
gan phai lam tir thuy tinh thach anh.
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b
Hinh H.4a.4, H.4b.4: So' do mdy do so mau: a- logi 1 tia sdng, b- logi 2 tia sdng

b. Cac phwong phap so mau

* Phwong phdp so mau bang miit:

Mit c6 kha ning danh gid muc do bang nhau cia hai cuong d6 dnh sing, nén thuc
chét phuong phdp so mau bang mat 12 dung mat dé so sanh cuong d6 mau cua dung dich
phan tich véi cuong do mau cua dung dich tiéu chuan. Thudng phuong phdp nay c6 do
chich xdc khong cao (sai s6 khoang 5 - 10% hodc 16n hon tuy tig mau), song, tién hanh
don gian va nhanh, rét thich hop cho phén tich tai hién truong.

Dé tién hanh xéc dinh cdc chét c6 thé sir dung cdc phuong phdp sau:

+ Phwong phdp ddy tiéu chudn:

Lay 6 6ng nghiém dong nhat, cho vao day dung dich tiéu chuan ciia chat can xac
dinh voi lugng tang dan. Sau d6, thém dung dich thudc thir va cdc hod chét can thiét
khac dén thé tich bang nhau s& nhan dugc diy tidu chuan véi cuong do mau tang dan
(dugc goi la day mau chuan). Cho mot luong dung dich phén tich vao ong nghiém khéc
(glong ong lam day tiéu chuan) va ciing tién hanh twong ty nhu da lam voi Ong tiéu
chuan. Pem so sénh 6ng phan tich voi day mau chuan, néu mau glong mau cua Ong tiéu
chuan nao thi ham luong chét phan tich bang ham luong cua chat d6 c6 trong bng tiéu
chuan, néu mau ciia ng phén tich nam giita mau cta hai éng tiéu chudn thi ham lugng
chét phan tich bang trung binh cong luong chit d6 c6 trong hai 6ng tiéu chuan.

+ Phuwong phdp pha lodng:

Lay 2 bng nghiém nhu nhau, cho vao ong 1 dung dich tiéu chuan va vao ong 2
dung dich phén tich. Tién hanh tao mau nhu nhau cho ca hai 6ng. Néu mau cua hai 6 ong
khong nhu nhau, thi cho thém dung méi vao 6ng c6 mau dam hon dén khi mau hai 6ng
bang nhau. Ghi thé tich ctia ca hai ong. Lugng chét phan tich dugc tinh theo biéu thirc
IV-6:

Wpt = Wie. V. tN tc » (IV-6)
Trong do: wy - 1a khoi luong chat tiéu chuan,  Wp - 1a khoi lugng chat phan tich, Vi - la
thé tich dung dich cua 6ng chira chét tiéu chuén, Vi - 1a thé tich dung dich cua 6ng chua
chét phén tich. Phuong phdp nay chi diing cho phén tich cdc chat mau bén, khong bi
phén huy do sy pha loang.

+ Phwong phdp chudn dj so mau:

Lay hai 6ng nghiém nhu nhau. Cho vao ong thir nhat ~dung dich phan tich, cho
thém céc thudc thir va hod chat khic dé tao mau roi va Ién thé tich V. Cho vao dng thi
hai chi c6 thudc thir va céc hod chat khic va ciing 1én thé tich V. Dung buret nhé timg
giot dung dich tiéu chuan nong do cao (dé cho su thay doi thé tich sau nay 1a khéng dang
ké, <10%) vao dng 2 cho dén khi mau ctia hai 6ng nhu nhau. Dya vao lugng dung dich
tiéu chuan da diing suy ra ham lugng chét can phén tich.

* Phwong phdp so mau bang mdy:
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Diing mdy dé do chinh xac do hap thu quang A ciia dung dich chat mau, roi tir o
hap thu quang do duoc suy ra chét can phan tich theo dinh luat Lambe - Bia. Mdy do c6
d6 chinh xédc rat cao, sai sd thuong khoéng vuot qua 2%, do d6 viéc tao mau phai tién
hanh trong cac binh dinh murc dung tich 25 —100ml. Phuong phap do c¢6 do nhay 16n (cé
thé do mau ctia dung dich c6 nong do 10 M), nén dugc sir dung nhiéu trong phan tich vi
lugng.

Khi do phai chinh budc séng do vé gia tri da chon.

Thudng sir dung hai phuong phép do: phuong phap duong chuan va phuong phép
thém vao.

+ Phuwong phdp dwong chudn:

Viéc chuan bi cic binh mau chuan duoc tién hanh nhu lam thang chuén trong
phuong phép so mau bang mit, song, thay cho viéc dung dng nghiém sir dung céc binh
dinh mirc ¢6 dung tich 25ml, 50ml. 100ml. Do d6 hap thu quang ciia diy chudn va dung
dd thi phu thudc A = f(C) (qua d6 ciing x4c dinh gi6i han khoang tuyén tinh cta dinh luat
Lambe-Bia (cdc hinh H.1a.4, H.1b.4). Chuan bi binh mau dung dich phén tich tuong tu
nhu trén va do d6 hap thu quang cua né: Apt Tir d6 thi biéu dién A = f(C) (cic hinh
H.la.4, H.1b.4) va gid tri cua Ay suy ra néong d6 dung dich phan tich. Phirong phdp
duwong chudn rdt thich hop cho phan tich hang loat mau. Tuy vay, phuong phap nay bi
anh hudng bdi cic ion la c¢6 trong dung dich phan tich.

+ Phwong phdp thém vao:

Lay hai binh dinh mirc. Cho vao binh thir nhat dung dich can phén tich va tién
hanh phan tmg mau. Po d6 hp thu quang cta dung dich Ap. Cho vao binh thir hai cling
v6i luong dung dich phén tich nhu ¢ binh mt nhung ¢6 thém mot lugng xdc dinh dung
dich tiéu chuan cta chit can x4c dinh va tién hanh phan tng hién mau. Po do hap thu
quang ctia dung dich A. Khéi lwong chat can phén tich dugc xdc dinh boi biéu thic IV-
7:

Wpt = Wic.(Apd/ (A — Apy) (Iv-
7)
trong d6: wi- la khoi luong chat tiéu chuén, Wy - 1a khdi lugng chat phén tich, A - 1a do
hap thu quang cuia binh gom chat can phén tich va chat tiéu chuan, Ap - 1a do hap thy
quang ctia binh chi ¢6 chét can phén tich.

Phwrong phdp thém vao chi thich hop cho trieong hop phan tich it mau (1 — 2

mdu). Phuong phap nay it bi anh hudng béi cic ion la c6 trong dung dich phan tich.

3. PHUONG PHAP PO PIEN THE

3.1. Pit van dé

Phuong phdp do dién thé 12 dya trén viée do thé dién cuc cua dién cuc nhing
trong dung dich phan tich, thé cta dién cuc nay 12 ham cua ndng do chat can phan tich:
E = f(C). Nhu vay, tur gid tri thé do duoc cua dién cuc cé thé suy ra néng dd chat can
phan tich. Dién cuc nay dugc goi la dién cuc do (dién cyc lam viéc, di¢n cuc chi thi).

Phuong phép do dién thé duoc tién hanh theo cdch do truc tiép (tc thong qua
hiéu dién thé do duogc tinh ra ham lugng chét can phén tich), vi du: do pH, do cac ion
Ag', CI' va mot sb ion khéc hoic cdch do gidn tiép, vi du: chuan d6 véi viée sir dung
phuong phéap do hiéu dién thé dé xdc dinh diém twong duong. Cach do thir hai dugc tng
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dung rong rai trong chuén d6 trung hoa, chuén d6 két tua, chuan do tao phuc va dac biét
trong chuén d6 oxi hod khur.
3.2. Pién cuc

C6 thé chia dién cuc theo co ché hoat dong 1am hai nhém chinh: 1- nhém c6 thé
dién cyc hinh thanh do xay ra sy trao ddi e trén ban dién cuc, 2- nhém dién cuc c6 thé
dién cuc hinh thanh do su trao d6i hodc khuéch tan ion qua lai ban dién cuc.

a. Nhém c6 thé dién cue hinh thanh do xay ra su trao doi e trén ban dién cuc

Day la céc dién cuc c6 thé dién cuc duoc hinh thanh do phan ng trao ddi e xay
ra trén dién cyuc. Thé nay dugc xdc dinh boi cdc phuong trinh Nerst I:

E = E%men + (0,059/m)lg[M™], (IV-
8)
cho phéan tng: M™ + me = M, va phuong trinh Nerst II hodc Nerst - Peterson:

E = E%n + [0,059/(m-n)]1g([ox]/[kh]"), (IV-
9)

vi du: cho phan ting: aM™ + a(m-n)e = a’M""

Céc dién cuc loai nay lai dugc chia thanh hai nhém nho: 1- dién cuc hé d@)ng tinh
va 2- dién cyc hé khong dong tinh.

+ Dién cuc hé dong tinh:

Cdc chat tham gia phan ung déu tan trong dung dich. Pién cuc dugc 1am bang
kim loai tro nhu Pt. Nhém dién cuc nay dung dé do dién thé cua hé, ¢ do, xay ra phan
ung oxi hod khu:

aox +ane — a’kh  hodc aox + amH" + ane — a’kh + (m/2)H,0
Thé dién cuc cua dién cuc dugc xdc dinh béi phuong trinh Nerst II (IV- 9). Pién cuc loai
nay dugc ding dé do ndng do cia cdc chat tham gia phan tng oxi hod khir trong dung
dich.

+ Dién cuc hé khéng dong tinh:

Mot trong hai chat tham gia phan mg oxi héa khir nam trong dang ran. Dién cuc
dung trong cac truong hop nay dugc lam tur chinh cdc kim loai hoat dong M, hodc Pt phu
kim loai hoat dong, hodc phu chét khong tan cua kim loai hoat dong. (Khai ni¢m kim loai
hoat dong 12 kim loai ¢6 céc ion tham gia phan (mg can theo ddi). Nhu vay, ¢6 cdc dang
tuong tac sau:

- Kim logi M va ion M"™" hodc phirc chat ciia né. Pién cuc ¢6 ciu tric: M™ | M,
duoc goi la dién cuc loai L Thé dién cuc cua dién cuc duge xdc dinh boi phuong trinh
Nerst I (IV- 8). Bién cuc loai nay dugc dung dé do néng do cta cac ion M™.

- Kim loai M va muoi khong tan MX,, hoac cdc hidroxit M(OH),, khong tan. Di¢n
cuc ¢6 cau triic: MXm | M, M(OH),, | M, duoc goi la dién cuc loai IL Thé dién cuc cua
dién cuc cling dugc xdc dinh boi phuong trinh Nerst I, tuy nhién, cé su tham gia cta cac
anion X hoac cac ion OH™:

E = EOMm+/M + (0,059/m)lg[M™], song, do c6 phan Ung tao két tua, vi du: MX,,
nén [M™] = Tyxn/[X]™. Thay gi4 tri nay vao biéu thirc IV- 8 s& ¢6: E = Elvmin  +
(0,059/m)1g Trnixe/[X 1™ Vi Taixm 12 hing s8, nén nhap 1gTyixm vOi ECymen 101 ddt thanh
hang s6 méi E” e+ va nhur vay biéu thirc IV- 8 tro thanh:

E = E%umem - 0,059g [X]. (V-
10)
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Nhu vay, néng dd anion X cang tang thé dién cuc cua dién cuc cang giam. Dién cuc loai
nay dung dé do nong do cdc ion M™, X', OH'.

- Kim loai M’ tao muéi khong tan M’X,,, anion X tao muéi khong tan voi ion kim
logi M’ dwoi dang M’ X, kim loai M’ dong vai tro nhu mot dién cuc. Pién cuc cé chu
tric: M’ IM”’ X, | M’ X,,,, dugce goi 1a dién cyc loai IIL Thé dién cuc cua dién cuc nay
dugc tinh theo biéu thire IV- 8 cho ion M” véi sy tham gia ctia anion X va ion kim loai
M’™ . Dién cuc loai nay ding dé do néng d0 ion cua kim loai M’.

b. Nhém cé thé dién cwe hinh thanh do xay ra sy trao d6i hoic khuéch tan
ion qua ban dién cuc:

Pay 1a nhém dién cuc hoat dong dya trén sy trao ddi, khuéch tén cdc ion qua
mang. Khi hai bén mat mang trao ddi c6 su khéc biét vé néng do cua mot ion nao dé co
thé trao d6i qua mang thi trén mang s¢ xuét hién mot thé dién cuc. Thé dién cuc nay
dugc goi 1a thé dién cyc mang va dugc biéu dién boi biéu thirc:

E= EO + (RT/nF)lg (C,/Cy), (Iv-11)
Trong d6: R- hang s6 khi, T- nhiét @6 Kenvin, F- hang s Faraddy, C;, C, — ndng d¢ cua
chét can nghién ctru & ha1 bén bé mat mang (luon dat Ci> Cy).

Céc hang san xuat dién cuc ludn san xuat dién cuc véi tiéu chuan sao cho RT/nF

~ 0,059. Trong nhém nay c6 céc dién cuc thuy tinh va dién cuc mang chon lgc.

+ Dién cuc thuy tinh:

Pién cyc 12 bau thuy tinh méng bén trong chira dung dich ¢6 ion tring voi ion
can phan tich (vi du HCI dung cho do ion H"). Thé dién cuc cua dién cuc 1a két qua cua
su trao doi ion qua mang thuy tinh. Pi¢n cuc thuy tinh c6 hai loai: loai di¢n tr& 16n va
loai dién tré nhd tuy theo loai thuy tinh va d§ day cua mang thuy tinh. Hién nay, da san
xuét dugc cdc dién cuc cho viéc xdc dinh H*, cdc ion kim loai kiém (Na, K..), cdc kim
loai kiém tho, kém...

+ Dién cuc mang chon loc:

Mang dugc dung phd bién 12 mang nhua silicon, tren d6 phan tan cdc mudi khong
tan cua ion can xac dinh, vi du: BaSOy cho céc ion SO4 , AgCl hay Agl cho ion CI' hay
ion I'... Mang ¢6 d6 day khoang 0,5 — 2mm dugc gan 1€n 6ng thuy t1nh Bén trong Ong
chtra dung dich lodng cua ion giéng nhu ion can phan tich, vi du: KI 10”M cho xdc dinh
ion I'. Hién nay, da san Xuét céc loai dién cyc khiac nhau phuc vu xdc dinh chon loc
khoang 50 ion: clorua, idtua, bromua, xyanua, florua, sunphua, sunphat, photphat,
nitrorat, canxi , nhf)m, kém, niken, magie, d@)ng, bac ...

3.3. Do dién the

Khong thé do truc tiép duoc thé dién cuc ctia mot dién cuc nao do, vi thé, phai su
dung phép do so sdnh v&i mot dién cuc da biét gid tri thé cua né. Pién cuc da biét thé cua
né dugc goi 1a dién cuwc so sdnh. Pién cuc nay phai ¢6 thé 6n dinh trong diéu kién do.
Nhu vay, thiét bi do dién thé gém: dién cuc lam viéc, dién cuc so sdnh va dung cu do
hi¢u dién thé.

a. Pién curc so sanh

+ Dién cuc so sdnh tiéu chudn la di¢n cwc hydro chudn:

Dién cyc ¢6 cau tric 12 mot thanh Pt dwgc phu mot 16p PtO, nhiing trong dung
dich ¢6 hoat dd cuia H* =1 (ag+=1), ca hé nay duoc dit trong bau khi quyén hydro véi
ap suat latm (Pt(PtO,) | ag+, Hy). O nhiét d6 20° C, thé dién cuc ciia dién cuc duoc qui
dinh 12 bang 0.
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Dién cyc tidu chuan hydro rat cong kénh, nén trong phén tich ing dung thuong
diing cic dién cyuc khac dé ché tao va bén hon nhu dién cuc calomen va dién cuc bac -
bac clorua.

+ Dién cuc calomen:

Day la loai dién cuc so sdnh t6t nhét va duoc sir dung nhiéu nhit. N6 thudc vao
dién cuc loai I, ¢6 céu tric 1a Hg,Cl,(bao hoa),KCl | Hg(Pt). Phan trng cta di¢n cuc la:

Hg,Cly(rdn) +2e = 2Hg +2CI

Tuy theo ndng do KCl nap trong dién cyc ma nd c6 cdc gid tri dién thé khac
nhau. Théng thuong str dung cic nong do cua KCI: bao hoa, 1M va 0,1M, trong d6 nong
d6 bao hoa duoc st dung nhiéu nhét. O nhiét 6 25°C, thé dién cuc cta cic loai dién cuc
nay nhu sau:

bién cuc calomen 0,1M KCI +0,335V
bién cuc calomen 1IMKCI +0,280V
bién cuc calomen KCI bao hoa +0,241V

+ Dién cuc bac-bac clorua:

Ciling thugc vao nhém céac di¢n cuc loai II. Pi¢n cuc c6 céu tric AgCl(bao
hoa),KCI | Ag, hodc AgCl(bao hoa),KCI | Pt ma bac. Phan rng cta dién cyc nhu sau:

AgCl(rin) +e = Ag +CI

Thé dién cyc ciia né cling phu thudc vao nong d6 KCI nap trong dién cuc Thudng
st dung céc loai dién cuc véi nong d6 cua KCI: 0,1M, 1M va béo hoa. O nhiét d6 25°C,
thé dién cuc cua céc loai dién cuc nay nhu sau:

bién cuc bac - bac clorua 0,1M KCl +0,290V
bién cuc bac - bac clorua 1M KCI +0,236V
bién cuc bac - bac clorua KCI bao hoa +0,197V

b. Dién cuc do

C6 thé sir dung céc loai dién cyc mo ta tai muc 3.2 chuong IV né trén. Tuy vay,
tuy theo phan ing can theo ddi hodc chit can xdc dinh ma chon lya loai dién cuc thich
hop. Cu thé:

+ Theo doi phdn vng trung hoa:

Thuong st dung dién cuc thuy tinh.

+ Theo doi phdn vng oxi hod khu:

Thudng sir dung dién cuc lam bang céc kim loai tro nhu Pt, Au.

+ Theo déi phdn ting két tiia va tao phirc:

Thuong st dung céc loai dién cuc loai 11 ya loai III.

3.4. Ung dung phuong phap do dién thé trong phan tich

Bing phuong phép do dién thé c6 thé x4c dinh dinh lugng truc tiép hoic gian tiép
cdc ion, cdc hop chat khdc nhau. Trong phuong phép truc tlep, tir s6 do dién thé suy ra
nong do chat can phan tich. Con trong phuong phép gian tiép, phuong phap do dién thé
duogc st dung 1am chi thi xdc dinh diém tuong dwong cho cic phép chuan do.

Xic dinh dinh lugng tryc tiép cdc ion bang phuong phip do dién thé véi viéc su
dung céc dién cuc c6 dién thé biéu dién bang phuong trinh Nerst ddi v6i nhiéu ion l1a
khong thé thuc hién dugce, vi dién cuc do cho ching khong thuan nghich trong khoang
rong cua néng do. Do d6 trong thuc té, chi c6 thé xdc dinh truc tiép dugc cic ion H'
trong khoang rong ndng do va trong khoang hep hon cic ion Ag" véi dién cuc Ag, ion
clorua véi dién cuc bac-bac clorua.
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St dung cdc dién cuc thuy tinh, dién cyc mang cé thé cho phép xéc dinh truc tiép
chon loc vé dinh lugng ddi véi cdc ion da néu trén trong khoang néng do tur 10" -10"*M.
Du6i déy trinh bay mot phép do c¢6 nhiéu img dung trong thyc tién, d6 1a phép do pH.

Do pH:

Xic dinh pH bang phuong phép do dién thé dugc tién hanh rat nhanh va dang tin
cay. Tuy theo mdy do va dién cuc sir dung, d6 chinh x4c cta phép do c6 thé dat +0,1,
+0,01, £0,001 pH ¢ diéu kién thuong trong khoang rong cuia thang pH ciing nhu &
nhiét do cao, dp sudt 1on. Viéc do pH c6 thé dugc ty dong hod hoan toan. O nhiét do
20°C, pH cua dung dich dugc x4c dinh b?mg biéu thuc:

pH = (Ex - E)/0,059, (IV-12)
Trong d6: Eq la hidu dién thé ctia hé, Eq 1a thé dién cuc clia dién cuc so sdnh.

Hi¢n nay, thuong dung dién cuc chi thi do pH Ia dién cuc thuy tinh. BJ chinh xac ctua
dién cyc thuy tinh phu thudc vao thanh phﬁn thuy tinh ché tao ra nod, vi du: loai thuy tinh
thuong 1a thuy tinh Na, con loai dac bi¢t 1a ¢c6 thém Li,O va mot s6 oxit khdc. Pién cuc lam
bang thuy tinh thuong cho do chinh xac ciia phép do +0,1 pH trong khoang pH dén 10, 11,
con ddi véi loai thuy tinh Li c6 thé dat dd chinh xdc téi £ 0,05 — 0,1 pH trong khoang pH
dén 12, 13. Dién thé ctia dién cyc thuy tinh 12 khéng hoan toan tuyén tinh véi pH, chiing dao
dong trong khoang 56 dén 58mV cho 1 don vi pH, vi thé trudc khi tién hanh do pH dung
dich phan tich, can hiéu chinh gi4 tri ciia may do bang cdc dung dich chuan pH. Khi hiéu
chinh mdy do can chon dung dich pH chudn cé pH nam trong khodng pHg, * 2. Trong bang
B.1.4 1a mot s6 dung dich pH chuan diing cho hidu chinh mdy do pH (pH-mét).

Bing B.1.4: Mt sé dung dich pH chudn

Dung dich pH & 25°
0,IM HC1 1,085
0,01M HC1 + 0,09M KClI 2,075
0,03 M monokali tactrat 3,567
0,1M monokali tactrat 3,719
0,05M monokali phtalat 4,010
0,01M CH3COOH + 0,01M NaCH3;COO 4,714
0,025M KH,PO, + 0,025M Na,HPO, 6,855
0,05M Na,B407.10H,0 9,180
0,05 CaCl, + 2M NaCl + Ca(OH); bao hoa 11,82
Ca(OH), bao hoa 12,45

4. PHUONG PHAP CHIET

4.1. Khai niém

Nguyén tic tach cta cdc phuong phép chiét 1a dya trén sy hoa tan ctia nhitng cht
can tach gifra 2 pha hodc 2 tudng.

Pha 12 kh4i niém chi su ton tai trang thi vat chat, nhu vay c¢6 3 pha: ran, 16ng, khi
twong Urng voi 3 trang théi cua vat chét. Tudng 1a khédi niém chi ranh gidi ton tai ctia cac
cAu tir tao thanh pha, vi du: hdn hop nudc va dau hoa tao chung thanh pha 1ong gém
tudng nudc va tudng dau hoa khong tron 1dn vao nhau.

4.2. Chiét chit rian bang chit 16ng
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Con goi 1a phuong phép trich li. O day, thanh phan chét giy nhidu hodc thanh
phan can phan tich duoc chiét ra khoi hdn hop bang dung mdi thich hop.

Vi du: khi phan tich ion Hg** duéi dang két tia HgS véi thude thir H,S, thi két
tia thudng bi 1an nguyén td S. Dé lam sach két tia, khong thé 1am cho S bay hoi vi HgS
bi thing hoa theo, do d6, chiét S bang CS; hodc nitrobenzen. Khi phan tich chét béo
trong nong san c6 thé chiét né bang petrolejete ..., sau d6 phan tich chat béo. Khi phan
tich cac mudi hoa tan trong dat thi chiét chiing bang nudc cat .

4.3. Chiét chat léng bang chit 16ng

bay la phuong phap rat thong dung, cho phép tach khdi lugng 16n chat giy nhidu
cung nhu lugng nho chat can phan tich. Trong phuong phap nay, sir dung dung moi chiét
1a cdc hop chat hitu co dé chiét cdc chat hoa tan trong nudc. Sau khi chiét, thuong dang
chiét rat phit hgp v6i mot phép do nao d6, vi du: chiét phirc chat mau do hong Zn -
dithizon vao CCly, 16i do d6 hap thu quang cta dung dich chiét bang phuong phdp so
mau.

Trong qua trinh chiét, chat bi chiét chuyén vao dung méi hitu co dén khi dat duoc
can bang. Vi du: vé6i chit A, nong do cia chling 0 hai tudng hiru co (hc) va nudce (nc) co

can bang nhu sau: (Anc ) = (Anc ) varti s0 nong d6 can bang clia chat A trong hai tuéng
duoc goi 12 hiang sb phan bd K:
K = [A]hc/[A]nc (IV'
13)
) Hing s6 nay duoc goi 1a hang s6 phan bé li thuyét va con dwoc goi la hé s6 phan
bo Q.

Trong Hoa phan tich, két qua phén tich dugc biéu dién dudi dang ti 1¢ toan phan
nén thuong dung hang 56 phan bé thuc nghiém K’ (con dwoc goi la ti s6 phdn bé q) duoc
xdc dinh bang ti s6 nong do phan tich ctia chat A trong tudng hiru co (Aye ) va trong
tudng nudc (Ape):

K’ = Canc /Canc (IV-
14)
boi vi chét bi chiét & trong dung dich nudc hodc trong dung dich hiru co c6 thé ton tai &
nhiéu dang. Vi du: khi chiét ion Zn** duéi dang phirc chat Zn - dithizon, trong tudng
dung moéi hitu co ¢6 phic chat Zn - dithizon, trong tuéng nudc: ¢ ion Zn™, phirc chét
Zn - dithizon, do d6 trong vi du nay co:
= [Zn - dithizon]/[Zn - dithizon],

K’ = [ Zn - dithizon]n/([Zn**] + [Zn - dithizonp)

Hiéu qué ctia viéc chiét thuong duogc bicu dién bang % chiét (E%) va duoc xédc
lap nhu sau:

Gia str s6 mol ctia chat A 13 X dugc phan bd thanh Xy, mol trong tudng hitu co va
X mol trong tudng nude, thé tich tudng hiru co 1a Vi, va clia tuéng nude 1a Vo thi co:

X = Xhe + Xne
E% = (X1/X).100
Vi cac dir 1i€u trén cling co:
K’ = (th/V hc)/ (Xne / Vie)
Tir &6 mbi quan hé gitta E% va K’ dugc xdc 1ap boi biéu thic IV - 15:
E% = (100. K" )/(K*+Vye/ Vi) IV - 15)
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Biéu thirc IV- 15 cho they, néu hang sé phan bd thuc nghiém K’ du 16n hodc thé
tich dung mdi hitu co rat 16n, thi chi can chiét mot 1an 1a c6 thé dat E% chiét gan 100%.
Song trong thyc té, hang s6 K va lugng dung moi hitu co khong du lon dé cho phép chi
chiét mot 1an, Idc nay can st dung phuong phdp chiét nhiéu lan, nhu vay, hiu qua cua
viéc str dung dung moi chiét s& cao hon. Vi du: Khi chiét bang n 1an chiét v6i thé tich
ctia hai tudng khong doi sé& c6 :

E% = 100.{1 - [Vpo/(K’ VhetVao)]"} (IV-16)

Tir d6 cho thy, khi chia dung m6i chiét thanh nhicu phin dé chiét thi higu qua
chiét s& cao hon. Dleu nay rét 6 loi khi st dung cdc dung mai c6 ti 1¢ phan bd nho hodc
cdc dung méi dat tién.

Trong Hod phén tich thuong chiét tich cdc chéat vo co ra khoi nhau thong qua
viéc chiét cdc phire chit dang ndi phie (vi du: [Al(8-hydroxiquinolin);]) hodc cdc hop
chét axociat (hat cong hop) (vi du H[FeCl,]) khong mang di¢n tich cua ching.

Do phén g tao phirc chat thudng giai phong ra ion H", nén khi c4c ion khéc
nhau cung tao phtrc vé1 mot ph01 tir thi 6 bén cua phirc chat ciing khic nhau phu thudc
vao pH cua méi trudng. Vi thé, bang su diéu tiét pH m01 truong c6 thé tach chon loc cic
ion ra khoi nhau. Vi du: v6i hdn hgp ion AP va Mn** ¢6 thé cho chiing tao phtrc chat
v6i 8-hydroxiquinolin, roi chiét phtrc chét cia ion AI** trude & pH 3 — 4 (ldc nay sy tao
phirc chat ciia ion Mn** khong xay ra), sau d6 chiét phtrc chat cta ion Mn** & pH6-7.

Cau héi on tap

1. DBinh luat Bugo - Lambe — Bia? Pham vi tng dung cta chiing?

2. Tinh cong tinh cta cta dinh luat Bugo - Lambe — Bia? va g dung tinh chat nay?

3. Pho hip thy va ting dung ctia né ?

4. Nguyén tic clia cdc phuong phdp so mau bang mat va bang may?

5. Céc loai dién cyc dung trong do dién thé dung dich?

6. Nguyén tac xdc dinh pH bang phuong phép do dién thé.

7. Hang s6 phan bd, hang s6 phan bd thuc nghiém, % chiét 1a gi? Biéu thirc tinh ctia ching?

Bai tap

1. So mau bang mat xédc dinh chat X theo phuong phép pha loang. Khi thé tich cua 6ng
mau phan tich va éng mau chuan Ia Vi, thi mau cua 6ng phan tich nhat hon. Sau khi cho
thém V;, ml nudc vao ong mau chuén thi mau cua hai 6ng la nhu nhau. Hay tinh khoéi
luong chét mau X trong 6ng phan tich, néu biét khdi luong chat mau X trong 6ng chuan
la amg. (Pap $6: a. Vi/(V1 + V).

2. Xéc dinh hé s6 hap thy dnh sang € ctia chat mau X, da do d6 hap thu quang ciia 2 dung
dich chat mau X: do mau dung dich 1 c6 néng do C, = 10*M véi cuvet 5 cm duoc A =
0,60 va do mau dung dich 2 c6 néng do C, =4. 10*M v6i cuvet 1cm duoc A =0,48. Hoi:
€ c6 phu thudc vao cuvet va néng d6 chat mau khong? (Pép sb: khong).

3. So mau bang mit xdc dinh chat X c6 kh01 lrgng mol phan tr M theo phuong phap day
tiéu chuan, c6 mau cta ong phan tich gidng ong mau ¢6 chira V ml dung dich tiéu chuan
noéng d6 C mol/l. Néu thé tich dung dich chat X di lay dé phan tich 1a Vx ml, thi khoi
luong chat X trong 1 1it dung dich 1a bao nhiéu? (Dap so: a = M.(VC/Vx).1).
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4. So mau bang mat xac dinh chat X c6 kh01 lugng mol phén tir M theo phwong phép day
tiéu chuan, c6 mau cua 6ng phan tich gidng dng mau ¢ chtra a mg chat mau chuan. Néu
thé tich dung dich chat X di 1ay dé phén tich 1a Vx ml, thi nong d6 mol/l ciia dung dich
chit X 12 bao nh1eu‘7 Pap s6: a/MVX)

5. So mau bang mét xédc dinh chat X c6 kh01 lugng mol phén tir M theo phuong phap day
tiéu chuan, c6 mau cia 6ng phan tich nam gitra hai dng mau c6 chira a; va a, mg chat
mau chuan. Néu thé tich dung dich chat X da 1ay dé phan tich 1a Vx ml, thi néng d6 mol/l
cua dung dich chit X 12 bao nhiéu? Pap s6: (a1 + a)/2MVyx).

6. D6 hip thu quang ciia hai dung dich phirc ctia ion Cu** véi NH; ¢6 nong d6 C,, C,
duogc do ¢ cung budc séng trong hai cuvet ¢6 do day 1y, I (I; # 1,). Hai dung dich nay c6
cling d6 hap thu quang khi nao? (Pdp s6: C; = L,Co/1)).

7. Bé dinh lugng ion Cu®*, cho né tao phirc véi NH; rdi so mau bang mét, két qua cho
thdy mau cua dng khao sit ddm hon mau ciia dng tiéu chudn chira 0,0295 mg ion Cu**.
Thé tich dung dich hai 6ng bang nhau va bang 20 ml. Néu pha loang dng khao sat dén thé
tich 24 ml thi cuong d6 mau cua 2 dng bang nhau. Tinh ndng d6 mol/l cta ion Cu** trong
dung dich phén tich ban dau biét rang da lay 4 ml dung dich phan tich dé tao mau. (Dap
sb: 1,383.107'M).

8. So mau xdc dinh ion Fe** vé6i thude thir KCNS bang phwong phép duong chuin, da ldy
vao cac binh dinh muc 100 ml lan Iuwot 2,0; 4,0; 6,0; 8,0; 10,0 ml 10°M dung dich ion
Fe’*. Do hap thu quang ciia cic dung dich mau tiéu chuan lan lugt 1a: 0,13; 0,29; 0,40;
0,56; 0,68. Hay tinh ndng d6 M caa dung dich mAu, néu d6 hap thu quang cta binh mau
lam tir dung dich mau phén tich 1a 0,35, biét rang khi 1én mau da liy 15 ml dung dich

phan tich. (Dép sb: =3,5.10*M).
9. Po d9 hap thu quang cia dung dich mau gom 2 chat mau X va Y tai 2 budc séng A va
A, dugc céc gid tri twong tmg 12 0,35 va 0,48. Tinh nong do dung dich theo mol/l cua hai
chit X, Y. Biét: vdi cuvet 1cm, dung dich 2.10™* M ciia chat X ¢6 A; | = 0,22, Aj , = 0,64
va dung dich 2.10‘4 M ctia chat Y ¢6 Ay | = 0,46, Ay, = 0,34. (Pdp s6: Cx = 9,27.10°M,
Cy=1,078.10° ™).
10. Can 1g mau chia ion PO,* rdi hoa tan thanh 1000ml dung dich. Lay 2ml dung dich
nay dé tao mau xanh molybden thi do duoc A = 0,40. Thang mau chuan c6 céc tri sd cua
A Umg v6i cac ham lugng cua ion PO4 nhu sau:
mg PO 0 0,001 0,002 0,003 0,004
A 0,151 0,250 0,352 0,450 0,553

Hay tinh thanh phén % cua ion PO43' trong mau! (Pap $0: 0,0125%).
11. Cho chat X dugc phan b trong hai dung mdi nudc va dung méi hitu co véi thé tich
bang nhau. Sau khi dat can bang, luong chit X trong dung mdi nudce 12 10mmol va trong
dung moi hitu co 1a 50mmol. Hay tinh:

a— Hang s6 phan bd thyc nghiém K.

b- Tinh % chiét ( E%), khi céc thé tich tudng nudc va tudng hitu co bang nhau.
Pép s6: K’ =5, E% = 83,33%).
12. Néu chiét 100mmol chat X tir 100 ml dung dich nudc véi higu suit 90% bang 1 lan
chiét va bang 2 1an chiét thi thé tich dung moi hitu co can 13 bao nhiéu? Biét hang s
phan b thyc nghiém K’ = 5. (Dép sd: 180ml; 63,4ml).
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Chwong V
SAI SO TRONG HOA PHAN TiCH

1. SAI SO

Trong Hoa phan tich, dé thu dugc két qua cu01 cung nguoi phan tich phai tién hanh
rit nhiéu thao tic va mdi thao tic do déu co thé méc sai s6t din dén su sai léch két qua
phan tich so véi gid tri thuc cua mau. Sai so phan tich chinh la sy sai léch giita két qua
thu dwege so véi gid tri thwc. Sai s6 12 sy kién ma ngay ca ngudi phan tich can than nhat,
sir dung phuong tién, dung cu ciing nhu mdy méc phan tich hoan hao nhét ciing khong
thé tranh duoc.

Sai s6 thuong c6 do [1on khac nhau va do nhiéu nguyén nhan khac nhau gay nén.
Khong thé tranh duogc sai sd nhung c¢6 thé han ché tic hai cua no néu nam duoc nguyén
nhan va qui luat phat sinh ciia né dé chon giai phap phén tich t6t nhat.

1.1. Phén loai sai so

Duya vio d6 10n, tinh chét va nguyén nhan gy nén, sai s duoc chia thanh 3 loai:

- Sai s6 ngau nhién,

- Sai s hé théng.

- Sai s6 dang tiéc (sai s6 thd).

a. Sai s6 ngiu nhién

La nhing sai s6 rat nho va khong c6 qui luat, thuong gap trong khi tién hanh timg
budc phén tich. Hau qua ctia nd 1a 1am cho két qua cua cdc 1an phén tich song song c6
khac nhau chit it, nhung két qua trung binh cua cac lan phan tich nay khong gay ra sai sO
déng ké so voi gid tri thuc (sai s6 nho hon hodc bang sai s6 cho phép). Tap hop két qua
ctia nhiéu 1an phan tich 1ap lai nay dugc goi la tap hop mic sai s6 ngau nhién.

Nguyén nhan cua sai s ngau nhién khong thé xdc dinh duogc, khong 1i giai duoc.
Thuong qui cho sy hinh thanh sai s6 nay la do nhimng su bién d01 rat nho cua moi trudng
trong qda trinh do nhu nhitng thay d6i nho cua nhiét do, ap suat, 46 am... Sai sd ngau
nhién khong thé loai bé duoc ma chi c6 thé ding todn thong ké dé xac dmh khoang ton
tai ctia gid tri két qua phén tich.

b. Sai s6 hé thong

La loai sai s6 c6 hudng 1am cho két qua phén tich ludn 16n hon hodc ludn nho hon
gid tri thuc vuot qud sai s6 cho phép.

C6 nhiéu nguyén nhan giy ra sai s hé thong nhu:

* Do dung cu, thiét bi do khong chinh xdc, hod chit khéng sach:

Gay ra s6 do ludn sai v6i gid tri thuc.

Vi dy: Binh dinh mtc ¢6 dung tich ghi trén binh 12 100ml, nhung trong thyc té chi
¢6 99,5ml. Nhu vay, khi diing binh nay dé pha hod chét, dung dich thu duoc ludn c6 nong
d6 16n hon theo tinh toan 1a 100/99,5 lan. Hoadc khi pha 1 lit dung dich CuSO4 0,02N tu
CuSO04,5H,0 (theo nhén ghi), nhung trong thyuc té do bao quan CuSO45H,0 di chuyén
thanh CuSO,44H,0; néu pha theo lugng da tinh véi CuSO45H,0 s€ cho dung dich c6
nong d6 0,0216N 16n hon 0,02N.
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Dé khic phuc loai sai s6 nay can can chinh dung cu, thiét bi do, kiém tra hod chat
true khi tién hanh thi nghiém.

Néu sau khi 1am thi nghiém méi phat hién ra sai s6 thi:

- T6t nhat 13 1am lai phén tich.

- Trong trudng hop khong thé 1am lai phan tich, thi c6 thé hiéu chinh két qua bang
hé s6 da xdc dinh. Trong truong hop trén véi su sai s6 do ctia binh, két qua phan tich thu
dugc duge hidu chinh bang cdch nhan véi hé s6 100/99,5.

* Do phwong phdp:

Phép do ludn cho két qua 16n hon hodc nho hon gid tri thye.

Vi du: Dung phan ng khong hoan toan s€ luén mac s6 4m (-). Pé khac phuc loai
sai sO nay can chon lai phuong phap phén tich, neu khong thé chon lai phuong phap, can
tinh todn sai s6 cua phuong phép hodc lam mau klem tra v6i d6i tuong chuin (chat
chuan) va sau d6 chinh If két qua phan tich theo sai s6 da tinh. Vi du: Khi phén tich N
trong cdc hop chat hitu co véi cic vong thom chira N bang phuong phap Kendan
(Kjeldahl); thuong qué trinh cong pha mau khong chuyen hoa 100% N vé NHs, vi thé
phai st dung cdc hod chét sach ¢6 tinh chét tuong tu chét can _phan tich lam mau chuén.
Rhan tich mau chuén s& cho hé ) hiéu chinh dé hiéu chinh két qua phan tich trong thuc
te.

* Do sy thién léch ciia nguwoi lam phan tich:

Sai s6 nay do cd nhan nguoi phan tich gay nén do thiéu kinh nghiém hodc c6 su
thién vi khi quan sdt va tién hanh thi nghiém hogc tinh todn sai. Vi dy: Khi chuan d¢6 da
nhan biét sai vé su chuyén mau ctia chi thi. Dé khic phuc loai sai s6 nay ngudi phén tich
can phai tuy stra minh cho céc thao tac that chuin x4c.

c. Sai sé ddng tiéc (sai sé tho)

Sai s6 nay thuong 16n, khong c6 qui luat va gay anh huong 16n dén két qua cudi
cung.

Nguyén nhan giy ra sai s nay la:

* Do chon phwong phdp phan tich khong én dinh:

Vi du: Khi so mau da chon phan tng kém bén vé6i thoi gian hodc bi tdc dong cua
khong khi hodc khi phan tich theo phuong phdp khéi lwong két tua di s dung két tia c6
kha ning hip thu chat ban qua 16n khé rira sach... Céch khic phuc 1a thay d6i phuong
phép hoic 6n dinh diéu kién do...

* Do ngwoi lam phén tich cdu tha, khéng can théan:

Nhu khi 1am phén tich khong tuan tha qui trinh, khi 1am thi nghiém di dénh do,
nham 1an hod chit; nham 14n khi tinh todn... Dé khic phuc loai sai s6 nay ngudi phan
tich can phai tu stra minh cho céc thao téc that chuan xdc.

Trén quan diém thuc tién sai sé ciing cé thé dwoc chia thanh hai nhém: sai sé
chinh Ii duoc va sai ) khong chinh Ii dwoc. Sai ) hé théng do dung cu, thiét bi va hod
chat va sai s6 hé théng do phwong phdp la loai sai s6 chinh li dwoc thong qua con dwong
thwee nghiém hodc thong qua tinh todn. Sai sé6 ngau nhién la logi sai s6 khdch quan khéng
chinh Ii dwoc, song, né rdt nhé nén dwoc chap nhén. Sai sé thé la sai sé6 khéng chinh li
duoc va ophdi duoc lroai ra khi tinh todn két qua. )

1.2. Biéu dién két qua phan tich va sai so

a. Biéu dién két qua phan tich
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Gia s mot dai lugng can phén tich c6 gid tri thuc la pu dugce x4c dinh n 1an véi cdc
két qua cia mdi 1an 1ap lai 1a x; (i =1, 2,..., n), c6 thé biéu dién sai s6 bang sai sd tuyét
d6i hodc sai s6 twong doi.

b. Sai s6 tuyét ddi

Sau khi da loai trir sai s6 thd, két qua phan tich 12 gid tri trung binh ( x ) cia céc
két qua thudc nhiing 1an phan tich 1ap lai:

x= " z2xi)/n (V-1)
Sai s6 tuyét d6i (ky hiéu 1a dx) s& la:
dx= x-L (V-2)

Nhur vy, sai s6 tuyét ddi c6 thé mang dau 4m hodc duong. Thuong sai s tuyét dbi duoc
biéu dien dudi dang gid tri tuyét doi, tirc

dx=| x-p | (V-3)

don vi cua dx chinh la don vi do két qua phan tich.

Sai s tuy€t dbi thuong duoc ding khi biéu dlen két qua phan tich dudi dang
khoang xdc dinh x % dx, vi du: khi cAn 100mg mau trén cin phan tich c6 sai so +
0,1mg, thi lwong can can duoc 1a 100,0 + 0,1 (mg).

Bang sai sd tuyét d6i c6 the danh gid do chinh xdc cua phép phan tich. Khi xac
dinh mét chi tiéu nao d6 cua mot mau bang cdc phuong phap khac nhau, thi phuong phép
nao co sai sO tuyét d6i nho hon s& cé do chinh xédc cao hon. Vi du 1: khi can 100,0mg
mau trén 2 loai cin cin phan tich c6 sai s6 0,1mg, tirc dx = 0,1mg va can thuong c6 sai s6
Img, tirc dx = 1mg, nhu vay can trén can phan tich c6 do chinh xac cao hon vi dx nho
hon.

Tuy nhién, khi xac dinh céc chi ti€u khac nhau v6i cdc ham lugng khac nhau thi
sai sO tuyét ddi khong thé cho biét 1o thong tin vé do chinh xdc ciia phuong phép do. Vi
dy 2: khi xdc dinh mau chira 60,01% SiO, va mdt mau khdc chira 0,10% As déu méc sai
sO tuyét d6i dx = 0,05%, ro rang khong thé coi viée xdc dinh As ¢6 do chinh xac nhu la
xac dinh SiO, chi vi ¢6 dx nhu nhau.

Mit khic khong thé dung sai sO tuyét ddi dé so sanh do chinh xdc cta cdc phan
tich ma két qua dugc biéu dién véi cdc don vi do khic nhau. Vi dy 3: so sdnh két qua
phan tich cua mau 1 ¢6 x; = 40,0mg, dx = 0,Img v&i mau 2 ¢é x» = 20,00% va dx =
0,05% 12 khong thé thyc hién duoc.

Vi thé, dé c6 thé danh gid tét hon do chinh xdc va dé c6 thé so sanh céc két qua
phan tich biéu dién bang céc don vi do khac nhau diing sai s6 twong doi.

c. Sai sé tuwong déi

La ti s6 gitta sai sO tuyét dbi va gid tri thuc p. Sai sb tuwong ddi duoc biéu dién
theo phan trim e% hoic sai s6 %:

e% = (dx/n).100 (V-4)

Trong thuc té, thuong khong biét gid tri thyuc  trir khi phan tich mau chuan, vi thé
sai s6 twong ddi thuong duge biéu dién dudi dang:
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e% = (dx/ x).100 (V-5)
Sai s twong d6i thuong ding dé biéu dién do chinh xdc cta két qua phan tich.
Trong vi du 2 néu trén, sai s €% cua phan tich SiO; 1a 0,083%, cua phan tich As la 50%,
nhu vay, viéc phan tich SiO; la chinh xdc hon phan tich As. Con voi vi dy 3, ca hai phép
do déu mic sai sb tuong d6i 0, 25%, nhu vy c6 d6 chinh xdc nhu nhau.
Nhu vay, tuy theo yéu cdu ma biéu dién két qua phan tich voi sai s6 tuyét doi
hoic sai s6 tuong doi.

2. LITHUYET VE SAI SO

Viéc tinh todn sai s phan tich theo cdc biéu thic V- 1 - V- 5, thuong chi ding
cho tinh todn két qua ting cong doan phan tich. Trong thyc té, khi tién hanh phan tich,
nguol phan tich trién khai rat nhiéu thao tac lién tiép nhau dé c6 két qua cuéi cling. Mo6i
thao tic mic mot sai s6 nhat dinh va sai sd nay thé hién trong két qua cudi ciing. Su thé
hién cua ching dugc xac 1ap bang 1i thuyét sai so.

Néu mdi bude di trong phan tich cho két qua x;, X2,...,Xn, Sl s0 dx ctia chiing 1a
dx, dxo,... dxn va sai sO % cua ching 1a ey, €x2,..., € , két qua cudi cung cua phan tich
la y dugc bleu dién nhu 13 ham cua céc x;: y = f(xl, X2,..., Xp), I thuyet sai sO noi nhu
sau:

y =f(X1, X2,..., Xp] —
= (Oy/0x).dx; + (Oy/0x,).dxs + ... + (8y/Ox,).dx, va
ey = (Olny/0x,).dx; + (8lny/dx»).dx, +... + (Slny/dx,).dx,
Nhu vdy, néu qud trinh phan tich 1a tong dai sb céc cong doan thi:

y=x1% xo =>dy=dx; +dx, vae, =dyly (V-
6)
Néu qua trinh phén tich 12 gia tri thu duoc nhan véi hang sb thi:
y=kx - dy=kdx vae, =¢e, (V-17)
Néu qud trinh phén tich 12 tich hodc thwong ctia cdc cong doan  thi:
y = X1.X2 hodc y = xi/x» — dy = ey va ey = €1 + €o
(V-8)
Néu qud trinh phan tich la ham mii, ham cén cua cdc cong doan thi:
y=x" =>dy=nx" dxvaey—neX (V-9)

Viéc ap dung cong thirc nao hoac t6 hop cac nhom cong thie phu thude vao viée
xdc dinh cdc moi twong quan trong tién hanh phan tich. Vi du: khi can mau, trudc tién
phai can bi (x;) roi cAn bi + miu (x2), khoi lwong can cua mau y = X2 — X]. Néu sai s cua
can 1a + dx, dp dung biéu thic V- 6 s& c¢6: dy = dx + dx= 2dx, suy ra ey = [2dx/(x; -
x1)]100.

Ung dung 1i thuyét sai s6 ¢6 thé tinh dugc sai s6 phan tich khi biét sai s6 ctia timg
cong doan va xdc dinh duoc cong doan nao giy ra sai s6 10n nhat dé cé bién phdp lam
giam sai s6 phén tich.

Vi du: phal lit dung dich tiéu chuén CuSO..5H,0 10™*M. Chon lya céch pha
trong hai cich sau: 1 - pha tryc tiép tir lugng cAn, 2- pha lodng tir dung dich me ¢6
ndng do 10°M, véi viée str dung can phén tich c6 d6 chinh xdc + 0,1mg va céc dung cu
thuy tinh tiéu chuan, sai s6 cho phép 0,1%.

Cdch 1: Khéi lwong mol phan tir ciia CuSO4.5H,0 13 249,685g, vay luong can dé phal lit
dung dich tiéu chudn c6 ndng d6 10°*M 1a: 249,685. 1. 10™g tirc 24,9685mg ~ 25,0mg,
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nhu vay sai s6 can 1a: 2.0,1.100/25 = 0,8% (theo biéu thitc V- 6), qué 16n so véi sai s6
cho phép 0,1%.

Ccich 2: Luong can dé phallit dung dich tiéu chuén c6 ndng d6 10°M la: 249,685. 1.10°
3 tlrc 249,685mg =~ 249 ,7mg, nhu vay, sai sd can 1a: 2.0,1.100/249,7 = 0,08% (theo biéu
thirc V- 6), nho hon sai s6 cho phép (0,1%). Néu coi viéc lay 100ml dung dich 10°M nay
r0i pha lodng thanh 1000ml s€ mac sai sO rat nho so véi sai s6 cho phép, thi theo cac biéu
thitc V- 6 va V- 7 ¢6 sai sb cua cdch pha thir 2 12 0,08% chinh 12 sai s6 can, nho hon sai
s0 cho phép.

Nhu vay: khi pha dung dich c6 nong do qud nho nén ding phwong phdp pha

loang tir dung dich me c6 nong dé cao hon dé khong mdc sai so can qud lon.

3. DO BDUNG, PO CHINH XAC VA BQ TIN CAY CUA KET QUA PHAN TICH

Day 1a 3 chi tidu danh gid két qua phan tich.
3.1. bg diing

Phén tich 1a ding khi két qua thu dugc tring voi gid tri thuc. Su sai 1éch gitra két
qué thu dugc va gia tri thuc thé hién do ding ctia phép phan tich, gid tri nay cang nho thi
do dung cang cao. Trong Hod phan tich thuong dg sai 1éch nay cho phép nhé hon hay
bang 0,1%, & nhimg trudng hop cu thé ¢ thé cho phép cao hon.
3.2. B§ chinh xac

Mot cach goi khac d6 la d6 lap lai hay do hoi tu. Khi tién hanh phan tich nhiéu lan
lap lai (i 1an) mot mau véi mot phuong phap, cac két qua phan tich thu dugc thudng cing
khdc nhau va khdc voi gia tri thye mot tri s6 dx;. Khoang gid tri ma cdc két qua x; phan bd
duogc goi 12 d6 hoi tu cia phép phan tich. Néu khoang d6 cang nho, thi phép phan tich c6
dd hdi tu cang cao; con khoang d6 cang 16n, thi do hoi tu cang nhé hay d0 phan tan cao
(phép phan tich c6 thé méc sai s6 thd).
3.3. Dbo tin cay

Do tin cay la tiéu chi phéi hop boi do ding va dd hoi tu. Phép phan tich duoc coi
1a tin cdy cao, khi vura cho két qua c6 do ding cao va vira c6 do hoi tu cao cua céc gia tri
xi. Trong phan tich mau thyc té, dai bd phan cidc mau khong cé trudce gid tri thuc W cho
nén thudng chon cac phuong phap ¢6 do hoi tu cao médc du c6 thé mac sai s6 hé thong.
Con phuong phdp tuy cho ket qua ding, nhung, d¢ phén tan 16n khong dugc chap nhan,
vi khé ¢6 co s dé dam bao rang lan phan tich ldp lai tiép theo s& van cho do ding nhu cii
(vi thuong chi ¢6 thé 1ap lai mot s6 1an rat han ché).

D6 dung, do hoi tu va do tin cay duoc tmg dung trong viéc xdc dinh s6 1an phén
tich nhéc lai t6i thiéu can thye hién. Néu phuong phép phan tich c6 d6 hoi tu cao thi 6
lan nhéc lai c6 thé it con néu c6 do phan tan cao thi s6 lan nhéc lai phai nhiéu. Thong
thuong, khi xy dung phuong phap phén tich méi can nhic lai it nhat 7 1an, con khi phan
tich v6i phuong phéap da dugc xac dinh (khi phén tich hang loat mau) c6 thé giam s6 1an
nhic lai xuong 3 hodc 2, vi chi trong nhiing truong hop néu trén maoi c6 thé dung todn
thdng ké dé xéc dinh sai s6 thd, sai s6 hé thong.
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Hinh H.1..5 Minh hoa d¢ diing, do hoi tu: a- co do diing va do hoi tu cao, b-
khén’g co do c/ibing nhng c6 do hoi tu cao, c- c6 do diing phu’ng khong co do hoi tu.
4. TINH TOAN SAI SO HE THONG DO PHUONG PHAP

Nhu ¢ trén da noi: sai s6 hé thong do phuong phép c6 thé tinh dugc va 6 thé sir
dung két qua sai s6 tinh duoc dé klern tra phuong phép phén tich hoac dé chinh 1i két qua
phan tich, nén viéc tinh todn sai s6 hé thong 12 can thiét.

Trong phuong phdp phan tich hod hoc hoac héa li thuong st dung cic phan ung
hod hoc thich hgp dé tach hodc chuyén héa chat can phan tich, song, do cdc phan g nay
khong bao gio hoan toan nén c6 anh huong dén do chinh xdc cta phép phan tich. Hai
nguyén nhén chinh giy sai s6 hé thong do phuong phép thudng gip trong Héa phén tich
la:

- Do su cAn bang ctia phan tmg hod hoc.

- Do két thic phan ung khong diing diém twong duong, vi du: chi thi phan tng
khong ding diém tuong duong. .

4.1. Sai s0 hé thong do su can bang ctia phan ng hoa hoc gay nén

TAt ca céc phan tng hod hoc xay ra, vi du gitra hai chit A (chat can phan tich) va
chat B (thudc thir) theo phuong trinh (V- a), déu c¢6 sy can bang lam cho phan tmg khong
hoan toan.

A+nB s AB, (V-
a)
Su cén bang nay duoc dic trung boi hang s6 cin bang K:
K = [AB,]/ [A] [B]" (V-
10)

(trong phan tng tao két tia BA, thi K dugc thay béng Tvaco K=1/T).

Do vay, sau phan tng ludn c¢6 mot luong chat A du va day chinh Ia nguon sai sb
va duge goi 12 sai s6 do phuwong phdp. Sai s6 nay c6 thé tinh 1i thuyét duoc tir biéu thirc
V- 10. Tir biéu thirc V- 10 c6:

[A] = [AB,J/K[B]"
(V-11)
Néu goi néng dd phan tich cua chét A 1a Ca, s€ co:
Ca=[A] + [AB,]
thay biéu thirc nay vao biéu thire V- 11 duoc:
[A]l= (Ca—I[A]/K.[B]" = Cu/K.[B]" (V-
12)

néu coi [A] < Ca.
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Nhu vy, sai s6 tvong ddi ctia phuong phap do phan tng xay ra khong hoan toan
s€ la:
e% = 100[A]/Ca= 100/ K[B]"
(V-13)

(trong phan tng tao két tua BA,, e% =T . 100/ [B1").
Néu goi nong d6 chat A khi chua phan tich 1a C° As thé tich dung dich ban dau 1a
Vo va thé tich dung dich lic dat cin bang 12 Vo, thi sai s6 twong d6i con duoc biéu dién
nhu sau:
e% = 100[A] : Ve/ CO% : Vo
(V-14)

Ttr hai biéu thirc V- 13 va V- 14 cho thdy mudn phan tng xdy ra “hoan toan” hay
sai s6 nho nhat cho phép thi can c¢6 K 16n, [B] 16n (hay phai diing thudc thir du) va khong
nén lam loang qua di dung dich khi phan tich.

Nhdén xét nay duoc ung dung nhiéu trong phwong phap tdach bang su tao két tia,
bang s tao phitc, bang sw chiét... nham thiét lap diéu kién can dii cho sw can bang xdy
ra.

Viduy I Dé phan tmg V- a xay ra “hoan toan” voi sai sd e ~ 0,1% thi Kap phai 1a
bao nhiéu, néu khong dung du thuoc thu B, COA =0,1M, Vo =100ml, V¢, = 200ml.
Giai:
~ Theo bai ra c6 phuong trinh: A+ B = AB. Do khong dung du thudc thir nén
tai diém can bang: [A] = [B], tu bi€u thuc V- 14 c6:

0,1 > 100([A] . 200)/(0,1 . 100)— [A] < 5. 107 (M)
tec [B] <5.10°M

thay [B] < 5. 10°M vao biéu thic V- 13 ¢6 K = 2. 10’.

Vi du 2: Khi 1am két tia 96 mg ion SO, bang BaCl, tai pH = 4, thi sai s6 phén
tich do phan mg khong hoan toan 1a bao nhiéu? Néu [Ba**]g, = 10° M, V = 200ml,
Thasos = 1,1.107°.

Giai:

BaCl, + SO4* = BaSO4! + 2CI
Thasos = [Ba®*] [SO47]. Tir d6 c6:

[SOs 1= Trasos/[Ba™"1= 1,1.10"710° =~ 10 . Do d6 sai s6 e% la:

e% = 100{[SO4*].V.Msos2-}/wsos™ = 100.107.0,2.96/96 . 107 = -0,2%
4.2. Sai so hé thong do chi thi gy nén

Trong qua trinh phan tich, nhat 12 trong chuan do thuong ding chi thi dé x4c dinh
diém tuong duong (hoac diém két thic chuan d6) cta phan mg V- a. Néu chi thi phan
mg diing diém tuong duong s€ c6 sai 5O bang khong, song, thuong chi thi phan tng
trude hodc sau diém tuong duong giy nén sai sb chi thi va sai sé ndy mang tinh chat sai
s0 hé thong.

Sai s6 chi thi ¢6 thé tinh duoc va két qua cta phép tinh nay cho cach chon chi thi
thich hop va cach thao tac thich hop. Trong chuan do, c6 thé tinh sai s6 tuong d6i e%
theo biéu thirc III- 2.

Viéc tinh toan sai ) duoc tién hanh theo céc budce sau:

Buéc 1: T chi thi da dung tinh tri s6 chuan do tai diém két thic (pTw: pHi, Ex
pXk: -..) theo céc biéu thire 11 72, III- 74, III- 76 va II- 4.
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Bude 2: Tl phan tmg chuan d¢ tinh chi s6 chuan do tai diém tuong duong (pT:
pHu, Ei, pXig...)- . .

Buorc 3: So sanh pTy, va pT dé chon biéu thure tinh pTy, (theo muc 3. 6 chuong III)

BuGc 4: Tir biéu thirc todn da chon tinh thé tich dung dich tiéu chuan da dung va
cudi cung tinh sai ) (theo III- 2). Luu i: Du dung dich tiéu chudn mdc sai s6 hé tho”'ng
dwong (+), du chat can xdc dinh mdc sai sé hé théng am ( -).

Vi dy 1: Khi chuan d6 20ml NH,OH 0,1N bang HCI 0,IN da ding metyl d6 (pK,
= 5) 1am chi thi. Hay tinh sai s6 chuan do. Cho pKpnuson = 4,74.

Gidi:

Bude 1: Tinh pHy: Dung chuan do khi chi thi d6i mau (vang— d6) hay khi dat
mau d6 bén, tirc ¢ 2 gid tri pH = pK, + 1: pH = 6 va pH = 4.

Bude 2: Tinh pHyg theo biéu thuc ITI- 43:
pHua=7 - (1/2) pKy - (1/2)IgCrn =

=7 - 4,742 - (1/2)1g{(V~naon - Nxnson)/[ Vnnaon/(Vnnson - Nnmson/ Nue ]} =
528

Buoc 3: So sanh pHy, va pHyg:

~ pHi = 6 > pHy¢ — du NH,OH, két thiic trudc diém tuong dwong, vy mic sai sé
hé thong -.

pHx =4 < pHig — du HCI, Kkét thic sau diém tuong duong, vay sai 56 hé tho”'ng +.
Burde 4: Tinh d6 16n cua sai s6:

a) Tai pHy: = 6: Sir dung biéu thuc III- 42:

pH = pK, — 1g{[NH4CI]/[NH;OH]} = 14 — 4,74 — 1g[Vuci . Nuc/(VNnaon - Nnraon

— Vua - Nua)l —6=926+ 1g{ [(Vmaon - Nxmaon)/Vict - Nucill - 1]}
Thay s6 vao tinh, cé:
Vuaa=20/(1+5,5. 10_4) - e% = 100{[ 20/(1 + 5,5 . 10_4)] -20}/20 =0,06 %
b) Tai pHy; = 4: Str dung biéu thurc I11- 38 : )
pHic =4 = — Ig[(Vuar - Nuci — Vnson - Nnnson)/(Vacr + Vingon)], thay sO vao sé

Vuar =20,04 ml —  e% = [(20,04 - 20)/20].100 = +0,2%

Vi dy 2: Chuén d6 20ml ion Fe** 0,IN bang dung dich ion Ce** 0,IN trong moi
truong axit voi chi thi [Fe(H)(O-phenanthrolin)z)]2+ (ox + le = kh). Hay tinh sai s6 chuan
dé Cho EOFe3+/FeZ+ = O,77V, Eoce4+/ce3+\= 1,44V, EOIndox/Indkh = 1,1 1V.

Giai:

_ Bu6c 1: Tinh Ey: tmg dung biéu thicc II-74. Khi dimg chuan do dung dich
chuyén tor mau dé sang mau xanh hoac mau xanh bén, torc & 2 gid tri Ey = 1,11 — 0,059
~ 1,05 vaEw =1,11+0,059 = 1,17. )

Buoc 2: Tinh Ey: itmg dung bi€u thuce III- 53, thay so s€ co:

Ey = (E°ped+/pe2+ + EOCC4+/Ce3+)/2 =(0,77 + 1,34)/2 = 1,10 ) )

Buoc 3: So sanh Ey, voi th thay E,k“ < Ey,, nhu vy, du ion Fe? (mac sai so -);
Exo > Ey, nhu vay, du ion,Ce4+ (mac sai sO +).

Buroc 4: Tinh sai so: i )

+ Tai Ex; = 1,05V: St dung biéu thuc III- 52, thay so0 c6:

Ektl = EoFe3+/FeZ+ + 0,0591g[VCe4+ . NCe4+/ ( VFe2+ . NFeZ+ - VCe4+ . NCe4+)]
—1,05=0,77 + 0,0591g[Vced+/ (20 - Veed+)] — Veed+ = 20ml. Nhu vay, e% = 0%.
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+ Tai Eyp = 1,17V: Str dung biéu thirc I1I- 54, thay s c6:

Ektz = Eoce4+/ce3+ + 0,059lg[(vce4+ . NCe4+ - Vpez+ . NFe2+)/ (Vpez+ . NF32+)]

— 1,17 = 1,44 4+ 0,0591g[(Vced+ - 20)/20] — Veea+ = 20ml.  Nhu vay e% =~ 0%.

Vi du 3: Léy 50 ml dung dich chua CI', cho vao day O 55 ml K,CrO4 0,1M va
chuén do xac dinh CI' bang 5 ml AgN03 0,01N. Hay tinh sai sb6 chuéan do nay! Cho Tagc
=1,78.10", Tagcroa = 1,1.107"7

Giai:

Buoc 1: Tinh pCly:

[CrO4*] =(0,55 . 10™)/( 50 + 0,55 + 5) =~ 10~ M, suy ra: [Ag*] cAn dé két tha Ag,CrOy 1a:

[Ag1=  {Tapcod[CrOS 1} =~ 10" M — pAg=4,5 — pCly, ~ 5.,5.

Buoc 2: Tinh pClyg:

[Cl'a = (Tagen* = 1,33.107 — pCl = 4,88 = pAg

i Buée3: So sanh pCly, va pClyg cho thdy pCly > pClyg, tirc diém két thic xay ra sau

diém tuong duong.

Buéc 4: Tinh sai s6: )

pAg =- lg[(VAg+ . NAg+ -Ver-. NC]—)/(VAg+ + VC]—)]. Thay sO cO:
pAg=4,5=-1g[(5.0,01 - 50 . N¢-)/55] — Ner-=9,65.107N.

Sai $0 e% la:
e% = 100. (VAg+ Nag+ - Vor . Nan)/(Ver . Nep) = 100.(5 . 0,01 - 50 . 9,65 . 104/(50 .
9,65.10™ =3,62%

Cau héi on tap

1. Sai s6 phan tich 12 gi? Sy phén loai sai s6 va cdc cach biéu dién sai s6?

2. Li thuyét vé sai s6? Ung dung Ii thuyét nay?

3. Bo diing, d6 chinh xdc, do tin cdy cua két qua phan tich? Ung dung cdc tiéu chuin nay
trong viéc x4c dinh cach tién hanh phén tich?

4. Céch tinh sai s6 hé thong?

Bai tap

1. Sau khi 1am két tha 80mg ion Ca*t bang (NH4),C,04 ta1 pH = 10, két tha duoc rira 5
lan mdi lan 10ml nudc. Hay tinh sai s6 phan tich ion Ca®* do sy hoa tan ciia két tia khi
raa! Cho Tcaco0s = 2,3. 107, (Pap sb: -0, 12%).

2. Tinh sai s6 khi chuan d6 20 ml dung dich CH;COOH 0,1N bang dung dich NaOH
0,IN véi viéc sir dung phenolphtalein (pK, = 9) 1am chi thi diém két thic chuan d9. Cho
pK, ctia CH;COOH = 4,76. (Dap sb: tai pH 8: -4%, tai pH 10: +0,2%).

3. Tinh sai s6 khi chuan d6 20 ml dung dich HCI 0,1N bang dung dich NaOH 0,1N khi
két thic chuan d6 6 : a) pH=4; b) pH = 10. (Dép s6: -0,2%, +0,2%)

4. Chuan d6 20 ml dung dich Fe** 0,1N bang dung dich tiéu chuan Ce** 0,1N véi chi thi
benzidin (ox + e = kh) s& méc sai s6 12 bao nhiéu? Biét: Ere3+/me2+ = 0,77V, Eoceticed+ =
1,44V, E’ldoymaks = 0,92. (Pép s6: 1. 0,3%, 2. = 0%)
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5. Chuan d6 20 ml dung dich NaCl 0,IN bang dung dich tiéu chudn AgNO; 0,1N véi chi
thi K,CrOy4 ¢6 ndng do trong dung dich trudc khi chuan do 1a 0,1 M thi s& méc sai s6 1a
bao nhiéu? Biét: Tagcr = 1,78. 107" ; T agacros = 1,110 (Ddp s6: 0,02%)

6. Néu chiét 100mmol chat X tir 200 ml dung dich nuéc bang 50ml dung méi hitu co thi
sai s0 thu hoi chat X 1a bao nhiéu? Biét hang s6 phan bd thyc nghiém K’ = 10. (Dap s6:
28,6%).

7. Dé kiém tra phuong phdp Kejdal xdc dinh N dd cdn 5 mau mdi mau la 0,1320g
(NH4),SOy4 tinh khiét va dem phan tich. Két qua thu duoc nhu sau: 0,0275g, 0,0279g,
0,0281g, 0,0277g, 0,0275g. Hay tinh sai s6 tuyét dbi, sai s6 twong dbi cia phuong phap!
(Piép sb: d = 0,0026g, sai s6% 0,93%).
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Cac bang phu luc

Phu luc 1: Tich s6 tan ciia mét sé két tia

Tén hop chat | Tich so tan -lgT Tén hop chit Tich so tan -lgT
(7) (T)

AgBr 53.10"° 12,28 | CuCO;s 2,510 9,60
Ag,COs5 8,2.10"7 11,09 | CuC,0, 3,0.10° 7,50
Ag,Cr0, 3,5.10"" 10,46 | Cu(OH), 22107 19,66
AgCl 1,78.10"° 9,75 | CuS 6,3.107° 35,20
Ag,CrO, 1,1.10"7 11,95 | FeCO; 3,47.10™" 10,46
Agl 8,3.10™" 16,08 | FeC,0, 2,0.107 6,70
AgiPO, 1,3.107° 19,89 | FeS 5,0.10"° 17,3
Ag,S0, 1,6.107 4,80 | Fe(OH); 3,2.107° 37,50
Al(OH); 1,0.107° 32,00 | FePO, 1,3.10> 21,89
AIPO, 5,8.10™" 18,24 | Hg,Cl, 1,3.10" 17,88
BaCO; 5,1.10” 8,29 | HgO 3,0.10%° 25,52
BaC,0, 1,1.107 6,96 | HgS (den) 1,6.10™° 51,80
BaCrO, 1,2.10"7° 9,93 | HgS (do) 4,0.10™ 52,40
BaF, 1,1.10° 598 | MgCO; 2,1.10° 4,67
Ba3(PO,), 6,0.107% 38,22 | MgC,0, 8,6.10” 4,10
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BaSO, 1,1.10" 997 | MgF, 6,5.10” 8,19
CaCO; 4,8.10” 8,32 | MgNH4PO, 2,510 12,60
CaC,0, 2,3.10” 8,64 | Mg(OH), 6,0.10"° 9,22
CaCrO, 7,1.10" 3,15 | Mg3(POy,), 1,0.10"° 13,00
CaF, 4,0.10™M 10,40 | MnCOs 1,8.10"" 10,74
Ca(OH), 5,5.10° 5,26 | MnC,04 5,0.10° 5,30
Cas(POy), 2,0.10% 28,70 | MnNH4PO4 1,0.10" 12,00
CaSOy 9,1.10° 5,04 | Mn(OH), 1,9.10" 12,72
CdCO; 5,2.107 11,30 | MnS 2,5.10™° 9,60
CdC,0, 1,5.10° 7,80 | NiCO; 1,3.10” 6,87
Cd(OH), 59.10"° 1423 | NiC,04 4,0.10" 9,40
Cds 7,9.107% 26,10 | Ni(OH), 2,0.107° 14,70
CoCOs 1,4.10° 12,84 | NiS « 3,2.10"7 18,50
CoC,0y 6,3.10° 720 |NiS B 1,1.10% 24,00
Co(OH), 2,0.10"° 14,80 | PbCO; 7410 13,13
CoS o 4,0.10% 20,4 | PbC,0, 48107 9,32
CoS B 2,0.107% 24,70 | PbCl, 1,6.10° 4,19
Cr(OH); 6,3.107" 30,20 | PbCrO,4 1,8.10™ 13,75
CrPO; (tim) 1,0.107" 17,00 | Pb(OH), 1,1.10%° 19,96
CrPOy, (luc) 2,4.107 22,62 | PbS 2,5.10% 26,60
Phu luc 1: Tich sé tan ciia mét sé két tia (tiép)
Tén hop chat | Tich sé tan -lgT Tén hop chat Tich soé tan -lgT
(T) (1)
PbSO, 1,6.107° 7,80 | Zn(OH), 7,1.1078 17,15
PbCIF 2,3.107 8,55 | Zny(POy), 9,1.10% 32,04
ZnCO; 1,410 10,84 | ZnS « 2,5.10% 21,60
ZnC,0,4 1,5.10” 880 |ZnS P 1,6.10% 23,30
Phu luc 2: Hang sé axit, hang sé bazo ciia mot sé axit, bazo
Tén axit K, PK,
Axetic CH;COOH 1,74.107 4,76
Benzoic C¢HsCOOH 6,2.10° 421
Boric H;BOs K. 5,8.107° 9,24
Cacbonic H,CO; Ka 4,5.107 6,35
Ko 4,8.10°1 10,32
Cloaxetic Cl CH,COOH 1,4.10° 2,86
Etylendiamintetraaxetic Kai 1,0.10"2 1,99
(HOOCCHS,), N-CH,-CH,- K 2,1.107 2,67
N(CH,COOH), Ky 5,4.107 6,27
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Kot 1,1.10™"" 10,95
Focmic H COOH 1,8.10"* 3,75
Oxalic H,C,0. K. 5,6.107 1,25

K 5,4.107 4,27
Phenol C¢HsOH 1,0.107° 15,0
Photphoric  H3PO, K. 7,6.107 2,12

K 6,2.10° 7,21

Kas 4,2.10° 12,38
o- Phtalic C¢H4(COOH), K. 1,1.107 2,95

K. 4,0.10° 5,40
Salixylic C¢H4(OH)COOH 1,1.10° 2,95
Sunphuric  H,SO, K, 1,2.107 1,94
Tartric K. 9,1.107 3,04
HOOCCH(OH)CH(OH)COOH K 4,3.10° 4,37
Xitric K. 7,4.107 3,13
HOOCCH,C(OH)(COOH)CH,COOH K. 1,8.107 4,76

Kas 4,0.107 6,40

Phu luc 2: Hang sé axit, hang sé bazo ciia mot sé axit, bazo (tiép)

Tén bazo K, pK,
Amoni hidroxit NH,OH 1,76.10° 4,76
Anilin  CH\NH, 42107 9,38
Dimetylamin  (C,H;),NH 1,1.10° 2,97
Hidrazin N,H, 9,3.107 6,01
Hidroxylamin NH,OH 9.,6.10° 8,02
8-Hidroxychinolin C,H,ON 1,1.10” 8,99
Piridin CHN 1,5.10° 8,82

Phu luc 3: Thé oxi hod tiéu chuén ciia mét sé chit ¢ 25°C

Nguyén to Dang oxi hod +ne Dang khwr E”V
Ag" +e Ag +0,7994
Ag AgBr +e Ag+ Br +0,071
Ag(CN), +e Ag +2CN -0,29
AgCl +e Ag+ClI +0,224
Agl +e Ag +1- -0,152
Al Al +3e [ Al -1,66
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AlFs +3¢ | Al+6F 2,07
Ba Ba™ +2¢ | Ba -2,90
Br Br, +2e 2Br +1,087
Ca Ca*™ +2¢ | Ca 22,87
Cd™ +2e¢ | Cd -0,402
cd Cd (CN),~ +2¢ | Cd +4CN --1,09
Cd(NH3),~ +2¢ | Cd + 4NH; -0,61
Ce Ce(SOy4)3™ +le | Ce™+ 350, +1,44
Cl Cl, +2e 2CI +1,359
Co Co™* +2¢ | Co -0,28
Co(NH;3)s™" +2¢ | Co + 6NH; 0,42
Cr crt +3¢ | Cr 0,41
Cr,0; + 14H* +6e | 2Cr’* + 7TH,O +1,33
Cu™” +2¢ | Cu +0,337
Cu™* +e | Cu’ +0,153
Cu Cu' +e Cu +0,521
Cu (CN)4~ +2¢ | Cu+4CN -0,43
Cu(NH;)~ +2¢ | Cu+ 4NH; -0,07
F F, +2e 2F +0,287
Phu luc 3: Thé oxi hod tiéu chudn ciia mét sé chat ¢ 25°C
(tiép)
Nguyén to Dang oxi hoa +ne Dang khu E”V
Fe’* +e Fe** +0,771
Fe Fe®* +3e | Fe -0,036
Fe* +2e¢ | Fe -0,440
[Fe(CN), I +e [Fe(CN), I +0,356
H 2H' +2e¢ | H, 0,0000
2Hg* +2e | Hg,” +0,907
Hg2+ +2e Hg +0,850
Hg Hg,™ +2¢ | 2Hg +0,792
Hg Cl, +2e 2Hg + 2CI +0,2680
Hg(CN),> +2e | Hg + 4CN -0,37
I L +2e | 2T +0,536
> +2e 3I +0,545
K K* +e K -2,925
Mg Mg* +2¢ | Mg 2,37
Mn Mn** +2¢ | Mn -1,19
MnO, + 8H* +5¢ | Mn™ + 4H,0 +1,51
NO, + 2H" +e NO, + H,0O +0,80
N NO, + 4H" +3e | NO +2H,0 +0,96
NO, + 10H" +8e NH," + 3H,0 +0,87
Na Na* +e Na -2,713
Ni Ni** +2e Ni -0,23
Ni(NH,)* +2¢ | Ni+6NH, -0,49
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0 0, + 4H° +4e | 2H,0 +1,229
0, +2H" +2¢ | H,0, +0,682
0, + 2H,0 +2¢ | 40H +0,401
H,0, + 2H" +2e 2H,0 +1,77
0,+ H,0 +2e 0,+20H +1,24
Pb** +2e Pb -0,126
Pb PbBr, +2e Pb + 2Br -0,274
PbCl, +2¢ | Pb+2CT 20,266
Pbl, +2e Pb +2I -0,0,346
S +2e S -0,48
S+2H" +2e H,S +0,14
5,07 +2e | 25,07 +0,09
S SO,” +8H* +6e | S+4H,0 +0,36
SO.” +4H,0 +6e | S+ 8OH 20,75
SO~ + 10H" +8¢ | H,S+4H,0 +0,31
Sn Sn** +2e Sn -0,14
Sn** +e Sn** +0,15
Phu luc 3: Thé oxi hod tiéu chudn ciia mét sé chit ¢ 25°C (tiép)
Nguyén té Dang oxi hod +ne Dang khu E”V
7Zn** +2e 7Zn -0,763
Zn Zn (CN),” +2e | Zn +4CN --1,26
Zn(NH,),” +2e | Zn+4NH, -1,04

Phu luc 4: Buoc song dnh sang va mau cvia chiing

Buwoc song dnh sang (nm)

Mau sac anh sang bi hap

dnh sdng bo sung

thu
400 — 450 Tim Vang luc
450 - 480 Xanh Vang
480 — 490 Xanh luc Da cam
490 - 500 Luc xanh bo
500 - 560 Luc Do gach
560 — 575 Vang luc Tim
575 -590 Vang Xanh
590 - 625 Da cam Xanh luc
625 - 750 bo Luc xanh
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