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LOI NOI PAU

Hoa hoc dai cuong 1a mét moén hoc co ban trong chuong trinh dao tao
dai hoc, nhim cung c4p cho sinh vién nhiing 1§ thuyét co ban nhét ctia hoa
hoc hién dai ¢ trinh d6 dai hoc.

P& hoc t6t mén hoc Hoa hoc dai cuong, sinh vién nhat thist phai ¢ sach
1y thuyét va sach bai tap. Tuy nhién s6 lugng sach bai tap da duge xuat ban
qua it, khong di nhu cau cho sy hoc tap cia sinh vién. Cudn '"Bai tdp hod
hoc dai cuong'' nay nhim dap tng phan nao nhu ciu d6 ciia sinh vién.

Do yéu cAu déi véi mén Hoé hoc dai cuong duge dit ra khic nhau gitia
cac trudng, cac nganh hoc, nén d8 thoa man yéu cAu dé6, cudn bai tap nay dé
cap tuong doi rong réi, bao gdm cac ndi dung cd ban nhit, quan trong nhét
ciia mon hoc. Tt cac noi dung do, chc trudng, cac nganh hoc co thé chon ra
chc bai tap can thiét, thich hgp cho truong minh, nganh minh.

Ngoai ra, cac thay, ¢ gido co thé giéi thigu cho sinh vién tu hoc, tham
khao thém cac bai tap khac, vita dam bao tinh hé théng cia mén hoc, via
phat huy duge kha ndng tu hoc cla sinh vién, phi hgp véi thdi lugng danh
cho mén hoc ¢ mbi trudng.

Cudn bai tap nay dude chia thanh céac chuong theo trinh tu tuong tu nhu
cc chuong trong cac sach 1y thuyét. M3i chuong gém phin tém tét 1y thuyét
va phén bai tap. Nhing noi dung 1§ thuyét cd ban nhét, quan trong nhat,
duge tom tit ngén gon, dé hidu & phin dAu mdi chuong. Cac bai tap véan dung
(c6 151 gidi) duge dat & cudi mai chuong. Ngoai ra, con ¢6 cac bai tap tu giai
(chi ¢6 dap s0) dé sinh vién c6 thé tu kiém tra kién thic ciaa minh.

Tac gia hy vong cudn "Bai tdép Hod hoc dai cuong' nay sé la tai lidu
bd ich cho sinh vién, can bd giang day va nhiing ngudi yéu thich nghién ciu
mén Hoa hoc.

Cudn sach c6 thé con nhiing thifu sot, r&t mong nhan duge ¥ kién dong
goép cua ban doc dé sach ngay cang hoan thién hon. Moi ¥ kién déng gép xin
glti v8 Nha xuit ban Gido duc, Cong ty CP Sach Dai hoc Day nghé, 25 Han
Thuyén, Ha No1.

Xin chén thanh cém on.

PGS. TS. Nha gido uu tu
Lt MAU QUYEN




Chuong 1
CAU TAO NGUYEN TU

TOM TAT LY THUYET
Thanh phan cau tao nguyén t

Ba loai hat c&u tao nén nguyén tu 12 proton, notron va electron (trit
nguyén tt hidro nhe !H khéng chia ndtron). Dic tinh ¢d ban ciia ching
duge ghi trong bang 1.1.

Bang 1.1. Khdi lugng va dién tich clia proton, ndtron va electron

Kh&i lugng nghi
Tén Ky hiéu Ppién tich, C
kg u
Electron e 9,109 . 107% 5,486 . 107 -1,602.107
Proton p 1,673.10°% 1,0073 +1,602.107"°
Notron n 1,675.10% 1,0087 0

Trong nguyén ti s6 proton bing s§ electron. Trong bang tuan hoan
cac nguyén t& hoa hoc, s6 thit ty Z clia nguyén to ding bang sO proton
trong nguyén ti chia nguyén t& d6. N&u goi Z 1a s6 proton va N la sO
ndtron ctia nguyén td, thi téng s6 Z + N 1a s khoi A cta hat nhéan
nguyén ti do:

A=7Z+N
7 ciing thudng dudc goi 1a s§ don vi dién tich hat nhén nguyén ta.

Nguyén tir khoi
Nguyén tiz khéi cla nguyén ti la Ehoi luong cia nguyén tw dé ndng
gdp bao nhiéu ldn don vi khéi lugng nguyén tu. ’
Don vi khéi lugng nguyén ti 12 amu (atomic mass unit), thudng viét
tit 1a u
khdi lugng ctia mdt nguyén t *C
12

lamu =



Nguyén ti khoi clia cide nguyén td trong bang tuan hoan 1a nguyén
ti khoi trung binh cta t&t ca cic ddng vi ¢6 trong tu nhién ciia nguyén
t6 d6. Vi du, nguyén ti khéi caa oxi 1a 15,9994 1 nguyén ti khéi trung
binh ctia ba déng vi trong tu nhién cua oxi: °0 = 15,9950 (99,76% sb
nguyén t), 70 = 16,9992 (0,04%) va 0 = 17,9993 (0,20%):

15,9950 x 0,9976 + 16,9992 x 0,0004 + 17,9993 x 0,0020 = 15,9994.

Mol

Mol la luong chdt chita s6 tiéu phdn (nguyén td, phan td, ion,
electron, proton, notron,...) ding bang sé nguyén tu chita trong 12g
déng vi cacbon ?C. Tri s6 nay da dude xac dinh bang thuc nghiém, né
gin bing 6,022.10%mol™ va dudc goi 1a s6 Avogadro. Vi du, 1mol
electron chda 6,022.10% electron; 1mol lién k&t O-H chiia 6,022.10%
lién két O-H.

Thuyét ludng tir Planck

Theo Planck, ndng lugng bic xa do cdc chdt gidi phéng hay hdp
thu la khong lién tuc, ma gidn doan, nghia la thanh nhitng phédn riéng
biét — nhitng luong tu.

Ning lugng E ctia mot lugng tl ty 1& véi tdn sd v (nuy) tudn theo
hé thic Planck:

E=hv (1.1)

h — hing s& Planck, h = 6,63.107* J.s;

N _ c o a1 s , R A
v — tan s0 blc xa, s (v= e ¢ — toc do 4nh sang trong chidn khong);

¢ = 3,00.10° m.s™', A— d6 dai séng, m;

E— ning lugng cta lugng ti bic xa, J.
Hiéu ing quang dién

Hiéu ung quang dién la hién tugng gidai phéng ra cdc electron khoi
bé mgt kim logi dudi tde dung ciia bize xg chiéu véo.

D61 v6i kim loai xac dinh, diéu kién dé c6 hiéu dng quang dién la
btc xa duge chi€u vao bé mit kim loai phai c6 mot tdn s ti thidu v,,
goi 12 tén s6 gidi han (tdn s8 ngudng).

Néu bdc xa c6 tdn s§ v > v, thi ning lugng ctia bitc xa mdt phan



ding vao viée gidi phéng electron khdi bé mat kim loai, mot phin
truyén dong nang cho electron:

sz

hv=hv, + (1.2)

2

V> vy — d6ng ning cua electron dugce giai phong.

Phudng trinh (1.2) 1a phuong trinh Einstein vé& hiéu Ging quang dién.

Ludng tinh séng — hat cua vat chat

Su chuyén déng cua moi hat vat chét c6 khai lugng m va tée do v
d6u lien hé véi mot séng c6 do dai A duge xdc dinh boi hé thic
de Broglie:
b

mv

A=

o |

(1.3)

p— déng lugng cua hat.

Vi du, tinh d6 da1 song cua mot hat bui khéi lugng 0,010mg chuyén
dong véi téc d6 1,0 mm.s ' va d6 dai séng cua mot electron khé1 lugng
9,1.10 kg chuyén ddng vdi téc dd 1,0. 10°m.s™"

Giai:
~34
Hat bui: A= 6’?3'10 —=6,6.10"m
1,0.10°x1,0.10
Don vi: h _ J.s - N.m.s kgms ms _
mv kg.ms kg.ms™ kg.m.s™
-34
Electron: A= 6,63.10 =7,3.10"m

9,1.107% x1,0.10°

D6 dai séng caa hat bui qua nho, chi thé hién khi tuong tac véi
mang nhidu xa c6 khe hd khoang 6,6.10° 28 . Khoang cach nhu th& nho
hon nhiéu so véi kich thude nguyén ti (cd 107°m), nén khi tuong tac
v6i d6i tugng thuc, tinh chit s6ng cua hat bui khoéng thé hién. Trong
khi d6 budc séng caa electron 16n hon nhiéu (7,3.10°m). Su nhiéu xa
cua séng nhu vay ¢ thé quan sat dudc khi cac electron tuong tac véi
cic nguyén tu trong tinh thé.




Nguyén ly bat dinh Heisenberg

Theo Heisenberg, khong thé xdc dinh déng thoi chinh xdc cd vi tri
va déng luong cua vi hat.

Chéng han, mot hat chuyén déng theo phuong x véi dd bat dinh

vé toa do 1a Ax va d6 bat dinh vé ddong lugng 1a Ap, thi hé thic bat
dinh c6 dang:

Ax . Ap,>2h ‘ (1.4)
hoac AX . Av, 2 b
m
Cing gap hé thic:
AX . Ap, =2 h

h — hing s6 Planck rit gon, = 23-
T

Tu hé thtc bat dinh ta thdy tich cha cac d bat dinh cang 16n
khi khoi lugng m cua hat cang bé. Chéng han, d6i véi electron
m = 9,1.107%kg:

1 -34
AxX.Av, = %—613—10—()_?,—; =7,3.10"m?s™’

(34 thist ban kinh ctia nguyén ti hidro duge biét v6i dd chinh xac 1,0%,
nghia la ar - 0,010, tit @6 Ar = 0,010 x 0,053 = 5,3.10™*nm = 5,3.10®m. Vay
r
d6 bat dinh vé toc do 1a:

-4
Ay = T23:10

=20 =1,4.10"ms™

K&t qua nay 12 vo 1y, vi dd b4t dinh vé téc dd tim duge 16n hon tdc
d6 anh sang. T vi du nay ta thfy tdm quan trong cia nguyén ly bat
dinh & quy md nguyén tu. Chéng han, khong thé biét chinh xac quy
dao chuyén d6ng cia electron trong nguyén ti. Ngudc lai, d6i véi vat ¢
khéi lugng 16n thi tich s8 Ax.Av, nhd, thyc t€ khéng cin tinh dén
nguyén ly nay.

Ham séng

Theo cd hoc lugng t trang thai clia electron trong nguyén td &
diém M va thdi diém t dugc dic trung biang ham y(x, y, z, t) goi 13 ham



song. Ham wy(pxi) co6 thé c6 gia tri duong, Am hay ham phic. Nhung
|y |2 hay didng hon yy* (né€u 1a ham phtc®) luén ludn duong va cé ¥
nghia vat 1y nhu sau. Xdc sudt phdt hién electron trong yéu t& thé tich

dv nao dé duge xde dinh bang |\u|2 dv. Nhu vay, l\plz bidu thi mat d¢ xdc

sudt c6 mdt electron & mét vi tri nao dé. Néu thay dv =4 nridr, thi dv 14
thé tich clia 16p cAu mong nim giiia cac hinh cAu c6 ban kinh r va r +dr.
Khi d6 w?4nr’dr la xde sudt ¢6 mdt

electron trong thé tich l6p cau dé. N6i A

cach khac, xdc sudt phdt hién electron REEAREN
trong lop cdu giita r va T + dr ty 1g v
y2any® (xde sudt theo bdn kinh).

Mién khong gian gén hat nhan
nguyén ti, trong dé xdc sudt c6 mdt
electron khodng 90% goi la may
electron. Vi du, may electron cta
nguyén ti hidro & trang thai co ban

. L N , , Hinh 1.1. May electron cta
12 hinh cdu, ban kinh 0,053nm nguyén t hidro
(hinh 1.1).

Phuong trinh Schrodinger

Schrédinger 13 ngudi ddu tién dua ra phudng trinh mé ta dudc
trang thai ciia cac vi hat, chéng han ctia electron trong nguyén tu.

D61 véi vi hat (electron chéng han) khéi lugng m, chuyén dong
trong trudng thé nang V, phudng trinh Schrodinger cho trang thai
ditng (trang thai cua vi hat khong phu thude vao thoi gian) c6 dang:

h2
(—————A+Vj\p =By (1.5)

2m

h — hing s6 Planck rit gon;
E — ning lugng toan phan cua electron;
, L
A — toan tu Laplace, A=— +—5+ 5
ox* 0Oy 0z

™ Ham thuc y = f + ig, ham phic y* =f-igvdi 1= \/———1 = i? = -1. Giai phuong trinh
Schrodinger c6 thé duge ham phic, nén w*? c6 thé am vi (f - ig)* = £ — 2fig + i?g? =
2 - ofig — g? (vi i* = -1). Gia tri ndy ¢6 thé 4m, ma xac suit phat hién electron phai
duong. Néu: yy* = (f+ig) (f-ig) = £ _igf+igf-ig?=F-1’g*= £+g2>0.



Phuong trinh Schrédinger thudng duge viét gon hon:

Hy = Ey (1.6)
. 2
H - toan tit Hamilton, H = LAY
2m

Giai phuong trinh Schrédinger sé tim dugc ham y va nang lugng E
cta electron. Tuy nhién viéc gidi chinh xac phuong trinh nay chi thuc
hién duge d6i véi nguyén t hidro va ion dang hidro (nguyén td va ion
¢6 1 electron, nhu He®, Li**, Be*,...). D&i v6i nguyén ti nhiéu electron,
nguoi ta phai dung phuong phéap gin ding.

K&t qua giai phuong trinh Schridinger cho nguyén ti hidro va
ion dang hidro

Goi m 12 khéi lugng cha electron, e 1a dién tich cua electron, Ze la
dién tich ctia hat nhéan, r 13 khoang cach ti electron dén hat nhan. Coi
hat nhan ding yén va 1a géc toa d6. Thé nang cta electron la:

Ze®

4ne,r

V=

£, — hdng s6 dién moi cia chan khéng, g, = 8,854.1072C%.J L.m™.

Tu d6 phuong trinh Schrédinger ¢é dang:

,-2 2
LN . 1.7
2m 4ne,r
zA Dé gidi phuong trinh nay, nguoi
N .
N ta dung toa dd cau thay cho toa do
N M Descartes, nghia 14 chuyén y(x, y, z)
0 / l thanh wy(r, 0, ¢) nhu hinh 1.2.
I
o L— > x = rsinfcos@
N\
) \\: /// y y = rsinfsing

Z = rCOSQ
Viéc giai phudng trinh nay dude
Hinh 1.2. Quan hé giita toa dé thyc hién bing cach dit ham y dudi
Descartes va toa dé cau dang tich ctia hai ham sau:

w(r, 6, @) = R(r) . Y(6, 9)
R(r) - ham xuyén tam; Y(0,¢) — ham géc
Két qua giai phuong trinh trén cho thiy, ham v phu thudc vao ba
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& lugng tu, d6 1a s8 lugng td chinh n, s8 lugng ti phu (va s6 lugng tu
t m,. Do d6 ham y thudng dugc vidt v, . Mo6i by ba giad tri cua n,

¢va m, Gng v6i mdt ham v goi 1a mét obitan nguyén tu.

Trong ham y thi ham R(r) chi phu thue vao hai s6 lugng ti n va
¢, con ham géc Y(6, ¢) phu thudc vao ¢ va m, (xem bang 1.2).

Nguyén tir nhiéu electron

Trong nguyén tu nhiéu electron, ngodi tudng tac gidia electron va
hat nhén, con tudng tac gitta cac electron véi nhau. Vi du, nguyén tu
heli ¢6 hai electron, coi hat nhin ddng yén, 1, va 1, 1an lugt 1a khoang
cach ctia electron th@ nhat va thit hai véi hat nhan, r;, 1a khoang cach
gitta hai electron vdi nhau. Thé& nang cua hé la:

2e? 2e’ e’

- +
4negyr,  Amggr,  4AmET,

Trudng hgp nay toan ti Hamilton co dang:

2 2
Hz_ﬁ—(A1+A2)— ¢ (gﬂt—z———l-}
2m

dng g\, Ty Ty

A, va A, — cac toan ti Laplace cta electron th nhit va thi hal.
So hang ——e—z—— bidu thi luc ddy giita hai clectron.
LT

Phuong phéap gan dang ap dung cho nguyén tu nhiéu electron la
md hinh xuyén tdm. Vi md hinh nay, ngudi ta coi mdi electron trong
nguyén tu chuyén dong doc lap véi céc electron khac trong mot truong
trung binh c6 d6i xdng ciu (trudng xuyén tam) tao bdi hat nhén va cac
electron con lai. Nhu vay bai toan N electron trd thanh bai todn mot
electron, giéng nhu trudng hdp ctia nguyén td hidro. Két qua 1a trang
thai cia mdi electron trong nguyén t& nhiéu electron ciing dudge dic
trung bing mot ham séng y. M&i ham y ciing phu thudc vao ba gia tri
ctia ba s6 lugng ti n, £va mg, goi 12 mot obitan nguyén tu.

S0 lugng tdr thar tu

Céac s6 lidu thuc nghiém va tinh toan ly thuyét cho thay ring, dé
mb ta trang thai cia mot electron trong nguyén tu la khong day dq,
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néu chi dung ba s8 lugng ti n, ¢va m,, ma phai thém vao mot s8
lugng ti nita, d6 1a s8 lugng ti tit spin m,.

Gia tri va y nghta cua bén sé lugng ti

S6 lugng tik chinh n. V3 nguyén ti chia cac 16p electron. Méi ldp
electron duge ddc trung bang mét gid tri cua s6 lugng tiz chinh n. S6
lugng ti chinh n 14 nhiing s8' nguyén, dudng, tit 1 trd lén:

n : 1 2 3 4 5 6 7...
Ky hiéu 16p electron : K L M N 0] P Q...

Gi4 tri n cang 16n, 16p electron cang xa hat nhan.

S6 lugng t& chinh n con cho biét:

e D&i véi nguyén ti hidro va ion dang hidro, n cho biét mic ning
lugng E cua electron trong nguyén ti hay ion va dugc tinh bing céng
thic:

_ me* 77
n 8e2h? ‘n?

m va e — khéi luong (kg) va dién tich (C) cta electron;
Z — s6 proton trong hat nhan;

g0 — hdng s8 dién méi clia chan khéng.
VA Z*
E, :—2,18.10‘187(J)=—13,6—2—(eV) (1.8)
n n

(1eV= 1,602.107%%J)

e} trang thai cd ban, electron déc nhat chia nguyén tu hidro hay ion
dang hidro ¢ muc nang lugng thap nhat ung véin = 1 (16p K). Néu cung
c8p nang lugng cho né thi electron c6 thé chuyén ra miic nang lugng cao
hon (n >1). Khi d6 nguyén t hay ion & trang thai kich thich. Trang théai
kich thich khéng bén, electron cé xu hudéng trd vé trang thai cé ning
lugng thép hon va giai phéng ning lugng theo hé thic Planck:

AEzEn.—En:hv:h§ véin' >n

Theo céng thiic (1.8) taco:

2 2
AT :13,6(%—%} (V) (1.9)

n

* D&i véi nguyén t& nhidy electron, ngoai sy tuong tac gitta
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electron va hat nhén, cdn sy tuong téc giita cac electron véi nhau, nén
nang lugng cha electron phuy thudc vao hai s& lugng ti n va 2. Do dé
trong trudng hgp nay n chi cho biét mic nang lugng trung binh caa cac
electron trong ciing mét 16p.

S6'lugng ti phu ¢. Méi 18p electron tit n = 2 trd 18n lai chia ra mot
s phén 18p. Méi gid tri ctia €itng véi mét phan IGp. S6 phan 16p caa
mdi 16p ding bing gia tri cla n chi 16p d6. Vi du, 16p n = 1 ¢c6 mdt phan
18p, 18p n = 2 ¢6 hai phén 16p, 16p n = 3 ¢6 ba phan 1ép.

Gia tri cta s8 lugng t&t phy ¢1a nhiing s6 nguyén duong tit 0 dé&n
n-1:

¢ : 0 1 2 3 4. (n-1)
Ky hiéu phan l6p electron : s p d f g

Dé chi phan 18p electron thudc 186p nao, nguoi ta viét thém gia tri
cta n chi 18p d6 trudc ky hiéu phan 16p. Vi du:
Lép K (n = 1) ¢6 mot phén 16p:

(£=0)
_ 1s -~
(n=1)
Lép M (n = 3) c6 ba phan 1dp:
(£=0) (£=1) (£t=2)
3s 3p”” 347
(m=3" n=3" =3 7

S6 lugng tt phu con ¢é ¥ nghia nhu sau:

e Gia tri ctalcho biét phin mic ning lugng cha céc electron
trong 16p electron khao sat. Trong mdt 16p electron, ning lugng clia cac
electron ting theo thi tu ns — np — nd — nf...

e ¢xé4c dinh gia tri momen ddng lugng obitan M clia electron:

[1\7{‘: e(e+1)2£
n

Chinh hinh dang cta obitan nguyén ti duge rit ra tit § nghia vat
1y nay caa sé lugng ti phu 2.

Obitan s c6 dang hinh cdu. Obitan p gém hai qué cdu tiép xic
nhau 6 hat nhan nguyén ti. Céc obitan d va f c6 dang phtc tap hon
(xem hinh 1.3).

13




86’ luong ti tir m,. Momen dong lugng obitan ctia electron 1a vectd
M, gia tri cia né duge xac dinh biing tri s6 ctia s6 lugng t& phu ¢, con
s0 lugng ti tit m, xac dinh hinh chifu cia momen ddéng lugng obitan
1én phuong Z cta tu trudng ngoai:

M, =m, Ehz

Tu ¥ nghia nay cla sd lugng t ti m, ma sy dinh huéng cta cac
obitan khéng thé tuy y, ma phai theo cac huéng xac dinh (hinh 1.3).

Ung véi mot gla tri cha ¢ c6 2/0+1 gia trj cha m, . D6 14 nhing s&
nguyén dm va dudng tit — ¢ dén +¢, ké ¢ s6 0. Vi du:

Khi =0 (obitan s) chi ¢6 mot gia trji cia m = 0, nghia la obitan s
chi ¢6 mét su dinh huéng trong khéng gian xung quanh hat nhén, nén
obitan s c6 dang hinh ciu (hinh 1.3).

Khi ¢=1 (obitan p) c6 ba gia tri cia m, 14 -1, 0 va +1. Vay c¢6 ba
obitan p dinh hudéng khéic nhau trong khoéng gian xung quanh hat
nhan: mét doc theo truc x (obitan Py, mot doc theo truc y (obitan p,) va
mot doc theo truc z (obitan p,) caa toa do Descartes (hinh 1.3).

Khi ¢= 2 (obitan d) ¢6 nam gié tri cia m, 13 -2, -1, 0, +1 va +2.
Vay ¢6 ndm obitan d dinh hudng khéac nhau (hinh 1.3) v.v...

S6" lugng tit ti spin m,. Electron ¢6 mot momen dong lugng ndi tai

M, con goi 1a momen spin:

.

h
- 1) —
s(s + )27t

~ o, . 1
s — s0 lugng tu spin, s = -,

Hinh chiu ctia momen spin 1én truc Z cé gia tri dude tinh theo
cong thie:

h
M 7y = m, —_—
s(Z) s 271:
m, — s0 lugng t tu spin, m, = * s, nghia 13 m, ¢6 hai gia tri 1a
1 1
mg=+—vam,=-—,
2 2

Bén s8 lugng ti n, ¢, m, va m, hoan toan x4c dinh trang thai cia
electron trong nguyén ti.
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Obitan nguyén tu
Mbi ham séng W,m, CUa electron trong nguyén tu la két qua cua loi
giai phuong trinh Schrodinger duge goi 1a obitan nguyén tir (viét tét la
AO, xuat phat tu cac tu Atomic Orbital). Vay méi AO dugc dac trung
bing ba gia tri ca ba s lugng tiin, /va m, .
Ngudi ta ciing thudng biéu dién mét AO bing mot 6 vubng D va
dugc goi 1a 6 lugng tu. Vi du:
n=1= ¢=0=m=01ingvéi AO ls[l
¢=0=m=0dng v AO 2s
] eoson]
‘ f=1=>m=-1,0, +1: Ba b ba cac gia tri n, /va m, ing
v61 ba AO 2p, dé 1a 2p,, 2p, va 2p,: I:Dj Ba AO 2p cung nang lugng,
nén dudc viét ba 6 lugng ti lién nhau.
n=38= (¢=0=m=0, dng véi AO 3s [_]
¢ =1=m=-1,0,+1, ing véi ba AO 3p,, 3p,va 3p,:[ [ | |
=2=>m=-2,-1,0, +1, +2, Ung v6i nam AO 3d,,, 3d,,,
3d,,. 3d,.va 3d . o I:[D:D Nam AO 3d cung nang lugng, nén dugce

viét nam 6 lugng ti lién nhau v.v...

Badng 1.2. Mot s6 ham song ctia nguyén tir hidro va ion dang hidro

aleme | Yom A9 R(r) Y, 9)
( 3/2 1
1 0 0 Wio0 1s ZL_Z‘_j .e—»m-la', _4_;

1
21 0| 0 | wao |28 7(

5/
1 VA ~zrl2a, \/—3_ 21
ol 1| +1 o 12p | | r.e w2 ~—=g8In B cos e
Yarty p 2\/6 ag 2\/;
_ 1 5/2 3
Z —zr/ 2a 3 e 3
2111 +1 2p, —| — r.e o p sImnvusin g
Varm | 2P 2\/€[a0 2
3/2
1 Z —zri2a 3
211 0 2p, e I I .r.e oo —=C0sQ
Yoo p 2\/6(;10 2\/;

Ghi chi: a, la ban kinh Bohr thit nhat, a, = 0,053nm
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Hinh 1.3. Hinh dang cac AO s, p va d. D3u + va — trén cac AO la dau cia ham séng

Quy luat phan b cac electron trong nguyén tir

e Nguyén ly logi triz Pauli. Trong mét nguyén tiz khong thé ton tai
hai electron c6 ciung gid tri ctia bén s6'lugng tin, ¢, m, va m,.

Vi du, 6 16p K n:1:>.€=O:>m:0:>ms=+% (1 electron)

n=1= (’:O:>m:O:>ms=—% (1 electron)

Vay 6 18p K c6 t8i da 2 electron khac nhau bdi gia tri ctia m.,.

Duya vao nguyén ly Pauli, ta ¢6 thé tinh dudc s8 electron t5i da trén
mot AO, trong mot phén 16p va mot 16p electron. Vi du:

Lép Kitingv6in=1, £=0vam=01a AO 1s c6 t&i da hai electron
vl cac gia trl m, khac d&u. Hai electron trén mét AO thudng duge bidu
dién bing hai miii tén ngudc chidu nhau trong mét 6 lugng ti: . Hai
electron nhu thé goi 1a da ghép doi.

Xét1l6p L vl n=2 €:O:>m=O(AO2s):‘>ms=+%véms=—%:

{=1=>m=-1,0,+1 tng véi ba AO 2p,, 2p, va 2p,.

M&i AO c6 2 electron ghép ddi: mm

Vay 6 16p L ¢6 t6i da bon AO, nghia 12 ¢6 t&i da 8 electron.
Béng cach tuong ty, ta tinh dude s§ electron t8i da:
0 mdi AO 1a 2;



O mb&i phan 16p: s = 2; p=6; d = 10; f = 14;
3 méi 16p 1a 2n
e Quy tdc Kleskopxki. Su dién cdc electron vao cdc phén ldp trong
moét nguyén ti d trang thdi co bdn theo thit tu tong s6' n +{ tdng dén.
Khi hai phén ldp c6 cing gid tri ctia n +{ thi electron dién trudc tién
vao phén ldp cé gid tri n nhé hon. '
Thi tu dién céc electron vao cac phan 16p trong nguyén ti 4 trang
thai co ban nhu sau:
1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d...
Vi du, nguyén ti titan (Z = 22) c6 22 electron. Thi ty dién céac
electron vao nguyén tu titan nhu sau:
1s? 2s? 2p® 3s? 3p® 4s® 3d°
T ciu hinh nay ta c6 thé tinh dudc s electron & tiing 18p:
Ti(Z=22): 1s* | 2s?2p°® | 3s® 3p®3d* | 4s® (a)
Lép electron: K L M N
(a) 12 c&u hinh electron cia nguyén ti titan dudi dang chiz.

e Quy tdc Hund. Khi nguyén ti ¢ trang thdi co bdn, néu c6 phén
ldp chua di s6 electron t6i da, thi cdc electron c6 xu hudng phén bé déu
vao cde AO (cde 6 luong ti) cia phéan ldp d6 sao cho c6 s electron doc
thén vdi cde gid tri s6 lugng ti tit spin m, cing ddu la ldn nhét. Vi du,
cu hinh electron ctia nguyén ti cacbon (Z = 6) duge viét theo quy tdc
Hund nhu sau:

C z=e6): i B (T hoge & hoiic (1314

1s? 2s* 2p® 1s? 28>  2p® 1s® 2s* 2p?
Khi khéng cé truong ngoai thi hai gia tri cia m, la +% va —% la

ddng kha ning, nén cb thé viét:
C = 6):1 B (3] hosc T T3] hoic [ 3V

Mbt electron chiém mdt AO (mdt 6 lugng tu) goi la electron déc
thén. Ba AO 2p ciing ning lugng, nén hai electron c6 thé chi€m bat ky
AO nao trong sé do6.

C&u hinh electron nguyén ti duge viét nhu trén dude goi la céu
hinh electron dudi dang 6 lugng tu.

17
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Hiéu irng chan

Trong nguyén ti nhiéu electron, mdi electron ngoai viéc chiu tac
dung cua trudng hat nhan, con chiu lyc ddy cua cac electron khac,
nghia 14 méi electron chiu tac dung cia hat nhan khéng phai 1a Z nita,
ma giam di mot dai lugng o nao ddy; o goi 12 hiéu ng chdn. Hidu s8:

Z-c=17*

dude goi 1a sé don vi dién tich hat nhdn hiéu dung (ciing goi 1& dién
tich hiéu dung) d61 véi electron xét.

Slater da dé xuit nhing quy téc ban kinh nghiém dé tinh hing s8
chan o.

Quy tic Slater '
Slater chia cac AO trong nguyén ti thanh cdc nhém theo trat tu
sau: (1s); (2s, 2p); (3s, 3p); (3d); (4s, 4p); (4d); (4D); (5s, 5p); (5d);...
» D3&i v4i mot electron & 1s bi electron 1s khéc chdn véi o, = 0,30;
Vi dy, trong nguyén t heli (1s? thi Z* = 2 - 0,30 = 1,70.
e Mot electron & ns ho#c np bi mét electron & I6p n' chén nhu sau:
c;=1néun'<n-1
6;,=0,85nfun'=n-1
6;=0,35néun'=n
6;=0néun'>n
e Mot electron ¢ nd hodc nf bi mdt electron khéac chén nhu sau:
o; = 0,35 néu electron chén & cting nhém.,
o; = 1 néu electron chén § cac nhém bén trong.
o; = 0 néu electron chin & cic nhém bén ngoai.
Vi dy, tinh hing s8 chén ctia cac electron khac nhau va sd don vi
dién tich hat nhén hiéu dung tuong ting ctia nguyén tu silic:
Si(Z = 14): 1s* 2s* 2p°® 3s? 3p?
+ Mot electron 1s bi electron 1s khac chin: 0= 1x 0,30 =0,30.
Tit d6 Z,, =14-0,30 = 13,7
+ Mot electron 2s hodc 2p bi chin bdi 2 electron 1s va 7 electron 2s
va 2p: Oy = Gz, = (2 x 0,85) + (7 x 0,35) = 4,15
Zgy =Z5,= 14 - 4,15= 9,85
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+ Mét electron 3s hodic 3p bi chén bdi 2 electron 1s, 8 electron
2s + 2p va 3 electron 3s + 3p:

O3 = O3, = (2 x 1) + (8 x 0,85) + (3 x 0,35) = 9,85

Zyy =Zs,= 14 - 9,85 = 4,15
Néang lugng obitan

Slater da gan cho mdi AO mot ning lugng, goi 1a ndng lugng
obitan E,,, dudc tinh bing céng thic:

Z*Y
E,, = —13,6(11—;) V) (1.10)
n* — s6 lugng ti chinh biéu kién, duge tinh theo n:
n: 1 2 3 4 5 6
*

n*: 1,0 2,0 3,0 3,7 4,0 4,2

Vi du, so sanh niang lugng AO cua hai c&u hinh electron nguyén tu
duéi day (Z = 19):
1s2  2s®  2p® 3¢’ 3p® 4s'

(a)
12 2¢? 2p®  3s®

3p® 3d! (b)
P& so sanh chi cin tinh ning lugng cac AO 4s va 3d vi hai c8u
hinh c6 cac 16p electron bén trong gidng nhau.

Cau hinh (a): mdt electron 4s bi chin bdi hai electron 1ls, tam
electron 2s + 2p va tam electron 3s + 3p:

GL=(2x1)+(8x1)+(8x0,85)=16,8
Z,,=19-16,8=2,2

2
B, =-13,6( 22| =-4,81eV
3,7

?

C#u hinh (b): médt electron 3d bi chén bdi nhiing electron bén trong nhu
trén, nhung véi hé s chan khac:

0= x1)+(Bx1)+(8x1)=18
Z,,=19-18=1

1Y -
E,, =—13,6(§) =-1,51eV

Vay E,, < E,, c6 nghia 1a § trang thai cd bdn nguyén ta Z =19
(kali) ¢6 c&u hinh electron (a), phu hgp véi quy tic Kleskopxki.

19
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BAI TAP

1.1.

Giai:

1.2,

Giadi:

1.3.

Giai:

1.4.

20

Lién két C1-Cl trong phan ti Cl, bi pha dudi tac dung caa photon
v8i A < 495nm. Tinh nang ludng phan ly lién ké&t (tinh ra
kd.mol™).

: -34 8 23
E- hENA _ 6,63.10 x3,00.109x 6,022.10 — 949 kJ. mol!
A 495.10°

Khi chiéu tia btic xa c6 d6 dai séng 205nm vao bé mit tAm bac kim
loai, cac electron bi biit ra véi tdc d§ ban ddu la 7,5.10°m.s™. Tinh
nang lugng lién két clia electron & 16p bé miat mang tinh thé bac.

2 2
hv =hv, + = hv, =h < - 2V
L 2
-34 8 =31 51\2
hy, - 8:68.1070x3,00.10°  9,110(1510°) _ ) e
205.10 2

Tinh d6 dai séng de Broglie cia
a) chiéc xe ning 1,0.10° kg chuyén dong véi t6c d6 1,0.10%km.h7%;

b) proton khéi lugng 1,67.107%'g ¢6 d6ng nang E, = 1,0.10° eV, biét
rang 1 eV =1,6.10719J,

Tu cac gia tri tinh dude, hiy rit ra két luan.

h 6,63.1073

a) A=—= AT =2,4.10%m
0000 22
3,6.10
2
b) E, = m2" = mv = 2mE,
6,63.104

A= =91.10"
(2x1,67.102 x1,0.10° x 1,6.10 )12 m

Do dai séng cla chiée xe qua nhd c6 thé bd qua, trong khi d6 bude
séng cla proton cé thé quan sat dugc khi céc proton tuong tac véi
cac nguyén tu trong tinh thé,

Su chuyén déng cta mdt vién bi ndng 1,0g va ctia mét electron
khéi lugng 9,1.10™%g d8u c6 do bat dinh vé vi tri 13 0,10nm. Tinh



d6 bat dinh cyc tidu vé t8c d6 cha chung. Rit ra k&t luan tu két
qua thu dudge.

Giai:
-34
Vién bi: Av, = h = 6’633'10 =6,6.10ms™’
m.Ax  1,0.107%x1,0.107"°
_ -34
Electron: Av, = 6,63.10 =17,3.10°ms™

9,1.10° x1,0.107%
D6 bat dinh vé toc 46 cla vién bi qua nhd, cb thé bd qua, nhung
né déng vai tro quan trong d61 véi electron.

1.5. Bidu thic AO 1s ctia nguyén td hidro nhu sau:

__ 1 Ta
Wis \/;t_ag €
a, — ban kinh Bohr thi nhét
a) Mat d6 xac suflt c6 mit electron & vi tri ndo trong nguyén tu
hidro 14 16n nhat?
b) Xac suédt phat hién electron & khoang cach r ndo tu hat nhén
(x4c sudt theo ban kinh) 14 16n nhat?
(Dé thi Olympic hoa hoc sinh vién toan qudc Viét Nam, ndm 2006)
Giai:

a) Mat d6 xac suit c6 mit electron ty 18 véi y*

Vay y? 16n nhat khi r = 0, nghia 12 8 gan sat hat nhan.
b) Xac suét phat hién electron & khoang cach r ty 18 véi y?4nr’:
2r 2 2r

dP 8r ~ 3, 9 4r? ‘;;__81' 2 8r2 s
‘&;z"?' %3 ) -~ €
ag a  ag o a,

P 8r -=

21



0 0<r<a, a, 2,<r<ow +o0

PI

1.6.

Giai:

1.7.

Giai:

22

max

Vay xac sudt phat hién electron 16n nhat trong nguyén td hidro &
trang thai co ban cach hat nhan r = a,.

Tinh nang lugng cha electron trong nguyén td hidro & trang thai
cd ban va trang thai kich thich khi electron § 16p M:

a) Nguyén ti hidro & trang thai nio bén hon?

b) Khi nguyén t& bi khii kich thich tré vé trang thai cd ban thi né
c6 thé phat ra biic xa c6 dd dai séng 12 bao nhidu?

2
E, = —2,18.10‘18%2— =-2,18.107"%J

2
i L

E; =-2,18.107"°. = =-2,42.10™J
3

a) E, < E;, vy nguyén td hidro & trang thai cd ban bén hon.
6,63.107 x 3,00.108
(2,18-0,242)107'®
Duya vao nguyén 1y loai trit Pauli ching minh ring:

a) M6i AO c6 t6i da 2 electron véi cac gia tri m, khac d&u. Minh
hoa bang AO 2p,.

b) Phan 16p £ = 3 (phan 18p f) c6 t6i da 14 electron.
¢) Ldp electron thd n ¢6 nhiéu nhat 2n? electron.

=1,03.10"m

b) E3~El=h%:>k=

n=2={(=1>=>m =0 ms=+—1- (1 electron).
a) AO 2p, 2

n=2=(=1>=>m =0 = m, =——% (1 electron).

Vay AO 2p, c6 t3i da 2 electron chi khac nhau bdi gi4 tri m.,.

b) Khi £= 3 c¢6 (2£+ 1) AO, mdi AO c6 t6i da 2 electron, nén s§
electron nhiéu nhat 6 phan 16p £=31a (2 x 3+ 1) 2 = 14 electron.



1.8.

Giai:

1.9.

¢) Lép thi n ¢6 n phan 16p:
(=0c6(2x0+1)A0=1A0
(=1c¢6(2x1+1)A0=3A0
(=2c¢6(2x2+1)A0=5A0

f=n-1c6[2(m-1)+1]A0=@n-1) AO

Day la cap s6 cong véi cong sai 2. T d6 s6 AO 4 16p thi n la:

S - n[1+(2n—1)]

n 9 -
M&i AO c6 nhidu nhét 2 electron, vay s electron tdi da 6 16p n la:
njl+(@n-1

N = _[._(___l] x 2 =2n?
Trong s6 cac ciu hinh electron nguyén td c6 s6 Z = 28 dugc dé
nghi duéi day:

1s? 2s? 2p° 3s? 3p° 3d"° 4g° (1)
1s® 2s® 2p° 3s” 3p® 3d° 4s® (2)
1s® 2s” 2p° 3s? 3p° 348 4s® (3)

1s 2s” 2p° 3s® 3p° 3d° 4s* 4p® (4)
a) C&u hinh nao khong thé c6? Vi sao?

b) C&u hinh nao 8 trang thai co ban va ¢6 may electron dc than?
¢) C&u hinh nao d trang thai kich thich?

d) Sép x6p cac ciu hinh theo thd tu nang lugng tang déan.

a) Cau hinh (2) khong thé cé, vi theo nguyén ly Pauli phan 1p p

chi c6 to1 da 6 electron.

b) C&u hinh (3) & trang thai cd ban va c6 2 electron dodc than ¢ 3d*:
3 [HIteIt[ 414 ]

¢) Cac cau hinh (1) va (4) & trang thai kich thich.

d) Thi tu ning lugng tang dan: (3) — (1) - (4)

Trong s6 t& hdp cic s6 lugng tl sau, nhing t8 hop nao khong thé

c6 trong nguyén tu? Giai thich:
ayn=38,¢=1, m =1, b)n=4, (=2, m, =3;
c)n=2, =2, m,=0; dn=3, =1, m=-1

23



Giai:

1.10.

Gidi:

1.11.

Gidi:

1.12.

24

Khéng thé c6 la:

b) Vi gia tri cia m, phaila —¢< m, < +/¢

c) Vigia tri 16n nhatcta ¢ chila ¢=n-1.

Nhiing phan 16p electron ndo dudi day khéng thé c6 trong nguyén ti?
a) 2p; b) 2d; c) 3f; d) 4s.

Céc phan 16p khong thé cé 1a:

b) 2d, vi 6 16p n = 2 chi ¢6 hai phan 16p 2s va 2p.

c) 3f, vi 6 16p n = 3 chi c6 ba phan 1ép 3s, 3p va 3d.

Ly thuyét lugng ti dy doan sy tén tai nhitng AQ ng dng véi sé
lugng ti phu ¢ = 4:

a) Hoi s6 electron t5i da ctia phan 16p ng 1a bao nhiéu?

b) Dua vao quy téc Kleskopxki, hay dy dodn xem sau phan mic
néng lugng nao thi dén phan mic ng diu tién?

¢) Nguyén ti 6 electron du tién & phan 16p ng 1a nguyén td cda
nguyén t6 ¢6 s8 thi ty Z bing bao nhidu?

a) Phan 16p ng dng véi gia tri (= 4 s& c6 (2x4+1)=9A0. Vay
s0 electron t6i da ¢ phan 16p ng 12 9 x 2 = 18 electron.

b) Phin mtc ning lugng ng dau tién xuit hién trong cdu hinh
electron nguyén ti 1a 5g, vi & 16p thit 5 (n = 5) c6 5 phéan 13p:
¢ =0(s), t =1(p), ¢ =2 (5d), ¢ =3 (5f)va (=4 (5g).

Theo quy tdc Kleskopxki phan 16p 5g c6 tongs6n+ ¢=5+4=09,
Vay 5g ndm sat sau phan 16p 8s.

¢) (Rn) 7s* 5f* 6d'° 7p® 8s2 5g! ¢6 Z = 121.

Trong s6 cac c&u hinh electron nguyén ti dugc dé nghi dusi day,
cdu hinh nao & trang thai cg ban, cdu hinh nao & trang thai kich

thich, c&u hinh nao khéng thé c6, vi sao? Cac AO duge vidt theo
thi tu 1s 2s 2p 3s:

» [ [ [ 2 (HrE
o Ml 1 [T 1] O B Y [TH
o ] {4 [T o B BT



Giai:

1.13.

Giai:

1.14.

Giai:

1.15.

Giai:

d) Co ban; a, b, c va g) Kich thich

e) Khong thé c6, vi trai véi nguyén ly Pauli: 2 electron ciing c6 gia
tri m, trén mot AO.

Mt nguyén ti & trang thai cd ban c¢é phén 16p electron ngoai
cung la 3p® Héi hai electron nay cb thé tng véi nhiing gia tri ndo
cua bon s6 lugng tu?

-1 0 +1 -1 0 +1 -1 0 +1

3pn=3, ¢ =1, m, B:[D:] hodc m—___m hoic [_—_[D_T_]
hodc [§14] | hose [¥] [¥] hoge [ [4]}]

Mbi AO duge dic trung bang nhiing s8 lugng ti nao? Minh hoa
bang AO 2p,.

M3i AO dugce dic trung bing ba sd lugng n, {va m,.

AOQO 2p,tdngvéin=2, (=1, m =0.

St dung coéng thic tinh ning lugng AO cla Slater, hiy so sanh
nang lugng cla hai c&u hinh electron nguyén ti sau (Z = 25):

a) 1s? 2s* 2p® 3s® 3p® 3d’

b) 1s2 28 2p°® 3s® 3p® 3d° 4s’

T d6 rat ra cdu hinh nao 3 trang thai cd ban?

Hai c&u hinh chi khac nhau vé s8 electron & 3d va 4s, nén chi can
tinh nang lugng cua cac AO dé.
a) 1s® 2s? 2p® 3s? 3p°® 3d’
Gy = 18+ 6 x 0,35 = 20,1 = Z* = 25 - 20,1 = 4,9
4,9
E3d = —13,6 —‘3— = —36,28 eV
Ning lugng cta 7 electron 3d: 7By, = —-36,28 x 7= -254 eV
b) 1s* 2s* 2p°® 3s® 38p° 3d°> 4s’
0, =10+ (13 x 0,85) + (0,35) =21,4 = Z;,=25-21,4=3,6
2
E, --13,6) 20| =_12,87eV
3,7

’
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1.16.

Gidi:

1.17.

26

O30 = 18+ (4x0,35) = 19,4 = Z;, = 25-19,4=5,6
E,, =-13 6(536] = -47,39 6V

Nang lugng ctia 2 electron 4s va 5 electron 3d 1a:

2E, + 5E;, = (12,87 x 2) + (-47,39 x §) = -263 eV

Vay c&u hinh b) ¢6 ning lugng thdp hon cidu hinh a) va 1a ciu
hinh electron cia nguyén tl cé s6 Z = 25 & trang thai cd ban.

St dung cong thie tinh nang ludng AO cta Slater, hiy so sanh
nang lugng caa ion Fe?' (Z = 26) véi cac cdu hinh electron sau:

a) 1s? 2s* 2p°® 3s®> 3p°® 3d°

b) 1s? 2s* 2p°® 3s®> 3p® 3d!4s?

Tt k&t qua thu duge hay cho biét khi nguyén ti Fe bi ion hoa
thanh Fe® s& c6 cdu hinh electron nao?

0= 18+5x%0,35=19,75 = Z;,= 26 - 19,75 = 6,25
E,, =18, 6(6§5J 59,03 eV

Niang lugng cia 6 electron 3d:
6E;, = -59,03 x 6 = -354 eV
b) 6,, = 10 + (12 x 0,85) + 0,35 = 20,55 => Z\ = 26 — 20,55 = 5,45

E, =-13, 6(5 45] =-29,61 eV
3,7

’

C3 =18+ 3x0,35=19,05 = Z;,= 26 — 19,05 = 6,95
E,, =-13, 6(655) = 72,99 eV

Néng lugng cta 4 electron 3d va 2 electron 4s:

2E,, + 4E3, = (29,51 x 2) + (-72,99 x 4) = -351 eV
C4u hinh a) ¢6 ning lugng thap hon, nghia 13 khi nguyén tit Fe bi
ion hoa thanh Fe® thi hai electron 4s s& tach ra khéi nguyén tu.
Duya vao cong thic tinh ning ludng obitan cla Slater, hay tinh ning
lugng ion hoa thi nh4t va thit hai clia nguyén ti Mg (Z = 12).



Giai:
Mg : 1s? 2% 2p° 3s®
Mg*: 1s* 2s* 2p° 3s!
Mg?": 1s® 2s* 2p°
I, = 1E;, Mg") ~ 2E,, (Mg)
Gy (Mg") =2+ 8x0,85=8,80 = Z, =12 -8,80= 3,2

2
E, =-13,6 (%‘91} =_15,5eV

s, (Mg) =2 + 8 x 0,85+ 0,35 =9,15 = Z; = 12 -9,15= 2,85

2
B, = -13,6 (??85—) =_12,3 6V
I[,=-1556+12,3x2=9,1eV

I, = E(Mg?) - EMg") = 0 - 1E,,(Mg") = 15,5 eV

Trong trudng hgp nay ta khong tinh ning lugng cua cac electron

& vo khi hiém Ne (1s® 2s? 2p%), nén I, = -E;,(Mg").

I, + L,(Mg) = 9,1 + 15,5 = E;,(Mg*") - 2E;,(Mg) = 0 -2E,,(Mg)

I, + L,(Mg) = -2E,,(Mg) = 24,6 eV

Bai tap tu giai
1.18. Khi déng bi bén pha bang cac electron nang lugng cao sé phat ra
tia X. Tinh nang lugng (tinh ra jun) lién két v6i photon nay, néu
dd dai séng cua tia X 1a 0,154nm.
D.S. 1,29.107%J

119. H,0(¢) - Hyk) + -;-og(k) . AH=285,8 kJ.mol™!

Tinh d6 dai séng (tinh ra nm) 16n nhat dé phén Gng trén c6 thé
xay ra.
P.S. 419nm ‘
1.20. Mau xanh cta bau trdi 1a do 4nh sang M#t Trdi bi cac phén tu
trong khong khi tan xa. Anh sang nay c6 tdn s 7,50.10" Haz:
a) Tinh budc séng lién két véi biic xa nay.
b) Tinh ning lugng cia hat photon lién két véi tan s6 nay.
D.S. a) 4,00.10’nm; b) 4,97.107°J
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1.21.

1.22.

1.23.

1.24.

28

Khi chiu sang véi budc séng 434nm vao b€ mit cac kim loai K,
Ca va Zn 6 kim loai nao sé xay ra hiéu Ung quang dién? Héy tinh
téc do ban ddu cha electron bay ra khoéi bé mit kim loai d6. Tan
s gi61 han cua cac kim loai nhu sau:
K Ca
5,5.10" 7,1.10*
D.S. K v8iv=4,510°m.s™
Tinh budc séng de Broglie caa:
a) M6t may bay c6 khéi lugng 100,0 t4n, bay véi téc d6 1000,0km.h™.
b) Mot notron khoi lugng 1,675.10"%kg, chuyén déng véi tde d6
4,00.10%m.s™.
D.S. a)A =2,38.10™'m; b) A =9,90.10°m
Hay xac dinh d6 bat dinh vé ddng lugng va vé téc do cla:

Zn
1,04.10"%°

Kim loai

Vo(s—l)

a) Mot electron chuyén dong trong ving khéng gian theo chiéu x
véi duong kinh ¢d duong kinh nguyén ti 1a 0,10nm.
b) Mot ngudi trugt tuyét nang 70,0kg, chuyén dong véi téc do
100+1km.h™,

b.S. a) Ap, =6,6.10*kg.m.s}; Av, = 7,3.10°m.s™".

b) Ap, = 2,39.10%kg.m.s7}; Av, = 3,41.10¥m.s™.

Tinh mat d6 x4c suit c6 mait electron trong mot don vi thé tich
dv = 1,0 pm® (1 picomét = 10?m) § nguyén td hidro (trang thai
cd ban) khi:
a) dv 12 vi tri § gin sat hat nhan.
b) dv cach hat nhéan 0,050nm.
¢) dv cach hat nhan 0,10nm.

1l

na,

v, (H) = . Rat ra k&t luan.

2r

b.S. \|12dv=—}?.e %o dv
na,

a) r =0 thi y?dv=2,1.10"°

b) r = 0,050nm = y*dv = 3,2.10”7

¢) r=0,10nm = y?dv =4,9.107

Khi r ting, mat d6 xac suat cé mét electron giam.



1.25.

1.26.

1.27.

1.28.

1.29.

1.30.

Tinh ning lugng cia electron trong nguyén tu hidro & trang thai
cd ban theo hé don vi SI va theo eV, khi stt dung céc gia tri m, e,
€, va h.

D.S. -2,18.107J hay -13,6eV
Tinh nang lugng ion hoa I cia nguyén ti hidro, I, caa He (Z = 2)
va I, cta Li (Z = 3) khi chiing & trang thai cd ban. Giai thich sy
bién thién cta cac gia tri I - I, — I; tim dudc.

D.S. I(H) = 13,6eV < I,(He) = 54,4eV < I; (Li) = 122eV
Theo chiéu H — He* — Li** gia tri I tang, vi dién tich hat nhén
tang, khéng c6 tac dung chén cta cac electron, nén tuong tac gitia
hat nhan va electron tang.
a) Tinh muc nang lugng cla electron trong nguyén ti hidro khi
hidro & trang thai co ban nhan mdt nang lugng bing 99,0% nang
lugng ion ho4 cua né.
b) Tinh budc séng phat ra khi electron g trang thai kich thich
nhu trén trd vé trang thai cs ban.

D.S. a)n=10;b) 9,23.10°m
Dua vao nguyén 1y loai trit Pauli chtng minh rang:
a) M&i AO c6 81 da hai electron véi céc gia tri m, khac ddu. Minh
hoa bang AO 3d..
b) Phan 16p €= 2 c¢6 nhiéu nhét 10 electron.
¢) Lép M (n = 8) c6 tdi da 18 electron.
Trong s6 cac c&u hinh electron nguyén t& dugc dé nghi duéi day,
nhitng c¢&u hinh nao khéng thé c6, nhiing c&u hinh nao & trang
thai cd ban, nhiing cdu hinh nio & trang thai kich thich?
a) 1s® 2s% 2p%; b) 1s? 2s® 2p%;
c) 1s? 2s? 2p* 3s' 3p}; d) 1s? 2s® 2p® 3s* 3p° 3d'° 4s%
e) 1s? 2s® 2p° 3s? 3p® 3d™ 4s% g) 1s? 2s® 2p° 3s® 3p° 3d".

D.S. Khong thé c6 a) vae).

O trang thai co ban b) va d).
O trang thai kich thich c) va g).

Dua vao quy téc Kleskopxki, hdy du dodn xem néu phat hién duge
nguyén t6 nhém IIA cla chu ky 8 thi né sé& c6 s8 thit tu 14 bao nhiéu?

D.S. Z=120
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1.31.

D.S.

1.32.

1.33.

30

Trong s6 cac cidu hinh electron nguyén tu c6 s8 Z = 23 dudge dé
nghi dudi day, cdu hinh niao & trang thai cd ban, cdu hinh nao ¢
trang thai kich thich, c&u hinh nao khéng thé c6?
[Ar] 3d 4s 4p

a) - (4] [4] (4] L1 1]

by .. [A] 4] [}] [T T
- BT T [[T]
d o GO T [T 1]
e - [T Tt [TT]
o - AT TTT ][ [AT]

O trang thai cd ban: a) va d)

O trang thai kich thich: b); ¢) va g)

Khong thé cé: e).
Trong s6 t6 hgp céc s6 luong ti sau, nhiing t8 hgp nao c6 thé ¢
va ching tng véi nhing AO nao, nhitng t8 hop nao khong thé cd,
vi sao?

S’

C

S’

ayn=3, (=0, m,=0; bn=2, =1, m,=0;
c)n=3, (=2, m =0 d)n=2, (=2, m,=-1;
ey n=3, (=1 m,=-2; ggn=3, (=0, m,=-1;

D.S. C6 thé cb: a) 3s; b) 2p,; ¢ = 3dzz
Khéng thé cé: d) vi gid tricta ¢ chic6thé1a0< ¢ <n-1
e) va g) vi gia tri cia m, chi c6 thé 1
- <m, <+!(
Nguyén tu titan & trang thai co ban c6 hai phan 16p electron
ngodi cung la 3d*4s®. Héi 4 electron nay ting véi nhiing gia tri nao
c6 thé c6 ctia bon s6 lugng tiin, 7, m,va m,?

D.S. Hai electron 4s: n = 4, £= 0, m,= 0, mot electron
cbm, = +%, electron con lai ¢cé m, = ——;—
Hai electron 3d déu c6 cing cac gidtrin=3, (=2,

m, = +l hoéic ——1~.
2 2



Hai electron nay khong thé c6 cung gia tri ciia m, .
M&i electron c6 mét gia tri m, khac nhau, c6 thé c6
nhu sau:

m,=-2va-1; m=-2va0; m=-2va+l; m=-2
va+2; m,=-1va0; m, =-1va+; m,=-1va+2; m =0
va+l; m,=0va+2; m =+1 va +2.

1.34. St dung cdéng thic tinh nang lugng obitan cta Slater, hdy so
sanh nang lugng cta hai c&u hinh electron nguyén ti cé s6 Z =27
dudi day:

a) 1s> 2s® 2p° 3s? 3p° 3d" 4s%
b) 1s® 2s? 2p° 38s®* 3p® . 3d°
Tit k&t qua thu duge, hiy cho biét c&u hinh néo d trang thai cd ban?

P.S. E, = -534 eV < E, = -523 eV (chi tinh cho cac
electron 3d va 4s). C&u hinh a) § trang thai co ban.

1.35. Nguyén tl coban (Z = 27) c6 thé nhudng hai electron hod tri khi
tham gia phan @ng hoa hoc dé tré thanh ion Co*". Diing cdng thic
tinh ning lugng obitan cta Slater, hdy tinh xem c&u hinh electron
nao dudi day ctia ion Co* bén hon. T két qua thu dudge, hay cho
bidt khi nguyén ti Co bi ion hoa thi hai electron nao sé tach ra
khéi nguyén ta?

a) 1s? 2s* 2p° 3s® 3p° 3d° 4s%;
b) 1s? 2s® 2p° 3s® 3p° 3d"

P.S. E, = 499 eV > E, = -504 eV (chi tinh cho cac
electron 3d va 4s). C4u hinh b) bén hon. Vay hai
electron 4s? sé bi ion hoa thanh Co™.

1.36. St dung cong thic tinh nang lugng obitan cua Slater, hay tinh
ning lugng ion hoa I, cia nguyén ti Co (Z = 27). Dung cac k&t
qua & cac bai tap 1.34 va 1.35, tinh I, + I, cta nguyén tu Co.

P.S. 1,(Co) = E,(Co") — 2E4(Co) = 12eV

I, + I, = B (Co%) - 2E,(Co) = TE3(Co™) — [TE3q(Co) + 2E,(Co)]
I, +1,=-504 - (-534) = 30 eV
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Chuong 2

BANG TUAN HOAN CAC NGUYEN Td HOA HOC

TOM TAT LY THUYET

Nguyén tic sap x&p cac nguyén té hoa hoc thanh bang tuin hoan

Hién nay da biét trén 110 nguyén t& hoi hoc. Ching dudc xé&p
thanh bang dua vao hai nguyén téc sau:

e X&p cic nguyén td theo chiéu dién tich hat nhan nguyén ti cla
ching ting dan.

e Nhiing nguyén t6 ma nguyén td c6 cdu hinh electron hoa tri
tudng ty nhau dude x&p thanh cot.

M&di hang cic nguyén t& 1a mot chu ky. Mbi ¢t 1a mot nhém, trit
nhém VIIIB c6 ba cot.

Béang tuin hoan hién nay c¢6 bay chu ky. C6 mot s8 cach chia thanh
cac nhém khac nhau. Théng dung hon cé 14 chia thanh tAm nhém A va
tam nhém B.

Chu ky

Cac nguyén ti cua cic nguyén t6 trong cing mdt chu ky déu c6 8 16p
electron (s8 16p chita electron) bing nhau va bing s8 th tu chu ky chta
ching, trit paladi (Pd, Z = 46) § chu ky 5, nhung chi ¢6 bon 16p electron.

Dau méi chu ky 1a nguyén t8 kim loai kiém (trit chu ky 1). Cusi
chu ky 1 nguyén t6 khi hiém.

Nhém

Cac nguyén ti ciia cac nguyén t8 trong cling mét nhém cé ciu hinh
electron hoa tri tuong tu nhau. D4y 14 y&u t8 cd ban nhét quyét dinh
tinh chét tudng tu nhau clia cac nguyén t6, don ch&t va hgp chit caa
cac nguyén td trong cing nhém.

Nhém A

e Su dién electron cudi ciing vao nguyén tii cia nguyén t6 nhém A
theo quy tac Kleskopxki déu roi vao phan 18p ns hoéc np.
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e C6 thé nhan bist mot nguyén t6 tit nhém IIIA dén nhém VIIIA
dya vao sb electron & 16p ngoai cing ctia nguyén ti nguyén to dé: s6
electron & 16p ngoai cung dung bang s6 thit ty nhém chiia né.

e D& nhan biét mot nguyén t6 thudc nhém A nao, ta dya vao quy
tic Kleskopxki: néu su dién electron vao nguyén ti cha nguyén td dé
két thic a:

ns! thi nguyén t& d6 6 nhém IA (riéng hidro cling c6 thé dit d nhém
VIIA ho#c dat & vi tri déic biét khong thudc nhém nao);

ns?: nhém IIA, trit heli, tro vé tinh chat hoa hoc, nén duge chuyén
sang nhém VIIIA;

np' nhém IIIA; np% nhém IVA; np®: nhém VA; np*: nhém VIA; np’:
nhém VIIA va np® nhém VIIIA. \

Nhom B

e Sy dién electron cudi cing vao nguyén ti theo quy tic Kleskopxki
déu két thic & (n-1)d hodc (n-2)f.

e S§ electron & 18p ngoai ciing clia nguyén ti déu it hon ba, tru
paladi (Z = 46) da dé cap 6 trén.

e C6 thé nhan biét mét nguyén t& thudéc nhém B nao, ta dya vao su
dién electron vio nguyén ti theo quy téc Kleskopxki: néu su dién electron
vao nguyén ti cia nguyén t& d6 két thic o:

(n-1)d% nhém IIIB; (n-1)d* nhém IVB; (n-1)d* nhém VB;

(n-1)d* nhém VIB; (n-1)d® nhém VIIB; (n-1)d®*"® nh6ém VIIIB;

(n-1)d®% nhém IB; (n—-1)d'*: nhém 1IB.

Tuy nhién, s& lidu thyc nghiém cho biét, mdt s8 trudng hop sy dién
electron khéng hoan toan theo dung quy tic Kleskopxki.

D6 1a Cr (Z = 24), Cu (Z = 29), Nb (Z = 41), Mo (Z = 42), Ru (Z = 44),
Rh (Z = 45), Pd (Z = 46), Ag (Z = 47), La (Z = 57), Ce (Z = 58), Gd (Z = 64),
Pt (Z = 78), Au (Z = 79), Ac (Z = 89), Th (Z =90), Pa (Z=91), U (Z = 92),
Np (Z = 93), Cm (Z = 96).

Nguyéntos, p, dvaf

Nguyén t8 s (p, d, f) 12 nguyén t8 ma su dién electron cudi ciing vao
nguyén tii theo quy tic Kleskopxki két thiic 6 phan 16p s (p, d, f).
Céc nguyén t& d va f con c6 tén 1 céc nguyén to chuyén tiép d va f.
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Cac nguyén t6 s va p déu d cac nhém A, con cAc nguyén to d va f &
cac nhém B.

Nhiing nguyén t6 ma sy dién electron cudi cing vao nguyén tl rdi
vao 4f (tr Z = 58 dén Z = 71) con duge goi 14 cac nguyén td ho lantan
hodc cac nguyén t& lantanoit.

Nhing nguyén t& ma sy dién electron cudi cing vao nguyén ti roi
vao 5f (tit Z = 90 dén Z = 103) con dugc goi la cac nguyén td ho actini
hodc cac nguyén t§ actinoit.

Ban kinh nguyén ti

e Ban kinh cong hoa tri bang nita khoang cach gita hai tdm cta
hai nguyén ti gidng nhau lién két don céng hoa tri véi nhau & 25°C.

e Ban kinh kim loai bing ntia khoang cach giia hai tdm cla hai
nguyén ti kim loai gAn nhau nh4t trong tinh thé kim loai & 25°C.

Ban kinh ion

Khoang céach gitta hai tdm ion duong va ion 4m gAn nhau nhit
trong tinh thé ion bing tdng s6 ban kinh cta ion dudng va ion 4m dé.
Su bién thién ban kinh nguyén tr va ion trong chu ky va trong nhém

o Tiur trai sang phai trong mét chu ky, néi chung ban kinh nguyén
td giam dan.

e T trén xudng trong mét nhém A, ban kinh nguyén t& va ion
cung dién tich ting dan.

' e Tu trén xudng trong mét nhém B, ban kinh nguyén ti va ion
cung dién tich bién d6i cham, thudng ting it hodc khong déi.
Ning lugng ion hoa nguyén tu '

Nang lugng ion hoa nguyén tit thi nhit I, thi hai I,, thi ba L,...
ing vdi cac qua trinh sau:

Nguyén ti (k, cb) — Cation* (k, cb) + e; I,>0

Cation” (k, cb) — Cation®" (k, cb) + e: I,>1,

Cation™ (k, cb) — Cation®" (k, cb) + e; I,>1,

k — khi; ¢cb — ¢ ban.

Electron bi biit ra khéi nguyén ti hoic ion khi bi ion hoa 1a electron
¢6 nang lugng 16n nhat. Nhu vay khi cée nguyén tl ctia cac nguyén to
d va f bi ion hoa thi electron bi biit ra trudc tién 1a electron ns.
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Su bién thién nang ludng ion hoa thir nhat trong chu ky va trong nhém
e Tit trai sang phai trong mdt chu ky, néi chung I, tang din.
e Tif trén xudng trong mot nhém A gia tri [, gidm déan.
e Tu trén xudng trong mot nhém B gia tri I, bién thién cham va
khéng déu, thudng ting dan.

Ai lyc véi electron ctia nguyén tif

Ai luc véi electron cia nguyén ti 12 kha ning két hgp electron caa
nguyen ti thanh ion Am. Kha ning nay dugdc dic trung bang ning lugng
gén két electron cta nguyén td va dude dinh nghia bing so 46 sau:

Nguyén tu (k,cb) + ne - Ton™ (k,cb); A,

A, - nang lugng gén két n electron cia nguyén ti. Cin phan biét
ning lugng gén két electron thd nhit vao nguyén ti (A, ), néng lugng
gin két electron thi hai (Aez ),... Vidu:

O (k,cb) +e - O™ (k,ch); A, =-141 kJ.mol™!
O~ (k,cb) + e = OF (k,cb); A, = +798 kd.mol™!
Tit d6 O (k,cb) + 2e - 0¥ (k,cb); A, + A, = +657 kJ.mol™

Gia tri A, c6 thé am, dudng hay bing khong.
Ai lyc véi electron clia nguyén td cang 16n thi ning lugng gén két

electron caa né cang nho (vé gia tri dai s0). Ai luc véi electron 16n nhat
& cac nguyén tu halogen, yé&u nhét 6 cac nguyén ti c6 phén 18p electron
ngoai cung bédo hoa (np®, ns?).

Do am dién clia nguyén tir

Do am dién ctia nguyén ti 12 kha néng ctia né hit cép electron lién
k&t trong phén ti vé phia minh.

Ba thang dd am dién dugc dang nhiéu nh4t 13 cia Pauling, caa
Mulliken va ctia Allred—Rochow.

e Theo Pauling, gia tri tuyét d6i hi¢u d6 4m dién giita hai nguyén
ti A va B dugc tinh theo cong thic sau;

|XA —XB|=0,102 AAB (2’1)

Véi Aup = Dag - %(DAz +Dj,) tinh theo don vi kd.mol ™.
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Dg — néing lugng phén ly lién két don trong phan ti A-B, kJ.mol%;

D,, va D,32 — ning lugng phén ly lién két don trong phan td A-A
va B-B, kd.mol ™. '

eTheo Mulliken, d6 4m dién dugc tinh ti ning lugng ion hoa thi
nhat (I,) va ning lugng gén két electron thit nhat (A, ) cha nguyén tu
theo cong thic sau:

LA, 0 1'} | (2.2)
= +0, .
=516

I, va A, dudc tinh bing kJ.mol ™.

*Theo Allred-Rochow, d 4m dién dugc tinh theo cong thic:

*

x=3,59.103-Z?+o,744 (2.3)
r

r — ban kinh ¢fng hoa tri, pm;

Z" — s6 don vi dién tich hat nhan hidu dung d5i véi electron ngoai
ciing, tinh theo quy téc Slater, nhung trit di mdt dai lugng 0,35 (ing
véi 6 = 0,35)?,

Su bién thién d am dién theo chu ky va theo nhém

e Tt trai sang phdi trong mét chu ky, néi chung d6 4m dién tang dén.

e Tit trén xudng trong mét nhém, néi chung d6 Am dién giam dan.
Kim loai va phi kim

e Nhiing nguyén t6 ma nguyén ti cia chiing c6 s§ electron & 16p
ngoai cung it hon 4 déu 1a kim loai, trit H (Z=1),He Z=2)vaB(Z=5)
1a nhitng phi kim.

Mot s6 it nguyén t6 ma nguyén ti cla ching c6 s6 electron & 16p
ngoai cung 16n hon ba 14 kim loai. D6 1a Ge (Z=32), Sn (Z = 50), Sb (Z = 51),
Pb (Z = 82), Bi (Z=83), Po (Z = 84) va Pd (Z = 46).

e Trit nhiing kim loai da k& § trén, nhiing nguyén t6 ma nguyén td
cla ching c6 s§ electron & 16p ngoai cung 16n hon ba déu 1a phi kim.

M3t s6 tac gia ciing goi cac nguyén t& c6 tinh chat vat 1y trung gian

gitia kim loai va phi kim 14 d kim, nhu bo, silic, gecmani, asen, antimon,
telu, poloni va atatin.

() Mghia 1a tinh hing s& chén cia tat ca cac electron trong nguyén ti.
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Su bi&n thién tinh kim loai va phi kim trong chu ky va trong nhém

o T trai sang phai trong mét chu ky, néi chung tinh kim loai giam
dan va tinh phi kim ting dan.

e T trén xudng trong mdt nhém A tinh kim loai tdng din, tinh phi
kim giam dan.

e T trén xudng trong mot nhém B tinh kim loai gidm dan.

S& oxi hoa 16n nhat cla cac nguyén to

S6 oxi ho4 16n nhat ctia da s6 cac nguyén t& bang s8 thit ty nhém
chta ching, tru flo, oxi, hidro, cdc nguyén td nhém IB, da sd cac
nguyén td nhém VIIIB, cic lantanoit, cic actinoit, khi hiém.

S& oxi hoa thap nhat cua cac phi kim

S6 oxi hoa thap nhit cla cic phi kim bing s8 thi tu nhém chia
chtng trit di 8, trit B (Z = 5), H (Z = 1), cic khi hiém.

BAI TAP
2.1. Khong diing bang tudn hoan, hiy cho biét cac nguyén t8 véi cau hinh
electron nguyén ti duéi day thudc chu ky, nhém A, nhém B nao?
a) 1s? 2s? 2p® 3s? 3p® 3d'° 4s%
b) 1s2 2s? 2p® 3s? 3p® 3d° 4s%;
¢) 1s? 2s? 2p® 3s? 3p° 4s%
d) 1s® 252 2p°® 3s? 3p® 3d'° 4s® 4p°.

Giai:
a) Chu ky 4, nhém IIB, vi sy dién electron cudi cung két thic &
(n-1)d*; _
b) Chu ky 4, nhém VIIB, vi sy dién electron cudi cung két thic §
(n-1)d% ‘

c) Chu ky 4, nhém IIA, vi sy dién electron cudi ciing két thic & ns%

d) Chu ky 4, nhém VIIA, vi su dién electron cudi cung két thic & np®.
2.2. Nguyén t& ndo dng véi cAu hinh electron nguyén ti dudi day la

nguyén t& s, p, d hay f2 Néu 1a nguyén t§ f, thi né thugce ho

nguyén t& lantan hay actini? '

a) 1s? 2s? 2p® 3s? 3p® 3d'° 4s? 4p° 5s%
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Giai:

2.3.

Giai:

2.4.

Gidi:

2.5.
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b) 1s? 2s? 2p° 3s? 3p°® 3d* 4s%

c) 1s? 2s? 2p® 3s? 3p® 3d™ 4s® 4p*;
d) [Rn] 5{77s%

e) [Xe] 4f*6s”.

a) Nguyén t6 s, vi su dién electron cudi cing két thic 6 obitan s;
b) Nguyén té d, vi su dién electron cudi cing két thic & obitan d;
¢) Nguyén t8 p, vi su dién electron cudi cung két thic ¢ obitan p;
d) Nguyén t6 f, vi su dién electron cudi cung két thic 6 obitan f.
Nguyén t6 nay thudc ho actini;

e) Nguyén té f, thudc ho lantan.

Viét cAu hinh electron nguyén ti duéi dang chit va dang 6 ludng
tl cua cac nguyén td A va X cé cac phan 16p electron ngoai cung
14n luot 1a 3d%4s? va 4p®. A va X thudc chu ky nao, nhém nao?

A: 1s® 2s? 2p°® 3s? 3p°® 3d° 4s% 3d° 4s™ (Ay]4 [} [4 [} ]

A & chu ky 4, nhém VIII B, vi su dién electron cudi cung vao
nguyén td két thac d (n-1) d% v

X: 1s? 2s? 2p° 3s? 3p® 3d'° 4s? 4p®; 45 4p*: m

X & chu ky 4, nhém VA, vi su dién electron cudi ciing két thic & np®.
Nguyén td cia nguyén td M c6 5 16p electron, tao dude oxit M,0-,
trong d6 M c6 sd oxi hoa cao nhit, nguyén td M c6 hai electron &
16p ngoai cung. Hay viét cau hinh electron nguyén ti cua M. Hoi
M 14 kim loai hay phi kim va thude nhém nao?

S6 oxi hoa cao nhit cia M 1a +7, nén M phai  nhém VII. M c¢6
hai electron & 1dp ngodi cung, nén M § nhém B va 1 kim loai.

M: 1s® 2s® 2p° 3s® 3p® 3d’° 4s® 4p° 4d° 5s®.

Nguyén ti cia nguyén t& X & chu ky 4, ¢6 s6 oxi hoa 16n nhat 14 +7.
Hdi X thudc nhém nao, biét ring X 12 phi kim? Hay viét:

a) C&u hinh electron nguyén ti cta X;

b) Cong thic oxit don gidn nhat, trong d6 X ¢6 s8 oxi hoa +7;

¢) Cong thic phan ti cha X véi hidro, trong d6 X c6 s oxi hoa
thap nhat.



Giai:

2.6.

Giai:

2.7.

Giai:

2.8.

Giai:
‘Khi nguyén ti cua céc nguyén t& chuyén ti€p bi ion hoa thi

X 14 phi kim, ¢6 s8 oxi hoé cao nhét +7. Vay X 3 nhém VIIA.

a) 1s? 2s® 2p°® 3s? 3p° 3d" 4s°4p”;

b) X,04

¢) HX, vi s0 oxi hod th&p nhat cia phi kim nhém VII A la
7-8=-1.

Vit c&u hinh electron nguyén ti cta nguyén 8 X & chu ky 5, ¢6
6 electron & 16p ngoai cing. X & nhém no, s6 thi tu Z bang bao nhiéu?

X & chu ky 5, nén nguyén ti X c6 5 18p electron. Nguyén ti X ¢6 6
electron & 16p ngoai ciing, nén X 8 nhém VI A:

X: 1s? 2s? 2p° 3s? 3p® 3d™° 4s® 4p° 44" 5s? 5p* v61 Z = 52.

Vidt c&u hinh electron nguyén ti ctia nguyén té6 M ¢ chu ky 5,
c6 hai electron d. Héi M thudc nhém nao va s6 thi tu Z bing
bao nhiéu?

M c6 5 16p electron, & nhom IV B vi ¢6 hai electron d:

M: 1s? 2s% 2p° 3s* 3p® 3d'° 4s” 4p° 442 5s® véi Z = 40.

Ion M?* c6 phén 14p electron ngoai cung la 3d:

a) Viét c&u hinh electron ciia nguyén tét M va cac ion M*, M*, M**
va M*;

b) Xac dinh chu ky, nhom cua M;

¢) Electron 3d' c6 thé ng véi nhiing gi tri nao ctia bdn sd lugng ti?

d) So sanh ban kinh gitta nguyén ti M va cac ion M™ va gida cac
ion M™ véi nhau.

electron bi bit ra khéi nguyén td truédc tién 1a electron ns:
M* +3e > M
Vay nguyén td M phai c6 hai phén 16p electron ‘ngoai cung la
3d? 4s®.
a) M: 1s? 2s® 2p°® 35 3p° 3d” 4s?%;
M*: 1s? 2s? 2p°® 3s? 3p® 3d* 4s’;
M2*: 1s? 2s% 2p® 3s? 3p° 3d%
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2.9.

Giai:

- 2.10.

Giai:

2.11.

. 40

M?": 1s% 2s% 2p® 3s? 3p® 3d’;
M*": 1s* 2% 2p® 3s? 3p°.
b) M 6 chu ky 4, nhém IV B;

I 1 i
c) 3d' dng v6in = 3, /=2, m, c¢6 thé bang +—2— hoac —o gia tri cua

m, c6 thé 1a -2, -1, 0, +1 hoic +2.

d) rM > rM+ > rM2+ > rM3+ > rM4+

Ion X** c6 phan 18p electron ngoai ciing 13 4p®:

a) Viét cadu hinh electron nguyén td cta X;

b) X thudc chu ky nao, nhém nao?

c) Viét cong thic phan ti oxit don gian nhat, trong d6 X c6 s6 oxi
hoa cao nhit.

X + 2e » X
Vay phéan 16p electron ngoai ciing cia nguyén ti X 13 4p*.
a) X: 1s® 2s® 2p® 3s® 3p° 3d'° 4s? 4p*;
b) X 6 chu ky 4, nhém VI A, vi phan 16p electron ngoai cung 13 np*;
¢) XO,, vi X ¢6 s6 oxi hoa cao nhat 1a +6.
Tinh ban kinh:
a) cong hoa tri caa flo, biét riing d6 dai lién két trong phéan ti F,
1a 0,142nm;
b) kim loai natri, biét ring khodng cach giita hai tdm nguyén ti
natri gdn nhau nh4t trong tinh thé natri 1a 0,372nm:;
c) ion Cs* trong tinh thé CsCl, biét ring khoang cach giita hai
tdm ion Cs® va CI” gan nhau nh4t trong tinh thé 13 0,356nm va
ban kinh caa ion Cl™ 1a 0,181nm. '

a)rp=0,142:2=0,0710 nm;
b) ry, = 0,372 : 2 =0,186 nm;
c) ree = 0,356 - 0,181 = 0,175 nm.
Tinh d6 4m dién cua clo theo:

a) Pauling, biét riing cic nang lugng phan ly lién két (kJ.mol™?)
nhu sau:



Giai:

Doy = 245; Dy, = 155; Dy, = 240
Do 4m dién cua flo 1a 4,0.
b) Theo Mulliken dya vao niang lugng ion hoa tha nhit va niang
lugng gén két electron thit nhit cta clo nhu sau:
I, =1251kJ.mol™; A, =-349 kJ.mol™".

¢) Theo Allred va Rochow, biét rang ban kinh cdng hoa tri cua clo
1a 99pm.

1
a) [ty ~ Yo = 0’102\/13011? "E(DF2 + Dcxz)

4,0~ xa| = 0,102\/245 —%(155 +240) = 0,703

2o = 4,0 - 0,703 = 3,3,
1251 + 349
b == — " 4+0,17=3,27.
)Xo =""51g
¢) Cl: 1s? 2s? 2p°® 3s” 3p°
0'=2+8><085+7x0,35=11,25—>Z*=17—11,25=5,75

o = 3,59.10° 5,75
99

Bai tép tuw gidi

2.12. Hay néu cach nhén biét mét nguyén t& thude chu ky ndo, 3 nhém

A hay nhém B, dya vao c&u hinh electron nguyén td cia né.
P.S. Xem phén tém tit ly thuyét.

2.13. Né&u chi dua vao sb electron ¢ 16p ngoai cung cua nguyén ti mot

nguyén t6, thi truong hgp nao cé thé nhan bigt duge nguyén t6 dé
thude nhém A va 6 nhém A nao?
D.S. Xem phén tém tit 1y thuyét.

2.14. Viét cau hinh electron nguyén ti cua hai nguyén td M va X, biét

rang ching thuoc cung chu ky, cing s8 thi tu nhém. Nguyén ti
M cb 5 electron 4d, nguyén ti X ¢6 7 electron 0 16p ngoai cung.

a) H3i M va X thude chu ky nao, nhém nao?
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2.15.

2.16.

42

b) Viét céng thic oxit cia M va X trong dé6 M va X c6 s6 oxi hoa
cao nhit.

D.S. M: 1s? 2s? 2p° 3s? 3p° 3d'° 4s? 4p° 44d° 5s%

X: 1s* 2s% 2p® 3s? 3p® 3d° 4s® 4p® 4d'° 5s* 5p%;

a) M va X déu d chu ky 5; M 6 nhém VII B, X 6 nhém VII A;

b) M, 0, va X,0,.
Hai nguyén t6 M va X cung chu ky 5, cing nhém, nguyén tu cla
chiing déu c6 hai electron & 16p ngoai cung:

a) Viét cidu hinh electron nguyén ti cia M, X va cta cac ion
2+ 7o+,
M=, XE

b) M va X 6 nhém nao, 12 kim loai hay phi kim?
D.S. a) M: 1s® 2s* 2p° 3s® 3p® 3d'° 4s? 4p° 5s%;
M?*: 1s? 2s? 2p° 3s® 3p® 3d'° 4s? 4p°%;
X: 1s® 2s” 2p° 3s® 3p® 3d" 45 4p°® 4d'° 55%[Kr] 44" 5s%
X*#*: [Kr] 4d"°
b) M 6 nhém IT A, X d nhém II B.
Viét c&u hinh electron nguyén ti ctia cac nguyén té sau:
a) M, X, Z déu § chu ky 3. M c¢6 mdt electron & 16p ngoai cing, &
nhém A; X c¢6 6 electron ¢ 18p ngoai cung; Z c6 7 electron & 16p
ngoai cung. .
E vad G 6 chu ky 4. E ¢6 6 electron & 16p ngoai cung, G ¢6 7
electron 3 16p ngoai cung.
b) Néu sdp x&p cac nguyén t& theo thd tu M -X ~E-G-Zthi
ning lugng ion hoa thi nh4t, 4i luc véi electron thit nhat, d6 am
dién, ban kinh nguyén ti bién thién nhu thé& niao?

¢) Cation nao, anion nao dé tao thanh nhat khi tham gia phér}
Uing hoa hoc?

D.S. a) M: 1s® 2s? 2p® 3s!
X: 1s® 2s? 2p° 3s? 3p*
Z: 1s* 2s* 2p° 3s? 3p°
E: 1s® 2s% 2p° 3s? 3p® 3d'° 4s? 4p*
G: 1s® 2s® 2p° 3s® 3p° 3d'° 452 4p®



b) I, 4i luc véi electron, d§ 4m dién déu bién thién
nhu sau:
M<X>E<G<Z
Ban kinh nguyén ti: M>X<E>G>7Z
¢) M dé tao cation M* nhit, Z dé tao anion Z~ nhat.
2.17. Dua vao quy téc Kleskopxki, hdy dy doan s8 nguyén to toi da cua
chu ky 7. Viét cdu hinh electron nguyén td cia cac nguyén td ¢
<8 7 = 107 va Z = 117 va cho biét chuing duge x€p vao nhiing
nhém nao?
P.S. 32 nguyén to
7 =107 : [Rn] 5" 64° 7s% Z = 117: [Rn] 5f* 64" 7s* 7p°
7 =107 & nhém VII B, con Z = 117 d nhém VIL A,
2.18. Ion M?* c6 phén 16p electron ngoai cing la 4d":
a) Hay viét c&u hinh electron cia nguyén td M va ion M**;
b) Electron 4d" c6 thé {ing v6i nhiing gia tri ndo clia bon s0 lugng ti?
¢) Hay cho biét M & chu ky nao, nhém néao?
P.S. a) M: [Kr] 4d* 5s% M*": [Kr] 4d’;
b) 4d':n=4, (=2, m,co thé 1a +% hoac ——;—;
m, cb thé bang -2, -1, 0, +1 hodc +2;
¢) M & chu ky 5, nhém IIT B.
92.19. Ton X% c6 phan 16p electron ngodi cung la 5p°:
a) Viét c&u hinh electron cia nguyén ti X va ion X¥;
b) X4c dinh chu ky va nhém cta X;
¢) Nguyén ti X ¢6 mdy electron ddc than?
d) So sanh béan kinh giifa nguyén ti X va ion X%,
D.S. a) X: [Kr] 5s® 5p*; X*: [Kr] 5s® 5p%
b) X & chu ky 5, nhém VI A;
¢) X c6 hai electron dgc thén;
d) rx < Iy
92.20. Tinh nang ludng tao thanh mot phan ti KCl & thé khi va trang
théi cd ban ti cAc nguyén ti K va Cl cing d trang thai khi va cd
ban dya vao cac sd liéu dudi day:
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2.21.

2.22.
~a) Pauling dua vao céc s8 liéu (kJ.mol™?) dudi day:

44

L(K) = 419 kJ.mol ™% A, (C)=-349 kJ.mol™;

Khoang cach giita hai ion K* va Cl” trong phin ti KCI (k) la
0,267nm;
2

Luc hit tinh dién giita haiion 1a — vl g, = 8,854.102C%.J ".m™.

4ng,r

D.S. -7,68.107%J
Hay tinh ban kinh:
a) cong hoa tri cia clo, biét ring d6 dai lién ké&t trong phan ti Cl,
la 0,1988nm;
b) kim loai Fe-a, biét réing khodng cach giita hai tAm nguyén tu
Fe gin nhau nh4t trong tinh thé 13 0,248nm;
¢) ion I" trong tinh thé CsI, biét rdng khodng cach giita hai ion
Cs* va I" gin nhau nh4t trong tinh thé 13 0,385nm va ban kinh
cua ion Cs* 14 0,169nm.

D.S. a) 0,09940nm; b) 0,124nm ; c) 0,216nm
Tinh d6 Am dién caa iot theo:

Dyt = 295; Dyy = 149; Dy = 432
D6 4m dién cua hidro 12 2,2.
b) Mulliken, biét rang I, cla iot 13 1008 kJ.mol™ v ning lugng
gin két electron cta iot 12 —295 kJ.mol ™.
c) Allred va Rochow, biét rdng ban kinh cong hoa tri cia iot la
0,133nm.

D.S. a) 2,4; b) 2,7; ¢) 2,22.



Chuong 3
LIEN KET HOA HOC VA CAU TAO PHAN TU

TOM TAT LY THUYET

Niing lugng phan ly lién két

e DG&i véi phan ti hai nguyén ti, nang lugng phén ly lién két (ing
v8i qua trinh sau. Vi du:

HCl (k) > H (k) + Cl (k) ; Dy, = 432 kd.mol™

N, (k) » N (k) + N (k) ; Dyy = 941 kdJ.mol™

e D&i véi phéan tit nhidu nguyén ti AB,. Vi du:

CH, (k) » C (k) +4H (k) ; AH = 1649 kJ

Doy = :11. AH = 15433 = 412 kJ.mol (mol lién két C-H)

e D&i vai phan tit nhidu nguyén tit khac. Vi du:
(CH,),CO(k) — 3C(k) + 6H(k) + O(k)
AH = 6DC-H + 2DC—C + DC =0
AH = 6 x 412 + 2 x 345 + 743 = 3905 kdJ
D5 dai lién két, goc lién két, do bdi lién két (bac hay chi s8 lién két)
H-H N=N 0=C=0 H/Q'\}=o,0957nm

¢ =0,074nm| ¢ =0,1074nm| ¢=0,1162nm lién két don

lién két don | lién kétba | C= 0: lisn két d6i| FHOH = 104,5°
0CO= 180°
Theo phuong phap obitan phan ti, 6 bdi Lién két 6 thé 13 s§ thap phan.

Lién két ion

e Lién két ion dugc tao thanh khi mdt kim loai manh tac dung véi
mdt phi kim manh, khi dé kim loai nhudng electron hoé tri cho phi kim
d& trd thanh cac ion trai ddu. Cac ion nay lién ké&t véi nhau bang luc
tinh dién.
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e Lién ké&t ion ciing thudng dudc tao thanh gitia cdc mudi chita ion
nhiéu nguyén td, nhu NH,NO,, Al,(SO,)s,...

e Ban chit cta lién két ion 14 lyc tinh dién gitia cAc ion.

e Lién k&t ion 1a lién ké&t khéng c¢6 hudng (theo moi hudéng), khong
bao hoa va rit bén. Hgp chit ion ¢6 nhiét dd néng chay cao, ¢ nhiét dd
thudng 14 chét rin.

Lién két cong hoa tri. Phuong phap lién két hoa tri (phudng phap VB)

e Mai lién két cong hoa tri dude tao thanh bing mot cip electron
chung giita hai nguyén ti lién két. Cip electron chung cé thé do mbi
nguyén tit gébp mot electron hoa tri déc than. Hai electron dfc than caa
hai nguyén t& gép chung phai cé gia tri s6 lugng ti ti spin m, khéc
dau. Cap electron chung cing c6 thé do mdt nguyén tlt cung cap, con
nguyén ti kia ¢c6 AO hoa tri trong dé tao lién k&t (lién két cho — nhan).

e Khi tao lién két xay ra sy xen phad cdc AO hoa tri cia hai
nguyén ti lién két. Su xen pht cang 16n, lién k&t cang bén.

Su xen pht cang 16n khi d6 bdi lién ké&t cang 16n, khi cac AO hoa
tri ¢6 ning lugng cang thap (cac AO hoa tri c6 cic s6 lugng ti n va
¢ cang nhd) va ¢ mién pht c6 nhiéu AO hoa tri tham gia.

e Lién k&t cong hoa tri 1a lién két c6 huéng. Huéng cta lién két
cong hoa tri 1a hudng c6 4 xen phu cac AO 16n nhat. Vi du, huéng xen
pht 16n nhat cia mét s6 AO nhu sau (hinh 3.1):

VD TS
Y+
P;-8S

Pz-P;

b)

Px - Px

Hinh 3.1. a) Sy xen phil 18n nhat.cac AO s va p tao thanh lién két o.
b) Suf xen phu 18n nhit cac AO p va d tao thanh lién két n.
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Trang thai hoa tri clia nguyén td theo phuong phap lién két hoa tri

Cap electron chung tao lién két gifta hai nguyén t trong phén tu
c6 thé do mdi nguyén ti gép mot electron doc thén, do d6 trang thai
hoa tri ctia mot nguyén t& c6 thé duge tinh bang sd electron ddc than
ctia nguyén t nguyén t8 dé.

Vi duy, nito (Z = 7) ¢6 c&u hinh electron nguyén td nhu sau:

1s? 2s* 2p*: m

Nguyén ti nitd c6 ba electron ddc thén, nén né ¢6 thé c6 hoa tri ba,
nhu trong cic phan ti Ny, NH;, NF;.

Nguyén t& photpho (Z = 15) & trang thai co ban ciling c6 ba electron
ddc than: 1s® 2s® 2p° 3s® 3p™ ... 3s® 3p3m. Vay photpho cling c6
hoa tri ba, nhu trong PH,, PCl.

Tuy nhién, ta ciing gap nhing hgp chat, trong d6 photpho thé
hién hoa tri nidm, nhu trong PCls, nghia 13 trong truong hdp nay
nguyén ti photpho ¢6 nam electron doc than. Trudng hgp nay dugc
gidi thich nhu sau. Lop electron thi ba cta photpho c6 AO hoa tri 3d
tréng. Khi tham gia phan Gng hoa hoc, photpho hép thu ning lugng
cia phan dng dé chuyén mot electron & 3s ra 3d. Trang thai nay la
trang thai kich thich ca photpho va dude ky hidu bing d4u sao trén
dAu ky hiéu nguyén t3:

P*: ... 3s' 3p* 3d" [ﬂ HHIH L1 L

Nitd & cing nhém véi photpho, ciing c¢6 nam electron hod tri

(2s? 2p%, nhung nitd khoéng c¢6 hoa tri ndm, vi d8 c6 nam electron ddc
than, mot electron 2s (16p thi hai) phai chuyén ra 16p tha ba (16p M).
Qua trinh nay doi héi ning lugng qua 16n, khong duge bu bang ning
lugng cia phan tng hoa hoc.

Tit vi du trén, ta hiéu ring, tai sao oxi khong 6 céc hoa tri 4 va 6
nhu luu huynh, selen va telu cung nhém; flo khéng c6 cac hoa tri 3, 5
va 7 nhu clo, brom va 1ot.

Codng hoa tri clia nguyén to trong phan tu

S& lién k&t cong hoa tri cia mot nguyén t& con phu thude vao sy
tao lién két cho — nhéan. Vi du, nits ¢b ba electron doc than, nhung cé
thé tao duge bén lién két cong hoa tri, nhu trong ion NHj:
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Lién két cho — nhan chi dude tao thanh khi mét nguyén ti (hay
ion) con cap electron hoa tri chua tham gia lién két, con nguyén tu
(hay ion) kia con AO hoa tri tréng dé nhan cip electron dé.

M6t vi du khac:

—
!

F-B [+ [;iﬁ;)‘ —|F—B<«F
| L
F F
Bén lién két cong hoa tri trong NHj, ciing nhu trong BF; c6 gia

tri ngang nhau, vi déu c6 ban ch4t 1a lién két bing mét cip electron.

Cong thirc Lewis

Céng thic Lewis cho ching ta biét so &6 lién két trong cac phan td.
Cac buéc co ban dé viét mot cong thitc Lewis nhu sau:

e Nguyén t trung tdm trong phan ti néi chung 13 nguyén ti c6 do
am dién nhd nhat, cic nguyén td hidro va flo & ddu hojc cufi cong thic
Lewis (vi ching chi ¢6 hoa tri mot).

* Stt dung cac cip electron hoa tri dé tao lién két gifta cac nguyén
tit sao cho mbi nguyén tit ¢6 mt cong hoa trj hop 1y.

Vi dy, cong thic Lewis cia NF;, HNO, va COZ™ nhu sau:

F_ITI—F H— o\ /o '.Cﬁ: 2-
:F: :p:"c"b::

Cau truc céng hudng

:{3‘«—2

Cong thitc Lewis ctia phan tl O, c6 thé dude vist nhu sau:

O 0]
// B
o’ o o
Tuy nhién, thyc nghiém cho biét hai hen két O - O trong phan tu
O; hoan toan gidng nhau. Do d6 khong mét céng thitc Lewis nio & trén
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dién dat chinh xac c&u trdc cia phan ti O,. D& gidi quyét van dé nay,
ngudi ta si dung ca hai céng thic Lewis va mbi cdng thitc dugdc goi la
ciu tric cdng hudng. Ky hidu <> dé chi ring cic cong thitc Lewis 1a cac
ciu tric cdng hudng.
Céc céu tric cong hudng cia ion cacbonat nhu sau:
:(R: :?: :0:
0-C— 0 =—>0=C—-0: - 0-C=Q

Ngoai i& doi véi quy tic octet

Quy téc octet chi ding cho khéng nhiéu trudng HQp, do d6 c6 nhiéu
ngoai 1&. Mot s6 vi du:

Su lai hoa cac obitan nguyén tir

D4é giai thich c&u triic cha da s8 cac phan tl, ngudi ta phai b6 sung
vao phuong phap VB thuyét lai hoa cac AO.

Vi du, xét sy tao thanh lién két trong phén ti CH, Nguyén ta
cacbon & trang thai hoa tri bén: lsz2sl2pi2p;2p;. Bo6n electron doc
than nay tao bon lién k&t véi bon nguyén tit hidro, trong d6 ¢6 ba lién
k&t 2p—1s v mdt lién k&t 2s-1s. Sy xen phu 16n nhét cha ba lién két
2p-1s phai tao thanh géc lién két HCH bing 90°. Lién két thi tu
9s-1s theo moi hudng la nhu nhau. N&u coi lién k&t thit tu phai cach
déu ba lién k&t kia thi géc lién k&t HCH nay phai bing 125°14'. Két
qua nay con din dén d6 bén cha lién ké&t 2s-1s phai khac v6i d6 bén
cta ba lién két con lai.

Tuy nhién, thuc nghiém xac nhan ring, bén géc lién k&t HCH
trong phan t& CH, déu bing nhau va bang 109°28' (géc b6én mit déu)
va dd bén ctia bon lién két C-H 1a nhu nhau.

D& phi hgp véi thue t& cla phan t& CH, va cla da s6 cac phan tu
khac, ngudi ta dua ra thuyét lai hoa cac AO.
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D61 véi phan ti CH,, ngudi ta cho rang, khi tao lién két giiia
cacbon va cac nguyén ti hidro, mét AO 2s va ba AO 2p cua cacbon lai
hoa v6i nhau tao thanh bon obitan lai hoa sp® giéng hét nhau. Bén
obitan nay huéng téi bon dinh ctia hinh bén mit déu, & d6 chiing xen
phtt 16n nh4t véi bén obitan 1s cha bdén nguyén ti hidro. Vay bdn lién
k&t C-H phai c6 d6 bén nhu nhau va bén géc lidn két HCH phai bing
nhau va bang géc ctia hinh bén mét déu (hinh 3.2).

Hinh 3.2. C3u tric cta phan t& CH, theo thuyét lai héa
Mét sd kiéu lai héa

e Lai hod sp. Mot AO ns lai hod véi mdét AO np, tao thanh hai
obitan lai hoa sp giéng hét nhau ndm thing hang véi nhau, tao thanh
gbc gitta hai obitan lai hoa 180° (hinh 3.3a).

e Lai hod sp®. Mot AO ns lai hoa véi hai AO np, tao thanh ba
obitan lai hoa sp® gibng hét nhau. Ba obitan nay hudng téi ba dinh caa
tam giac déu, tao thanh géc gita cac obitan lai hoa mot goéc 120°
(hinh 3.3b).

e Lai hod sp®. Mot AO ns lai hoa v6i ba AO np, tao thanh bén
obitan lai hoa sp® giéng hét nhau. Bon obitan lai ho& nay huéng téi bén
dinh cta hinh bén mat déu, tao thanh géc gitta cAc obitan lai hoa 109°28'
hay 109,47° (hinh 3.3c¢ hay hinh 3.2).

e Lai hod sp®d. Mot AO ns lai hoa véi ba AO np va mdt AO nd, tao
thanh ném obitan lai ho4 sp®d giéng hét nhau. Nam obitan lai hoa nay
hudng t6i ndm dinh cia hinh chép d6i tam giéc, tao thanh nhung gbc

= 120° va goc B = 90° (hinh 3. 3d)
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e Lai hod spd?. Mot AO ns lai hoa véi ba AO np va hai AO nd, tao
thanh séu obitan lai hoa spd? giéng hét nhau. Sau obitan lai ho4 nay
huéng t6i sau dinh cha hinh tim mat déu, tao thanh géc giita cac
obitan lai hoa 90° (hinh 3.3e).

a =120° a = p=90°
B = 90°

Hinh 3.3. Huéng clia cac obitan lai hoa xung quanh nguyén tf trung tam

Mb hinh ddy giita cac cap electron hoa tri (thuyét Gillespie)

M5 hinh ddy gilia cac cép electron hoa tri (Valence Shell Electron
Pair Repulsion, viét t4t 1a VSEPR) do Gillespie dé xudt dé dy doan cdu
tric phan tit dya vao sy suy ludn nhu sau:

Cdc cdp electron lién két va khong lién két (c6 khi la electron déc
thén) & lop ngoai phdn bo xung quanh nguyén ti sao cho luc déy giita
chiing la nhé nhét.

Céng thitc VSEPR caa phén ti duge viét AX,E,, trong d6 m 1a 8
'nguyén tt X lién k&t véi nguyén tu trung tam A, n 13 s6 cip electron va
electron ddc than khong lién két & 16p ngoai cua A.

Téng s6 m + n cho phép ta suy doan c&u tric phan ti va tu d6 c6
thé bist duge kiéu lai hoa cac AO cha nguyén tl trung tdm A (hinh 3.4
va bang 3.1).
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m) AXgEq

Hinh 3.4. Biéu dién khong gian cdu tric phan tir AX,E, theo Thuyét Gillespie

Cac hé qua cau tric theo thuyét Gillespie

e Cap electron khéng lién két chiu tac dung cia mét hat nhén A,
nén chiém khoang khéng gian 16n hon, do d6 tac dung d4y manh hon
so v8i cép electron da lién két. T d6 tac dung ddy ctia cac cip electron
khac nhau giam theo thi tu sau:

KLK - KLK > KLK - LK > LK - LK
KLK - cép electron khéng lién két; LK — cip electron lién két.
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Bang 3.1. Cau triic cia mot s& phan tif va ion theo Thuyét Gillespie

Da dién Céng So dé Cau trac | Phan tid | Phan tu
m+n| phéi tri thic da dién phan t& | lién k&t | lién két
X _E, VSEPR 1€ AX_ don boi
2 |Doan AXE, 3.4a Théng BeH, CO,
~|thang BeCl, HCN
AX,E, 3.4b Tam giac BH, S0;, NOj,
déu Coz-
3 |Tam giac AlCl, 8
AX,E, 3.4c Gap khuc SnCl, S0,, NO,,
NOCI
AX,E, 3.4d Bén mit CH, S0%”
NH; POCl,
. AX,E, 3.4e Chép tam NH, SOBr,
4 |Bo6n mat giac
OH; Cl0;
NH,
AXE, 3.4h Chép doi PCl; SOF,
tam gléC ASF5 .
AX,E, 3.41 Bén mit IF; , TeCl, I0F,
L an léch XeF,0,
5 Chép doi
tam giac AXE, 3.4k Dang T © BrF,
IC1,(C¢Hy)
XeF,
AXE, 3.4m Tam mat SF, IF;0
[I0,(OH).J
AX.E, 3.4n Chép BrF; XeF,0
6 |Tam méat vudng SbCl;
AXE, 3.40 Vuéng ICl1;
XeF,
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Vi du, xét céu trdc cia ba phan td CH,, NH, va H,O (hinh 3.5) déu
cOm+n=4. '

4
V% NZ Nz
b) c)

a)
Hinh 3.5. C4u tric cla phan ti:
a) CH,, goc HCH = 109,47°; b) NH,, gsc HNH = 107,3°; ¢) H,0, géc HOH = 104 5°

e Cip electron ddy manh hon electron doc than. Vi du NO, va
NO; déucém+n=3:

N o Y

2N 4
o o [o \o]
Géc ONO = 134° Gée ONO = 115°

e Nguyén tit X c6 @6 4m dién 16n & hit céc electron lién k&t vé

phia minh, lam gidm tac dung diy ctia cc electron nay, nén géc lién

két hep bét. Vi dy, Sbl;, SbBr, va SbCl, déu cé m + n = 4:

Sb Si

RN /Sb /.S.b
17 BY 1 g, Ci _él\m
Géc ISbI=99,0° | Géc BrSbBr = 98.2° Géc CISbCl = 97,1°

» Nguyén tid trung tdm A c6 46 4m dién nhd, cip electron lién két
s& § xa nguyén tit A hon, lam lyc ddy cla cip electron ndy giam, géc
lién két giam. Vi du, H,0, H,S, H,Se va H,Te d8u c6 m + n = 4:

HQO H2S ste HzTe
HOH =104,5° HSH = 92° HSeH=91° | HTeH =90°

e Lién k&t bdi c6 lyc ddy manh hon lién két don, nén lam bién déi
doi chiit géc lién két. Vi du, OCF, va (CH,),C = CH, déucé m + n = 3:

O H,C un2>» H N
g\l%" s 60 C/ . I
H C = — —_—
N N
F 150 F H,C H 94 F (m+n=4)

o ’D()'i v6i cac phan tit chita hidro, 1ap luan vé d6 4m dién khi so sanh géc lién
két vdi cac phan ti khong chita hidro néi chung khong ding.
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e Trong cic phan t& AX,E,, AX;E, va AX,E; véi m + n =5, cac cap
electron E chi®m vi tri xich dao (hinh 3.4 1, k, ¢ va bang 3.1).

e Trong phéan ti AX,E, véi m + n = 6, cac cip electron E chiém vi
tri trans (hinh 3.4.0 va bang 3.1).

Lién k&t cong hoa tri. Phuong phap obitan phan tif

Tén tai mot s6 su kién thyc t& ma phuong phap VB khong giai
thich dugde, nhu lién két duge tao thanh chi bang mdt electron, vi du
H;; tinh thuén tit cia cac phén ta B,, O,,... '

Mot phuong phap khéac ra doi c6 hiéu qua hon, d6 1a phudng phéap
obitan phén td. Tuy nhién phuong phap obitan phan td ciing khong
gial quyét duge moi van d8 cta lien k&t hoa hoc va cfu tao phén tu,
hon niia phuong phap obitan phén ti rat phiic tap, nén hién nay ngudi
ta vAn dung song song véi phuong phap VB.

Do tinh phtc tap ctia phuong phap obitan phan td, ngudi ta phai
diing cac phuong phap gén ding. Phuong phap gdn ding thudng dung
l1a phuong phap obitan phén td — t6 hop tuyén tinh céc obitan nguyén
td (Molecular Orbitals — Linear Combination of Atomic Orbitals, viét
tit 1a MO-LCAO).

Nhitng gia thiét gan ding cia phudng phap MO-LCAO

e Coi cédc hat nhin nguyén td trong phén tt ding yén. Mbi
electron trong phéan ti dudc coi nhu chuyén dong xung quanh mot
trudng do tit ca cac hat nhin va cac electron con lai gy ra. Trang thai
cia mbi electron d6 duge dac trung bing ham séng ¢ (phi). Ham ¢ goi
13 obitan phan £ MO).

e Chi cac AO hoa tri mdi tao thanh cac MO, cac electron 0 nhiing
16p bén trong cua mdi nguyén tu trong phén ti lién két chit ché vdi
hat nhan ting nguyén td, nén coi nhu thudc riéng nguyén tu dé.

e Cac MO dudc tao thanh bing td hogp tuyén tinh cdc AO tham gia
lién két. Vi du, cac MO ¢ duge tao thanh tit AO v, cua nguyén ti 1 va
AO y, cha nguyén ti 2 béing t8 hgp saw:

' ¢ = Cyyr + Coys

Phuong trinh Schrédinger c6 dang:

Hé=Ed

55



Giai phuong trinh nay, sé xac dinh duge ham ¢ va cic ning lugng
E tudng ang.

Su t6 hop n AO sé tao ra ding n MO.
biéu kién té hgp cac AO

* Cac AO phai c6 cang tinh chit dsi xtng. Vé méat dinh tinh, néu
cac AO c6 ciing ddu & mién xen phii thi cac AO d6 c6 cung tinh chat d6i
xtng (hinh 3.6). -

CID

2o BER

Hinh 3.6. Mién xen phu ciing diu cac AO

* Néng lugng cac AO phai x&p xi nhau.
* Cac AO phai xen pht nhau r5 rét.

Phuong phap MO-LCAO dai véi cac ciu tir A}* cuia chu ky 1

Cac nguyén ti cta chu ky 1 chi c6 mot AO hoa tri 1a 1s. TS hop
tuyén tinh hai AO nay sé& tao thanh hai MO o,:

o =E(w1 ~yy):E_(MOG")
¢ = Cry, + Coys
o, =%(w1 +y,):E,(MOo, )

MO lién két o, c6 nang lugng E, thap hon ning lugng cac AO 1s
tham gia t8 hop, con MO phan lién két c ¢6 nang lugng cao hon cac AO

1s tham gia t8 hgp. Hinh 3.7 1a gian d6 nang 1u0ng cac MO cua cac ciu
ta A* chu ky 1.
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Hinh 3.7. Gian dé ning ludng cac MO clia cac phan tif A, va céc ion AY* clachuky 1

Su dién cac electron vao cac MO theo ding cac nguyén ly va quy
tic nhu su dién céc electron vao cac AO. Vi du, c&u hinh electron caa

H;, H,, He; nhu sau:

+ .0 .
H;:0, ; H,

Bac lién két theo phudng phap MO

Theo phuong phap MO, bac lién két (dd béi lién k&t hay chi s6 lién
két) gita hai nguyén ti trong phén td hai nguyén tu A, hay AB dudc

tinh nhu sau:

*
:o? ; Hej :0%0,’

1 *
=—(n—n
prs 2( )

P, — béc lién két giita hai nguyén tir va s;
n — s8 electron trén MO lién két;
n* — s& electron trén MO phan lién két.

Vi du, bac lién k&t [H-H]* v6i cdu hinh electron ol la:

1
=—(1-0)=0,5
Pre 2( )

3.1)

Theo phuong phap MO, bac lién két c6 thé 13 s8 thap phan.
Bang 3.2 12 mot s8 dic tinh lién két caa H;, H, He; va He,.

Bang 3.2. Dic tinh lién két ctia cac cau tr A)* chu ky 1

Hé Cau hinh Bac Ning lugng phan ly | Do dai lién
electron lién két lién két, kJ.mol™ két, nm
H; ol 0,5 256 0,106
H, o’ 1 432 0,074
He, o’c, 0,5 251 0,108
He, o’c.’ 0 0 -
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Bac lién két ca H, 16n hon Hj, nén nang lugng phan ly lién két
H, 16n hon so véi H; va d¢ dai lién két H-H ngén hon so véi [H-H]".

Bac lién két ctia He, bing khéng, nén khéng ton tai phan ti He,.
So sanh ning ludng ion hoa giira phan tir va cac nguyén tir tao
thanh noé

Ning lugng ion hoa thit nhat cia phan ti Gng véi quéa trinh sau:

Phan tu (k,cb) — Ion*(k,cb); I, >0

Khi phan td bi ion héa, thi electron bi bt ra kh01 phan ti trudc
tién 1a electron c6 nang lugng 16n nhat. Do dé néu electron cia phan ti
bi blit ra khi ion hoa & trén MO lién két thi I, 16n hon so véi nguyén ti
tao thanh né. Ngudc lai I; cia phan t s& nhd hon I, cia nguyén td tao
thanh né, néu electron bi ion ho4 cta phén ti d trén MO phan lién két.
Vi dy, I, cha phan ta H, 14 1488 kJ.mol™, 16n hon I, ctia nguyén ti H
(I, cta H = 1312 kd.mol ™).

Phuang phap MO-LCAO ddi véi cac cdu tir A2* cia chu ky 2

Mbi nguyén ti A cta chu ky 2 ¢6 bén AO hoa tri 1a 2s, 2p,, 2p, va
2p,. Cac MO dugc tao thanh tit cac t8 hgp sau:

1 .
¢ = ﬁ(wgs, ~ Wy, ): MO,
q)s = CI\IJQSI + C2W282

b_ ~-——(\p2p \V2pzz) MOg
0, =Cay,,, +Cyyy,
o, :-1—2-(\412% + Wy, ) :MOg,
o= —%—(yszl ~ W, ) : MOn;
o, = Cs‘l’zp,‘l + Cs\l’zp,2
o, ‘= _1‘2‘(“/2;,” + Wap,, ) : MOm,
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1 .
o = __2—(\“21%-1 =Wy, ) :MOm,

¢y = C7szyl + C8W2py2
_ 1 . MO

Cac hinh 3.8 va 3.9 12 gidn dd nang lugng MO cla céc ciu td A’Z‘*.
chu ky 2.

F
EA _—<?’ A N
N 2
2p \\ “ Ty Tty P // 2p 1
\\\ .__l | I - _///
AN D Vd
Oz
—L
rd * A Y
s Os AN i
7/ ~ i
rd AN
—— [ —
2s N - 2s
N P ’
N S 7/
O —
A A, A
Hinh 3.8. Gian d8 ning lugng cac MO clia cac phén tir va ion A% chuky2
(5 day A1a O, F va Ne) |

Oz H

E A
AN 4 ¥ N

I
VI ™ Ty AN
,(/ \ ’ \))\
/"—{ '—'—\
I/‘ Ve * LN Y
173 \/ GS ‘1 A\Y
P PVAY I\ .

7/ \ 1 ~
—O—= A ;| —0—
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LAY o I 7
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A Ay A

Hinh 3.9. Gian dé ning ludng MO clia cac phan tir va ion A% chuky 2
(0day AlaLi,Be,B,C va N)




T céc gidn d6 MO trén, ta cé thé vist duge day thi tu ning lugng
cdc MO tang dan nhu sau:

Theo hinh 3.8: (KK)o,0.0,7, = nyn; = n;o:
Theo hinh 8.9: (KK)o,o.n, = TCyGZTt; = n:,c:

Ky hiéu (KK) chi ring, c6 bon electron & 16p K ctia hai nguyén ti A
khéng tham gia t8 hgp tao thanh cide MO. Khi viét c&u hinh electron
cua Ay* d6i khi ngudi ta bé qua ky hiéu nay.

Hai ddy nang lugng chi khac nhau vé vi tri cac MO =, n, va o,. Su
khéac nhau nay duge giai thich nhu sau. O cac nguyén ti ddu chu ky tu
Li dén N, hiéu ning lugng cic AO hoa tri 2p va 2s nhd, nén khi tao
thanh cac MO c6 su tuong tac o, — o,. O cac nguyén td cudi chu ky O,
F, Ne hiéu ning lugng 2p va 2s 16n, nén khong c6 su tuong téc nay.

Dua vao cac day ning lugng cac MO, ta c6 thé vié’t dude cdu hinh
electron ciia Aj* chu ky 2. Vi du:

B,: (KK)olo n) =n}

. 2 _*2 2 9 g %1 -

0,: (KK)o o, "0 m; =mym,! =m)}

2- 2 *3 2 2 2, %2 *

0y :(KK)o o, "o m, =min,” = 7.2

RS rang cac phén ti B, va O, déu chita cac electron doc than, nén
ching c6 tinh thuén t, ma phuong phap VB khéng gidi thich dugc.

Phudng phap MO-LCAO déi véi cac ciu tir AB™ clia chu ky 2
Hinh 3.10 1 gidn d6 néng lugng MO cla cac ciu td AB™ chu ky 2.
Gian d6 cac MO 3.10 tudng tu gidn d3 3.9. Sy khéc nhau chi & mic

nang lugng cac AO 2s va 2p gitta A va B. Néu B ¢6 d6 Am dién 16n hon
A thi midc nang lugng tuong {ing ctia B thap hon.

Dua theo gian d6 3.10, ta c6 thé viét c&u hinh electron ctia cac ciu
tit AB™ chu ky 2. Vi du:

CO : (KK)o%c,’n? = nGy

Phan ti& CO khéng c6 electron dc than, nén ¢6 tinh nghich tw, c¢6
bac lién két:

1
w=—(8-2)=3
p 2( )
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Lién k&t ba trong phan ti CO duge xac dinh bing thuc nghiém.
Theo phuong phap VB, lién két ba trong phén ti CO nhu sau:
C=o0

Hinh 3.10. Gian dé ning lugng MO cta cac cdu tir AB™ chu ky 2.

Phuong phap MO-LCAO déi véi phén tir HF

Trong s6 bén AO hoa tri cha flo chi c6 mdt AO 2p tham gia t6 hop
dugc véi AO 1s cua hidro:

o_ = Cawy, —Cryy,, :MOo”
¢ = ClWls + (32\"[2pz
¢+ = Cl\uls + Cz\l’zp, :.MOG

Ba AO hoa tri con lai ca flo (2p,, 2p, va 2s) khéng t8 hgp dudc véi
AO 1s ctia hidro, vi cac AO 2p, va 2p, khong ciing tinh chit ddi xtng
véi AO 1s caa hidro, con AO 2s ¢6 ning lugng thadp hon nhiéu so véi
nang lugng AO 1s cia hidro. Ba AO nay cta flo 4 trong phéan ti HF 1a
cac MO khéng lién két, ning lugng cta ching khéng bién d6i so véi
ning lugng 2p va 2s trong nguyén ti flo.
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C&u hinh electron ctia phan t& HF: n’c

2

2 2
n;n,
Bac lién két H-F la: p,, =

1
~@2-0=1
2( )

Hinh 3.11 14 gidn d6 nang lugng cac MO cta phan ti HF.

// o* \\
/ \
/
., L
1s

\
\ \
\ fx Ny J 2p
\ ,
——————
Ng 2s
H HF
Phuirc chat

F
Hinh 3.11. Gian d6 ning lugng cac MO cla phan tr HF

Ngoai nhitng hgp chit théng thudng nhu AgNO,, CuSO,, FeSO,,...

ta con gdp nhiing hop chit phic tap hon, nhu [Ag(NH,),]NO,,
[Cu(NH,),]S0,, K [Fe(CN)g,... Cac hgp chit phic tap nay dude goi la
cac phitc chdt ho#c cic hop chdt phdi tri.

12 cdu ngoai ciia phitc chét.

- A P A% 2 A R < e . ’ A e
Céac phan t phic chit ké trén gém hai ion, ion trong d&u méc
vudng 1 ion phitc hay cdu néi ciia phitc chdt, ion ngoai ddu méc vuéng

Cac ion phic trén cé so db cdu tao nhu sau:

H3N
(HsN— Ag— NHs)"

NH 2+ CN 4=
\C /7 3 CN\F|‘ 7 CN
N
H3N NHj
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Tit s6 db cdu tao ta thay ion phic ¢6 hai thanh phén. Cac ion Ag’,
Cu?* va Fe?* goi la cac nhdn trung tdm cta phic chit, ching thudng la
che ion duong cua cac kim loai chuyén tiép. Thanh phén thi hai la cac
phéi ti (ligand). Cac phéi tii thuong 1a cac ion 4m hay phan td nhu
CN~, NH, trong cac ion phtc ké trén.

D#u hidu chinh dé nhan biét mdt phic chit 1a trong ion phitc s6
cde lién k6t véi nhéan trung tam vigt qud s6 can thiét ing vdi hod tri 6
dién ctia nhén trung tém trong cdc hop chdt thong thuong. Vi du, Ag*
¢6 hoa tri mdt, nhung lai ¢6 hai lién k&t véi hai phén ti NH;; Cu®* hoa
tri hai, nhung c6 bén lién két v6i bon phéan ti NH,, Fe?* ¢6 hoa tri hai,
nhung lai ¢6 sau lién két véi sau ion CN'.

Ngudi ta ciing gip nhiing phtc chdt khong co cAu ngoai nhu
[Co(NH,),CL], [Ni(CO),J; phic chit c6 nhiéu hon mdt nhin trung tam,
nhu [Co,(CO)gl, [Cop(NH;)s(OH),](NO3), hoac mot phan td chia hai ion
phiic, nhu [Pt(NH;),] [PtCl,].

Dung lugng phéi tri cGia phéi tor

S& cac nguyén ti cia mot phdi td lién ké&t truc tiép v6i nhén trung
tam 1a dung lugng phdi tri cia phéi ti. Vi du:

- o w3+ -
A Sue
NHs 3+ 90\ /0\0 O\\ A//O T
&y & ¥/ o  f SN
H3N | NHs 20 2. B ~ AN
~., ~ ~ < Qv c O\ o
PR 63\/\,___ 00/, < \o—— Fe/—- o’
H3N | NH;3 Z/ \ é\o
NH3 o) :Zg i
ST ‘ a—Q
Iy L nol
a—ao o O S
L F & )

Phéi tét NH; c6 mot nguyén ti (nguyén ti N) lién k&t tryc ti€p voi
nhan trung tdm Co®, nén NH; cé dung lugng phéi tri bing mot. Méi
phoi ti etilendiamin H,N-CH,-CH,-NH, va ion oxalat C,0% géu co
hai nguyén ti lién két tryc ti€p v6i nhan trung tdm, nén ching cb
dung lugng phéi tri bang hai. :

S6 phdi tri ciia nhan trung tam

S8 cac nguyén ti cla cac phdi t& trong ion phiic lién két tryc tiép
v&i mdt nhan trung tAm la 6 phoi tri cia nhén trung tém. Vi-du:
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NHj3 NH;

H NH; 4t
HN_ | NHy)” H;N_ | _ O | _NHy
/Co\ /Co\ /Co\
H;N" | NH; HN | 07 | “NH;
NHj NH; H Nn;

S8 phéi tri ciaa Co® & hai ion phiic trén déu bing 6.

Su dién ly cta phire chat trong dung djch
Khi phitic chit hoa tan trong nudc, phan ti ctia né, néi chung, phan
ly manh ra ion phitc va ion cdu ngoai. Sau d6 ion phiic phan ly yé&u
ting néc ra cac phéi ti. Vi du:
[Ag(NH;),]C1 - [Ag(NH,),]* + CI’
[Ag(NH,),]" = [Ag(NH,)]" + NH,
Né&ec phan ly nay tng v6i hing s6:
| Ag(NH,)" |[NH,]
[ Ag(NH,); ]
[Ag(NHy)]" = Ag'+ NH,
ing véi hing s6 phan ly:

K](d) =

[Ag* |[NH
K,(d)=t g JINH,
| Ag(NH,)" |

Hing s6 phén ly t8ng hgp ctia ion phic [Ag(NH,),]" la:

+ 2
ok, K, - LA I
[ Ag(NH,); |
ung v6i phuong trinh dién ly tdng nhu sau:
' [Ag(NH;),)* = Ag' + 2NH,

Dé6i v6i phic chat, ngudi ta hay dung hang s8 tao thanh tling nic
va hing sd tao thanh téng hop (d6i khi ciing goi 13 hing s8 bén ting
néc va hing s6 ben tong hop). Vi du:

Ag'+ NH; = [Ag(NHy)]*

tng véi hing s§ tao thanh nac thi nhat K, va ciing 14 hing sd tao
thanh téng hop B;:

[ Ag(NH,)*]
[Ag” |[NH,]

1=P1 =



Hing s8 tao thanh nac thi hai K, dng véi phuong trinh:
[Ag(NH,)]* + NH; = [Ag(NHy),)"

[Ag(NHY); |
[ Ag(NH,)" |[NH,]

Hing s6 tao thanh tdng hop B

K, =

) ) [Ag(NH,); ]
Bz *Kl-Kz - [Ag*][NHa]Z

{ing véi phuong trinh:
Ag"+2NH; = [Ag(NHj;),]"

Phan tir khéng cuc va phan tlr 6 cuc

Phan td ma céac trong tdm dién tich duong cia cac hat nhén va
trong tdm dién tich &m ctia cac electron trung nhau 12 phén ti khéng
cuc. D6 1a cac phan ti 6 cfu tric hoan toan d6i xtng, nhu phan ti A,,
cac phan td tam giac déu BF;, SO;; céc phan ti bén mit déu CH,, CCl,,
SiH,, phén t& tam mit déu SF,...

Phéan td ma cac trong tdm dién tich duong va Am khong trung
nhau 14 phan ti c6 cyc. D6 la cac phéan ti c6 c8u tric khong dé1 xing,
nhu AB trong d6 A c6 d6 4m dién khac B; cac phan ti H,0, SO, ¢6 cdu
tric gdp khie; cac phén t& chép tam giac NH;, PCly; cac phén td bén
mit 1ach CHCl,, POCL,,...

Momen ludng cuc clia phan ti

Khi hai nguyén ti A va X ¢6 d6 am dién khac nhau lién ké&t véi
nhau tao thanh phan td AX, thi phan ti nay cé cuc va ndé cd mot
momen ludng cuc p. Néu d9 dm dién cia X 16n hon cha A thi cép
electron lién k&t léch vé phia nguyén ti X, nén 4 X xuit hién dién tich
4m —q va & A xudt hién dién tich duong +q. Momen ludng cyc ciia phan
ti duge tinh theo céng thuec:

p=ql (3.2)

q — gia tri tuyét d6i cha dién tich trén A hodc trén X, C;

¢ — d6 dai lién k&t A-X (4% dai ludng cuc), m
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Vay p ¢6 don vi 1a C.m. Tuy nhién don vi cia p thudng dung la
Debye (D):
1D =23,33.10°" C.m

8+

5= . ..
Vi du, trong phan ti H-F, q = 8 x e. Bang thuc nghiém, nguoi ta
da xac dinh duge p (HF) = 1,83D va (= 0,092nm. Tu d6:

_1,83x3,33.10™%

© 1,602.107 x0,092.10°°

Vay d6 ion cua lién két H-F 12 41%. |
Momen ludng cuc 1a dai lugng vectd, thuong quy udc tit 4m sang
dudng. Momen ludng cuc cua phan td nhidu nguyén ti la tdng cac
vectd momen cac lién két. Vi du, phan td H,O véi khodng cach ¢ =

0,0957nm, gbc HOH = 104,5° va p = 1,85D. Momen ludng cuc cia phan
ti H,O 1a su déng gép cia hai momen ludng cuc lién két O-H va cta
hai cép electron hoa tri khong lién két caa oxi. Tuy nhién vi khéng biét
duge dién tich thuc va khoang cach thuc gitia cac cip electron d6, nén
khong danh gia dudc sy déng gbép caa ching, ta bé qua ching khi tinh
toan (hinh 3.12):

n=p cosZ 4 cos =
1 %) Hq 2

o
=2, cos—
K= a4y 2
1,85
o =—2 _-151D
2c0852,25
L = My 12 momen ludng cuc
cua lién k&t O-H. T gia tri nay
ta c6 thé tinh duge phin tram ion Hinh 3.12. N:“’_me’,‘ ludng cyc cia
cua lién ké&t O-H. | phan trH,0

Gia thiét lién k&t O-H 12 100% ion, thi p,, ctia lién k&t O-H la:
_1,602.107 x0,0957.107°

=4,60D
Hat 3,33.1073°
Phan tram ion cua lién két O-H 1a:
1
oo = ’5(1) x100% = 32,8%

¥
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Nhiing phan t& khong c6 cdc (phén tu 6 ciu tric hoan toan déi
xing) thi momen ludng cuc bing khong (u = 0). Vi du, phan tit BeH, c6
cdu trac thiang:

H Be H

Hai momen ludng cuc lién két Be-H bing nhau, nhung dinh hudng

ngugc nhau, nén momen tong cua phan tu H=p + w,=0

Tudng tac Van der Waals

Tuong tac Van der Waals 1a luc hit giita cac phan ti. Tuong tac
nay c6 tac dung chuyén chit & trang khi thanh 10ng va 1ong thanh ran.

Tuong tac Van der Waals gdbm ba kidu 1a tudng tac dinh hudng,
tuong tac cam dng va tuong tac khuéch tan.

e Tuwong tdc dinh hwong la tudng tac gitia cac phan tid c6 pu > 0.
Nang lugng tuong dng c6 tén 12 nang lugng Keesom, dugc tinh bing
cong thic sau:

L2y 1

B, =-= — . : 3.3
K™ 3" (4mg,)* kTd° 3.3)

it — momen ludng cuc cua phan tu, C.m;

g, — hiing s0 dién moi cha chén khong, & = 8,854.10712C%J.m™

k — hiing s6 Boltzmann, k = 1,38.10 2 J. K™Y

T — nhiét d6 tuyét doi, K;

d — khoang cach gitia hai phan ti, m.

e Tuwong tic cdm ing. Khi cac phan ti ¢6 p > 0 tudng tac dinh
hudng v6i nhau sé lam bidn dang phéan tit va din dé&n tuong tac bd
sung goi 1a tudng tac cam Ung. Nang lugng tuong Ung 13 néng lugng
Debye, duge tinh bang cdng thic sau:

, ; 0 gﬁ

Ep=-—7F-
D7 (4mey)? d°

(3.4)
o. — d6 phan cyc cta phén td, m?®.
e Tuwong tdc khuéch tdn. Hai kidu tudng tac trén chua giai thich
dugc su hoa 1ong va hoa rén caa cac chit c6 p = 0. Do su chuyén dong
khéng ngiing cla cac electron trong phan ti khéng cuc lam cho ¢6 thoi
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diém cac trong tdm dién tich duong va 4m cta phén ti léch nhau. Khi
d6 xuét hién momen ludng cuc tam thdi, tao ra tuong tiac khuéch tan.
Néng lugng tudng tng 1a ning lugng London: ’

R 1 I o

==, e Lt 3.5
b 27 (4mey)? 21, g8 @5

I, — néng lugng ion ho4 thd nhét cta phan ti, J.

Nhiing chat gém c4c phan ti c¢6 p = 0, chi c6 tuong tac khuéch tan.
Nhiing chat gém cac phén ti ¢6 p > 0, ¢6 dd ba loai tuong tac:
A
Eg + ED +E = T

Tuong tac Van der Waals 1a luc hdt gitta cac phan td, nhung chi
t61 gidi han nao d6, khi ma cac obitan ca cac phén td xen phu nhau,
thi xu#t hién lyc ddy va cac phan ti & trang thai cAn bang. Luc ddy
nay la s duong, ty 18 véi 4712,

Niang lugng toan phan giia hai phan t 1a:

min ds a—]g_ (36)
Tuong tac Van der Waals rit yéu so véi néng lugng lién két cong hoa
tri va ion, nén né anh hudng cht yéu dén tinh chat vat 1y cha cac chat.
Néi chung tudng tac Van der Waals tdng theo momen ludng cuc, kich
thude va khdi lugng phan td. Vi du, tit flo d&n iot trong nhém halogen
(nx, =0), kich thude va khéi lugng phan ti X, ting, nén tuong tac Van

der Waals tang, 1am cho nhiét dd néng chdy va nhiét do sbi tang.
Lién két hidro

Lién két hidro la lién k&t phu giiia nguyén td hidro da lién két
V01 nguyén tl ¢6 d6 am dién 16n A (d4c bigt A 12 F, O va N) va mét
nguyén td khac cling ¢6 d6 4m dién 16n va con d6i electron hoa tri

chua lién két. Lién két hidro thudng dugc biéu difn bing nhitng ddu
chdm. Vi du: '

hY
5 . 0. &

b-l- / b+ . /}l
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Lién ké&t hidro manh & cac hdp chit cta flo, oxi, yéu hon d cac hgp
ch4t clia nitd va y&u hon nhiéu § cac hgp chat caa clo, luu huynh.

Lién két hidro 12 lién két y&u, nén anh hudng chu yéu dén tinh
chat vat 1y cia cac chat. Vi du, theo chiéu HF-HCl-HBr-HI: nhiét d6
néng chay va séi giam tit HF dén HCI, nhung tang tt HCl dén HI, vi
d HF c¢6 lién ké&t hidro manh. Tinh hinh tuong tu theo cic day
H,0-H,S-H,Se-H,Te va NH,~PH;-AsH;-SbH; (hinh 3.13).

I 1 i 0
| { | C

100 ==t HA—— === - 100

-100

-200
a) b)
Hinh 3.13. a) Nhiét dé néng chay; b) Nhiét do sbi

HF hoa tan trong nudc theo ty 18 bat ky, NH; hoa tan rit nhiéu
trong nude (700 thé tich khi NH; trong mot thé tich nudc & diéu kién
‘thudng) ciing do su déng gép 16n cua lién két hidro gitia cic phén ti

hoa tan va cac phan ti nudc.

Nude c6 nhiét dung cao b4t thudng ciing c6 nguyén nhén cua lién
k&t hidro. HF 12 axit y&u trong nudc, mot phén do lién két hidro:

HF = H'+F; K=7.210"
F +HF. = HF, ; K=5]

Trong ion HF; ton tai lién két hidro F~...H-F.
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BAI TAP
3.1. Giai thich tai sao flo va clo & ciing nhém VII A, nhung flo chi ¢é
hoa tri 1, trong khi d6 clo c¢6 thé c6 hoa tri 1, 3, 5, 7. Lay vi du
minh hoa.
Giai:
F khong ¢6 AO hoa tri 2d, trong khi d6 Cl ¢6 AO hoa tri 3d.
H-0 0O H-O 0 -
H-0-Cr; H-0-CI=0 ; N4 N4
Cl Cl
I 0?7
: O
8.2. Oxi c6 thé thé hién cdng hoa tri 1, 2 va 3 trong céac hgp chat. Lay vi
du minh hoa.

)

Gidi: | .
H-0 O
NP~ H
[ o
' o DH
0

3.3. Giai thich tai sao N c¢é 5 electron hoa tri, B chi c6 3 electron hoa
tri, nhung ching cé thé tao duge t6i da 4 lién két cong hoa tri. Lay
vi du minh hoa.

Giai:
Vi N va B 6 chu ky 2, ¢6 t6i da 4 AO hoa tri. Trong s6 bén lién két
cdng hoa tri, ¢6 mot lién k&t cho — nhan. Vi du:

.l nl
H—l;l—»H F--l'3<—F
H F

3.4. Viét cong thitc Lewis kha di nh4t cho cac phan t va ion sau, bao
gom tat ca cac ciu tric cdng hudng: All, CS,, HCOOH, COCl,,
Cl0; va NO;.

Gidi: Cau tric caa CS,, HCOOH, COCl, va NO; tuan theo quy téc octet.
Vi du: ‘O R PR o) ... L)

=1 0. 0 0. S ) 0
NS ~ < D s
- \N/ -~ N 7
il |
:0: :QI

.'é):—t—-z
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3.5.

All, va ClO; khong tuan theo quy tic octet:

o
|

Al --%Ci\-- i /d\ il /C"\ |
AON 071 o et o] <l 1Yo
1 -1 :0: 0 IO
St dung thuyét Gillespie, hdy xac dinh ciu trdc cda cac phén td
va ion sau, déng thoi cho biét kidu lai hoa cac AO hoa tri cha
nguyén ti trung tdm va so sanh goc lién két gitda ching.
a) CF, va NF;;
b) NO,, NO;,NO;;
¢) OF,, OCl,;
d) NH,, PH,, AsH,, SbH,,

Giai:

3.6.

a) CF,: bén mat déu; NFs: chép tam gide. O C va N déu c6 lai hoa
sp®. Géc FCF =109°28' > FNF .
b) NO,: g&p khiic; NO3: thdng; NO;: gap khic.
3 N trong NO, va NO; c6 lai hoa sp®. O N trong NO; ¢6 lai hoa
sp. & NO; géc ONO = 180° > ONO ¢ NO, > ONO & NOj.
¢) OF, va OCl, déu c¢6 dang gap khiic va ¢ oxi déu cb lai hoa sp®.
Géc FOF < CIOC! vi *r > Xer
d) Ca 4 phan ti déu c6 céu tric chép tam giac. O nguyén td trung
tam déu c6 lai hoa sp®. Goc HXH gidm dén ti NH; dén SbH; trong
nhém, vi d6 Am dién clia nguyén tl trung tAm giam dan theo day:
N-P-As-Sb.
Dua vao thuyét Gillespie, hdy so sanh goc lién két XSX giita cac
phan t& sau: SOF,, SOCI, va SOBr,.

Giai:

o=‘s'<
X

Géc FSF < C1SCl < BrSBr vi %5 > Xa1 > Xr -
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3.7. Hay cho biét c&u tric clia cac phan ti sau theo thuyét Gillespie,
dong thdi cho biét kiéu lai hoa cac AO hoa tri cia nguyén ti trung
tam: PCl,, SF,, CIF;, SF;, BrF; va XeF,.

Gigi: A\ Phén t& PCl; c6 cong thic VSEPR: AX,E,,
c6 c&u tric chép doi tam gide. O P ¢6 lai hoa
sp’d.

SF, véi cong thic VSEPR:
~ AX,E,, ¢6 dang bén mit lach. O
S ¢6 lai hoa spd.

F

CIF, v6i céng thic VSEPR:
AX,E,, c6 dang chit T. O Cl ¢6 lai
hoa sp?d.

XeF, v6i cong thic VSEPR:
AX,E;, ¢6 dang thing. 3 Xe c6
lai hoa spd.

SFs v6i cong thitc VSEPR:
AX,E,, ¢6 hinh tdm mat déu. O S
¢ lai hoa sp®d®.

BrF; véi coéng thitc VSEPR:
AX;E,, ¢6 hinh chép vuéng. 0,
Br c6 lai hoa sp®d2.

XeF, v6i céng thic VSEPR:

AX,E,, c6 hinh vudng. 3 Xe c6 lai
hoé sp3d?.
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3.8. MO tao bdi y, clia nguyén ti A va yg clia nguyén ti B c6 dang
¢ = Caya + Cpyp. Tinh thoi gian electron trén MO nay chuyén dong
4 phia nguyén ti A va & phia nguyén t B khi:
a) A va B déu 13 oxi. Tinh C, va Cg;
b) A 1a kali, B 14 flo (lién két KF 12 100% ion);
¢) Tim dang cia MO dé 90% thoi gian electron chuyén dong trén
Wa va 10% trén yyp.

Giai:
a) A va B 1a oxi: C, = Cg, nén 50% electron trén MO chuyén déng ¢
A va 50% ¢ B:

Ci

__—Ci+C% =0,50 va Cf\+C2 =1=>C, = 0,50 =0,707 =

&l

=>¢=—\/1§(wa + W)

b) KF: electron nay 100% & flo va 0% ¢ kali.
Ci

g 0T Ci+Ch =1=C, =40,90=0,95

c)

Cg =+/0,10 =0,32
¢ = 0,95y, + 0,32yg

3.9. Viét c&u hinh electron clia cac phén ti va ion O,, O;, 03, O theo
phuong phap MO-LCAO:
a) C4u t ndo 12 thuén ti, nghich tu?
b) So sanh I, giita cac cdu ti;
¢) So sanh I, giita phan ti O, va nguyén ti O;
d) Tinh bac lién k&t clia céc ciu ti;
e) Giai thich cac sb liéu vé d6 dai lién k&t (£) cta cac clu tu:

crutk | or | o; | 0s | o
((m) | 0,149 | 0,126 | 0,121 | 0,112

g) Sép x&p cac cu td theo chidu ning lugng phan ly lién két
tang déin.
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Giai:

a) 0,: (KK) c’c.’c2n’ =nmim, =n, ; thuan tit,
0!: (KK) o’c.*c’n’
0;: (KK) 05(5:20 i

2. 9 % 9 w9 _* %y . ..
0, : (KK) c/c.o,n; =n,n  =mn"; nghich tu;

P * Py ~

= nf_nxl ; thuan tu,
2
v

2
VA
Dy n * A N

jn =7 nxz = nvl; thuin tu,

b) I, giam theo thi tu sau: O — 0, - 0; - 037;
) 11(02) < Il(o);

Dpu0)= SE- D=2 p0)=25
p..(0;) = 1,5, ps(03) =1,
e) Bac lién két gidm dan din dén dd dai lién két ting dan theo chiéu:
0 - 0,-0; - 0%
g) Ning lugng phan ly lién két tang theo chiéu bac 1ién két téng:
0¥ - 0; - 0,-0}
3.10. Dung phuong phap MO-LCAO giai thich:
a) Tai sao phan ti Be, khong tén tai;
b) D6 bén cua lién két trong phan ti N, 16n hon trong ion N}, con
dd bén lién két trong phan ti I, lai bé hon trong ion F; .
Giai:
D * 1 N .
a) Be,: (KK) o?c.> = p,, = 5(2 —2)=0, nén Be, khéng tén tai;
. 2 _*2_2 1
b) N, :(KK)o o, n, = nf,oﬁ = p,, =§(8—-2) =3,
N+ (RK)olo}*n} =0, = p,, = ~(7-2)=2,5
P..(N2) > p_(N}), nén lién két trong N, bén hon.

F,: (KK)cfofofiri = n;‘,n:" = n;z =P, = %(8 -6)=1,

+ . * * * 1
F; :(KK)olo*aini =min. =n,' = p,, = 5(8 -5)=1,5,
P.(F2) < p, (Fy), nén lién két trong F; bén hon.
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3.11. Viét c&u hinh electron ctia phan ti CN va ion CN™ theo phuong
phap MO-LCAO:
a) So sanh d6 bén lién két va do dai lién két trong CN va CN7;
b) So sanh niang lugng ion hoa thi nhat gitta CN va cac nguyén ti
C va N.

Giai:
2) ON: (KK)o?on? = o} = p,, = (1-2) =25,

2

ON- : (RR)o%or = i = p,, = - (8-2) =3
p..(CN) > p,(CN), nén lién k&t trong CN™ bén hon va do dai lién
k&t ngén hon;
b) I,(CN) > 1, ctia C va cia N, vi electron bi ion hoa & CN ndm trén
MO lién két o,.

'3.12. AgBr rdt it tan trong nudc, nhung dé tan trong dung dich
Na,S,0, (chat dinh hinh dung trong nhiép anh den — tring) do tao
thanh ion phtc bén: .

a) Viét phuong trinh phan tng xdy ra dudi dang phéan tu va ion,
biét ring Ag* c6 s phdi tri bing hai va ion S,05 c6 dung lugng
phdi tri bing mot.
b) Viét phudng trinh dién ly ctia phiic chét tao thanh, kém theo cac
phuong trinh hing s6 phan ly ting néc va tdng hdp cta ion phdc.
Giai:

a) AgBr + 2 Na,S,0; — Na,[Ag(S,05),] + NaBr

AgBr + 28,02 — [Ag(5,03), ]3— +Br~
b) Na,[Ag(S,0,),] — 3Na" + [Ag(S:0):)"

[Ag(3203)2]3‘ = [Ag(8,0,)] +8,05"

[ 2e5,0, J[8:0% ]
[Ag(Sfp3 )g—]
[Ag(8203)]' = Ag* +8,0%

_[ae)[s,0% ]

Kz = [Ag(8203)' ]

K,(@=
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[ag][8,05 T
[Ag (Szoa )g_ ]

(KI'KZ)d = BEI =

B;' dng véi phuong trinh dién ly la:
[Ag(S;0,),] = Ag* +28,0%

3.13. Trong s6 cac phan ti duéi day, phan tl ndo c6 cuc, phan ti nao
khong cuyc, phin ti ndo ¢6 momen ludng cuc 16n hon khéng, phin
ti nao ¢6 p = 0?: BeCl,, H,S, CCL, BCl, PF,, HCN, SO,, SO,, HBr.

Giai: :

Cac phan tit sau ¢6 cuc, nén c¢6 p > 0: H,S, PF,, HCN, SO,, HBr.
Céc phéan tit sau khdng c6 cyc, nén p = 0: BeCl,, CCl,, BCl;, SO..
3.14. Xac dinh phén tridm dic tinh ion va dién tich ma nguyén td
mang trong cac phan t& HCl va HI, biét rang p(HCl) = 1,07D;

u(HD) = 0,44D; d6 dai lién két ¢ (HCI) = 0,127nm; ¢ (HD) = 0,161nm.

Giai: '

1,07x3,33.107%°

8+ 8-
: 1,602 10_19 0,127 10—9 x100% =18% = H- Cl V61 'SI = 0,18.
’ . XU, .

_ 0,44.3,33.107%°
' 1,602.107° x0,161.107°
3.15. Tinh tuong tac Van der Waals gilta hai phan tit HC], dya vao cac
s6 liéu dudi day:
p=1,07D; o = 2,93.10"°m? I, = 2,195.10"%J;
d =0,250nm va T = 298K
Giai:

8+ &-
x100%=6% = H-1 véi |8| =0,06.

N N
3 (4mey)® kTd® ™~ A
Véi p=1,07 x 3,33.107°°C.mm; g, = 8,854.102C%J".m™"; n = 3,1416;
k=1,38.108J K, T= 298K; d = 0,250.107°m; N, =6,022.10**mol ™,

Eg = -5,2 kJ.mol™*
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Véia = 2,93.10°m?:
E;=-1,5 kd.mol™

L™ 2 (4ng,)® 21, d°
V6il, = 2,195.107 J:
E,=-28,2 kJ.mol™ .
3.16. So sanh nhiét do néng chay va nhiét do sdi gidta CH, va CCl,,
gitta CH;CH,OH va CH,OCH,;. Giai thich.
Giai:
Nhiét d6 noéng chay va sbi cia CCl, cao hon so v6i CH,, vi hai phén
ti nay déu c6 p = 0, nhung CCl, c6 khéi lugng va kich thude 16n hon.
CH,CH,OH c6 nhiét d5 néng chay va sbi cao hon so véi CH,0CH;,
vi hai phén ti déu c6 khdi lugng béng nhau, nhung ¢ CH,CH,OH
¢6 lién két hidro.

Bai tép tu gidi
3.17. Theo phuong phap VB hay giai thich:
a) Trang thai hoa tri c6 thé c6 caa oxi, luu huynh va brom.
b) Vi sao nguyén t3 nitd khong thé c6 hoa tri 5?
P.S. a) Oxi khéng c¢6 AO hoé tri 2d, nén chi c¢6 trang thai
hoa tri 2.
Luu huynh c6 thé c6 hoa tri 2, 4 v 6 vi ¢ AO hoa tri 3d.
Brom c6 thé 6 hoa tri 1, 3, 5 va 7 vi ¢6 cac AO hoé tri 4d.
3.18. a) Néu cong thitc mét hgp chét ion chi chiia cac nguyén t& phi kim.
b) Néu cong thic mot hop ch&t ion chita mdt kim loak manh
nh&t va mét phi kim manh nhit.
D.S. a) NH,NO;; b) AtF.

3.19. Viét cong thic Lewis kha di nhat cho cac phén td va ion sau, bao
gbm tét ca cac cdu tric cdng hudng: H,S, NO,, Cl0;, OCN" (ion
xianat, nguyén t C 6 trung tam), CNO" (ion isoxianat, nguyén tu
N § trung tam).

P.S. S6 cu tric cong hudng nhu sau:
H,S (1); NO, (2); C10; (4); OCN" (2) dé6 1a

(;6-c=n] e [:0=c=N ono-@: [:e=N— )
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3.20. Gidng bai 3.19 cho cac phan ti va ion sau: PO}, N,0, BeCl,
AsF;, AICL:.
D.S. 86 c&u tric cong hudng:
PO?" (4); N,O (1); BeCl, (1); AsF; (1); AICI; (D).

3.21. Su dung thuyét Gillespie, hiy xac dinh cdu tric cua cdc phin
té va ion dudi ddy, dong thdi cho biét kiéu lai hoa cic AO hoa
tri cta nguyén td trung tAm va so sanh géc lién két trong ting
day mot:

a) PH; va PHj;
b) SF, va SCl,;
¢) PCl,, PBr,, PLy;
d) Pl,, Asl,, Sbl,.
b.S. a) PH;: chép tam gidc, PH: bdn mit déu. 3 P déu
c6 lai hoa sp°. |
Géc HPH & PH; = 109°28' > goc HPH ¢ PH,,
b) SF¥, va SCl,: g&p khuc. O S déu c6 lai hoa sp®.
Géc FST < CIFCl.
¢) PCl,, PBr, va PI,: chép tam gide. O P ddu c6 lai
hoé sp®. Géc CIPCl < BrPBr < IP1.
d) PIL;, Asl, va Sbly: chép tam giae. O P, As va Sb
déu c6 lai hoa sp®. Géc TPI > TAsT > ISBI.
3.22. So sanh cac goc lien két OSO va FSF trong phan ti SO,F, va géc
XSX giita hai phan tit sau: SO,Cl, va SO,F,.
B.S. Trong phén ti géc 0SO > FSF.
Giita hai phan t& FSF < CISCl.
3.23. Xac dinh cdu tric cha cac phin td va ion sau theo thuyét
Gillespie, dong thdi cho bigt kiu lai hoa cic AO hoa tri cia
nguyén tu trung tam: SOF,, TeCl,, BrF,, I;, IOF,, SbCl;, ICI;.
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P.S. SOF,, TeCl,, BrF, va I;: d nguyén ti trung tdm déu
¢6 lai hoa spd.
SOF,: dang chép déi tam giac;
TeCl,: bdn mait 1éch;
BrF,;: hinh chi T;
I;: théng.
IOF,, SbCl; va ICI;: 6 nguyén ti trung tAm déu co
lai hoa sp*d®.
I0OF,: tam mat léch;
SbCl; : chép day vudng;
ICl; : hinh vudng.

3.24. Ton C¥ ton tai trong mdt s6 hop chit, vi du CaCy:

a) Viét c&u hinh electron cia phan ti C, va ion C2 theo phudng
phap MO-LCAO.
b) So sanh d6 bén lién két, do dai lién k&t va ning lugng ion hoa I,
gida C2 va Co.
¢) So sanh nang lugng ion hoa I, gitia C, va nguyén tu C.

P.S. a) Cy: (KK)o’s, ns = ni;

C¥ : (KK)o? o.ink = Mo,
b) ps(Co) = —(6 2) = 2; p.(Cy” —(8 2)=

Lién két trong C2° bén hon trong C, va do dai
lién k6t trong C2 ngin hon.
| 1,(Cy) > 1,(C).
¢) I,(Cy) > I, cua C.
3.25. Viét cAu hmh electron ctia phan ti I, theo phuong phap MO-LCAO:
a) Cau hmh electron kich thich ddu tién cia phan t I, nhu thé nao?

b) Khi chuyen sang trang thai kich thich diu tién, phén ti I, hdp thu
bic xa A = 537nm. Tinh hiéu ning lugng gidia hai trang thai nay.
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) 2.%2 2 _ 2 2 %2 _ %2
B.S. I, :(KK)o.o, n; =n,0,n,° =7

X y

* 2 *2_9 9 9 * %1 ¥]
a) I, 1 (KK)o o, n; =n,o;n” =7 o,

by AE < Be _ 663107 ><3,900.1o8 = 3.70.1079.
A 537.107
3.26. Viét cdu hinh electron cia cac phan td va ion CO, NO va NO*
theo phuong phap MO-LCAOQO:
a) Hay cho biét tit tinh cda ching;
b) So sanh d6 bén lién két, do dai lién két va'I, gita NO va NO*.
c¢) Giai thich cac s6 liéu thuc nghiém vé I, dudi day gita cac
phéan ti CO, NO va c4c nguyén ti tuong Gng:
C N 0 CO NO
I, kd.mol™? | 1083 1396 1312 1354 913

b.S. a) CO:(KK)olo,*n) = n’c? : nghich tr;

NO: (KK)GZO'*ZR2 = 7t nll : thuln tu;
NO™: (KK)olo,*n2 =n’c?: nghich ti.
b) Lién ké&t trong NO* bén hon.
Do dai lién k&t NO* ngén hon.
I,(CO) 16n hon cac nguyén ti C va O, vi electron
bi ion hoa § o;
I,(NO) bé hon cic nguyén ti N va O, vi electron
bi ion ho4 & x.
3.27. Viét c&u hinh electron ctia phan td HCl theo phuong phap
MO-LCAO:
a) Tinh d¢ béi lién két H-Cl;
b) MO lién két trong phan tt HCl ¢6 dang ¢ = Cyvig, + Cow,,, . Tinh

cac h¢ s§ C, va C,, biét ring 38% thdi gian electron trén MO nay
chuyén dong & phia hidro, con 62% thoi gian chuyén dong & phia clo.

D.S. a) nlc’nin? = p, =§(2— 0)=1

b) ¢ =0, 62y, +0,7 MWsp,




3.28. Cac MO trong phan td LiH dugc tao thanh tu t8 hop tuyén tinh
AO 2s cua liti va AO 1s caa hidro:

a) Tinh nang lugng cac MO tao thanh va vé gidn d6 nang lugng cac
MO, bi&t ring ning lugng AO (eV) nhu sau:
Li: -67,32 (1s); Li: 5,39 (2s) = Hy, (tich phin Coulomb).
H:-13,60 (1s) = Hy,
Tich phan trao d6i  H, = H,, = -4,00 eV;
Tich phan phu S,:=S,,=0
Tich phan chuéin hoa S;; =S5 = 1.
b) Tinh cac hé s8 C,, C, va viét cac ham séng MO.

D.S. _=0,38y,, —0,93y,,; E_=-3,76 eV.

¢s = Cl\ljlsu + C2w25m

9, =0,93y,, +0,38y,,; B, =-15,23 V.
Gian d8 nang lugng cac MO caa phéan ti LiH.

A E(eV)
YT I €
P \\
539 -1k N
2s \
B e L]
\ e
\ e 1s
528 fommmme i’
Os
Li LiH H

3.29. Fe,0, 1a thanh phén chinh cda gi sit. Fe,0, hoa tan dudc trong
dung dich axit oxalic (H,C,0,) do tao thanh ion phtic bén. Viét
phuong trinh phén dng xay ra, biét ring Fe® c6 s6 phdi tri 1a sau
va ion C,0% c6 dung lugng phoi tri bing hai.

P.S. Phiic chat tao thanh Hy[Fe(C,0,)s]

3.30. Thém t tit dung dich NH; vao dung dich CuS0,, diu tién thiy
tao thanh két tua xanh da troi, sau d6 k&t tua tan tao thanh dung
dich xanh dam do tao thanh ion phic bén. Viét cac phuong trinh
hoé hoc dudi dang phén t& va ion, biét ring ion Cu?* c6 s6 phoi tri
bing bdn va NH, ¢6 dung lugng phéi tri bing mot.

P.S. K&t ta xanh da troi 1a Cu(OH),;
Ton phiic 1a [Cu(NHy),)*".
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3.31. Mot dung dich chtta cac mudi CuSO,, Al,(SO,); va Fe,(SO,)s.
Hay dung cac hoa chit thich hgp tach cac ion kim loai (duéi dang
hgp chat) ra khéi nhau, biét rang chi ion Cu®* tao dudc phtic chat
véi NH,.

D.S. Dung dung dich NH;; sau d6 dang dung dich NaOH.

3.32. C6 cac phan tu sau: OF,, IBr, CS, COS, CH,Cl,, CBr,, CsF,
AlCl,, C,H,:

a) Hay chi rd lién két ion, lién k&t cdng hoa tri phan cuc, lién két
cong hod tri khéng cuc trong cac phéan td trén;
b) Phén t& nao cb cuc, phin ti nao khéng cuc? Phén ti nao ¢6 p > 0,
phén td ndo c6 p = 0?
D.S. a) Lién két ion: CsF;
Lién két cong hoa tri phan cuc: con lai;
b) Phén tu ¢6 n > 0: OF,, IBr, COS, CH,Cl,, CsF;

Cac phan ti con laic6 p = 0.

3.33. Giai thich tai sao phan tit NH, va NF, déu c6 c&u tric chép tam

giac, nhung W(NH;) = 1,46D 16n hon nhiéu so v6i p(NF,) = 0,24D.
D.S. Vi momen ludng cuc cia lién k&t N-H cang chiéu
v6l momen cua cdp electron hoa tri cia N chua lién
két, cdn & NF, nguge chiéu nhau.

8.34. 56 lidu thuc nghiém cho biét w(LiH) = 5,88D, d6 dai lién k&t Li—-H

la ¢ =0,16nm. Tinh phan trim ion cta lién k&t Li-H.
b.S. TT%

3.35. Momen ludng cyc cta nitrobenzen 1a 4,3D. Coi lién k&t C—H déng
g6p khong dang ké vao momen ludng cuc cha phan ti. Hay tinh
momen ludng cuc caa 1,2 — dinitrobenzen, 1,3 — dinitrobenzen va
1,3,6—trinitrobenzen.

D.S. pp=17,4D; p, 5 = 4,3D; Mias = 0.

3.36. Chiing minh ring, néu ding cac don vi cla p 12 Debye, cla o la
mét k{xé’i, clia ning lugng ion ho4 12 jun va ctia d 13 nanomet cho
cac biéu thic 3.3, 3.4 va 3.5, thi ching c6 dang & 298K:

4
Ey = —1,61.10‘27.%6—.NA (kJ.mol ™)

2
E, = —1,79.1012.3‘(1%.1\1A (kd.mol™)
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E, =-6 06.1070.—Il0ﬁ.N (kJ.mol™).
, PO
Ap dung tinh cho NH;, biét ring p = 1,40D, d = 0,250nm,
o =2,46.10m? I, = 2,56.107'%J
P.S. Ex =-15,1 kJ.mol™
Ep =-2,13 kd.mol™
E, =-23,2 kJ.mol™
3.37. Trong nudc da, d6 dai hién két hidro giita hai phan tu nudc
canh nhau 13 0,176nm. Nang lugng tao thanh lién ké&t hidro 1a
_95 kJ.mol™. Khoang céach giita hai phéan tit 1a d = 0,272nm.
a) Tinh ning lugng tudng tac Van der Waals gidfa cac phan t nuéc &
0°C, biét ring H,0 c¢6 p=1,85D, I, = 20,2.107%J, o = 4me, x 1,48.107%
don vi SL
b) Suy ra gié tri gin ding entanpi thing hoa caa nudc da 6 0°C.
P.S. a) Ex =-30,6; Ep =-1,51; E, = -4,90 kd.mol™
b) AHy, = -Ex - Ep - E, - 2E, = 87,0 kd.mol ™.
8.38. Hay chi lién két cho — nhén, lién két hidro trong cac phén tu va
jon sau: H;0*, (H,0),, (HF),, BH|, H.NBF,.
D.S. Trong mbi phan tl va ion sau déu chiia mét lién két
cho — nhan: H,0*, BH,; va H;NBF;.
Trong (H;0), va (HF), déu chita lién két hidro.
3.39. S#p x&p nhiét d6 néng chay va nhiét do sbi tang dén theo cac day sau:
a) CH,, CH,Br, CH,F, CH;[;
b) CH,COOH, HCOOCH,.
P.S. Tang theo chiéu:
a) CH, - CH,F — CH;Br - CH.I;
b) HCOOCH; - CH,COOH.
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Chuong 4

CAU TAO TINH THE

TOM TAT LY THUYET
Cac hé tinh thé

Céc tinh thé khac nhau cda céc chit duge chia thanh bay hé. Su
phan loai nay dua vao tinh d6i xtng khac nhau cla céac tinh thé. Tuy
nhién dé d& nhan biét hon c¢6 thé dua vio cic canh a, b, ¢ va cac géc a,
B, y cta da dién déc trung cho mdi hé tinh thé (bang 4.1).

Bang 4.1. Cac thdng s& dic trung cho cac hé tinh thé

Hé tinh thé Khoi da dién Thong sé mang
a=b=c
Hé lap phuon c A
> 1ap phtong a P Lap,phuong | o= p =y = 90°
Y
Lang tru thdng
L n a=b=c
Hé bdn phuong day vudng
o= B =y= 90°
HE s4u o . Lang tru thdng a=b=c
é sau phuong . day luc gigc | ¢ = B =090
' y=120°
: .
Hé ba phudng D? dlen. a=b=c
. day thoi
{mat thoi) a=p=y=90°
L#ng tru thing
day chit nhat '
Hé truc thoi y ojazb=c
a=f3=y=90°
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Hé tinh thé Kh&i da dién Théng s6 mang

o B L#ng tru thdng azbzc
He mot nghiéng day binh hann | &= V=90
B # 90°

Hinh hop batky |a#b=cC

Hé ba nghiéng ox sy 90°

6 mang cd sé

O mang cd s 1a thé tich nhé nhat cha mang tinh thé bidu thi diy
da dic tinh cha mang tinh thé khao sat.

Trong cic & mang cd s6 khac nhau, cac nguyén ti, ion, phin ti (cic
mét hay cac nit) chiém nhing vi tri khac nhau. Cac mit dude quy udc la
hinh cidu. Cac méit gdn nhau nhét trong 6 mang tiép xic v6i nhau, nén
khodng cach giia cac tAm ciia hai mét nay 1a tdng ban kinh cla ching.

Gitia cac mit khac trong 6 mang & xa nhau hon tao thanh nhing 16
tréng. Khi hinh thanh tinh thé, mot s& mét c6 thé chi€m cac 16 trong
nay, tao thanh cac ciu tric tinh thé khac nhau (cAu tric kim cuong,
natri clorua, sphalerit, florin,...). Co thé chuyén tit cfu tric tinh thé
nay sang cfu tréc tinh thé khac bing nhiing bién ddi don gidn xuat
phat ti cac 6 mang Bravais.

O mang Bravais

Theo Bravais, mdi hé tinh thé tuong tGng véi mdt sy phén bd khong
gian cac nguyén ti, ion hay phéan td trong 6 mang, nhu duge thé hién
~ trong cac hinh dudi day:
e Ba 6 mang hé lap phuong (hinh 4.1)

\
- \\ 7 R l’
\ ~-F- e
A T~ |
¢ ® Nguyén ti, ion hay phan tr
a) b) c)

Hinh 4.1: a) 1ap phudng don gian (nguyén thuy); b) lap phuong tam khoi;
c) lap phudng tam mat. '
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e Hai 6 mang hé bén phuong (hinh 4.2)
e Hai 6 mang sau phuong (hinh 4.3)

p

N St St
N
AY
x ~ % 1T~
FaN SLEAS
RS
a) b) = =
a) b)
Hinh 4.2: Hinh 4.3:
a) Ban phuong don gian; a) Sau phuong don gian;
b) B&n phuong tam khdi. b) Sau phuong chit khit.

e Bon 6 mang hé tryc thoi (hinh 4.4)

7] ? ,»Q”
~ Y v, i
\X |‘l_.
.._r-
4 \\\ I
7 ~ 1
Y/ \ s -
/ /]

a) b) c) d)

Hinh 4.4: a) Truc thoi don gian; b) Truc thoi tam khéoi;
¢) Trire thoi tam mit; d) True thoi tam day.

e M6t 6 mang hé ba phuong (hinh 4.5)
e Hai 6 mang hé m6t nghiéng (hinh 4.6)
e M6t 6 mang ba nghiéng (hinh 4.7)

iy i

Hinh 4.5: Hinh 4.6: Hinh4.7:
Ba phuong don gian a) Mt nghiéng don gidn; Ba nghiéng don gian
b) Mt nghiéng tam day.
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L tinh thé ,
L5 tinh thé 13 phin khong gian khong bi chiém bdi cac nguyén ti,

jon hay phén td trong cfu trdc tinh thé (xudt phat tit cac 6 mang
Bravais). Khi hinh thanh tinh thé, cac 16 trong nay c6 thé bi cac mét
khac chiém.

Ngudi ta phéan biét 16 tréng tam mét O va 15 tréng bon mat T. Lo
trong 12 tam mit, néu nd 1a tAm ctia hinh tAm mait déu, ma sau dinh 12
sau mét gin né nhat trong 6 mang. Néu chi ¢6 bon mét gin 16 tréng
nh4t tao thanh hinh bdn mat déu, thi la 18 trong bon mit.

L tréng trong cau trac 1ap phuong tam mat
a) L4 trong tdm mdt

o Mot 15 tréng tam mit 4 tdm cta hinh lap phuong duge danh ddu
« trong hinh 4.8a. L6 tréng nay cach déu sau mit nadm 6 gitta sdu mat
cua hinh lap phuong.

a) ' b)
Hinh 4.8: a) L6 tréng tam mat & tam hinh lap phuong;
b) L3 trong tam mit & giifa canh hinh Iap phudng.

e O giita mdi canh cda hinh 1ap phuong 12 mot 16 trong tdm mét.
L3 trong nay chung cho bon hinh lap phuong 1, 2, 3, 4 (hinh 4.8b, nén

chi c6 % 15 trong nay thudc vé mot 6 mang cd s8. M&i hinh 1ap phuong

¢6 12 canh, nghia la c6 1—42— 15 trong tAm mat & canh thudc vé mot 6

mang cd sG.
Téng s6 16 tréng tam mét thudc vé mot 6 mang lap phuong tim
mat la:
1+ 12 =4
4

a2

v6i canh ca hinh tAm mat déu 1a —5
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b) L6 tréng bén mit _ /
Néu. chia mét 6 mang nay NS
thanh tdm hinh lap phuong con véi i YN A2
!l s
. - . . n /’—’, -
canh %, thi tAm cta méi hinh 1ap =
phudng con 12 mot 16 tréng bén mit /

(hinh 4.9). Vay c6 tat ci tam 15

tréng bén mit thude vé mét 6 mang Hinh 4.9. L6 tréng bén mit J tam
lap phuong tAm mat. ' hinh 1&p phuong canh g

L6 tréng trong cau tric sau phudng chit khit

Jrong mét 6 mang sau phuong chit khit c6 sau 15 tréng tAm mit
va mudi hai 16 trong bén mit (xem bai tap 4.1).

S8 phadi tri trong tinh thé

S6 phéi tri trong tinh thé 13 s& cac mit gin nhit xung quanh mot
mat khao sat va c6 cung khoang cach véi mét xét. Vi du, xét mét 4 tam
6 mang lap phuong tAm khéi (hinh 4. 1b), ta thay né c6 s6 phéi tri tam
(tAm mat & tdm dinh cia hinh lap phuong).

S6 mat trong modt 6 mang co s

S6 nguyén td, ion hay phén tit thudc vé mét 6 mang dudc goi 14 s
mét Z. S6 mét Z nay khoéng giéng nhau d6i véi cac 6 mang khac nhau.
Mot s6 vi du:

e C4u tric lap phddng tdm khéi (hinh 4.1b). Mbst mét & tAm hinh
lap phuong. Mbéi mét & dinh cta hinh lap phudng thudc vé tAm 6 mang

1 P S 2
¢d s0, nén chi ¢b 3 mét nay thudc vé mot 6 mang co sd.

Téng s6 mét thude vé mot 6 mang lap phuong tam khéi 1a:

Z=1+-—1— x8=2
8

e C4u trac lap phlidng tAm mat (hmh 4.1c). Méi mét & giita mat
hinh lap phddng thudc vé hai 6 mang co sd. TAm mit & tam dinh ctia 6
mang gidng nhu & 6 mang 1ap phuong tdm khéi. Vay cé:

Z==4+2=
2
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e C#u tric sau phuong chit khit (hinh 4.3b). Mudi hai mit  muoi
hai dinh. M3i mét thudc vé sdu 6 mang. M3i mét & tdm cta hinh luc
gidc mat day thudc vé hai 6 mang. Ba mét & gitta khéi lang tru thude
riéng 6 mang khao sat. Vay cé:

Z=—+=+3=6
2

Do dac khit
Do dic khit C cia mdt cdu trac tinh thé 1a ty so:

Téng thé tich cha cac mét trong 6 mang cd s8

Thé tich clia 6 mang co s6
Vi dy, d§ dic khit cha cfu tric 1ap phuong tam khéi nhu sau. Xét
trudng hgp 6 mang chi 6 mot loai mét:

fl—.11'3xZ %nr3x2
c=3 =9 | (4.1)
a a

Cac mAt gAn nhau nhét trong ciu

tric nay & trén dudng chéo cua hinh lap
phuong, nén tiép xic véi nhau (hinh 4.10). ( 3 ~

a3

D=aJ§=4r:>r=T (4.2) ' =

Thay (4.2) vao (4.1): =
. Hinh 4.10. Cac mit cia 6 mang lap
C= V3 -0.68 phudng tam kh&i ndm trén dudng -

8 ’ chéo D tiép xuc véi nhau.

Vay do dac khit cha cfu tric 1ap phuong tam khéi 1a 68%, nghia la
con 32% khoang trong trong 6 mang. ,

Biing cach tudng tu, ¢6 thé tinh dugde dd dic khit cia cu tric lap
phuong tdm mat va sau phudng chat khit (v8i cac cAu ti gidng nhau)
déu 1a 74%.

Khéi lugng thé tich

Kh&i lugng thé tich p cha mdt vat hién nay dudc thay thé& cho thuat

ngit khéi lugng riéng. N6 dudce tinh bing cong thic:
_ Khéi lugng m cua vat
P~ "Thé tich V cha vat

p ctia cAu tric tinh thé dugc tinh nhu sau:
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Kh6i lugng cia Z mét thude vé modt 6 mang cd s

P= Thé tich V cla 6 mang cd sd

Néu trong 6 mang chi c6 mét loai mét c6 khdi lugng mol la

3 - o a 2. o1 M . . M o
M g.mol™, thi khéi lugng ciia mot mét 1a N trong d6 N, 1a hang sb
A

Avogadro. Khi dé:
_ MxZ
P VxN,

Cau tric kim cudng

O mang cd s8 ciia kim cuong 14 1ap phudng tam mat, ngoai ra cac
nguyén td cacbon con chi€ém mét nlta s6 15 tréng bén mét trong 6 mang
(hinh 4.11). Vay sd mét Z = 8.

:

4 1/1a
3 *| A2

Hinh 4.11. & mang kim cuong: lap phuong tam mat, ngoai ra cé thém bén nguyén ti

cacbon & b&n tam chia bdn hinh Iap phudng con 1, 2, 3, 4 canh 3,
2

Cau trac cesi clorua

Cesi clorua (CsCl) 12 hgp chit ion, nén cic mét mang 14 cac ion Cs*
va CI". O mang co s8 1a lap phuong tdm khéi (hinh 4.1b). M5i 6 mang
chia mot ion Cs* va mét ion CI".

Cac ion Cs' va CI” tiép xic véi nhau trén dudng chéo ctia hinh lap
phuong. Ban kinh caa Cs* 12 0,169nm va cia CI” 1a 0,181nm, nén
dudng chéo D ctia hinh 1ap phuong 1a:

D= 2r . + 2r,,- =0,700nm

Tu d6 thong s6 a ctia 6 mang CsCl 1a:
a= —D— = 0,404nm

V3

"S6 liéu thuc nghiém 1a a = 0,4123nm. Su sai khac giita hai gi4 tri
1a 2%, chiing t6 md hinh trén 13 ding.
Do déc khit ctia ciu tric CsCl 1a:
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4 3 4 3
_3' ans* -+ '3~ anl‘
C= =0,683.

3
Acscl

Cau trac natri clorua

O cau trac natri clorua, cac ion
Na* tao thanh mang lap phudng tam
mét, nghia la cé bén ion Na' trong
mot & mang co s6. Cac ion CI” chiém

t&t ca 156 tam mat trong 6 mang, nghia

1a ¢6 bdn ion CI” thudc vé mdt 0

mang (hinh 4.12). Hinh 4.12. © mang co sd ctia NaCl.
® Na+ OCI

Cau truc sphalerit (blende)

Tinh thé sphalerit ZnS c6 c&u truc kiéu kim cuong. Céc ion S* tao
thanh mang lap phuong tAm mat, nghia la ¢6 bén ion S* thudc vé mot
6 mang cd sd. Céac ion Zn*' chi€m bdn trong s6 tam 18 trong bdn méat
trong 6 mang. Vay c6 bén ion 7Zn®* trong mdt 6 mang.

Cau trac florin

Florin 13 canxi florua (CaF,) ty nhién. O c&u trac florin, cac ion
Ca® 1ap thanh mang lap phudng tdm mat. Céc ion I~ chi€m tit ca tam
16 bon mat trong 6 mang. Vay co tit c4 bon ion Ca®' va tam ion F~
thudc vé mot 6 mang cd s6.

BAI TAP
4.1. Trong 6 mang cd s§ sau phuong chat khit c6 sau 16 trong tam mat
va mudi hai 18 trong bén mat. Hay chi rd vi tri cac 16 trong do.

Giai:
M&i 16 trong tam mit (ddu x)
dugc tao thanh bdi ba méit &
day (vi du A, B, C) va ba méit & = |°

. . o . , Yau
gita hai mat day (vi du D, E,
F), trong 46 hai méit E va F
thuéc 6 mang khao sat, con Hinh 4.13. Vi tri cac 16 tam mat
s, A A bé h (dénh dau x) trong 6 mang
mét D thudc 6 mang bén cani. sau phudng chit khit.
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Méi mit day tao thanh ba 16 K /H\a

trong tdm mait, giéng nhu 15 TNIZ S
trong tam mat vira xét. Hai =2 g
mit diy tao thanh sau 16 trong ‘l '\ .

tam mat. 7 . N

Cac 16 trong bon mat trong 6 Hinh 4.14. Vi tri 15 trdng bon mit
mang cd sd sdu phuong chét khit (ddu x) trong 6 mang sau phuong
dugc danh ddu x ¢ hinh 4.14. chat khit.

Mbt 16 bén mat duge tao thanh bdi mot mit & tdm cia mit day (vi
du G) va ba mét & giita hai mat day. Hai mat day tao thanh hai 15
trong bon mat nhu vay.

Mot 16 tréng bdn mit khéc duge tao ra bdi mét mét & dinh 6 mang
(vi du H) va ba mat & giita cac mat day, trong d6 mbi mst thudc vé
mot & mang khac nhau, nam sat canh nhau. L3 tréng nay niam

A . kd ~ A 2z oy A A - a 2 1
trén canh c cua 6 mang, nén né thudc vé ba 6 mang, nghia la cha 3
10 trong nay thuge v&€ mét 6 mang. Vay mudi hai dinh ctia 6 mang

» A, 9 1 = A A .2 N
c6 tat ca 3" 12 = 416 trong bon mit kiéu nay.

Mot 16 bdn mit nita duge tao thanh bai mot méit 3 gifta hai mat day
(vi du I) va ba mét & mat day. Vay méi méit day tao thanh ba 15
bon mat, hai mit day tao thanh sau 15 bén mit.
Cac 16 tréng b6n mit nay hoan toan giéng nhau véi canh cta hinh
bon mit 13 a. Téng s6 16 trdng bon mit thudc vé 6 mang sau
phuong chit khit 1a:

2+4+6=12

4.2. Tinh d6 ddc khit C cta ciu tric lap phudng tAm mat, chia cic mit

giéng nhau.

Giai:

92

Tu hinh 4.1c, ta c6 thé tinh dudc s6 mét Z:
%x8+%x6=4
—nrd x4 s (4rY
C= = véi a® = (—E)



16 nr’

c=23—=074
4ar
&

4.3. Dong két tinh dudi dang lap phuong tdm mat. Khéi lugng thé tich
cta déng 12 8,96 g.cm™. Tinh ban kinh kim loai caa ddng, biét riang
Mg, = 63,5 g.mol .

Giai:

3 MCu XZ 63,5X4
N, xp ~6,022.10% x 8,96

a =4,707.10% cm®

a=3,61.10"%cm.
Trong 6 mang lap phuong tam mat, ba mét tiép xtc vdi nhau nim
trén dudng chéo ctia mit hinh lap phuong:

d? =2a? :>d=a\/§=4r:>r=a;/§
-8
_36LI0°Y2 1 og 1500m
4
rco = 0,128nm.

4.4. Tinh thé vanadi (V) c6 ciu trdc 1ap phuong tam khoéi. Ban kinh kim
loai caa vanadi la 0,131nm. Tinh khdi lugng thé tich cha vanadi,
bist ring kh6i lugng mol nguyén ti cda vanadi 1a 50,94 g.mol ™.

Giai:

M.Z
PEN,V
At
Céc nguyén ti vanadi tiép xtc v6i nhau trén dudng chéo cua hinh

1ap phuodng:
4r
D= a\/§ =4drDa=——
J3
a= 4x0,131
J3

) 50,94 x 2
P = 6.022.10°(3,03.10°)

=0,303nm

=6,08g.cm™

93



4.5. Coban (Co) két tinh dudi dang sau phudng chat khit véi thong s
mang ¢ = 0,408nm. Tinh thong s6 a cia 6 mang, ban kinh kim loai
va khél lugng thé tich clia coban. Khéi lugng mol nguyén tii cla
coban 1a 58,933 g.mol™.

Giai: .
T hinh 4.15 ta cé: ! N
h=S— av2 A Pt : ’
2 V3 s
I i
- Y3 _0408/3 0,250nm || _-17Ne FN
2 2 N ECE NN
® )]’ \ |
a:2r:>r=320,125nm ! ,
2 ‘I- h 1 \2
. .. | Xalr ~
p:NA.V viiV=S.¢ -1 s a\ 5
S 12 dién tich mat day: K C
) J_ Hinh 4.15. ® mang co s&
S=3a"— clia coban

A2 =3a2£ ¢ =3(2,50.1078)? ><§><4,08.10‘8
V= 66,249 107 ¢
58, 933 x 6
6 022.10% x 66,249.10724

4.6. Khoi lugng mol nguyén ti cha 1ot 1a M = 126,9 g.mol™. Khéi lugng
thé tich ca L(r) 12 4,98 g.cm™. Tinh s6 phan t I, thudc vé mot 6
mang cd sd cha iot, biét ring cac thong s6 mang cta iot la
a=0,725nm; b = 0,977 nm va ¢ = 0,478 nm. Suy ra 6 mang co sg ciia iot.

Giai:

=8,86g.cm™

M.Z 7. pN vV
N Y M
7 - 4,93.10° x6,022.10% x0,725.107° x 0,977.10° x 0,478.107°
(126,9.107%)2
Z2=4
Véi thong s6 manga#b=cva Z = 4, thi 6 mang co sd cta iot 1a
- truc thoi tAm mit.
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4.7. Tinh khéi lugng thé tich cla tinh thé NaCl (hinh 4.12), biét réng
khoang cich gitta hai ion gAn nhau nh4t trong tinh thé 0,281nm.
My, = 23,0 g.mol™}; M, = 35,5 g.mol ™.
Giai:
Trong 6 mang NaCl ¢6 4 ion Na* va 4 ion C1", nghia 1a ¢6 4 phéan ti
NaCl (Z = 4).
Canh a ctia 6 mang la a = 2 (ry,+ + re) = 0,281 x 2 = 0,562 nm.
Tu dé:
B 58,bx4
© 6,022.10%(5,62.107°)°
4.8. Tinh thé BaF, c6 c&u tric kiéu florin, véi thong s6 mang a = 0,620nm.
Ban kinh cta ion F 13 0,136nm. Tinh ban kinh ctia ion Ba* va
kh&i lugng thé tich cta tinh thé BaF,.
Mg, = 137,0 g.mol™ ; My = 19,0 g.mol™

=2,19g.cm™.

p

Giai:
Trong 6 mang cla BaF,, ion Ba® va F~ gin nhau nhét ndm trén

dudng chéo d ctia hinh lap phudng con canh -2- (hinh 4.11). Tu d6:

2
d2=3(3) :>g—=§i§—:r 2o+ T

2 2 4 Ba®
Ip2 = 9%9\/—5 -0,136=0,132nm.
Mgp,p, %2
pP=—""""75"
N, xa

Céc ion Ba?* lap thanh 6 mang lap phuong tam mat, nén:

. =lx8+lx6 = 4 ion Ba®
Ba” 8 2

Tam ion F~ chim tat cd tadm 16 tréng bon mit cia 6 mang:
Z, =8
Vay c6 4 phan ti BaF, thudc vé 6 mang:

_ 175,0.10° x 4
P = 6.022.10%(0,620.10°)

hay p = 4,88 g.cm™ .

=4,88.10° kg.m™®
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4.9. Khi hinh thanh tinh thé, cadc mét c6 thé chi€m céc 16 tréng trong &
mang Bravais. D& khéng 1am bién dang tinh thé, mit chiém 15 trong
phai ¢6 dudng kinh bé hon hoidc bing dudng kinh cta 15 tréng.

Mot kim loai c6 cfu trac 14p phudng tAm mét. Héi mét mait phai cé
ban kinh nhu thé& nao dé khi chi€m 15 tréng tdm méit, ma khéng
lam bién dang tinh thé kim loai.

Gidi:

Goi r la ban kinh kim loai, r; 12 ban kinh mét chi€m 15 trong tam
mit & tAm ctaa hinh lap phuong (hinh 4.16).
Diéu kién dé khéng 1am bién dang céu
trdc tinh thé 1a:

a-2r

2rj<a-2r=r < (1)
4r
dr=aV2 > a=—~ @)
J2
Thay (2) vao (1): Hinh 4.16. Mit chiém 16
tréng tam mat & tam cua
r, < x2-42) =1, <0,414r, hinh I3p phuong.
V2

4.10. Tinh thé Fe-a c6 ciu tric lap phuong tim kh&i. Khi Fe—a k&t
tinh, cac nguyén td cacbon ¢é thé chiém tam cac mit cua 6 mang
cd sd. Ban kinh kim loai Fe—o 12 0,124nm. Ban kinh cdng hoa tri
cua cacbon 1a 0,077nm. Héi d dai cha thong s& mang a sé ting
thém bao nhiéu khi Fe~a c6 chita cacbon so véi khi né & trang thai
nguyén chit.

Tinh tuong ty cho Fe—y (cfu tric lap phuong tAm mat), bidt ring
cac nguyén tu cacbon c6 thé chi€m 15 tréng tAm mit & tdm cha 6
mang cd sd. Ban kinh kim loai ctia Fe—y 1a 0,128nm.

Cé thé rit ra két luan gi vé kha ning xAm nhap cha cacbon vao
hai loai cu tric tinh thé cta sit?

Giai:
. 4r 4x0,124
Sat a: a=—==—>—=0,286nm
J3 V3

D6 tdng thém canh a 1a: (0,124 + 0,077) 2 - 0,286 = 0,116nm
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Sat y:
o A4r _4x 0,128
V2 2
D6 tang thém canh a 1a: (0;128 + 0,077 2 - 0,362 = 0,048nm
Kh3 ning cacbon xdm nhap vao Fe—o khé hon vao Fe—y, do d6 do
hoa tan cla cacbon vao trong Fe—y 16n hon.

=0,362nm

Bai tép tu gidi |
4.11. Tinh thé natri ¢6 cau tric 1ap phuong tdm khéi. Ban kinh kim loai
ctia natri 1a 0,186nm. Tinh khéi lugng thé tich ctia natri tinh thé.

My, = 23,0 g.mol™
D.S. p=0,960 g.cm™

4.12. Tinh ban kinh cong hoé tri cha cacbon kim cuong, biét ring

théng s6 mang a = 0,3567.nm (hinh 4.11).
H.S. r=0,07723 nm

4.13. Tinh thé magie két tinh dudi dang sdu phuong chat khit. Tinh
thong s6 mang ¢ v khi lugng thé tich cla magie tinh thé, biét
riing cic thong s6 mang a =b = 0,320 nm va My, = 24,3 g.mol™.

P.S. ¢=0,523 nm; p=1,74 g.cm .

4.14. Tinh thé CsI c6 c&u tric kiéu cesi clorua véi canh a = 0,445 nm.
Ban kinh cta ion Cs* 1a 0,169 nm. Khéi lugng mol caa Csl la
259,8 g.mol . Hay tinh:

a) Ban kinh cua ion I';
b) D5 dac khit C cla tinh thé;
¢) Khéi lugng thé tich cla tinh thé.
P.S. a) r. =0,216nm; b) C = 70,9%; c) p = 4,90 Ag.cm"".

4.15. Tinh thé LiH c6 cau tric kidu NaCl. Tinh théng s0 mang a caa 6
mang cd s8, bidt ring khdi lugng thé tich cta tinh thé LiH la
0,82 g.cm™, khéi lugng mol ctia LiH 14 7,9489 g.mol ™.

D.S. a=0,40 nm

4.16. Cacbon dioxit CO, két tinh duéi dang lap phuong tdm mat véi
théng s6 a = 0,657 nm:

a) Xac dinh khéi ludng thé tich ctia tinh thé COy;
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b) Ban kinh céng hoa tri cia C va O 14n lugt 14 0,0770 va 0,0730 nm.
Tinh ty 1& khéng gian ctia 6 mang bi chiém bdi cachon va oxi.
Mco, = 44,0 g.mol™

D.S. a) p=1,69 gmol™’; b) C=0,120.

4.17. Mot kim loai ¢6 cdu tric lap phudng tAm mit. Xac dinh ban kinh
cia mét c6 thé chiém 15 trdng bén mit trong tinh thé nay ma
khéng 1am bién dang c4u tric cta tinh thé kim loai.

D.S. Mét phai c6 ban kinh r, < 0,225r véi r 1a ban kinh
cua kim loai.

4.18. Fe-y két tinh duéi dang lap phuong tAm mat véi thong s6 mang
l1a a:

a) Xac dinh ban kinh r cia Fe—y, biét ring khoi lugng thé tich cta
Fe—y1a 8,87 g.cm™.
b) Gang 14 hop kim cta st chita mét lugng nho cacbon. Hdi cacbon
v6i ban kinh 0,077nm c6 thé chui vao 15 tréng tAm méat va b6n mit
cia 6 mang Fe-y, ma khong 1am bi&n dang cu tric tinh thé Fe—y
khéng?
Mg, = 55,85 g.mol !
D.S. a) rg, = 0,128 nm
b) Ban kinh 16n nhat cha 1§ tréng tam mat

rs = 0,053 nm < r.. Ban kinh 16n nhat caa 18

tréng bdn mit r, = 0,029 nm < r.. Vay tinh thé

Fe—y déu bi bién dang khi C chui vao.
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Chuong 5

AP DUNG NGUYEN LY THU NHAT CUA NHIET DONG LUC HOC
VA0 HOA HOC. NHIET HOA HOC

TOM TAT LY THUYET
Hé nhiét ddng va mdi trudng
Hé nhiét dong gol tit 1a hé. Hé 1a mot vat hay mot nhém vat dudc
quy dinh lam déi tugng nghién ciu. Phéan con lai bao quanh hé l1a moi
truong.
e Heé ¢6 lap 12 hé khong trao d8i chat va ning lugng véi mdi truong.
e Hé déng 12 hé chi trao d6i nang lugng véi mdi truong.

e Hé md 12 hé trao d8i ca chat va nang lugng véi mdi truong.

Pha

Pha 12 phin cia hg, trong d6 cac thong s& trang thai cuong do hodc
13 déng déu, hodc bién thién lién tuc tu diém nay dén diém khac trong
toan thé tich ciia phéan do.

Gitia hai pha bao gid cling ¢6 b& mit phan chia, qua bé
it nhat mot théng s8 cuong do bién d6i khong lién tuc.

mat néy c6
Vi du, hé gém nudc 16ng, nude &4 va hoi nudc c6 ba pha: pha 1ong, pha
hoi va pha rén. Nudc da c6 thé gdm nhiéu m&u vin chi la mdt pha rén.
Hén hop cac chat khi 1a mgt pha. Dung dich 12 hé mot pha. Hon
hgp n chét rén khéng tan 1an vao nhau 12 hé gdbm n pha.
Hé déng thé va hé dj thé
« Hé ddng thé 12 hé chi c6 mot pha.
e Haé di thé 12 hé chita nhiéu pha, it nh4t 12 hai pha.
Quy udc ddu cia nang lugng trao ddi giira hé va mdi trudng

Trong qué trinh bién d8i, néu hé nhan ning lugng cua mobi trudng,
thi ning lugng ma hé nhan ¢b diu duong. -
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Né&u khi bién d6i ma hé nhudng ning lugng cho méi trudng, thi
niang lugng ma hé nhuong c6 ddu Am.

Théng s& trang thai

Nhiing dai lugng déc trung cho trang thai vi mé cia mdt hé duge
goi 1a nhitng théng s6 trang thai.

e Thong s8 trang thai khuéch d¢ 14 dai lugng ty 18 véi lugng chat,
nhu thé tich, khéi lugng, ...

e Théng s6 trang thai cudng 46 1a dai lugng khéng phu thude vao
lugng ch&t, nhu nhiét d3, ap suit, néng do,...

Trang thai can bing ciia moét hé

Trang thai cin bing clia mét hé 1a trang thai khi gia tri cac thong
s trang thai dic trung cho hé dé khong bién d6i theo thai gian,

Bién ddi thuin nghich va bién dai bat thuan nghich nhiét déng hoc

 Su bién d6i thuan nghich ctia hé 12 su bién di t trang thai cén
bang nay sang trang thai cin bing khéc v6 ciung cham qua lién tiép
cac trang thai can bing. Dic trung cta su bién d8i nay la céng hé sinh
1a cuc dai va khéng phu thudc vao dudng di, chi phu thudc vao trang
dau va trang thai cudi.

* Su bién d6i bat thuan nghich 14 sy bién d6i véi tse d6 dang ké.
Nhiing su bi€n ddi xay ra trong thyc t& déu 1a b4t thuan nghich.

Ham trang thai

Ham trang thai 12 ham néu gia tri chia né chi phu thudc vao cac
théng s trang thai dic trung cho hé, khéng phu thudc vao nhiing su
bi&n ddi trude d6 cta hé. Vi dy, ¢6 n mol khi 1y tudng:

o trang thai mot:

P, = nRT,
Vi
o) trang thai hai:
. p,- nRT,
Vv,

P 12 ham trang thai, n6 khéng phuy thudc vao cich bién déi tit trang
thai mét sang trang thai hai.
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Cong va nhiét

Céng W va nhiét Q 12 hai hinh thic trao d6i ning lugng gitta hé va
mdi trudng, don vi thuong dung 1a jun (J).

Cong va nhiét khéng phai 14 ham trang thai Vi dy, cong cla sy
gidn nd khi 1y tudng tit thé tich V, dén thé tich V, & nhiét d6 khong ddi:

W=-[Pav 5.1)

Né&u su bién ddi 12 bit thuan nghich thi P, bing 4p suét khi quyén
va 12 hiing s6:
Wy = - Pa (Vo= V) (5.2)
N&u su bign d6i 1a thuan nghich, nghia 14 giam P, nhiing lugng v
cung bé, dé thé tich ting 1én nhiing lugng v6 cung nho, khi d6 P, thuc
t& ¢ mdi lac béng ap suat khi Py
nRT

v
T d6: L RTQX - —nRTln\\;— (5.3)
1

P, P

Noi nang
N6i nang U chia mot hé 1a phin nang lugng Ung véi sy van dong
bén trong hé.

N6i niang cia hé phu thufe vao ban ch4t, s6 lugng, ap suit, nhiét
dd, thé tich va thanh phén cua né. U la dai lugng khuéch d6 va 1a ham
trang thai.

N6i nang cia n mol khi 1y tudng chi phu thudc vao nhiét doé.

Nguyéh ly thir nhat ctia nhiét dong luc hoc

Xét mot hé déng bién ddi tit trang théai ® sang trang thai @. Trong
qué trinh bién d6i, hé chi trao d6i v6i mdi trudng lugng cong W va
lugng nhiét Q:

U4 Uz
W3 + Qs
Du su bién d8i tit trang thai @ sang trang thai @ theo cach nao,
thi theo nguyén 1y thi nh&t cha nhiét dong ldc hoc, ta déu cb:
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AU=U,-U, =W+ Q = const (5.4)
Khi hé thuc hién mot bién ddi v6 cung nho:

dU = 8W + 8Q (5.5)
dU 1a vi phén toan phan, 8W va 8Q khéng phai 14 vi phan toan phan.
Né&u cong duge thuc hién chi do su bién d6i thé tich (céng thé tich) thi:

SW = — PAV
T dé:
dU = 5Q - PdV
= AU=Q- deV (5.6)

Nhiét ding tich
Né&u hé bién d6i § thé tich khong d6i, thi dV = 0, tit d6 theo (5.6):
' AU = Q, (6.7
Vay truong hgp nay AU hay Q, 1a ham trang thai va 1a dai lugng
khuéch d6, dugc goi 1a nhiét ddng tich.
Nhiét dang ap
N&u hé bién ddi § ap suit khong d6i, thi theo (5.6):
» AU=Q,-P(V,~-V) (5.8)
:UZ—Ulep—PVQ'*'PVl
= (U, + PVy) - (U, + PV)) = Qp
bat H=U + PV, ta cé:
AH=H,-H,=Q, (5.9)

Q, hay AH 1a nhiét déng ap, thuong duge goi 1a entanpl cua he né
14 ham trang thai va 1a dai lugng khuéch do.

Nhiét phan itng ding ap

Nhiét phan ing ding ap hay entanpi clia phan tng (AH) 1a lugng
nhiét trao ddi v6i méi trudng, khi cic chat phan dng hoan toan vdi
nhau theo ddng cac hé s ty lugng, tao ra cac san phim & ap sudt va
nhiét d9 khong d8i va céng duy nhat duge thyc hién 1a céng thé tich.
Nhiét phan tng ding tich

Nhiét phan ting ding tich (AU) chi khac nhiét phan tGng déng ap &
chd 14 phan dng duge thyc hién & thé tich va nhidt @ khéng déi.
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Phan (rng toa nhiét va phan Ung thu nhiét

e Phan Gng tda nhiét 1a phan Gng nhuong nang lugng cho moi truong
duéi dang nhiét, nghia 1a phan @ng c6 AH < 0 hay AU <0.

e Phan tng thu nhiét 12 phan tng nhin ning lugng cta moéi truong
duéi dang nhiét, nghia 1a phéan @ng c6 AH > 0 hay AU > 0.

Quan hé giira AH va AU cua phan ting hoa hoc

Tu cong thic (5.8) 4p dung cho phan dng hoa hoc, khi st dung
phudng trinh khi 1y tudng, ta ct:

AH = AU + AnRT (5.10)

An — hiéu s8 88 mol khi & v€ phai phuong trinh hoa hoc va s8 mol
khi & v& trai phuong trinh hoa hoc khao sét;

R — hiing s6 khi 1y tudng, R = 8,314 J. K 1. mol™}, néu don vi caa AH
va AU la jun;

T — nhiét do tuyét doi, T = (t°C + 273) K.

Trang thai chudn ctia mdt chat

e Chdt khi. Trang thai chuén cta chét khi 12 trang thai cta khi
d6 dudc coi 1a khi 1y tudng 6 nhiét 4o T va 4p suét chuén 1,0atm (trong
mot s6 tai liéu, ngudi ta col ap suit chuédn 1a 1,0 bar, su khac nhau nay
1a khong dang ké, vi 1,0atm = 1,013 bar)®.

e Chét long va chét rdn tinh thé, Trang thai chuén cta chét long
hay chat rén tinh thé 12 trang thai cia ch&t d6 & nhiét @ T va & ap
suit chudn 1,0atm. '

Vay trang théi chudn clia mot chat & nhiét @6 T khong ddi hoi
trang thai vat ly cia né bén nh&t & nhiét o d6. Vi du, é 25°C va
1,0atm, nudc 1dng 13 bén, nhung trang thai chuén ctia nude 6 thé l1a
nudc 16ng, hoi nudc hodc nude da. ‘

Entanpi chudn tao thanh clia mdt chat

Entanpi chuén tao thanh clia mot ch#t & nhiét d6 T (AH},) va d

trang thai vat 1y xac dinh 12 entanpi cia phan tng tao thanh 1,0mol
ch&t d6 & nhiét d6 T va trang thai chudn tif cdc don chat bén nhit &
cung nhiét dd T va trang thai chuén.

) Cac s8 lidu nhiét dong chuén &4 dudc xac dinh & 4p sudt 1,0atm.
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Vidy, AHgs ¢ (CO,, k) =-393,5 kJ.mol™ 14 entanpi cta phan ting sau:

C (gr) + 0, (k) - CO, (k)
(25°C, 1,0atm) (25°C, 1,0atm) (25°C, 1,0atm)
AHgg ¢ (C, kim cuong) = 1,90 kJ.mol ™ 13 entanpi ctia phan tng:

C (gr) - C (ko)
(25°C, 1,0atm) (25°C, 1,0atm)

Tit dinh nghia trén, ta suy ra entanpi chuin tao thanh cta don
chét bén & nhiét 46 T bang khéng: AHp, (don chét bén) =0

Entanpi chuan chay cia mét chit

Entanpi chuén chay cta mot chét § nhiét d6 T (AHS, c) 14 entanpi

caa phan dng d6t chay hoan toan 1,0mol chat dé bing oxi & nhiét do T
va trang thai chudn, tao thanh cic oxit bén c¢6 s§ oxi hoa cao nhat cla
cac nguyén t8 & cing nhiét d6 T va trang thai chuin.

Vi du, AHje (CH,, k) =-890,34 kJ.mol™? 14 entanpi ctia phan tng
sau, khi cac chit trong phe’tl'n‘v't’mg déu ¢ diéu kién chuén va & 25°C:
CH (k) + 20, (k) — CO,k) + 2H,0(¢)
AHjgsc (C,gr) = -393,5 kd.mol™ 13 entanpi cha phén ing

dst chay 1,0mol cacbon graphit bing oxi & didu kién chudn va 25°C,

tao thanh CO,(k). Gia tri -393,5 kJ ciing 13 entanpi chuéin tao thanh
cua CO,(k) § 25°C

Tuong tu nhu vay AHjgs o (Hyk) = AHgee, (H,O, £) =-285,8 kJ.mol™.

T dinh nghia vé& entanpi chuén chay, ta suy ra entanpi chuén chay
ciia mot s8 chi't bing khoéng. Vi du, AHg (05,k) = AHR (CO,.k) = 0,...
Entanpi chuyé’h pha

Su chuyén pha la qué trinh chuyén trang thai vat 1y cta cac chit:
Rén (tinh thé) = Léng
Léng = Hoi
Rén (tt) = Hoi
Tinh thé - & = Tinh thé - B
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O ap suit khéng d8i, khi mdt chit nguyén chat chuyén pha, thi
trong qua trinh dang chuyén pha, nhiét 46 khong bién déi, goi 1a nhiét
do chuyén pha, khi d6 tdn tai can bang giita hai pha:

¢ = Oz

Lugng nhiét trao d8i v6i mbi trudng khi 1,0mol chét chuyén pha 4
nhiét d6 va ap suit khong d8i goi 1a entanpi chuyén pha, néu & ap suit
1,0atm thi goi 1a entanpi chuén chuyén pha (AH7 ). Vi du, d ap sudt
1,0atm, nudc s6i & 100,0°C, khi dé cé can bing: |

H,0 ()= H,0 (k) ; AHZ ¢ = 40,6 kd.mol™ .

Entanpi nguyén tir héa
Su chuyén mdt chat khi, 16ng hoac rén thanh cic nguyén ti riéng
bigt & trang thai khi, goi 12 qua trinh nguyén ti hoa chit d6. Entanpi
chuén nguyén ti hoa mot chét dng véi qua trinh chuyén 1,0mol chat
d6 thanh nguyén ti 6 ap suéit 1,0atm (AH3,). Vidy, entanpi chuin
nguyén ti hoa kali tinh thé ¢ 25°C nhu sau:
K (tt) — K (k); AHSg, = 90,0 kJ.mol™

Ning lugng mang lugi tinh thé ion

Nang lugng mang ludi caa mot tinh thé ion (E,) 12 ndi ndng chuin
ctia phan tng tao thanh 1,0mol tinh thé chét do6 tif cac ion thanh phén &
trang thai khi khong c6 su tuong tac véi nhau & nhiét 6 0K (AUS, 6 0K).

Véi sai s6 tuong d6i nhd (khodng 1%), c6 thé coi:

E,=AU% ©OK) =AH, <0

Vi du: Na* (k) + CI” (k) > NaCl (tt); By = -780,0 kJ.mol™

Trong mét sO tai liéu, nguoi ta dinh nghia nang lugng mang luéi ion
bing phan @ng ngudc vi phan dng trén, nén gié tri c6 d4u ngude lai.

Entanpi hidrat hoéa ion

Trong mdi trudng nude, cic ion hoa tan bi cdc phan ti nudc bao
quanh, ta néi ring ching bi hidrat héa.

Lugng nhiét tda ra khi 1,0mol ion bi hidrat hoa 6 nhiét d6 T va ap
suit 1,0atm goi 14 entanpi chudn hidrat hoa ion (AHf,). Vidu:

Ca?"(k) + aq - Ca®.aq; AHjgg, =-1875 kJ.mol™" .
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Entanpi tao thanh ion trong dung dich

Dé xac dinh entanpi tao thanh cta cic ion trong dung dich, ngudi
ta quy uéc entanpi chuén tao thanh cia H.aq bing khéng 8 moi nhiét
do6, nghia la:

%Hz(k) +aq-—> H'.aq+e; AH{(H".aq) =0

Tu dé, ta cé thé tinh duge AH, clia cac ion khac trong nuée. Vi dy,
xac dinh AHjg,; cta ion Cl .aq, biét ring:

%Hz(k) +%Clz(k) +aq— H.aq+ Cl.aq; AH, = ~167,1 kJ

= -167,1 = AH? (H".aq) + AH? (CI".aq) -%A He (H,,k) - %AH}’ (CLK).
Vi AH] caa Hy(k), Cly(k) va H*.aq déu bing khéng nén:
AHjgg, (Cl".aq) = -167,1 kd.mol ™.

Nhiét dung mol ding ap va nhiét dung mol dang tich
e Nhiét dung mol déng ap C, 12 lugng nhiét can thiét dé nang
1,0mol chat 1én 1,0 K & 4p sudt khéng ddi va trong khodng nhiét d6 dé
khong cé su chuyén pha:
oH
Cp = (ET—)P =>dH= deT (511)
Nguoi ta quy wéc C) (H*.aq) = 0 & moi nhiét do.

e Tuong ty ta c6 nhiét dung mol ding tich:

ou
C, =|— dU = 12
v (GTJV =dU=CdT (5.12)

Su phu thudc cla nhiét phan tng vao nhiét do. Dinh luat Kirchhoff

AMy, =AHy + [ AC,AT (5.13)
TO ) ‘
AUy, =AUy + L"ACvdT (5.14)

v6i AC = ZC (c4c san pham) — £C (cAc chédt phan tng) (5.15)
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Pinh luat Hess
AH hay AU ctia phan tng hoa hoc chi phu thudc vao trang thai dau
(trang thai cic chdt phan dng) va trang thai cudi (trang thai cac san
pham), khong phu thude vao cic giai doan trung gian chuyén tl trang
thai ddu dén trang thai cudi.
Vi du:
Cgn + 0.k 2B COyk)
AH, 7 AH,

CO®K) + %Oz(k)
AH = AH, + AH,

Cac hé qua cua dinh luat Hess
e AH; (phan Gng thuén) = —AH; (ph&n ing nghich) (5.16)
o AH, (p/u) = SAH (cac sin phdm) — ZAHx (cac chat phan dng) (5.17)
e AH; (p/u) = ZAH ¢ (cc chat phan tng) — ZAHzc (cac san phadm) (5.18)
e AH; (p/ia) = ZAH7 (cac qua trinh trung gian) (5.19)
Véi AU, ta clng c6 cac cong thic tuong tu.

BAI TAP
5.1. Tinh céng cha su bién ddi déng nhiét, thuén nghich va bat thuan
nghich ctia 42,0 gam khi nitd g 27,0°C khi:
a) gidn nd ti 5,0atm xudng 1,0atm;
b) nén tit 1,0atm dén 5,0atm.
Khi dudc coi 1a 1y tudng. So sanh cac k&t qua thu dudc va rut ra
két luan.
Giai:
a) Gian ng: Wy, = —nRTlny—z- = nRTInF—l—
v P,

W,, = —-‘é—g « 8,314 x 3,00.10° In—?—r- ~6,0.10% J.

Wy = -P (Vo - Vi)

-Ap sudt ctia khi quyén P =1latm = V, = nRT nRT .

v
Pl

wl
<
i
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nRT nRT P P
Tit d6 —-P =-nRT| = - —
s Wbt“ ( P2 Pl ] (P P )

Wi = _42 x 8,314 % 3,00.102 1 —l) =-3,0.10° J.
28 1 5
b) Nén khi:

W,, =-nRTIn-L by =—53x8 314x3,00.10% In—
P, 28 5

2

W, =6,0.10°J =-W.

tn

Wi, = —4—2x8,314x3,00.102 (§~§) =1,5.10'J > -W,,.

28 5 1
Trong su bién d6i thuan nghich, céng hé sinh khi di tu trang
thai 1 dén trang thai 2, bing cong hé nhan tit trang thai 2 vé
trang thai 1.
Trong su bién d8i bt thuin nghich, céng hé sinh nhd hon cong
hé nhéan.
Trong sy bién d6i thuan nghlch cong hé sinh (cuc dai) 16n hon so
v6i trong su bién d6i bat thuén nghich.

5.2. 2H,(k) + O,(k) — 2H,0(k)

325 ,0°C, phan tng trén tda ra mot ludng nhiét 14 483,66 kJ, trong
di€u kién ap suit riéng phan cta mbi khi bing 1,0atm va phan
ing dugc thyc hién & ap sust 1a hing sb. Nhiét bay hoi ciia nudc
long 6 25,0°C va 1,0atm 12 44,01 kJ.mol ™

a) Tinh entanpi chufin tao thanh cda H,O(k) va H,0(¢) & 25,0°C.
b) Tinh AH},; ct@a phan ing tren néu ding 6,0 gam H, dé phan

ung va tao thanh H,0(¢).
Gidi:

o 483,66
a) AHge((H,0,k) =~

=-241,83kdJ.mol™!
AHjgq ¢ (H,0, £) = -241,83 — 44,01 = -285,84 kJ.mol™!
b) AHS,, = —285,84 x g = _ 857,52 kdJ.

5.3. D&t chay hoan toan mét lugng xac dinh C,H,0H (¢) & ap sudt

1,0atm va nhiét d6 298K trong su c6 mét cia 1,000mol oxi tda ra
343 kdJ, san phim la H,0(¢):
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a) Tinh s8 mol C,H,OH da ding, biét ring sau phan {ng con du
0,250mol oxi.
b) Tinh entanpi chuén chay cia C,H,OH (£) & 298K.
¢) Entanpi chuéin chay & 298K ciia CH;,COOH(¢) 1a -874,5 kJ.mol™.
Tinh AHj,, ctia phan idng sau:
C,H;0H (£) + Oyk) — CH,COOH(¢) + H,0(¢£)
Giai:
a) S6 mol oxi d& phan Gng: 1,000 - 0,250 = 0,750
C,H,0H (£) + 304(k) — 2C04(k) + 3H,0(¢)
0,750
3

S8 mol C,H;OH da dung: = 0,250

b) AHZs . ( CoH,OH, £) = -0—3;%0_ ~1372 = ~1,37.10° kJ.mol ™.

¢) Vi entanpi chuén chay cia oxi va nudc déu bang khéng, nén:
AHSoe = ~18,72.10% + 8,745.10% = —497,5 kJ.

5.4. Cho biét phan ng va cac s0 lidu sau:
CH,OH(k) + %ozao > CO,(k) + 2H,0(K)
CO,(k) H,0(k) 0,(k) CH,OH(k)
AHjgs (kJ.mol™) -393,51 | —241,83 0 -201,17
@K mol™) |87.120 |33572 | 29372 49,371
a) Tinh AHSe va AUjg cua phé’m ing.

b) Thiét lap phuong trinh AHj = f(T) va tinh AH® & 227°C cho phan
ing, thia nhéan rang C 12 hang s6 trong khoang nhiét do khao sat.

Giai:
a) AHS,, = -393,51 - 241,83 x 2 - (-201,17) = 676,00 kJ

298

- AUS,s = AHZy — AnRT = -676,00.10° - 0,5 x 8,314 x 298

AUS,, = -677,24 kJ.
b) ACS = 37,129 + 33,572 x 2 - 49,371 - 29,372 x 1,5.= 10,844 J.K™.

T . .
AHL= -676,00.10° + Lgslo, 8444T = -679,23.10% + 10,844T (J).

AHZ, = -673,81 kd.
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5.5. AHS,, . ctia C(gr), Hy(k) va C,H,O, (tt) 14n lugt 14 —-393,51; —285,84
va -1487,00 kJ.mol™". Tinh AHjy, cha C,HO, (tt) va AHjy;
AU}y, cia phan ting sau:

4C (gr) + 3H,(k) + 20,(k) —» C,H O, (tt)

Gidi:

AHY,, = ~393,51 x 4 — 285,84 x 3 — (~1487,00) = ~944,56 kJ
AI{;QS,f (C4HGO4 ’ tt) = —944,56 kJ.mOl_l
AUS,, = ~944,56.10° + 5 x 8,314 x 298 = ~932,17 kJ.

5.6. C.H, + % 0,(k) — 6CO,(K) + 3H,0

O 27°C phan tng ¢6 AH ~ AU = 1245J. Héi C,Hy va H,O trong
phén {ng & trang thai 1ong hay khi?
Gidi:
AH — AU = AnRT = 1245J
o An= 1245
8,314 x 3,00.10%

Vay C.H, va H,0 déu & thé khi.

= 0,500

5.17. COk) + %Oz(k) > CO,(k)

Tinh AHS,, cta phan {ing trén dua vao cac s6 liéu sau:
AH3q, (COK) = ~110,52 kd.mol™; AHyg. (CO,K) = ~393,51 kd.mol™,
C2(CO,K) = 26,53 + 7,700.10°T — 1,170.10°°T* (J.K ".mol ),
C, (CO,..k) = 26,78 + 42,26.107°T - 14,230.107T2 (J. K '.mol ™).
C, (Oy,k) = 26,52 + 13,60.107°T - 4,270.107°T2 (J.K'.mol ™).
Giai:
AHS,, = ~393,51 - (~110,52) = ~282,99 kJ
AC, = C;(COyk) ~C; (COk) - 0,5C; (0,,k)
AC) =-13,01 + 27,76.107°T - 10,925.107°T2 (J.K™).

173
AHG,= AHgy + [ ACHdT = -283,68 kJ.
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5.8. Tinh lugng nhiét cin thiét dé nang nhiét do cia 0,500mol nude £
293K 1én 773K & ap suét 1,0atm. AH® néng chay cua H,0 (tt) 6 273K
14 6,004 kJ.mol™. AH® bay hai caa H,O (¢) & 373K 1a 40,66 kd.mol ™.
C; ctia H,O (tt) 1a 35,66 J. K .mol". C} cua H,O (£) 1a 75,3 J K .mol™.
C, cua H,0 (k) 1a 30,2 + 1,00.107°T J K '.mol™.

Giai:

Ot —38 S H,0() —2E>H,00—5-H, O()—2 5 H,0(c) — 45— H,0(k)
223K 273K 273K 373K 373K 773K

AH; =0 ,500AH? ; AH = 0,500 AH
(nc — néng chay; s — s01)

AH® = AH? +0,500AH], + AHS +0,500AH; + AH;

° 273 o o 73 °
At = [ 0,500C(H,0, i0dT; - AH; = [ 0,500C; (H,0,0dT

773
AMg = [ 0,500C;(H;0,k)dT
373

AH® = 0,500 x 35,56 (273 - 223) + 0,500 x 6,004.10°
+ 0,500 x 75,3 (373 — 273) + 0,500 x 40,66.10°

-2
+ 0,500 x 30,2 (773 — 373) + 9’3‘-)_02—'50——(7732 _ 3739,

AH° = 35,2 kd.
5.9. CO(NH,),(tt) + H,O(L) — CO,(k) + 2NH (k)

Tinh AHS, cla phan Ung trén dya vao céc s8 lidu sau g 25°C:
CO(k) + H,O(k) — COx(k) + H,(k); AH; = -41,13kd

CO(k) + Clyk) — COClL(k); AH; =-112,6 kd

COCLK) + 2NH,(k) > CONHy(tt) + 9HCI(k); AH3 =-201,0 kd
8 gy (HICLI) = -92,30 kJ.mol”

Entanpi bay hoi caa HQO( ¢) trong cung dleu kién la
AHS = 44,01 kJ,mol” L
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Gidi: R
CO(NH,), (tt) + H;0(¢) ——2% CO,(k) + 2NH;(k)

+ 2HCl(k) + 2HCl(k)
~ AH® | TZA Hgs ; (HCLK)
COCL(K) + 2NH,(k) + H;O(£)  CO,(k) + Hy(k) + Cly(k) + 2NH,(k)
~ AHS AHS
AHE

CO(k) + Cly(k) + 2NH,(k) + H,0(¢ ) —& H,0(k) + COk) + Cly(k) + 2NH,(k)
AH3o, = -AHj — AHj + AHS + AH? + 2AHS,,  (HCL k)

AHS, =131,8 kJ.
5.10. Tinh AHj3y,; (CH,k), biét ring entanpi nguyén t& hoa C(gr) la
AH] = 718,4 kd.mol™, ning lugng phén ly céc lién két H-H trong
H, va C-H trong CH, 14n lugt 14 436,0 va 410,0 kJ.mol ™.
Giai: AL
C(gr) + 2H,(k) 2% CH,(k)
AH® —4D
Clo + 2H,(0) 228 () + 4H(K)
AHZe= AH® + 2D, — 4Dg_q
AHpe=—49,6 = AHS,, (CH, k).

5.11. Tinh néng lugng mang ludi ion ctia CaCl, dua vio cac s liéu sau:
A Hjeg¢ (CaCly,tt) = —795,0 kJ.mol™; AH? (Ca,tt) = 192,0 kd.mol™;
I, + 1, (Ca,k) = 1745 kJ.mol™; D¢p_; = 243,0 kJ.mol™* va
Ag =-364,0 kJ.mol™,

Gidi:

Ca(tt) + Clz(k) A Haog * CaCly(tt)

1 A HZ l DC]—C] T Eml

Cak) + 2Cl(k) m’ Ca*(k) + 2CI"(k)

AHjes = AHjgg, (CaCly,tt) = ~795,0 kJ.mol ™
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-795,0 =192,0 + 243,0 — 364,0 x 2 + 1745 + E.,
= B, (CaCl,,tt) = ~2247 kd.mol ™.

5.12. Tinh AHjy, cia phan {ng hoa tan NaCl(tt) trong H,0(£), biét
rang AHjg caa NaCl(tt); Na‘.ag va Cl.aq lan lugt la -411,2;
~-240,3 va -167,1 kJ.mol ™.

Giai:

NaCl (tt) + aqg > Na*.aq + Cl".aq
AHS,, = - 240,3 - 167,1 + 411,2 = 3,8 kJ

5.13. Tinh nhiét d cta ngon lia cacbon chay & ap suit 1,0atm trong
hai truong hgp sau:
a) Trong oxi nguyén chét;
b) Trong khong khi (20% oxi va 80% nitd theo thé tich).
Nhiét do ban ddu 1a 25°C, oxi vira ¢t cho phan dng.
AHjgs ¢ (COzk) = -393,5 kd.mol™
C; (CO,k) = 26,80 + 42,30.107°T (J K ..mol™).
Cp (No,k) = 27,10 + 6,000.107°T (J.K™*.mol™).
Gidi:
a) C (tt) + O, (k) = CO, (k); AHys= -393,5kd

Lugng nhiét téa ra do phan {ng dung dé dot néng khi CO, sinh ra
tit 25°C dén nhiét do T:

. T
393,5.10° + [ C(CO,,K)dT =0

= T=3779K
b) C(tt) + Oy(k) — COx(k) (+Ny
Sau phan tng: 0 0 1mol  4mol

Lugng nhiét tda ra bay gid dung dé d6t néng 1mol CO, va 4mol Ny:
393,5.10° + [ C3(CO,,K) +4C(N,,K)AT =0
= T =2124K.
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Bai tép tu gidi
5.14. Trong s6 cac gia tri AH, ctia cic phan @ng sau, gia tri nao la

AHjs, cia CuO(tt)?

2Cu(tt) + Oy(k) > 2CuO(tt); AHS,, =~ 310,4kJ

298

Cu(tt) + —12-02(k) — CuO(tt); AHS, =-155,2kd

Cu,O(tt) + %Oz(k) — 2CuO(tt); AHS, = ~143,7kJ

b.S. -155,2 kd.mol
5.15. Tinh cong clia su bién d8i ding nhiét thuan nghich va bat thuan
nghich cia 48,0 gam oxi (dugc coi 1a khi 1§ tudng) & nhiét do 25°C
khi:
a) gidn nd tir 10,0atm xudng 1,0atm.
b) nén tir 1,0atm dén 10,0atm.
So sanh cac két qua thu dugc va rit ra két luan.
D.S. a) W, =-8,6.10%J; W,,, =-3,3.10® J
b) W', = +8,6.10°J; W', = 3,3.10*J
K&t luan: Xem bai tap 5.1.
516.  4HCI(K) + O,(k) — 2H,0(¢) + 2CL(K)
a) Tinh entanpi chuin ctia phan tng & 25°C, biét rang entanpi
chudn tao thanh cha HCI(k) va H,0(¢) & 25°C 14n lugt 1a 92,30
va -285,8 kJ.mol™. ‘

b) Néu H,O tao thanh & thé khi thi AH%, clia phan Gng la bao
nhiéu, biét rdng AH® bay hdi ctia H,0(£) & 25°C 1a 44,0 kJ.mol™™?
¢) Tinh nhiét phan dng chudn ding tich & 25°C ctia phan tng.
. D.S. a) -202,4 kJ; b) -114,4 kJ; ¢) -195,0 kd
5.17. Phéan ung dst chiy metan theo phudng trinh:
CH,(k) + 20,(k) — CO,(k) + 2H,0(k); AHS,, =-758,23kJ

Tinh entanpi chudn & 1773K cha phan dng dua vao cac s§ liéu
C, (J.K™".mol™) sau:

CH,(k) : 23,64 + 47,86.107°T - 1,920.10°T2

e 8. BT Hoa hoc'dai cuong - B



H,0(): 30,54 + 10,29.107°T
0O,(k): 29,96 + 4,180.107°T - 1,670.10°T2
CO,(k): 44,22 + 8,790.10T - 8,620.10°T"2
b.S. -768,11 kd
5.18. Phan tng tao thanh benzen tit cic don chét khong thé xay ra &

95°C. P& xac dinh entanpi chudn tao thanh cta benzen & 25°C,
ngudi ta phai xac dinh biing phuong phép gian tiép.

Dot chay hoan toan 0,6700 gam benzen long bang mét lugng du oxi
& 25°C trong bom nhiét lugng k& dung tich khéng déi, tao thanh
CO,(k) va H,0(¢), giai phéng ra 28,04kd:
a) Xac dinh nhiét chuin chay déng tich va d&ng ap cta benzen
16ng & 25°C. .
b) Tinh entanpi chuén tao thanh ciia benzen 16ng & 25°C, biét
ring AHj,, cta H,0(¢) va caa CO,(k) 14n lugt 1a -285,83 va
-393,51 kJ.mol ™.

M(CH,) = 78,11 g.mol™*

D.S. a) AU, = 3269 kd.mol™; AH35 o =-3273 k. mol™!

b) AHSy , (CeHs, £) = 54,45 kJ.mol

5.19. G 25°C va ap sudt 1,0atm, nhiét chay cla xiclopropan (CHy), khi,
caa cacbon graphit va clia hidro tao thanh HyO(¢) 14n lugt bang
-2091,372; -393,513 va -285,838 kJ.mol™. Ciing & diéu kién do,
entanpi tao thanh propen (CH;-CH=CHp) khi bing 20,414
kdJ.mol™*. Tinh:

a) AHj, ; cta xiclopropan khi.
b) AH),; cua phé'm ing déng phén hoéa:
(CHyp)s(k) = CH, - CH = CHy(k)
P.S. a) 53,319 kJ.mol%; b) -32,905kJ .
5.20. Phuong trinh phan ing Boudouard c6 dang:
C(gr) + COy(k) — 2CO(k)

Phan tng chi xay ra & nhiét d6 cao va khong c¢6 mit oxi. Phan dng
duge st dung trong 19 cao dé khit quing sat thanh sit kim loai.
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Thiét 1ap phudng trinh AHJ = f(T) ciia phan dng d6i véi hai trudng
hgp duéi day va tinh AH° & nhiét d6 1027°C:
a) Coi C; (J.K™".mol™) clia cac ch&t 1a hing s§ d6i vdi nhiét do:
C(gr): 8,530; CO.(k) : 37,13; CO(k) : 29,15.
b) C; (J. K '.mol™?) 1a ham cta nhiét d6:
C(gr): 16,86 + 4,770.107°T - 8,540.10°T2
CO,(k) : 44,22 + 8,970.107°T - 8,620.10°T*
CO(kk) 28,41 + 4,100.107°T - 0,460.10°T?
AH3 ¢ (kd.mol™) clia cac chit nhu sau:
CO,(k) : —=393,51 ; CO(k) = -110,52
D.S. a)168,7.10°+ 12,64 T (J); AH,, = 185,1 kJ.
| b) AH}= 179,43.10° - 4,260T - 2,770.107°T2 -
16,24.10°T (J); AHC,,, = 168,0 kJ
5.21. Phan tng d6t chay CO theo plittdng trinh:

CO(k) + %Oz(k) - CO,(k) ; AHS,, = -283,0kJ

Tinh nhiét d6 cua CO chay trong hai trudng hgp sau:

a) Chay trong oxi nguyén chét;
| b) Chay trong khong khi (20% oxi va 80% nito theo thé tich).
1 Lugng oxi vita d& cho phan dng. Nhiét d6 ban dau la 25°C.
j* Nhiét dung mol C; (J.K™.mol™) ctaa céc chat nhu sau:
| CO,(k) : 30,50 + 2,000.10°2T
? N,(k) : 27,20 + 4,200.10°°T.

D.S. a) 4098K; b) 2555K
5.22. Luyén kim kém tit quéng sfalerit (chtta ZnS) biing phuong phép

kho theo hai giai doan: nung ZnS trong khéng khi thanh ZnO, sau
d6 khit ZnO thanh Zn. Xét sy nung ZnS trong khéng khi:

 ZnS(tt) + % 04(k) > ZnO(tt) + SO, (k)
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ZnO(tt) | ZnS(tt) | SO,k) | O.k) | Nyk) | SiO,(tt)
AHS,,  (kJ.mol™) | 347,98 | - 202,92 | ~296,0 - _ _

C‘; (J. K .mol™ 51,640 58,050 51,100 | 34,240 | 30,650 | 72,650

Phan {dng duge thuc hién & 1350,0K. Hay xét xem phan ing c6 ty
duy tr¥ duge khong, nghia 1 Iudng nhigt do phén ing tdéa ra c6 da
dé cung cip cho phan ing ting ti nhiét d moi trudng 1én nhigt do
phan dng khong?
a) Tinh AH° cha phan tng § nhiét d6 1350,0K.
b) Gia thiét sfalerit chi chita ZnS. Hén hgp ZnS va khong khi (20%
oxi v 80% nitd theo thé tich) ban ddu theo diing cac hé s6 ty lugng
& nhiét d6 298,0K. Héi lugng nhiét do phan ing téa ra c6 da dé duy
tri phan ng & didu kién chuén va nhiét d6 1350,0K khong?
¢) Thyc t& sfalerit khong nguyén chat. Gia thi€t quing chi chda
Si0,(tt). Tinh ham lugng ZnS t5i thidu trong quing dé phan tng c6
thé duy tri dudc (tinh s8 gam ZnS chia trong 100,0 gam quéng).
My,s = 97,424 g.mol™"; M, = 60,0848 g.mol™
(Dé thi Olympic Hoa hoc sinh vién toan quéc Viét Nam l4n tha ba,
- nam 2005).
D.S. 46,8g ZnS trong 100,0 gam quéing
5.23. Phan tng giita hidro va oxi dugc dung dé ddy con tau vi tru:
a) Tinh nhiét d6 cuc dai cta ngon lia H, chay trong O, nguyén
cha't xust phat tit hé s6 ty lugng 6 nhiét d6 298K va tao ra H,O(k).
b) Thuc t& ngudi ta dung ty 1& phan dng 2H, + 1/20, (giau hidro).
Trong trudng hop nay thi nhiét d6 cuc dai cia ngon lia 1a bao nhiéu?
¢) 6 nhiét dd nao thi hdn hgp cudi chita nhiing lugng dang ké H va
OH? Phuong trinh phan tdng d6 la:

2H,(k) + %Oz(k) — 0,990 H,(k) + 0,985 H,0(k) + xH(k) + yOH(k)
a) Xac dinh x va y;
B) Tinh entanpi chuén cia phan ing 8 298K;

y) Xac dinh nhiét d3 cudi.
S6 lidu dé tinh: AHP tao thanh & nhiét d6 298K (kJ.mol™):
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H,0(k): —241,83; H(k) : 218,00; O(k) : 249,17
OH(k) - O(k) + H(k); AHZ,, = 428,00 kJ

C, (J.K'.mol™) ctia cac chit:

H,(k): 27,28 + 3,260.107°T; O,(k): 29,96 + 4,180.107T
H,0(k): 30,54 + 10,29.10°°T; OH(k): 28,66 + 2,260.107°T; H(k): 20,785
D.S. a) 4627K; b) 3252K
¢) x = 0,035; y = 0,015; AH;,, =~ 230,0 kJ; T = 3130K

5.24. O 25°C va ap sudt 1,0atm, entanpi tao thanh axetonitryl (CH,CN)
* khi 12 88,0 kJ.mol™. Tinh ning lugng tao thanh lién k&t C = N
trong phan tit CH;CN dua vao cac s6 lidu sau day:
‘Ning lugng tao thanh cac lién két (kd.mol™):
C - H:-413; C- C: -348
Entanpi chudn nguyén ti hoa & 25°C ctia C (gr) 13 718,4 kJ.mol ™.
Entanpi chuén tao thanh & 25°C (kJ.mol™):
Hk) : 218,0 ; N(k) : 473,0.
D.S. -889 kJ.mol™?

5.25. Tinh ning lugng mang luéi E,, cia tinh thé KI, dda vao cac sd
lidu (kd.mol™) & ciing diéu kién dusi day:
Entanpi tao thanh KI(tt): — 327,6
Entanpi nguyén td hoa K(tt): 90,0
Entanpi thing hoa I,(tt): 62,24
Néng lugng phan ly lién két I-I trong I,(k): 151
Ning lugng ion hoa K(k): 418,9
Nang lugng gén két electron cta I(k): —296.

D.S. E,; = -647 kd.mol™? ‘

5.26. Cho 10,08 gam nudc da & 0°C vao 50,4 gam nudc long & 40,0°C.
Tinh nhigt dé cudi cha hén hgp. Entanpi chufn néng chay cta
nude da 1a 6004 J.mol™, nhiét dung mol chuin ding 4p cta nuéc
16ng 12 75,3 J. K™ .mol ™. H¢ 1a c6 lap.

D.S. T=293 K

5.27. Hy(k) + Bry(¢) + aq » 2H*.aq + 2Br .aq; AHZ,=-2418kJ
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2Na(tt) + Bry(£) + aq — 2Na’.aq + 2Br".agq; AH,, =-722,4 kJ
Tinh entanpi chuéin tao thanh cua Br .aq va cua Na*.aq 6 25°C.
D.S. AHzgs‘, (Br .aq) = -120,9 kJ.mol™
Hjys  (Na*.aq) = -240,3 kdJ. mol’l
5.28. Tinh AH},, , clia cac anion halogen X"(k) dua vao cac s8 lidu:
AHS,, ctia Bry(k) va Ly(k) 14n lugt 1a 31,0 va 62,0 kJ .mol ™.

Nang lugng phén ly lién ké&t D (kJ.mol™?) cia cac phan ti X,(k) va
néng lugng gin két electron A (kJ.mol” 1 cha cdc nguyén ti X &
298K va 1,0atm nhu sau:

Flo Clo Brom Iot
Dyy : 1550 240,0 " 190,0 149,0
A, -328,0 -349,0 -325,0 -295,0

D.S. AHL,, (F k) = —250,5 kd.mol™
AHL,, (CI"k) = -229,0 kJ.mol™*
AH,, (Br k) = -214,5 kJ.mol™
A, (k) = ~189,5 kJ.mol™.
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Chuong 6

AP DUNG NGUYEN LY THU HAI CUA NHIET DONG LUC HOC
VAO HOA Hoc. CHIEU VA GI01 HAN TU DIEN BIEN
CUA CAC QUA TRINH

TOM TAT LY THUYET
Nguyeén ly thit hai
Mgt hé déng chiu mdt su bién ddi & nhiét d6 T, trong qua trinh nay
hé trao ddi véi méi trudng mot lugng nhiét 8Q, thi sy bién déi entropi
di kém vdi qua trinh nay la:
dS>-2 Q (6.1)

D&u = dng véi qua trinh thuan nghich (3Q,,).
D4u > {ng véi qua trinh bat thuan nghich (3Q,,,).

Vi entropi 14 ham trang thai, nén du 13 bién déi thuin nghich hay
bat thuin nghich, ta déu coé:

A3=8,-8,=[ 5%" 6.2)

I, 8Q
D1i nhién AS> | —htn 6.3
i f T (6.3)
Entropi S 1a dai lugng khuéch db.

Su bién thién entropi trong hé cé lap
Khi h¢ 1a c6 14p, thi 8Q = 0, nén theo (6. 1):

e Néu sy bién d4i 1 thuan nghich, thi dS = 0: entropi cta hé
khong d6i.

e N&u su bién d6i bat thuan nghich (su bién déi xay ra trong
thuc t&) thi dS > 0: entropi cta hé téng va khi dat gia tri cyc dai,
hé & trang thai cin bing. Vay:

Su bién thién entropi la tiéu chudn dinh lugng xdc dinh chiéu va
8idi han cua cde qud trinh trong hé c6 lgp.

-
.
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dS>0  (entropi tang): hé tu dién bién (6.4)
dS=0 (entropi dat gia tri cyc dai): hé ¢ trang
d?S <o thaican bing
Su bién thién entropi khi chuyé&n pha chat nguyén chat

Khi mdt chit nguyén chét chuyén pha (néng chay, soi, thing hoa,
chuyén dang tinh thé) & ap suit khong déi, thi trong sudt qué trinh
dang chuyén pha, nhiét d khong bién d6i, nén theo (6.2), ta co:

AH

AS= - 6.5
T (6.5)

AS — sy bién thién entropi trong qua trinh chuyén pha, J. K .mol™;
AH — entanpi cua qua trinh chuyén pha, J.mol™;
T — nhiét do chuyén pha, K.

Su bién thién entropi ciia qua trinh gian nd ding nhiét khi ly tudng
Vi n6i ning cta n mol khi ly tudng chi phu thudc vao nhiét dj, nén:
AU = Q+ W, =0

=>Qu=-Wun= nRTln—z-/,l

1
Theo (6.2), 8 nhiét d6 khong déi, ta co:
Q

V.
AS =~ —pRIn—-2% 6.6

e <RI 6.6)
V, > V,, nén AS > 0: su gidn no drﬁmg nhiét khi 1y tudng la qua trinh

tu xay ra.

Sy bién thién entropi ciia chat nguyén chat theo nhiét do

Khi dun néng mdt chit nguyén chat tit T, dén T, & ap sudlt khong
déi va trong khoang nhigt do nay khong co su chuyen pha th1 theo
(6.2):

1,8Q,, mdH
as= (e = [
Thay (5.11) vao, ta ch:
AS = [’ nC Ll 6.7)
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Trong khoang hep cta nhiét d9, néu coi C, 14 hiing sé, thi:

AS =nC, ln—%’- (6.8)

1
T, > T, thi S, > S,, nghia 12 entropi cia ch4it ting theo nhiét do. Ta
c6 cong thic tuong ty véi qua trinh ding tich (thay C, bing C,).

Nguyén ly thir ba cta nhiét dong luc hoc
Entropi cua moi chit nguyén chit két tinh hoan thién & khéng dd
tuyét d6i bang khong. -

Nguyén ly nay cho phép xic dinh entropi tuyét déi ctia chit
nguyén chit 6 moi nhiét ds.

Vi du, xac dinh entropi S cha mot ch4t & nhiét d6 T va Ap suét
khéng déi:

(1)
A8=8, -8, =8, = [nc, 9T_ T 6.9)

Néu trong qua trinh nay cé su chuyén pha, thi pha1 thém s6 hang
entropi chuyén pha.

Entropi chuin ciia cac chat

Entropi chuén & nhiét do T (S}) cha chit nguyén chit 13 entropi
cia né & ap sudt 1,0atm va nhiét dé T. Vi du:
a6 (I, tt) = 116,1 J.K™".mol™

Entropi cia mdt chét tang theo lugng chat, nhiét dé va dé hén
don. Vi du:
Sl.‘(m < sl,(f) << Slz(k)
Nguoi ta quy udc entropi chuin ctia H*.aq bing khong & moi nhiét do:

S°(H*.aq) =0
Sy bién thién entropi clia phan img hoa hoc
AS (phan ing) = =8 (c4c san phdm) - =S (cac chit phan {ng) (6.10)

® ¢, (15K) = C, (15K) = aT®. Tt dé:
Sy=[a T3————a£ TZdT-g’I‘f5~—C

Vi du, véi etilen, ta cé: s‘1)5 = 3’.3.8.{3 =0,950J. K .mol™!
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Anh hudng ctia nhiét dd dén AS clia phan img & 4p suét khong déi

ASy, =AS; + [ AC, = (6.11)

Entanpi tu do

Entanpi tu do (hay nang lugng Gibbs, th€ ding nhiét — déng ap,
th& ding ap) G 1a ham trang thai va 1a dai lugng khuéch d¢, duge dinh
nghia bdi:

G=H-TS . (612)
Biéu thiic vi phan c6 dang:

dG < VdP - SdT + sw' (6.13)
Né&u hé khong thuc hién cong hitu ich 3w' = 0),thi:

dG < VdP - SdT (6.14)

D#u = ding v6i qua trinh thuén nghich.
D#&u < {ing véi qua trinh bat thuin nghich.
3 diéu kién ding nhiét - déng ap:
dG<0 (6.15)

Nhu vay, nhitng hé d nhiét dé va ap sudt khong doi sé tu dién bién
khi dG < 0 va g trang thdi cGn bang khi dat gid tri cuc tiéu (dG =0 va
d*G > 0).

Thé déng tich

Thé déng tich (hay th& ding nhigt — ddng tich, nang lugng
Helmholtz) A 12 ham trang théai va dai lugng khuéch d6, dude dinh
nghia bai:

A=U-TS (6.16)
Biéu thiic vx phén:

dA < - PdV - SdT + &w' (6.17)
Khi éw' = 0 thi:

dA < - PdV - 84T (6.18)

Vay, @ nhiét d¢ va thé tich khéng déi, hé ty dién bién khi dA < 0 va
d trang thdi can bang khi dat gid tri cuc tiéu.

Thé ding tich it dung hon th& ding ap, nén sau day chi xét th&
dang ap.
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Th& ding ap chuin tao thanh clia mét chat
Thé déng ap chufn tao thanh cla mot chat § nhist do T (AGy,) va

8 trang thai vat 1y xac dinh 1a thé ding ap ctia phin ing tao thanh
1,0mol chdt d6 & nhiét do T va Ap suét 1,0atm tit cac don chit bén nhat
cung 6 nhiét ¢ T va 4p suét 1,0atm. Vi du:

Nyk)  +  3H,() - 2NH,;  AGS, =-33,26 kJ
(25°C, 1,0atm) (25°C, 1,0atm) (25°C, 1,0atm)
Ta d6:

AGS, (NH, K) = —3—3? ~ 16,63 kJ.mol™!

Tu dinh nghia vé AG;; ta suy ra ring, AG}, cua cac don chit bén
bing khong.
Ngudi ta quy udc AG;, (H*.aq) = 0 8 moi nhist do.

Thé dang ap ctia phan (ng hoa hoc

* AGy (phan Gng thuan) = -AG, (phan ung nghich) (6.19)

o AGr=AH; - TAS; (6.20)

* AGq = ZAGq, (cic san phdm) — AGq, (chc chdt phan tng) (6.21)

* AGy = ZAGy (cAc qué trinh trung gian cung trang thai dau va
trang thai cudi) . (6.22)
Su phu thudc cia ham G vao nhiét do

Tu bleu thic (6.14), khi P = const;:

G, -89, -4 6.23)
Thay (6.23) vao (6.20):
T(a(AG))p -G =-aH
- Chia hai v& cho T2 ,
T(a(;er))p O
T2 T
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s e » . M
V& trai cia phuong trinh nay bang 0 (Aq) . Vay:
or\ T J,

i(ﬁ) =-éﬂ (6.24)
ar\T ) T

(6.24) 1a phuong trinh Gibbs — Helmholtz.
Thong thudng ta biét AGh, va AHY = £(T). Khi d6 (6.24) trd thanh:

dT.

AGy  AGge _ f AH}
T 298 9 T?

Anh hudng clia ap suat dén ham G
Khi T = const, ti (6.14) ta co:
(%%)T =V (6.25)
D&i v6i chat rin va chat 1éng, cb thé coi V = const ddi véi ap sudt
(trit khi 4p sudt bién d6i rit 16n), nén ta co:
G(T, P,) = G(T, P + V(P, - P, (6.26)
Thuong V(P, — P)) << G(T,P,) nén:
G(T,P) = G(T,Py

D&i véi ch&t khi, néu dude coi 1a khi 1y tudng, thi dng véi 1,0mol
khi, ta co:

_RT
P
Thay vao (6.25) rdi 14y tich phén, ta dude:
G(T, Py = G(T,P) + RTln%— (6.27)
1
Né&u P, = P, = 1,0atm (ap suét chudn) thi G(T, P,) = G*(T):
G(T, P) =G°(D) + RTln-}lj— _ (6.28)

V]
(6.27) va (6.28) diing cho 1,0mol khi.

M N6 c6 dang (E) - —2uv ,trong d6u=AGvav="T.
v v




Hoa thé
Hoa thé y; cha cdu tl i trong mdt hén hgp 14 dao ham riéng cha
ham G theo lugng ch4t i, moi théng s6 khac déu khong ddi.
' oG

B = (S e, (6.29)
on -

wi 1a dai lugng cudng d9, thudng duge bidu thi bing kJ.mol™.
So véi bidu thiec (6.13) thi:
dG < VAP - SdT + Spdn, (6.30)

Tdn; thé hlen su bién d8i thanh phan cta hé do két qua cia su
chuyén chat hodc tén tai phan tng hoa hoc trong long hé.

i

Hoa thé& cla khi ly tudng nguyén chit phu thudc vao ap suit
Néu hé chi c6 mdt ch4lt thi hoa th& 1a thé ddng ap ctia 1,0mol chat,
nén gidng (6.28), ta cb:

u(T,P) = p°(T) + RTlnPE (6.31)

0
u°(T) — hoa thé& chudn (P, = 1,0atm) ctia khi 1y tudng nguyén chit 6
nhiét 46 T.

Hoa thé cia khi i trong hdn hgp khi Iy tudng

4(T.P) = 5 (T)+ RTIn £ (6.32)

t(T,P) — hod th& ctia khi i trong hén hgp khi Iy tudng & nhidt dao T,
dudi ap sudt toan phan P, trong d6 P; 1a ap suét riéng phan cla khi i

#(T) ~ hod thé& chuén cla khi i § nhiét d6 T.

Néu dat P, = y,P, trong dé % 14 phdn mol cta khi i trong hén hop
khi, thi biéu thic (6. 32) c6 thé viét:

w(T,P) = po(T) + RT 1nP£ +RTIny; (6.33)
0
Dat: p; (T,P) = uo(T) +RT 1nP£, ta dugc:
0
w(T,P) = w; (T,P) + RTIny; (6.34)

p; (T,P) — phan hoa thé& cla khi 1 nguyén chit duéi ap sudt P &
nhiét d6 T.
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Hoa thé& cua chat ran va long nguyén chat
Thé tich ctia chit rin va 16ng bién ddi rat it theo 4p sudt nén cb thé coi:
W(T,P) = po(T) (6.35)

Hoa thé cla ciu tr i trong hén hop rin hoic Iong ly tudng
Tuong ty nhu khi i trong hén hop khi 1y tudng (biéu thitc 6.34),
nhung vi 4p sudt anh hudng rat it d&n chat rdn va chat 1éng, nén cb
thé coi:
p; (T, P) = pus(T)
nghia 13 trong truong hgp nay ta cé:
w(T,P) = 1 (T) + RTIny; (6.36)

Hoa thé& cGa cau tr i trong dung dich ly tudng
w(T,P) = p{ (T) + RTln—g—i (6.37)

]

C, - ndng do chudn, C,= 1,0mol.L

Pidu kién can bing giira hai pha clia mot chat nguyén chat
Mbt hé déng chila n mol chat nguyén ch4t B ndm cin bing giia
hai pha a va B:
B = B@)
Diéu kién cta cin bing nay la:
p(@)=u@) | (6.38)
Hoa thé va su tu dién bién cua cac qua trinh
Theo bidu thitc (6.30), & nhiét d6 va ap sudt khéng d6i, chiéu tu
didn bién va gidi han cta cac qua trinh la:
Ap dung cho phan tng hoé hoc:
aA+bB = ¢cC+dD

AG = (cpc + dpp) — (apa + bpp) (6.40)
‘ N&u & didu kién chuin: '
AG® = (cpg +dup) - (apj +bug) (6.41)

Diéu kién tu dién bién la: AG < 0.
Phén tng & trang thai cin bang khi: AG = 0.
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BAI TAP

6.1. Tron 10,08 gam nudc da & 273K véi 50,4 gam nude long & 313K,
Tinh AS® cua hé khi dat tdi trang thai cAn bing, biét ring AH; cta
nudc da 1a 6004 J.mol™ va C; clia nuéc 1ong 1a 75,3 J. K '.mol ™. Ha
la c6 lap.

Giai:

Theo s6 lidu ctia bai tap 5.26, nhiét d6 cin bing ctia hé 1a 293K,

AS? s° AS?
H,0(0) — 5, 1,0(0) <25 m,000) e HLO(tt)
313K 293K 273K 273K
AS° = AS? +AS%. +ASS

dT 10,08 6004 fss 10,08 . ,dT
7 18,0 T

= 75,3 X
313 18,0 T 18,0 273

AS°=1,38J. K!'>0
AS > 0, nén qué trinh san bing nhiét d6 12 ty dién bién.
6.2. Tinh AS° cta qua trinh dun 0,500mol H,O t¥ 223K d&n 773K, biét
ring AH, ctia nudc ¢ 273K 1a 6004 J.mol ™}, AH® bay hoi ctia nudc &

293
AS° _[ 50,4 N

373K 1a 40,660.10° J.mol™, C, cia nuéc d4, nude 1éng va hoi nude

lan lugt 14 35,56; 75,3 va 30,2 + 1072T (J.K '.mol™).
Gidi:

ASS AS AS?

AS) 2 AS?
‘i‘ H,0(tt) —— Hy0(tt) —3 H,0(f) —2> H,0(f) —3 H,0(k) ——5% H,0(k)
: 223K 273K 273K 373K 373K 773K
: AS; =0,500A8,; ASS = 0,500A8?

nc’

AS? = 0,500 x 35,56 1n 25 = 3,60J K™
223

6004

0,500A82, = 0,500 x =11,0J K™
273

ASS =0,500x 75,310 3715 1 1,8J K™
273

0,500A8? = 0,500

3
40,660.10 = 54,5 K1
373
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AS; = 0,500{30,21n’;i72 +107%(773 - 373)] =13,0J K

AS°=3,60+ 11,0+ 11,8 + 54,5+ 13,0=93,9 J.K.

6.3. Tinh AS va AG cfia sy hinh thanh 1,0mol hén hop khi 1y tudng gém
0,20mol N,, 0,50mol H, va 0,30mol NH,. Hén hop khi duge hinh
thanh do su khuéch tan ba khi vao nhau trong hé cd lap. Nhiét do

va ap sudt caa ba khi lic ddu déu la 273K va 1,0atm. 3 diéu kién

nay khéng xay ra phan tng.

Giai:
Céac khi 1§ tudng khuéch tan vao nhau la qua trinh déng nhiét
(AH = 0).
ASy, =0,20%8,3141n v =27J K™
2 0,20V
A -
AS,, =0,50x8,3141n =2,9JK
2 0,50V
ASy,; =0,30x8,3141In V_ _30JK"
NH, = ’ 0,30V
AS=27+29+30=86JK"
AG = nRTln—P—2 = nRTln—Y‘—
Pl V2
AGy, =0,20x8,314x2731n 0’2\?\’ =-0,73kJ.
Tuong tu:

AGy, = -0,79kd va AGyy, = -0,82 kJ
AG =-0,73 - 0,79 - 0,82 = - 2,34 kJ.
6.4. Cho bidt phan ting va céc s lidu dudi day:
Hy(k) + —;—Oz(k) > H,0 (£)

0,(k) Ha(k)
S5es (4. K.mol™") 205,0 130,6
C; (J. K" .mol™) 30,0+4,20.10°T | 27,3+3,20.10™°T

9. BT Héa hoc dai cuong - A

H,O0(¢)

69,90
75,3
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a) Tinh AS°® cia phan {ng ¢ nhiét d6 298K:
b) Thiét lap phuong trinh AS} = f(T);

c¢) Tinh AS° ¢ nhiét d6 353K.
Giai:

a) AS)y, = 69,90—[130,6+ 2025’0

): ~163,2J K!

b) ASS = ASY,, + j Cp T

AC)=175,3 - [27,3 + 3,20.107T + %(30,0 +4,20.107°T))
AC; = 33,0 - 5,30.10°T (J.K™)

o T 33,0-5,30.107°T
AS; =-163,2 + | T dT
ASy =-349,62 + 33,0 InT - 5,30.10°T (J.K™)
c) ASS,,=-158 J.K%.

6.5. NH,COONH,(tt) = CO,(k) + 2NH,(k)

NH,COONH,(tt) CO,(k) NH,(k)
AHg0 ¢ (kJ.mol ™) - 645,2 - 393,5 - 46,2
AG3g0(kd.mol™) - 458,0 ~-394,4 ~ 16,6

a) Héi 8 diéu kién chudn va 27°C phan tng di theo chiéu nao?
b) Tinh AS;,, cta phan ing.
c¢) Néu coi AH® va AS°® clia phan ung khéng bién d6i theo nhlet do

thi & nhiét d6 nao phan ing & didu klen chudn déi chiéu?
Giai:

a) AG3y =-394,4 - 16,6 x 2 + 458,0 = 30,4 kJ > 0: chidu nghich.
b) AHSy, = — 393,5 - 46,2 x 2 + 645,2 = 159,3 kJ

b

AGS® = AHC — TAS® = age = AH ;AG -199.8-304 _, 430k K.

300
¢) Dé phan ting theo chiéu thuéan thi AG° = AH® - TAS° < 0
= TAS® > AH® = T = %99—3 =370K.

i

130 9. BT Héa hoc dai cuong - B



6.6. 2HgO(tt) = 2Hg(k) + O,(k)
Phén tng ¢6 AGS = 608,0.10° - 3570,0T + 417,0 TInT (J)
Tinh AS°, AH° va AG®° 8 nhiét do 631K.
Gidi:
A(AG®)
aT
ASS, =464,5J

AS° =—( )p =— (=3570,0 + 417,0InT + 417,0)

AGS, =51,8kd
AHZ,, = AGY,, +631A8g;, = 345 kd.
C6 thé tinh AH® trudc:

AH® o AG° AH° 608,0.10° 417,0

e A dpo =z T\ T 2 *

T oar T T T T
AHS = 608,0.10° - 417,0T (J)
AHS;, =345 kd.

6.7. —12—N.z(k) 4 -‘;ng(k) — NH,®)

AHS,, = -46181,7 J; ASje,= ~99,15 J K
C, (J.K'.mol™") cua céc chAit nhu sau:

N,(k): 27,86 + 4,26.107°T
H,(k): 27,28 + 3,26.10°T + 0,50.10°T"*
NH,(k): 29,80 + 25,48.10°T - 1,67.10°T
a) Tinh A Gjgg ctia phan @ng.
b) Thiét 1ap céc phuong trinh: AH = (T) va AS} = £(T).
¢) Thiét 1ap phuong trinh AG?P = f(T) bing ba phudng phép.
d) Tinh AG® & 127°C.
Giai: ;
a) AG® = ~46181,7 + 298 x 99,15 = ~16635,0 J
b) ACS =-25,05 + 18,46.107°T - 2,42.10°T2 (J.K™)

. T .
o AHY = AH, + [ ACHdT
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AH} =-40348,5 - 25,05T + 9,23.107°T2 + 2,42.10°T )

0 0 T o dT

AS} = 36,7 — 25,05InT + 18,46.10°°T + 1,21.10°T% (J K ™)
c) AG® = AH® - TAS°® :
AGHL=-40348,5 - 61,75T - 9,23.107°T2 + 1,21.10°T™" + 25,05 TInT (J)

hoic:

dT

AGy  AGhs _ f AHS
T 298 208 T2

St dung AH; = f(T) & trén, két qua:
AG%=‘—‘ 40348,5 - 61,74T - 9,23.1073T2 + 1,21.10°T" + 25,05 TInT (J)
hoéc:

o(AG®)
aT

(ED,. = -8

= j:s d(AG®) = f% —ASSdT
St dung ASS = f(T) & trén:
AGY=-40348,1 - 61,75T - 9,23.10™T* + 1,21.10°T"* + 25,05 TInT (J)
d) AGS,, = - 6187 J.

6.8. O 298K hoa th&€ chudn cla cacbon graphit va kim cuong khéc
nhau 1a p°(ke) ~ pu°(gr) = 2,850.10%J.mol"’. Thé tich mol ctia cacbon
graphit 1a V(gr) = 521 em®mol™, cia cacbon kim cuong la
V(ke) = 3,38 em3.mol ™!

a) Dang thu hinh nao cta cacbon bén hon 6 25°C?

b) Phéi tdc dong mét ap suat t5i thidu 1a bao nhidu lén mdt miu &
cacbon dang bén nh4t dé bién né thanh dang kia & 25°C? Gia thigt
ring thé tich mol caa ching khéng d8i véi ap sust.

Gidi: | -

a) Dang bén hon 1 dang ¢6 hoa thé& thép hon, d6 1a cacbon graphit.
b) Vi 1a chat nguyén chit nén ta ¢ dp tuong tu dG:
du(gr) = -S(gr)dT + V(gr)dP
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dp(ke) = -S(ke)dT + V(kc)dP
O T = const: du(gr) = V(gr)dP va dukc) = V(kc)dP

[ d[uter) - utko] = [ [V(gr) - V(ko)|dP

= [u(gr) - pko)]p — [r°(gr) — p°(ko))=[V(gr) - V(ke)] . (P — Py)
¢} trang thai can bing: u(gr) — pulke) = 0, ti dé6:

pop K@Kk 51505, 2850.10°
° V(gr)-V(ke) (5,21 -3,38)10°°
P = 1,56.10° Pa. |

6.9. Mot binh kin dung tich 1,000 lit chda 1,000.102mol CO(k) va
3,000.102mo! CO,(k) & nhiét dé 300,0K, biét ring & 300,0K va
1,0atm p°(CO,k) = -169,0; u°(€0,,k) = -458,0 kJ.mol™ L. Tinh:

a) Ho4 thé& ctia mbi khi.
b) Thé& ding 4p ctia hén hgp khi.

Giai: |
a) p;, =1 +RTln§ v6i P, = latm

o

Peo = nCOEVT_ = 1,000.10" x 0,08200 x 300,0 = 0,2460atm.

Pyo, = 3Pco = 0,7380atm
oo = ~169,0.10° + 8,314 x 300,0 In 0,2460 = —172,5 kJ.
Moo, = ~458,0.10° + 8,314 x 300,0 In 0,7380 = — 458,8 kJ.

Bai tap tu giai ;

6.10. Tinh AS° ctia qua trinh trén l4n 200,0 gam nudc ¢ 15,0°C véi
400,0 gam nudc & 60,0°C. Hé 1a c6 14p. Nhiét dung mol dazmg ap cua
H,0 16ng 1a C3= 75,3 J.K".mol™.

P.S. 5,78 J.K!

6.11. Tinh AS° cia qua trinh dun néng 1,0mol Iy(tt) tu 25,0°C dén

nhiét do sdi (184,0°C), bidt ring nhidt do néng chay cha I, la
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113,6°C, AH® (I,,tt) = 15633 J.mol™’; AH? (I, ¢) = 25498 J.mol},

ne

C) (I,tt) = 54,6 J.K " .mol™!; C} (I, ¢) = 81,5 J. K l.mol™.

D.S. AS° =124 J. K L.mol™.

6.12. Tinh su bi&n thién entropi ctia qua trinh gidn né 500,0 cm® khi
agon (Ar) ¢ 298K va 1,0atm dé’n thé tich 1000,0 cm® va 373K, biét
rang C° cta agon khi 1a 12,48 J.K*.mol™". Coi khi 1a ly tudng.

H.S. 0,175 J.K!

6.13. Tron 1an n,mol khi A véi n, mol khi B. Hai khi déu ¢6 cung nhiét

d6 va ap sudt va dude coi 1a khi 1y tudng:
a) Thiét 1ap cac bidu thdc AS = f(x,) va AG = f(y;) cha qua trinh tron
lan. ¥, 1a phdn mol cia A va B trong hén hgp.
b) Ap dung cho khi A 13 H,, khi B1a N, véi n, = n, = 1,0mo} & 25,0°C.
¢) Ap dung cho trudng hop A va B 1a cing mét khi.
D.S. a) AS = -R(n,Iny, + n,Inyy)
AG = RT(nIny, + n,Inyy)
b) AS =11,52 J.K'; AG =-3,43 kJ
c) AS =0;AG =0. ‘

6.14. Mot binh doan nhiét duge tach thanh hai ngian dung tich bing
nhau: ngian thd nhit ch@a 2,0mol hidro 8 ap sudt 3,0atm va
25,0°C, ngan thi hai chda 3,0mol agon 6 4p suét 4,5atm va 25,0°C.
Hai khi duge coi 1a 1y tudng. Nguoi ta nhac vach ngian ra, hai khi
tron 1an vao nhau khéng phan ing:

a) Nhiét d6 cudi ctia hén hgp khi 14 bao nhidu?
b) Xac dinh AH, AG va AS ctia hén hgp.
D.S. a) 25,0°C;
b) AH=0; AG=-859kJ; AS=288J K

6.15. Tinh AG® caa qua trinh déng dic 1,0mol H,0(¢) ¢ -10,0°C thanh
H,0(tt) & -10,0°C theo hai phuong phap sau:

a) Tinh tit AH® va AS° cua cac giai doan:
H,O(¢, f10°C) H,Q(¢, 0°C)
H,0¢¢, 0°C) H,0(tt, 0°C)
H,O(tt, 0°C) H,O(tt, -10°C)
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b) 'Thiét lap phuong trinh AH7 = f(T) dua vao biéu thic:
0 0
75 (AH9 =AC;

va tinh AG® theo phuong trinh:

o a0 ai

or T ¥ T2
AH° déng dic cha nude 0°C 1a -6000,0 J.mol™. Nhiét dung
mol cta nudc long la C)=.75,5 J.KLmol!, cha nudc da la’
C, =36, J. K .mol™.

D.S. 2) AG,= ~212 J.mol™; b) AGgg, = ~212 J.mol™

263

6.16. Ha(k) + %Oz(k) > HhO(K); AHS,, =-241,8kJ

Thiét 1ap phuong trinh AGy = f(T) bang ba phuong phap dua vao
cac s6 lidu dudi day va tinh AGJg,:

0.(k) H,(k) | HO(k)
130,6 | 188,7

28,8 33,6

Soos (J. K .mol™) 205,0
Co (4.K".mol™) 31,2
BS AG®° = AH® - TASO

8 AGY, _ AHY
or- T VT
oAG® _ _\ge

— AGS = -238581,6 — 27,93 T + 10,8 TInT (J)

A Gy = ~192 kJ.
oNaHCO,(tt) = Na,CO4(tt) + COuk) + H,0(k)

6.17.
NaHCO,(tt) | Na,COu(tt) | COuk) | H,O(k)
AHS,,, (kd.moll) | —948,0 ~1181,0 | -393,5 | -241,8
1021 136,0 213,7 188,7

S54s (J.K 1.mol™)
a) Tinh AGZy, cia phan dng. Héi & diéu kién chudn va 25°C phan

{ing di theo chiéu nao?
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b) G nhiét d6 nao thi phan ting & didu chudn di theo chidu nguge
vdi chiéu 4 25°C, coi AH® va AS° 1a hing s8 d6i véi nhiét dd?
¢) Phén ing 1a thu nhiét hay t3a nhiét?
D.S. a) AGyg;= 30 kJ > 0 : chiéu nghich
b) T > 388K
¢) AH° >0 : thu nhiét
6.18. 2CuO(tt) = Cu,O(tt) + .;.oz(k)

Phan ing c6: AGy= 146,2.10° + 25,5 TlgT - 185,4 T (J)
a) Thiét 1ap cac phuong trinh AHS = f(T) va AS3 = £(T).
b) Tinh AC] cta phan tng.
D.S. a) AH%=146,2.10°- 11,07 T (J)
AS3= 174,33 - 25,5 1gT (J.K™)
b) AC =-11,07 J.K*
6.19. Cho biét cic s6 liéu AHjy, ; (kJ.mol™) va 83, (4. K. mol™) ctia céc

chit va ion sau: ‘

CaCly(tt) | H,O(¢) | CaCl,.6H,O(tt) | Ca?*.aq | Cl".aq
AH® -796,1 ~285,8 -2608,9 -543,0 -167,1
Se 113,8 69,9 285,1 _ -55,2 56,5
Tinh AH®, AS° va AG® § 25°C cho cac qua trinh sau:
a) Hidrat hoa CaCl, theo phudng trinh:
- CaCly(tt) + 6H,0(¢) — CaCl,.6H,0(tt)
b) Hoa tan CaCly(tt):

CaCly(tt) + aq - Ca®".aq + 2Cl.aq
¢) Hoa tan CaCl,.6H,0(tt):
CaCl,.6H,0(tt) + aq — Ca®.aq + 2CI".aq + 6H,0 (¢)
D.S. 8) AHeq = 98,0 kJ; A3 = ~248,1 J K AGSy, = -24,0kJ
b) AHge =—81,1 kJ; ASZy = 56,0 J K™ AGS,,=—64,4kJ
©) AHgye = 16,9 kJ; ASZ,, = 192,1 J. K“ AG§98- -40,3 kJ.
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6.20. CO(k) + H,O(k) - CO,(k) + Hy(k)

COk) H,0(k) CO,(k) H, (k)
AHjge; (kJ.mol™) | 110,52 -241,83 -393,51 0
AGgs (kd.mol™) | —137,27 -228,59 -394,38 0
C? (J.K™".mol™) 29,14 33,58 37,13 28,84

a) Tinh AH® va AG® caa phan tung 6 298K.
b) Thiét lap cac phudng trinh AH} = £(T); AS; = f(T) va AG = {(T).
D.S. a) AHS, = —41,16; AGpe= ~28,52 kd
b) AHS = -42,13.10° + 3,25T (J)
ASS = -60,93 + 3,25 InT (4. K™
AGy = -42,13.10° + 64,18 T - 3,25 TInT (J).
6.21. Cho bié’ﬁ cic s6 lidu AHZ, AG{ (kJ.mol™) va 8°, C; (J.K'.mol™) &

nhigt d6 25°C cha cac chat dudi day:

AH? AG; Se Ce
Metanol (¢) | -238,34 ~166,07 126,6 81,5
Metanol (k) | —-200,97 -161,72 237,4 43,9
H,(k) 0 0 130,4 28,8
C(gr) 0 0 ' 5,68 8,57
0,(k) 0 0 204,8 29,3

a) Thidt 1ap cac phuong trinh AHZ = £(T); AS3 = £(T) va AGS= £(T)
ctia metanol (CH,OH) 16ng va khi.

b) Tinh AH?, AS; va AG} 6 64,7°C cua metanol 16ng va khi. T céc
s§ liéu thu dude suy ra vai trd cha nhiét d6 64,7°C ddi véi metanol
1a gi?

¢) Gia thiét coi metanol khi nhu khi ly tudng va hoa thé chaa

metanol 16ng khong phu thudc vao ap suit. Hay thiét lap biéu thic
InP = f(T), trong d6 P 14 ap sudt hdi bdo hoa cua metanol 1ong.

D.S. a) Metanol 16ng:
AH? =-238,54 + 0,68.10°T (kJ.mol™)
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ASY =-246,15 + 0,68 InT (J.K™.mol™?)
AG{ =-238,54 + 246,83.107°T - 0,68.107° TInT (kd.mol™)
Metanol khi: -
AHp =-189,97 - 36,92.107*T (kJ.mol™)
AS? = 78,86 - 36,92 InT (J.K™.mol™)
AG{ =-189,97 - 115,78.10°T + 36,92.1073 TInT (kd.mol™)
b) Metanol 16ng 6 nhiét d6 337,7K:
AH =-238,31 kd.mol™%;
AS{=-242,19 J. K .mol™};
AG®= ~156,52 kd.mol™".
Metanol khi & nhiét d6 337,7K:
AHf =-202,44 kJ.mol ™},
AS{=-136,094 J K '.mol™};
AGP=~156,48 kJ.mol ™.
Vay AG‘( (metanol, ¢) = AG} (metanol, k), nén nh’iét do
- 337,7K 1a nhigt d6 s6i cha metanol 16ng.
¢) CH,OH(¢) = CH,0H(k)
' Khi can biang: p,= p,. Da biét e = po

My = 1S + RTIn— . Tt d6:
P()
}‘l(l? = ”;’1 +RT ln—l—)— e h‘]l).. = K —Hy = L\G(' —AGh
- PO P() RT RT

P 5842

In—=

—-4,62InT+43,61.
P, |



Chuong 7
CAN BANG HOA HOC

TOM TAT LY THUYET
Can bang hoa hoc
~ Can bing hoa hoc 1a trang thai cha phan ing thuan nghich khi
AG = 0 hoac khi téc dd phan tng thuan bang téc d6 phan tng nghich.
Can bing hoa hoc 1a can bing ddng.
Héng s6 can bang K,
Xét phan dng thuan nghich gdm céc khi Iy tudng:
aA+bB = ¢cC+dD
O nhiét d6 va Ap suat khéng di theo (6.40):
AGy = (epe + dpp) — (apy + bug)
Thay (6.32) cho tiing s hang np; v6i Pp = 1,0atm, ta dugc:

Pc Pd
AGq = (cpd +dup) —(apy +bpy) + R’l‘ln—————%—
Ps x P
o Pc Pl(; o
AG, = AG} +RT1n = AGy +RT1nQ (7.1)

%

P,, Py, Peva Py — 4p suit riéng phan (atm)!” cta cac khi A, B, C va
D lac tinh AG cla phan dng; ,

a, b, c va d — hé s6 ty hugng clia cac chit A, B, C va D trong phuong
trinh hoa hoc.

Kh phan {ing & trang thai can bing thi AG = 0, nén (7.1) trd thanh:

: P° pl
AGS. = RIS )d, (1.2)

P,, Py, Po va Py, — ap sudt riéng phan (atm) caa A, B, C va D trong

phan tng lic cdn bang (cb).

9 o . o . .’ -+ s~ P R . «
M Pé don gian, ta bo qua Py = 1,0 atm cua t1 s0 _;)J. trong biéu thic (6.32)
0
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o] trang thai cdn bing thanh phéin cac chat trong phan Gng khong
bién déi, nén ty s6 sau la ‘hang s6: :

PExPd

(Pa o =K, (7.3)

K, ~ hing s8 can bing ap suait. K, chi phu thugc ban chit phan
ing va nhiét do.

Thay (7.3) vao (7.2):

AG$ = -RTInK, (1.9
AG® —J.mol™; R = 8,314 J. K .mol™}; T =(t°C + 273)K
Thay (7.4) vao (7.1)

AG, =RT ln% o (7.5)

p
(7.4) va (7.5) 1a cac phuong trinh ding nhiét Van't Hoff.
Cac héng sé can biing K, K, va K,
Xét can bing gdm cac khi ly tudng:
aA+bB = cC+dD

O trang thai cAn bing ta cé:

e LT
[AT.[B]
[i] — néng dé mol.I,™! cha cAu tiii trang thai can bang;

K. — hing s8 can bing néng dd; K, chi phy thudc ban chit phén
Ung va nhiét 46 :

(7.6)

d
nc Np

(

)b (7.7

. nj .nj
n; — s6 mol cta khi i & trang thai can bing.
(X(‘ XD )
XA X
%i — phin mol cha ciu tii s trang thai can bing.

Gida cac hang sé can bing cta phan Ung xac dinh § cling nhiét do
c6 méi lién hé nhu sau: :

(7.8)
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K, =K, (RD)™ = Kn(_zf_)c “K (P (7.9)
n

R - hing s6 khi 1y tudng, ¢ day R = 0,082 L.atm.K.mol™};
‘ An — hiéu s8 s8 mol khi & v& san phim va s6 mol khi ¢ v& cac chat
phan dng trong phuong trinh hoa hoc;

P — ap suét cta hé lic can bing,atm;

Tn — tdng s6 mol khi (ké ca cac khi khéng phan {ing) ctia hé ldc cin bing.

Vay cac hing s8 K, va K, khong nhiing phu thudc vao ban chat
phan @ng va nhiét dd6 nhu cac hang s K, va K,, ma cdn phu thudc vao
4p sudt va tdng s6 mol khi trong hé lic can bing.

Khi s6 mol khi & hai v& caa phUdng trinh hoa hoc bing nhau hoic
phan dng khong cé chit khi (An = 0), thi:

K, =K, =K, =K,
Riéng trudng hop khi ap suét cia hé lic can bing P, = 1,0atm, thi:
K, =K,

Hing s6 can biing trong hé di thé

Vi ap suét anh hudng rat it dén chét ngung tu (chat rin, chit 16ng),
nén néu chit ngung tu khong hoa 14n véi cac chat khac trong phan dng
(nhu tao dung dich rdn), thi hoa th& cia né chi phu thudc vao nhiét do,
nghia 13 hoa thé& cta chit ngung tu trung véi hoa thé chuin cua né
(i = p°). Vi vay trong cac biéu thic hing s8 can bing K khéng c6 mit
thanh phan cta chit ngung tu. Vi du:

C(gr) + CO,(k) = 2CO(k)

PZ [CO] nZ
"‘( CO)C, )c’ n=(_99_));
co ’ [CO ] ’ \ Nco, g
- ( XCO )
Xco,

Luu ¥ ring, hing s8 cin bing di lién véi phddng trinh hoa hoc cu
© thé. Vi du:

2CO(K) + O,(k) = 2C0,(k)

Plo,
=(= ST Po._, )eb
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COK) + %og(k) = CO,K)

. P,
K, = (__021/_1)
| L
2C0, k) = 2C()(k) + O,(k)
PP,
_ (200, 070y
Pco
o cuang nhiét dé:
K, =(K,)? = —=

P

Su chuyén dich can bing

Sy chuyén dich can bing 1a su di chuyén tit trang thai can bing
nay sang trang thai can bing khac do tac dong ciia cac y&u td tit bén
ngoai 1én cin bing.

Anh hudng ctia nhiét dé dén can biing
Xuit phat tit phudng trinh (6.24), néu & didu kién chuin ta thay
AG = AG® = ~RTInK, (theo biéu thic 7.4), ta duge phudng trinh ding ap
Van't Hoff:
(61n K, _ AHY,
ar " RT?
Néu phan dng thu nhiét (AH > 0), khi ting nhigt d¢, K, téing,
nghia 14 cin bang chuyén dich theo chiéu thuan.
Néu phan dng téa nhiét (AH < 0), khi tadng nhigt d9, K, giam,
nghia 1a cAn bing chuyén dich theo chiéu nghich.
Ly luan tuong ty cho trudng hop gidm nhiét do, cAn bing sé chuyén
dich theo chiéu ngugc lai.

(7.10)

Trong khodng hep cla nhiét d9, néu coi AH® 13 hing s6 doi véi
nhiét d9, thi tir (7.10) ta duge:
KT AH°( 1 1 J

K,(T,) R
AH®, J.mol™; R = 8,314 J. K .mol™"; T = (t°C + 273)K.

(7.11)
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Anh hudng ctia ap suat dén can biing

Tu (7.9):

K =K, (P)y an

Vi K, cia phan ng xac dinh chi phu thugc vao nhiét dg, nén 4
nhiét do khong déi:

« Néu An > 0, khi P, tang thi K, gidm, nghia 14 cin biing chuyén
dich theo chiéu nghich.

« Néu An < 0, khi P, ting thi K, tang, nghia la cin bing chuyén
dich theo chiéu thuan.

« N&u An = 0, 4p suit khong 1am chuyén dich can bing.

Anh hudng ctia ndng do dén can béng
Xét can bing sau trong binh kin é nhiét dé khong déi:
C(gr) + CO.k) = 2CO(k)
_leoty
[CO ] cb
Vi K, 12 hing s6 ¢ nhiét do khong d6i, nén viée thém hoic bét mot
lugng CO, hoac CO vao hé¢ can bing déu lam cho ty s (7.12) bién déi,

do d6 cAn bang phai chuyén dich cho tdi khi ty so (7.12) trd lai gia tri
ban dau.

= const (7.12)

Ti d6, d& dang hidu ring, viéc cho thém CO, vao hg cin bang, thi
CO, phai phan Gng thém véi C dé gidm bét lugng CO, va tang thém
lugng CO. Li luan tudng tu cho truong hgp 18y bdt lugng CO,, cho thém
hoac 14y bét hugng CO.

Viée thém ho#ic b6t mét lugng nhé chat rdn hodc 1dng® (6 dang
nguyén chit) khéng anh huong dén caAn bang, vi thanh phan chit
ngung tu khong c6 mat trong biéu thitc cta hiing s6 cin bing K.

Nguyén ly chuyén dich can bang Le Chatelier

Mot hé dang 0 trang thai can bang, khi chiu mét tac dong tu ben
ngoai, nhu lam bién d6i nhiét dd, ap suit, néng d6, thi can bang sé
chuyén dich theo chidu lam giam tac dong bén ngoai dé.

Nguyén ly Le Chatelier ap dung cho ca cin bang vat ly.

oD pey trudng hdp viée thém hoic bét mot lugng 16n gay ra su bién déi ap suit
hodc thé tich cua hé cin bang. '
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BAI TAP
7.1, 2NO,(k) = N,0,(k); K, =9,2 6 25°C
Hoi 6 cung nhiét do phan (ng trén di theo chidu nao véi diéu kién sau:
a) PN204 = 0,90atm; PNog = 0,10atm
b) Py,o, = 0,72atm; Py, = 0,28atm
¢) Py,o, = 0,10atm; Py, = 0,90atm
Gidi:
- Q
Theo (7.5): AG = RTIn %
Kp
Néu Q, > K, thi AG > 0: phan tng theo chiéu nghich
Q, <K, thi AG < 0: phan Gng theo chiu thuan
Q, = K, thi AG = 0: phan {ing & trang thai cin bing

a) Qp = ((;)—’i)())—?— =90 > K, : phan tng di theo chiéu nghich
b) Q, = 25-01582? =9,2 =K, : phan dng & can bing
. O, 10 — : 2 y . A a
) Q, = W = 0,12 <K, : phan ing di theo chiéu thuan.
7.2. C(gr) + COyk) = 2CO(K); K,=1,418727°C

Cho 1,0mol CO, va mét lugng du C vio trong mot binh chidn khéng
kin & 727°C: _

a) Tinh phén tram CO, da phan ing khi phan tng & trang thai can
béng, biét ring ap suit Wic can bing Ia 1,0atm.

b) Tinh cic hdng s6 can bing K_, K, va K, & cing nhiét do.

Giai: :
a) Clgr)+ COyk) =  2COk)
S6 mol hic ddu: 1 0
S6 mol & can bing: 1 - « 20
Téng s8 mol khi lic can bing: En=1 + « :
K, - (2a)* [ 1,0 )= 4a’ 141 40
l-a\l+a) 1-¢? 1-a?

= a = 0,51 hay a = 51%C0, d3 phan ﬁng.
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_ (20)* (2x0,51)* _
l1-a 1-0,51
K. = K,RT)™" = 1,41 (0,082 x 1,0.10% ! = 1,7.10°2.
K, =K,(P)*=1,41(,0)" = 1,41.

7.3.  2NaHCO,tt) = Na,CO(tt) + CO,(k) + H,0(k); AH,, = 129,7 kJ
a) Thiét lap phuong trinh K, = f(P), P 1a ap sudt cia hé lic can
bing, biét rang lic ddu chi c6 NaHCO4(tt).

b) Cho amol NaHCO, vao binh chan khéng dung tich 22,4L. Khi
can bing & 47°C do duge P = 30,0 mmHg. Tinh K,, K, cia phan ting
va s6 mol t6i thiéu NaHCO, cin c6 trong binh dé dat dude ap suit
30,0 mmHg.

¢) Tinh AG®° va AS° ctia phan ng & 47°C, coi AH® va AS° la hing s6
i véi nhiét db.

b) K,

2,1.

Giai:
a) Py, =Py o khi phén tng & trang thai can bing:
2 2
« (B2
! 2 4
2
b) K, = 300} 1 3,90.10™
760,0 4
3,90.10™

= ————— =5,7,1O_7 .
¢ (0,082x 320»)Z

D& tao ra 1,0mol CO, va 1,0mol H,0 cin 2,0mol NaHCO,. Vay s6
mol NaHCO, cin ¢6 1a:
PV 30,0x22,4
"= RT ™ 760,0x0,082 x 320
¢) AG° = -RTInK, = -8,314 x 320 In 3,90.10* = 20,9 kJ
129,7-20,9
~ 320
7.4. Cho khi H, vao binh chin khéng dung tich 4,0L sao cho 4p suit
trong binh bang 0,82atm ¢ 527°C. Sau d6 cho thém 0,20mol khi HI
vao binh. Can bang sau duge thiét lap:
H,(k) + I,(k) = 2HI(k)

=3,4.10"%mol.
=0,34 kJ K.

AS°
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O 527°C, hang s6 can bing K = 37,2. Tinh:
a) Ap sudt cia hé lic can bing;
b) D3 phan ly « cua HI thanh H, va L;

c¢) Ap suét riéng phan caa cac khi lic cidn bang.

Giai:

7.5.

a) Vi An = 0, nén ap suit ciia hé lic cAn bing bing ap suit ban dau:
0,20 x 0,082 x 800

P=0,82+
4,0

=4, latm

b) ny, =—232%40 _ 4 050mol
" = 5,082 %800

H,(k) + Lk = 2HIK)
S6 mol ban diu: 0,050 0 0,20
S8 mol lic can bang: 0,050+0,10a 0,10 0,20-0,200a.
An=0=K,=K,=K
(0,20 - 0,200)>
" (0,050 + 0,100)0, 100;

> a=0,13.

)

c) P = 1 P=P, :wx4,l= 1,0atm
. Zn; 2 0,25
0,1
, = O x 4,1 =0,21atm va Py; = 2,9atm.
CO, phéan ly d nhiét dé cao theo phan tng:

2C0,(k) = 2COKk) + 04k)
a) Tinh d6 phéan ly o caa CO, & nhiét @6 2227°C, biét ring & nhiét
&@ nay, khi phan tng & trang thai cdn bang, 1,0 lit hdn hgp khi
ning 0,20 gam. .
b) Tinh hang s6 can bing K,. Ap su#t lic can bing 13 1,0atm.

M¢o, = 44,0 g.mol™

Gidi:
a) 2C0,(k) = 2CO(k) + Oyk)
Khi can bing: 1 -« a -g— = Sn=1+2
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o
1+ =
CRT ( + 2)x 0,082 x 2500
V = =
P 1
Khéi lugng cac chét trong phan tng 1a hing s6, nén:

(205 + 102,5a) 0,20 = Mo = 44,0g = a = 0,146.

=205 + 102,50 (L)

“(3)
2 P viP=1,0vaa=0,146

-t
2

K, = 2,0.107.
7.6. Clgn + 20,(k) - COR) (1); AGy=-110,5.10°~ 89,0 T ()

C(gr) + 04(k) —» CO,(k) (2); AGy= - 393,5.10° - 3,00 T (J)
a) Thiét lap phuong trinh AGS = f(T) va tinh AG®, K, caa phan tng
(3) 6 727°C:

2C0(k) = C(gr) + CO,(k) 3)

b) Tinh ap sudt riéng phan cta CO va CO, & can bang (3), néu ap
suét lic cAn bang 14 1,0atm va nhiét d6 1a 727°C.
¢) Phén tng (3) 12 tda nhiét hay thu nhiét? Tinh AS°® cia phan tng (3).
Giai thich d&u cha AS°.
d) Tang nhiét do, ting 4p sufit cia hé cin bing (3) ¢6 dnh hudng
nhu th& nao d&n can bing?

e) Tinh K, cta cac phan Gng sau:

COk) = §c<gr> + écozao )
Cgr) + CO(k) = 2CO(K) 5)
Giai:
a) AG;
2COK) L Clgn) + CO,K)

—2AGS \ AG;
2C(gr) +04(k)
AGS=AGS —2AGY
AG;= —-393,5.10° — 3,00T - 2(-110,5.10% - 89,0T)
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AGS=-172,5.10° + 1750 T (J)
AGS,p,= 2,5 kd.

o 3
-8G° _ expﬂ =0,74.
RT 8,314 x1000

b) Dat Pgo = x = PCoz = (1 - x)atm

K, =exp

0,74 = 1 —2x = x=Pgo=0,67atm
X

va1l-x= Py, =0,33atm.

¢) Phan dng (3) ¢6: AG3=-172,5.10° + 175,0 T (J), nén:
AH° = -172,5.10° J < 0: phan {ng téa nhiét;
AS° =-175,0 J.K¥ < 0 vi s8 mol khi & v& san phdm it hon s6 mol
khi & v€ cac chat phan dng (An < 0).

d) Téng nhiét d9, can bing chuyén dich theo chiéu nghich, vi phan
{ing téa nhiét (AH < 0);

Tang ap sufit, cAn bing chuyén dich theo chidu thuén, vi An < 0.

e) K, (can bang 4) = ,/Kp =0,74 =0,86.

1 1
K bing5) = —=——=14.
(can bang K,, 0.74
7.7. N,0,(k) = 2NO,(k)

Can bang duge thiét 14p xuit phat tit a mol N,O,:
a) Thiét lap biéu thie K, = f(P,o), trong d6 P 1a ap suét cha hé ldc
can béng, o 14 d6 phan ly cha N,O, khi can bing.
b) Néu c6 1,588 gam N,0, trong binh dung tich 0,50 lit & 25,0°C va
P lic cdn béng 1a 1,0atm, thi a, K, va ap sust riéng phan cia NO,,
N,O, lic cin bing 1a bao nhiédu?

My = 14,0 g.mol™ ; M, = 16,0 g.mol™?

Giai:
a) N,O, = 2NO,
Lic can bing: a(1-o) 2a00 = ZIn=a(l+a)
An 2 2 1 2
K, =K [ P ) 4a’y P __4a P
*n), a(l-a)lal+a)) 1-ao?

148



b) ano = 1,588 _ 1,726.10%mol
© " Teg
S6 mol khi ctia hé lic can bing:
PV _ 1,0x0,50

all+a)=—r=—"——"—r
RT 0,082x298

= a = 0,1854.

- 4(0,1854)
P 1-(0,1854)

a(l-a) 1-0,1854
N0, = P=
4 a(l+a) 1+0,1854

Pyo, = 0,31atm.

=2,046.107

=Y,

= 0,69atm.

7.8. PCl, phén huy theo phuong trinh:

PCli(k) = PCl,(k) + Cly(k)
a) Tinh hing s6 can bing K, cia phin dng & 200°C, biét rang do
phén ly o ctia PCl; & nhiét do nay 1a 0,485 va ap sudt ldc cin béng
1a 1,0atm.
b) Tinh ap suat clia hé lic can bing, néu cho 2,085 gam PCIl; vao
binh chan khéng dung tich 0,20 lit 6 200,0°C.

M, = 31,0 g.mol™ ; Mg, = 35,5 g.mol™

Giai:
a) PCl; &= PCl;+ Cl,
Ldc cin bang: 1-a o o > In=l+a
2 2
K =% ( P )= a 2
P 1-al\l+a) l-a
(0,485)2 :
K =——=0,307.
P 1-(0,485)
2,085 -2
b =2"""=1,000.10"mol
) fec, =908.5
' -2
o pcly, = 2090197 _ 6 050mol. L.
0,20

K, = K‘,,('RT)‘A" = 0,307 (0,082.473) = 7,9.107%.
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PCl; = PC + Cl

Lic cAn bang: 0,050 — x X X
2
79.10%=—> = x=[PCl]=[Cl]=1,6.10"M.
0,050 - x -

Téng s6 mol.L™! cac chit trong cin bang:
0,050 —x - x+x = 0,050 + 0,016 = 0,066 M.

Ap suét cta hé lic can bang:
0,066x0,082x473
1

7.9. a) 2HCl(k) = H,(k) + Cly(k)
Hing s6 cin bing K, cia phan ting § nhigt d6 1727°C va 727°C lan
lugt 14 4,237.107° va 4,90.107"". Tinh AH® cta phan dng, coi AH® la
hang sé d6i véi nhiét dd.
b) Tinh K, ca phan Ung sau ¢ 727°C:
2HI(k) + Cly(k) = 2HCI(k) + I,(k)

Cho biét:
2HI(k) = H,(k) + I,(k) ; KI, =3,80.10%2 6 727°C.

= 2,6atm.

P=

Giai:
K (T °
a) 1n_L(_2_)= AH 11
K,(T) R \T T,

= AH° =189 k.

b) K
2HI + Cl, 2HCI + 1,
Kl\‘H2 + I, + Clg/Kv2
1
—‘——_“=7,76.108.

K=K, xK,=3,80.107*
4,90.10

7.10. Cho biét cac s8 liéu sau:
CH,(k) = C(gr) + 2Hy(k), AHZ, = 74,85 kJ

CH, (k) C(gr) H,(k)
8256 (J K .mol™) 186,19 5,69 130,59
Co(J K mol™) 35,71 8,64 28,84
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a) Tinh K, ctia phan tng § 25°C.
b) Thist lap phuong trinh AH: = f(T), coi C; khong phu thudc
nhiét do. ’
¢) Thiét 1ap phuong trinh InK, = f(T) va tinh K, ¢ 727°C.
So sanh cac gia tri K, 6 727°C va 25°C xem c¢6 phu hgp v6i nguyén
ly Le Chateher khoéng. Giai thich.
Gidi:
a) ASZ,, = 5,69 + 130,59 x 2 - 186,19 = 80,68 J K™’
AGS,,= 74,85.10° — 298 x 80,68 = 50,81.10° J
-50,81.10°

K, =exp—7——— = 1,24.107°,
8,314 x 298

b) AC)= 8,64 + 28,84 x 2 ~ 35,71 = 30,61 J. K !

AHZ = AHZ,, + L AC;dT =74,85.10" + 30,61(T - 298)
AH: = 65,73.10° + 30,61 T (J)

olnK ° 8
o) ( n by =AHT :>IT dInK _1 65,73.10° + 30,61T 4T
4 L RT? 208 P R 298 T
anp =-14,96 — 7905,94 T+ 3,68 InT
K =12,9 g nhiét do 1000K.

Khi tang nhiét do K, tang la phu hop véi nguyén 1y Le Chatelier
vi phan tng 12 thu nhiét, cdn bing chuyén dich theo chiéu thuan.
7.11. N,0, = 2NOy(k)
a) Cho 18,4 gam N,0O, vao binh chan khong dung tich 5,904 lit &
27°C. Lic can bing &p suét trong binh 1a 1,0atmi. Tinh ap sudt riéng
phin ctia méi khi lic can bang.

b) Né&u ap suét lic can bing chi la 0,50atm, thi ap suit cua NO, va
N,O, lic nay 1a bao nhiéu?
So sanh cac k&t qua véi phdn a) xem ¢6 pha hop v6i nguyén ly
Le Chatelier khong. Giai thich.
My = 14,0 g.mol™}; M, = 16,0 g.mol™
Giai:
18,4

a) Ny o, =——9—2-— = 0,20mol
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N,O, = 2NO,

Lic can bang:  0,20-x 9% = rn = 0,20 + X

Téng s0 mol khi lic can bang:

0,20+ x= M = 0,24mol = x = 0,04mol
0,082 x 300

S& mol NO, va N,O, lic can bang:

Nyo, = 2X = 0,08mol va ny o = 0,20 - x = 0,16mol

S5 mol N,O, gap dbi s6 mol NO, nén:

b)

7.12.

a) Tinh ty 1& chuyén hoé cia CO lic can bang,

Pyo, = %atm va Pyo, =%atm.

o P, =(1Tx§_=_1_
PPy, \3) 2 6

Goi Py, lic can bing 1a P, thi 4p suat cia N.O, 12 0,50 -P:

1 P*

1 P, =0,22tm va Py, = 0,28atm.
6 050-P N 7 N0 ’

K&t qua la:

P,
o, 022 _ 449,
PNAO4 0,28
So véi phén a:
P
MO, =-1—x§— =0,50

Vay viéc giam ap sudt, cAn bang chuyén dich theo chiéu thuan 12

phi hop véi nguyén ly Le Chatelier vi An > 0.
CO(k) + H,Ok) = COu(k) + H,(kk); K=1,0 g 850°C

hdn hgp cung s§ mol CO va H,0 6 850°C.

b) N&u ding s& mol H,0 gép

ctia CO liic can bing sé 12 bao nhigu?

So sanh két qua véi phin a) xem co pha hgp véi nguyén ly Le

Chatelier khong.
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Gidi:
a) CO Hao Fﬁ COZ Hr)

Luc can bang: l1-a 1-a o o
Vian=0=K, =K, =K

2

1.0=—% — =a=0,50.

1-o)
Vay ty 18 CO chuyén hoa 1a 50%.
b) CO + H,0 = CO, + H,

Liccanbdng: 1-x 99-x X X
2
1,0=———— = x=0,99.
(1-x)(99-x)

Ty 18 CO chuyén hoa tang 1a phi hgp véi nguyén 1y Le Chatelier.
7.13. Trong céng nghiép amoniac dugc tong hop theo phan Ung sau:
N,(k) + 3H,(k) = 2NH;(k)
a) Ching minh ring & nhiét dg va ap suit nhat dinh, phin mol cua

NH, 6 trang thai cAn bing 14 16n nhait, n&u xudt phat tu hén hgp cb
ty 18 N, : H,=1: 3 theo s ) mol.

b) Tinh AGZ,, clia phan ing dya vao cac s0 lidu & 25°C dudi day:

N, (k) H,(k) NH;(k)
AH? (kd.mol™) 0 0 ~46,19
S°(J.K".mol™) 191,49 130,59 192,51

Hoi chidu ctia phan dng 8 difu kién chudn va 25°C? Né&u coi AH® va
AS° 13 hing s d8i véi nhiét do, thi & nhiét d6 nao, phan ing g diéu
kién chufin d6i chiéu?

¢) Dé c¢6 hidu sudt NH; cao cin ap sudt cao hay thap? e} ap sudt
nao va nhiét d6 450°C, thi hig¢u suét chuyén hoa 1a 90%, néu xuit
phat tit ty 18 s mol N, : H,=1:3.

Giai: - ;
a) N, + 3H, = 2NH,

Goi phdn mol cia N, 1a x, ctia H, 12 ax va ciia NH; 1a y, khi phan
{ing & trang thai can bing. Tu dé:
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x+ax+y=1:>x=1—y (1)

1+a
2 2
A ©)
K, x(ax)® a’x!
2 4
Dt (1) trong (2): L x a+a)y g (3)

a® (1-y) 7
Déycogiatrilén nhatthiy, =0va y, <O.
Chuyén (3) dudi dang logarit:

2Iny - 4In(1 - y) + 4In(1 + a) — 3lna = InKy,

Ky = const va (Inu)' = el ,nén y, la:
u

o¥ b4 ¥ 41 3 (4)
y l-y l1+a a

Vi (5)=Elﬁ;ﬂnn&1ﬂlw
v v

2y"y;y'2+4y"(1—y):y'2_ 42+_2_32_=0 5)
y 1-vy) (1+a)" a
Khi a = 3, theo (4) ta cé:
2y, 4y’ 3 4 _
y 1l-y 3 4
Vi O<y<1l,nény =0
Thay a =3 va y' = 0 vao (5):

y"(.g.+_‘l__J=_]'__l<0

y 1-y) 4 3
Vi O0<y<1l,nény"<0.
b) AH,= - 46,19 x 2 =-92,38 kJ

AS5, =192,51 x 2 — (191,49 + 130,59 x 3) =-198,24 J. K
A G,y = ~92,38.10° + 298 x 198,24 = —33,30.10° < 0: Chiéu thuan
Dé d6i chiéu phan ing AG® = AH° - TAS® > 0:
-92,38.10° + 198,24T > 0 = T > 466K.
.c) D& c6 hiéu susit NH, cao cén ap suft cao vi phan dng ¢6 An < 0.
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N, + 3H, == 2NH,

Lic can bang: 1 -« 3-3a 20 = In=4-2a
_ oy ( P )‘2 _ 40%(4 - 20)°
P 1-a)B-3w)’\4-2a 27(1-a)* P?

Néu a = 0,90 thi:

4
K, = 0,5808 x
P

T AG® = ~-RTInK,, ta cé:

3
K, = exp 92,38.10° —198,24x 723 _ 2,08.10" .
8,314 x 723

4
Vay: P= 0—’5—8-%}_2— =5,28.10°atm .
2,08.10

Ap sudt nay rat kho thyc hién trong thuc t& Hién nay ngudi ta
thudng dung ap suat khoang 220atm.

7.14. V6i s6ng dude san xuét tit da vdi theo phan dng sau:
CaCO,(tt) = CaO(tt) + CO,(k); AHg = +177, 8 kJ
a) D& thu duge CaO véi hiéu suét cao ti mdt lugng CaCO, xac

dinh, cdn déng thoi nhing bién phap gi? Cé thé chuyén 100%
lugng CaCO, thanh CaO duge khong, bing cach nao?

b) Thiét 1ap phudng trinh AHj = f(T), cho biét:
CaCO,(tt) CaO(tt) CO,(k)
C: K™ mol™®) | 81,85 42,80 37,13

¢) Cho CaCO, vao binh chén khéng & 987°C. Tinh AS°® clia phan
dng d nhiét do nay, biét ring ap suft cia hé lic can bang la 1,0atm.

d) Khi phan tng 6 trang thai cén bing, néu thém hoidc bét mjt it
CaCO, (tt) vao hé, thi cin bang c6 chuyén dich khong? Tai sao?

Giai:
a) Can nhiét do cao, vi AH >0, ddng thdi gidm ap sudt khi CO, xudng.
C6 thé chuyén 100% lugng CaCO, thanh CaO bang cach tang nhiét
d6 phan tng va cho khi CO, bay ra khéi khu vuc phan {ng, cén
bing sé chuyén dich lién tuc theo chiéu thuan.
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b) AC) = 42,80 + 37,13 - 81,85 = -1,92 J.K!

AH; =177,810° - [ 1,92dT =178,4.10° -1,92T (J).
¢) AG; = -RTInK, = - RTIn Py, = 0 = AH® - TAS®

= AS° = A,H

3
AS° = 178,4.10° -1,92x1170 ~151J K™
1170

d) Vi can bang nay c6 chat khi, nén chi tén tai trong binh kin. Khi
d6 K, = P, = const, nghia la thanh phin CaCO; khong cé trong

bidu thic tlnh K,. Do d6 viéc thém ho#c bét méot it CaCO; khéng
lam bién déi Pco, » nén cén bing khong chuyén dich.

7.15. N,O,k) = 2NO,(k)

a) Phan dng trén dudc thyc hién ¢ nhiét dg khéng ddi va ap sudt
khong d8i 1,0atm. Thiét lap bidu thuac lién hé gida d6 phan ly «
cuaa N,O, va ty khéi d caa hdn hgp khi lic can bing so véi khong
khi (Mg = 29,0 g.mol™), xuit phat tit 1,0mol N.O,. -

b) Thiét lap biéu thic K, = f(a,P), trong d6 P 1a ap sut clia hé ldc
can bang.

00 nhigt d6 333K, d = 2,08. Tinh «, K, va AG®° ctia phan iing & 333K.
My = 14,0 g.mol™; M, = 16,0 g.mol™

Giai:
a) N,O, = 2NO,
Lidc cAn bing: 1 - a 20a3%n=1+q
_( —o)My, + 2aMy, My, 92
29(1 + @) 29(1+a) 29(1+a)
402 ( P 4q?
b K = = P.
) b 1—a[1+a) 1-a?
92
c 2,08=—" s qg= 0,53
) : 291+ a) @
4(0,53')2 :
= —— 1,0 = 1,6
P 1-(0,53) |

AG° =-8,314 x 333 In1,6 = ~1,30.10%.
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7.16. O 1020K, hai cin bing sau cung ton tai trong mot binh kin:
C.. + COxk) = 2CO() ; K, = 4,00
Fe(tt) + COx(k) = FeO(tt) + CO(k); K', = 1,25
a) Tinh 4p suft riéng phén cac khi lic can béng;
b) Cho 1,00mol Fe; 1,00mol cacbon graphit; 1,20mol CO, vao binh
chan khéng dung tich 20,0 lit 8 1020K. Tinh s8 mol céc chat ldc
can bang.
Giai:
a) Feo. =4,00; Peo
co, Pco2
Peo . Peo _ K, _
]‘)CO2 PCOZ K

b) ' Cgr) + COyk) 2CO(k)
Lic cAn bing: 1-x 1,2-x-y 2x +y
Fe(tt) + COy(k) = FeO(tt) + CO(k)
Liccan bang: 1 -y 1,2~-x-y y 2x +y

1

Téng s5 mol khi lic can bing: 1,2 -x -y +2x+y=12+x

_(3,20+2,56)20.0 _; 50~ 0 18mol.

1,20
X T0,082% 1020
2.56x 20,0
=TT = (0,61mol;
feo, ©57082x1020
_3,20x20,0 _ oo

fleo =15082x 1020
nco=2x+y:>y=0,77-2x0,18=0,41
ng = 1,00 - 0,18 = 0,82mol

ng. = 1,00 - 0,41 = 0,59mol.
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Bai tap tu giai

7.17. BaCO,(tt) = BaO(tt) + COx(k); AHS, = 267,10 kdJ
BaCO,(tt) BaO(tt) CO,(k)

St (J.K L.mol™) 112,10 70,30 213,60

© € (J.Kmol™) 85,35 47,23 37,13

a) Tinh Ap suit va ndng do ctia CO, ldc can bing & 25°C.
b) Mot hén hgp BaCO,(tt) va BaO(tt) dé trong khong khi. Ap sut
cia CO, trong khong khi 1a 3,33.10"atm. Tinh AG cta phén dng &
25°C va suy ra chiéu cia phan @ng trong diéu kién nay.
¢) Thiét 1ap cac phuong trinh AH;, = f(T) va InK, = f(T).

D.S. a) Py, =1,43.10atm; [CO,) = 5,9.10* mol.L™*

b) AG = 196 kd > 0: chiéu nghich
¢) AHS = 267,4.10° - 0,99 T (J)
InK, = 21,47 - 32,16.10°T™" - 0,119 InT
7.18. NH,COONH,(tt) = COy(k) + 2NH,(k); AH° = 159,3 kJ

a) Cho a mol NH,COONH, vao binh chan khéng ¢ nhiét ¢ T. Khi
phan tng & trang thai cAn bing 4p suft cla hé 1a P. Thidt lap biéu
thie K, = £(P).
b) Né&u dung tich ctia binh 13 5,46 lit, thi & 20,0°C 4p suit cin bing
P = 66,88 mmHg. Tinh K,, K,, K, va K, ctia phan tng.
¢) Tinh AG® va AS® ctia phan tng & 20,0°C, coi AH® va AS° 14 hang
s6 ddi vdi nhiét do.

ﬂsmm:%w

b) K, =1,0.10% K, = 72.10% K, = 1,2.10% K, = 0,15.
c) AGj,, =22,4kJ; AS;,= 467 J. K.
7.19. Nung NH,Cl § 427°C trong binh chan khong kin x4y ra can bing sau:
NH,Cl(tt) = NH,%) + HCl(k)
Lic can bing 4p suit ctia hé 12 4560,0 mmHg. Tinh & 427°C:

a) Hang s6 can bing K, va AG° cla phan tng.
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b? AH® va AS° ctia phén tng, biét ring & 459°C ap sudt cin bang
ctia hé 13 8360,0 mmHg, coi AH® va AS° 14 hing s8 d6i v6i nhiét do.
P.S. a)K,=9,0;AG;,=-12,8kJ
b) AHP = 161 kJ; AS° = 248 J K™
L
720, Cgn+ 50,0 = COM®); 1gK, = éf’—g + 4,581

20600,0

C(gr) + Oq(k) = CO,(k) ; 1gK', = + 0,043

a) Thiét 1ap phudng trinh 1gK cho can bang (a) sau:
C(gr) + CO,(k) = 2CO(k) (a)
b) Tinh AH° va AS° clia phén tdng (a), coi chung 1a hing s6 d61 véi
nhiét do.
. P.S. a) lgK' =-8922T" + 9,119
b) AH® = 170,8 kd; AS° = 174,6 J.K!
7.21. OHI(k) = H,(k) + Ly(k)
AGe =927188,19J & 727°C; K= 8,474.1072 6 1727°C:
a) Tinh hing s6 cin bang K 6 727°C
b) Tinh AH® va AS° clia phan Ung.
¢) Tinh d6 phan ly a cua HI & 727°C va 1727°C. So sanh gié tri a &
hai nhiét dd xem c6 phu hgp véi nguyén ly Le Chatelier khong?
D.S. a) 3,80.107°
by AHC = 13,34 kd; AS° = ~13,85 J K
¢) a(727°C) = 0,28; a(1727°C) = 0,37

7.22. NH,k) = %Nz(k) + %Hz(k)

AG,L = 43513,6 — 29,706 TlgT - 15,86T (J)
a) Tinh d% phan ly a cua NH, thanh N, va H, 8 473K va ap sudt
ldc can bing 1a 1,0atm va 0,80atm, biét rang ban diu chi c6 NH,.
So sanh cac k&t qua thu duge xem c6 phu hdp v6i nguyén ly Le
Chatelier khong.
b) Né&u ap suét ban d4u 14 1,0atm va 0,80atm, thi do phén ly o cua
NH, 14 bao nhiéu?

P.S. a) 73% (6 1,0atm) va 77% (6 0,80atm)

b) 64% (6 1,0atm) va 68% (6 0,80atm)

159



>

7.23.

CO(k) + HyO(k) = COu(k) + Hy(k)
S6 lidu AHy, AGy (kd.mol™) va C; (J. K'.mol™?) cta cac chat & 25°C

nhu sau:
CO(k) H,0(k) CO,(k) H,(k)
AHY -110,52 ~241,83 -393,51 0
AGy -137,27 —228,59 -394,38 0
C, 29,14 33,58 37,13 28,84

a) Tinh hing s6 can bang K cta phan tng & 25°C.
b) Thiét lap cac phuong trinh AHL =f(T); AG; = f(T) va InK, = f(T).

c¢) Tinh néng do6 cac chat lic can bang & 25°C. va & 727°C, néu néng
d6 ban dau ctia CO 1a 1,0mol. L™ va cda H,0 1a 6,0mol.L7".

So sanh két qua & hai nhiét do xem c6 phd hdp véi nguyén 1y Le
Chatelier khéng.

D.S. a) K(298K) = 9,87.10°
b) AHS = -42,13.10° + 3,25T (J)
AGS =-42,13.10° + 64,19T — 3,25 TlnT (J)
InK, = -7,72 + 5067 T + 0,390 InT.

¢) 0 298K : [CO,] = [H,] = 1,0M; [H,0] = 5,0M;
[CO] = 2,0.10°M.
0 1000K : [CO,} = [H,] = 0,86M; [H,0] = 5,14M;
[CO] = 0,14M.

7.24. Cho SO, phan tng véi O, khéng khi 8 700K ¢6 mat chit xic tac
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tao thanh SQ; theo phuong trinh:
280,(k) + Oy(k) = 280,4(k)
Khi can bing & 4p suit 1,0atm, thu duge hdn hgp khi chia 0,21mol
S0,; 5,37mol O,; 10,30mol SO, va 84,12mol N,. Tinh:
a) Hang s6 can bing K, 6 700 K.
b) Thanh phan ban d4u cta hdn hop khi.
c) Ty 1& chuyén ho4 SO, thanh SO,



d) N&u trong hdn hop ban ddu khéong c6 N,, con sd mol SO, va O,
van git nhu trén, thi ty 1& chuyén hoa ctia SO, sé 14 bao nhiéu? Ap
suét cAn bing van 12 1,0atm.
P.S. a) K, = 4,48.10¢
b) ng, = 10,515 ng, =10,52; ny, =84,12mol

c) 98%
d) 99%
7.25. PCly(k) = PCly(k) + Cly(k)
a) Xudt phat ti 1,0mol PCl; & 280°C, khi can bing thu duge hén
hgp khi ¢6 ty khéi so véi khéng khi (Mgg = 29,0 g.mol™) bang 3,83.
Ap suit lac can bing 13 1,0atm. Tinh d9 phén ly a cia PCl; va
hing s6 can bang K, cta phan tng & 280°C.
b) Tinh d6 phan ly o' cia PCl; 8 cing nhiét dd nhu trén, nhung ap
suit lic cin bang 1a 3,0atm.
So sanh o va o' xem ¢6 phi hop véi nguyén 1y Le Chatelier khong.
M, = 31,0 g.mol™ ; Mg, = 35,5 g.mol™’
D.S. a) o = 88%
b) a'=73%

7.26.  PCL(K) + ClLk) = PCly(k); K, = ﬁg & nhist do 525K.

a) Cho amol PCl; va bmol Cl, vao trong mét binh kin d nhiét do
525K. Ty 18 a : b phai nhu thé nao dé thu duge phin mol cta PCl,
12 16n nhat? |

b) Cho 1,0mol PCl; vao binh chan khong 8 nhigt dd 525K. Ap suidt
ldc can bing 1a 2,0atm. Tinh s§ mol cac chét ldc can bang.

¢) Khi can bang & phéan b) dugc thiét l4p, thém vao binh phan tng
1,0mol khi hiém agon (chit tro), vAn gili nguyén dung tich ctua
binh va nhiét d6. Can bing c6 chuyén dich khdng? Gidi thich.

d) Lam tuong ty nhu phén c), nhung bién d6i dung tich cta binh
phéan tng dé gidt ap suét ctia hé ldc can bing van 12 2,0atm. Cén
bing ¢ chuyén dich khong va chuyén dich theo chiéu nao? Chiing
minh bing tinh s8 mol cac chat lic can bing.
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D.S. a) a = b. Khi cdn bang dat phan mol cia PCl, 1a x, cla
Cl, 1a ax va cia PCl; la y. Chiing minh y', =0va y_ <0
khia=1.
b) Npey, = 0,31mol; NGy, =Npg, =0,70mol.
¢) Can bing khéng chuyén dich, vi dung tich cia
binh va nhiét d6 khong d6i, nén ap suit riéng phin
cac khi trong can bing khong dai.
d) Can bang chuyén dich sang phia tao ra PCl; va Cl,:
Npg, = 0,23mol; ng, = Npe, =0,77mol
7.27. Cho 0,250mol NH_I(tt) viao binh chan khéng dung tich 3,00 lit &
600,0K x4y ra hai cAn bang sau:
NH,I (tt) &= NH,(k) + HI(k) (1); K, = K, = 1,69
2HI k) = H, W+ LKk (2); K, =K, = é%
a) Tinh 4p suft riéng phan caa cac khi va ap suit téng cong lic
cin bing.
b) Tinh khéi lugng NH_I(tt) con lai khi cAn bing.
My = 14,0 g.mol™; My = 1,00 g.mol™*; M; = 127,0 g.mol™
Db.S. a) Puu, = 1,45atm; Py = 1,16atm; Pu, = PIz =0,140atm.
b) 23,4g.
7.28. 3 820°C hang s8 can bing K, cta cac phan ting nhu sau:
CaCO,(tt) = CaO(tt) + COuk); K,=0,200
C(gr) + CO,(k) =2CO(k) ; K, =2,00

Cho 1,00mol CaCO, va 1,00mol C(gr) vao binh chin khong dung
tich 22,4 1it é 820°C:

a) Tinh s8 mol cac ch4t ldc cAn bing.

b) O dung tich nao ctia binh phén Gng thi sy phan huy CaCO, bat
dau xay ra hoan toan?

D.S. a) ng =5,00.107% neo = 0,158; ne,o = 0,129;
Neoco, = 0,871 ne = 0,921 mol.
b) V = 174 lit.
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7.29. Cu(tt) + -;-Clz(k) — CuCl(tL): 1)

AG)= -137,00.10° + 58,42T (J)

Cu(tt) + Cl, = CuCl, (tt) (2)

AG2= -175,70.10° + 148,02T (J)
a) Ching minh riang CuCl(tt) khong phin huy thanh Cu(tt) va
CuCl,(tt) 3 bat cit nhidt dd ndo theo phan tng (3) sau:

2CuCl(tt) = Cu(tt) + CuCly(tt) 3

b) Tinh ap sudt cia Cl, ¢ nhiét dé 673K cho cin bang (1) va ciAn
bang (4) sau:
2CuCl(tt) + Cly(k) = 2CuCly(tt) 4)
¢) CuCl(tt) hay CuCly(tt) dude tao thanh khi cho khi Cl, & 4p sudt
P, = 1,0atm di qua Cu(tt) du & nhiédt do6 673K va & 298K?
d) Cho mot ludng khi Cl, véi 4p sullt P, = const va & nhiét do
khong ddi di qua CuCl(tt). Thiét lap phuong trinh AG, = ( PClz , T
cho phan tng (4).
Né&u vén giit P, = 1,0atm = const thi ¢ nhiét d6 nao gia tri AG,
d8i du (nhiét d6 nghich dao T})? '
¢) Cho mét ludng khi Cl, véi P, = 1,0atm di qua CuCl(tt) 6 nhigt
d6 298K xay ra hién tugng gi? Néu tang nhiét dé cho phan dng thi
bién d6i gi x4y ra?
D.S. a) AG:= 98,30.10° + 31,18T (J) > 0, nén AG5> 0.
b) Py, (1) = 6,86.10 atm; Py, (4) = 2,26.10%tm.
¢) béu tao ra CuCl.
d) AG, = —77,40.10° + 179,20T — 8,314T InP, ;

T, = 432K.

7.30. Ziriconi (Zr) 1a nguyén liéu dude dung 1am vo6 boc nhién liéu hat
nhan. Ngudi ta thuong diéu ch& Zr bing phuong phap Kroll theo
phén dng sau:

7xCl, (k) + 2Mg (£) = 2MgCl, (¢) + Zr(tt)
Phan tng dugc thuc hién & 1073K trong mdi trudng khi agon (khi trd)
& ap sudt 1,0atm. Cac pha trong phan tGng khéong hoa 1an vao nhau.
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a) Thiét lap phuong trinh AG;, = f(T) cho phan Gng.

b) Chiing minh ring phan dng 1a ty phat trong diéu kién céng
nghiép & nhiét d6 1073K va ap suét caa ZrCl, 1& 0,10atm.

Cho biét entanpi tao thanh AH;, entanpi théng hoa AH;, , entanpi

néng chay AH? (kJ.mol™) va entropi S° (J. K '.mol™) cla céac chat

nhu sau:

Chat aEe | am, | TL® | To® | s | am
Zet) | o0 | 2133,0 39,00
ZrCl,(tt) -980,0 106,0 604,0 181,00

Mg(tt) 0 923,0 32,68 9,0
MgCl,(tt) | —641,0 981,0 89,59 43,0

D.S. a) AG,=-340,0 + 0,1355T (kJ)
b) AG,473 = ~174,1 < 0: Phan ting tu phat.
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Chuong 8
QUY TAC PHA GIBBS VA TRANG THAI CAN BANG

TOM TAT LY THUYET
Cau tlr hoa ly
C4u tu hoa 1y 1a mot thuc thé dugc biéu thi bing mot cdng thic

hoa hoc. D6 ¢b thé 12 mot nguyén td, mdt ion, mdt phan ti, mot céu
tridc tinh thé, nhu O, O,, 0, 0%, Hg, H,0, Na, CaO.

Thong thudng thuat ngid ciu ti dugc dung thay cho thuat ngi
cfu ti héa 1y khi khéng c6 nghi ngo gi vé trang thai cha déi tugng
dugce xét.

Bac tu do clia hé can bang

Béc tu do clia hé can bing v 12 s6 nhé nh&t céc thong s6 trang théi
cudng db doc 14p x4c dinh trang thai can bing clia hé.

Vi du, xét cAn bing clia chit nguyén chét:

Long = Hoi

Hé can bing nay ¢é v = 1, nghia 12 hé can bang nay chi dude xac
dinh bdi mot thong s6 trang thai cudng df, d6 1a nhigt dd hodc ap suét
hoi bdo hoa. Néi cach khac, 8 nhiét do xac dinh thi ap suflt hoi bdo hoa
ctia hé 12 x4c dinh hodic néu biét duge ap suét hoi bdo hoa thi biét duge
nhiét d6 cia hé & trang thai cin bang.

Diéu kién can béng giita cac pha trong hé

« Nhiét @6 & moi diém trong céc pha cla hé phai nhu nhau: cdn
bing nhiét.

o Ap sudt gidng nhau 6 moi diém trong cac pha: cAn bing cd.
« Hoé th& ctia m3i c&u tit & moi pha phai bing nhau: can bing héa.
Quy tic pha Gibbs

Quy téc pha Gibbs dudc thé hién dudi dang mot cdng thic dung
dé xac dinh bac ty do cha hé cin bing. Céng thitc d6 dudc thié€t lap
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nhu sau: Tim hiéu sé gifia s6 théng s6 trang thai cuong d§ xac dinh
trang thai cAn bing cta hé va s8 phuong trinh lién hé néng dé cac
cdu ti trong hé.

Xét mot hé déng gdm c ciu ti dude phan bd trong f pha a, B,... f.
Trong trudng hop chung cac théng sd trang thai cuong df xac dinh
trang thai cAn bang ctia hé 1a néng d9, nhiét d6 va ap suit.

e Goiy; 1a phén mol cla cfu ti i trong mot pha. Tit d6 téng s6
Y1+ %a +... + 4 = 1. Vay dé xac dinh ndéng d6 cla c ciu td trong mét pha
can phai biét néng d6 ctia ¢ — 1 c&u td. Vi c¢6 f pha, nén dé xac dinh
ndéng d6 ctia c ciu td trong f pha, thi s6 néng dd cin biét 1a (c — Df.

Tong s6 théng sd trang thai cudng d6 xac dinh trang thai cn bing
ctia hé khao sat la (c - 1)f + 2. S8 hang 2 biéu thi cho hai théng s
cudng dé 1a nhiét dd va ap suit.

« Nong d6 cia mdi cau ti lién hé v6i hoa thé cha né. Khi can bang,
hoa thé& clia mbi ciu tl trong cac pha phai bing nhau. T d6 ta c6 thé
tim duge s8 phuong trinh lién hé cac nong do:

a B _ ..
By =1 ==,
B f
My =My =0 =,
« _ B .0
= SRRl o

MGi c&u tt ¢6 f ~ 1 phuong trinh lién hé ndng do théng qua hoa
th&. Vay c6 ¢ ciu ti phai c6 (f - 1)c phuong trinh lién hé cac ndng do
trong hé.

Ngoai ra, néu cé bd sung thém g phuong trinh lién hé néng d6 cac
c&u tu trong hé nia, vi du ¢6 phuong trinh hiang s6 can bing K lién hé
nong do cac cdu td, thi tong s6 phuong trinh lién hé cac nong do trong
héla(f-1)c+q.

Béac ty do ciia hé can bang la:

v=(c-Df+2-[(f~1)c+qg]
- v=c-q-{+2 (8.1)

(8.1) 1a ¢dng thice chia quy tac pha Gibbs.

Néu nhi¢t do hodic ap sudt ctia h¢ cAn bing 1a ¢ dinh thi:

v=c-q-f+1

N&u c4 nhiét do va ap sudt ctia hé can bing 14 c6 dinh:

v=c-q-f
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Ap dung quy tic pha cho qua trinh chuyé’n pha chit nguyén chat

Hai pha chit nguyén chat ndm can biing vdi nhau c6 thé 1a:

Rtt) = L
L=H

R(it) = H

R =R

R: rén; L: 16ng; H: hoi; R(0): tinh thé «; R(B): tinh thé B

Cong thic (8.1) 4p dung cho cin bing chit nguyén chét véi ¢ = 1,
q=0.Tudo:

v=1-0-2+2=1

Trang thai cin bing clia hé dugc xac dinh bdi nhiét d6 hoac ap
suét. Cu thé la:

o O 4p suit nhat dinh, chdt nguyén chit néng chay, sbi, thang hoa,
chuyén dang tinh thé & nhiét d6 x4c dinh, dudc goi 1a nhiét do chuyén
pha T, Nhiét d6 nay khong bién d8i trong qua trinh dang chuyén pha.
Khi 4p suat bién ddi thi T, bién ddi theo. Vi du, 8 P = 1,0atm, nudc
nguyén chit déng dic & 0°C va s6i ¢ 100,0°C, nhung ¢ P = 2,0atm,
nuée déng dac 6 0,0076°C va s6i 6 120,0°C.

¢ O nhiét do x4c dinh hoi nim can bing véi 16ng hodc rén c6 ap
suit hoi nhat dinh goi 12 dp sudt hoi bdo hoa.

Céc dudng cong biéu thi su phu thudc ap sust hoi bao hoa clia pha
rén vao nhiét do, cia pha 1éng vao nhiét d6 va cta nhigt do néng chay
vao ap suit cit nhau tai mot diém goi 1a diém ba. O diém ba nay ba
pha R, L va H nidm can bang véi nhau:

R=L
N H7/
Khidév=1-0-3+2=0, nghia l1a vi tri diém ba chi phu thudec

vao ban chat chit nghién ciu.

Anh hudng cta ap suat dén nhiét do chuyén pha chat nguyén chat

N&u hé chi c6 mot chat thi hoa thé ddng nhat véi thé déng ap mol,
vi vay khi T va P khéng d8i, didu kién can bing gita hai pha a va B la:
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Gu = GB
Khi mt théng s8 bién d6i, vi du P = P + dP, thi muéh hai pha tén
tai cAn béng, théng s6 kia phai bidn d8i theo T = T + dT. Khi dé:

G, » G, + dG,

va Gg = Gy +dGp

sao cho: Go +dG, = Gy + dGy
= dG, = dG;

Ap dung (6.14):  V,dP - S,dT = V,dP — S,dT
dT _ vV, -V, _Av
dP §,-S, 4S

Theo (6.5): AS; = —Aﬂi
ch
T db: dT T, AV hod dP AHcf 8.2)

dP aH, 4T T.av

(8.2) 1a phuong trinh Clapeyron. Theo (8.2):

* Khi mdt chét s6i AV =V, - V> 0 va AH,; > 0, nén khi ap suit
bén ngoai tang, thi nhiét d6 sbi tang theo.

* Khi m{t chdt néng chiay AH, > 0 va da s6 truong hdp
AV =V, - Vi >0, do d, nhiét 46 néng chay s& tdng theo ap suit bén ngoai.

Dai v6i nude AV < 0 vi Vg > V., nén khi 3 ap sudt tdng, nhiét do néng
chay clia nuéc giam.

Ly luan tuong ty cho trudng hop thiing hoa va chuyén dang tinh thé.

Anh huéng ctia nhiét dé dén 4p suit hai bio hoa chat nguyén chit
Xét trudng hgp:
' LeH
Rtt) = H
Vi V, << Vy va Vi << Vy, nén coi AV = Vu - Vp =Vy va
AV =Vy — Vg = V. Néu hoi duge coi 13 ly tudng, thi d8i véi 1,0mol ta cé:

2T
Thay vao (8.2):

dP _ AH ¢ p

dT RT?
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dinP AH

dT RT?
(8.3) 1a phuong trinh Clapeyron — Clausius.
Trong khodng hep ctia nhiét d8, néu coi AH = const thi (8.3) trd thanh:

P, AH{1 1
Iniz -2 L _ 2

(8.3)

BAI TAP

8.1. C6 cac cin bang sau:

a) CH,(k) + H,O(k) = CO(k) + 3H,(k)

b) P,(tt) + 6H,(k) = 4PH;(k)

c) 2Hg(£) + O,(k) = 2HgO(tt)

d) Hy(k) + I(k) = 2HI(k)

D61 v6i mbi cAn bing, hdy xac dinh bac tu do cho ba trudng hgp duéi

dAay va giai thich cac gia tri tim dude. Binh phan dng lic dau chia:

e TAt ca chc c8u ti theo cac ty 1& bt ky.

e Chi cac chat phan tng theo cac ty 1€ bat ky.

e Chi cac chat phén tng theo diing hé sb ty lugng.

Giai:

a)ev=4-1-1+2=14 _
Nhiét d6, ap sudt, cac ty 1& s6 mol CH,: H,0O; CO : H, xéc dinh
trang thai cAn bing cta hé.
ev=4-2-1+4+2=23,q=2 vicoéthém phudng trinh
(H,] = 3 [CO]. Nhiét do, 4p sust va tj 1¢ s§ mol CH, : H,0 xéc
dinh trang thai cin bing.
ev=4—38-1+2=2; q=3dothém phuong trinh [CH,] = [H,0].
Vay bét dugc hai thong s6, chi con nhiét d va ap sudt xac dinh
trang thai cin bang.

b)ev=38-1-2+2=2
Nhiét d6 va ap sudt x4c dinh trang théi cin bang.
Hai trudng hop sau déu cé v = 2, vi khong c6 thém phuong trinh
nao lién hé céc ndng do.
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¢) v=3-1-3+2=1: ding cho ca ba trudng hap.

Nhiét do hoac ap sudt cta O, x4c dinh trang thai can bing.
d)ev=3-1-1+1=2 86hang cudi cing 14 1 vi phan dng ¢6
An = 0, nén 4p suit khong phai 1a y&u t& can bing. v = 2 ddng cho
ca trudng hgp thi hai.

Nhiét d6 va ty 1& s6 mol H, : I, x4c dinh trang thai can bing.

ev=3-2-1+1=1

Nhiét d6 xac dinh trang thai can bing.

8.2. O 4p suit 1,0atm, nude da néng chay ¢ 0°C. Héi & 3,0atm nude da n(’mg
chay ¢ nhiét do nao? Cho biét Vg = 1,098 cm®.g! , Vi = 1,001 em® g™ va
entanpi néng chay cta nuée da la 6,004 kJ.mol ™.

Giai:

dT _TAV _273,15(1,001-1,098)18,0.10°
dP  AH 6,004.10°
=-7,94.10°K Pa!.
= dT =-7,94.10°%dP
=Ty~ T, =~7,94.10" (P, - P,)
T,=273,15-17,94.10° (1,013 x 3 — 1,013) 10° = 273,13K
Vay ¢ 3,0atm, nude da néng chay & —0,02°C.
8.3. Tinh entanpi hoa hai tr ung binh cta CH, trong khoang nhiét do tit

88,2K dén 112,2K, biét rang 4p suit hoi cla CH, ¢ hai nhiét do
nay 1an lugt 12 8,0.10° va 1,013.10° Pa.

Gidi:
P, AH(1 1
n—=—| —
Pl R Tx T‘.).

8,314 x112, < ,013.10° _
AH = 1122882, L018L0Y g g mol
112,2 - 88,2 8,0.10
8.4. Trong c6ng nghiép NH, dugc téng hgp theo phan {ng sau:

Ny(k) + 3Hy(k) = 2NH,(k)

AH® =-92,42 kJ va K, (227°C) = 0,205
a) Tinh bac tu do cta hé can bing trong trudng hgp nhiét dd caa
phan tmg 1a hing s6. Rut ra cac yéu t8 dnh hudng dén can béng.
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b) Tinh hing s§ can bing K, & 277°C, coi AH® la héng s& trong
khoang nhiét d6 khao sat. Két qua thu duge ¢6 phu hgp véi nguyén
ly Le Chateclier khong.

Giai:
a)v=3-1-1+1=2 Ap suéit vd ty 18 s mol N, : H, &dnh hudng
dén can bang.

by In K, (650K) -92,42.10° ( 11
0,205 8,314 500 550
= K,(550K) = 2,72.107* < K| (500K) 1a phu hgp véi nguyén ly Le
Chatelier.
8.5. CO(k) + H,O(k) = COy(k) + Hy(k)

a) Tinh bac tu do cia hé can bing. S6 lidu thu dugc cho ta biét gi?
b) Thiét lap cac phuong trinh AG,= f(T) va InK, = £(T), biét rang
AH; (kJ.mol™) va S°(J . K '.mol™) cla cac chit nhu sau:

COk) H,0(k) CO,(k) H,(k)
AH; -110,5 —-241,8 - 393,5 0
Se 197,6 188,7 213,7 130,6

Coi AH® va AS® ctia phan tng 12 hing s8 d6i v4i nhigt do.
¢) Tinh phin tram CO da phan tng khi phan tng dat tdi trang thai
can bing & 1,00.10°K, biét ring lic ddu c6 n mol CO va n mol H,0.
Gidi:
a)v=4-1-1+1=3 Bayéu tdlanhi¢t do va cac ty 1& s6 mol
CO:H,0; CO4:H, xac dinh trang thai can bing.
b) AHC = ~893,5 — (~110,5 — 241,8) = ~41,2 kJ
AS° =9213,7+ 130,6 - (197,6 + 188,7) = - 42,0 J.K!
AGY = —41.2.10" + 42,0T (J)
_AG®  41,2.10° -42,0T _ 4,96.10°
RT 8,314T T

nK, = ~5,05.

3
¢) InK, = %ig-g’;% _5.05=-0,09= K, =0,91.

Vian=0,nén K,=K, =K.
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CO + H,0 = CO, + H,

S8 mol liic can bing: n(1 - o) n(l - o) no no
2 .2 2
B 2n o - o _-0,91
n“(l-a)* (1-a)
= o =10,49.

8.6. SO, 12 san phim trung gian trong san xudt H,S0,. N6 dude tao thanh
bang phan ang:

250,(k) + Oy(k) = 2S04(K) ; K, =1,21.10° 6 800K
a) D&t pirit (FeS,) trong khéng khi thu duge hén hgp khi chia 7,0%

SO,, 10,0% O, va 83,0% N, theo thé tich. Sau d6 oxi hoa SO, thanh
SO, & 800K (c6 mit chat xic tac).

Thiét 1ap phuong trinh K, = f(P, x), trong d6 P 14 4p suAit téng cong
cia hé ldc can bing, x 1a s6 mol SO; tao thanh khi xuit phéat ti
1,00.10*mol hén hogp khi trén.

b) Tinh x 6 800K, néu P = 1,0atm. T 1 chuyén ho4 ctia SO, 13 bao
nhiéu?

¢) Tinh bac tu do cta hé can bing khi nhiét d9 va Ap suit caa hé
khong d6i. Rut ra két luén vé s8 lidu thu dude.

Giai:
a) 280, +0, = 250, (Ny)

S8 mol lic can bang:  7,0-x 10,0 - % X 83,0
Ap suat riéng phén lic cin bing:

Pao, =5 B Po,=—2P; P =3P

Zn

zn:7—x+1o--;5 +x+83=100—§

9 X

x—
(7-°(10-3) P

K, =

b) Vi K, = 1,21.10° r4t 16n, lugng O, du, nén phan dGng gin nhu
~ hoan toan, nghia 1a x ~ 7. T d6:
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8.7.

7%(100 - 3,5)
(7-x)*(10 - 3,5)
=7-x=0,078 = x = 6,922
6,922

1,21.10° =

Ty 1& chuyén hoa cta SO, : =0,99.

v=8-1-1=1.Tylésd mol SO,:0, anh hudng d&n can bing.

S0,Cly(k) = SO4(k) + Cly(k) (1)
- 2HI(k) = Hyk) + L(k) 2)
CO(k) + 2H,(k) = CH,;O0H(k) 3

a) Thém khi trd vao mbi cAn bing & nhiét d6 khong d6i, néu:

e Gii dung tich ctia binh phéan tng khéng déi.

e Gift 4p suét can bing clia phan ng khong ddi.

Hai can bing c6 chuyén dich khong? Giai thich.

b) Cho SO,Cl, vao trong binh chan khong § 102°C x4y ra can bang (1).

e Tinh d5 phan ly a cta SO,Cl,, biét rang 4 nhigt do nay hing s6
can bang K, = 2,39 va ap suat lic can bing 1a 1,0atm.

e Thém 1,0mol khi heli (heli khong tham gia phan {ng) vao hé cdn
bing, nhung vAn giil 4p suft cin bing la 1,0atm. Tinh d6 phan ly
o' caa SO,CL, trong diéu kién nay.

Gidi:

a) e e O thé tich khéng d6i va nhiét d khong ddi, 4p sudt riéng phan
cua cac khi khong d6i, nén cin bang khéng chuyén dich.

¥ ap suit khong dédi, can bang (2) khong chuyen dich vi An=0.

Can bing (1) chuyen dich sang phai, cén bang (3) chuyén dich
sang trai, vi:

K, =K, (—z%—)ﬁ‘,‘ = const

Can bang (1) ¢6 An > 0, khi En ting, P khong ddi, thi ({P—)A“ giam,
n

do @6 K,, phai tang.
Can bang (3) ¢6 An <0, x4y ra hién tugng ngugdc véi can bang (1).
b) S0,Cl, = S0, +Cl,

S6 mol lic cin bang: 1 -« o a =>In=1l+a
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8.8.

a’* P a’P

e ire 1o
e Khi P, = 1,0atm, thi a = 0,84.
e Khi thém 1,0mol khi He thi ¥n = 2 + o', nén:
a' 1
1-a' (2 + o ')

= o' =0,89.

CaCOy(tt) = CaO(tt) + COy(k)
a) Tinh bac ty do cia hé cAn bang. Rit ra yé&u t& dnh hudng dén
cin bdng. Né&u ban ddu chi ¢6 CaCO, thi bic ty do ctia can bing c6
bién d6i khéng?
b) O 820°C, hing s6 cin bing K, = 0,20. Cho 0,10mol CaCO; vao
binh chén khéng dung tich 22,4 lit & 820°C. Tinh s8 mol cic chit
lic can bang.

2,39 =

2.39 =

¢) Néu ting dung tich ctia binh phan Ung 1én dén V lit, thi V ¢6
gia tri t&i thiéu 1 bao nhidu 48 0,10mol CaCO; phan huy hoan
toan § 820°C. Thiét 1ap phudng trinh P = f(V') khi V' > V, P 1a ap
sudt cia hé.

d) Néu thém vao hé mot lugng nhd CaO(tt) thi can bing c6 chuyén
dich khong? Tai sao?

Giai:

174

a) v=3-1-3+2=1 Nhiét d hoic ap sust CO, anh hudng dén
can bing.

Néu ban déu chi ¢6 CaCO,, thi v vin khong déi vi khéng thém
phuong trinh lién h¢ c4c néng do.

b) CaCO, = CaO + CO,
S6 mol ldc can bing: 0,10 — x X X
K, = Py, = 0,20atm
_ 0,20x 22,4
0,082 x 1093
Nceo = 0,05mol; N¢,co, = 0,10 - 0,05 = 0,05mol.

X=n = 0,05mol.

co,

¢) Khi 0,10mol CaCO, phan huy hoan toan thi neo, = 0,10mol,
khi dé:



8.9.

_ 0,10x0,082x1093
0,20

A = 44,8L

Néu V' >V thi:
0,10x0,082x1093 _ 9,0

v v
d) Thém mot lugng nhd CaO(tt) can bing khong chuyén dich, vi
khong 1am bién d6i P, can bing.
Cho m gam HgO(tt) vao binh chan khéng dung tich 0,50 lit 4 nhiét
d6 773K xay ra cin bing sau:

2HgO(tt) = 2Hg(k) + O,(k)

Lic can bing ap suit trong binh 12 4,0atm:
a) Tinh bac tu do cua hé cin bang & nhiét d6 khong d6i va binh
phan ting lic ddu chia tat ca cac cdu td theo ty 18 bat ky. Rit ra
y&u t& Anh hudng dén can béang.
b) Tinh K, va AG® ctia phan tng o 773K.
¢) Tinh entanpi tu do chudn tao thanh cta HgO(tt) 8 773K.
d) Tinh lugng nhé nhat m, ciia HgO cén cho thi nghiém nay.
e) Lap lai thi nghiém béng cach cho m gam HgO va O, vao binh véi
P, = 0,40atm & 773K. Thiét lap phuong trinh K, = f(Py) v6i Pr 12

P= atm

ap suét tdng cong cta hé lic can bang.

Gidi:

aav=3-1-2+1=1 Ap su#t anh hudng dén cén bang (vi
T = const nén K, = const).

b) Py, = 2P, = P, = %atm va Py, = %atm

2
K, = [-8-) <2 =948
3) "3
AGS., =— 8,134 x 773In9,48 = - 14,5.10°J.

3
&) AGS, (HgO,tt) = 11&5_2-10_ = 7,25 kJ.mol™
d) Nyg = Nygo bi phﬁn hu&
_8 _ 050
T 370,082x773
m,(HgO) = 2,1.107% x 216,6 = 4,6¢.

n =2,1.10"%mol
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e) Khi can bing:

1
Py, = (Py - 0,40) :z-(atm); P,,= (Pr = 0,40) < + 0,40 (atm)

P, = %(PT +0,80) (atm)
K, = 2;47 (P; - 0,40)(Py + 0,80).
8.10. CH,CHOHCH,(k) = CH,COCH, (k) + H,(k)

a) Tinh béc ty do clia hé can bing. Rit ra cac y&u t& 4nh hudng
dén can bing.
b) Cho CH;CHOHCH; vao binh chan khéng § 450K. Tinh do phéan
ly o caa CH;CHOHCH,, blet ring K, = 0,44 va ap suit lic can
bing 1a 1,0atm.
¢) Tinh d phan ly «' cta CH,CHOHCH, n&u lic ddu chi c6
CH,CHOHCHj, véi P = 1,0atm, nhiét dé vin 13 450K.
d) N&u trdn ba khi v6i nhau & 450K nhu sau:
P(CH,CHOHCH,) = 0,10atm; P(CH,COCH,) = 0,60atm; P(H,) = 0,40atm.
Tinh AG cta phén tng. Suy ra chidu phan ing & didu ki¢én nay.
Gidi:
a) v=3-1-1+2=3 Nhiét dd, ap suft va ty 1& s6 mol gida
CH,COCH; va H, anh hudng dén can bing.
b) CH,CHOHCH; = CH,;COCH, + H,
S6 mol ldc can bing: l-a o a=>In=1+a
_a® P . a’
Tl-a 1+ 1-q

(12

p

0,44 = 5 = a=0,55.

¢) Lic diu chi ¢6 1,0mol CH CHOHCH3 v6i P = 1,0atm. Khi can
bing c6 (1,0 + a)mol, nén ap suit can bang 14 (1,0 + a")atm. T d6:
a”? (1+a' o'
0,44 = = =o' =0,48.
l-a'\1+a' 1-a'
0,60x0,40

d) Qp=“’—0‘10’—=2,4.

AG = 8,314 x 4501n-02f444— =6347J > 0: Chiéu nghich.

3
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Bai tép tu gidi

8.11. C6 bao nhidu bac tu do d6i véi mdi hé sau va cho biét nhing
thong s6 trang thai nao d#c trung cho mdi hé dé:
a) Nuédc 1éng va hoi nuéc ndm c4n bing véi nhau & ap suat 1,0atm.
b) Nuée 16ng va hdi nude ndm cin bing véi nhau.
¢) Nudc 16ng va mdt s6 mau nude da ndm cin bing véi nhau.
d) I, nAm can bing gita nudc 1dng va benzen & ap sudt 1,0atm va
khong ¢6 mét I(tt).

D.S. a)v=0
byv=1
cgv=1
dv=1

8.12. Xét cac can bing sau:
a) Ny(k) + Oy(k) = 2NO(k)
b) 2CH,(k) + O,(k) = 2CO(k) + 4H,(k)
¢) CcHe(€) + 3Cly(k) = CeH(Clg(tt)
d) CH,(k) = C(tt) + 2H,(k)
D61 véi mdi can bang, hiy xac dinh bac ty do cho ba trudng hop dudi
day va giai thich cac gia tri tim duge. Binh phan tng lic d4u chia:
e T4t ¢4 cac cdu ti theo cac ty 1é bat ky.
e Chi cac chit phan ing theo cac ty 1& bt ky.
e Chi céc chit phan tng theo hé s& ty lugng.
P.S. a) v =2 (T, ty 18 s8 mol N,:0,) ding cho ca trudng
hgp thi hai.
v=1(T).
b) v =4 (T, P, cac ty 1é s6 mol CH,:0, va CO:Hy)
v =23 (T, Pvatylé CH;O,
v=2(TvaP).
¢) v=1(T hodc P ) ding cho ci ba trudng hgp.
d) v = 2 (T va P) ding cho ca ba truong hdp.

8.13. § ap sudt 1,00atm, nudc sdi § 100,0°C. Tinh nhiét d¢ s6i ctia nudc
& 1,95atm, biét ring entanpi hoa hoi cla nudc 8 nhiét d6 sbi la
40,66 kJ.mol .

' D.S. 120°C
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8.14.

1 3 R
ENz(k) + EHZ(k) = NH;(k)

Cac s6 lidu AGy, AH? (kd.mol™) va C; (J.K™".mol™") cta céc chat

sau ¢ 298K:

AG?
AHS
C

No(k) H(k) NH,(k)
0 0 ~ 16,63
0 0 - 46,19

29,12 28,84 35,66

a) Tinh bac tu do ctia hé c4n bing. Rit ra k&t luan cAn thiét.
b) Tinh AG®° va K, cia phan tng & nhiét d6 298K.
¢) Thiét 1ap phuong trinh InK, = f(T). Tinh K, 6 773K.

d) Mu6n c6 hiéu suit tdng hgp NH, 16n ¢ 773K c6 thé ap dung
nhiing bién phap gi?

e) Tinh ap suét riéng phén cia NH, néu duy tri 4p suit can bing &
50,0atm va ¢ 100,0atm. CAc chat 14y theo ty 18 s mol N,: H,=1: 8.
DS a) v=3-1-1+2(T,PvatylésdmolN,: H,)

b) A G, = -16,63 kJ; K,(298K) = 822,4
¢) InK, = 5,92 + 4761,4T"! - 2,66 InT
K,(773K) = 3,65.10"

d) Ap suit cao, ty 18 s8 mol N, : H, =1: 3, cAn nhiét
d6 thich hgp, diang chit xidc tac vi téc dd cham.
e) P = 50,0atm; PNH;, = 2,66atm

P =100,0atm; Py, =9,67atm.

8.15. Khi dét chay C c6 thé xay ra déng thdi bsn phan ing sau:
C(gr) + O,(k) —» CO,(k); AG=-394 132,8 — 0,8368T (J)
C(gr) + COykk) = 2CO(k);
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Cler) + %Oz(k) - CO®K) ; AGS= ~111 712,8 — 87,6548T (J)

2C0(k) + Oy(k) > 2C0O,(k)
a) Tim diéu kién dé CO tao thanh c6 hiéu sudt eao.
b) Tinh thanh phén CO va CO, trong hdn hop can bing & 4p suét
1,0atm va cac nhiét 6 1073K va 1273K.

12. BT Héa hoc dai cuong - B



¢) Néu ap suéit can bang chi 1a 0,50atm, nhung van gid cac nhiét
dd nhu phan b, thi thanh phan CO va CO, s& 1a bao nhiéu?

So sanh cac két qua véi phdn b xem c6 phit hgp véi nguyén 1y Le
Chatelier khéng.

D.S. a) Thidu oxi (hay khéong khi); T > 978K va ap sudt thép.
b) 1073K : 88% CO va 12% CO, theo thé tich
1273K: 99%CO va 1% CO, theo thé tich
¢) 1073K : 93% CO va 7% CO, theo thé tich
1273K: 99,6%CO va 0,4% CO, theo thé tich.

8.16. Bing thuc nghiém ngudi ta di xac dinh dudc mot hén hgp khi
gébm 1,95% CO va 98,06% CO, theo thé tich nim can bing véi
Ni(tt) va NiO(tt) ¢ ap suit 1,0atm va nhigt 46 1773K.

Tinh 4p sudt riéng phéin cla oxi n&m can bing véi Ni va NiO, déng
thdi tinh AG? cta NiO(tt) & nhiét db 1773K dua vao cac sd liéu

sau.
C(gr) + —;—Og(k) L CO®); AGS=-111712,8 - 87,6548 T (J)

C(gr) + 0,(k) —» COx(k); AG;= ~-394132,8 - 0,8368 T (J)
b.S. P, = 6,78.107%atm; AG3,y; = =70,7 kd.mol ™.
8.17. 2Ag,0(tt) = 4Ag(tt) + Ox(k)
a) Tinh bac tu do ciia hé cin bing. Rat ra két luan can thiét.
b) Thist lap phuong trinh AG;= £T) cho phan @ng, thita nhan
AH® va AS° 1a hiing sb d6i véi nhiét do. ® 25°C hing s8 can bing
K,=1,90.10" va & 98°C hing s6 K, = 2,35.107%.

¢) Cho 1,0.10%mol Ag,0 vao binh chan khéng dung tich 2,0 lit &
98°C. Tinh s6 mol O, § trang thai can bang.
d) Khi can biing, néu tang dung tich ctia binh phan dng 1én & nhiét
do6 khéng d8i thi x4y ra hién tugng gi?

P.S. a) v=1. Nhiét dd hodc P, anh hudng dén cin bing.

b) AGS = 60662 - 132T (J)
¢) ng, = 1,54.107°mol

d) Can bing chuyén dich theo chiéu thuén.

179



8.18. ZnO(tt) + COk) = Zn(k) + COxk) ; AH®° = 195,0 kJ

“a) Tinh bac tu do cia hé can bing, néu lic ddu chi cé ZnO(tt) va
CO(k). Riit ra ké&t luan vé s6 lidu thu duge. -
b) Cho ZnO va CO vao binh chan khéng kin & 1273K. Tinh ap suit
riéng phén cla cac khi lic can bing, biét ring K, =3,0.10%va P
lic can bing 14 1,0atm.
¢) Lam ngufi tit ti hé can bing xudéng 1073K. Tinh K, 4 1073K, coi
AHP° 12 héng s8 véi nhiét do.
d) Can duy tri ty 18 P, : Pgo, 12 bao nhidu @€ khi can bing P,, 1a
0,15atm & 1073 K?

e) Khi can bing néu thém mot lugng nhd ZnO(tt) vao thi can bing
¢6 chuyén dich khong?

DS a)v=2(TvaP)
b) PCOI = 0,15atm; Py = 0,71atm; P,, = 0,15atm
c) K,(1078K) =9,7.10™*
d) Peo : Py, = 155
e) Khéng chuyén dich
8.19. D& t8ng hgp NH, ngudi ta ding ty 16 s6 mol N,: H,=1: 3
Ny(k) + 8H,(k) = 2NH,(k)
a) Tinh bac tu do cta hé can bing. Rit ra k&t luan cin thiét.
b) Khi can bang ap sufit riéng phdn cta NH, la Pyu, v& ap sult

P,
tong cong 1a P. Dit a =

Tim biéu thc lién hé gilta héing s6 can bing K,vaa, Pvatinhad
773K, biét rang P = 6,0.10%atm va K,=1,5.10"

D.S. a)v=2(TvaP)

b ——E——z qa=
| ) oy 0,325/K, va a=0,335
8.20. CaCO4(tt) = CaO(tt) + COy(k)

a) Tinh bac tu do clia can bing & nhiét 4 x4c dinh.
b) Cho 0,10mol CaCO, vio binh chan khéng kin dung tich 22,4 lit 6
1093K. Tinh s6 mol cac chat lic can bing, bidt rang K, =0,20.
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¢) Cho 0,10mol CaO vao binh chan khéng kin dung tich 22,4 lit &
1093K. Sau d6 cho thém n mol CO, vao binh. Héi:

e n bing bao nhiéu thi CO, bit ddu phan dng véi CaO?

- » n bing bao nhiéu thi CO, phan ing vita hét CaO?
e n bit diu bang bao nhiéu thi 4p suit P trong binh 16n hon K,?
Thiét 1ap phuong trinh P = f(n).

D.S. a)v=0
b) 0,050mol CO,; 0,05mol CaCO; va 0,050mol CaO.
¢) e n > 0,050
en=0,15
en>0,15;P=4 (n-0,10).
8.21. L(tt) = I,(k); AG® = 62400 - 144,5 T (J)
a) Tinh bac tu do clia hé can bing. Rit ra két luan.
b) Tinh K, ¢ 373K.

¢) Cho 0,020mol I,(tt) vao binh chén khéng dung tich 5,0 lit 0
373K. Tinh s6 mol L,(tt) va I,(k) lic cdn bing.
d) Néu ting dung tich ctia binh phan ing 1én & nhiét d¢ khéng doi,
thi 8 dung tich V' nao cta binh, 8 d6 I,(tt) bat ddu bién mat?
Tinh béc tu do cia hé khi V>V
e) Ching minh ring § 373K phén @ng sau xay ra khéng dang ké
bing cach tinh ap suit caa I(k): '

L(k) = 2I(k); AG° = 151200 - 100,8 T (J)

D.S. a) v=1(T hodc Pyq)
b) K, = 6,45.107
¢) ny g = 1,1.10% n, ¢, = 0,9.107

dV=95L;v=1
e) Py = 2,8.10%atm.
8.22, N,(k) + O,(k) = 2NO(k)
a) Tinh béc tu do clia can béng, néu lic ddu chi c6 N, va O, theo ty
18 s6 mol N, : O, = 1: 1. Yéu t& ndo 4nh hudng d&n cén bing?
b) Ding N, va O, vdi s8 mol bdng nhau cho phan tng. Khi cidn
bing ¢6 10,0% O, da phan ing. Tinh hing s8 can bing.
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8.23. SO,(k) + %Og(k) = SO,(k); InK, =

¢) Né&u dung khéng khi (0,80 mol N, va 0,20mol O,) cho phan tng ¢
cung nhiét d6 nhu trén, thi ty 1& O, s& phan {ng 12 bao nhiéu?
d) Tim biéu thic lién hé giita 4p suit riéng phan cta tirng khi va
ap suidt chung P; khi hé & trang thai cAn bing trong trudng hdp
dung khong khi dé thuc hién phan tng.
D.S. a)yv=1(D
by K= =+
81
c) 20%
d) Pyo = 0,080 Py; Py = 0,76 Py; Py, = 0,16 Py

11500

-10,9

a) Xac dinh AH° va AS°® ctia phan ting.
b) Phan mol ban d4u cta cic chit nhu sau:
Xso, =0,10; %o, =0,10; xn, = 0,80

O nhiét do xéc dinh T, khi can bing c6 80,0% SO, d& chuyén thanh SO;.
Goi n 1a téng s8 mol khi trong hén hgp ban diu. Tinh s& mol ting
ch&t theo n trong hén hgp lic ban dau.
¢) Tinh K, va nhigt d6 T cla phan tng, biét ring lic can bang ap
sudt 1a 1,0atm.
D.S. a) AH®°=-95611J; AS° =-90,62 J K
b) Ny, =0,10n; ng, = 0,10n; ny = 0,80n
c) K,=16; T = 841K

8.24. 4Cu(tt) + O,(k) = 2Cu,0(tt) (1) ; AG?
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2Cu(tt) + Oxk) = 2CuO(tt) (2) ; AG;
T(K) 300,0 800,0
AGe(kJ.mol™) | - 300,0 ~230,0
AGS (kJ.mol™) - 260,0 ~170,0
a) X:élc dinh AH® va AS° ctia hai phan ing (1) va (2). Coi AH® va AS®
la hang s6 d6i véi nhiét do.
b) Tinh A GSctia phan tng (3) d nhiét db 800,0 K:

CuO(tt) + Cu(tt) = Cu,0(tt) (3)



¢) Xac dinh AG? cta phan tng (4) ¢ 800,0K:
2Cu,0(tt) + O,(k) = 4CuO(tt) (4)
D.S. a) AH® = ~342,0kJ; AS; = -0,140kJ
AHS = —314,0kJ; AS; = -0,180kJ.
b) AG2=-30,0 kd.
¢) AGS =-110,0 kJ.
8.25. 2H,(k) + 0,(k) - 2H,0(k)
AGL= -495,0.10% + 7,80TInT + 33,00T + 0,010T? (J)
a) Thiét 1ap cac phuong trinh AH; = £(T); ASS = f(T) va AC; = £(T).
b) Tinh AH®, AS®, AC; va AG® 6 1227°C.
D.S. a) AH;= -495,0.10% - 7,80T — 0,010T2 (J)
AS;=-40,80 - 7,80InT — 0,020T J.KM
ACS = -7,80 - 0,020T (JK™).
b) AHS,, = -529,2 kJ; ASy, = -127,8 LK’
ACo= 37,8 J K™ AGly, = -337,5kJ.

8.26. 4Cu(tt) + O,(k) = 2Cu0(tt) 1);
AG?=-333,4.10° + 136,6T )
2Cu,0(tt) + O,(k) = 4CuO(tt) (2);
AGS= -287,4.10° + 232,6T )
2Cu(tt) + 0,(k) = 2CuO(tt) 3)

a) Tinh AH°, AS°® va thiét 1ap phuong trinh InP, = £(T) d61 véi ba
phén ing trén. Tit d6 tinh P, 8 298K cua ching.
b) Cho 5 gam CuO(tt) vao trong binh chan khéng dung tich 2,0 lit &
nhiét ¢ 947°C. Tinh s6 mol cac ch&t lic can bing (2) duge thiét lap.
D.S. a) AH® =-333,4kJ; AS; = -136,6 J.K

AH; =-287,4 kd; AS; = -232,6 J.K!

AH: = -310,4 kJ; AS; =-184,6 J K™

InP§) =16,43 - 40,1.10°T;

In P =27,98 - 34,57.10°T";

InP =22,2- 37,33.10°T;

b) n,, =0,014; ng, o =0,028; Neyo = 6,5.10°mol.
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8.27. Cao hon nhiét d6 néng chay ctia Zn (1180 K § ap sust 1,0atm),
céc phan dng (1) va (2) duge mé ta biing céc phuong trinh sau:

2H,(k) + Oy(k) = 2H,0(k) (1); AG;=-492,0+ 0,111 T (kJ)
2Zn(k) + Oy(k) = 2ZnO(tt) (2); AG;=-940,0 + 0,415 T (kJ)
a) Tinh ap suét cta Zn khi nung ZnO(tt) du & 927°C.
b) ZnO(tt) + Hy(k) = Zn(k) + H,0(k) (3)
* Tinh nhiét d9 6 d6 phan dng (3) ¢ diéu kién chusn di theo chidu

ngugc lai (nhiét dd nghich dao T,) va pham vi nhiét d6 ma ZnO cé
thé bi khi.

* Xac dinh nhiét 46 T, 6 46 K; = K, = 15,0.

¢) Mot lubng khi H, dugc théi qua ZnO trong 16 4 nhiét do T,. Khi
cin bang ap suit cla hé 1a 1,00atm. Tinh ap suit riéng phén cta
céc clu ti khi can bing (3) dugc thiét 1ap.

d) Mét budng chan khéng kin dung tich 10,0 lit ‘duge duy tri &
nhiét d6 T, chia 2,00mol H, va ZnO du:
e Tinh ap suit trong budng hic cin bing.
e Xac dinh s6 mol ZnO t&i thidu dude dua vao budng dé théa man
can bing.
D.S. a) Pz, = 4,86.10"atm
b) o T, = 1474K; T > 1474

eT,=1730 K
c) P, = Pﬂﬂ0 = 0,492atm; PH, =0,016atm
d) e P =43atm

® nz,0 = 1,02mol.
8.28. Can bing Deacon ngay nay duge dung d€ san xuit clo:
O,(k) + 4HCl(k) = 2H,0(k) + 2CL(k)
AHje = ~114,0 kJ va ASZ, = -120,8 J.K™*
Gia tri AHp,, (kd.mol™) va C; (3. K™'.mol™) ctia céc chdt nhu sau:
0.(k) Cly(k) HCIk) | H,O(k)
C 29,0 34,0 29,0 34,0

AHS o | o ? ~242,0
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a) Tinh AHZ,,, chia HCI(K).
b) Tinh AH° cta phan ting ¢ 427°C.
¢) N&u coi AH® va AS° 1a hang s8 d6i véi nhiét 49, hay tinh avab

trong biéu thic InK, = %+ b cho phan dng. -

d) Cho 2,2mol O, va 2,5mol HCl vao binh chan khong ¢ nhiét do
xac dinh. Khi cin bing s6 mol O, gip d6i s8 mol HCL. Ap sudt lic
cAn bang 14 1,0atm. Tinh s6 mol Cl, thu duge va gia tri K, d nhiét
dd phén Gng. Tt d6 suy ra nhigt d§ phan dng.
D.S. a) - 92,5 kd.mol™
b) -117,6 kJ

1,37.10*

¢) InK, = -14,5

d) 0,80mol Cl,;; K,=1,49; T = 919K.
8.29. Trong céng nghiép crom c6 thé dude diéu ché bang phan lng sau:
Cr,0,(tt) + 3Hy(K) = 2Cr(tt) + 3H,0(K)
Lic can bing, dusi 4p suat ctia hidro khéng d6i va bang 1,0atm,
ngudi ta do dugc ap sudt ciia hoi nudc theo nhiét do nhu sau:
t°C 932 966 1002 1138 1427
10*.p(H,0),atm | 3,66 6,20 8,80 29,5 256
Gia thidt ring, cAc entanpi chudn cda phan Gng va tao thanh la
khong ddi trong khoang 900 - 1500°C.
a) Xac dinh entanpi chufn cha phan dng bing d6 thi. Tt d6 suy ra
entanpi chudn tao thanh cta Cr,O4(tt), biét rdng entanpi chuin
tao thanh cta H;O(k) 1a —241,8 kJ.mol™.
b) Cho 0,10mol hidro va 5,0.10™“mol Cr,0; vao binh chdn khong
dung tich 10,0 lit & nhiét d3 932°C:
e Tinh 4p sGat ridng phan cla hidro va clia hoi nudc & can bang.

e Xac dinh lugng crom tao thanh.
e Nhiét d6 t6i thidu 1a bao nhidu dé khit hoan toan Cr,05?
D.S. a) AH® = 430 kJ; AH? (Cr,0s,tt) = -1155 kd.mol™
b) ¢ P, ,=3,7.10atm; P = 1,0atm
e n, = 2,44.10°mol
e T=1620 K.
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8.30. D& nhiét phan thach cao, ngudi ta sit dung hai can bing sau §
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1400K:
(1) CaSO,(tt) = CaO(tt) + SO,4k); K, = K,=17,0.10"¢

(80,00 = S0,(0 + 20,005 K,=K,=20,0

a) Xac dinh béc tu do ctia hé can bing thu dudgc chi tir CaS0,. Giai
thich k&t qua thu duge.
b) Tinh ap suft riéng phan cla cac khi, néu hic diu ch; cé CaS0, ¢
trong binh chan khéng.

¢) Trong thyc t&, ngudi ta thém Si0, vio CaSO,. Khi d6 can bing
(1) duge thay thé& bang cin bing (3):

(3) CaSO,(tt) + SiOy(tt) = CaSiO(tt) + SO4(k); K; =K, = 1,0 (G 1400K).
* Xac dinh hang s8 can bing ctia phan tng (4):
(4) CaO(tt) + SiO,(tt) = CaSiO.(tt)
e Tinh Py, 6 di€u kién nay. Két luan vé vidc thém Si0,.
D.S. a)v=1
b) P(SO,) = 7,0.10%atm; P(S0,) =2P(0,) = 3,4.10%atm

c) K, =1,43.10°; P(S0O,) = 9,28atm. Thém Si0, tiang
su phén huy CaSO0,.



Chuong 9
DUNG DICH

TOM TAT LY THUYET
Hé phan tan
Mot chat hay mot s8 chit phan bd thanh nhiing hat nhé trong mot

chat khac tao thanh mét hé, goi 14 hé phdn tdn. Chit phén bd goi la
ch&t phdn tdn, chit chiia chdt phan tan goi 1a moi truong phén tdan.

Huyén phi va nhii tudng

Huyén pht va nhii tudng 14 cAc hé phan tan, trong d6 kich thude cua
cac hat phan tan ¢ tit 107 d&n 10™ m, cdn mdi truong phén tan 1a 10ng.

Né&u hat phan tan 1a rén, hé phén tan la huyén phu, vi dy, nudc
phil sa. Néu hat phéan tan 1a 16ng hé phan tan la nhd tuong, nhu cac
hat md trong sia.

Céc hé nay khong bén.

Dung dich keo

Dung dich keo 1a hé phan tan, trong d6 cac hat phan tan c6 kich
thude ¢d 107 d&n 10~ m. Dung dich keo tuong déi bén.

Dung dich
Dung dich that, thudng goi 14 dung dich, la hé phan tan, trong dé
cac hat phan tan cd kich thude phin ti hay ion. Hé nay rat bén.

Trong dung dich, chat phén tan goi la chdt tan, con moi trudng
phén tan 12 dung méi.

Entanpi hoa tan mét chat

Entanpi hoa tan 1a lugng nhiét toa ra hay thu vao khi hoa tan
hoan toan 1,0mol chit trong mét lugng dung mdi xac dinh & nhiét dd
va ap sudt xac dinh.

Vi dy, entanpi hoa tan caia NH,NO; va cha KOH trong mot lugng
16n nudc 14n lugt 1a +24,6 va —55,6 kd.mol” 1

187



Dung dich bao hoa va qua bio hoa _

Dung dich béo hoa 12 dung dich chita Iugng t5i da chat hoa tan g
diéu kién nhat dinh, khi d6 giita phan da hoa tan va phin khéng hoa
tan cia ch&t d6 ndm c4n bing véi nhau.

Trong mét s8 trudng hop ta cé thé tao duge dung dich chia lugng
chidt tan 16n hon so véi dung dich bao hda, goi 1a dung dich qui bio
héa. Dung dich qua bdo hoa khéng bén, lugng du chat tan dé tach ra
khoéi dung dich.

Do hoa tan

Do hoa tan ctia mét chit trong mot dung mdi nio d6, dugde tinh
béng ndng d6 cha dung dich bo hoa chat do.

D¢ hoa tan ctia da s§ chit rdn va chat l6ng trong nudc ting theo
nhiét .
| Do hoa tan cta chat khi trong nuéc giam theo nhiét d6, nhung tang
theo ap suit.

Trong dung dich bdo hoa ch4t khi tén tai cin bing sau:

Chat khi + 16ng = Dung dich béo hoa khi.

Khi 4p suét chat khi ting, can bang chuyén dich theo chiéu thuan.
Theo dinh luat Henry, néu tang 4p suét 1én n 14n, thi d6 hoa tan ciing
tang 1én n lan & nhiét d6 khéng déi:

m = kP 9.1)

m — khéi lugng khi hoa tan

P — ap suit cta khi

k — hé s6'ty 18, k phu thudc ban chat chat khi, dung méi va nhiét do.

Néu trén mit dung méi c6 mot s& chat khi, thi d§ hoa tan ctia méi
khi phu thudc vao ap suat riéng phan cﬁa ting khi.

Dinh luat Henry chi ding cho ch&t khi ¢4 do hoa tan nhd, § ap suit
khong 16n va chit khi khéng tic dung hoa hoc véi dung méi.

Dung djch ly tudng

Dung dich 1y tuéng 14 dung dich ma ho4 th& ctia né tudn theo dinh
luat tuong tu khi 1y tudng.

Hoa thé cha cdu ti i trong dung dich 1y tudng duge tinh theo cong
thic (6.36).
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Ap sudt hdi bao hoa ctia dung dich ly tudng. Dinh luat Raoult

Diéu kién can bing gilia 1dng va hoi cia dung dich 1y tudng & nhiét
d6 va ap sudt nhat dinh 1a hoi thé& clia mdi ciu td i trong pha 1ong va
pha hoi phai bang nhau:

W=
Theo (6.36): p =p +RTIny,
Theo (6.32): p' =p>" + RTInP, (vé6i P, = latm)
of 9.h
Khi can bang: In B BT - oonst
Xi RT
) P. .
bat —=k; =P =k,
Xi
Khi y; = 1 thi k; = P 14 4p suéit hoi ca c8u ti i nguyén chit:
P, =Py, 9.2)

(9.2) 1a biéu thiic cia dinh luat Raoult.

Néu dung dich chda chat hoa tan khong bay hai, thi x; < 1, tit d6
P, < P?, nghia 1a ap suat hdi cta dung dich (P) chtia chat hoa tan
khéng bay hoi luén luén nhd hon ap suit hoi cia dung mdi nguyén
chat (P?) & cung nhiét do.

Gia s dung dich chita chat hoa tan khéng bay hdi véi phan mol 1a
X, thi phdn mol clia dung méila 1 - y,. Theo (9.2):

P=P,(1-1y,)
_ PP _
p, L

Dat P, — P = AP 14 @5 giam ap suit hoi caa dung dich so véi dung
mdl nguyén chat, ta co:
AP n,
_P;- B n, +n,

9.3)

n, — s mol chat hoa tan khéng bay hoi;
n, — s8 mol cia dung mbi.
Nhiét do s6i cia chat long
Nhiét dé sdi clia chét 1dng 14 nhiét dd & d6 ap suét hoi béo hoa caa

nd bang 4p suét bén ngoai trén mit chit 1ong.
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Nhiét do sbi ctia chat 16ng nguyén chat

O nhiét db s6i tdn tai cAn bing sau:
L=H
| Bac tu do:
v=1-0-2+2=1
Nhi¢t do séi clia chét 16ng nguyén chit chi phu thude vao ap suit
bén ngoai. Vay trong qua trinh séi, nhiét dé s6i ctia chat 1dng nguyén
chat khong bién déi, néu ap sudt trén mit chit 10ng khéng bién déi.

Nhiét dd sbi cia dung djch chat tan khong bay hoi. Dinh luat Raoult
Nhiét dé s6i cua dung dich loai nay cao hon so véi dung moi
nguyén chit, vi § cing nhiét do 4p sudt hoi cta dung dich nhé hon. Bac
tu do:
v=2-0-24+2=2
Nhiét d9 s6i cta dung dich chét hoa tan khong bay hai phu thudc
vao ap sudt bén ngoai va néng @6 dung dich.
Néu goi t, (dd) 1a nhigt d¢ séi clia dung dich, t,(dm) 1a nhiét dd sbi
cua dung mdi thi:
At, = t(dd) - t.(dm)
At, — d6 tang nhiét d6 s6i ciia dung dich so v6i dung mdi nguyén
chét. Theo dinh luat Raoult:

At,=k#=k 2 (9.4)
M

% — néng dd molan (s8 mol chat hoa tan trong 1,0kg dung méi);

m ~ 8 gam chat tan trong 1,0kg dung méi;

M — kh6i lugng mol chét tan, g.mol™;

k, — hdng s8 nghiém sdi, k, chi phu thudc ban chat dung méi, vi du,
k,(H,0) = 0,52, k(C;H,) = 2,53.

Khi dung dich lodng bay hai, thi hoi dung mdi bay ra 1am cho nong
d9 dung dich téng ddn, nén nhiét do s6i ting din cho dén khi dat dén
dung dich bdo hoa, thi nhiét d6 sbi khong bién déi nita. Lic nay hoi
dung méi bay ra, chat hoa tan sé& k&t tinh lai, nén néng d6 khéng déi.
Su xudt hién thém pha rin, nén: ’

v=2-0-3+2=1,

Luc nay chi 4p sudt bén ngoai 4nh hudng dén nhiét 44 soi.
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Nhiét dd dong dic cua chit Iong
Nhiét d6 déng dic clia chat 1ong 1a nhiét db & d6 tén tai can béng sau:
L = R(tt)

Nhiét d dong dic cua chat 1dng nguyén chat
v=1-0-2+2=1
Nhiét d6 déng dic ctia chat 16ng nguyén chét chi phu thuge vao ap
sudt bén ngoai.
Trong qua trinh déng dic, nhiét d6 khong bién déi, néu ap suit
khong bién ddi.
Nhiét do déng dic clia dung dich khdng tao dung dich ran vdi
dung moi
v=2-0-2+2=2
Nhiét d6 dong dic cia dung dich (khong han ché chi véi chét hoa tan
khong bay hai) phu thude vao ap suit bén ngoai va ndéng d6 dung dich.
Nhiét d6 dong dac ctia dung dich ludn thip hon nhiét d¢ dong dac
ctia dung méi nguyén chat, vi khi hod tan mgt chat vao dung mdi, thi
ndng d6 dung mdi gidm xudng va cin bang:
L = R(tt)
chuyén dich sang trai, tuan theo nguyén ly Le Chatelier, nén can phai
ha nhiét d6 cho qué trinh déng déc.
Goi ty(dm) 12 nhiét d6 dong dic clia dung mdi nguyén chit va tu(dd)
12 nhiét d6 dong dac ctia dung dich, thi
Aty = ty(dm) — te(dd)
13 d6 giam nhiét d6 dong dic cia dung dich so v6i dung mbi, tuén theo
dinh luat Raoult:
m
M
ky — hdng s8 nghiém dong, k, chi phu thudc ban chat dung méi, vi
du, k,(H,0) = 1,86; ky(CeHo) = 5,12.
Khi dung dich lodng ddng déc thi hau hét cac trudng hop tinh thé
tach ra ddu tién 1a dung méi, 1am cho ndng 46 ¥ tang din, nén nhiét

Aty =k €= k4 (9.5)

d6 déng dac caa dung dich gidm dén trong qua trinh déng dac. Khi
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dat dén dung dich bao hoa thi tinh thé chat tan va dung méi cung két
tinh. Lidc nay nhiét dd déng dic dude gid nguyén cho téi khi toin khéi
hoa rén.

— Hén hop tinh thé gdém chét tan va dung méi 1a hén hop dtecti.
Nhiét d9 lic tao hon hgp otecti 13 nhiét dé otecti. Néng dé tng véi lic
tao hén hop dtecti 1a néng dé otecti.

!

o) nhiét dd otecti cac tinh thé dung méi va chat tan méi cung tén
tai, cao hon nhiét d4 nay, mét trong hai loai tinh thé sé tan ra. Trong
truong hgp nay, tinh thé nao c6 ap suit hoi 16n hon sé tan. Vi du, nhiét
dd otecti cia dung dich NaCl trong nudc 1a -21,2°C, {ing v6i néng dd
dtecti 1a 24,4% NaCl. Néu tron cac tinh thé NaCl véi nuée da & 0°C thi
hudc da sé tan. Qua trinh nay hap thy nhiét 1am nhiét d¢ ctia hdn hgp
giam xudng thap hon 0°C. Hién tugng nay duge dng dung dé tao hdn
hgp lam lanh.

Dung dich cia méi chat cé nhiét do odtecti xac dinh. Vi du, nhiét d6
otecti cia dung dich KNO, trong nuéc 1a -2,9°C va caa CaCl, 1a -55°C.

G thdi diém tao hdn hgp dtecti bac tu do 1a:

v=2-0-3+2=1

Lic nay nhigt d6 déng dic cha dung dich chi phu thudc ap suit
bén ngoai.

Sy tham thau

Sy thdm th&u 1a hién tugng khuéch tan mét chidu cac phan ti
dung méi qua mang ban tham.

Mang ban th&m 14 mang chi cho cic phan ti dung méi di qua ma
khong cho cac phan ti chat hoa tan lot qua.

Hién tugng thdm th&u x4y ra khi hai bén ctia mang ban thim
chia cac dung dich c6 ndng d6 khéc nhau, hodc mét bén l1a dung dich,
con bén kia 13 dung méi nguyén chat. Khi d6 cac phén ti dung méi sé
khuéch tan tit dung dich c¢6 néng dd thdp hon ho#c tit dung méi
nguyén chit sang phia bén kia nhiéu hon so vdi su khuéch tan cac

phén td dung méi theo chidu ngudc lai, do d6 lam téng thé tich cla
phia bén k1a
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Ap suit tham thau

Ap suit thdm th&u P cia mdt dung dich 1a 4p sudt cén thiét tac
dung 1én dung dich dé 1am ngitng sy thdm th&u. N6 bing ap sudt thuy
tinh gay ra bdi cot chat 10ng 1am ngiing sy th&m thé&u.

Ap sust thim th&u P dudc tinh bing cong thic gidng nhu ddi véi
khi 1y tudng, dudc Van't Hoff tim ra bing thuc nghiém:

p-28T_cRr 9.6)
A"/

C — néng @0 mol.L™%.

Céng thic ctia Van't Hoff va cic cong thic cua Raoult trong
chudng nay chi 4p dung dude cho dung dich lodng cta cac chdt khong
dién ly.

BAI TAP

9.1. Tinh entanpi hoa tan ctia CaCly(tt) trong nuéc, biét ring entanpi
hoa tan cta CaCl,.6H,0(tt) 12 16,9 kJ.mol™* va entanpi hidrat hoa
ctia CaCl,(tt) thanh CaCl,.6H,0(tt) bing —98,0 kJ.mol ™.

Gidi: .

. AMH )

CaCly(tt) + ag — Ca®*.aq + 2Cl.aq
AHS N CaCl, 6H,0(it) + ag— AHS

AH® = AH® + AHZ = -98,0 + 16,9 = -81,1 kJ.mol™?

9.2. & 20°C va 1,0atm, do hoa tan trong 100,0 mL nudc cha oxi la
4,13.107%g, cla nito 13 1,75.107%g. Tinh d9 hoa tan & 20°C trong
100,0 mL nudc ctia oxi va nitc khong khi véi gia thiét ring, trong
khéng khi chi c6 oxi va nitd véi ty 18 thé tich 14 0, : N, = 1: 4 va ap
sudt khong khi 1a 1,0atm. So sanh ty 18 O, : N, ¢6 mét trong nudc
va trong khong khi.

Giai:

Py, =%atm va Py =§atm

m (oxi) = 4,13.107% x % =8,26.10"¢g

m (nitd) = 1,75.107 x -g— =1,40.107% ¢
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-4 -3
Ty 1é 9, - 8,26.10 : 1,40.107 _ 0,52 >ty la O, trong khong khi.
"N, 32 28 N,

9.3. 3 25°C 4p sudt hoi bao hoa ctia nudc 1a 3159,68 Pa. Tinh Ap suét
hoi bdo hoa chia dung dich chita 1,80g glucozo (CsH,,04) trong
504,0¢g nude § cang nhiét do.

Giai:

3159,68-P  0,0100
3159,68  0,0100+ 28,0

= P =3158,55 Pa.

9.4. Mot dung dich chita 17,1g chit tan khéng bay hoi, khéng dién ly
trong 0,500kg nudc bit ddu dong dic & -0,186°C. Tinh khéi lugng
mol ctia ch&t tan va nhiét do bit diu sbi ca dung dich.

k,(H,0) = 1,86; k,(H,0) = 0,52

Giai:

Atd-_—kd__lr\% — M= k, xm :1,86x34,2

=342¢g
At, 0,186

At, = 0,52%’22 = 0,052 = t, = 100,000 + 0,052 = 100,052¢°C.

9.5. Nhiét d6 séi cta CS, 1a 319,200K. Dung dich chia 0,2170g luu
huynh hoa tan trong 19,31g CS, bat diu sbi & 319,304K. Hing s0
nghiém sdi cha CS, 1a 2,370. Xac dinh s6 nguyén td luyu huynh
trong mgt phén ti khi tan trong CS,.

Gidi:
k.xm 2370x11,24
M=Xxm_2 2% _ 956
At 0,104 g
S8 nguyén t& luu huynh trong mét phan ta:
256 _o
32
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9.6. 3 293K ap sudt hoi cha nude 1a 2338,5 Pa, 4ap siat hoi cia dung
dich chét tan khong bay hoi, khong dién ly 1a 2295,8 Pa. Xac dinh
4p suit thdm th&u cla dung dich ¢ 313K, biét rang d nhiét do nay
khéi lugng thé tich cia dung dich 1a 1,01 g.cm™, khéi lugng mol
cua chit hoa tan la 60,0g.

Giai:

AP _'my 227 _y8310°

P, n,+n, 23385
Gia thiét s& mol nudc trong dung dich 1a 10,0 thi n, la:

n, = 1,83.10%(n, + 10,0) > n, = 0,1864mol
Khéi lugng chit hoa tan: 0,1864 x 60,0 =11,184 g
Khéi lugng dung dich:

(10,0 x 18,0) + 11,184 = 191,184 g
Néng d6 dung dich:

0,1864x1,01x1,00.10° _ 0,985M

191,184

Ap su4t thadm th&u cta dung dich:
P = CRT = 0,985 x 0,082 x 313 = 25atm.

Bai tép tu gidi

9.7. Entanpi tao thanh cha KCI(tt) 1a -435,87 kd .mol™’. Entanpi tao
thanh cac ion K*.aq va Cl".aq 14n lugt 1a -251,2 va -167,1 kdJ.mol™.
Tinh entanpi cia sy hoa tan KCI(tt) trong nudc. '

D.S. 17,6 kd.mol™.

9.8. Nito khong khi véi ap sut riéng phén la 0,80atm, hoa tan trong
mau § 37°C 13 5,6.10*mol.L". M4t ngudi thg lan thdé khong khi
nén véi ap sudt riéng phén caa nito 1a 4,0atm. Gia thiét tong thé
tich mau trong co thé 1a 5,0L. Tinh s6 mol khi N, thoat ra khi
ngudi thg lin tré 1én mit nudce.

D.S. 1,1.10%mol

9.9.  25°C, ap suat hoi bdo hoa cta nudc 1a 23,76 mmHg, cua uré trong

nuée 1a 22,98 mmHg. Tinh s8 mol uré hoa tan trong 1,0kg nudc.

D.S. 1,8mol
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9.10. Xac dinh khéi lugng mol cta dinitrobenzen, biét ring néu hoa tan
1,00g chat nay trong 50,0g benzen, thi diém séi ting lén 0,300°C.
k,(CsHy) = 2,53
D.S. 168g
9.11. Etilen glicol (CH,OH - CH,0H) 1a mét chit chéng déng bang
dung cho 6t3. D6 14 chit tan trong nudc va khong bay hdi (nhiét 46
s61 197°C). Tinh nhiét d6 bit ddu déng bing va nhiét do bat ddu
s6i cua dung dich chia 651,0g hgp chét nay trong 2505g nudc.
k4(H;0) = 1,860; k,(H,0) = 0,520
D.S. t3=-7,90°C; t° =102°C
9.12. Tinh khéi lugng mol ctia hemoglobin, biét ring ap su#t thim
thiu cta dung dich chia 35,0g hemoglobin trong 1,0L (dung méi 1a
nudc) 1a 10,0 mmHg & 25°C.
D.S. 6,5.10* g.mol ™.
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Chuong 10
DUNG DICH GHAT BIEN LY

TOM TAT LY THUYET

Chat dién ly
ChA&t dién ly 14 chét khi tan trong nudc phén ly ra ion.
Axit, bazo va mudi 14 cac chit dién ly.

Chat dién ly manh va yéu

e Chit dién ly manh 1a chat khi tan trong nudc cac phén ti hoa
tan déu phan ly ra ion. D6 la:

Cac axit manh (HCl, HBr, HI va céc axit ch@a oxi c6 cdng thuc
chung 12 O,_X(OH),, trong 6 m 13 s& nguyén tit oxi lién két tryc tiép
véi nguyén t8 X ma khong lién két véi hidro). N&éu m > 2 14 axit manh.

Céc bazd manh (MOH, M(OH), véi M 14 kim loai kiém va Ca, Sr, Ba)

HAau hé&t cac mudi.

Phuong trinh dién ly chat dién ly manh 1a mét chi€u, con d6i véi chét
dién ly yé&u 14 thuan nghich. "

Nhiing axit manh nhiéu n&c, bazo manh nhleu néic, mudi axit,
muéi bazd chi dién ly manh & néc thit nhat. Vi du:

H,SO, - H* + HSO;

HSO; = H* +807 K=1,0.107
Ca(OH), » Ca(OH)* + OH"

Ca(OH)* = Ca® + OH" = 4,0.102
NaHCO3 - Na* + HCO; -

HCO; = H' +CO; K=4,84.10"

Ca(OH)Cl - Ca(OH)" + CI”
Ca(OH)* = Ca* + OH~
e Chit dién ly y&u la chdt khi tan trong nudc chi mot phén sd phén
td hoa tan phan ly ra ion.
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-Trit cac chdt dién ly manh da ké & trén, con lai cac axit, bazgd va
mudi khéc 14 cac chit dién ly yéu.
Phuong trinh dién ly chat dién ly y&u 13 thuan nghich. Vi du:
CH,COOH = CH,COO +H"

Cong thuc Raoult va Van't Hoff diing cho dung dich chat dién ly

APT_At At Py (10.1)
AP~ At, At, P

AP', At', P': dung dich chat dién ly

AP, At, P: dung dich ch4t khéng dién ly } cung diéu kién

i: hé s6 Van't Hoff

Nguyén nhdn: Cac phéan ti chit dién ly phan ly ra ion lam sé ciu
tl trong dung dich ting. Chinh AP', At' va P' phu thudc vao nong d6 cac
cdu ti nay. Vay:

S8 célu tlt (s ion + s6 phan ti khong phan ly) trong dung dich

1= -
S6 phén td hoa tan
bo diénly a
S6 phéan td phén ly ra ion
S6 phan ti hoa tan
Chéat dién ly manh: a = 1; chat dién ly yéu: 0 < o < 1.

P dién ly biéu kién

Béng thuc nghiém, gia tri o cla ch4t dién ly manh do dugc thudng
nhé hon 1, chi khi dung dich ra't loang o do duge méi bing 1.

Gidi thich: Trong dung dich rét lodng, cic ion & rat xa nhau, c6 thé
bé qua sy tuong tac tinh dién giita cac ion. Nhung néu dung dich khéng
du lodng, lyc tinh dién nay anh hudng dén tinh chit cta dung dich, nén
gia tri a do duge nho hon 1. Gia tri o nay khong phai 1a d6 dién ly thuc
cta chét dién ly manh, nén dugc goi 1a do dién ly biéu kién.

Cong thuc lién hé giira do dién ly « va hé s& Van't Hoff i
Goi N 1a 6 phan ti hoa tan, o 12 d9 dién ly ctia chét dién ly, qla s6

ion ma mot phéan ti phéan ly ra, thi:
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Na 1a s6 phan t phan ly ra ion.

Noaq 14 s6 ion duge tao thanh.

N — Na 1a s6 phan ti khéng phéan ly ra ion.
. Nog + N - Na

=a(q-1)+1
N a(g-1)+

(10.2)

Thuyét axit—-bazo cta Arrhenius

Axit 12 nhiing hop chét chita hidro, khi tan trong nuéc phan ly ra
cation H",

Bazo 14 nhiing hgp chit chta nhém OH, khi tan trong nuéc phan
ly ra anion OH". o

Thuyét axit—bazo cta Brionsted — Lowry
Axit 14 cdu ti ¢6 kha nang nhudng proton (HY).
Bazo 1a céu ti ¢6 kha ning nhan proton.
A= B+H"
A — axit; B — bazo; A/B 12 mét cdp axit—bazo lién hgp.
Tich s6 ion cuia nudc
Nudc dién ly rat yéu:
H,0 = H*+ OH : Theo thuyét Arrhenius
2H,0 = H,0* + OH" : Theo thuyét Brénsted — Lowry
0 25°C: .
[H*][OH] = [H;0'1[OH] = 1,0.107" = Ky, (10.3)
Ky duge goi 13 tich s8 ion clia nude. Gia tri Ky chi phu thude vao
nhiét do.
pH va pOH
pH = —1g[H'}
pOH = -1g[OH]
Trong mot dung dich (dung méi 1a nudc):
pH + pOH = 14,0
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Méi trudng trung tinh, axit, kiém

MBai trudng trung tinh: [H*] = [OH] = 1,0.10™M hoic pH = 7,00 & 25°C.

Mai truong axit: [H*] > [OH] hay [H*] > 1,0.10""M hoic pH < 7,00
d 25°C.

Méi trudng kiém: [H*] < [OH] hay [H*] < 1,0.10"M hoic pH > 7,00
g 25°C.
Hing s6 phan ly axit K,

Su dién ly ctia axit y&u 1 qua trinh thuan nghich, nén né tuan
theo moi dinh luat cia cén bang hoa hoc. Vi du:

' CH;COOH = CH,CO0" + H*
forc00 ]
[CH,COOH] "

0 25°C, K, ctia CH,COOH 12 1,75.10°° hay pK, = —1gK, = 4,757

K, =(

Hang s phan ly bazo K,
NH, + H,0 = NH! + OH
[NH; |[OH"]
K, =C—=a
| [NH, ]
0 25°C, K, cha NH, 14 1,80.10° hay pK, = —1gK, = 4,745.
Tich s6 K,.K, clia mét c3p axit-bazd lién hgp
Xét cép axit-bazo lién hgp NH; /NHj:
NH; + H,0 <= NH, + H,0"
K, = (_"_———[NHal[H30+ ] cb
- [NH;]
NH, + H,0 = NH; + OH-
[NH; |[OH"]
Ky =)
[NH,]

= K,.K,=[H;0[0H] = 1,0.10™ (§ 25°C) (10.4)
Khi K, cang nhé thi K, cang 16n.
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Né&u mét axit 12 manh, vi du HC1, HNO; thi bazo lién hgp véi nd
CI', NO; 12 bazd cue ki yéu. Thuc t& CI', NOj 1a trung tinh trong nudée.

Céc axit nhu Na*, K* lién hop véi cac baze manh NaOH, KOH cling
trung tinh trong nudc.

pH clia dung dich axit manh mét nic
Xét dung dich HC1 néng d§ C, mol.L™"
HCl > H +CI
H,0 = H'+ OH"
Goi x 14 néng d6 H* do nudc dién ly ra trong dung dich nay. Vay
[OH] =x.
Néng a6 [H] = C, + x. Tu dé:
(C, +x)x=1,0.10" (10.5)
Can giai phuong trinh béac hai.
Khi C, > 3,0.10"M, c6 thé coi [H'] = C, va pH = -1gC..

pH ctia dung dich bazo manh mét néc
Xét dung dich NaOH ndng dd C,mol. L™
NaQOH —» Na'+ OH”
H,0 < H'+ OH"
Diéu kién trung hoa dién:
[OH]=[Na'l+ [H']=Cy + [H+]

= [I;‘f] =C, +[H+]:>[H+] +C,[H"]-Ky =0 (10.6)
N&u C, > 3,0.107M thi c6 thé coi [OH] = C,. Vay:
pH =14 - pOH

pH ctia dung dich axit ygu mét nac
Xét dung dich HNO, néng ¢ C, mol.L™":
HNO, < H* + NO;
[ .
[HNO ] |
H,0 =H'+OH"
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Diéu kién trung hoa dién:

- + - + KW [H+ ]2 B KW
[N()z]:[H ]—[OH JZ[H ]_[H+]= [H*] @)
Diéu kién béo toan néng do:
[HNO,] = C, - [NO;] (3)

Thay (2) vao (3):

[HNO,]=C, - ] o G [H]J{H] o
('] ]
Thay (2) va (4) vao (1):
[H+] K H+ 9
[m° J = (1] ) ([H] —Kw)
C[H]-[H]+x, c[H]-[H]+K,
[H']
= [H')® - Ky[H"] - K,C,[H] + K, [H77*-KKy=0

= [H) + K, [H')” - Ky + K,C) [H'] - KKy =0
Phuong phap gin didng:

4

* Khi K,C, > 107 va 0,10 < I((J“ < 100,’c() thé b qua H* do H,0

a

dién ly ra, chi cin xét can bing axit y&u:
HNO, = H' + NO;

Noéng 46 ban ddu: C, 0 0
Nong dd can bang: C, - x X X
2
K, =5 *— v6i didu kién 0 < x < C,. Vay x = [H']
— X

a

e NéukK,.C,>103va %> 100, thicoi C, ~ x =C, va:

x=[H= JK_C,

pH cua dung dich bazd y&u mét nac
Xét dung dich NH; néng d6 C, mol.L'%:
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NH, + H,0 = NH; + OH"
c - [NH; J[oH ]
b (‘_—[—I:I—I_f]-— cb
H,0 2 H +O0H

Céach 1am tuong tu nhu trudng hgp axit yéu, ta co:

K, [H'] +(X,C, + K [H KKy [H']-K3 =0 (10.8)
Cac phddng phap gan dung:
e Khi K,.C, > 10 va 0,10 < % < 100, ¢6 thé b qua [OH] do H,0

b

dién ly ra, chi xét can bing bazd yéu.

e N&u K,.C, > 107"% va % > 100 thi:
b

[on |- K.,

pH chia dung djch mudi chira cation axit yéu
Xét dung dich NH,Cl néng d§ C mol.L™":
NH,Cl > NH; + CI" véi [ NH; ] = C mol.L™

Chi NH! thé hién tinh axit, con CI” trung tinh trong nudc:
NH! + H,0 = NH, + H;0"
2H,0 =H,;0"+ OH"

Céch tinh néng 46 H,0" giéng nhu axit yéu mot néc.

pH clia dung dich mudi chira anion bazo yéu

Vi du, dung dich CH;COONa nong d6 C mol. L™
CH,COONa — CH,COO™ + Na"

V6i néng d6 ban diu cta [CH,C007],=C mol.L™?
CH,CO0™ + H,0 = CH,COOH + OH"

H,0 =H"+OH"

Ion Na* trung tinh trong nudc.
Céch xac dinh [OH"] tudng ty bazs y&u mot néc.
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pH cta dung dich mudi ludng tinh

Xét dung dich chita mudi ludng tinh NaHA (vi du NaHCO.,):
NaHA — Na*+ HA™

H,O =H"+0H; Ky (1)

HA™ = H"+ A% ; Kﬁlz (2)
HA"+H" = HA; K (3)
Diéu kién bao toan proton:
) [H+] = Z[I—:|:+]cht) - z:[I—I"']nh{m
*Tu (1), (2) va (3):
[(H']= [OH] + [A*] - [H,A] 4

Ap dung Kw, K, va K, , cho (4):

(2] oy K[E{H*]‘\] [ ] ]
- (1] ] 009

Trong da s6 truong hgp HA™ phan ly rat yé&u, nén c6 thé coi ndng
d6 [HA™] = Cmol.L™" cia mudi ban ddu va (10.9) trd thanh:

ay

Ky +K, C
[H]= 1+ch (10.10)

Né&u K,C>K, va K;I‘C >1 hodc K, <« C, thi (10.10) trd thanh:
[H*]= /K. K, " (10.11)
= pH=%(pKal +pK, ).

pH cla dung dich axit nhiéu nac

Xét dung dich H,PO, 0,100M. Trong dung dich c6 céc can bing sau

H,PO, = H' +H,PO;; K, =102% ¢))
H,PO; = H' +HPO>; K, =102 @)
HPO} =H'+POY; K, =10"2% 3)

H,0 =H'+OH"; Ky =1,0.10" (4)

204




Vi K, > K, > K, » Ky, nén (1) la can bing cht yéu:

H,PO, = H' + HPO,

Néng dd ldc can bing: 0,100 - x X X
2
10%% = — X = x=[H"]=215.10"M.
0,100-x
Tinh cac néng d6 H,PO; va HPO} nhu sau:
H,PO; = Hu +  HPO¥
Néng do can bing: 215.102%-y  2,15.107%+y y
10772 = (2,15-10-2 +y)y
9215107 -y

Gia tri K, rdt nhd nény «2,15.107 Tu dé:
y =107% =[HPO}" |
Tinh néng d6 PO?" dua vao can bang (3):
~ HPOY = H + PO3"
Néng d6 can biang: 107 -z 2,15.107%+z z

Lgra - (218.10°% 42z
10—z
Viz « 107", nén:
2 =10712% 107
2,15.10“2

= z= [P0} |=1,37.107"M.

pH clia dung dich bazo nhiéu nac
Xét dung dich Na,CO; 0,100M. Trong dung dich ¢b cAc can bing sau:

CO§" +H,0+= HCO; + OH"; K, = 107357 D
HCO; + H,0 = H,CO, + OH7; K, =107 @)
Hzo = I‘I+ + OH-; KW = 1’0’10—14 (3)

So sanh cac gia tri K, ta thdy K, » K, » K;, nén cin bing chu yéu
trong dung dich 12 can bang (1). Cach tinh cac ndng d6 can bing tuong
ty nhu axit nhiu néc. Két qua:

[oH |= [HCO;] =4,52.10°M; [CO% |=2,24.10"M
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M&i lién hé giira hiing s phan ly va dé dién ly
Xét dung dich HA néng d6 Cmol.L™%
HA = H" + A5 K
H,O0 & H"+OH; Ky
Trong diéu kién c6 thé bd qua ndng d6 H* do nude phén ly ra, ta c6:
_ nong d¢ HA phan li ra ion
nong dé HA hoa tan (C)
Suy ra: aC 14 nong do phan ly ra ion. Tt dé:
HA <= H" + A

Néng dé can biang: C - Ca Ca Ca
Ca®> o®C
C-Ca 1-a ( )

(10.12) 1a cbéng thic cha dinh luat pha loing ctia Ostwald. Vi &
nhiét d§ xac dinh K 1a hdng s6, nén khi pha lodng dung dich (C giam),
thi a sé tang.

Tich s& tan cua chat dién ly it tan
Trong dung dich bao hoa ctia chit dién ly it tan, vi du M, A,, tén
tai can bang sau:
M, A (tt) &= mM™ + nA™
Can bing nay ﬁng v6i hing s6 can béng Ke:
_ [Ml]+]1n[Am—]n
Trong trudng hdp nay K¢ dic trung cho dd hoa tan caa M A,, nén

ny

ngudi ta goi K 1a tich sé’tan cia M An va thudng ky hiéu la K..
Ngudi ta cling thudng dung dai lugng pK, = -1gK,,.

Quan hé giira tich sé tan va do hoa tan

e Tinh tich s tan trong dung dich bao hoa AgCl, biét ring d6 tan
cua AgCl 4 20°C 1a 1,001.103mol. L.

Cac phan tng trong dung dich:
AgCl(tt) = Ag' + CI; K,=?
Ag'+ H,0 = AgOH + H*; K=10"1"
Do tan caa AgCl:
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s = [Ag'] + [AgOH] = [CI] = 1,001.10° M
Vi K rdt bé nén c6é thé coi su thuy phan cta Ag' tao ra AgOH
khong dang ké nén:
[Ag1=[CI]=s
Vay, tich s& tan cua AgCl la:
K, = [Ag"][CI] = (1,001.107%)? = 1,002.10™"°
e Tinh dd tan s mol.L! ti tich s& tan. Vi dy, tinh d6 tan caa BaSO,
trong dung dich bao hoa BaSO,, biét rang K,(BaSO,) = 107,
Cac phan dng trong dung dich:

BaSO‘,(tt) \:\- Ba2+ + SOi_ ; I{s - 10—9.96
Ba? + HQO = BaOH* + H* ; I{a = 107134
SOi_ +H,0 = HSO, + OH7; K, = 107129

Vi K, va K, qua bé, nén c6 thé bd qua hai qua trinh nay. Tu dé:
BaSO,(tt) = Ba®> + SOY

5 S

K, = g =>5=+10""% =107

s =1,05.10"° M.
e Tinh d6 tan s mol.L ™! ctia Pbl, 6 pH = 6,00:
PbI,(tt) = Pb* +2I K, =10"% Q)
Pb* + H,0 =PbOH" +H" K, = 1078 (2)

Tt 2): [PbOH | =K, [Pb* |[H ]
[PbOH'] = 107%.10¢ [Pb*] = 107" [Pb*]

- 2+ +1 = 2+ + 10748 b= — >
s = [Pb*] + [PbOH"] ‘[Pb ]1(1+107"°) = [Pb™] 11107

2s = [I7]
S
K=———
£ 1+107®
=s=1,52.10 M.

(25)* =107

Diéu kién két tha chat dién ly it tan
Diéu kién dé két tia chat dién ly it tan M,A, 1a:
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[M“*] [A™ ] >K,M,A,)

[M™], va [A™], — nbéng d6 trude khi xay ra két taa.

Vi duy, tron 1,0 mL dung dich HI 0,30M véi 1,0 mL dung dich
Pb(NGO;), 0,010M. Héi c6 két tua Pbl, khéng? Tich s& tan cua Pbl, l1a
1,38.10°8 va K, cta Pb? 12 10778,

Nong do ban d4u sau khi trén: HI 0,15M va Pb(NO,), 0,0050M
[Pb>] [I'] =(5,0.10°)(1,5.10")* =1,1.10™ > K, (PbL,) .
Vay c6 tao thanh két tha Pbl,.

Trong tinh toan, ta da bd qua su thuy phan ca Pb?* vi K, cia né
rat bé, dic biét trong méi trudng c6 mat axit HI. That vay:

Pb* + H,0 = PbOH* + H*
Néng d6 cin bang: 5.1073-x x 1,5.1074+x
-1
107 = X((1551012 +)") véix <« 5.10°%
1078 —x
= x=5,3.1071°
Vay [Pb%*] = 5.107° - x = 5.10~°M.

Diéu kién hoa tan két tGa chat dién ly it tan

Qua trinh hoa tan nay nguge véi qué trinh tao k&t ttia. Mudn qué
trinh hoa tan x4y ra, can lam gidm tich s& ion cla ch4t dién ly it tan
xudng dai lugng nhé hon tich s8 tan cta né.

Vi dy, c&n néng d6 HCI t8i thiéu 12 bao nhiéu dé hoa tan hoan toan
0,010mol CdS. Cho biét K,(CdS) = 107%; (K,.K,), cha H,S 1a 1072 va:

Cd* + 2CI" = CdCly; B, = 10249

Phan tng hoa tan:

K
CdS(tt)+2H* +2CI'=  CdCl,  + H,S

. ’
Cd* +8* +2H" +2CI" — Cd* +2CI" + H,S
K, K,)!

K=K, (K, K,);'. B, = 10
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Cas(tt) + 2H* + 2CI° = CdCl, + H,S

Néng do can bang: C-0,02 C-0,02 0,01 0,01
2
107359 = (0,01) = C=0,72M.

" (C-0,02)

Su thuy phan cua mudi

Da s6 mu6i khi hoa tan trong nuéc x3y ra phan dng trao d6i ion
cha mudi v6i nudce lam pH cta nudc bién d8i. Phan tng nhu thé 1a
phan {ng thuy phéan.

Vi du, khi hoa tan CH;COONa trong nudc, trudc tién xdy ra su
dién ly ciia muéi:

CH,COONa — CH,COO™ + Na*

Ton CH,COO™ phan tng trao d8i ion véi H,0:

CH,CO00 + H,0 = CH;COOH + OH™ (1)

D4y 1a phan tng thuy phén cla ion CH,COO™. Phan dng nay giai
phéng OH, nén dung dich c6 pH > 7,0.

N6i chung phan Gng thuy phan 13 thuan nghich, trit trudng hgp
sdn ph&m phan tng tach ra khéi méi trudng phan ing, ching han su
thuy phan ciaa Al,S;:

ALS, + 6H,0 - 2A1(0OH),! + 3H,ST

Theo thuyét axit-bazo cla Brénsted — Lowry, thi ion CH;COO™ 1a
bazo lién hop ctia CH;COOH, nén phan ing (1) 12 phan dng axit-bazd.

Nhu vay khai niém thuy phin khéng con § nghia khi st dung
thuyét axit—bazo cha Bronsted — Lowry. Tuy nhién theo truyén thong,
khai niém nay van dugc dung.

Ba loai muéi bi thuy phén la:

e Mudi trung hoa chita cation cta bazd manh va anion caa axit
yé&u, vi du, CH,;COONa, Na,CO;, K;S. Khi tan trong nudc, cac anion
cta loai mudi nay bi thuy phén gidi phéng ra cac anion OH™ va dung
dich c6 pH > 7,0. - '

e Mudi trung hoa chita cation ctia bazd y&u va anion cua axit manh,
ching han NH,Cl, Fe(NO,);. Dung dich c4c mudi nay c¢6 pH < 7,0, vi
cAc cation bi thuy phan, gidi phéng céc ion H'. Vi du:

Fe®* + H,0 = Fe(OH)** + H*
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e Mudi trung hoa chita cation clia bazo y&u va anion ctia axit yéu,
nhu CH;COONH,, NH,NO,. Khi tan trong nude, ca cation va anion déu
bi thuy phén. Gia tri pH cta loai mudi nay phu thudc vao d6 thuy phéan
cua cation va cia anion. Cach tinh pH cta loai muéi nay da xét & phén
pH ctaa dung dich muéi ludng tinh.

e Muéi axit, nhu NaHCO,;, Na,HPO, NaH,PO, chta céc goc
HCO;, HPO;",H,PO; 1a ludng tinh. Gia tri pH cda cac dung dich muéi
nay phu thudc vao ban chdt cta gbc axit (xem phén tinh pH cta dung
dich muéi ludng tinh).

Hoat d6 va hé sd hoat do

Trong dung dich cac chat dién ly, néu céac ion & gn nhau (dung dich
khong du loang), gita ching c6 tuong tac tinh dién, can trd su chuyén
dong tu do giita cac ion. Nong d6 ion cang 16n, sy can trd nay cang 1én.

Dé& danh gia trang thai nay cla céc ion trong dung dich, ngudi ta
dung dai lugng goi 12 hoat d6. Hoat d6 dugc hiéu 1a ndng dd hoat dong.
Hoat d6 clia c&u tit i thudng duge ky higu 1a (i):

D) = £[i]

[i] — néng d6 mol.L™* cla ciu ti i;

f; — hé s6 hoat d6 cta cAu tif i.

Hg s6 hoat dd f; phdn anh tuong tac tinh dién gita cac ion, nén nd
phu thudc vao sy c6 mit cta tat ca ion cb mit trong dung dich. Gi4 tri
fi < 1, chi trong dung dich r4t lodng f, méi bang 1, khi d6 hoat do bang
néng dé.

Trong tinh toan, diung hoat d6 méi cho két qua tuong ddi chinh
xac. Tuy nhién, trong thuc t& do khéng bist chinh xac hé s8 hoat d6
hodc do yéu cAu ctia viée tinh toan chi 1 gin ding ho#c chi 1a dinh
huéng dé giai thich hién tugng, ngudi ta ch&p nhan dung noéng d6.

Nguoi ta thuong tinh f; théng qua lyc ion I:

1= 3l

[i] — néng @6 mol.L ™! ¢cfa ion i c6 mat trong dung dich véi s6 don vi
dién tich ion (ciing goi la dién tich ion) Z;.

Trong dung dich lodng (I < 1,0.107%), c¢6 thé tinh f; theo céng thiic
cua Debye — Hiickel:
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lgf, =-AZ:T

A — hing s8, phu thudc ban ch4t dung méi va nhiét do. Trong dung
dich nudc 6 25°C, hing s6 A = 0,5115.

Néu luc ion cao hon, c6 thé dung cong thiic Davies:

JI
lef =-AZ2| ———-0,201
gk ‘£1+«/T

Vi du, tinh hoat d ctia ion H* trong dung dich HC1 1,00.107*M.

I -_-%(1,00.10-3 «1% +1,00.10° x 1) =1,00.10°°

lgf,. =-0,5115x 124/1,00.107 =-0,0162
f.=0,963

(H")=f,. [H']=0,963x1,00.10" =9,63.10"' M.

BAI TAP

10.1. Dung dich glucozd, dung dich NaCl, dung dich MgCl, c6 cung ndng
d6 molan. Do dién ly cia NaCl va MgCl, béng nhau. Hay so sanh dd
gidm Ap suét hoi, dd tang nhigt 46 sbi va do gidm nhiét d6 déng déc
giia ba dung dich nay.

Giai:

s& cau ti trong dung dich
s0 phan td hoa tan

1-=

Glucozd 1a chit khong diénly:1=1.
NaCl va MgCl, ¢6 d dién ly bng nhau, nhung mét phén ti MgCl,
dién ly ra nhiéu ion hon so véi mdt phan ti NaCl, nén:
i(MgCl,) > 1 (NaCl)

Vay cac gia tri AP, At, v At, giam theo thit ty sau:
Dung dich MgCl, > Dung dich NaCl > Dung dich glucozo.

10.2. Dung dich chita 2,21g CaCl, trong 100,0g nudc 3 293K cb6 ap suit
hdi bio hoa 14 2319,8Pa. Ap suét hoi bdo hoa cia nude nguyén chat
4 nhiét d6 nay 1a 2338,5Pa. Tinh d6 dién ly biéu kién ciaa CaCl,
trong dung dich nay. Mg, = 111,0 g.mol™’; My, o= 18,0 g.mol™.
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Giai:
AP’ - n,
P, n, +n,
2,21 100,0
n2 = ; nl =
111,0 18,0

AP'=2338,5-2319,8 =18,7Pa

=1=2,24
1—1 224_1:0,620.
q 1 3-1

10.3. Xac dinh d6 dién ly biéu kién caa HIO, trong dung dich chia
0,506g HIO, trong 22,48¢ C,H,OH. Dung dich nay bit diu sbi &
351,624K. Ancol etylic sbi ¢ 351,460K.

Hang s8 k,(C,H,O0H) = 1,19; My, =176,0 g.mol™.
Gidi:
At', = 351,624 — 651,460 = 0,164K
0,506 x1,00.10°

- 1Y 9951
Mo, 22.48 &
= 012; =108
At, §19x2%91
176,0
a=298-1_40s.
2-1

10.4. Tinh nhiét d6 bit ddu déng dic caa dung dich chia 7,308g NaCl
trong 0,250kg nude, biét rdng Ap sust th&m thau cia dung dich nay
6 291K 1a 2,1077.10° Pa, khdi lugng thé tich ctia dung dich 13
1,00g.cm™, ky cha H,0 12 1,86; My,o; = 58,5 g.mol ™.
Giai:
P’ —1P—1£n—xE:>' M PV

=—x

vV m RT

Khéi lugng ctia dung dich:
250 + 7,308 = 257g
V =257 cm® = 257.10°m3
_ 58,5 2 1077.10° x 257.10°¢
7 038 8,314 x 291

=1,86

At' = iAt = 1,86 x 1,86 —2_
585
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_17,308x1,00
"~ 0,250
= At'=1,73
t(dd) = 0,00 - 1,73 = -1,73°C.
10.5. Tinh pH ctia cic dung dich sau: :
a) 1,0.10mol HCI trong 10,0 cm® dung dich.
b) HNO, 6,3.10°M.
¢) 0,80g NaOH trong 1,0 lit dung dich.
d) 2,8.107%g NaOH trong 1,0 lit dung dich.
Giai: . v v
-3 3
a) [H']=[HC]= 1’0'101(:;’0'10 ~0,10M = pH = 1,0.
b) Néng d6 6,3.10°M qua nhd, cén phai tinh ci H* do H,O phén ly ra.
HNO, —» H* + NOj
6,3.107
H,0 = H* + OH
X X
(6,3.108 + x)x = 1,010 " =>x= 7,35.1078
[H'] = 6,3.10° + 7,85.107° = 1,4.107 M.
pH =69

Véi -29,2¢g

5 %’3‘% = 0,020M => pOH = 1,7 = pH = 12,3,

2

-6
d) 2’2618_= 7.0.10"°M. Vi néng d0 qué bé, nén phai ké d&n OH" do

nudc phan ly ra. Goi x 1a ndng d6 OH™ do nuéc phan ly ra:
(7,0.1078 + x)(x) = 1,0.107*
= x=10,1.10"
[OH]=7,0.10"%+10,1.10° = 17,1.10°M
pOH=6,8=>pH="72.
- 10.6. Tinh pH cta cic dung dich sau:
a) CH,COOH 0,10M; K, = 1,75.107°
b) CH,COOH 1,0.10™'M
¢) CH,COONa 1,0.10™M
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d) NH, 1,0.10°M; K, = 1,80.107°
e) H,SO, 1,0.10°M. Hang s6 K, néc thit hai 13 1,0.102,
g) NH,NO, 0,10M; K, (HNO,)=5,13.10
Gidi:
a) CH;COOH = CH,COO + H*
Néng d6 can bing: 0,10-x X X
K,C,=1,75.10°x 10! =1 75.10‘6$ 10 va AN =—1—01—.~ > 100, nén:
v ’ K, 1,75.107
x=[H]=JK,C,
[H'] = 1,32.10°M = pH = 2,9,

b) K,.C, > 10, nhung I(z - 1’715()+0_5 =5,7<100, nén
1,75.10° = 10_’52_ —=x=[H"]=340.10"M
pH = 4,5,
c) CH,COO™ + H,0 = CH,COOH + OH-
Néng @6 can bing: 10%-x X X
D1 diéu kién ap dung: x = [OH] = \/ITCI,
14
b = -11’—’7(—)5ilgbf5- =5,7.1071°
[OH] = 2,39.10" = pOH = 5,6
pH =8,4.
d) NH, + H,0 = NH: +OH
Néng dd can bing: 107%-x X X

K,.C, > 10® va 0,10 < % < 100, nén b6 qua néng d6 OH~ do H,0

b

phén ly ra: 1,80.10°% =

= x = [OH] = 1,25.10"M

107 -x
pOH = 3,9 = pH = 10,1 ‘
e) H,SO, - H* + HSO,

10734x 1073—x
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HSO; = H + SOF

107°%—x 107%+x X
-3
1,0102= G0 +XX g 44107
107 -x
[H'] = 1,0.10 + 0,844,107 = 1,8.10"°M
pH =2,7.
‘ ] 1,0.10™ o
¢) NH,NO, 0,10M; K, =513.10% K, =2->——=5,6.10
! - ©1,80.10

Vi cac hiing s6 K, va K, rdt bé nén c6 thé ap dung biéu thic
(10.10). Nhung K, C = 5,6.10%° x 10 »Ky va C » K, nén theo
(10.11):

pH= %(pKﬂl +pK, ) =63

10.7. Tinh pH cua:
a) dung dich chia dbng thdi CH,COOH 0,10M va CH,COONa
0,080M.
b) dung dich chita CH,COOH C, = 0,010M va CH,CH,COOH C, = 0,020M
rK, (CH,COOH) = 4,76 va pK_ (CH,CH,COOH) = 10™*

Giai:
a) CH,COOH = CH,COO~ + H*
Néng d6 ban ddu: 0,10 0,080
Néng do can bang: 0,10 - x 0,080 + x
Néu x <« 0,08 thi:
= 0,080x =>x=K, 0,10 « 0,080
o 0,10 ' 0,080
0,080
Va H=pK_ +lg— =4,7.
ay pH=pK, +lg— =5

b) CH,COOH = CH,COO0™ + H*
[cH,cO0H] K,C,
. [H]
Do hing s8 K, rat nhd, nén c6 thé coi [CH,COOH] bing néng d6
ban ddu C,.

[cH,Cc00™]= it

215



Tuong ty nhu vay:
CH;CH,COOH = CH,CH,COO™ + H*
K,, [CHaCH2000H] _K,C,
][]
Dung dich kha éxit, nén c6 thé bd qua ndng d6 H* do nuéc phan ly ra:
K.C, K,C,

N
= [H']=K,C, +K,C, =7,0.10"M

pH = 3,2.
10.8. Tinh pH cua:
a) dung dich chita déng thdi NaOH 1,0.10™M va NaNO, 0,10M.
b) dung dich chita NH, C, = 0,100M va CH,COONa C, = 0,100M.
K, (HNO, = 5,13.107% K,(NH,) = 1,80.10"%; K,(CH,COOH) = 1,75.10.
Giai:

[ CH,CH,000" | =

a) NO, +H,0 = HNO, + OH"
Néng 46 ban ddu: 0,10 0 1,0.10™
Néng dd can bdng: 0,10-x X 1,0.107*+ x
~14
K,(NO;) = % =1,95.10™
-4
1,95.10™" = %ﬁ Véix <107
, 10— x
-11
X = 1’95'1;)0_,," 0,10 _; 95.10° « 10~
-14 ~14
= [H,.,:]:l,o.lo -__‘1,0.].()“4 =1,0.10_10
[OH-] 1,0.10
pH = 10,0.
b) H,0 = H'+OH"; Ky=1,010" (1)
NH; + H,O0 = NH; + OH"; K, =1,80.10"° (2

CH,CO0" + H;0 = CH,COOH +OH"; K, =5,71.10™ (3)
[H'] = Z[H"ip — Z[H" g
[H'] = [OH'] - [NH;] - [CH,;COOH] )
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K, (NH;) =K, xK;'(NH,)=5,56.10"" = [NH; ]=K [NH, |[H"] )
K, (CH,COOH) = 1,75.10" = [CH,COOH] = K;, [CH;COO][H'] (6)
Dat (5) va (6) trong (4):

(1] - 2 - K [N )] - K2 [CH,C00° ][]

]

+ . — K
[]= \E +K; [NH, ]+ Iv(v;: | CH,C00 |

Vi K,(NH,) va K,(CH,COO") rit nhé nén cb thé coi [NH,] = C, va
[CH,CO07] = Cy:

R Ky

(7= \/ 7RG, +K2G, @
Ngoai ra K, .C, »K, .C, » Ky, nén cén bing chu yéu trong dung
dich 1a (2). Tu (2) tinh duge:

[OH = 1,33.10°M = [H'] = 7,52.10™ = pH=11,1.
Kiém tra theo coéng thic (7), ta cé:

[H'] = 7,46.1072M => pH = 11,1.
Két qua gin ding ché’p nhan duge.

10.9. Tinh pH va ndng do cac ion trong:
a) dung dich H,S 0,010M; K, =K, =107 K, =K, = 1071%°
b) dung dich Na,S 0,10M. \

Giai:

a) H,S = H'+HS; K, =107"% (1)
HS =H"'+8"; K,=107*° (2)
H,0 = H'+OH,; Ky=1,010™ 3)

Vi K, » K, = K, nén cin béing (1) la chli yéu:

HS <= g + HS

Néng d6 can biang: 0,01-x X X

1079 = X o x[H]=[HS] =10

0,01-x
= pH =4,5.
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HS" = H* + S

Néng d6 can bang: 10—y 1074 y y
1077 = y—%)—g_%ij Véiy « 1075
y =107 = [§¥] = 107M.

b) $* + H,0 = HS +OH; K, =K, K] =10™ Q)
HS +H,0=8" +OH; K, =K, K =10°% ©)
H,0 = H'+OH"; Ky 3

Vi K, »K, >Ky, nén cin bing (1) 1a cht yéu:
S*+H,0 = HS + OH"

Néng do can bang: 0,10 - x b X
2
10 =—2 - x=[OH]=0,058M = [HS]
0,10 -x
HS +HO = H,S + OH
Néng d6 can bang: 0,058 —y y 0,058 +y

Véiy « 0,058 >y =K, =10%=[H,S].
10.10. Tinh d6 dién ly a cba dung dich CH;COOH 0,10M, K, caa
CH,COOH 1a 1,75.10°°. Hai § néng do nao ctia CH,COOH thi o' = g- ?

Giai:
Vi dung dich nay kha axit, nén c6 thé b qua ndng do H* do H,0
phéan ly ra:

2 2
“C _ 17510° = &
1-a l1-a

_1,3.107

[ 4 K =

x 0,10

2a=1310%> o'

=0,65.1072

(1,3.10)*x 0,10 _ (0,0065)
1-1,3.1072 1-0,0065
10.11. M6t dung dich FeCl, ndéng d6 C mol.L ™. Cation Fe®* 13 axit:
Fe®* + H,0 = Fe(OH)* + H* ; pK, = 2,20
Hoéi ndng d6 C 1a bao nhiéu thi bit ddu c6 két taa Fe(OH),? Tinh pH
cia dung dich & thdi diém nay.
K, cia Fe(OH),; 1a 1,0.107%,

= C =0,40M .




Giai:

Fe* + H,0 = Fe(OH* + H’

Nong d6 can bang: C-x X X
2 .
K, = —— =[Fe* |=C-x=x’K]' 1)
-X
e | 107
Khi bét ddu két tha Fe(OH), thi [Fe*'] = 5 2)
[oH]
Mait khac:
3 1074 8 1072
[OH]=( )=~3 3
X X
Thay (3) vao (2): [Fe*] = 10%° 4)

So sanh (1) va (4): 10%%® = K = x*10**
' = x=[H71=10"M=>pH=18.
Tit (4): [Fe™] = 10%(107%)° = 107*M
T (1): C = [Fe*]+x=10"+ 1078 = 5,6.10°M.
10.12. Tron 4,0mL dung dich HCl 0,20M vdi 6,0mL dung dich Pb(NO,),
0,010M. Hdi c6 két tua PbCl, khéng?
K,(PbCl,) = 1,6.107; K, (Pb*") = 107",
Giai:
Néng do ban ddu CI” va Pb? sau khi tron:

4 6

[C1]o= 0,20 = 0,080M; [Pb*]o = 0,010~ = 6,0.10°M

[Pb>], [Cl-]z = (8,0.10) (6,0.107)?=2,9.10° <K,

Vay khong tao két tia PbCl,. ‘
Vi K, ctia Pb? rit nhé va trong médi trudng axit (HCI), nén sy thuy
phan caa Pb* 1a khong dang ké. That vay: .

Pb*+H,O0 =+ Pb(OH)* + H*

Néng d6 ban ddu:  6.107 =0 0,080

Néng do can bing: 6.107°-x X 0,080 + x
Véix «6.107°: '

107 = %3—%(_)33 =x=119.10" «6.107.
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10.13. Tinh d6 tan caa FeS ¢ pH = 5,0. Biét K. (FeS) = 1071"% Ka‘ VE‘iKaz
cua H,S 1an lugt 13 107 va 107'%%; K,(Fe?*) nhu sau:
Fe* + H,O = Fe(OH)' + H*; K, = 107%

Gidi:
FeS(tt) = Fe? + 8% ; K,=1071"2 1)
Fe** + H,O = Fe(OH)'+H*'; K,=1073% 2)
S+ H* =HS"; K;: = 10129 (3)
HS + H' = H,S; K;'=10™" (4)
Goi d6 tan mol.L™! cia FeS 1a s, ta c6:
s = [Fe*] + [FeOH"] ‘ 6))
T (2): [Fe(OH)'] = K, [Fe™][H"™ (6)
Dat (6) trong (5):
s = [Fe*](1 + K,[H*]™) (M
Mait khae tinh s theo S*:
s = [S*] + [HS] + [H,S) ®
T (3):  [HS]= K [S*](H'] ©)
Tir(4):  [H,S]= K [HS][H] 10
Dat (9) va (10) trong (8):
s=[s* (1Ko B ]+ 8, K, ) [H I} an

T (7) rat ra:
[Fe* ]=
T (11) rat ra:

¥ ]—1+K [H*]+(§( K ) [HT a9

13).
1+ K[H] (19

T (13) va (14):

2

K, =[Fe* |[s* ]— — S

Q+K, [H Ha+K[H ]+, K, ) [5])
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= s= \/Ks(l K [ Ha+K2[H ]+ (K, K, [H I

s = 10772(1,12)(10™ +10%%) = 2,44.107 M.

10.14. Tinh d6 tan s mol.L! cia Agl trong dung dich NH; 1,0M, biét
ring xay ra cac qua trinh sau:

Agl(tty = Ag'+1; 1gK, = -16,00 1)
Ag* + NH,; == AgNH;"; 1gK, = 3,32 (2)
AgNH; + NH, = Ag(NH,;);; 1gK,=3,92 3)
Ag'+H,0 = AgOH +H*; 1gK, =-11,7 (4)
NH, + H,0 = NH] + OH7; 1gK, = —-4,74 ®)

Giai:
Gi4 tri K, clia Agl rat bé, ndng dé6 NH; kha 16n, nén ¢ thé coi Ag® sé
chuyén thanh ion Ag(NH,);. Cac gia tri K, v K, déu nhé nén c6
thé bd qua céc can bing (4) va (5). |
Vay, phan ting chti yéu trong dung dich la:
Agl(tt) + 2NH, = Ag(NH,); + I K=K, K, K, = 107876
K 1,0 - 2s S s

SZ

10787 = m =>s=4,17.10° M.
—2s

Bai tap tu giai

10.15. Dung dich saccarozd va dung dich Na,SO, chiia cung s6 mol chit
hoa tan trong mdt lugng nude bing nhau. Hay so sanh ap suét hoi,
nhiét d6 bit ddu sbi va nhigt do bét ddu déng déc gida hai dung
dich nay.

D.S. P,> Py ; t,(1) < £,(2); ta(1) > ta(2).
Ky hiéu 1 12 dung dich duong, 2 1a dung dich Na,SO,.

10.16. C6 hai dung dich chiia cing mét lugng nudc. Dung dich thd nhat
¢6 0,50mol saccarozd, va dung dich thd hai ¢6 0,20mol CaCl; hoa
tan. Hai dung dich nay bit ddu dong dic 6 cing mot nhiét d6. Xac
dinh d6 dién ly biéu kién cia CaCl, trong dung dich nghién ctu.

P.S. 15%. '
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10.17. & 50°C 4p suadt hoi bdo hoa cha nuéc nguyén chit bing
92,51 mmHg. Tinh ap suét hdi bdo hoa ctia dung dich chia 1,0mol
NaCl hoa tan trong 1,0 kg nuéc, bist ring d6 dién ly bidu kién cla
NaCl trong dung dich nay la 70%.
D.S. 89,68 mmHg.
10.18. Dung dich 2,17% CaCl, trong nudc bat diu sbi 6 373,233K. Tinh
hé s6 Van't Hoff i va d6 dién ly biéu kién ctia CaCl,.
k,(H,0) = 0,52 '
D.S.1=2,24; a = 0,620
10.19. I, phan @ing vira da véi 0,0160g NaOH trong 1,0 lit dung dich:
I, + 2NaOH —» Nal + NalO + H,0
a) Tinh pH cta dung dich sau khi cc phan tng trong dung dich két thiic.
b) Tinh 4p suft thdm th&u cia dung dich & 20,0°C.
¢) Tinh d6 dang cao ctia c¢ot dung dich (cm) do sy thim thau.
K,(HIO) = 2,0.107*%; Khéi lugng thé tich cta dung dich 1,0 g.mL™.
latm = 10,33m ¢4t nudc.
D.S. a) pH =10,2; b) P=0,023atm; c) 24cm.
10.20. Tinh pH cda cac dung dich sau:
a) HCI1 1,0.102 M; HCl 4,0.10"M
b) NaOH 1,0.10*M; NaOH 5,0.10"M
c) NH,C1 0,10M; NH,CI 1,0.10™M; K,(NH,*) = 107%%¢
d) Hén hgp CH,COOH 0,090M va HCl 0,0080M; K,(CH,;COOH) = 107"
e) Hén hgp NH; 0,070M va NH,C1 0,050M.
g) NaHCO, 0,020M; K, = 107825, K, = 1071038

D.S. a)3,0; 6,4,

b) 10,0; 7,7;
c) 5,1; 6,6
d) 2,1.
e) 9,4;
g) 8,3.

10.21. Tinh pH cua cac dung dich:
a) Hén hgp CH;COOH C, = 0,010M va NH,C1 C, = 0,100M.
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b) Hn hgp KCN C, = 0,100M va NH, C, = 0,100M.
K, (CH,COOH) =1,75.10"; K, (NH)= 5,56.107°;
K, (HCN) = 4,47.107".
¢) Na,S0, 0,010M; K,(S0?") = 10712,
d) H,S0, 0,10M (K, = 10™"; K, = 10”7*) va tinh [ HSO; |,[SO} ].
e) NaHS 1,0.102M (K, = 107 ; K, = 107'29).
D.S. a) 3,4
b) 11,3
c) 7,1
d) pH = 1,5; [HSO; | = 0,034M; (807 ]=6,17.10°M.

e) 9,b.
10.22. Trong dung dich CH,COOH 0,100M, d dién ly o = 1,32%. Héi g
ndng d6 nao cia CH,COOH d¢ dién ly o = 90,0%?
D.S. 2,15.10°°M 4
10.23. Ion Al**.aq 12 mdt axit yéu:
Al* + H,0 = AI(OH)* + H, K, =1,0.107

a) Tinh pH ciia dung dich AICI, %M.

b) Nong dd ban déu clia Al** phai la bao nhiéu thi bit ddu xudt hién
két taa AI(OH),? Tinh pH & ndng d6 nay caa Al*".
K, ctia AI(OH), 13 10727
D.S. a)pH=3,2
b) [AI*], = 1,32.107M; pH = 4,5.
10.24. 0,331g AgBr tan hét dugc trong 1,0 lit dung dich NH, 1,0M. Tinh
tich s& tan cua AgBr. Cho biét:
Mgz, = 188,0 g.mol™

Ag" + NH, = AgNH,";" 1gK, = 3,32
AgNH; + NH, = Ag(NH,);; 1gK,=3,92
Ag'+ H,0 = AgOH + H"; lgK, =-11,7

NH, + H,O0 = NH,'+OH"; 1gK,=-4,74
b.S. K, = 1,80.107%%,
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10.25. Tinh ndng d6 nhé nhat ctia NH,CI cdn dé ngin Mg(OH), két
tta trong 1,0 lit dung dich chtta 0,010mol NH, va 1,0.107* MgCl,.
Hing s6 phan ly bazo chia NH, 1a 1,80.107° va tich s6 tan cua
Mg(OH), 12 1,26.107"..

' P.S. 1,5.10°M

10.26. Ching minh ring dung dich loéng chtia hén hgp cung sd mol cua
NH,C! va NH,; 14 dung dich dém, pH cia n6é khéng bién ddi khi pha
lodng. Gia tri pH cta dung dich nay 1a 9,25. Tinh hing s6 phan ly
bazd cua NH,.

D.S. pH = 14 + 1gK, ; K, = 1,8.107%,
10.27. Tinh pH cia dung dich dém:
a) NH, 0,10M va NH,C1 0,10M; K,(NH,) = 1,80.10.
b) Khi thém vao dung dich dém & trén 1,0.10mol HCI trong

1,0 lit.
¢) Khi thém vao dung dich dém 1,0.10mol NaOH trong 1,0 lit.

D.S. a) 9,26

b) 9,25

c) 9,26

10.28. Tinh d6 tan mol.L™! cia HgS trong nudc:

HgS(tt) = Hg* + 8% ; 1gK, =-51,8 (1)
Hg* + H,O =HgOH"+ H*; 1gK,=-3,65 2
S* + H* = HS; gK'=129 (3
HS +H* = H,S; gK'=702  (4)

D.8. s=17,6.102 M.

10.29. Mot dung dich chita AgNO, 1,0.10°M va Pb(NO,) 0,10M. Héi
¢6 thé tach hoan toan ion Ag* ra khdi dung dich bang dung dich
HCI khong? Thita nhan rang, sy tach hoan toan khi [Ag'] con lai
trong dung dich khéng qua 10" mol. L.

K,(AgCl) = 1071%% K (PbCl,) = 10742,
D.S. Tach dude.
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10.30. O néng d9 nao ctia HCI ¢6 thé tach hoan toan 0,010mol CdS khéi CusS.
K,(CdS) = 107 K,(CuS) = 10°%% K,(H,8) = 10™%; K,(H,8) = 10™°
va Cd*" + 2CI' = CdCl,; B, = 10>

D.S. Cyg = 0,73M hoa tan hoan toan 0,010mol CdS, nhung

CHC] = 2,0M chi hoa tan 4,5.10—6m01.L—1 CuS. Vay CHC] tu
1,0 - 2,0mol.Li* ¢6 thé tach hoan toan 0,010mol CdS khéi Cus.

10.31. Tinh tich s& tan cta AgCl & 25°C dua vao cac s8 lidu (kd.mol™)
sau d cung nhiét do: '
AG2(AgCl,tt) =-109,8;,AG;(Ag" .aq) = 77,1;AG;(Cl".aq) = -131,3.
P.S. 1,79.107"°
10.32. Tich s6 tan caa AgCl 8 25°C va 50°C 14n lugt 14 1,70.107° va 1,29.107°,

a) Tinh AG2,, cta phan iing sau trong dung dich:

Ag' + CI” - AgCl(tt) (a)

b) Tinh AH® va AS° ctia phan tng (a), coi AH® va AS° 13 hing s6 dsi

v6i nhiét do.

¢) Tinh d tan s mol.L ciia AgCl trong dung dich HC10,10M 6 25°C.

D.S. a) 55,7 kd.mol™.

b) AH® = -64,9 kJ.mol™; AS° = -30,9 J. K .mol ™.
¢) s=1,7.10"mol.L7\.

10.33. a) Thiét 1ap phuodng trinh K, = f(s, K,, h) trong dung dich béo hoa
CaF,, trong d6 s 1a 46 tan mol.L™ cia CaFy, K, 1a hing s6 phan ly
axit cia HF va h 12 ndng d6 H* trong dung dich.

b) Do hoa tan cua CaF, la 6,3.10°mol ! ¢ pH = 1,0 va
2,0.10“mol.L™! § pH = 6,0. Tinh K, caa HF va K, caa CaF,.

4s°K?
DS a) K =— s
S8 K=G Ky

b) K, = 57.10%vaK,= 3,2.107™",
10.34. a) Hay thiét lap phuong trinh tinh pH cda dung dich dé bit
ddu k&t tia mudi MS bing dung dich bao hoa H,S (0,10M) chia
jon M?* ¢6 néng d6 1,0.10mol.L* va phudng trinh tinh pH khi su
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két tiia két thic, biét ring sy két ta két thic duge thita nhan ldce
[M*'] = 1,0.10™" M (sai s6 1,0%). Cac hing sé phan ly axit cia H,S
lan lugt 1a K, = 1,0.107va K, = 1,0.107*.

b) Mot dung dich chia Zn** va Cd** cung néng dd 1,0.10%mol.L™.
Hoi phai duy tri pH trong khoang nao dé két tia hoan toan CdS (sai
s6 1,0%) ma khong két tha ZnS?

Tich sb tan ciia CdS 1a 10727® v cta ZnS 1a 10726,

D.S. a) pH= —;-ngs +12

pH = %ngﬂ+ 13

b) -0,9 < pH < 1,2.
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Chuong 11
DONG HOA HOC

TOM TAT LY THUYET
Toc dd phan ing

Téc dé phan tng thudng dude do bing do bién thién ndng do cha
mot trong cac chit phan ng hodc san phidm phan {ng trong mgt don vi
thoi gian.

Vi duy, xét phan ing trong hé dong thé:

aA+bB o> cC+dD

Téc do trung binh ctia phan {ng duge tinh nhu sau:

AC, __AC, _ AC. _ AC,

aAt bAt CcAt dAt

v=-

Téc do tic thoi:
dc, dC,  dC, _ dC,
LY et 1.1
st bdt - edt | ddt (11.1)

Anh hudng cGa néng do dén tdc do phan ing

Téc d6 phan dng néi chung gidm, khi ndng dd cac chit phan dng
giam. Phan ng tu xdc tac 12 trudng hgp dac biét.

Gi4 thiét c6 phan Gng sau trong hé dbng thé:

aA +bB - C
I'6c d6 cta da s phan tng thudng dude tinh bing phuong trinh:
- v=Kk[A]"[B]" (11.2)

[i] - ndng dd mol.L™" cia célu t i;

k — hiing 8 toc 46, k phu thudc ban chat phan ing, nhigt d6 va su c6
mat chat xic tac;

m va n — bac riéng phin doi véi cdu ti A va c&u ti B. N6i chung m
thudng khac a va n thudng khac b; mvan c6 thé 12 sd nguyén, sd thap
phan ho#c s6 khong. Cac gid trim van dugc xac dinh bing thyc nghiém.

m+n — bac phdn dng, m + n =L phan tng bac 1; m + n = 2: phan
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ung bic 2. Hai loai phan tng nay hay gip. Cac phan ting bac khéng va
bac 3 it gap. \ L ,

(11.2) thudng goi 1a phutong trinh déng hoc clia phan ang hay dink
lugt déng hoc.
Bac ban dau, bac hién thdi, phan tmg khéng cé bac

C6 thé c6 trudng hgp phuong trinh tinh tdc d6 phan tng khéng ding
cho moi théi diém. Vi du, phan tng nhiét phan CH,CHO:
CH,CHO(k) - CH,(k) + CO(k)

& thai diém t = 0; v, = K[CH,CHO] *”*: bac ban déu Iz g .
O thdi diém t > 0: v = K'[CH,CHOJ® : bac hién thdi 13 2.
Trong trudng hgp nay c6 thé c6 giai doan bac hién thoi khac g va 2.

Phan ing & pha khi sau:
H, + Br, - 2HBr

vo = K[H,]o[Br,] i : bac ban dau

Do w

Nhung phén ting nay khéng c¢6 béac theo thdi gian:

[H, ][Br, )"

1+k' “[HBr]

[Br,]

v=k

Phan tir s6 — Cd ché& phan img
N6i chung cic phan dng ho4 hoc thudng trai qua mot s§ qué trinh
trung gian trude khi tao thanh cac sdn pham. Vi du, phan ang: '
2NO(k) + 2H,(k) — 2H,0(k) + N,(k)
Cac qua trinh trung gian ctia phan ﬁng:.
2NO(k) = N,0,(k)
N,O,(k) + Hy(k) —» Ny(k) + 2H,0,(k)
H,0,(k) + Hy(k) - 2H,0(k)
M&i qua trinh trung gién dugc goi 1a mot qud trinh co bén. S phan
t& phan {ing § mdt qua trinh co ban g0i 12 phdn tw s6'phdn izng. Phéan ti
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s clla qua trinh cd ban luén luén nhé va 1a s6 nguyén: thudng 12 hai, d6i
khi mét, hiém khi ba.

Phén td sd ctia mdi qua trinh cd ban & trén déu 1a hai.

Xac dinh co ché phan Gng chinh 1a xac dinh cic qua trinh c¢d ban cho
phan @ng va co ché d6 phai phi hgp véi phuong trinh ddng hoc ctia phan
ing (xem bai tap 11.2)

Quy tic Van't Hoff vé anh hudng ctia nhiét dd dén téc dd phan ing

Bing thuc nghiém, Van't Hoff nhan thdy rdng, ci téhg nhiét do
thém 10°C thi tdc d6 phan ng thudng tang khoang tit 2 dén 4 1an.
Né&u ting nhiét o tit T, dén T, thi:

Vg, _
—t =y (11.3)
Vo,

¥ — hé s5 nhiét do clia phan tng, y khoéng tit 2 dén 4.
11.3 chi gAn ding cho phan dng dong thé & nhiét do khong cao.

Phuong trinh Arrhenius

k= Ae_% (11.4)
k — hing s6 toc do;
A — thita s6 tAn s6, 12 hdng s6 d6i véi phan tng da chon;
R — hiing 8 khi 1y tudng, R = 8,314 J K ".mol™;
T — nhiét d6 K;
E, — nang ludng hoat hoa clia phan tng. E, 1a hang rao nang lugng
ma phan ing phai vugt qua dé tao ra san pham, J.mol™.
Phuong trinh (11.4) c6 thé viét:

E
k=-—2 +1nA ' 11.5
In RT n ( )

(11.5) c6 dangy =ax +b vl x = % Vay c6 thé xac dinh ——I—{‘"— va A
nhd b thi Ink - %

Né&u biét k 4 hai nhiét d¢:
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Ink, =——]—3L+InA
*  RT,
E
[]nk,,.l :_Ri +InA
k, o
not Bl 1 (11.6)
k, R\T T, ‘

Néng lugng hoat hoa va hiéu itng nhiét cta phan trng thuan nghich
O hinh 11.1, E,, 1a néng lugng hoat hoa ctia phan ting thuan, DI
la néng lugng hoat ho4 ctia phan iing nghich. Mbt cach gian ding:
Ea(t) - En(n) = AHL |
AH, ~ entanpi caa phan dng thuan.
EA '

Toa do phan (ng

Hinh 11.1. Gian d& ning lugng clia phan ing & 600 — 800K:
Ha(k) + L(k) = 2HI(k)

Chat xuc tac

Chét xdc tac 1a chdt lam ting téc dd phan ting, nhung con lai sau
khi phan tng két thuc.

Trong da s8 trudng hop, chit xic tac 1am tdng téc d6 phan ting la do
lam giam ning lugng hoat hoa ctia phan lng:

Khi ¢6 méat chat xuce tac:

i
Ink'=-—=2 4+InA
RT
Khi ving mat chat xdc tac: -

E
Ink=-—2 + 1
n nA

k' E -K
n— ==—/- .. 32

11.7)
k RT (
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Xuc tac déng thé va dj thé
" e Chit xtc téc ¢ cung pha véi cac chat phan Gng 1a chit xdc tac
ddng thé.

e Chat xude tac thude vé mot pha khae véi pha cac chit phan dng la
chat xtc tac di thé.

Vai dic tinh cua chat xuc tac

e Tinh chon loc. Mot chét xdc tic lam xic tac cho phan dng nay,
nhung khong chéc 1am xie tac duge cho phan dng khac.

e Chit xuc tac khoéng lam chuyén dich cin bing. N&éu phan tng
thuan nghich chua & trang thai can bang, chat xdc tac ¢6 tdc dung lam
cho ¢an bang dat duge nhanh chéng hon.

Toc dd phan iing trong hé dj thé

Vi du, cacbon hay ancol etylic chay trong oxi la cac phan Ung trong
hé di theé.

Téc db cia loai phan tng nay con phu thude vao df 16n cta bé mat tiép
xuc gitta cac chat phan Ung.

Phan tng bac mot

Xét phan ung:

A->B
d[A]

V’—-‘———ci-t———k[A]
[A]

= In—-—— =-kt (11.8)
[Al,

[A], — ndng d6 mol. ™! ban ddu cha cu ti A;

[A] - néng d6 mol.L™* clia A & théi diém tinh tdc do.
A

Khi [A] = [—E]-‘l thi:

In2
k

t,, — thoi gian nia phan dng (chu ky ban huy, chu ky ban ra).

(11.9)

Ly =

231



Phan ing bac hai
A+B—->C+D

Béc riéng phén cia A va B déu bing mdt. Nong d6 ban ddu cha A va
B bing nhau:

ve-—t =k[A]’

AL R
Khi [A] [ ]
bira =ET11’T]0— (11.11)

Trudng hgp néng d6 ctia A va B khac nhau:
A + B —> C + D

O thdi diémt=0 aM bM 0 0
6th6idi€§mt a—x b-x X X
V= % =k(a - x)(b-x)
! jpab-x_,. (1.12)
b-a b(a-x)
Véib>g
BAI TAP

11.1. Bang thyc nghiém ngudi ta da thu dugc nhiing s8 liéu cha phan
ing gitta NO va H, & nhiét d6 700°C nhu sau:

2NO(k) + 2H,(k) — 2H,0(k) + N,(k)

Thi nghiém [H,], M [NOl, M T6c d6 ban ddu M.s™
1 0,010 0,025 v, =2,4.10°¢
2 0,0050 0,025 v, =1,2.107
3 0,010 0,0125 =0,60.107°

a) Xac dinh phuong trinh déng hoc va bﬁc cua phan IIng
b) Xac dinh hiing s8 t6c d phan ing.
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Gidi:
v, _k[H]"[NO]" k(0,01)"(0,025)" 2,4.10° _

L= = = =
¥ v, k[H,]"[NOJ]' k(0,005)"(0,025)" 1,2.107°

>m=1
v, _ k(0,01)(0,025)"  2,4.10° _
v, k(0,01)(0,0125)" 0,60.10°
=>n=2
v = k[H,][NOJ?

Bacphanidng 1+2=3

2,4.10°° .

001000257 =0,38mol*L%s™!

Tuong tu: k, = k; = 0,38mol L% .
11.2. Chitng minh ring phuong trinh déng hoc clia phan {ng & bai tap
11.1 phi hdp véi co ché sau:

b) k, =

2NO = N,0, (a): xay ra nhanh
N,O, + H, > N, + H,0, (b): xay ra cham
H,0, + H, » 2H,0 (c): xay ra nhanh
Giai:
Theo (b): v = k'[N,O,][H,]. ‘ (1)
Theo (a): K= [N 0 ] = [N,0,] = K[NO}? (2

[NOJ’
Thay (2) vao (1):
. v = k'K [NOJ*[H,] vdi k'K = k
11.3. CCl1,COOH — CHCl; + CO,
3 44°C: k, = 2,19.107s7%. G 100°C: k, = 1,32.107%s%.
a) Tinh hé s6 nhiét do ciia phan idng. _
b) Tinh ning lugng hoat hoa cia phan tng.

Gidi: ‘
1,32.10° &M
It et SN =y = =4,73.
2) 2,19.107 ! g
-3
b | 1,3210° _ E, (-1 _ 1 )::,E.=153kJ.mol‘l.
12,19, 107 8,314\317 373 |
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11.4. CH; - CH; -» CH,=CH, + H,
0 507°C: k, = 2,3.10%s™". O 527°C téc dé phan dng ting 1én gap doi:
a) Viét phuong trinh déng hoc ctia phén ting.
b) Thiét lap phudng trinh Arrhenius cho phan tng.
c¢) Tinh thoi gian nia phan dng & 527°C.
Giai:
a) Tt don vi cua hiing s6 t6c do, ta suy ra phan dng l1a bac mot:
v =k [CH;—-CH,)
b) InXe _1nYe _jng- Eﬂ(l—l)
k, v, .. 8314\780 800
= E, = 180 kd.mol™?

1

1n2,3.10" = 180:10°

8,314 x 780
21,6.10°

Ink=-—"-""4193
n T +

) t,, =—4-’-l6—’.’]%_7 =1507s.
11.5. Phan tng sau & 327°C:
Hy(k) + Iy(k) - 2HI(k)
E, = 167kJ. Khi ¢6 mat chat xic tac téc dé phan uing ting lén
2,5.10° 1an. Xéc dinh nang lugng hoat hoa ctia phan itng khi ¢6 mit
chat xuc tac.

+lnA =InA =193

Gidi:
' ! ! 3
mE_E B 2,5.10° = 167 E)107
k RT 8,314 x 600
= E', =59 kd.
11.6. C;H;~CHOH-CH,Cl + OH™ — C¢H; - CH - CH, + CI" + H,0
@) Ny

Phan ing 14 bac hai (bac mot déi véi mbi cau tu).

a) Giai thich tai sao trong méi trudng dém phan dng 14 bac mét.

b) O 18°C, trong méi trudng dém, néng d6 ban d4du cua chit A 1a
6,86.10mol.L”". Sau titng thdi gian do duge ndng d6 Cl” nhu sau:
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t(ph) 180 360 480 1140 1260
10°[CI'], M | 1,15 2,10 2,70 4,88 5,21

-

Chitng minh day 12 phan ting bac mdt va tinh hing s6 toc d k.
Giai: '
a) C,H,~CHOH-CH,Cl + O™ - C¢H; - CH - CH, + CI” + H,0
L a-x ' \O/ X
v 1 - x)[OH" |
dt -
Trong mdi trudng dém [OH™] = const, nén:
v=k(a-x)véik=k'[OH]

Vay phan ting trong méi truong dém 1a bac mat.

b)
t(ph) 180 360 | 480 1140 1260
10%(a—x), M 5.71 4,76 | 4,16 1,98 1,65
In (a-x) - 517 - 5,35 - 5,48 - 6,22 - 6,41

Né&u phan {ing 12 b4c mét thi:
In(a-x) = -kt + Ina
sé 12 mot dudng thing. D& thi x4c nhan gid thiét nay. Tu dé xéc
dinh duge k = 1,05.107 ph™".
11.7. (CH,),0 — CH, + CO + H,
Phén Gng 1a bac mot. Lae dau chi cé (CHy),0 va1 ap suét trong
binh la P, = 300,0 mmHg. Sau 10,0 gidy ap suat trong binh
P = 308,1 mmHg. Tinh hing s8 toc dé k va thoi gian nia phan tng.
Giai

(CH3)20 '—> CI—IJ + CO + I‘I.)

Ap suét lde dau: P, 0 0 0
Ap sudt sau 10s: Py-x X » X X
_P, 3P, - P

P=P +2x>x=

=>P, -x=

2

A .

[ ), =kt=In 2P, =kt =>k=1,36.10"s"
[A] 3P, -P

— In2
V27 36,107

In

=510s.




11.8. C,H,I + NaOH — C,H,OH + Nal

Néng d6 ban ddu ctia hai chdt phan 11ng bing nhau. D& mot nua
hidng ban dau cic chit phan tng chuyén thanh san phdm & 32°C
cin 906 phiit:

a) Tinh thoi glan dé mot nita lugng ban diu cac chit phan ing
chuyén thanh sin phim § nhiét d6 60°C, biét rang hé s8 nhidt do
phan tng 1a 2,83.

b) Tinh ning ludng hoat ho4 ctia phan tng.

¢) Tinh hing s6 téc d6 k & ha1 nhiét do trén, bigt ring phan ung la
bac hai (bac mét d6i v6i mbi chat) va néng d6 ban ddu m3i chat déu
14 0,050mol. L.

Giai:
a) v= 1 , hén:
t
— 'le‘ll_()'l‘I 1 -Y2v8
t, 906
= ty = 49ph.
b) : vy _k, 906
' v, k, 49
n 296 __E, ( 1 _ 1 ) = E, = 88 kJ.
49 8,314\ 305 333
1 1
) tp=—F 2k =—--=22102mol'.Lph? (& 32°C
) e K[A], ~ T 906x0,050 ot ~.Lph™ ( )

!

K, =—— =41.10"mol" Lph™ (5 60°C).
2~ 49% 0,050 mol™.L.ph™ ( )

11.9. Nghién cttu d9ng hoc ctia phan tng:
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C.H;Br + OH™ - C,H,OH + Br"

Néng d6 ban ddu cha C,H,Br 1a 3,0.10?mol.L"!, caa KOH la
7,0.10%mol.L™". O thdi diém t, 18y ra 10,0 cm® dung dich va dinh
lugng KOH chua phan ng. Thé tich dung dich HCI 5,0.102M cén
cho viéc trung hoa hoan toan KOH theo thdi gian 13 x em® nhu sau:
t (h) 0,50 1,00 2,00 - 4,00
x (cm?®) 12,84 - 11,98 10,78 ‘ 9,48
Xéc dinh bac va hing s8 t8c do k clia phan tng.




Gidi:

CHBr + OH —» CH,OH + Br

Néng d6 dau: a b 0 0
Néng 46 3 thoi diémt:  a-y b-y y y

Gia thiét phan dng bac hai, thi phai tuén theo:

v=%%:k<a—y><b—y)

= kt= ! In a(b-y) . Phuong trinh ¢6 dang:
b-a Dbla-y)

o 1 2= gy

b(a-y)
Né&u 1a dudng thing thi gia thist phan Gng bac hai la dang.
t (h) 0,50 1,00 2,00 4,00
10%y (M) 0,58 1,01 1,61 2,26

D3 thi 12 dudng thing va k = 6,33mol".L.h™"

11.10. Chu ky ban ra caa déng vi phéng xa ®Zr 1a 60,0 ngay. Tinh thoi
gian dé 20,0% kh&i lugng Zr bi phén ra.

Gidi:
In2 _ -
k = —2 =1,155.10" ngay™
60,0 g8y
[A] 1 100
In-—2=kt=>t= 1 = 19 ngay.
"Ta] 1,155.107 80 s
11.11. OC(NH,), = NH,0CN

3 61°C hing s6 t6c do cha phan Gng thuan k, = 1,62.107ph™ va
hing s6 toc d6 ctia phan tng nghich k, = 1,57.107¢ ph™’.
3 71°C: k, = 6,35.107 ph™" va k, = 4,45.107° ph™".
a) Tinh E, cta phan tng thuan va phan ng nghich.
b) Tinh AH ctia phan {ng thuén va phan ing nghich.
Giai:

a)

635107 _ Ew (1 1 ):?Em):woﬁklmol-l
1,62.10° 8,314\334 344

1 445.10° B ( 11
1,57.10° 8,314\ 334 344
b) AH, = B,y — Eqy = 31 kd .mol™; AH, = -AH, = -31 kJ.mol™".

1

) = B, = 99,5 kd.mol ™.



11.12. H,0, + 2HI - 2H,0 + I,

bé xac dinh bac riéng phin va bac ctia phan dng ngudi ta tién hanh
cac thi nghiém sau:
Thi nghiém 1: Tron 10,0 cm® dung dich HI 0,50M véi 10,0cm® dung
dich H,0, 1,0.10™M, 40,0cm® 1,0 va 50,0cm® H,SO, 1,0M. Bac phan
ng xac dinh duge bing 1.
Thi nghiém 2: Tron 20,0cm® HI 0,50M véi 10,0cm® H,0, 1,0.10™M,
30,0cm” H,0 va 50,0cm® H,S0, 1,0M. Bac phan tng xac dinh dudge
ciing bing 1, nhung téc dé phan dng gip hai 14n so véi thi nghiém 1.
‘a) Xac dinh bac riéng phin va bac chung cia phan dng.
b) Phan ting di theo hai giai doan:

H,0, + HI -» HIO + H,0

HIO + HI —» H,O +1,
Chiing minh ring, cd ch& hai giai doan nay phu hgp véi phudng trinh
doéng hoc cia phan tng.

Gidi
a) v = k [H,0,]"[HI]"
O ca hai thi nghiém [HI] » [H,0,), nén [HI] dugc coi 1a hing s8.
Tt dé:

v = Kk'[H,0,]™ véi k' = k[HI]"
Vay béc bang 1 xac dinh dugc 12 bac cta H,0, (m = 1).
O thi nghiém 2, néng dé H,0, giéng § thi nghiém 1, nhung ndng do
HI tang gip ddi, ddn dén téc d§ phan ung tang gip dbi. Vay bac ddi
véi HI ciing bing 1 (n = 1):
v =k [H,0,] [HI]
b) Trong hai giai doan ctia phan ing, giai doan ddu quyét dinh tdc
do phan tng la phi hgp véi phuong trinh dong hoc cta phan dng.
11.13. Cho a mol.L.™" H, tac dung véi a mol.L ™' I, xdy ra phan tng sau:
H.(k) + L(k) = 2HI(k)
v, = k,[H,]"[L,]"
Hing s8 tdc d§ cha phan tng thuan k, = 3,6.10™ L.mol'.ph™.
O thdi diém t néng d6 HI 13 0,040mol.L" va khi can biing la
0,060mol L.




Toc d6 ban diu cta phan dng 14 9,0.10mol. L .ph™.

a) Xac dinh bac riéng phan caa H, va I,

b) Tinh hing s6 téc dd cia phan {ng nghich k,, biét ring v, = k,[HI}*
¢) Tinh téc d phan {ng & thdi diém t.

Giai:
v m n
a) "1;=[H2] [L.]

-1 -1
E = %lgilfl_—l'% =mol®.L? = (mol.L'")(mol.L.")-
.mol™'p

= ¥ <[, ][L]

Bac cia H, va I, déu bang 1.

’9 0.10°
b a= [-——— =0,050M
) 3,6.10™

H, + I, = 2H1
Nong d6 can bing:  0,05-x 0,05-x 2x = 0,060M
_(0,06)° _
€7 (0,02
k, k, 3,6.10* " .
=t sk =t =222 =40.10"L.mol .ph™".
K(J k“ :> n KC 9’ 0

Bai tap tu giai

11.14. 2NO + 0, - 2NO,
Tron NO véi O, theo cic ndng dd khac nhau & 25°C, ngudi ta da xéc
dinh dugc tdc d6 ban ddu nhu sau:

Thi nghi¢m [NOJ,, M [Os)e, M vymol.L7s™!
1 1,16.10™ 1,21.10™ 1,15.10°
2 1,15.10™ '2,41.10™ 2,28.107®
3 1,18.10™ 6,26.107 6,24.10™
4 2,31.10™ 2,42.107* 9,19.10°®
5 5,75.107° 2,44.107° 5,78.107°




a) Xac dinh bac riéng phan d6i véi NO va O,.
b) Tinh hang s6 téc d6 k.
D.S. a) v=k [NOJ?*[O,]
b) k = 7,13.10° L2 mol 25!
11.15. 2NO + Cl, —» 2NOCl1
Béng thuc nghiém da xac dinh dude phuong trinh dong hoc nhu sau:
v =k [NOJ?[CL,]
a) Ching minh ring cd ché phan tng nhu sau phu hgp véi phuong
trinh dong hoc trén:
2NO = N,0, : 1)
N.;O, + Cl, - 2NOC1 (2)
b) Phén tl s8 ciia méi qua trinh cd ban trén bang bao nhiéu?
D.S. a) Qua trinh (2) quyét dinh téc d phan tng:
v =k [NOJ?[CL,] v6i k = k'K,
k' 12 hang s§ t6c d6 phan tng (2), K¢ 12 hing s6
can bing cta phan tng (1).
b) Phan ti s8 cia mdi qua trinh ¢ ban (1) va (2) déu
bang hai.
11.16. N,0,(k) - 2NO,(k)
O 1,0°C, hing 8 téc d6 k, = 4,5.10%™, Ning lugng hoat hoa bang
58,0 kd.mol™". Héi 6 nhiét d6 nao hing s téc d6 k, = 1,0.10% " va hé
s6 nhiét d6 ctia phan dng nay bing bao nhiéu?
D.S. 10°Cvay=2,4.

11.17. 2N,0; - 4NO, + O,
Héng s§ téc d6 k 3 mot s6 nhiét dd nhu sau:
t° (C) 25,0 35,0 55,0 65,0
10°k (s7™) 1,72 6,65 75,0 240

Xac dinh néng lugng hoat hoa bing d3 thi. Riit ra hé s§ nhiét dé caa
phén ing & 30°C, déng thoi thoi gian nita phan tng & 30°C.
D.S. E, =103 kd.mol; t,, = 1,94.10%; y = 3,71
11.18. Phan tdng hoa hoc lam sifa chua c6 ning lugng hoat hoa bing
43,05 kJ.mol ™. Hay so sanh téc db ctia phan tng nay & 30,0°C va 5 0°C.
D S. 4,65 14n
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11.19. Phan tng phan huy H,0, c¢6 E, = 75,312 kd.mol™". Khi c6 mat
ch&t xdc tic men trong vét thuong, E', = 8,368 kJ.mol'. Héi 4
20,0°C, khi c¢6 mit chat xdc tac men, téc dd phan d@ng tang lén bao
nhiéu 14n so véi khi ving mit né?

D.S. 8,61.10" lan

11.20. Phan dng N,0; - N,O, + %02 12 bac mot. O 45°C @6 thi In[N,O4]

theo thdi gian t c6 hé s8 géc 1a —6,18.107 ph™'. Tinh chu ky ban ra
cua N,O;.
D.S. t,, = 1,12.10° phit.
11.21. Chu ky bén ra cia ddng vi 1'C 14 5,73.10° nam. Xac dinh nién dai
ctia mdt xac udp c6 dd phéng xa 1a 2,50 nguyén td phan ra trong
1,0 phat, tinh cho 1,0g cacbon. Cac vat séng c6 dd phéng xa la
15,3 nguyén ti phan ra trong 1,0 phiit, tinh cho 1,0g cacbon.
P.S. 1,5.10* nam.
11.22. Xac dinh nién dai cha ¢d vat bing C-14 chi gidi han cho cb vat
khéng 1au qua 5,0.10° nim. Sau thdi gian d6 C-14 con lai trong c0 vat
1 bao nhiéu phan tram? Chu ky ban ra caa C-14 12 5,73. 10% nam.
D.S. 0,24%
11.23. Azometan phan huy theo phan ng bac mot:
CH,-N=N-CH; > CHs + N,
Bét dau chi c6 azometan véi P, = 160,0 mmHg. Sau 100,0 gidy ap
sust cha hé P = 161,6 mmHg. Tinh hing s§ tc dd k va thoi gian
nia phan dng.
D.S. k =1,005.107%s7"; ty, = 6,897.10%.
11.24. 9H,0, —> 2H,0 + O,
Theo d5i tdc d6 phan Gng nay bing cach dinh phéan dung dich H,0,
véi cac thé tich bang nhau caa H,0,:

Thoi gian (ph): 0 10,0 /20,0 {30,0
Thé tich dung dich KMnO, da dung (mL) [22,8 |13,8|8,25 |5,00

Xac dinh bac phén tng va hing 8 tdc 46 k.
D.S. Bac mét; k = 0,05 ph™
11.25. Mt binh chita hén hgp hai chit A va B déu phan huy bac mét.
Chu ky ban huy caa A 1a 50,0 phat, cha B 1a 18,0 phit. Néu néng dd
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cia A va B lic ddu bing nhau thi cdn bao l4u dé ndng d6 cua A
bang bon 14n néng dé cia B?
D.S. 56,4 phat
11.26. Chi 13 san phdm cudi cing cta sy phan huy phéng xa U-238.
Phan tich m6ét méu da thay ty 1& khéi lugng Pb : U = 0,460. Tinh
gin ding tudi cia miu da dé, t,, cia U~238 14 4,51.10° nam.
| My = 238 g.mol™*; Mp, = 206 g.mol™!
b.S. 2,76.10° nam
11.27. Phan ting sau xay ra d pH xac dinh:

I'+ClO” = I0"+CI’

. [T][c107]

v= ()
[on"]
Chiing minh rdng cd ché sau tuin theo phuong trinh dong hoc ctia

phan tng:

Cl0O" + H,0 = HCIO + OH™ (1): xay ra nhanh

HCIO +I" - HIO + CI’ (2): xay ra cham

HIO + OH™ - H,0 +10” (3): xay ra nhanh

D.S. Phan tng (2) quyét dinh téc do véi v = k'[HCIO][I].
[HCIO] rit ra tit cAn bing (1). Hing s6 k trong (a) 1a k = k'K, trong
d6 K¢ 12 hang s8 can bing ctia phan tng (1).
11.28. Phan ting thuy phan este RCOOR!' 12 bac hai (bac mét d6i véi mi chat):

RCOOR'+ OH™ - RCOO + R'OH
Mot dung dich chita 0,010mol RCOOR' va 0,010mol NaOH trong
1,0 lit. Sau 2,00.10% phiit thi 3/5 este da bi thuy phan.
a) Tinh hing s6 toc d6 k ca phan (ng.
b) Tinh théi gian d8 99% este bi thuy phan.

D.S. a) k=0,75 L.mol™.ph.
b) t,» = 1,3.10* phat
11.29. a) Hy(k) + I(k) —» 2HI(k)

Phan ting 13 bac mét d&i véi H, va bac mot dsi véi I,. O thai diém
t =0 thi [Hy] = [I,] = 0,250M. Sau 20,0 giay [I,] = 0,240M. Tinh hing
s6 téc do k.
b) 2ZHIk) - Hy(k) + I(k)
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Phan tng 1a bac hai. Xudt phat ti ndng d6 ban didu caa HI la
0,\500mol.L", sau 20,0 gidy néng 46 [H,] = [I,] = 7,50.10*M. Tinh
héng sd toc 4o k'
¢) Stt dung cac sd liéu & hai phin a) va b), hay tinh néng 46 cua H,,
I, va HI lic can bing.
D.S. a) k=8,33.10°L.mol s
b) k' =1,50.10"*L.mol \.s™
¢) [H,] = [I,] = 5,30.10M; [HI] = 0,394M.
11.30. G 700°C hai phan i@ing sau x4y ra song song:
CH,COOH — CH, + CO, (1); k,=3,50s"!
CH,COOH - CH, = C =0 (xeten) + H,0 (2); k;=4,50s™
k 1a hing s6 téc do.
a) Héi cAn bao nhiéu thoi gian dé 90,0% CH;COOH ban d4u phén
huy theo ca hai phan ting?
b) Tinh khéi lugng CH, va xeten tao thanh tir 100,0g CH;COOH.
M, = 12,0 g.mol™; M, = 16,0 g.mol™*; My = 1,00 g.mol™
D.S. a) 0,288s
b) m(CH,) = 11,7g; m(xeten) = 39,5¢.
11.31. Hap thu khi CO, bing nudc:
CO,k) + H,0(¢) = H,CO,
Phan tng thuan va nghich déu 1a bac mét.
a) Viét phuong trinh tinh tdc d cho phan dng thuan va nghich.
b) N&u dé n mol CO, trén mit nudc, sau 23,0 gidy thi mdt nita khi
CO, hoa tan. Tinh hing s& toc d6 k ctia phan tng thuan.
c) Hing s& toc d6 k' ctia phan tng nghich la 20,0s™. Tinh hing s6
can bang K¢ clia phan dng.
D.S. b)k=3,01.10"%""
o) Ke=1,51.10™%.
11.82. Phosgen (COCI,) dugc téng hgp theo phan dng:
CO(k) + Cly(k) > COCly(k)

& nhiét do va thé tich khéng ddi, 4p suét riéng phén cia COCL, do

dugc theo thdi gian phan ng nhu sau:

243



Thi nghiém 1: Ap suét ban dau P, =400,0 mmHg; Peo = 4,0 mmHg.
t (phut) : 0 34,5 69,0 138,0
PCOClz(mmHg) : 0 2,0 3,0 3,75
Thi nghiém 2: Ap suét ban diu P, =1600,0 mmHg; Pco = 4,0 mmHg.
t (phat): 0 4.3 8,6 17,3
PCOCIZ('mm}Ig) : 0 2’0 3’0 3’75
X4c dinh bic riéng phan caa CO va ctaa Cl,.

b.S. v=k [CO] [CL,)*.
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Chuong 12
PHAN NG OXI HOA — KHU VA CAC QUA TRINH DIEN HOA

TOM TAT LY THUYET
Cip oxi héa—khlr
ox + ne = kh

Mot chat oxi hoa (ox) khi nhén electron chuyén thanh chit khu (kh).
Ngugc lai mot chat kht khi nhudng electron chuyén thanh chat oxi héa.

Cap ox/kh dugc goi 1a cdp oxi hoa — kh.
Pin dién héa
Xét vi du pin kém — dong (hinh 12.1).

e f Dung dich
bzo hoa KCi
Anot © ® catot

Dung dich
ZHSO4

Hinh 12.1. So d6 pin Zn - Cu

Zn nhung trong dung dich chtia céc ion Zn?* goi 1a dién cyc kém. Cu
nhing trong dung dich chia cac ion Cu® goi la dién cuc déng.

Khi pin hoat dong x4y ra phan ng oxi hoa — khit sau:
7Zn + Cu?* —» Zn* + Cu
Tuy nhién, sy oxi hoa Zn va su khit Cu®* xay ra 6 hai vi tri khac nhaur
7n — Zn2* + 2e: su oxi hoa Zn xay ra ¢ dién cyc kém.
Cu?* + 2e — Cu: su khit Cu®* xay ra ¢ dién cuc dong.
Céac electron chuyén ti dién cuc kém sang dién cuc dong nhd vao
day dan dién tao nén dong dién.

245




Trong mo6t h¢ dién hoa bat ky (pin, acquy, dién phan), ngudi ta quy
udc, noi xay ra sy oxi hoa goi 1a anot, ndi xay ra su khit goi 1 catot.

Trong pin dién hoéa, cac electron chuyén tit anot sang catot nhd day
dan dién, con chiéu dong dién duge quy ude nguge véi dong electron.

Mot pin dién hoa dugc ky hiéu nhu sau:
Vat lidu dién cuc 1 | dd dién cuc 1 ||dd dién cyc 2 | Vat liéu di¢n cuc 2
Vi duy, pin Zn - Cu duge ky hiéu nhu sau:

Zn |Zn* || Cu* |Cu

bién cuc kim loai

Dién cyc kim loai gdm mét kim loai nhing trong dung dich mudi
cua né.

Gita kim loai va dung dich xuit hién mot hiéu s dién thé. Gia tri
cua hiéu s6 dién thé nay phu thudc vao ban chit kim loai, ban chat dung
moi (trong tai lidu nay chi xét dung mdi nuéc), néng d6 ion kim loai
trong dung dich va nhiét d§. Gia tri nay khong thé xac dinh duge, nén
phai quy uéc 14y mét dién cyc lam chudn va gan cho né mot gia trj thé

dién cuc dé so sanh véi cac dién cyc khac. Dién cuc dugc chon 13 dién cuc
chuén hidro.

bién cuc kim loai va dién cuc hidro goi 1a cac dién cuc loai méot.
Pién cuc chuan hidro

Dién cyc chudn hidro gém mdt thanh platin, ph muéi platin, nhing
trong dung dich axit ¢c6 pH = 0, ¢6 khi hidro & ap sudt 1,0atm 15i qua.

Vay dién cuc nay lam vide véi cip oxi hoa — khit H'/H,. Thé& cta dién
cuc chudn hidro duge quy udc bing 0V & moi nhiét do:

2H.aq + 2e = H,(k), E°, =0V

H* /H,
Gia tri nay goi 1a thé dién cuc chuin hidro hoic thé khii chuin cua
hidro hoic thé oxi hoa — khi chuén cta hidro.

bién cuc calomen

bién cuc calomen 13 dién cuc lam viéc v8i cdp oxi hoa — khu
Hg,Cl,/Hg:

Hg,Cly(tt) + 2e = 2Hg(() + 2C1; E* = +0,268V
Dién cuc calomen 1a di¢n cuc loai hai.
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Hai dién cuc loai hai khac cling hay duge ding 14 dién cuc bac
clorua va dién cuc thuy ngan (I) sunfat:
AgCl(tt) + e = Ag(tt) + CT; E° = 40,222V
Hg,SO0,(tt) + 2¢ = 2Hg(() + SO*;  E°=+0,615V

pién cuc gdm kim loai tré nhiing trong dung dich chira mot cap oxi
hoa — khur

Kim loai tro thudng dung cho loai dién cuc nay la platin. Vi dy, kim
loai platin nhiing trong dung dich chita cap oxi hoa — khtt Fe®/Fe*".

Céac dién cyc kiéu nay la cac dién cyc loai ba.

Thé cua loai dién cyc loai ba phu thudc vao ban chit kim loai lam
dién cuc, ban chdt cua cép oxi hoa — khii, ty 1& néng dd gitta dang oxi hoa
va dang khit va vao nhiét dd.

Pidu kién chuan cua cac loai dién cuc

Mot dién cyc & diéu kién chudn khi néng dd (chinh xéc 12 hoat do)
ctia mdi cdu td tham gia phan dng dién cuc bing 1,0mol.L™. N&u la chat
khi thi 4p suét (chinh xac 12 hoat ap) riéng phan cua mbdi ciu tu tham
gia phan tng dién cyc la 1, Oatm. Néu la chat rin phai 4 dang tinh thé
nguyén chat ¢ dudi ap suit 1,0atm. Néu 1a chat long phai 14 nguyén
chit & dudi ap suat 1,0atm.

Thé dién cuc chuan

P& ¢6 thé so sanh dugc thé dién cuc cta cac loai dién cuc khéac nhau,
ngoai viée quy dinh diéu kién chudn cta céc loai dién cuc, con phai quy
uée chidu ctia phan dng dién cyc va nhiét do.

Ngudi ta quy udc chifu ctia cac phan {ng dién cuc la chiéu cua qua
trinh khu:

ox + ne = kh
Didu nay c6 nghia 1a néu viét qua trinh ngudc lai:
kh = ox+ne
thi d&fu caa thé dién cuc phai ddi (gia tri tuyét d5i bang nhau).
Chinh duya vao su quy udc nay, ma th& dién cuc cing cb tén la

thé khu. Tuy nhién trong mot s6 tai liéu, ngudi ta cing goi la thé& oxi
hoa — khu.
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Vi thé dién cyc phu thude vao nhiét dg, nén sy so sanh thé dién cuc
cta céc dién cyc khac nhau phai 3 ciing nhiét do.

Thé dién cyc chudn § 25°C clia rat nhidu dién cuc da dude xac dinh
va lap thanh bang (xem phén phu luc & cusi sach).

Xac dinh thé& dién cuc chuan

Dé x4c dinh thé€ dién cuc chudn cla mét dién cuc nao d6, ngudi ta
thi€t 14p mot pin gdm dién cuc chudn cAn xac dinh thé& va dién cuc
chuén hidro, rdi do hidu s& dién the 16n nhat giita hai dién cuc.

Hiéu s8 dién thé 16n nhit do dugc 13 the dién cyc chudn cia dién cuc
can xac dinh, vi th& dién cyc chudn hidro dugc quy uwéc bang OV. Thé
dién cyc chuén xac dinh dugc ky hiéu 1a E°(ox/kh).

Thé dién cyc chudn xac dinh dudge s6 c6 gia tri duong, néu dién cuc
cén do thé 14 dién cye dudng (catot) cia pin so véi dién cuc chuén hidro.
Ngugc lai néu dién cyc cin x4c dinh thé 13 dién cuc 4m (anot) so véi dién
cuc chudn hidro, thi gi tri do dudc sé ¢6 ddu Am. ‘

Vi dy, cac gié tri thé dién cyc chudn sau dudc xac dinh 3 25°C:

() Pt | Hy(1,0atm), H*.aq (1,0M) || Cu*.aq (1,0M) | Cu (+)

E°(Cu*/Cu) = +0,337V
(+) Pt | Hy(1,0atm), H'.aq (1,0M) ||Zn*.aq (1,0M) |Zn )
E°(Zn*/Zn) = -0,763V

bién cuc chuén hidro thuc t& khéng tdn tai, nén nguoi ta phai dung
mdt dién cue so sanh khac 13 dién cuc loai hai, ching han dién cuc
calomen. Thé dién cuc chufn caa dién cuc calomen & 25°C la
E°(Hg,Cl,/Hg) = +0,268V. ‘

Bién cuc calom(?n trong dung dich bdo hoa KCl ¢6 E(Hg,Cl/Hg) = + 0,244V.

Gia tri thé khit chufn ctia mot cip oxi hoa — khi cang 16n (tri s6 dai
s6) thi dang oxi hoa (ox) ¢6 tinh oxi hoa cang manh va dang khit (kh) cé
tinh khit cang y&u va nguge lai. '

Stre dién dong cua pin
Stc dign dong ctia pin & 1a gia tri (tri s§ tuyét d6i) ctia hidu s& dién
th& 16n nhat giita hai dién cuc ciia pin:
& =E,-E,>0 12.1)
Eq: thé khit cia dién cyc dudng, V:
E: th€ khit cla dién cyc am, V.
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Néu pin dudc cdu tao bdi hai dién cyc chudn thi:
&' =E,~E, >0 (12.2)

Cac yéu té anh hudng dén thé khir. Céng thirc Nernst
aox+ne = bkh
Céng thic Nernst ¢6 dang:
R_Tln [ox]h
nF [kh]
R - hing s6 khi 1y tudng, R = 8,314 J. K".mol};
F — hing s6 Faraday, F = 96,5.10° C.mol™;
T — nhiét dd tuyét dé1, T = (t°C + 273)K;
n — s6 electron trao d6i gitta hai dang ox va kh;
[ox] va [kh] — néng d6 mol.L™" cua céc dang oxi hoa va dang kh,
a va b 1a cac hé s ty lugng ding trudc cac dang ox va kh.

E(ox/kh) =E°’(ox/kh) + (12.3)

0 25°C, cong thitc Nernst ¢6 dang:

Eox/kh) = B (ox /1chy + 22591 1%
n - [kh]

(12.4)
Mot s6 vi du 6 25°C:

Cu? + 2 = Cu

B(Cu® / Cu) = B*(Cu® / Cu) + 0591 g[Cu’]

Cu & thé rén, dudc coi 12 hing sb.
2H" + 2e = Hy(k)

+ 2
0,059, [H]
2 Py,

EH*/H,)=E°(H /H,) +

Dé1 véi chat khi, dflhg 4p suét (atm) thay cho néng d6 mol.L™".
MnO,” + 5e + 8H" = Mn*" + 4H,0 ({)
0, 059 g [MnO ] [H*
5 [Mn*]
Nuée 14 dung mdi, khong c6 mat trong cong thic tinh. V& trai c6 8H*
tham gia phan tng dién cyc, nén phai c6 mit trong cong thic Nernst.

E(MnO; /Mn*") = E°(MnO; /Mn*") +
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Hg,Cly(tt) + 2¢ = 2Hg({) + 2CI"
0,059 1
lg 5
Ler ]

Hg,Cl,(tt) va Hg(() 1a nhiing pha ngung ty, nén khéng c6 mit trong
cong thic Nernst:

E(Hg,Cl,/Hg) =E°(Hg,Cl, /Hg) +

Sn** + 2e = Sn*

0,059, [Sn*]

“[s]

E(Sn" /Sn*)=E°(Sn** /Sn*) +

Chiéu phan tng oxi hoa - khi¥ trong dung dich
AG = -nFAE (12.5)
n - s0 electron trao d6i giita chit oxi hoé va chat khit trong phan Ging;
F =96,5.10° C.mol™;
AE = E(ox,/kh;) - E(ox,/kh,), trong d6 E(ox,/kh,) 12 thé& khi ctia cidp
oxi hod — khii ¢6 dang oxi hoa (ox,) & v& trai phuong trinh phan tng, con
E(ox,/kh,) 1a th€ khit ctia ciip oxi hoa — khit ¢6 dang khit (kh,) & vé& trai

cua phudng trinh phan {ing, nghia 1a tng véi phuong trinh phan ing
sau:

ox, + kh, &= kh, +ox,
Khi: AG <0, phan tng xdy ra theo chiéu thuan;
AG > 0, phan tng di theo chiéu nghich;
AG = 0, phan dng 4 trang thai can bang.

Tit biéu thic (12.5) ta thay ngay riing, chi cin E(ox,/kh,) > E(ox/khy)
thi AG < 0 va ngugc lai, con khi E(ox,/kh,) = E(ox./kh,) thi phan dng
trang thai cin béng.

Khi phén tng 6 diéu kién chudn (ndng dd cac ciu ti trong dung dich
tham gia phan tng, k& ci san phdm déu bing 1,0mol.L!, n&u 13 chit

khi thi 4p sudt riéng phan 1a 1,0atm), thi chidu phan ing dugc xac dinh
bing bidu thic sau:

AG® = —nFAE° (12.6)
AE® = E°(ox,/kh,) - E°(ox,/kh,)



Vi du, xét phan tng sau ¢ 25°C:
Fe® + Agt = Fe® + Ag(tt) (1)
E°(Fe?'/Fe®) = +0,771V ; E°(Ag'/Ag) = +0,7991V
a) Tinh AGY,ctia phan tng. Héi § didu kign chudn phan dng xay ra
theo chiéu nao?
b) Néu viét phan ting (1) theo chiéu ngude lai:
Fe* + Ag = Fe** + Ag’ 2)
Tinh AGY,,ctia phan dng (2). Suy ra chiéu phan dng (2).
¢) Mot dung dich chita hdn hop cac chit sau: Fe(NOj), 0,10M;
Fe(NO,), 0,010M; AgNO, 0,010M va Ag kim loai du. Héi chiéu phan dng
(1) 6 diéu kién nay?
Giai: .
a) Fe* + Ag'= Fe” + Ag(tt) (1)
Diéu kién chuédn: 1,0M 1,0M 1,0M
AG® = —1 x 96,5.10%0,7991 — 0,771) = +2,71kd <0
Phan ng xay ra theo chiéu thuan.
b) Fe® + Ag(tt) = Fe” +Ag'
AG® = -1 x 96,5.10%0,771 — 0,7991) = -2,71kJ >0
Phéan ng x4y ra theo chiéu nghich.
= 12‘;69”61I = 0,830V

E(Ag'/Ag) = +0,799 + 9?1;;(0,010) - 0,681V

c) E(Fe*/Fe*) = +0,771 +

AG = -1 x 96,5.10%(0,681 — 0,830) = +14,4kd >0
Phan tng (1) xay ra theo chiéu nghich.
Hiing s& can bing cua phan tng oxi hoa - khir trong dung dich
AGe = -RTInK = —nFAE°

= nAE° = Bfl—an

_ nAE’
0,059

n va AE® dude tinh gidng nhu trong biéu thic (12.6).

O 25°C: IgK (12.7)




Vi du, tinh hing s6 ciAn bing ctia phan tng (1) & 25°C:
1gK = 1(0,7991 -0,771) ~0,48
0,059
= K=3,0.
Néu tinh K theo phan tng (2) ¢ 25°C:
1(0,771 -0,7991)
0,059

= K'=0,33.

IgK'=

=-0,48

Nghia la: K' = % d cung nhiét do.
vi hai phan dng (1) va (2) dudc viét ngude chiéu nhau.
Tinh E° ctia cip oxi hoa — khir

e Vi dy, tinh E°(Fe®*/Fe) ¢ 25°C khi bigt E°(Fe®*/Fe*") = +0,771V va
E°(Fe*/Fe) = —-0,44V.
Ta lap mot chu trinh kin nhu sau:

_ AG°
Fe®* + 3e - Fe

AG? / AG)

Fe?* + 2¢
AG° =AG; +AG)
— 3FE°(Fe*'/Fe) = —-1FE°(Fe*/Fe?) — 2FE°(Fe?*/Fe)

E°(Fe®*/Fe) = % (0,771 — 0,44 x 2)

= E°(Fe*/Fe) = ~0,036V.
* Tinh E;(MnO,/MnO,) dya vao E°(MnO,/Mn®) = +1,51V va
E; (MnO,/Mn*") = +1,23V:

AG®
MnO," > Mn?

a6 NG G

MnO,
AG® =AG] + AG)

—5x 1,51 =-3E - 2x 1,23
= E! (MnO,/MnO,) = +1,70V.
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o Tinh E°(AgCUAg), biét E°(Ag'/Ag) = +0,7991V va K,(AgCl) = 1,6.107°.

AG®
AgCl

AGS N\ / G°

++Cl_.
— 1FE°(AgCVAg) = -RTInK, - 1FE°(Ag"/Ag)

E°(AgCl/Ag) = Ezln K, +E°(Ag*/Ag)

E°(AgCl/Ag)—-8—-wl 1,6.10"° +0,7991
96.5.10°

E°(AgClAg) = +0,220V.
« Tinh EZ (Cu*/Cu), biét ES (Cu®/Cu) =+0,337V va E°(Cu™/Cu’) = +0,153V.

Cu®* AG7 » Cu'
a6 ONL o, G
AG® =AG? +AG)
—~1FE°(Cu*'/Cu*) = -2FE{ (Cu**/Cu) + 1FE; (Cu'/Cu)
3 day AGS = +1FE; (Cu'/Cu), khong phai AG] = -1FE; (Cu’/Cu), vi

qué trinh chuyén tu Cu sang Cu* ngugc véi quy ude vé chiéu caa qua
trinh dién cdc (qua trinh khu).
ES (Cu*/Cu) =-0,153 + 9 x 0,337 = +0,521V
e Tinh E° cua cip [Fe(CN)gJ*/[Fe(CN)el*", bigt E°(Fe*/Fe?) = +0,771V;
Bs ctia [Fe(CN)¢J* = 1,0.10* va B, ctia [Fe(CN)g]" = 1,0.10%.

AG®
[Fe(CN)e]” +& —* [Fe(CN){*

AGY ; AGj

AG)
Fe** + 6CN" +e — Fe® + 6CN’

AG® = AG; + AG; +AG;
—FE° = -RTIng;' - FE; -RTIn Be
E° = RTl 1,0.10* +0, 771+len1 0.10%
F F
E°([Fe(CN))*/[Fe(CN)¢]*) = 0,358V.
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Tinh thé khir ctia céip H'/H, 6 pH = 7,0, pH = 14,0 va P,, = 1,0atm
2H" + 2e == H,(k)

2
H+
0. 0,0591g[ ]
Py,
0] pH =7,0 va p, = 1,0atm:

0,059 _
EH*/Hz :Tl g(107")? =-0,413V.

-0,413V la th& khi cha cip HH, cha nudc nguyén chit, nén
thudng viét:

E(H,0/H,) = -0,413V (6 pH = 7,0)

O pH = 14,0

By, = 252011077 = -0,826V.

Gia tri —0,826V 13 thé khu cua H'/H, trong méi trudng kiém véi
[OH™] = 1,0M. D4y 12 néng d6 chuin cda ion OH", nén gia tri nay goi la
thé& khti chuin caa cdp H,0/H, trong méi trudng kiém:

E°( H,0/H,) = -0,826V (& pH = 14,0).

Thong thuong khong cé ghi chi gi, thi the khi chuin dugce ghi trong
cac tai liéu la trong méi trudng axit (3 pH = 0). Vi du & 25°C:

E°(MnO,;/Mn*) = +1,51V tng v6i phan tng dién cuc sau:

MnO; + 5e + 8H* - Mn*" + 4H,0

Né&u bién d6i nong do H*, thi gia tri thé dién cyc bién déi. Gia thiét,
néu nong do H* 14 0,50mol.L7Y, cac néng khéc gitt nhu & diéu kién chudn,
ta cé:

E(MnO; /Mn®) = 1,51 + 9155—9- 1g(0,50)° = +1,48V.

Acquy

Acquy la dung cu bién hoa ning thanh dién ning gidng pin, nhung
khac pin 6 chd, sau khi phéng dién, n6 cé thé duge tich dién lai nho
ngudn dién bén ngoai.

Acquy théng dung 13 acquy chi (acquy axit) va acquy cadimi—niken
(acquy kiém).
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Acquy chi

Acquy chi gbm cuc 4m (anot) 1a chi x6p, cyc duong (catot) 1a chi
dioxit. Hai cuc dude nhing trong dung dich H,SO, 35-40%, vi 6 nong dd
nay dé dan dién ctia dung dich H,SO, 1a 16n nhét.

Phan dng phéng dién va tich di¢n trong acquy chi nhu sau:

Ph(tt) + PbO,(tt) + 2HSO;, + 2H" = 2PbSO,(tt) + 2H,0

Chiéu phan tng ti trai sang phai la chiéu phéng dién. Chiéu nguge
lai 12 chidu tich dién. Stic dién dong cia acquy chi khoang 2,0V.

D& tich dién cho acquy, ngudi ta ndi cyc dudng véi cyc dudng va cyc
4m véi cuc Am cia ngudn dién bén ngoai.

Acquy cadimi-niken

Acquy cadimi-niken gém kim loai Cd 1a anot va niken (III) oxit
hidrat Ni,04.H,0 hoéc NiOOH 1a catot. Dung dich chit dién ly 1a KOH
¢6 chita mot lugng nho LiOH.

Phan ng phéng dién v tich dién cla acquy cadimi-niken nhu sau:

phong dién
Cd(tt) + 2NiOOH((tt) + 2H,0 ———— CA(OH),(tt) + 2Ni(OH),(tt)
tich dién

Stic dién dong ctia acquy cadimi—niken khoang 1,4V.

Su dién phan
Su dién phén 1a qua trinh oxi hoa — khlt xay ra ¢ bé mit cac dién

cuc khi cho dong dién mdot chiéu di qua hgp chit néng chay ho#c dung
dich chat dién ly.

Pién phan cac chat trong dung dich nudc

Khi dién phéan céc chét trong dung dich nuédc, cac cation cua chét
dién ly va cac cation H" caa H,0 co su canh tranh nhau dé phéng dién &
catot (dién cuc Am), con & anot (dién cuc duong) cb su canh tranh gida
céc anion ctia chit dién ly va cac anion OH” cta H,0, néu anot 1am bing
vat lidu kim loai, con c6 su canh tranh cta vat liéu lam anot.

Qua trinh nao sé xay ra g cac dién cyc, trude hét phu thudc vao gia
tri th& khit ctia cac cép oxi hod — khi. Didu d6 ¢6 nghia 1a dang oxi hoa
cla cip oxi hoa — khu nao ¢ thé khit 16n nhit sé bi khit 6 catot va
dang khi ciia cap oxi hoa — khit nao c6 thé khit nhé nhat sé bi oxi hoa &
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anot. Nhung dé khéng phai 1a y&u t§ duy nh&t anh hudng dén qua
trinh hoa hoc xdy ra & cac dién cuc khi dién phan. Vat lidu lam dién
cyc, b€ mit dién cuc, méat d6 dong dién, thanh phan dung dich, nhiét
d6 cting 14 nhiing yé&u t8 quan trong anh hudng dén qua trinh tao ra
san phidm dién phéan.

Do tinh phtc tap cta v&n dé dién phén, nén & day chi dua ra mot s6
nhén xét dinh tinh dua vao cic so  1igu thic nghiém.

Qua trinh xay ra & catot khi dién phan trong dung dich
Xét hai qua trinh canh tranh nhau d8 phéng dién giita cac ion kim
loai dé tao thanh kim loai va cac ion H* ctia H,0 dé tao thanh khi H,:
M™ +ne->M v (a)
2H,0 + 2e —» H, + 20H" (b)
Trong méi trudng trung tinh E(H,0/H,) = -0,4138V, nén néu
EM"™/M) 16n hon nhiéu so véi -0,413V thi xdy ra qua trinh (a).
Thuc nghiém cho biét, thong thuong d6 la nhing kim loai cé
E°(M™/M) > E°(Sn**/Sn) = -0,136V. Ngugc lai, néu E°(M™/M) nhd hon
nhiéu so véi —-0,413V thi Xay ra qua trinh (b). P6 1a trudong hgp caa
nhiing kim loai ¢6 E°(M™/M) < E°(Ti®/Ti) = —1 ,63V.
Nhiing kim loai ¢6 E°(M™/M) gin véi gia tri -0, 413V, thi tuy vao

néng d6 dung dich va didu kién dién phan ma kim loai M hay H, thoat
ra O catot. Théng thuong quan sat théy ca kim loai va hidro.

Qua trinh x3y ra & anot trg khi dién phéan trong dung dich

Khi dién phéan, & anot sy oxi hoi cic anion xdy ra d& nhat 13 cac
anion khéng chda oxi (tru F), nhu I', Br", CI', sau d6 dén cac anion
OH". Cac anion chita oxi 14 cac gbc axit rat khé bi oxi héa.

Néu trong méi trudng kiém, ma xay ra sy oxi hoa cAc anion OH- thi:

40H™ - O, + 4e + 2H,0

Con trong mdi trudng trung tinh thi:

2H,0 - O, + 4e + 4H*

Qua trinh xay ra & anot hoat déng khi dién phén trong dung dich

Anot hoat ddng thudng duge lam bing vat liéu kim loai. Trong
trudng hop nay khi dién phén c6 ba qua trinh canh tranh nhau. Do la

256



sy oxi hoa vat liéu kim loai, su oxi hoa H,0, su oxi ho4 anion ctuia chit
dién ly.
Néu kim loai ¢6 thé khit nhd hon hai hé dién hoa kia thi quan sat
thay su hoa tan anot (anot tan):
M — M™ + ne

Trong trudng hop ngudce lai sé xay ra giéng nhu 6 anot trd.

Binh luat dién phan
_Alt
" nF
m — khdi lugng (g) chaTthoat ra & anot hoac catot khi dién phén;

A — kh#i lugng mol nguyén ti (g.mol™) ctia chét thoat ra & anot hoac
G catot;

n — gia tri tuyét d6i s6 oxi hoa cta ion bi khit dién tich ¢ dién cuc
khao sat; ‘

I — cuong dd dong dién dung dé dién phan, A,

(12.8)

t — thoi gian dién phén, s;
F — hing s6 Faraday, F = 96,5.10° C.mol™".

Thé phan huy

Hi¢u s6 dién thé t8i thiéu clia dong dién mot chiéu gidia hai dién cyc
khi ti#n hanh dién phan dé su dién phan bit ddu xay ra goi 14 thé phdn
huy. '

V& 1y thuyét, thé€ phan huy ctia mdt chat ndo d6 trong dung dich
bing stic dién dong caa pin tao bdi cac chét thoat ra & cac dién cyc khi
di¢n phéan.

Tuy nhién trong nhiéu trudng hop thé phan huy 16n hon gia tri duge
tinh theo 1y thuyét. Phan vugt tréi dong gop vao thé& phan huy ly thuyét
goi 1 qud thé. '

Qua thé

Qua thé = Thé& phan huy thuc t& — Thé phan huy ly thuyét.

Qué th& phu thudc rat nhiéu y&u t8, nhu ban chat cta ion bi phong
dién, ban chat dung méi, ban chét vat liéu 1am dién cuc, b& mat dién

cuc, mat d6 dong dién, thanh phén dung dich, trang thai cac chit thoat
ra § dién cuc khi dién phén, nhiét dj,..
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BAI TAP
12.1. M6t pin duge cau tao nhu sau & 25°C:
Mg |Mg(NOy), 0,010M | | AgNO, 0,10M | Ag
Céu mudi néi hai dién cuc 1a dung dich KCl bao hoa. O 25°C c6:
E°(Mg*/Mg) = -2,37V; E°(Ag*/Ag) = +0,7991V
a) Viét phuong trinh phan tng xay ra khi pin hoat déng.
b) Chi r5 catot, anot ctia pin va chiéu di chuyén cac electron, cac ion
khi pin hoat déng.
¢) Tinh stc dién dong clia pin (bd qua cic phan Ung phu).
Gidi:

a) E(Mg*/Mg) = -2.37 + ‘;59 120,010 = 2,43V

E(Ag'/Ag) = +0,7991 + 0,059 10,10 = +0,740V
Mg + 2Ag" > Mg* + 2Ag

b) Anot 1a dién cuc Mg, catot 1a dién cuc Ag. Cac electron chuyén tit
anot sang catot nhé day dén dién.

Trong dung dich, cac anion chuyén vé anot, cac cation chuyén vé catot.
o) &=0,740 - (- 2,43) = +3,17V.

12.2, C6 mét pin néng dd & 25°C nhu sau (pH = 0 8 ¢4 hai dién cuc):
Cu|50mL dd CuSO0, 0,010M | | 50mL dd CuSO0, 0,100M | Cu
a) Dau 1a anot, 1a catot cta pin?
b) Tinh stc dién dong cta pin.
¢) Viét cac qua trinh hoa hoc xay ra & cac dién cuc va phan {ng hoa
hoc xay ra khi pin hoat dong.
d) Tinh néng d6 Cu® § cac dién cyc khi pin ngiing hoat dong va thé
dién cyc lic cin bing, bist ring E°(Cu®/Cu) = +0,337V.

Gidi:

a) E(Cu®/Cu) = E° + (;59 1g[Cu®]
Vi [Cu®] & bén phai 16n hon & bén trai chia so dd pin, nén E(Cu?/Cu)

6 bén phai 16n hon so véi & bén trai. Vay catot ¢ phia bén phai, con
anot 6 bén trai.
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_ 0,059, 0,100

b) &=L, -E,= 585070 0.080V
¢) O anot (-): Cu— Cu®™ + 2e [
O catot (+): Cu* + 2e - Cu |
Phan ing trong pin:
Cu + Cu* = Cu** + Cu
-) (+) ) +)
0,100—x 0,010+x

Khi can bang 0,100 - x= 0,010 + x = x = 0,045
= [Cu?] = 0,055M
0,059
2

E, =+0,337 + 1g 0,055 = +0,300V

12.3. Stic dign dong cta pin sau ¢ 25°C 14 0,303V:
Pt | H, (Latm), NH,C10,10M | | HC1 1,0M, H, (latm) | Pt
Tinh hang s6 phan ly axit caa NH; |

Giai:

& = E°(H'/H,) - E(H'/H,) = 0,303V
EH*H,) = 0 - 0,303 = -0,303V
E(H*'/H,) = 0+ 0,059 'ig [H'] = [H'] = 7,318.10°M > 1,0.100'M
Mbi trudng kha axit nén c6 thé bd qua su dién ly cia H,O:
NH; + H,O0= NH, + HO
Néng d6 can bing: 0,10 - x | | X X
x = [H,0"] = [H] = 7,318.10°M <0,10, nén ¢6 thé coi 0,10 - x =0,10.
Tu dé:
_(7,318.107%)

K, 6.10 =5,4.107".
12.4. Tinh E°(Zn*/Zn) & 25°C dya vao cac 8 lidu dudi day:
H*.aq H,(k) Zn(tt) Zn*.aq
AH,, (kJ.mol™) 0 0 0 ~152,84
8., (J. K .mol™) 0 130,7 41,6 ~107,53

259



Giai:

Zn(tt) + 2H" - Zn* + Hy(k)
AHS,, = -152,84 kJ

ASZ = ~107,53 + 130,7 — 41,6 = 18,43 J K-
AGiys = ~152,84.10° + 298 x 18,43 = —147,35.10%
AG® = —nFAE° = -2 x 96,5.10%0 - E°

— 3
etz ) = —147,85.10°]

= E°(Zn*'/Zn) = -0,763V.

12.5. a) Tinh th€ cha dién cuc platin nhing trong dung dich A chta hén

hgp FeCl; 0,20M va FeCl, 1,0.10™M & pH = 0 = const so véi dién cuc
calomen béo hoa (E = +0,2476V). Cho biét E°(Fe®*'/Fe?) = +0,771V.
b) Mét lit dung dich A & trén, néu chia thém KI 0 ,40M, thi khi phan

dng ¢ trang thai can bang ndng dd cac ion Fe*, Fe® I"va I, 1a bao
nhiéu? Cho biét E°(I,/T") = +0,536V.

Tinh thé& can bing ctia dién cuc so v8i dién cuc calomen bdo hoa.

Giai
3+ 2+ 0’20 _—

0,966V la gia tri so v6i thé ctia dién cuc chudn hidro.
Thé so véi dién cuc calomen bdo hoa 1i:
0,966 - 0,2476 = +0,718V

b) 2Fe* + 3I1 = 2Fe* + 1;
Nong dé can bang: 0,20-2x 0,40-3x 107%+2x X
lgK = 2(0,771 - 0,536) - 7.966
0,059 »
=K =9,25.10".

Vi K rit 16n, I" du, nén cé thé coi phan dng gin hoan toan, nghia la
2x = 0,20, [Fe**] = ¢ =0:

= [I1=0,10M; [Fe*] = 1,0.10*+ 2x = 0,20M; [I;] = 0,10M

(0,20)* x 0,10
€°(0,10)°

9, 25 107 = = ¢ = [Fe*] = 2,1.10™M.

' 2,1.10™
E, = O,771+0,O591g——T2(T -0,2476 =+0,347V .
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12.6. Tron 100,0 mL dung dich AgNO,; 5,0.1072M véi 100,0 mL dung dich
NaCl 0,10M & 25°C dudc dung dich A:
a) Tinh thé& cta dién cyc Ag nhing trong dung dich A, biét ring tich
s6 tan cua AgClla K, =2,5.107° va E°(Ag*/Ag) = +0,80V.
b) Thém vao dung dich A 100,0 mL dung dich Na,S,0, 0,20M. Két
tha AgCl tan hoan toan tao thanh ion phic [Ag(S;0:).]* va thé
dién cuc do duge 12 0,20V. Tinh hing s6 tao thanh téng hdp B, cha

ion phdc.
Cac qua trinh phu déu rét bé c6 thé bd qua.

Giai:
a) Ag o+ Cr o AgCl
S8 mol ban dAiu: 5,0.107° 1,0.107 0
S6 mol lic can bdng: 5,0.10°-x  1,0.10%-x e

Vi K (AgCl) rit bé, nén c6 thé coi phan ing gin hoan toan va
x = 5,0.10°mol. Sau phan Ung:
1,0.102-5,0.107
[cr]==

= =2,5.10°M
0,200

2,5.107"°

2,5.107
E(Ag'/Ag) = +0,80 + 0,059 1g 1,0.107 = 0,33V.

b) 0,20 = +0,80 + 0,059 lg [Ag'] = [Ag"] = 6,77.107"'M

Néng d Ag* tu do con lai sau khi tao phic 13 r&t nhd, nén c6 thé coi

hau nhu toan bd ion Ag* ndm trong ion phic, nghia 1a trong dung

dich ¢6 mit 5,0.107°mol ion [Ag(S,0,).)*". T do:

. s 5,0.107°
[Ag(S1,0,),] =~0.300

= [Ag'] = =1,0.10°M

=1,67.10>M.

S&'ion 8,02 ndm trong ion phic gdp 461 s6 ion Ag":
n, .. tao phic = 5,0.10% x 2 =1,0.10mol
S6'ion S,0% tu do trong dung dich:
0,020 - 0,010 = 0,010mol
Tu dé6:
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0,010
0 300

Ag"+ 28203- = [Ag(szos):)]an

[8,02] = = 3,33.10M

-2
B, = 1’?17'10 - =7,4.10".
27 6,77.1071(3,33.107%)

12.7. Mot dung dich 6 pH = 0 chtta cic chit sau: CuS0, 0,50M;
FeSO0, 0,025M; Fe,(SO,); 0,125M va Cu kim loai du 6 25°C:
a) Viét phuong trinh phan ng xay ra.

b) Tinh hing s can bing cia phan tng.
¢) Tinh ty 16 [Fe*] : [Fe*"] dé phan ting bt dau ddi chiéu, néu gid
nguyén cic diéu kién khac. Cho biét 6 25°C:

E°(Cu®/Cu) = +0,34V; E°(Fe*/Fe?*) = +0,77V.

Gidi:
3+ 2+ . O) 25
a) E(Fe’/Fe®) = +0,77 + 0,059 1g 5 = +(,83V
K(Cu®/Cu) = +0,34 + 0’259 Ig 0,50 = +0,33V
2Fe’ + Cu = 2Fe* + Cu?
b) IgK = 200,77-0,34) =14,576 => K =3,8.10".
0,059

¢) Dé d6i chiéu phan tng:

[Fe] _ [Fe™] s
0,33> 0,77 + 0,059 1g =1 < 3,6.107 lan.
[Fe2+] [Fe‘“]
12.8. § 25°C: E°(Sn*"/Sn) = +0,0050V
E°(Sn*/Sn) = 0,14V
E°(O,/H,0) = +1,23V
a) Tai sao dung dich mudi Sn®*" khéng bdo quan dugc lau trong
khong khi (P, trong khéng khi 1a 0,20atm) ngay ¢ nhiét d thuong.
Coi dung dich ¢6 pH = 0.
b) Ngudi ta thudng cho vao dung dich muéi Sn* mot it hat Sn kim
loai dé 1am gi? Giai thich.
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Giai:
a) AG®
» Sn

AG“\ St /AG°

AG® = AG? + AGS
_4FE° = -2FE; - 2FE;
E? = 2FE° — Ef = 2x0,0050 - (~0,14) = +0,15V
0, + 4e + 4H' > 2H,0

E(O, /H,0) = +1,23 + 059 1gP, [H' ]

Thay P,, = 0,20 va [H'] = 1,0M, ta dqu:

E(0O/H,0) = +1,22V
E(O4/H,0) > E°(Sn*/Sn*), nén Sn? bi oxi khong khi oxi ho4 thanh Sn*.
b) E°(Sn*"/Sn*) > E°(Sn*"/Sn), nén khi c6 mat Sn, cac ion Sn*" sé bi
khi thanh Sn*":

Sn* + Sn —» 28n*

12.9. Mot dung dich chita CuSO0, 0,10M; NaCl 0,20M; CuCl du va Cu du.

Ching minh ring xay ra phan dng sau d 25°C:

Cu + Cu? + 2ClI" = 2CuCl (tt)
Tich 8 tan cta CuCl 1a 1,0.107; E°(Cu*/Cu’) = +0,16V va
E°(Cu*/Cu) = +0, 52V
Tinh hiing s6 can bing cua phan {ng trén va ndng d6 cac ion Cu®,
Cl” khi phén tng 8 trang thai can bang.

Gidi:
AG®
Cu + Cu* + 2CI" > 2CuCl
2Cu* + 2CI

AG® = AG® +AG
~RTInK = -RTInK, - RTInK,
=K= K Kf)
1(0,15-0, 52)
0,059

12K, = 6,27 =K, =5,35.107
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2
K, =[i) -1 1010
K.)  (1,0.107)
K=K, .K,=5,35.10"
Hang s6 can bing K ctia phan tng rit 16n, nén phéan tGng gin nhu
hoan toan theo chiéu thuin:
Cu + Cu® + 2CI' = 2CuCl

Néng d6 lic can bang: 0,10 — x 0,20 - 2x
5,35.10" = . = L i
(0,10-x)(0,20-2%)" (0,10 - x)[2(0,10 - x)]
5,35.107 = ———1~——~
4(0,10 — x)?

= (0,10 - x) = [Cu*'] =1,67.10°M
[C1] = 2(0,10 — x) = 3,34.10°M.
12.10. Suc khi Cl, (P, = 1,0atm) vao nudc 6 25°C xay ra phan Gng sau:

Cly(k) + H,0 = HCIO + H' + CI (a)
E°(Cl,, k/CI") = +1,36V; E°(HCIO/CI") = +1,49V;
E°(Cl,.aq/Cl") =+1,40V.

a) Tinh E°(HC10/Cl,, k).

b) Tinh héng s8 cin bing clia phan tng (a), néng &5 HCIO, CI” va

pH ctia dung dich lic can bing.

¢) Tinh néng d¢ Cl,.aq do phan @ng sau:

Cly(k) + aq = Cly.aq

Giai:
a) AG®
HCI0 » ClI”
AG® AG?
1 \ Cl,k) / 2

2 x 1,49 = E°(HCIO/Cl,,k) + 1,36
E°(HCIO/Cl,,k) = +1,62V

b K116,
K =3,92.107%
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c, + HO = HCIO + H +CI
Néng d6 lic cn bing: latm X X X

3,92.10° = i:- = x=[HCI0]=[H"|=[Cl" ] =3,4.10°M

= pH = 1,47
c) AG®
Cly(k) + aq - Cly.aq
AG(‘)\‘ 9CI" + /AGQ
aq

~RTIn[Cl,.aq] = —2FE; + 2FE;
2F
In[CL,. = —(1,36-1,40
n[Cly.aq] RT( )
= [Cl,.aq] = 0,044M.
12.11. Sn + 2H" = Sn? + Hy(k); AGj,=—27,02kd

Cu? + Hy(k) = Cu+2H"; AG, =-65,62 kJ

a) Tinh E°(Sn%*/Sn) va E°(Cu®*/Cu) g 25°C.
b) Tinh hing s6 cAn bing cua phan dng sau g 25°C:

Sn + Cu® = Sn* + Cu

Giai:
a) _27.02.10° = -2 x 96,5.10° [0 — E°(Sn**/Sn)]
= E°(Sn*/Sn) = 0,14V
_65,62.10° = 2 x 96,5.10° [E°(Cu®/Cu) - 0]
— E°(Cu*/Cu) = 10,34V
b) 1K = 2034018 1657

0,059
=>K= 1,87.1016.

12.12. Viét phuong trinh phan ng x4y ra khi tron 25,0 mL dung dich
FeCl, 0,060M; 25,0 mL dung dich FeCl, 0,60M; 50,0 mL dung dich
SnCl, 3,0.107M va 50,0 mL dung dich SnCl, 3,0.10° M g 25°C va
pH = 0, biét ring:

Eo(Fe**/Fe®) = +0,77V,; E°(Sn*/Sn*) = +0,15V
a) Tinh AG cta phan ing da viét g 25°C.
b) Tinh hing s8 cAn bang K cta phan dng.
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F

Gidi:
a) Nong dd cac ion ban déu sau khi trén dude tinh bing céng thic:

v,
=C, =
C. 'yv

Vi du:
341 _ 25 _ -2
[FFe™} = 0060——————— 1,0.107°M
150
Tuong ty:  [Fe™] = 1,0.10"M; [Sn*] = 1,0.10°M; [Sn*] = 1,0. 10‘4M
' 107

B(Fe™ [Fe™) = +0,77+0,0591g - = +0,711V
3
CEGn" /Sn*)=40,15+ 0, 359 lg 18 = +0,1795V.

Phan tng: v
' 2Fe® + Sn* = 2Fe* + Sn*
AGZQS =-2x96,5.10% (0,711 - 0,1795) = -103 k.
2(0,77-0,15)
| 0,059
= K =1,04.10*.
12.13. Can bang sau xay ra trong dung dich & 25°C va pH = 0:
3Au" = Au* + 2Au

b) lgK= =21,02

a) Hoi chidu phan tng ¢ di€u kién chudn va 25°C. Tinh AGS,, cha
phan ting xay ra, biét E°(Au*/Au) = 1,50V; E°(Au*/Au) = 1,70V.
b) Tinh hang s6 can bing K.
¢) Tinh E°(AuCVAu) & 25°C, biét rang K,(AuCl) = 1,0.107",
Gidi:

a) AG®°
Au® > Au

AG) \ / AG?

~3FE° = —2FE1 - FE;

ES(Au® / Au*) = %(3 x1,50-1,70) = +1,40V < E°(Au/Au), nén phan

tng xay ra theo chiéu thuan:
AG® = -2 x 96,5.10° (1,70 - 1,40) = -57,9 kJ.
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2(1,70 - 1,40)

b) lgK = =10,17
0,059
= K =1,48.10".
C) ' AGo
AuCl » : - Au
AGY W 7 AGe
Au* + CI”

-FE° = -RTInK, - FE;
E°(AuCl/ Au) = —I%’I: In10™° + 1,70

E°(AuClAu) = 0,58V.
12.14. Nhing mot day dong vao dung dich FeCl; 0, 100M g pH = 0. Tinh
ndng dd céc cation va thé caa cac cdp oxi hoa — khtt e cdn bang

E°(Cu?/Cu) = +0,34V; E°(Fe°”/I’e2*) = +O 77V
Giai:
Cu + 2Fe®* = Cu®" + 2Fe™
2(0,77 - 0,34)
0,059
— K = 3,77.10" rit 16n

C6 thé coi phan dng gan hoan toan.
Cu + 2Fe* = Cu*™ + 2Fe*

IgK = =14,58

Néng d6 can bang: ' 0,100 — 2x P 2x
' x = 0,050

0,050(0,100)*

[Fe ]
= [Fe*] =1,15.10°M

-9
E, = 0,77 + 0,059 1gl’l§‘-1—0-— =0,30V.
0,100

’

3,77.10" =

12.15. CAn bao nhiéu Faraday (F) dién ludng dé san xuat:
a) 0,84 1it oxi & 1,0atm va 25,0°C tu dung dich H,S0,.
b) 1,50 lit clo & 750,0 mmHg va 20,0°C tit NaCl néng chay.
¢) 6,0g thiéc ti SnCl, néng chay.
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Giai:
PV 1,0x0,84

AV, = BOx084 g 102 mol.
a) "TRT "o 70 082x298

Dé tao ra 1,0mol O, can 4F dién lugng. T dé:
3,44.107% x 4F = 0,14F
750,0x 1,50

b)- ng = =6,2.10mol
* 760,0x0,082x293
6,2.10% x 2F = 0,12F
S I
- 118,7

Ghi chu: Sn* + 2e —» Sn

Dé khti 1,0mol Sn?* thanh Sn cin 2,0mol electron, mSi mol electron
Ung v6i mot dién lugng 1a 1,0F. Vay cdn 2,0F dé kh& 1,0mol Sn*
thanh Sn.

Bai tdp tu gidi
12.16. M6t pin c6 ciu tao nhu sau & 25°C:
Cul Cu*1,0M || Ag*1,0M | Ag
E°(Cu®**/Cu) = +0,337V; E°(Ag*/Ag) = +0,7991V
a) Hay cho biét dau la anot, catot ctia pin va cho biét chidu di
chuyén cac electron va cac ion khi pin hoat dong.
b) Tinh stc dién ddng cta pin.
D.S. a) Anot 1a cuc Cu, catot 1a cuc Ag.
b) & = 0,462V
12.17. Mot pin gém mdt dién cyc hidro ¢ diéu kién chufin va mot dién
cdc niken nhing trong dung dich Ni* 0,010M c6 sic dién dong
0,309V ¢ 25°C. Tinh thé& khi chuéin cia cap Ni2/Ni & 25°C, bit ring
dién cuc niken la anot.
D.S. -0,250V.
12.18. Tich s6 tan cha Agl & 25°C 14 1,0.107*¢ va E°(Ag'/Ag) = +0,799V:
a) Tinh th& khit ctia cip Ag*/Ag trong dung dich bio hoa Agl.
b) Bac c6 thé dfy duge hidro khéi dung dich HI 1,0M va dung dich
HI 1,0.10™M khéng?
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D.S. a) E(Ag'/Ag) = +0,327V
b) E(Ag'/Ag) = -0,145V (trong HI 1,0M): day dugc hidro.
E(AgAg) = —0,027V > E(H/H,) = -0,118V trong
dung dich HI 1,0.10®M, nén Ag khong ddy dudge
hidro.
12.19. G 25°C: E°(0,/H,0) = +1,229V; E°(Zn*"/Zn) = -0,763V;
E°(Fe*/Fe*) = +0,771V
a) Giai thich tai sao dung dich mudi Fe?* khéng bao quan dudc lau
trong khong khi? P, trong khéng khi 14 0,20atm. Col dung dich bao
quan c6 pH = 1,0.
b) Trude khi xac dinh ndng d6 Fe*’, ngudi ta thudng cho vao dung
dich Fe?" mot it Zn kim loai. Giai thich.
¢) Tinh hing s6 can bing clia phan Gng sau g 25°C:
7n + 2Fe® = 2Fe” + Zn*"
P.S. a) E(0O,/H,0) = 1,16V > E°(Fe**/Fe?*): O, khong khi
oxi hoa Fe*.
c) K=1,0.10"

12.20. Tron ldn ba dung dich sau: 25,0 ‘mL Fe(NO,), 0,10M; 25,0mL
Fe(NO,), 1,0M; 50,0mL AgNO; 0, 60M. Cho thém vao dung dich mét
lugng bot Ag du:

a) Viét phuong trinh phan ing xay ra g 25°C.
b) & gi4 tri nao cha ty s6 [Fe*] : [Fe*] phén ng bt ddu d8i chiéu,
néu cac didu kién khac van gitt nhu c?
¢) Tinh hing s& can bing ctia phan ting thuan va nghich & 25°C.
E°(Fe*/Fe™) = +0,771V; E°(Ag'/Ag) = +0,80V.
P.S. a) Fe* + Ag = Fe*' + Ag’ '

[Fe” ]
b) <0,92
[Fef“] :
| 9 K=31;K = 0,32
12.21. Cho biét 6 25°C:

HCIO + H +e = %CIQ(k) +H,0; E°=+1,63V

Cly(k) + 2e = 2CI; E° = +1,36V
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Tinh hing s6 can bing cta cac phan ng sau § 25°C:
a) Cl(k) + H,0 = HCIO + H" + CI
b) Cly.aq + H,O = HCIO + H" + CI”
D.S. a) 2,65.107.
b) 4,02.107%.
12.22. 0 25°C: E°(Hg?" /Hg) = +0,798V; E°(Hg* /Hg?") = +0,910V va tich
s6 tan cua HgS 14 K, = 4,0.107%:
a) Héi 6 thé diéu ch& duge dung dich chita cac ion Hg?* bing phan
ing gitia Hg va Hg”* khéng? ‘
b) Tinh hang s6 can bing cia hai phan @ng sau ¢ 25°C:
Hgl' = Hg(()+Hg*; K, =?
Hgi" +S* = HgS(tt) + Hg((); K, =?
D.S. a) Dicu ché dudc.
b) K, = 1,26.107% va K, = 3,15.10%
12.23. Mot pin duge cau tao nhu sau 6 25°C:
Ag | dd bio hoa AgCl+ HC10,010M | | AgNO, 0,10M + HNO, 0,010M | Ag
Stc dién déng do duge 0,401V.
Xac dinh tich s6 tan cia AgCl
b.S. 1,6.107°
12.24. Thiét lap mot pin sau d 25°C:
Pt | H,(1,0atm), CH,COONa 0,10M | | HC1 0,010M, H,(1,0atm) | Pt
Stc dién dong bing 0,4058V. Tinh hing s& phan ly bazd cha CH,CO0".
b.S. 5,7.107'°,
12.25. 0 25°C: E°(0,/H,0,) = +0,682V; E°(H,0,/H,0) = +1,77V:
E°(NCO/CN") = -0,140V:
a) Hoi H,0, ¢6 tu phan huy trong dung dich khéng? Viét phuong
trinh phan dng xay ra.

b) Cé thé dang H,0, dé khit ddc xianua CN~ trong nudc bing phan
ing sau ¢ 25°C:
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H,0, + CN™ = NCO™ + H,0O

Néng d6 CN™ trong nuéc 1a 1,0.10° smol.L!. Hdi v6i su c6 mat caa
H,0, 0,10M ¢6 thé khi duge hoan toan CN~ khong? Tinh nong dd
CN- ¢on lai trong nuéc khi phan dng két thuc.

(Phéng theo dé thi Olympic hoa hoc sinh vién toan qudc Viét Nam
1an thd hai, nam 2004).

D.S. a) 2H,0, - 2H,0 + O,
b) [CN]=1,8.10""M.
12.26. D& chuin d6 ham lugng Cl, trong nude sinh hoat, nguoi ta c6 the
dung dung dich KI 6 25°C.

a) Tinh AG® va hing s6 can bing K cia phan dng gitda Cly(k) va
dung dich 3I" ¢ 25°C. Cho bist E°(Cl,, k/Cl") = +1,36V va

E°(I, /1) = +0,54V.
b) Khi trong nudc c6 mat cie ion Cu?, cac ion Cu** sé can tro su
dinh phan. Giai thich bing tinh toan, biét rang

E°(Cu2*/Cu*) = +0,16V va tich s tan cia Cul 1a 1,0.107%.
¢) Thiét 1ap phuong trinh E(Cu*/Cul) = f{E°(Cu®*/Cul), [Cu™], [I'T}.

d) Tinh hing s6 can bing cha phan ung gilta 9Cu?* va 5I" 6 25°C va
nong dd cac ion khi phén dng & trang thai cin bing, bi6t ring ndng
d6 ban dau 1a: [Cu®],=1,0.107°M; [}y =1, OM.

(Dé thi Olympic hoa hoc sinh vién toan qudc Viét Nam 1an thit hai,
niam 2004).

D.S. a) AGS,, =168 kJ; K= 6,3.10%
b) E°(Cu?"/Cul) = +0,87V > E°(I;7/T) = 40,54V, nén xay ra phan dng:
9Cu* + 5" — 2Cul(tt) + Iy, can trd su dinh phén.

¢) E(Cu**/Cul) = E°(Cu®*/Cul) + BI;T- In([Cu®].[1].

d) K= 1,5.10"% [I] = 1,0M; [I5'] = 5,0.10"°M; [Cu*] = 5,8.10°M.
12.27. D& chuén d cac ion Fe?* c6 thé dung dung dich Ce* 3 nhiét do
25°C:

Fe2+ + Ce4+ = Fe:3+ + Ce3+
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E°(Fe®t/Fe?") = +0,77V; E°(Ce**/Ce®") = +1,61V.
a) Tinh hing s6 can bang K cta phan {ng.
b) Tinh ty 1& [Fe*] : [Fe*"] & diém tuong dudng.
¢) Tinh thé& & diém tuong duodng.
D.S. a) K.=1,73.10"
b) 1,32.10’
c) E;, = 1,19V.
12.28. 0 25°C: E°(H,As0,/HAsO,) = +0,559V; E°(I,/T) = +0,5355V:
a) Hoi chiéu ctia phan dng sau d diéu kién chuén va 3 25°C:
H;AsO, + 21" + 2H" = HAsO, + 1, + 2H,0
b) Né&u chi bién d6i pH, cac diéu kién khéc git nguyén, thi & gla tri
nao cua pH phan ting bét d4u d8i chidu?
D.S. a) Chiéu thuan.
b) pH > 0,40.
12.29. I,(tt) phan tng véi H,0 theo phudng trinh:
I(tt) + H,O &= HIO+ H' + I (a)
E°(,,tt/T") = +0,53V; E°(HIO/M ) = +0,99V; E°(I,.aq/I") = 0,62V.
a) Tinh E°(HIO/L, tt)
b) Tinh hing s8 cAn bing ctia phan tng (a), ndng dé6 HOI, I” va pH
cta dung dich lic cin bing.
¢) Tinh néng d§ I,.aq trong dung dich do phan tng sau:
Li(tt) + aq = lL,.aq
D.S. a) 1,45V.
b) K= 2,55.1071,
[HIO] = [H'] = [I"] = 6,3.10°M; pH = 5,2.
~¢) 9,0.10mol.L.
12.30. Zn(tt) + 2H" = Zn®* + Hy(k); AGj,,= ~146,68 kJ

= Hz(k) +Ag' = H'+ Ag(tt); AGY, =-77,20 kJ

a) Tinh E°(Zn‘!+/Zn) va E°(Ag'/Ag) 6 25°C.
b) Tinh hing s6 cAn bing cia phan tng sau § 25°C:
Zn(tt) + 2Ag" = Zn* + 2Ag(tt)
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P.S. a) E°(Zn*/Zn) = -0,76V
E°(Ag'/Ag) = +0,80V
b) K = 7,6.10%
12.31. 2Cu* = Cu(tt) + Cu®

G 25°C: E°(Cu®/Cu) = +0,34V, E°(Cu'/Cu) = +0,52V

K,(Cul) = 1,0.107
a) Hoi chiéu phan dng & diéu kién chuén va 25°C?
b) Tinh hing s8 can béng K cha phéan tng.

¢) Tinh E°(Cul/Cu).
P.S. a) Chiéu thuan
b) K= 1,3.108

¢) E°(Cul/Cu) = -0,19V.
12.32. Thiét 1ap mdt pin sau 6 25°C:
Ag| dd bo hoa Agl trong HI 0,10M | | AgNO, 0,10M trong HNO,0,01M | Ag
a) Chi rd anot va catot caa pin.
b) Tinh siic dién dong cia pin (K, cua Aglla 107
¢) Viét cac qua trinh hoa hoc x3y ra § cac dién cuc va phan tng xay
ra trong pin khi pin hoat dong.
D.S. a) Anot bén trai, catot bén phai
b) & =0,84V
¢) Anot (-): Ag+T — Agl+e
Catot (+): Ag" +e — Ag
Agt + Ag + r = Ag + Agl
() ) ) )
12.33. a) Dung dich A chita KI 0,20M va Cul(tt) & 25°C. Tinh ndng dd
Cu* va I” 8 trang thai cin bing, bigt K,(Cul) = 1,0.107%2.
b) N&u dung dich A c6 thém CuSO, 0,20M va I, 0,10M thi phan dng
sau xay ra theo chiéu nao?
oCu? + 4" = 2Cul(tt) +1,
E°(Cu*/Cu*) = 0,16V; E°(d,/T) = 0,54V
P.S. a) [Cu']=5,0.107*M; [I'] = 0,20M.
b) Chiéu thuén.

16,2)
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12.34. ( 25°C: E°(Fe*/Fe®") = +0,77V; E°(I/T) = +0,54V:
a) Viét phuong trinh phan dng xay ra khi tréon 50,0 mL dung dich
FeCl, 0,40M; 40,0 mL dung dich FeCl, 5,0.10°M; 100,0 mL dung
dich I, 2,0.10™M va 10,0 mL dung dich KI 2,0M & 25°C.
b) Tinh hang s6 can bang K ctia phan tng.
c¢) Tinh AG,gs cia phan tng.
D.S. a) 2Fe® + 2" = 2Fe* +1,
b) K = 6,3.107
¢) AGgs = 84,9 kJ.
12.35. Nhing Pt vao dung dich KI 1,0M va I, 1,0.10°2M do dugc
E = +0,476V. Pha lodang 10,0 14n do dudc E = +0,536V (6 298K):

n-
24n

a) Tinh E° caa cép I}7 /I", biét rang trong dung dich phan tng sau
xay ra gan hoan toan:
L+nl" &= I,
b) Tinh gia tri cia n.
D.S. a) E°=+0,535V
byn=1.
12.36. a) Dung dich axit chtta Fe?* 0,10M bi oxi khong khi oxi héa:
4Fe® + 0, + 4H' = 4Fe® 2H,0
Khi cin bing duge thiét lap [H*] = 0,10M va P, = 0,20atm. Héi c6
bao nhiéu phan tram Fe? khong bi oxi héa?
b) Dung dich chita Fe* 0,10M & trong binh kin, khéng tiép xitc véi
khong khi. O day binh chita bot Fe du. Tinh ndng do Fe* & trang
thai can bing.
E°(0O,/H,0) = +1,23V; E°(Fe*/Fe*") = +0,77V; E°(Fe*/Fe) = —0,44V.
D.S. a) 2,4.10%
b) 1,8.10%mol.L.
12.37. Nhiéu nidm ngudi ta khéng r6 ion thuy ngan (I) tén tai trong
dung dich duéi dang Hg™ véi gia tri n bing bao nhiéu. P8 xac dinh
n, c6 thé thiét 1ap mét pin nhu sau § 18°C:
Heg(£) | ddA || dd B | Hg(¢)
Dung dich A chita 0,263g Hg(I) nitrat trong 1,0 lit. Dung dich B
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chita 2,630g Hg() nitrat trong 1,0 lit. Stc dién dong do duge
0,0289V. Xac dinh gi4 tri cua n.

P.S. n =2, nghia la Hgy’
12.38. Vang trong ty nhién thubng Jin trong cac loai da. D& thu hoi

vang, nguoi ta nghién vun da, rdi cho tac dung vdi dung dich NaCN
c6 mit oxi khong khi (suc khong khi vao hdn hgp phan tng). Ox1 sé

oxi hoa vang thanh Au(CN);. Sau do, nguoi ta dung bot kém ddy
vang ra khot Au(CN);, con kém chuyén thanh Zn(CN); .
Hay viét cac phuong trinh hoé hoc Xay ra.

a) Giai thich tai sao vang phan tng duge vdi oxi khong khi (4p suét
cua oxi trong khéng khi 1a 0,20atm) trong dung dich CN~ ¢6 gia tri
pH vao khoang 7,0 8 25°C.

b) Tai sao Zn ddy dugc vang khéi Au(CN),?
¢) Hdi ndng CN~ & trang thai can bang phai 1a bao nhiéu dé 99,0%
vang tén tai dudi dang Au(CN);?
Cac s6 1iéu sau 6 25°C:
Au' + 2CN™ = Au(CN),; B, = 1,42.10%
702 + 4CN™ = Zn(CN)Y; B = 3,98.10%
E°(Au'/Au) = +1,70V; E°(Zn*/Zn) = 0,76V, E°(0O,/H,0) = +1,23V.
P.S. Au+ 8CN™ + 0, +2H,0 = 4[Au(CN),]” + 40H"
7n + 2[Au(CN),]” = [Zn(CN),J*" + 2Au
a) E(O/H0) = +0,81V > E°(Au(CN);/Au) = -0,61V,
nén O, khong khi oxi hoa duge Au ¢ pH=17,0.
b) E( Zn(CN)?"/Zn) = -1,37V < E°(Au(CN),; /Au) = -0,61V,
nén Zn ddy duge vang ra khoi Au(CN);.
¢) [CNT] = 2,6.10mol.L" !
12.39. a) Léc bot Cu trong dung dich CuS0, 1,0.10°M 6 25°C. Tinh ndng

2+
d6 Cu*, Cu® lic cin bing, biét ring K = o g =1,2.10°
u

Tinh E3(Cu*/Cu) va E°(Cu2+ /Cu’), biét ring E; (Cu®* /Cu) =+0,34V.
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b) Tinh E cla [Cu(NH,),}*/Cu, biét ring hing s& tao thanh tdng
hop B, cia ion phitc [Cu(NH,),]* 1a 1,0.10".
¢) E° cha [Cu(NH,),]*"/[Cu(NH,),]* 12 0,050V. Héi trong dung dich
NH; ion [Cu(NH;),]* ¢6 bi phan huy ra [Cu(NH,),]** khong?
D.S. a) [Cu'] = 2,86.107°M; [Cu®] = 9,86.107*M.
Ef =+0,52V; E2 =+0,16V
b)ES = 0,13V
c¢) Khong xay ra.

12.40. D& xac dinh s6 phéi t n va hing s6 tao thanh téng hgp B, cia ion

phiic [Ag(NH,),]*, ngudi ta thiét 1ap mot pin sau 6 25°C:
Ag | AgNO,1,0.10°M, NH, C,M | | NH,C,M, AgNO, 1,0.10°M | Ag

a) C, = 1,0M; C, = 0,20M. Stic dién dong do dugc 1a 84,0 mV. Tinh sd
phéi ti n trong ion phiic.

b) C, = 1,0M; C, = 0 thi stc dién dong 12 420,0 mV. Tinh B, ciia ion phic.
D.S ayn=2
b) B, = 1,3.10".

12.41. a) Can bang sau xay ra trong dung dich nuéc 4 25°C:
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2Cu* = Cu®* + Cu(tt)
a) Tinh hing s6 can bing K, cha phan tng.

) Mot dung dich chita CuSO, 0,10M va Cu du. Tinh ndng d§ Cu’ lic
can bhing.

b) Tinh hing s6 cin bing cha cic phan tng sau & 25°C:
I; +2Cu” =2Cu® + 3 ; K, ="?
I; +2Cul = 2Cu* + 50 ; K;="?
Cly(k) + 2CuCl(tt) = 2Cu® + 4CT; K, = ?
c) Héi hing s6 phan ly téng hop B;' cla ion phitc [Cu(NH,),]* trong

dung dich phai nhé hon gia tri nao, biét ring 0,10mol CuCl(tt) hoa
tan hoan toan dudc trong dung dich NH; 0,20M. Hay tinh gia tri dé.

d) B;' cha ion phic [Ag(NHy),]* 1a 5,8.10%. Hdi dung dich NHs
0,20M c6 hoa tan dugc hoan toan 0,10mol AgCl(tt) khong?



Cac s liéu sau 6 25°C:
E°(Cu*/Cu) = +0,522V; E°(Cu?/Cu) = +0,34V; E°(I; /1) = +0,54V;
E°(ClL,k/CI") = +1,36V; Tich s§ tan caa CuCl 1a 1,0.10°% cha
AgCl1a 1,0.107° va cta Cul 1a 5,0.107"2,
P.S. a) K, = 1,44.10% [Cu'] = 2,64.107M
b) K, = 8,38.10'% K, = 2,10.10™; K, = 4,62.10%
¢ B; <4,0.10™

d) Khong tan hoan toan.

12.42. D& san xuit mot tdn nhém, ngudi ta dién phan boxit chia 50,0%
Al,O,. Tinh lugng boxit va thdi gian tién hanh dién phéan vé1 cuong
d6 dong dién 1a 30,0.10°A.

D.S. 3,8 tan boxit; t = 99 gid.
12.43. Khi dién phén dung dich AgNO, thi sau mot thai gian thu duge
0,67g két tua:
a) Viét phan iing xay ra & cac dién cuc khi dién phan véi anot tre.
b) Tinh lugng dién da dung. :
D.S. a) O catot: Ag' + e —> Ag. O anot: 2H,0 — O, + 4e + 4H"
b) 599C.

12.44. Can thdoi gian 12 bao nhiéu dé ma duge mdt 16p crom tit dung dich
Cr,(SO.), day 1,0.10”mm 1én mot vat dién tich 0,250m” bing dién
phén véi dong dién 25,04, biét rdng kh&i lugng thé tich cta crom la
7,19 g.cm™?

D.S. 1,1 gio.

271



PHULUC 1

Nhitng chit sd ¢6 nghia va quy tic lam tron sé

1. Né&u can c6 @6 chinh x4c 0,1mg thi k&t qua can phai dudc ghi dén chit

s6 chi phidn mudi ctia miligam. Vi duy, khi can dugc 1,324g, phai ghi
1,3240g, ma khong dude ghi 1,324g hay 1,32400g, nghia 1a d6 chinh
xac nam gitta 1,3239 va 1,3241g: (1,3240 + 0,0001)g.

2. Trong mét s6, nhiing chii sd khac chit s6 khéng déu c¢6 nghia. Vi duy,

3.

213 ¢6 ba chii s6 ¢6 nghia, 1,521 c¢6 bén chit s6 ¢6 nghia.

Chit s6 khéng 1a ¢6 nghia néu né nam giia hai chii s6 khac chit s6
khéng hay ndm bén phai chit s6 khac chit s6 khéng. Chii s6 khong 1a
khéng c6 nghia khi né nim bén trai chit s6 khac chit s6 khéng. Vi du:
35001: nam chit sd cé nghia.

40,00: bén chil sb c6 nghia.

0656: ba chii s6 c6 nghia 13 6, 5 va 6.

0,00502: ba chit s6 ¢6 nghia 14 5, 0 va 2, gia tri cia né nim giita cic sd
0,00501 va 0,00503. S8 nay c6 thé viét 5,02.1073.

4. D61 v6i nhitng s6 khong ¢6 ddu phay thap phan, cac chit s8 khong o

cudi s6 c¢6 thé 1a c6 nghia hoic khéng cb nghia, néu khéng c6 chi din
cu thé.

Vi du, 5000 c6 thé c6 bén chil s& c6 nghia, hodc ba chit s6 c6 nghia,
hoac hai chit s8 ¢6 nghia, hosic mét chit s§ c6 nghia. N&u viét:
5,000.10% ¢6 bdn chil s& ¢6 nghia.

5,00.10% ¢6 ba chil sd ¢6 nghia.

5,0.10% c6 hai chit s6 c¢6 nghia.

5.10%: ¢6 mét chii s& c6 nghia.

5. Két qua clia phép cdng hoic trit khéng thé c6 nhiu s8 thap phan hon

so v6i s6 hang ¢6 it s8 thap phan nhat. Vi du:

89,332 + 1,1 = 90,432, chi 1ay k&t qua 90,4, vi s6 hang 1,1 chi c6 mot
chii s6 thap phan.

220,20 + 968,116 — 12,51 = 1175,806, chi 14y 1175,81 (chit s 1 & cudi

14 do két qua 1am tron, vi chit s 6 & cudi 16n hon 4), con néu nhd hon
5 thi bo di).
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6. K&t qua cha phép nhan hay phép chia khong thé c¢6 nhiéu chi s6 ¢
nghia hon so véi thita s6 kém chinh x4ac nhat. Vi du:
36,54 x 58,4 = 2133,936, chi 1ay 2,13.10% vi thita s6 58,4 chi c6 ba chi
s6 c6 nghia.
235,45 : 42,3 = 5,56619, chi 14y 5,57, ing véi ba chit s6 c¢6 nghia cua
thiua s 42,3.

7. S6 nguyén tu nhidn duge coi 1a s8 c6 v6 han cac chi s6 c¢6 nghia, cing
vay d6i véi s8 nghich dao cta nd. Vi du:
M, =126,9 x 2 = 253,8 g.mol™ 1a gi4 tri chinh x4c, vi 2 14 s6 nguyén
ty nhién, gia tri tim dugc dng ding voi bén chit s& c¢6 nghia 126,9.

8. Tinh logarit. Vi du:
— 1g1,0.107 = 7,00, nghia la sau ddu phay phai 18y hai chi s6 cb
nghia, Ging ding véi hai chit s6 c6 nghia trong g0 1,0.107".
1£3,34.107° = —4,476, sau diu phdy c6 ba chil s8 ¢6 nghia, tuong tu ba
chit s6 c6 nghia trong s8 3,34.107°.
pH = -1g[H] = 6,47 thi [H'] = 3,4.10M, chi 14y hai chit s c6 nghia
ng v6i hai chit s6 c6 nghia 47 sau d&u phay cta gia tri pH.
Nhu vay doi véi cac két qua ctia phép tinh logarit céac chil sd bén trai
d&u phay thap phan (phén dic tinh) khong dude coi 1a cac chil s6 ¢c6
nghia. Vi du:
lgx = 6,47 c6 hai chit s§ co nghiala 4va 7.

9. Trong céc.phép tinh thudng chi duge lam tron s0 & két qua cudi cung.
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PHU LUC 2
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PHU LUC 3
Cac hing so hoa ly

T6c dd Anh sang chan khong c =299 792 458 m.s™!
Dién tich cd ban e=1,602177.107°C
Héang s6 Planck h = 6,626075.107*'J.s

Hing s Planck rat gon (h=h/2n) /= 1,054572.107%'J.s
Hing s6 dién mdi cia chan khong g = 8,854 187 817.102C2J\.m™’

Hing sd Avogadro N, = 6,022 136.10**mol™
Hing s6 khi 1y tudng R = 8,314510 J.K™".mol™
Haing s6 Boltzmann k= 1,380 658.107% J. K™
Héang s6 Faraday F = 96 485,31 C.mol™
Hing s6 Rydberg R, = 1,097 373 153.10" m™"
Khéi lugng electron m, = 9,109 389.10 kg
Khoi lugng proton m, = 1,672 623.10'kg
Khoi lugng ndtron m, = 1,674 928.10 kg
Ban kinh Bohr a, = 52,917 725.10"*m
Manheton Bohr ng = 9,274 015.10°%J. T

Thé tich mol khi ly tudng
(P=1,01325.10°Pa, T = 273,15K) V.= 22,414.107° m?®.mol™
Don vi khdi lugng nguyén ti m, = 1,6605402.107 kg

Quan hé giita cac ddn vi nang lugng

1 kJ.mol™ tudng ducng véi 0,239 006 keal.mol™ hay 1,036 427.107% eV
hay 83.5935cm™* hay 2,506 069.10* Hz.

(1 calo nhiét tuong duong véi 4,184d)

1 eV tuong dudng véi 96,4853 kJ.mol™ hay 23,0605 kcal.mol™ hay
8065,54cm™ hay 2,417988.10™ Hz. '

(1 eV tuong duong véi 1,602.10’19J)

Quan hé giira cac don vi ap suat

latm tuong duong véi 1,013 95.10° Pa hay 1,01325 bar hay 760,0 tor
(1 tor tuong duong véi 1 mmHg).

1 bar tuong dudng véi 10° Pa hay 0,986 923atm hay 750,062 tor.

latmotphe ki thuat (lat) tuong duong véi 9,80665.10° Pa hay
735,661 tor.
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PHU LUC 4
Mot s6 don vi hé SI

Pon vi cd ban

Pai lugng Tén goi_ Ky hidu
D6 dai mét m
Khéi lugng kilogam kg
Thoi gian giay s
Cuong dd dong dién ampe A
Nhi¢t d6 dung trong nhiét déng luc hoc kenvin K
Lugng chat mol mol
Cudng dd sang candela cd
Pon vi dan xuat
- ~ ,
Pai lugng Tén ) Ky Pon vi
. . &9} hlﬂ-‘ O

Tan s6 héc Hz st
Luc niuton N m.kg.s™>
Ap suit pascan | Pa mtkg.s?=N.m32
Nang higng, céng, jun J m2kg.s>=N.m
lugng nhiét
Cong suat oat w m?kg.s3=J.s7!
Lugng dién, dién tich | culéng C s.A
Diégn thé, stc dién von V | m’kgs? A" =JA s =WA™
déng
Dién trg om Q m’kgs ' A% =V.A"
D6 dan dién ximen S mZ kgl A=AV =Q!

Tiép ddu ngir hé don vj SI

Thita s6 Tiép dau ngit Ky hig¢u| Thita s& Tiép ddu ngit Ky hidu
10'¥ ) exa E 107 deci. d
10" peta P 1072 centi c
10*2 tera T 1073 mili m
10¢ giga G 1078 micro n
106 mega M 107? nano n
10® kilo k 1072 pico p
102 hecto h 10718 femto f

10 deca da 1078 atto a
282




PHULUCS

Niing ludng ion hoa (kJ.mol™") ctia mét s& nguyén tor

Ng:‘g enl ¢ 11,.10°|1,.102|1,.107 Ng:“,f en| y  11,10?|L,.102|L,.107
H 1312 Ar | 1521 | 26,5 | 39.3 | (59)
He |2372] 52,2 K 419 | 30,6 | 43,9 | 585
Li | 521 73,0 {1175 Ca 500 | 11,5 | 49,2 | 65
Be |899| 17,6 |1485]2090] Sc 631 | 12,4 | 23,9 | 71,0
B |so1| 242 | 366 |2502] Br | 1140 | 185 | 34,4 | 484
c l10s7| 239 | 462 | 622 | Kr |135.10°| 236 | 355 | (50)
N l1402| 286 | 45,7 | 747 | Rb 103 | 263 | 383 | (51)
o0 |1313] 34,0 | 530 | 747 Sr 549 | 10.6 | (41) | 550
¢ |1681| 337 | 605 | 842 | Y 616 | 11,9 | 19,7 | (60)
Ne |2081| 395 | 61,7 | 930 | I 1008 | 183 | 30) | 40)
Na | 106 | 456 | 692 | 954 | Xe | 1171 | 205 | 31,0 | (43)
Mg | 737 | 145 | 774 [1055| Cs 375 | 22,6 | (33) | (44)
Al (5771181 | 275 |1158] Ba 503 | 9.6 | (36) | (47
c1 li9s1] 229 | 385 | 51,6 | 1La 541 | 11,0 | 18,4 | (50)-

Ning lugng gin két electron thir nhat (kJ.mol

1) clia mét & nguyén tr

1A IIA 111IA VA VA VIA VIIA VIIIA
H:-77 He: (21)
Li:—58 | Be:(241) | B;-23 C:-123 N:0 0:-142 | F:-328 | Ne: (29)
Na:—53 | Mg:(230) | Al:—-44 Si: -120 P:-74 | S:—200 | Cl: -349 Ar: (35)
K: -48 | Ca:(154) | Ga:(-35) | Ge: -1 18 | As:—77 | Se: -195 Br: ~325] Kr: (39)
Rb: ~47 | S1+(120) | Tn:-34 | Sm:-121 |Sb:-101|Te:-190| [:-295 | Xe: (40)

Cs: —45 | Bax52) | TL-48 | Pb:-101 | Bi:-100 Po:? At ? Rn:?




PHU LUC 6

A - ~ ~? ~ 2
D3 am dién ctia mot sé nguyén tir

H He
2,20 3,2
2,21 3,0
2.20 H -
Li | Be 2,20 — Thang Allred — Rochow Bl CIN|O/| F|Ne
0.97]1.47 2,21 — Thang Mulliken 2,01]2,5013,0713,50(4,10]| 5,1
0,84 (1,40 2,20 Thang Pauling 1,93]2,4812,33}13,17{3,90| -
0.98] 1,57 2,0412,55(3,043,44/3,98! -
Na | Mg Al | Si P S Cl | Ar
1.01(1,23 1,47)11,7412,06| 2,44 | 2,83] 3,3
0.7411.17 1,64(2,2571,84(2,28(2,95| -
0,931 1.31 1,6111,9312,1912,58(3,16] -
K iCal S| mTi V|Cr|{Mn|Fe|Co|Ni{Cu|%n]|Ga Ge | As | Se | Br | Kr
0.91(1,04]1,2011,32|1,45| 1,56 1,6011,64) — - {1,75/1,6611,82}2,02(2,20 2,4812,74| 3,1
0.77{0,99| - - — - - - - - 11,3611,49(1,82|2,501,59 2,18|2,62) —
0.8211,00]|1,36|1,54}1,63 1,661,56511,83(1,88(1,91 1,9011,6511,8112,01]2,18 2,5656(2,96129N
Rb | Sr Y Zr | Nb {Mo | Tc | Ru{ Rh | Pa Ag| Cd | In | Sn | Sb | Te I Xe
0.89]0,9911.11]1,22] 1,23 1,30(1,36(1,4211.45| 1,35 1,4211,46(1,49(1,7211,82| 2,01 2,21] 2,4
0.50[0.85] — — - - - - - - - - 11,6712,44{1,4612,08|2,52| -~
0821095/ 1,22/1,33|1.6412,16|1,92/2,182,28{2,20|1,93|1,69|1,78 1,80 [ 2,05(2,09| 2,66 2,60
s | Ba | LajyHf | Ta| W | Re | Os| Ir | Pt Au | Hg | Tt [ Pb | Bi | Po | At | Rn
0.8610,97|1,08{1,23]1,33(1,40 1,4611,5211,55) 1,44 1,42 1,4411,44(1,55(1,67)1,76 1,901 -
0.79]10.89]1,10{1,29(1,50( 2,26 1,94(2,18]2,20 (2,281 2,54 2,0011,6211,8712,02{ 20| 2,2 | -
Fr | Ra
0.8610,97
0.7 0.9 ]

- Ve ? ~ a7 . .
Ban kinh (nm) cua mét sé ion (theo Pauling)

Li*: 0,060 Na™: 0,095 K*: 0,133 Rb*: 0,148 Cs*: 0,169

F 0,136 CI: 0,181 Br: 0,195 I 0,216 H™ 0,208

Mg?*: 0,065 Ca?: 0,099 Sr?*: 0,113 Ba®*: 0,135

0%*: 0,140 5%: 0,184 Se?: 0,198 Te?™: 0,221
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Ban kinh cdng hoa tri va kim loai (nm) clia cac nguyén to

H F Cl Br 1 At Lu Lr
0,037065 | 0,0709 0,0994 0,1142 0,1333 0,1717
(0,030)
0 S Se Te Po Yb No
0,074 0,103 0,1161 0,1432 0,167 0,1940
N P As Sb Bi T Md
0.0726 0,110 0.125 0,145 0,155
C Si Ge Sn Pb Er Fm
0,077226 | 0,1176 0,1225 0,1405 0,1750 0,1734
B Al Ga In Tl Ho Es
0,0795 0,1432 0,1221 0,1626 0,1704 0,1743
Zn Cd Hg Dy Cf
0,1333 0.1489 0,1503 0,1752
Cu Ag Au Tb Bk
0,1278 0,1445 0,1442 0,1763
Ni Pd Pt Gd Cm
0,1246 0,1376 0,1388 0,1787
Co Rh Ir Eu Am
0,1253 0.1345 0,1357 0.1995
Fe Ru Os Sin Pu
0,1241 0,1325 0,1338 0,1513
Mn Te Re Pin Np
0,1366 0,1352 0,1371 0.131
Cr Mo W Nd U
0,1249 0,1363 0,1371 0,1814 0,139
v Nb Ta Pr Pa
0,1311 0,1429 0.143 0,1820 0,1606
Ti Zr Hf Ce Th
0,1448 0,1589 0,1564 0,1825 0,1798
Sc Y La Ac
0,1606 0,1776 0,1869 0,1878
Be Mg Ca Sr Ba Ra
0,1113 0,1599 0,1974 0,2152 0,2174
Li Na K Rb Cs Fr
0,1519 0,1858 0,2272 0,248 0,2655

(1) Gié trj 0,37065 nm duge tinh it phan tit Hy, gid tri 0,30 1a gia trj trung binh duge tinh ti nhidy
hgp chat khac cua hidro. )
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PHULUC 8

Sé liéu nhiét dong & latm va 25°C

" Chat AH? (kd/mol) | AGY (kd/mol) | S° (J/K.mol) | C° (J/K.mol)
Ag (t0) 0 0 42,7 95,48
Ag' (aq) 105,9 77,1 73,9
AgCl (tt) ~127,0 -109,7 96,1 50,78
AgBr (1) 99,5 95,9 107,1 52,38
Agl (t0) 62,4 —66.3 114,2 54,43
AgNO, (tt) ~123,1 -32,2 140,9 (93,05)
Al (tt) 0 0 28.3 94 34
Al (aq) —524,7 —481,2° 313,38
""" ALO, (tt) ~1669,8 _1576,4 50,99 79,0
As () 0 0 35,15 24,64
ASOY (aq) -870,3 635,97 ~144,77
""" AsH,(k) 171,5
""" H,ASO, (tt) -900,4
Au (tt) 0 0 477 25,23
AwO, (1) 80, 8 163,2 125,5
AuCl (1) 35,2
* AuCl, (tt) ~118,4
B (tt) 0 0 6,5 11,96
""" B,0, (tt) —1263,6 ~1184,1 54,0
" H,BO, (tt) —1087,8 ~963,16 89,58
' H,BO, (aq) ~1067,8 ~963,3 159,8
Ba (tt) 0 0 66,9 26,36
Ba2* (aq) —538,4 560,66 1255 |
"BaO (tt) _558,2 5284, 70,3 47,23
BaCl, (tt) —860,1 ~810,86 125,5 753
BaSO, (tt) ~1464,4 ~1353,1 132,2 10,8
"""" BaCO, (tt) ~1218,8 ~1138,9 112,1 85,35
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Chat AH (kd/mol) | AG] (kdJ/mol) S (J/K.mol) Cg (J/K.mol)
Be (tt) 0 0 9,5 16,44
BeO (tt) -610,9 -581,58 14,1 25,4
Br (1) 0 0 152,3 75,71
Br~ (aq) -120,9 -102,8 80,7
HBr (k) -36,2 -53,2 198,48 29,12
C (graphit) 0 0 5,69 8,53
C (kim cudng) 1,90 2,87 2,4 6,07
CO (k) -110,5 -137,3 197,9 29,15
CO, (k) -393,5 ~394.4 213,6 37,13
CO, (aq) 4129 -386,2 121,3
CO; (aq) -676,3 -528,1 -53,1
HCO; (aq) -699,1 ~587,1 94,98
H,CO, (aq) ~699,7 -623,2 187,4
CS, (k) 115,3 65,1 237,8 45,65
CS, () 87,9 63,6 151,0 75,65
HCN(aq) 105,4 112,1 128,9
CN™ (aq) 151,0 165,69 117,99
CO(NH,), (tt) 333,19 197,15 104,6 93,14
CO(NH,), (aq) ~819,2 -203,84 173,85
Ca (tt) 0 0 41,6 26,28
Ca* (aq) ~542,96 —553,0 -55,2
CaO (tt) —635,6 -604,2 39,8 42 80
Ca(OH), (tt) —986,6 -896,8 76,2 87,5
CaF, (tt) -1214,6 -1161,9 68,87 67,03
CaCl, (tt) 794,96 ~750,19 113,8 72,61
CaSO, (tt) -1432,69 -1320,3 106,69 99,66
CaCO, (tt) ~1206,9 ~1128,8 92,9 81,85
Cd (tt) 0 0 51,46 25,90
Cd* (aq) ~72,38 77,1 —61,09
CdO (tt) —9254.6 -2925,06 54,8 43,43
CdCl, (tt) -389,1 -349,59 118,4 73,22
CdSO, (tt) 926,17 -820,2 137,2 99,60
CL, (k) 0 0 223,0 33,84
Cl™ (aq) -167,2 -1312 56,5
HCl (k) -92,3 -95,27 187,0 29,12

287




Chat

AHY (kd/mol)

AG? (kJ/mol)

S° (J/K.mol)

Cg (J/K.mol)

Co (tt) 0 0 28,45 24,6
Co** (aq) —67,36 ~51,46 115,2
CoO (tt) -239,3 -213,38 43,9
Cr (tt) 0 0 23,77 23,35
_Cr* (aq) —-138,9
Cr,0, (tt) —-1128,4 —1046,8 81,17 104,6
Cro} (aq) 863,16 706,26 38,49
CrZO;’ (aq) -1460,6 -1257,29 213,8
. Cs (tt) 0 0 82,8 31,4
| Cs' (aq) ~247,69 ~9282,0 133,05
Cu (tt) 0 0 33,3 24,51
- Cu' (aq) 51,88 50,2 . —26,36
Cu*' (aq) 64,39 64,98 98,7
CuO (tt) -155,2 -127,2 43,5 4478
Cu,0 (1) -166,69, —146,,36 100,8 63,64
CuClI (tt) —134,7 —-118.8 91,6 56,1
CuCl, (tt) —-205,85 79,56
CuS(ty) 48,5, 49,0 66,5 47,82
CuSO, (tt) -769,86 —661,9 113,39 100,0
Ir, (k) 0 0 203,34 31,32
F(aq) -329,1 —276,48 -9,6
HF (k) -271,6 -270,7 173,5 29,16
Fe(tt) 0 0 27,2 25,23
Fe** (aq) -87,86 -84.9 -113,39
Fe** (aq) —47.7 -10,5 -293,3
Fe,0, (tt) -822,2 ~741,0 90,0 103,70
Fe(OH), (tt) -568,19 483,55 79,5
Fe(OH), (tt) ~824,25
H (k) 218,2 203,2 114,6 20,79
H, (k) 0 0 131,0 28,83
H'(aqg) 0 0 0
OH" (aq) —-229,94 -157,30 -10,5
H,0 (k) —241,8 -228,6 188,7 33,56
H,0 () —285,8 ~237,2 69,9 75,31
H,0, () ~187,6 ~118,1 88,41
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Chat

AH? (kJ/mol)

AG? (kd/mol)

S (J/K.mol)

Cg (J/K.mol)

Hg (1) 0 0 77,4 27,82

Hg*" (aq) —164,38

HgO (tt) -90,7 —58,5 72,0 45,73

HgCl, (tt) _230,1 76,60
 Hg,Cly (tt) -264,9, 210,66 196,2 101,67

HgS (tt) -58,16 —48.,8 77,8 50,21

HeS0, (tt) 704,17

Hg,SO, (tt) —741,99 —623,92 200,75 131,80

I, (tt) 0 0 116,7 54,44

I (aq) 55,9 51,67 109,37

HI (k) 25,9 1,30 206,3 29,16

K (tt) 0 0 63,6 29,96

K* (aq) ~951 2 982,28 102,5

KOH (tt) ~425,85

KCI (tt) —435,87 —408,3 82,68 51,49

KCI10, (tt) -391,20 —289,9 142,97 100,25

KCIO, (tt) -433,46 304,18 151,0

KBr (tt) ~392,17 ~379,2 96,4 53,62

KI (tt) —-327,65 —-322,29 104,35 55,06,

KNO, (tt) 4927 ~393,1 132,9 96,27

La (tt) 0 0 28,0 23,64

Li* (aq) —-278,46 —293,8 14,2

11,0 (tt) -595,8

LiOH (tt) -487,2 -443,9 50,2 49,68

Mg (tt) 0 0 32,5 24.8

Mg* (aq) —-461,96 —456,0 -117,99

MgO (tt) -601,8 —569,6 26,78 37,41

Mg(OH), (tt) -924,66 -833,75 63,1 76,99

MgCl, (tt) -641,8 -592,3 89,5 71,03

MgSO, (tt) ~1278,2 _1173,6 91,6

MgCO, (tt) -1112,9 -1029,3 65,69 75,52

Mn (tt) 0 0 31,76 26,32

Mn* (aq) —-218,8 -223,4 -83,68

MnO, (tt) _520,9 —466,1 53,1 54,02

19. BT Hoa hoc dai cudng - A
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Chat AH? (kJ/mol) | AGY (kd/mol) S° (J/K.mol) | C7 (J/K.mol)

N, (k) 0 0 191,5 29,10

N (aq) 945,18
NH, (k) 46,3 16,6 193,0 35,65

NH: (aq) 132,80 79,5 112,8

NH,CI (tt) 315,39 203,89 94,56 84,10

NH, (aq) ~366,1 -263,76 181,17
CNLH, () 50,4

NO (k) 90,4 86,7 210,6 99,83
NO, (k) 33,85 51,8 240,46 37,11
N0, (&) 9,66 98,29 304,3 78,99
N,0 (&) 81,56 103,6 219,99 38,71
HNO, (aq) ~118,8 53,6

HNO, (1 -173,2 79,9 155,6 109,87

NO; (ag) 206,57 1105 146,4

Na(tt) 0 0 51,05 2822
Na' (aq) 239,66 261,87 60,25

Na,0 (tt) 415,89 376,56 72,8 712,43

NaCl (tt) ~411,0 ~384,0 72,38 50,79
Nal (&) ~288,0 5481

Na,SO, (t) —1384,49 ~1266,8 149,49 1308
NaNoO, (tt) —466,68 ~365,89 116,3 93,05
 Na,CO, tt) ~1130,9 —1047,67 135,98 1100,
""" NaHCO, (tt) 947,68 851,86 102,09 87,72
..... Ni (tt) 0 0 30,1 26,05
Ni?* (aq) 64,0 46,4 159,4
NiO (t) 944,35 ~216,3 38,58
""" Ni(OH), (tt) 538,06 4531 79,5

0 (K 949.4 230,1 160,95 21,90
0, (k) 0 0 205,0 2936
0, (ag) ~12,09 16,3 110,88 o

0, (k) 142,2 163,4 237,6 39,20

290 19. BT Héa hoc dai cuong - B




Chat AH{ (kd/mol) AG{ (kd/mol) S° (J/K.mol) C;i (J/K.mol)
P (tréng) 0 0 44,0 23,22
P (do) -18,4 13,8 29,3 20,83
P()T (aq) -1284,07 -1025,59 -217,57
) PO, (tt) -3012,48 204,8
PH, (k) 9,25 18,2 210,0
HPO? (aq) —1298,7 ~1094,1 —35,98
H,PO; (aq) ~1302,48 ~1135,1 89,1
Pb (tt) 0 0 64,89 26,82
Pb** (aq) 1,6 24,3 21,3
PbO (tt) -217,86 —188,49 69,45 45,86
PbO, (tt) —2176,65 —218,99 76,57 62,89
PbCl, (tt) —-359,2 -313,97 136,4 76,78
Pbs (tt) -94.3 -92,68 91,2 35,02
PbSO, (tt) -918,4 -811,2 147,28 104,3
Pt (tt) 0 0 41,84 26,57
PICI (aq) ~516,3 ~384,5 175,7
Rb (tt) 0 0 69,45 30,42
Rb* (aq) ~246,4 —982,2 124,27
S (truc thoi) 0 0 31,88 22,60
S (mot nghiéng 0,30 0,10 32,565 23,64
SO, (k) -296,1 -300,4 248,5 39,87
SO, (k) -395,2 -370,4 256,2 50,63
SO (aq) ~624,25 ~497,06 43,5
SOi_ (aq) -907,5 -741,99 17,15
H,S (k) -20,15 -33,0 205,64 33,97
HSO? (ag) —627,98, -527,3 132,38
HSO; (aq) —885,75 —752,87 126,86
H,S80, (h -811,3
SF, (k) -1096,2
Se (tt) 0 0 42,44 25,36
Se0, (tt) -225,35
H,Se (k) 29,7 15,90 218,9
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Chat AHY (kJ/mol) | AGY (kd/mol) S° (J/K.mol) CS (J/K.mol)
Si (tt) 0 0 18,70 19,8
Si0, (tt) —-859,3 —805,0 41,84 44,48
Sr (tt) 0 0 54,39 25,1
Sr (aq) 5455 —557,3 39,33
SrCl, (tt) ~828.4 —781,15 117,15
SrS0, (tt) —1444,74 —1334,28 121,75 107,8
SrCO, (tt) -1218,38 -1137,6 97,07
W 0 0 33,47 24,8
WO, (t) -840,3 763,45 83,26
- WO, (aq) —-1115,45
7Zn (tt) 0 0 41,6 25,48
Zn™ (aq) ~152,4 ~147,2 106,48
Zn0 (tt) 3480 -318,2 43,9 40,25
ZnCl, (tt) 415,89 -369,26 108,37
ZnS (tt) -202,9 -198,3 57,7 46,02
 7ZnS0, (tt) —-978.,6 —871,6 124,7 97,35
o
Chat Cong thiic AHY AG? s° <
(kJ/mol) | (kd/mol) (J/K.mol)|(J/K.mol)
Axit axetic (1) CH,COOH —484,2 | —389,45 | 159,83 1234
_Andehit axetic (k)| CH,CHO —166,35 | —139,08 | 264,2 54,64
~ Axeton (1) CH,COCH, | -246,8 | —153,55 | 198,74 125
Axetilen (k) C,H, 226.6 209,2 200,8 43,93
_ Benzen (1) C.H, 49,04 124,5 124,5 136,1
Etanol (1) C,H,OH ~276,98 | —174,18 | 161,04 111,4
_Etan (k) C,H, —84,7 —-32,89 | 292949 52,70
- | Etilen (k) C.H, 52,3 68,1 219,45 43,63
| Axit fomic () HCOOH —409,2 —-346,0 | 128,95 48,7
Glucozo (tt) CeH,0, ~1274,5 | -910,66 | 2121
Metan (k) CH, ~74,85 —50,8 186,19 35,79 |
Metanol (1) CH,OH ~238,7 -166,3 | 126,78 81,6 |
Saccarozd (tt) C,,H,,0,, -2221,7 | —-1544,3 | 360,24 425 |




PHU LUC 9
Thé khit chuin cua cac cap oxi hoa — khut & 25°C
(Trong mdéi truong axit)

Cap oxi hoa - khu E°(V) Cap oxi hoa - khu E°(V)
Agl/Ag -0,151 As/AsH, -0,60
Ag(S,0,): / Ag +0,01 HAsO,/As +0,247
AgBr/Ag +0,095 H,;AsO,/HAsO, +0,559
AgClVAg +0,222 Au(CNS); / Au +0,66
AglOy/Ag +0,35 AuBr; / Au +0,87
Ag,CrO,/Ag +0,446 AuBr; /Au +0,96
Ag,MoO /Ag +0,49 AuCl;/Au +1,00
AgBrOj/Ag +0,55 Au(OH),/Au +1,45
AgNO,/Ag +0,564 Au?/Au +1,50
AgCH;COO/Ag +0,643 Au'/Au : +1,68*
Ag;SO/Ag +0,653
Ag'IAg +0,7991 H.BO/B ~0.87
Ag*lAg* +1,98 Ba*/Ba -2,90
Be?*/Be -1,85
AlF} /Al -2,07 BiOCVBi +0,16
Al¥Y/Al -1,66 BiO*/Bi +0,32
Am*/Am -2,32
AmO}/ Am?* +1,26 Bi294/BiO* +1,59
AmO?' / AmO;, +1,64 Bk*/Bk* +1,6
AmOg* / Am® +1,69 Br,/Br~ +1,0652
AmO}/Am* +1,725 BrOj; /Br, +1,52
Am*/Am* +2,18 HBrO/Br, +1,59

20. BT Hoa hoc dai cuong - A 293




Cap oxi hoa - khut E°(V) Cap oxi hoa — khw E°(V)
HCNO/C,N, -0,33 Cul/Cu ~0,185
CO,/HCOOH -0,196 CuBr/Cu +0,033
HCOOH/HCHO +0,056 CuCl/Cu +0,137
CICH, +0,13 Cu®/Cu* +0,153
C,N,/JHCN +0,37 Cu*/Cu +0,337
C,H,/C,H, +0,52 Cu*/Cu +0,5621
CH,OH/CH, +0,586 Cu?/CuCl +0,538
C,H./C,H, +0,73 Cu*/CuBr +0,640
CClL,/C +1,18 Cu®*/Cul +0,86
Ca®/Ca .87 Cu®*/Cu(CN),~ +1,12
Cd*/Cd -0,403 Eu*/Eu® - 0,43
Ce*/Ce -2,48 F,0/H,0 +2,1
Ce*/Ce® +1,61 F.JF +2.87
C10; / CIO; Y119 | FyHF +3,06
ClO; /HC10, +1,21 Fe*/Fe ~0,440
Cl0,/HC10, +1,275 Fe(CN)Y /Fe(CN)i- +0,36
ClL/Cl” +1,3595 | Fe*/Fe?*’ +0,771
HCIO/Cl, +1,63 FeO? /TFe* +1,9
HCI0,/HC10 ELC R 053
Co®**/Co -0,277
Co%/Co?* +1,82 Ga™/Gd 240
Cr®*/Cr 0,74 GeO,/Ge 015
Cr*/Cr? ~0,41 :
Cr, 02 /Cr* +1,33 H/H ~2,25
H*/H -2,10
Cs*/Cs -2,923 H*/H, 0,00
294
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Cap oxi hoa - khi E°(V) Cap oxi hoa-khit | E°(V)
Hf*/Hf -1,70 Mn%/Mn -1,18
Hgl]2 /Hg - 0,04 Mn®*/Mn -0,2%
HgBr! /Hg +0,21 MnO;, / MnO? +0,564
Hg)' /Hg +0,789 MnOy/Mn** +1,23
Hg** /Hg?" +0,920 Mn®*/Mn? +1,51
MnO; / Mn* +1,51
L/T” +0,5355 MnOj / MnO, +1,695
I/ +0,536 N,/HN, -3,09
IG1; /1, +1,06 N, /N,H; -0,23
10; /1, +1,195 H,N,0,/NH,;OH" +0,496
| HN, /NH* +0,69
HION NO/H,N,0, +0,71
: 145 NO; /N,0, +0,80
H.10,/10; +1,6
HNO,/H,N,O, +0,86
NOj; /HNO, +0,94
In**/In - 0,342
NO; /NO +0,96
II‘C]?{ /Tr +0,77 HNO,/NO +1,00
IrBr)” /IrBry~ +0,99 N,O0,/NO +1,03
IrClé" /IrClg“ +1,017 N,O,/HNO, +1,07
N,H; /NH; +1,275
KK - 2,925 HNO,/N,O +1,29
NH,OH" /NH] +1,35
La*/La -2,52 NH,OH* /N,H; +1,42
Li*/Li - 3,045 HN, /NH; + N, +1,96
H,N,O./N, +2,85
Lu®/Lu -2,25 Na'/Na -2,714
Nb3**/Nb -1,1*
Mg*/Mg -2,37 Nb,0,/Nb -0,€5
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Cap oxi hoa - khu E°(V) Cip oxi hoa - khu E°(V)
Nd**/Nd -2,714 Pb*/Pb -0,126
Ni**/Ni -0,250 PbO,/Pb* +1,455
NiO,/Ni2* +1,68 PbO,/PbSO, +1,685
Np*/Np -1,68 PdBr} /Pd +0,6
Np*/Np* +0,147 PdC1% /Pd +0,62
NpO; /Np** +0,75 Pd*/Pd +0,987
NpO2* /NpO; +1,15 PdCl1Z /PdC1% +1,288
0,/HO, -0,13 PtS/Pt -0,30
0./H,0, +0,682 PtBr2 /Pt +0,58
H,0,/0H + H,0 +0,72 PtC1Z- /Ptle‘ +0,68
0,/H,0 +1,229 PtCI* /Pt +0,73
HO,/H,0, +1,5 Pt(OH),/Pt +0,98
H,0,/H,0 +1,77 Pu®*/Pu -2,07
0,0, + H,0 +2,07 PuOZ /PuO; +0,93
O/H,0 +2,42 Pu**/Pu* +0,97
OH/H,0 +2,8 PuOZ* /Pu** +1,04
0s0,/0s +0,85 PuO} /Pu* +1,15
H,PO./P -0,51 Ra*/Ra -2,92
H,PO,/H,PO, -0,50 Rb*/Rb -2,925
H,PO,/H,PO, -0,276 ReO,/Re +0,252
P/PH, +0,06 ReO; /Re +0,363
Pbl,/Pb -0,365 ReO; /ReO, +0,51
PbSO,/Pb -0,356 RhC1} /Rh . 10,44
PbBr,/Pb -0,280 Rh*/Rh +0,8*
PbCl,/Pb -0,268 RuClﬁ' /Ru +0,60
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Cap oxi hoa - khw E°(V) Cap oxi hoa - khit E°(V)
S0% /8,0 -0,22 Sr**/Sr -2,89
H,SO, /HS,0, -0,08 Ta,04/Ta -0,81
S/H,S +0,141 Te/H,Te -0,72
so‘ﬁ— /H,S0, +0,17 TeO,/Te +0,529
(CH,),S0,/(CH,),S0O +0,23 TeOOH/Te +0,559
H,S0,/S +0,45 H,TeO4(tt)/TeO, +1,02
H,S0, /S,0F +0,51 Th*/Th -1,90
3202~ /H,S0, +0,567 TII/T1 -0,753
(CNS),/CNS~ +0,77 T1Br/TI -0,658
S,CL/S +1,23 TICVUTI -0,557
Szog— /SOi— +2,01 TI1*/T1 -0,3363
Sb/SbH, -0,51 TE/TI +1,25
Sb,0,/Sb +0,152 U3y -1,80
Sb,0,4/Sb,0, +0,48 [S5ard 0kl -0,61
Sb,0,/SbO* +0,581 Uo; /uo¥ +0,05
Sc*/Sc -2,08 Uo /U* +0,334
Se/H,Se -0,40 U0} [ U +0,62
H,Se0,/Se +0,74 V&IV -1,18*
Se0? /H,SeO, +1,15 VeV -0,255
SiF2~ /8i -1,2 V(OH);/V -0,253
Si0,/Si -0,86 \(OFAA +0,361
Si/SiH, +0,102 V(OH); / VO +1,00
Sm*/Sm -2,41 Yy -2,37
SnF? /Sn -0,25 WO,/W -0,09
Sn*'/Sn -0,136 Zn*/Zn -0,763
Sn*/Sn? +0,15 Zr*Zr -1,53
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(Trong moéi trudng kiém)

Cap oxi hoa - khu Ee(V) Cap oxi hoa - khu E°(V)
Ag,S/Ag -0,69 Co(OH),/Co -0,73
Ag(CN), / Ag -0,31 CoCOy/Co -0,64
AgCN/Ag -0,017 | Co(NH,);" / Co(NH,)s" +0,1
Ag(S0,)./Ag +0,30 Co(OH),/Co(OH), +0,17
Ag,0/Ag +0,344 Cu,S/Cu -0,54
Ag(NH,); / Ag +0,373 Cu(CN); /Cu -0,43
Ag,CO /Ag +0,47 Cu,0/Cu -0,358
AgO/Ag,0 +0,57 Cu(CNS)/Cu -0,27
Ag,0,/Ag0 +0,74 Cu(NH,); /Cu -0,12
H,A10; / Al -2,35 Cu(OH)y/Cu,0 -0,080
AsO; / As -0,68 FeS/Fe ~1,01
AsOi‘ /ASO; -0,67 Fe(OH),/Fe -0,877
H,BO, /B -1,79 FeCO,/Fe -0,756
Ba(OH),.8H,0/Ba -2,97 Fe,Sy/FeS -0,67
Be,O% / Be ~2,62 Fe(OH)y/Fe(OH), -0,56
Bi,04/Bi 0,44 FeO* / FeO; +0,9
BrO; /Br~ +0,61 H,Ga0; /Ga -1,22
BrO/Br~ +0,76 HGeO; /Ge -0,9
CNO7/CN- -0,97 H,O/H -2,93
Ca(OH),/Ca -3,03 H,0/0H” -0,828
CdS/Cd -1,21 HfO(OH),/Hf -2,50
Cd(CN)i‘ /Cd -1,03 HgS/Hg -0,72
Cd(OH),/Cd -0,809 Hg(CN)f’;‘ /Hg -0,37
CdCO,/Cd -0,74 HgO (d8)/Hg +0,098
CA(NH,)> /Cd - -0,597 10; /T +0,26
Cl0; / ClO, +0,33 1071 +0,49
Cl10; / C10; +0,36 H,10% /10; +0,7
Cl0; /C10~ +0,66 In(OH)y/In -1,0
ClO/CI” +0,89
C10,/ C1O; +1,16 | Ir,O4/1r +0,1
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La(OH),/La -2,90 HPOZ /H,PO; -1,57
Lu(OH)./Lu -2,72 POi‘ /HPO%‘ -1,12
Mg(OH)./Mg -2,69 P/PH, -0,89
Mn(OH),/Mn -1,55 PbS/Pb -0,95
MnCO,/Mn -1,48 HPbLO; /Pb -0,54
MnO,/Mn(OH), -0,05 PbCO4/Pb -0,506
Mn(OH)y/Mn(OH), +0,1 PbO,/PbO (dd) +0,248
MnO? / MnO, +0,60 Pd(OH),/Pd +0,07
MoO?% /Mo -1,05 Pt(OH),/Pt +0,15
NO; /NO; +0,01 Pu(OH)y/Pu -2,42
N,H/NH;.aq +0,1 Pu(OH),/Pu(OH), -0,95
NH,OH/N.H, +0,73 Pu0,(OH),/PuO,0H" +0,26
NiS/Ni -0,83 ReO; /ReO, -0,594
Ni(OH),/Ni -0,72. ReO; /Re ~0,584
Ni(NH,)Z" / N -0,47 ReO,/Re -0,576
NiCO4/Ni -0,45 Rh,04/Rh +0,04
Ni1Oy/Ni(OH), +0,49 RuO; /RuO? +0,60
0,/0; -0,56 802 /8,0% -1,12
HO;/OH +20H" -0,24 S0 /1807 -0,93
0, /HO; -0,076 S0z /8,05 -0,58

0; /HO; +0,4 8/s* -0,48
0,/OH" +0,401 S,0% /8,0% +0,08
HO; /OH" +0,88 SbO, /Sb -0,66
0,0, + OH™ +1,24 Sc(OH),/Sc -2,6*
OH/OH™ +2,0 Se/Se*” -0,92
HOsO; /0s +0,02 SeQ% /Se -0,366
H,PO, /P ~2,05 SeQ? /SeOF +0,05
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* 8§ lidu géP ding

Si0% /Si -1,70 ZnS/Zn -1,44
SnS/Sn - -0,94 Zn(CN)f;" /7Zn -1,26
HSnO; /Sn- -0,91 Zn(OH)z/Zn -1,245
Sn(OH)Z" /HSnO; ~0,90 Zn0% | Zn ~1,216
| Te/Te? 1,14 ZnCO,/Zn ~1,06
TeOZ /Te -0,57 Zn(NH,)?* /Zn ~1,03
Teoi- /Teog— +0,4 HZZI‘O;;/ZI‘ “‘2,36
Th(OH)/Th 9,48 WO | W ~1,05
TLS/TI 0,96
TIOH/TI -0,3445
TI(OH),/TIOH 0,05
UO0,/U ~2,39
U(OH),/U(OH), 9,2
U(OH),/U -2,17
Na,UO,/U(OH), ~1,61
HV,0% /V -1,15




1. Axit va bazd vo co

PHU LUGC 10
S6 liéu pK, (pK, = -1gK,) ciia mot s6 cap axit — bazo
trong dung dich nuéc ¢ 25°C '

Cap axit — bazo pK, Cap axit - bazo pK,
Ag'/AgOH 11,7 Hgi* /Hg,OH" 5,0
AgOH/AgO™ 15,2 Hg®/HgOH* 2,5
AP*/AIOH* 5,0 I*/HIO 5,0
H,AsO, /H,AsO; 8,1 HIO/IO™ 12,4
H,AsO, /H,AsO; 2,2 HIO, /10; 0,8
H,AsO; / HAsO* 6,9 NH; /NH, 9,2
HAsO> / AsO 11,5 HNO, /NO; 3,3
HBO, /Bo; 9,2 H,0/0H" 14,0
HCN/CN- 9,3 H,0,/HO; 11,7
C0,.aq/HCO; 6,4 H,PO, /H,PO; 2,1
HCO; /CO¥ 10,3 H,PO; /HPOZ 6,7
Ca™/CaOH" 12,6 H,PO, /H,PO; 2,2
'HCIO/C10™ 75 H,PO; /HPO> 7,2
- HCl10,/CI0; 2,0 HPO?* /PO 12,3
Cr**/CrOH2" 3,8 H,S/HS™ 7,0
CrOH? /Cr(OH); 6,2 HS/8* 13,0
H,Cr0, /HCrO; 1,0 S0,.aq/HSO; 1,9
HCrO;, / CrO* 6,5 HSO; /SO 7,2
Cu*/CuOH" 8,7 HSO; /S0% 1,9
"HF/F~ 3,2 Sn*/SnOH* 3,9
Fe*/FeOH* 8,3 Sr**/SrOH*- 13,2
Fe®* /[FeOHZ" 2,2 Zn*/ZnOH* 7,6
FeOH? / Fe(OH); 3.4
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2. Axit va bazd hitu co

Tén axit Cap axit - bazg rK,

axit fomic HCOOH/HCO;, 3,8
axit axetic CH,COOH/CH,CO0 4,8
axit monocloaxetic CH,CICOOH/CH,CICOO" 2.9
axit dicloaxetic CHCL,COOH/CHCLCO0" 1.3
axit oxalic HOOC-COOH/HOOC-COO0" Lo
HOOC-CO07/C,0%* 4:3

ion anilini C.H; NH; /C;H,NH, 46
phenol C:H,OH/C,H, 0 9.9
ion etylamoni C,H; NH; /C,H,NH, 10.8
ion dietylamoni (CQH;‘) )z NH; /(C2H5 )2 NH 11,1
axit benzoic C,H;,COOH/CH,COO" 47
axit picric (NO,), C,H,0H/(NO,), C,H, 0" 0,4
axit salixilic HO-CH, -COOH/HO-CH,CO0" 3,0
axit phatalic HOOC-C,H, -COOH/HOOC - C.H, -COO7| 2,9
HOOC-C,H, -COO /I~ 00C-C,H, -CO0O | 5.1
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PHULUC 11
S6 lieu pK, (pK, = -1gK,) ctia mot s6 chat dién ly
, it tan ¢ 25°C

Chat | pK, Chat pK, Chat pK, Chat pK,
AgOH | 7,7 | MnS (héng) | 9,6 CaCO, 8,2 BiPO, 22,9
AIOH), | 32 | MnSQuc) |12,6] CdCO; [13,6] Cay(PO), |[28,9
Ba(OH), | 2,3 NiS-o | 18,5 CoCO; [12,8] Cdy(PO). (82,6
Ca(OH), | 5,2 §  NiS-B | 24,01 CuCO, 9,6 | Cou(PO,), |84,7
Cd(OH), | 14 NiS—y | 25,7 FeCO; |10,5] Cuy(P0O,), 36,9
Co(OH), | 15,6 PbS 26,6 | Hg,CO, 16 Fey,(POy, 26,4
Cr(OH), | 31 SnS 250 MgCO, |60 FePO, 21,9
Cu(OH), | 19,7 ZnS—o |23,8f MnCO, |10,7] MgyP0,)), {272
Fe(OH), | 15,1}  zZnS-p |[21,6| NiCO, 821 NiPO), 303
Fe(OH), | 38 AgCl 0.7 PbCO, |13,5] Pb(PO), [435
Hg(OH), | 255 | pgcl, |179] 2ZnCOs  |10.8] Sr(PO), |274
Mg(OH), | 10,9 PbCl, 46 |BaC0,2H,0] 7,0 Zn, 0y, |354
Mn(OH), | 12,8 CaC,0,.H,0 | 8,6 BaHPO, 7,4
Ni(OH), | 14,7 AgBr 12,3 M?gclo; a1 CaHPO, | 6,6

Pb(OH), | 15,3 };i‘f“ 242’42 PbC,0, |10,5] CoHPO, |67
Ty )
Sb(OH), | 41,4 - SrC,0,H,0 | 7,3 HgHPO, 1124
Sn(OH), | 26,2 Agl 1621 5 c0, |ss| MgHPO, |58
. Hgl, |283 2
Zn(OH), | 17,2 Bals ‘ AgCrO, 12 PbHPO, 9,9
Hgl, | 283 SrHPO 6,2
Ao.S 4992 . ¢ BaCrO, 9,9 S ’
8a ) Cul 12,0 CuP,O 15.1
"o . CaCrO 3,2 2U7 ;
By,S, | 71,8 Pbl, 8,2 1 )

2 Hg,P,0 13,7

CuCrO 5,4 B2 utr ’

CdS | 261 Azs0. 48 Fecr04 o HgP,0, 18,7

CoS-a | 204} pago, | 9,9 Hg 00, | 87 NiP,0, [12,8
u 2 4 ’

COS B 24’7 CaSO42H20 4,6 PbCI‘O.‘ 13’4 AngO:} 13:9

Cu,S 1476 ’
. HgSO, | 611 g0, |as| BaSO, |65

CuS 35,2
' PbSO, 7,7 CaS0, 71
FeS 17,2 SI‘SO4 6,5 »/Zgls;)é).fl 1’;’2
Q (36 . '
gSden)| 5181 paco, | 83| TN Y |77 | HelCH,CO0),| 94

L.
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