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Lt nét ddu

Cucn Bdi tdp Hoa hoc dai cuong nay duoc viét theo ding néi dung
cudn Héa hoc dai cuong ciia ciing tic gid do Nha xudt bdn Gido duc
xudt bdn ndm 2005. |

Noi dung cudn sdch duoc chia lam hai phdn:

= Phdn mot 1a phdn t6m 1t 15 thuvét va cdc bai tdp c6 1oi gidi.

— Phdn hai gém cdc cau hoi trdc nghiém kém theo dap s6.

N¢i dung cdc phan déu bam sdt noi dung sdch 1y thuyét.

Mdc du tdc gid dd viét mgt s6 sdch Iy thuyét ciing nhu bai tdp
nhung chdc khong thé trdnh khoi nhitng sai sét. ddc biét ldn ddu tién
viét cdc cdu hoi trdc nghiém. Tdc gid rat mong déc gid giti cho nhiing
nhdn xét dé€ Idn tai bdn duoc t6t hon. . .

Cdc y kién dong gép xin gii vé Cong tv c6 phdn sdch Pai hoc —
Day nghé; 25 Han Thuvén — TP, Ha Noi.

Xin cam on!

| TAC GIA

Tad



Phdan |
TOM TAT LY THUYET - BAI TP

Chutong 1
¢AU TAO NGUYEN TU

TOM TAT LI THUYET

B6n s6 luong tir dic tnmg cho trang thédi cha electron trong nguyén tir 13 s6
luong tit chinh n, s6 lwong tr phu /, s& Iwgng tir tir m va s& lugng tir tir spin m,.

$6 Iugng tir chinh n
S6 luong tir chinh n nhan cdc gid tri nguyén dwong. Mbi gid tri cha n dac
trung cho mét Idp electron trong nguyeén tir:
n | 2 3 4 5.
Kihi¢u lépelectron: X L M N O ..
Gi4 tri clia n cang 1én, electron cang xa hat nhén.

$3 lugng 1 phu /

MSi 16p electron tir n = 2 trd 1én lai gém nhiéu phan 16p. M8i phan 16p
electron dugc dac tnmg bing mot gid tri cha s6 lugng tir phu /. S8 lugng tir
phu / nhén céc gid tri nguyén duong tr 0 dénn -1, nghiala dlép thiincén
phén 16p:

! :0 1 2 3 L (0]
Ki hiéu phén 1dp electron: s p d :



D€ chi phan 16p thuéc 16p electron nao, ngudi ta ghi gi4 tri cha n chi Iép
d6 trude ki hiéu phan I6p. Vi du, ki hiéu 3s chi réng day 1 phan 16p [ = 0
cla 16p n = 3 (16p M). Ki hiéu 2p ving véi phan 16p / = 1 chia Iép n = 2
(6p L).

SO luong tit phu / con cho biét hink dang ciia obitan nguyén 1z, Obitan s
¢4 dang hinh cdu. Obitan p gém hai hinh cau tiép xtic véi nhau & hat nhan.
Obitan d 12 hinh hoa bén canh néi.

Hai 6 lugng t& n va ! xdc dinh ndng lugng cla electron trong nguyén tir.
Vi dy, nang lugng cla cdc electron & Is < nang lugng cia cic electron &
2s < nang lugng cha.céc electron d 2p...

84 lugng tir tirm

S8 lugng tlr tir m xdc dinh hwéng ciia obitan nguyén ur trong khong gian
xung quanh hat nhén.

Ung véi mot gia tri cta I ¢6 2/ + 1 gid tri clia m. D6 1a nhilng s6 nguyen
am va duong k€ ca s6 0 tlr - = 0 = +1.

Khi/=0cémoétgidricham=0

Khil=1cébagidtriclam=-1,0, +1.

Khi!/=2cénam gid tri ca m = -2, -1, 0, +1, +2.

Khi?=3 c6 by gid tricham = -3, -2, -1, 0, +1, +2, +3.

88 lugng tir tir spin m,

S6 lugng tlr m, dic trung cho sy chuyén dong riéng cia electron.

Chi ¢6 hai gid tri clia m, 1a m, =+% v m, =-—%.
Obitan nguyén tir (A0) .

Méi AO duoc dac trung bing ba gid tri ciia ba s¢ ligng tir n, | va m. Vi
du,t=1=/!=0=m=0ng vdi AO Is.

n=2=1I1=1=m=01ng véi AO 2p,.

Tix d6 suy ra s6 AO & méi 16p electron nhur sau:

Ldp K ¢6 mot AQ, d6 1a AO 1s. Ngudi ta thutmg ki hiéu mdi AO bing
mét & vudng l:] va goi 14 o lugng 1.
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Lép L ¢6 mot AO 2s viiba AO 2p 1a 2p,, Zp, va 2p,. Nang lugng cia AO
2s thap lion nang luong cia cac AO 2p. Ba AO 2p cing cd nang lugng nhu
nhau, nén nguoi ta thudng viét ba 6 lugng t 1ién nhau va viét cdch AO 2s:

I

25 2p
LépMc69AOmhusaw { + [ ] 1] LLTTT]
3s 3p 3d

LopNes16ao: L I [T T T L LT

4y 4p 4d 4f

Su phén bé céc electron trong nguyén tl & trang thai co ban

Su phdn bé cic electron trong mot nguyén W O rang thdi co bdn tuan
theo nguyén 1i loai trlr Pauii, quy 1ac Kleckopxki va quy véc Hund.

Nguyén i loai tru Pauli (ding cho ca nguyén t  wrang thai kich thich).

Trong mot nguyén nt khong the i6n 1ai hai eleciron ¢é cung gid ti ctia
bon 38 lwong nen, 1, mva m,. Vidu &16p K i ¢6:

n=1=17=0=m=01ng voi AO !s chi ¢6 5i da 2 electron:
electron thi rnhdt tng véin=1,/=0,m =G va m, = +£ .

electron thif hai itng véin=1,/=0, m=0va m, = --5 .

Hai electron trén moL AO duge bifu dién béng nal mui ieu uguoc chica
nhau ing v6i hai gia tri khic nhau cla m, trong mot 6 lugng il [V T Hat
etectron nhu th& duge goi 14 hai electron da g!zep déi. Nga roug 6 L.un ¥ i chi
¢O mot electron thi electron d6 duge goi fa eleciron doc than: [I | hioae »:I

Dura vo nguyén 1i Pauli ¢é the tinh duoc 53 electron 6i da niur sau
M6i AO chi ¢6 t6i da 2 electron véi cdc gid tri m, kKhéc dgu.

Phan 16p s ¢6 t6i da 2 electron: ['EI

Phan 1dp p ¢6 16i da 6 electron: e |’N} |Ti]

Phan l6p d ¢é t61 da 10 clectron: ﬁtlm| 'Nr} I8 'N:]

Phan 16p f ¢6 t6i da 14 electron: [T TATL T




Ldp electron thit n cé t6i da 2n® electron.

Quy thc Kleckopxki

Trong mot nguyén n_":, thit tir dién cdc electron vao cdc phdn 16p sao cho
10ng 6 n + 1 ting ddn. Khi hai phdn 16p c6 cing gid tri n + 1 thi electron
dién trucc tién vao phdn Igp cé gid tri n nhd hon.

Thit tu dién céc electron vio c4c phan 18p nhu sau:

1s 2s 2p 3s 3p 4s 3d 4p 5s 4d Sp 6s 4f 5d 6p s 5f 6d

Vidu: V (Z = 23): 15% 25% 2p° 357 3p° 457 34°

Sau khi viét cau hinh electron theo quy tac Kleckopxki, c4n viét lai c#u hinh
ndy béng cdch sap x&p cdc phén 16p trong cling mot 16p electron lai gin nhau:

V(Z=23) | 1s% | 25% 2p° | 3s23p°3d® | 4¢?
Lépelectron: | K - L M N
Day 1a céu hinh electron ctia nguyen tir vanadi (V) dudi dang chit.

Quy tic Hund

Trong mét phan lop chuta dii 56 electron t6i da, cdc electron ¢6 xu huéng
phan b6 déu vao cdc obitan (cdc 6 lugng 1i) sao cho c6 s6 electron doc than
véi cdc gid tri s6 hugng ik m, ciing ddu 1a lom nhdt.

Vi du: Ge (Z = 32): 1s% 25 2p° 35 3p° 45 3d'° 4p>. Tix d6 cfu hinh
electron clia Ge 1: 1s? 2s% 2p® 3s? 3p° 3d'® 4% 4p®. Theo quy téc Hund ta c6
cdu hinh electron ciia Ge du6i dang 6 liiong ti nhu sau:

DT T A [

Hai electron & 4p® c6 thé viét:... IIIID hoic “. hodc
.“ hoic . hodc ED vi nang lugng ciia ba AO 4p

bing nhau.

| | BAITAP
L.1. Trong s6 t6 hop céc s& lugng tir sau, nhitng t6 hop nao c6 thé c6?
a.n=4, =2, m=0.
b.n=2, I=1, m=-2.



£8.a, c, d.
1.2. Nhimg ki hiéu nao duéi day khong thé ¢é trong nguyén ti?
a.lp; b.2d;, ¢ 3s; d.4f e 5d

D8 1p va 2d
1.3. Céc ki hiéu 3s, 4f, 5d chi 16p va phan 18p electron nao trong nguyén ti?
£S 3s:16pn=3(6pM)vaphanisp [=0.

4f: 16p n = 4 (16p N) va phén 16p { = 3.

5d: 10pn=5(16pO) vaphanidpl=2.
14. Cic AO 4s, 4p;, 4py, 4p,, 4dyy, 4dy,, 4d,,, 4d,a 2, 4dx g VG céc

gid tri nao cla céac s6 lugng ti?

£S. 4s: =4, I=0, m=0
4px: n=4, I=1, m=1
4py: n=4, =1, m=-1
4p,; n=4, I=1, m=0
4d,,: n=4, I=2, m=-2
4d,,: n=4, I=2, m=-]
4d,: n=4, I=2, m=1l
4d_. ypin= 4, I=2, m=2
4d,:n=4, I=2, m=0

1.5. Hay néu su khdc nhau gifta hai AQ sau:
a. 2p, va 2p,
b. 2p, va 3p,

Bai giai:

a. AO 2p, va 2p, khidc nhau v€ sy dinh huéng xung quanh hat nhén
nguyén tir, AO 2p, dinh huéng doc theo truc x, AO 2p, dinh huéng
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1.6.

B.8.

1.7.

B.8.

1.8.

..
10

doc theo truc y clla toa do Descartes. Su dinh hu&ng nay duge xdc dinh
bdi s6 lugng tir tir m. Khi m = +1 su dinh huéng cta 2p doc theo truc
X, khi m = -1 sur dinh huéng doc theo truc y.

b. AO 2p, va 3p, khic nhau & 16p electron. AO 2p, & 16p n = 2 (I6p K),
con 3p, & 16p n = 3 (16p M).

Trong $6 cdc ciu hinh electron sau, nhiing cfu hinh nao tuan theo
nguyén If loai trir Pauli, c&u hinh nao & trang théi co ban?

a. 1s? 2¢* 2p6 ; b. 1% 257 2p5

c. 1s? 24? 2p4 3s! 3p; d. 1s* 24 2p6 35 3p6 3d'* 45

b va c. O trang thai co ban: b.

Trong s cédc cau hinh gia thiét sau cha nguyén tit niken (Z = 28):

a. 1s* 25% 2p° 352 3p® 4d'?;

b. 1% 257 2p° 3s? 3p® 3d° 452

c. 1s? 25 2p6 352 3p6 3d® 4s%;

d. 1% 257 2p° 3s? 3p° 3d° 457 4p?.

1. C4u hinh ndo khong tudn theo nguyeén i Pauli? _

2. Cau hinh nao & trang théi co ban? Hay viét cdu hinh d6 dudi dang ¢
lugng tir va cho biét s6 electron doc than trong cau hinh da viét.

3. Céu hinh nao khong c6 electron doc than?

4. Hay sap x&p cdc ciu hinh theo trat tw nang luong tang din.

1.b; 2. ¢

T T T (TR T T

c6 2 electron déc than; 3. a; 4. c < a < d.

Trong s6 cdc c4u hinh electron sau & trang thdi co ban, nhiing cdu hinh
nao khéng tuan theo quy tic Hund?

» WOEBLTY, o mEETT
o T, o HER
€) .“ ) -

a va c.



1.9. Trong cdc cdu hinh electron sau clia nito (Z = 7). cdu hinh pao & trang
théi co ban, & trang thdi kich thich va c4u hinh ndo 12 khong thé c6?

2 0], RN
.e) m. ) ..

Is 2s 2p 3s s 2s 2p 3s

£.5. d. Trang théi co bén; a, b, c, g: Cic trang théi kich thich.

e. Khong thé c6 vi trdi véi nguyén 1f Pauli (2 electron trong mot 6
lugng tir khong thé ¢6 ciing gid tri clia m,).

1.10. Mot nguyén tir & trang thdi co-ban ¢ phan Idp electron ngoai cung la
4p’. Hay viét cdu hinh electron cfia nguyén tir d6 du6i dang chit va
dang o lugng tir. Hai electron 4p” ¢6 thé img vdi nhimg gié tri ndo cha
bon s lugng ti?

oS,
ORI R TR (T O
1s® 2 2p° 382 3p° 3d'° 452 4p’

. «4;::2 ting véi n = 4, / = 1, hai electron déu ¢é cling gia tri clia m, 1a

l hoac -% Céc s6 lugng tf m ing véi hai electron p ¢6 thé la:

I_T_[I]:Jhoacmac

-1 0 +t -1 0 +1 -1 0 +1
1.11. Mai t8 hop cdc s6 liugng tif sau ing v6i obitan nguyén tif nao?
an=3 I=0 m=0.
b.n=4, I=1, m=0.
c.n=5, I;O, m=0.
£15. a.3s; b.4p,; c. 5s.
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Chuong 2

BANG TUAN HOAN
CAC NGUYEN TO HOR HOC

TOM TAT Lf THUYET

Chu ki

3 trang thdi co ban, nguyén tif clia cic nguyén t6 trong cing mét chu ki
déu c6 s6'Ip electron bdng nhau va bdng s6 thit iy chu ki chita chiing.

Nﬁém

Nguyén tir clia cic nguyén t6 trong ciing mot nhém ¢6 cdu hinh electron
héa tri tuong tut nhau.

Nhém A
* Su dién electron vao nguyén tir clia céc nguyén t6 nhém A theo quy tic
Kleckopxki déu két thiic J ns hodc np (n 12 16p electron ngoai cing).

e C6 thé nhan biét mot nguyen t8 & cdc nhém tix ITTA dén VIIIA dva vao
s8 electron & 16p ngodi cling clia nguyén tir nguyén 6 d6: s& electron d lop
ngodi ciing bang sé thit tw nhém chita né.

* C6 thé nhan biét mot nguyén t6 & nhém A nio dya vao su dién electron
cuéi cling vao nguyén tir xay ra & phan 16p:

ns' 1A ; ns® : IA; np': ITIA; npz: IVA;
np’: VA; np* : VIA; np>: VIIA; np6: VIIA;

12



Nhém B

» St dién electron cu6i cling vao nguyén tir cda céc nguyén t6 nhom B
déukétthiicd(n—1)d.

* S6 electron & 1Gp ngoai cling cia cic nguyén tir déu it hon ba.

e C6 thé nhan bi&t mot nguyén t6 & nhém B nao dua vio su dién electron
vao nguyén tif theo quy tic Kleckopxki két thic & phan 16p:

(m-1)d' : 0B ; (n-1)d* : IVB;; (a-1)d*: VB; (n-1) d*: VIB

(n-1)d” : VIIB; (n—-1)d*™® : VIIIB; (n-1)d’: IB; (n-1)d'* : I B

Béng thuc nghiém ngudi ta thdy & mét sé truong hop c6 1 electron & ns’
chuyén vao (n-1)d.

D6 1a Cr(Z = 24); Cu(Z = 29); Nb(Z = 41); Mo(Z=42); Ru(Z=44),
Rh(Z=45); (Ag(Z=47); PHZ=78); Au(Z=79). Ri¢éng & Pd(Z=46) ci 2
electron & ns’ chuyén vao (n-1)d.

Nguyéntds,p, dvaf
Nguyeén t6 s (p, d, f) 1a nguyen t8 ma sv dién electron cuéi ciing theo quy
tdc Kleckopxki xay ra & phan 16p s (p, d, f). :
Céc nguyén t6 d va f cdn dugce goi 1a cdc nguyén t6 chuyén ti€p d va f.
“Céc nguyén t6 d déu nam ¢ cdc nhém B khong c6 mat & cdc nhém A.

C4c nguyén 16 f thudng d€ rieng J cubi bang tudn hoan, khéng xép vio
nhém nao.

Ban kinh nguyén tr va ion |

o Bén kinh nguyen tir cong héa tri bing nita khodng céch giifa hai hat nhan -
caa hai nguyén tir giéng nhau lién két don cong héa tri v6i nhau & 25°C.

» Bin kinh nguyén tir kim loai bing nira khoang cdch giifa hai hat nhin
cha hai nguyén ti kim loai gdn nhau nh&t trong tinh thé kim loai.

e Bin kinh ion dugc xdc dinh trong tinh th€ ion. Khoing cédch gilia hai
tam ion duong va ion 4&m gdn nhau nhét trong tinh thé ion bing téng s6 ban
kinh ctia ion duwong va ion am dé.

Tix tri sang phai trong mét chu ki, ban kinh nguyén tir néi chung gidm
dan.

13



Tix trén xudng trong nhém A, ban kinh nguyén tir va ion ciing dién tich
ting dén.

Tir trén xudng trong nhém B, ban kinh nguyén tit va ion cling dién tich
bi¢n déi cham, thudng ting it hoac khong déi.

Nang fugng ion héa clia nguyén tir

Nang lugng ion héa thit nhét I, thit hai I, thit ba I ... éng véi nhimg qué
trinh sau:

Nguyeén tir (k, cb) — ¢ -» Cation® (k, cb), I, > 0.

Cation” (k, cb) — e ~» Cation®*(k, cb), I, > I,.

Cation™(k, cb) -- ¢ —» Cation™(k, cb), I, > L.

Electron bi but ra khéi nguyén tir khi bi ion héa 12 electron 16p ngoai
cung ¢6 nang lugng I6n nhat {electron ing vdi gid tri n va / 16n nhat).

Tir trdi sang phai trong mét chu ki I, néi chung tang dén.

Tir trén xubng trong mot nhém A, gid tri I, gidm dén.

Tir trén xudng trong mot nhém B gid i 1; bién d6i cham va khong déu,
thuong tang dan.

Nang fugng gan két electron cua nguyén tir

Nang lugng gan két electron thi nhat A, thi hai A,, ... ing véi nhimg
qua trinh sau:

Nguyén ur (k, cb) + e — Anion™ (k, cb), A,.

Anion'(k,cb) + e o Anion?“(k, cb), A,.

A, c6 thé c6 gid tri 4m, duong hay bang khong, con A, lu6n luén c6 gid
tr1 duong.
Do dién am cuia nguyén t8 (x)

D6 dién am cua nguyén 6 1a kha nang clia né hit cap electron lien ké&t
trong phin tir vé phia minh.
Theo Mulliken d6 dién 4m duge tinh bing cong thiic:
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12A o7
516

I vA A 1a nang luong ion hda thit nhét va ndng luong gén két electron tha
nhét (kJ.mol ') clia nguyen tir nguyén t& c4n tinh 7.

Tir tréi sang phai trong moét chu ki va tir dudi lén trén trong mét nhém néi
chung d6 dién am ting din.

$6 oxi héa Ion nhit ciia cac nguyén t&

S8 oxi héa I6n nhat clia da s6 cdc nguyen 6 bing s6 thit ty nhém chia
ching (tr¥ Flo, oxi, cdc nguyén t§ nhém IB, da s6 cdc nguyén t6 nhém
VIIIB, céc lantanoit, cdc actinoit, hidro, khi hi€ém).

$6 oxi héa thap nhét clia cc phi kim

S6 oxi héa thdp nhét clia céc phi kim bing s6 thit ng nhém chira chiing trix
cho 8, trit B(Z = 5) H (Z = 1) va céc khi hi&m.

Kim loai va phi kim

Hau hét cic nguyén tir kim loai c6 s6 electron & 16p ngoai cling it hon 4,
trt B (Z = 5), H(Z = 1), He(Z = 2). Mot s& it nguyén t& kim loai ¢6 s6
electron 18p ngoai cling 16n hon ba: Ge (Z = 32), Sn (Z = 50), Sb (Z = 51),
Pb (Z = 82), Bi (Z = 83), Po (Z = 84).

Kim loai ¢é anh kim, d€ ch€ héa co hoc, dan nhiét va din dién t6t, dé
nthudng electron héa tri khi tham gia phan ing.

Phi kim dén dién va din nhiét rat kém, dé nhan electron khi tham gia
phén ting.

Tir trdi sang phai trong mot chu ki néi chung tfnh kim loai gidm dén, cdn
tinh phi kim tang dén. |

Tir trén xudng trong mot nhém A tinh kim loai tang dén, tinh phi kim
gian din, con trong moét nhém B tinh kim loai giam ddn.

BAI TAP

2.1. Khong ding bdng tudn hoan, hiy cho biét cdc nguyén t6 ing véi céu
hinh electron nguyén tit sau thude chu ki ndo, nhém A, nhém B ndo?:
a. 152 252 2p% 352 3p° 3d'0 457 4p’.
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b. 1s% 252 2p° 3s% 3p° 300 4s%.

c. 15 25? 2p® 357 3p° 3d!0 452 4p° 552,
d. 1s% 2s% 2p° 3s? 3p° 3d® 4s%.

Giai thich tai sao timg trudng hop mot.

Bai gidi

2.2.

a, b, d déu thudc chu k¥ 4 vi ¢é 4 1dp electron, ¢ thu¢c chu ki 5 vicé 5
16p electron.

a. Nhom VA vi ¢6 5 electron & 16p ngoai cting: thodc sy dién electron
két thiic & np®).

b. Nhém JIB vi c6 hai phén 16p electron ngoai cing 13 (n-1)d'® ns?.

c. Nhém IIA vi sut dién electron két thiic & ns®.

d. Nhém VIIIB vi ¢6 hai phan I6p electron ngoi ciing 1 (n-1)d® ns?.
Trong céc cdu hinh electron nguyén tit sau, c4u hinh nio thudc nguyen
td s, p, d hay f? Nguyén tit cha nguyén t6 ndo 13 chuyén ti€p d, chuyén
tiép £, thudc ho lantan, ho actini? Giai thich vi sao.

a. 1s% 252 2p° 3% 3p°® 3d'° 4s? 4p° 55!

b. 1s? 2s% 2p% 3% 3p° 3d° 452,

c. 1s% 252 2p% 357 3p° 3d'0457 4p.

d. 1s% 25 2p° 352 3p® 3d'%4s? 4p° 4d'° 4™ 552 5p° 54'° 5£° 652 6p° 75
e. 15% 26% 2p° 352 3p° 3d'%45? 4p° 4d'° 4f* 552 5p° 62,

Bai gidi

a. Nguyén td s vi st dién electron cudi ciing (theo quy tic Kleckopxkl)
két thic & ns'.

b. Nguyén t6 d vi su dién electron cusi ciing ket thic & (n-1)d.

D4y 12 nguyén tir cia nguyén t& chuyén ti€p d.

c. Nguyén t0 p vi sy dién electron cudi ciing két thic & np.

d. Nguyen 6 f vi su dién electron cudi ciing két thic & (n-2)f.
Pay 1a nguyen tir cita nguyen 6 chuyén ti€p f thudc ho actini.

3. Nguyén t6 f vi su dién electron cusi cling két thic & (n-2)f. Pay 1a
nguyén t6 chuyén tiép f, thudc ho lantan.

2.3.a. Tinh ban kinh cong hda tri ctia F, bdn kinh kim loai clia Au, bén kinh

16
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F, 12 0,142nm, gitra hai nguyén tir Au gdn nhau nhat trong tinh thé Au
1a 0,288nm, giita hai ion duong vA 4m gin nhau nhét trong tinh thé
NaCl 1a 0,281 nm va bdn kinh cua ion CI" 12 0,181 nm.
b. Khodng cdch giita hai nguyén tit N trong phan tir N, 1a 0,1097nm. Nua
khoang cdch trén cé phai I ban kinh cong hoéa tri cia nito khong?
0.8 a.rp=0,071nm; 1y, =0,144nm, r . =0,100nm.
b. Khong phai vi lién keét giita hai nguyén tir trong N, [a lién ket ba.
Ban kinh cong héa tri dugce tinh chi khi 1a lién k&t don.
2.4.a. Vi€t cau hinh electron ciia nguyén tir Fe(Z = 26) va céc ion Fe**, Fe’*
dudi dang chit va dang 6 lugng tu. So sdnh ban kinh gitta ching.
b. Viét cdu hinh electron clia nguyén tir As(Z = 33) va ion As” dudi dang
chit va dang 6 lugng tir. So sanh ban kinh gilta chiing.

DS ayFe: 18 28  2p° 3¢ 3p6 3d6 45>
[ TR ] [ ][]
Fe* 1s2 282 2p®  3s? 3p"’ 3¢°
0 1) (R ) () (R (T T L]
Fe™* 1s* 2§  2p° 3¢ 3p6 3d°

[T 0 A e T T

Tpe > Lo >T

b)As: ) "

[F0 T (HTHTE T [H] ]

1s2 27 2p% 32 3p° 341 4s? 4p“
As™:

[T T TR TR (] [T

VoiAs: x=3; VA As" 1 x=6; 1, <r\,_- .
Eh ™ Fa%

2.5. Tinh nang lugng tao thinh mot phan tlr ion KCl & thé khi va trang thai
co ban tir nguyén tir K va nguyén ti C! déu & trang thdi khi, co ban,

2- BTHHRAI CUCNG ] ?



bi€t rang nang luong ion héa thit nhat cda K 12 I, = 419 kJ.mol’’, ning

lugng gén ket electron cha Cl 2 A, = -348 kJ.mol!, luc finh dién giiia
2

hai ion 1a ~k— véi k = 9.10°, e = 1,6.107°C, r 12 khodng céch giita hai
I

ion duong va am trong phan tit r = 2,67 . 10"'%m, s6 Avogadro 12 6.10%°,

Bai gidi

Kk, cb) + Cl (k, ¢b) - KCl (k, cb) gém cdc qu4 trinh sau:

Kk, cb) - le » K*(k, cb), [, =419.10% 6. 10 = 6,98 . 1017,

Cl(k,cb) + le = CI' (k, cb), A, =- 348 . 10> : 6 . 10¥ =-5,80 . 10°°J.

K*(k, ¢b) + ClI'(k, cb) = KCl (k, cb),

9 10° & 6.1071%2
2,67.1070

Nang luong cua qué trinh:

Kk, cb) + Cl (k, cb) > KCl (k, cb), I, + A, + E=-7,45 . 107").

E=-— =-8,63.107197.

2.6. Tinh do dién am ctia Fva Cl theo Mulliken, biét rang I,(F) = 1681;

I, (C1) = 1255, A, (F) =-333 v A,(C]) = -348 kJ.mol .

Bai giai

_ 1681+333

+0,17=4,07: =328
516 07 %1

F

2.7. a, Xdc dinh cong hoa trj va s6 oxi héa clia H va O trong céc phan tir sau:

28
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HOCL, H,0,, CaH,, OF,.

b. Xdc dinh s6 oxi héa cha Cr, N v& O trong cdc phan tir vd ion sau:

K3 [Cr(OH)g], Cr,0,%, NH,NO,, K30, KOs,

a.
\ Héa tri S6 oxi héa
Phan tir

H 0 H O
HOC! 1 2 +1 -2
H,0, 1 2 +1 -1
CaH, 1 -~ -1 -

OF, - 2 - +2 ’




b.

N(NO;") = +5; K,0,, o=—_-1-; KO,; 0=-2

28
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2.9.

p.S. a.

K,[Cr(OH)gl, Cr = +3; Cr,0,%, Cr = +6; NH,NO,, N(NH,*) = -3,
1

Mot vai phan 19p electron ngodi ciing clia mot sO nguyén tir nhu sau:
A: 4d> 562 ; X: 5¢25p° ; Z: 4p®5s%.

Héi A, X, Z thuéc nhém A, nhém B ndo, 1a kim loai hay phi kim, _
cation hay anion n2o dé duge tao thanh nhit, s6 oxi héa cao nhét va sé
oxi héa thap nhét c6 gid tri m (néu c6)?

A: Nhém VI B, 12 kim loai, s& oxi héa cao nhat +7.

X: nhém VII A, 12 phi kim, s6 oxi h6a cao nhat +7, s& oxi héa thap
nhit —1. Anion dé tao thanh nhat X .

Z: nhém II A, 12 kim loai, s§ oxi h6éa cao nhat +2, cation d& tao thanh
nhat Z2*,

Ion X" ¢6 phan 16p electron ngoai cing 1a 3d:

a. Viét cdu hinh electron cila nguyén tir X vi ion X>*.

b. Electron 3d' c6 thé tng véi nhing gi4 tri ndo clia 4 s6 luong tir?

X: 157252 2p° 3s? 3p° 3d? 4

X**: 1s? 252 2p° 3s% 3p° 3d!

b. Electron 3d!: n=3,l=2,msc6thé=+% hoac-—;—.mcéthé:

HIEENEpEIINEEpENIEN

¥ H

2 -1 0 +1+42 -1 0
(T (T
+1 +2

2.10. Xéc dinh s6 thit tr Z, chu ki, nhém A, B cia nguyén t6 X ma nguyén

tir cha né cb 3 electron 3d. Viét cong thiic phan tir oxit ctia X trong d6
X ¢6 s6 oxi héa cao nhat. Viét cdu hink electron cia nguyén tu‘ Zcé
cing s6 oxi héa cao nhit gidng X va cing chu ki véi X.
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B8 X: 1s* 2s° 2p° 3s* 3p° 3d’ 4s* chu ki 4, nhém VB, X,0s,.
7: 15% 262 2p° 357 3p° 3d'° 452 4p°.

2.11. Hai nguyén t6 A va X déu & chu k¥ 4, déu tao duge oxit trong dé A va
X déu c6 s6 oxi héa 1én nhat bang +7. Chi ¢é X tao duge hop chét khi
vei-hidro. Viet cau hinh electron nguyen wr clia A va X.

B8 A: 15 25” 2p° 357 3p° 3d° 462
X: 1s% 257 2p6 3s° 3p6 3" 4¢° 4p5.

20



Chuong 3
UEN KET HOR HOC VA cAU TAO PHAN TUf

TOM TAT LI THUYET
Nang lugng tién két
H
' AH
H—C—0~H(k) = C(x) + 4H(K) + O(k)
H

AH - 3EC_H + EC_O + EO__”

Pé dai lién két va goc lién két

N D6 dai lien két dg_y; = 0,0957 nm.
e Géc lien két HOH = 104,5.
H ' H

b6 bdi lién két (Bac lién két)

Theo phuong phdp VB: D¢ boi lién két 1 s6 cap electron chung 1ién két
tryc ti€p hai nguyén ttt vdi nhau trong phan tir. .

Theo phuong phdp MO: D6 boi lién két gifta hai nguyén tir trong phan ti
hai nguyén t&r dugc tinh bang ¢ong thiic:

1 .
,=—(n-—n
P 2( )

n — 6 electron trén MO lién két, n” - s6 electron trén MO

21



Lién két ion

Lién két ion duge tao thanh giita mét nguyén t6 kim loai manh vi mét
nguyén 6 phi kim manh, khi dé nguyén ti cha nguyen (6 kim loai nhudng
han electron cho nguyen tix ctia nguyén t6 phi kim.

Ban chat cua lien két ion 12 luc tinh dién gitta c4c ion trdi ddu.

Lién k&t ion khong c6 hudng, khong biao hda va rit bén.

Lién két cdng héa trj - Phuong phap VB
Néi dung clia phuong phép VB gbm ba diém:

e Méi lién két cong héa tri duge tao thanh bing mét cap electron héa tri
chung gitta hai nguyén tr tham gia lién két.

* Khi tao lién k&t xay ra sy xen phit cdc AO hda tri cha.hai nguyén tir
tham gia lién két. Sur xen phii cang 16n lién két cang bén.

* Lién két cong hda tri 12 lién két ¢6 huéng. Hudng lien ket 1a hudng cé
d6 xen phil 16n nh4t.

Vi du, xét sif tao thanh lién két gita H va F trong phan tir HF:

H: Is' U__\;F: 1s* 257 2p5 Iilll

Mai nguyen tir gép mét electron doc than dé tac mét cap electron chung
lien ket gifta hai nguyén tir. Hai electron ndy phai cé gid tri s6 luong tir m,
irdl ddu rhau: H ¢ F : . (O day xéy ra sir xen phi gitta AO 1s cia H va AO 2p

cia F. Huéng xen phti 16n nhét nhu sau:

1s

Cap electron chung dé tao lién két giita hai nguyén tir c6 thé chi tir mét
nguyén tir. Vi du:

: it
H?};" ) B T
HNY +LJHT —— | HNtH | hose | —N—H
H Is H '
H

~> chi lién k&t cho ~ nhan (lién két do cip electron chi tir mét nguyén tir).
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Trang thai héa trj cla mdt nguyén td

Khéng ké lién két cho - nhan, dé tao lién két, nguyén ti phai c6 electron

doc than. Vi du, oxi (Z = 8); 1s” 2s° 2p* @ II ¢6 hai electron

doc than, nén c6 thé tao duge hai lién két cong héa trj.

S (Z = 16y 162 257 2p° 32 3p* LU UEHHTE T co

hai electron d¢c than, thé hién cong héa tri hai trong H,S.

S cé thé tao dugc cdc phan tir SF,, SF, nghxa 14 nd c6 cong hda tri 4 trong
SF, va cong héa tri 6 trong SF;:

§":15%2s%2p%3s%3p3d

BB EEERN

Mot electron & 3p” chuyén ra 3d tao thanh 4 electron déc thin
w202, 622:322 LU T T 11
S 1s%2s°2p 3s“3p” 3d°: ... » 3p 3d

S™ ¢6 6 electron doc than.

Ning luong ding dé tao ra cdc trang théi kich thich ctia luu huynh S va
s” 14y trong phan tmg. Oxi khong ¢6 cdc trang thai hda tri 4,6 gidng S vi dé
c6 trang thai kich thich c4n ning leong qué 16n.

Thuyét lai héa

Ba n6i dung cla phuong phdp VB néu & trén chua 40 dé gidi thich tinh
bén cua cic lien két va céu tric hinh hoc ctia phan tir, nén phai bé sung
thuyét lai héa. :

Vi du, xét su tao thanh lién két trong phan tir BeH,: Be(Z = 4): 1s? 2¢%.
&3 trang théi héa tri hai: Be"; 152 2s' 2p’ BN

Hai electron ddc than cia Be lién két vé6i hai electron doc than cta hai
nguyén tir hidro H*B+H . Hai lien két ndy phai khdc nhau v& 46 bén, vi hai
electron clia Be ding dé tao lién két c¢6 niang lugng khic nhau. Nhung thuc
nghiém cho thiy ning lugng clia hai lién k&t nay bing nhau. Mat khic, ba
ndi dung clia phuong phdp VB néu & trén khong khéng dinh cu tric thing
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cua phan tr BeH,, vi su xen phit AO 2s ciia Be va AQ 1s cia H 1a nhu nhau
theo moi hudng.

Theo thuyét lai héa, khi tao lién két trong BeH,, mot AO 2s va mot AO
2p cua Be lai héa véi nhau tao thanh hai obitan lai héa sp giéng nhau nadm
trén mot dudmg thang va sy xen phit 16n nhat v6i hai AO 1s cla hai nguyén
tie H xay ra & hai ddu hat obitan sp:

i)

Viay do bén ciia hai lién két Be — H phai bang nhau va cau tric cla phan
tr BeH, 12 thing.

Céc kidu lai héa sp, sp?, sp°

s sp: Mot AO ns lai héa véi mét AO np tao thanh hai obitan lai héa sp
giéng hét nhau, ndm trén mot dudmg thing tao thanh géc gilia hai obitan sp
180°. Hudng lién két chia cdc obitan sp 13 & hai d4u obitan.

e sp’: Mot AG ns lai héa véi hai AO np tao thanh ba obitan lai héa s.pn2
giong hét nhau, hudng t6i ba dinh cla hinh tam gidc déu, tao thanh géc giita
cdc obitan lai héa 120°. Hudng lién két clia cic obitan sp’ 1a & ba dinh cla
tam gidc. '

. sp3 : M6t AO ns lai héa véi ba AO np tao thanh bdn obitan lai héa sp3
giong hét nhau, hudng t6i bon dinh cia hinh b6n mit déu, tao thanh géc
gitta cdc obitan lai héa 109°28’. Huéng lién két ciia céc obitan sp® 12 & bon
dinh cta hinh bdn mat.

Du doan Kiéu lai héa va ciu tric cla phén tif

Xét phan tlr ¢6 cong thiic tdng quit sau AB,E,, rong d6 A Ia nguyén 1
trung tam, x 1a $0 nguyén tir lién két truc tiép véi A, y 1a sé cép electron (ddi
khi chi 1a m¢t efectron) héa tri cia A chua tham gia lién két.

e Néu x +y = 2, cdc AO héa tri cita A ¢6 hai héa sp, phan tir ¢6 c4u tric
thing. ViduH-Be-H, O=C=0; H-C=N. _

e NCu X + y = 3, cdc AQ héa tri cia A ¢6 lai héa spz. Khi x = 3, y =0 thi
phan fir ¢é ¢du tric tam gidc. Viduy:
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O Cl
|

1
o” S\o c” Dl

o

B
7 OF
Khi x =2, y = 1 thi phén tf ¢4 cdu tnic gdp khic. Vi du:

§ N Sn
N o o o a
Khi y > 0 thi géc lién két bi thu hep doi chiit so véi géc cic obitan lai
hoa. ,
o Néu x + y = 4, cdc AO héa tri clia A c6 lai héa sp’. Khi x = 4, y = 0 thi
phan tir ¢6 cau triic bén mat. Vidu:

Khi x = 3, y = 1, phan tir c6 cau tnic thdp tam gidc. Vi du:

N_.-H O—=H"* + S——=Br
S 3T (H30) /i
H;;: ..... \ H H/\H 0/“\BI'

Khi x =2, y = 2, phan tir ¢§ cau tric gip khic. Vidu:

O ‘ct (Cl07) N~ (NHy)
N o7 o g

Phudng phap MO - LCAQO

s Ap dung cho céc phan tir A, vaion A“i2 cua chu ki 1. Cic MO dugc tao
thanh bang t6 hop AO Is clia nguyén tir thit nhét (y,) v6i AOls clia nguyén
tit thit hai (y,) tao thanh MO, (lién két) c6 nang lugng thap hon (E,) ning
lugng cac AO 1s va MOG: {phan lién két) ¢6 nang lirgng cao hon (E_) ning
luwong cac AO 1s. Ddy ning luong tang dén cic MO nhu sau: o, o, .
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¢, =Cy vy, + Gy, < V2

1
_‘J_i-(‘?l +‘P‘2). GB'E-I-
E '.E ................ L} jf’;
e .

o s

1s ™. L S - 18
E=_ H.‘%ﬂ-l.l -

A A, A

S4 electron dién vao cdc MO diing bing s6 electron trén cdc AO tham gia
t6 hop. Sy dién céc electron tuan theo nguyén Ii loai trir Pauli (m&i MO cé
t6i da 2 electron c6 spin ngirge chiéu nhau), dién vao MO cé nang luong tir
thip dén cao, tudn theo quy tic Hund. Vi du:

Hj: oy ; Hy:o? ; He}: o%c)!

Do boi lién ket (bic lien két) gita hai nguyén tir trong phan tir A; vaion
A3* ducc tinh bing cong thic di dé cAp & ddu chwong. Bac lien ket theo
phuong phdp nay cé thé 1a s6 nguyén hay s6 thap phan (khéc véi phtrong
phap VB).

e Ap dung cho phan tir A, ion AS*, phan tir AB ciia chu ki 2. Méi
nguyen tit A hoac B déu c6 4 AO héa tri 2s, 2p,, 2py, 2p,. Vay c6 bon té hop
tuyén tinh:

_"'2_(‘{"25 "‘st):"st-
Cl g + Gy <

2
1 *
_5..(?2]:?. _tpng ):GZ'E—
C3¥p, +Ca'ty, < _l..(‘i’ +¥y, ):0,.E
2 2p 2p ARl
1 .
. ‘—‘—é—(q)zp‘ _‘Pzpl):nx' E__
Cs¥2p, + Co'¥zp, < L(‘P +¥a )imy E
2 2p, 2p, f Tx B
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! ("PZPr —‘Pzp,):n;, E_

2
C-‘pl}’zpy +C8‘P2Py < 1
Ta(q’zpy +lP2p, ) : Tcy, E+

Két qua tao thanh 4MO lién két va 4 MO phan lién két.
Diy nang lugng tang d4n cdc MO d6i véi céc phin tir A, v ion AT,
trong d6 A 1a Li, Be, B, C va N nhu sau:

(KK) o, G, N, =7

L]

*-_ ]
y O, Ty =W, O,

Diy nay diing dugc cho ca cdc phan tir AB va jion AB5*, trong d6 A va B
14 cac nguyén t& clia chu ki 2.

Ddi v6i cic phan tir A, va ion AJT véi A 1a O, F, Ne ta ¢6 diy nang
luong tang ddn cdc MO nhu sau:

*
XK)o, o0, 0,1, =7 g

L *
y Tx="W, O,

Phén tir khéng phan cue va phin tif phin cue

Phan tir khéng phin cuc 14 phan tir mé trong tdm dién tich duong va trong
tam dién tich Am cua phn tir tring nhau. D6 14 nhimg phin tir c6 ciu triic
hoan toan déi xing.

Phén tir phan cyc la phin tir ma trong tim dién tich duong va trong tm
dién tich 4m clia phan t&r khong tring nhau. D6 14 cdc phan tir ¢6 ciu tnic
khong d6i ximg. Pai luong dac tnmg cho d9 phan cyc ctia phan ti phan cuc
12 momen ludng cuc p:

n=ql

q - gid tri tuyét d6i clia trong tAm dién tich duong hoic am (C),

! - 49 dai luong cuc (m).

12 dai lugng vecto, ¢6 thé do dugc bing thuc nghiém hodc xic dinh
bing tinh todn (C.m).

B4 ion cita lién két

% ion cia lién ket = 2 100%
Uy
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W, — momen ludng cuc cua lién két tir s6 lieu thuc nghiém,

1, — momen ludng cuc cua lién két tinh duge néu gia thiét lien két la
100% ion.

Tuong tac Van der Waals

Tuong tdc Van der Waals 1a twong tic gilta cic phan tir. Tuong tic ndy
cang 16n khi p, khéi lugng va kich thude ciia phan tir cang Ién.

Chat ¢4 twong tic Van der Waals cang I6n thi né c6 nhiet d6 néng chay,
nhiét do soi va nhiét bay hoi cang cao.

Lién két hidro
Lién két hidro thudng biéu dién bing nhitmg dau cham:
A-H-B
A la nguyén t6 c6 d6 dién am Idn (A = F, O, N, ...), B 14 nguyén t6 am
dién con cap electron chua lién két (B =F, O, N, halogen, ...).

Chat 6 lién ket hidro lam ting nhiét do néng chdy, nhiét do s6i va nhiét
bay hoi so vdi chat ciing loai khéng c6 lién két hidro.

BAI TAP

3.1. Hay cho biét trong cdc phan tir sau, lién két nao 1a lién két ion, lién ké&t
cdng héa tri: KF, HF, PCl;, S0,, CaCl,, NH,C1?

£.S. Lién két ion K — F, Ca - Cl, NH, - Cl. Céc lién két con lai 12 lien két
cong héa tri.
3.2. Theo phuong phap VB c4 the tao thanh cdc phan tir sau khong?
CIF, CIF,, BrF,, BrFs, BN,
£.8. CIF, CIF,, BrF,, BrF; va BN tao thanh dugc vi Cl va Br déu ¢é trang

thai hoatri 1, 3,5, 7, con Fcé héa tri 1, B va N déu ¢6 trang thidi hda
tri 3.

3.3. Trong phan tir HNO; c6 mot lién két cong héa trj duge tao thianh bang
cédch “cho — nhan”. Giai thich su tao thanh lién két dé.
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Bai giai
N: 1s? 242 2p3: c6é 3 electron doc thin tao ba lién k&t vdéi hai
0O

H—O—N// nguyén tir oxi. Nguyén tr oxi thit ba c6 sy sap xép lai
)
0O

céc electron & 2p do nang lugng cia phan ing cung cép:

0: 15222 2p*: [TT[HIT 1] = o (H[H{HIHT |

Oxi & trang thdi kich thich ¢6 mot 6 tréng d€ nhan cap electron héa tri
cia N (232) chua tham gia lién két.

3.4. Hay cho biét cac AO hda tri cha nguyén tir trung tam trong cdc phan tir
va ion sau ¢6 lai héa gi va cdu tric cha ching ra sao? CS,, NO;,
GHy. GH,, GHg, SF,.

Bai gidi
S=C=8x+y=2+0=2:sp: thing.
o) — 03+0=3:| 4 H C1)C:3+0=3:sp2
2 o r———
| sp'ram gide \C_C/ che goc HCH va
o0 / \ HCC=120°
H
H—C=C—H:3C:2+0 1|+1 [i{ 3 C: 440 = 4: sp’:
=2:sp HCCH thing hang |H—C—C—H cac goc HCH va
&4 HCC=109°
F/S\F 12+2=4: sp3: gép khic.

3.5. Hay viét nhitng t6 hop tuyén tinh cdc AO d¢€ tao thanh cdc MO cia cic
phén tir A,, AB ctia chu ki 2 va viét cdc ddy MO cua ching theo thit e
nang luong ting dan.

£.S.
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3.6.

1 * |
ﬁ(q’z "‘Pz):cz
¢, = CSTZ +C4q}z <

I
_(lpz +le):cz

f

\[_
T('*Px ""’Px):“x

by =C1%, +Cy¥, <T
‘P+‘P

AZ(A Li.Be,B,C,N) va AB:(KK) o,0.n, =m.a,r; =m,q,.
A;(A=OF,Ne): (KK)o,0.0,m, =,

S dung phuong phdp MO — LCAO gidi thich tai sao khong tén tai
phﬁrl tﬁ Bez?

(P, —F,):m,
¢X=C5lPx+C6\Px

Y

R-—TIIO'

Bai gidi

3.7.

Be (Z = 4): 1s? 252, Be ¢6 2 electron héa trj & 2s: |

Be, (KK)o? 0! =p,_= %(2 ~2)=0. Bic lién ket bing khong, nghia
la khong tao lién két gitia hai nguyén to.

C6 céc phan tir va ion sau: O,, 0,%, 0,™, 0,%™;

a. Gidi thich cac s6 li¢u thuc nghiém sau;

Cau tr: 05 03 0O, 03

Do dai lien két, nm: 0,149 0,126 0,121 0,112

b. So sénh néng lugng lien két gilia ching.
c. Cau tlf ndo c6 tinh thuan 1 hosc nghich ti.

Bai gidi

30

O(Z = 8): 1s? 25 2p*. Vay O c6 6 electron héa tri:



(KK)O‘ o, cri 1r|:2 -1:? " =1'l:;]: thudn tr vi cé electron déc
than. p,, =—2—(8—4)=

0,71 (KK) o2 0:203 n? =1|:§ n, =1r;2: nghich tr vi khong c6

electron d6c than. p,, = —%(8 -6)= 1.
0,: KK)o’o ol nl= L3 = m,': thugn tir vi c6 electron doc
than. p,, =~é~(8-—5)= 15.

(KK)G o, cri ni —-u? n, : thuldn tir vi c¢6 electron doc than.
pri=5(8—3)=2,5.

Bac lién két tapg theo thi tg sau: OF <0Oj <0, <0} . Do dé: do6 dai -
lién két giam, néng luong lign két ting theo chiéu trén.

3.8.a Lien ket trong phan tir CO 1a lién két ba. Hay gidi thich theo ca hai

phuong phdp VB va MO.

b. Dua vao phuong phdp MO - LCAO so sdnh nidng lugng ion héa I, gilta

CO v& oxi, gifra CO va cacbon.
I, cha CO lé qud trinh sau: CO (k, cb) — e = CO* (k, cb)

Bai gidi

a.

C(Z = 6): 152 252 2p° ..{_qu
Q (Z=8); 152 252 2p* R __l 1]

Theo phuong phdp VB: hai lién két giita C v2 O duoc tao thanh bing
su gép chung hai electron déc than, lién két thir ba duge tao thanh
bing cap electron héa tri 2p cla oxi va AO héa tri tréng 2p ctia C (lien
kétcho—nhany: C= 0

Theo phuong phdp MO — LCAO:

(KK) olo,? %} =72 o ; pm—;(8—2)=3.
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b. I,(CO) > I,(C) va I,(CO) > I,(0) vi electron bi ion héa & CO la
electron trén MO lién két o, ¢6 nang luong thdp hon nang lugng cha
cdc electron bi ion hda cha C va O (electron 2p).

3.9. Mo ta sy tao thanh phan tir LiH theo phuwong phdp MO - LCAO (16
hop tuyén tinh, gian d6 nang luong, cdu hinh electron).

Bai giai
Li: is? 231, H: Is
§, = Ciyy + Gy, t2o ra hai MO: MO o, ¢6 nang luong thidp hon

nang lugng cdc AO héa tri 2s ctia Li va AO héa tri 1s cha H; MO thi
hai 6,” c6 nang lugng cao hon so vdi cac AO 2s va 1s cia Li v H.

A+E
E]‘.: o': )
28t e =]
R 1s
o,
Li LiH H

Cau hinh electron chia LiH: 6 2.

3.10. Nhitng phan tr nao sau day ¢é p 16n hon khong: NO, CS,, POCL,,
OF,, AIC1;? '

D.S. NO, POCl,;, OF,.

3.11. Tinh d¢ dai lién két H — Br trong phan tir HBr, biét ring p do duoc 1a
0,82 D va do ion cla lién két 1a 12%.

..... 0,82.3,3.107
1,6.107".4

=71=1,41.10""m = /=0,141nm.

3.12. So sénh nhiét d6 néng chay va nhiét do s6i gita cdc chat sau:
a. Gilta CH, va CH,F;
b. Giita CH;F va CH;;
¢. Gita CH,COOH va HCOOCH,.
D.S. a. CHyF (n > 0, khéi tugng 16n) > CH,;
b. CH,I (khéi lugng Ién) > CH,F;
¢. CH;COOH (c6 lién két hidro) > HCOOCH,.
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Chuong 4

AP DUNG NGUYEN LY THU NHAT
CUR NHIET DONG HOC VRO HOR HOC
NHIET HOR HOC

TOM TAT L THUYET

Nguyén ly thit nhit

Tén tai mot ham trang thdi U goi 13 n6i nang. Noi nang cia mot hé 1a
phdn nang lugng iing vdi su van dong bén trong hé. U la dai lugng khuéch
d6. D6i véi khi If tudng ndi ndng cia hé khao sat chi phu thudc'vao nhiét do.

Mot he déng & trang thdi | v6i noi nang U, chuyén sang trang thai 2 véi
n6i nang U,, hé trao d6i v6i moi trudng lugng nhiét Q va cong W thi su bién
thién noi ning AU cla qud trinh chuyén héa nay la:

AU=U,-U;=Q+ W =const
AU khéng phu thude vao cich thiic clia qua trinh chuyén héa:

Q3 + -WS
AU=U,-U, =Q,+ W, =Q, + W, =Q; + W, =const
Dang vi phan cta nguyén li thit nhit:

dU = 8Q + 8W
Néu cong trao déi chi 1a cong thé tich:
dU=38Q ~PdV
& AU=Q- [ Pav @.1)
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Nhiét dang tich
Néu su chuyén héa ciia hé & thé tich khéng ddi (dV = 0) thi theo (4.1):

Vay Q, la ham trang thdi.

Nhiét dang ap
Néu su chuyén héa cua hé & dp suat khong ddi (P = const) thi theo (4.1):
AU =Qp— P(V3— V1) = Qy - PV, + PV,
= (U2 +PVy) - (U + PV} = Qp
DatH=U + PV:
HZ — H] =AH = Qp _
AH 1a entanpi ctia hé trao ddi v6i moi trudng. N6 1a ham trang thi.

Nhiét phan img déng ap (entanpi ctia phan ing)

Entanpi ctia phan ting AH (hay nhiét phan ing ding 4p Q,) 12 luong nhiét
trao doi véi moi trudng khi céc chat phan iing hoan toan véi nhau theo diing
ti 1¢ hop thic tao thanrh cic san phdm & dp sudt va nhiét do khong déi va
khong sinh cong ¢6 ich.

Nhiét phan (g dang tich (noi nang cua phan ing)

Nhiét phan tmg dang tich AU (hay Q,) 1a lugng nhiét trao déi véi moi
trudng khi céc chat phan iing hoan toan véi nhau theo ding ti 1¢ hop thitc tao
thanh cdc sin pham & thé tich va nhiét do khong ddi va khong sinh cong
cé ich.

Phan (g téa nhiét va phan ing thu nhiét

* Phan ting nhudng nang lugng cho méi trudng dudi dang nhiét 12 phan
ung tda nhiét: AH < 0 hay AU < 0.

* Phan tng nhan nang lugng ctia moi trudng dudi dang nhiét 1a phén ing
thu nhiét: AH > 0 hay AU > 0.

Quan hé gilta AH va AU cGia mét phan img
AH = AU + AnRT
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AH va AU dugc tinh bing jun, R = 8,314 JK '.mol”, T=1°C + 273,
An = $6 mol khi & v€ san phdm — s8 mol khi & v& céc chat phan tng.

Trang thai chudn cGa mot chat

‘ D6i vdi chat khi: 12 khi Ii twdng & dp sudt chudn 1 atm va nhiét do T.

» D6i vai chat 1ong va chét ran tinh thé: & 4p sudt 1 atm va nhiét d6 T.
Diéu kién chudn clia mot phan dng 14 diéu kién cic chat phan dng va céc san
phdm déu & trang théi chudn.

Entanpi tao thanh chudn clia mét chat

Entanpi tao thanh chudn cha mét chat & nhiét d6 T (AH . () 1 entanpi cta
phan tng tao thanh 1 mol chat dé & nhiét d6 T va trang thdi chuédn tir cic don
chat bén nhét ciing & nhiét do T va trang théi chudn.

D6i véi don chét bén & nhiét do T c6 AH%; = 0.

Pha

Pha la tap hop nhitng phin déng thé gi6ng nhau cia hé va dugc gi6i han
v&i nhitng phan khdc bang nhimg bé mat phén chia.
Entanpi chudn chuyén pha

Entanpi chudn chuyén pha 12 lugng nhiét trao ddi v6i méi trudng khi mot
mol chét chuyén pha & nhiét dd khong ddi va dp sudt chudn 1 atm, duoc ki
hiéu 1a AH® T.cf

Néu su chuyén pha 12 su néng chay thi ki hiéu 12 AH{’T‘HC, S s0i - AHOT,H.

Dinh ludt Hess

AH hay AU cia phdn \tng héa hgc, néu khong thyc hién mot cong nio
khic ngoai cong thé tich, chi phu thugc vdo trang thii ddu (trang thii cic
chét phan ing), va trang théi cudi (trang théi cdc san phdm phan ¢ng) khong
phu thudc vao cdc giai doan trung gian chuyén tix trang thdi ddu dén trang
thai cudi.
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Cac hé qua ciia dinh luat Hess

e AH (phdn img thudn) = -AH; (phan ing nghich)

» AH (phén tng) = ZAH; (san phdm) - TAH, (ché4t phan ing)
Nhigt dung mol déng &p C, v nhiét dung mo! ding tich C,

cpz[‘—aﬂ] = dH =C,dT

aT J, P

c‘,z[@‘l] = dU=C,dT
ar J,

Su phuy thudc ciia nhiét phdn iing vao nhiét 3. Dinh luat Kirchhoff
AHp =AHy + [ AC,dT
Khi T, =298K va P =1 atm:
T
AHY = AH3ys + [ ACDAT
vai Acg = EC(; (sdn pham) - ZC(; (chat phan ing)

Ta ¢6 cdc biéu thifc twong ty cho nhiét phan Gng dng tich.

BAI TAP

4.1. Trong s& céc gid tri AHJog clia cdc phan (g sau, gid tri nao I AHgg&f
cua CuO (tt)?
2Cu(tt)+ 0, (k) - 2CuO(it), AHY, = —310,4kJ

Cu(tt) + %Oz(k) - CuO(tt), AHD =—155,2k7

Cu,Ott) +%02(k) — CuO(tt), AHY = +11,49Kk]

BS. AHjg;(Cu,0, tt)=-1552 kl.mol ™.
4.2. Cho biét phan itng sau:
U0, (tt) + 4HF(k) —» UF4(k) + 2H;0(k)
Hiy viét phuong trinh phan ing tao thanh chuén clia méi chat trong
phan ing trén.
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D.S. U(tt)+0, (k) > UO,(tt)

|
%Hz(k)+EF2(k) — HF(k)
U(tt) + 2F, (k) — UF, (k)
H, (K) +%Oz(k) > H,0(k)
4.3. Tinh nhiét d6 cda ngon lfra cacbon chdy & 4p sudt 1 atm trong hai
truong hop sau:
a. Trong oxi nguyén chat
b. Trong khéng khi (20% oxi va 80% nitd theo thé tich).
Nhiét d6 ban dau 25°C, oxi vira dii cho phéan ung,
AHC, g5 = ~393,5 kl.mol .
C°(CO,.k)=26,8+42,3.107T{J.K *.mol")
C,(N,,k)=271+6. 107 T(J.K" mol™)

Bai gidi
Luong nhiét toa ra cha phan img dugc dung dé dét nong CO, tao thanh
tir 25°C dén nhiet do T

3 T 0 T -3
1393,5.10°= [ CD(CO,)dT= [ (26,8+42,3.107°T)dT

= T=3779K
b. C+0, - CO, N,
Sau phan tng: lmol 4mol

Luong nhiét clia phan g bay gid ding dé d6t néng 1 mol CO, va
4 mol N,:

393,5.10° = [ [co(C0, )+ 4Ct(N,)]dT

- LZB[(26,8+42,3.10‘3T)+4(27,1+6.10‘3T]] dT

= T=2124K
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4.4. Tinh cong cia su bién d6i ding nhiét thuan nghich va bat thuan nghich
chia 48 g oxi (dwgc coi 12 khi Ii tudng) & nhiét do 25°C khi:
a. Gian nd tir 10 atm vé 1 atm.
b. Nén tir I atm dén 10 atm.
So sanh cdc két qua va rit ra két luan.

Bai gidi
P
a. W, =-nRT In V =-nRTin—

1 PZ

=8 53142081010 — _g5573
32 1

wbln = _Pn (VZ -V )

v, - n§T AV, = nRT

2 I
= W,, =—nRT|Z2_Fa =-1,5.8,314.298(1—ij
., P, 110

Wy, =—3345]
b. W, = —1,5.8,314.298% =8557 ]

Wy, = -1,5.8.314. 298{%—%} 33447 J

Két lugn: Trong sir bién d6i thuan nghich cong hé sinh khi di tir trang
thai | dén trang thai 2 bing cong hé nhan tir trang thdi 2 vé trang thai
1, con trong sir bi€n déi bat thuan nghich céng hé sinh nhé hon cong
hé nhén.

Trong su bién ddi thuan nghich céng hé sinh 13 max vi 16n hon so véi
su bién ddi bat thuan nghich.
4.5. Cho biét phan tmg sau:
4 HCL (k) + O, (k) > 2H,0 (1) + 2C1,(k)
a. Tinh entanpi chudn cla phan tng & 25°C, biét ring entanpi tao thanh
chudn cia cdc chat nhu sau: AH,q ¢ (HCI, k) = -92,3 kJ . mol;
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AH 505 ¢ (H,0, 1) = -285,8 kl.mol ™.

b. Néu H,0 tao ra & thé khi thi entanpi chusn cfia phan ting & 25°C s&
bang bao nhiéu? Biét ring entanpi bay hoi clta nuéc & nhiét do nay 1a
44 kJ.mol',

c. Tinh nhiét phan ting déng tich & 25°C.
Bai giai
Ca AHC,, = 2(-285,8)— 4( ~92,3) = ~202,4 XJ
b. AH o5 ¢ (H,0, k) = —285,8 + 44 = —241,8 kJ.mol '
Tir d6 rit ra: AH ,oq = 2( —241,8) — 4(-92,3) = —114,4kJ
c. AU° = AH® - AnRT = -202,4.10° - (-3) . 8,314 . 298
= —194967].
4.6. Cho biét phan ing sau:
N,(k) + 3Hy(k) = 2NH,(k), AH,0e = 92,6 k] (1)
a. Tinh AH®, 04 cho phan ing sau:

%Nz(k)+%Hz(k)—>NH3(k), AH), =? (2)

b. AH{’zgg‘ ¢ cia NH;(k) bang bao nhiéu?
c. Thiét 1ap phuong trinh AH,” = f(T) clia phan ting (2)
d. Tinh AH®,, cita phan img (2).
S6 lieu nhiét dung mol chudn déng ap (J.K~'.mol™") nhu sau:
C'(N,,k)=271+6.10"T

Co(H,,k)=29,1+2.107T
C'(NH,,k)=259+32.10"T

Bai gidi
a. AHS,, = %(— 92,6)= —46,3kJ
b. AH3gq (NH;, k) = —46,3kJ.mol !

0 T 0
c. AH} = AHZy + [ ACDdT
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i 3
AC) = Cg(NH3)—[ECg(N2)+EC3 (Hz)]=

=-313+26.10°TJ.K"
AH. = -46,3.10% + jZT (-31,3+2,6.10T)dT
o8

AHY =-38127,052+1,3.107%T% -31,3T ()
d. &Ha‘gs = _48,5k.J .

4.7. Cho 10,08 g nuéc dé & 0°C vao 50,4 g nudc 1ong & 40°C. Tinh nhiét do
cudi ctia hdn hop, biét ring entanpi chudn néng chay (AH’, ) clia nude
d4 12 6004 J.mol ', nhiét dung mol chudn déng 4p (qjo) cta nudc long
1475,3 J.K ".mol™". Hé 1a co 1ap.

Bai gidi |
H,0(t) —x ,H0()—2s H,0())
273K 273K T

AH{ = nAHY, + AH® = 101;)86004 L(mﬁ 3)d’I‘

AH? =42,17T-8149,62 (T)

H,0(1) —2%5H,0()
313K T

AHY = L.;[SO_4 75 3}dT 210,84T -65992,92 (J)

Vihé co lap nén AH' +AHS =0 '
AHY + AH) =253,01T - 74142,54 = 0 = T=293K .

4.8. Cho biét céc 54 liéu sau:
Cie = Cye s AH 505 = =190 kJ, AG%y05 = —2,87 kJ
Cgr + Oy = CO,(k), AH 55 = ~393,5 kJ
a. Giai thich tai sao trang thii chudn clia cacbon I Cge (cacbon graphit),
khong phai 1a C, . (cacbon kim cuong).

b. Tinh AH®, o5 clia phén g sau:
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Cic + O2(k) = CO2(k)
AH®,qq ctia phan ting ndy c6 phai 1 AHOZQB‘ ¢ cia CO,(k) khong? Tai sao?

Bai gidi

4.9,

a. Vi C,, bén hon Cy,, vé phuong dién nhiét dong (AG 4 clia phan tng
Cyc = G, 12 56 4m).
b. Co+ O,(k)—=5 co,(k)
~1,90 N\ A 3935
C,+0,(k)
Theo dinh luit Hess ta cé:
AH 550 = —1,90 — 393,5 = ~395,4 kJ

—395,4 kJ khong phai I entanpi sinh chuin ctia CO,(k), vi don chat
C,. khong phai 12 don chdt bén nhat ciia cacbon.

Tinh nang lugng mang luéi cua FeO(tt) dya vao cic s6 liéu sau:
Entanpi nguyén tir héa clia Fe(tt) [ 404 kJ.mol ’;

Ning hrong ion hda thif nhat va thir hai cia Fe 12 761 va 1559 kI .amol '
Ning lirong lién két trong phan tir O, 12 494 kJ.mol .

Nang lugng gin két electron thit nhat vi thd hai cha oxi 1a —-142 va
780 kJ.mol ™

Entanpi tao thanh clia FeO(tt) 12 —273 kJ.mol ™.

Bai gidi

Fe(tt) +%02 (k) _...:2_73_,

Fe(k) +0(k) —mpite— (Fe*)(k)+0% (k)
Theo dinh luit Hess ta cé:

—273= 404+£24+761+1559+780 142-Upy

=  Upg,p = 3882 ki.mol ™.
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Chuang 5

AP DUNG'NGUVEN U THU HAI
CUA NHIET DONG HOC VAO HOA HOC
CHIEU VA GIGI HAN TY DIEN BIEN cUR CAC QUA TRINH

TOM TAT LI THUYET

Nguyén i thif hai

Nguyén 1i thif hai gén lién v6i ham trang thdi entropi S. Entropi 13 dai
Iwong khuéch d6. Biéu thifc cia nguyen I thit hai ¢6 dang:

ds> 22 6.1
T
dS — sur bién thién entropi cfia hé khi hé bién d6i & nhiét do T,
3Q — luong nhiét trao déi gitta hé va méi trudng,
dau = fing véi qua trinh bién d4i thuan nghich,
déu > {ing v6i qud trinh bién déi bat thuan nghich.

Vi S 1a ham trang thdi nén khi hé chuyén tir trang théi 1 d&n trang théi 2
theo (5.1) ta ¢6:

S,-8; =48, =AS,,, =AS= ZSQT,“

T4t nhién AS > J'IZEQT')_'?"

Su bién thién entropl trong hé ¢é Iap
Dai véi he co 1ap 8Q = 0 nén theo (5.1):
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» dS=0: néu qua trinh bién ddi Ia thuan nghich entropi khéng d4i.
¢ dS > 0: néu qud trinh bién déi 1a bt thuan nghich (qud trinh tr x4y ra)
entropi tang va tang dén khi dat gid tri cuc dai hé s& & trang thai cin bing.

Su bién thién entropi khi chuyén pha cda ch4t nguyén chat

» Khi chdt nguyén chét dang chuyén pha & P = const thi T = const, nén
theo (5.1):
As= [3Qu _aH
T T

s Su bién thién entropi clia qua trinh gidn nd ding nhiét n mol khi i
tudng tir V; dén V,:

AS=ann%=anni

1 2

» Sy bién thién entropi cita n mol chit nguyén chit theo nhiét 46 &
P = const:

AS = jrn(:—»—

Sy bién thién entropi cita phdn img héa hoc
AS = %S (san phdm) - =S (ch4t phan tng).

Thé déng 4p tao thinh chudn clia mét chit

The ding 4p tao thanh chuén ciia mét chdt & nhiet d6 T (AG;p) Ia the
dang 4p cha phan Ung tao thanh 1 mol ch4t d6 & nhiet 46 Tva P = 1 atm tir
cdc don chat bén nhat cing & nhiét 46 T va 1 atm.

= AGjee; (NH;,k) = %(—33,26) =-16,63kJ.mol '
D6i véi cdc don chat bén & nhiet do Tcé AGT, =0.
Thé déng ap ciia phdn ing héa hoc

¢ AG (phan tng thuan) = —AG (phan ing nghich).
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¢ AG = ZAG cdc qua trinh trung gian ¢6 cling trang thai ddu va cudi.
¢ AG=AH - TAS.

Ta ¢6 cdc cong thifc tuong tu cho thé ding tich, khi thay AG bing AF va
AH béang AU.

Chiéu phan (g va can bang

Chiéu phan ing 12 chi€u c¢é AG < 0 va khi dat t6i trang thdi cin bing c6
AG=0.

Chiéu phan tng & diéu kién chudn 13 chidu ¢6 AGC < 0.

Su phu thuée clia AG vao nhiét dd

i[éﬁ) =~ 2H . Phuong trinh Gibbs - Helmholtz
a\T ), T

Thong thudng ta bigt AG®es nén sau khi 14y tich phan ta c6:
0 0 0

T 298 08 T2

dT

Anh hudng cha ap sust dén thé ding ap

Gy

, =Gg, +RTIn% : Cong thiic diing cho 1 mol khi 1§ tuéng

Khi P, = latm (diéu kién chudn) thi G, =G7:

G, =G5 +RTInP (don vi clia P & day 12 atm).

Héa thé
Héath€ ciamét cau tir: g, = X
on,; T.P
TN 1
D6i v6i mot he: dG = VdP - SAT + Zpdn,
G P va T = const, chiéu phan ting 1a chiéu ¢6 dG < 0, nghia la:
Spdn, <0

va khi dat t6i trang théi can bang: Zpdn, = 0.



BAI TAP
5.1. Tron 10,08 g nudc d4 & 0°C v6i 50,4g nuéc léng & 40°C. Tinh AS cia
qud trinh khi hé dat t6i trang thai can bing, biét ring AH® _ chia nuéc d4
[2 6004 J.mol " va C, ciia nudc 1éng 12 75,3 JX ™" .mol . He 12 co lap.
Bai gidi
Theo s6 liéu tinh dugc & bai tap 4.7 thi nhiét 36 khi hé & trang thai cén
bing 1a 293K.
a. H0(t) —2&=5H,0()—2 H,0())
273K 273K 293K

10,08 6004 9310,08
]

AS? = ASS +ASY =
18 273 13 18

75, 3«dl
T

AS? =12, 32+0,56.75,31n%= 12,32+2,98 =15,30J.K™

b. H,0(/) —2% H,0(!)

313K 293K
AS? = 23304 75 39T _2875,310 22 = 13,92 JK .
13 18 T 313

AS® =AS? +AS] =1,38 J K.

5.2. Tinh AS® cha qué trinh déng bing 1 mol nudc qud lanh & -10°C, biét ring su
ket tinh ctia nude long & 0°C ¢6 AH’, = —6004 L.mol ', C,°(H,0, 1) =
75,3 1. K .mol™", C,(H,0, 1) = 37,7 JK ' .mol .

Bai gidi
Su déng bing cha nude quad lanh 1a qud trinh bat thuin nghich. Nhung
qud trinh c6 thé duge thire hién thuin nghich qua ba giai doan:

H,0(1,-10°C) —A% H,0(w,-10°C)
1 AS] T ASS
H,0(1, 0°C) A%, H,0(, 0°C)

AS° = AS{ +ASD +ASS =
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P73 0 dT -6004 p63 dT
= [ Co(H0,) -+ ==+ [,C (H;0,1) =

AS"=2,81-21,99-1,41 =-206 JK ' . mol .

53. Tinh AS® va AG® clia qué trinh tron 1dn 4 mol N, va 1 mol O, & nhiét
do 298 K va | atm. Cdc khi dugc coi 12 1i tudng va trong hé khong xay
ra phan timg.

Bai gidi

\Y
AS® =nRIn—2
vl

AS} = 4.8,314ln~§ =7,421K™

AS°: =1.8,3141n%=13,38 JK™!

AS® = ASY +ASQ =20,80 JK™!

Su tron 14n cac khi lf tuéng 1a dang nhiét nén AHC = 0. Tix dé:
AG® = AH® - TAS® = 0-298.20,80 =—6198 J

C6 thé tinh AG® bing cong thic sau:

Gp, =Gj, +nRT 1n%-
1

= AG’= nRTlnL
VZ

AGy =4.8,314.2981n%= ~2211,4]

AGY =1.8,314.298 lné =-3987,5]

AG” = AGy, +AG) =-6199 .
5.4. Cho bié€t phan img sau:

Hz(k)+-§-oz(k)-—>H20(I)
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Xac dinh entropi chuin ciia phan dng & 25°C va & 80°C dua vao cic s6
lieu dudi day (tinh bing J.K'.mol™):

Chat 0,(k) H,(k) H,0()
S 205,0 130,6 69,9
C, 30,0 +4,2.10°T | 273+32.10°T | 75,3
Bai gidi

a. AS° = 18° (san phdm) - £S° (chat phan tng)
AS5s = 69,9 — (130,6 + 0,5 . 205,0) =-163,2 ). K’

b. ASS = ASSe + LS c° dT

AC?,(T)=75,3—[(27,3+3,2.10'3T)+(30,0+4,2.10’3T)O,5]
ACH(T)=33-5,3.107T (JK ')

_ -3
a5l =163, 2+ [ 22330 Tyt

ASYs; =-157,9 1K™

5.5. Entanpi bay hoi clia nuée & 373 K va latm 12 40,66 kJ.mol ™.

Tinh AU, AH’, AS®, AG® va AF° cha su bay hoi 36 g nuéc & 373 K va
1 atm.

Bai giai

AHY,, = 40,66.22 =81, 32k] .
8

= AH® - AnRT = 81,32.10° - 2.8,314.373 = 75118 J.
AH® _81,32.10°
T 373

= AH? - TAS = 81,32.10% - 373.218,0161 = 0
AGY,5= 0 vi su s6i ciia nudc & 4p sudt khong ddi 14 qua trinh can béng:

AS? = =218,0161=218 JK!
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H,0() 2 H,0(h)
AF’ = AU° - TAS® = 75118 — 373.218 =-6196 J
5.6. C6 phan ting sau:
Cy + €O, (k) = 2CO(K)
Va cac so lieu dudi day 60 298 K:

Chat Cyr CO,(k) CO(K)
AHY (kY.mol ") . -393,5 -110,5
SPUK " .mol™) 5,69 213,6 197.9
C'(JK .mol) 8.53 37,13 29,15

a. Tinh AG),, clta phén ing.

b. G diéu kién chudn va 298 K phén itng c6 xay ra khong? Tinh nhiét do
d d6 phan tmg bat dau xay ra.

c. Thiét 1ap phuong trinh AH = f(T).

d. Thiét lap phuong trinh AG,® = f(T).

Bai giéi
a. AG® = AH® - TAS"
AH%s = -110,52 - (-393,5) = 172,5KJ
ASHos =197,9.2-(5,69+213,6)=176,51 J X
AGYeg =172,5.10° —298.176,51 =119900,02 T=119,9 kJ .
b. AGJog> O: khong xAy ra. Phan ting xay ra khi:
AG® = AH? - TAS® < 0 = AH? < TAS’

AH® 172500

= T>
ASY? 176,51

=977 K.

c. AH =AHY+ [ ACIT

Ac‘; =29,15.2—(8,53+37,13)=12,64 J X!
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AHS =172,5.10° + _LT9812,64dT =172500+12,64 (T —298)

AHY = 168733,28 +12,64T (J)

AGY _ AGhes _ LT _AH§ o -168733,28-12.64T
T 298 98 T2 98 T2

= LZS(—168733,28T'2 ~12,64T""! ) dT

=— 494;21 + 162733 28T} - 12,64InT
= AG) = 162733,28 —91,86T — 12,64TInT (J).
5.7. Cho biét cic phan tng sau:

4Cu(t)O + O,(k) = 2Cu,0(1t) (1), AG] =-333400 + 136,6T (J)
2Cu,O(1t) + O,(k) = 4CuO(it) (2), AGY = -287400+232,6T (J)

a. Thiét 1ap phuong trinh AG® = £(T) d6i véi phan ing sau:

2Cu(tt) + O,(k) = 2CuO(1t) (3) ‘

b. AH®, AS? clia phan ing (3) bing bao nhiéu? Tinh AG® clia phan {ng (3)
298 K.

c. Phan img (3) 1a thu nhiét hay tdéa nhiét? Gii thich ddu cla gi tri AS
thu duge cta phan img (3).

Bai gidi
a. 2Cu(it)+0, (k) S CLN 2Cu0(tt)
%AG? \ / %AGg
Cuzo(tt)+%Oz(k)

AG" = %(AG? +AGY) =-310400+184,6T ()«

b. AH’ =-310400 J, AS" = -184,6 J X'
AGY,, =-255389,2 .

c. AH? < 0: phén tng tda nhiét; AS® < 0 vi s6 mol khi & v& mot 1a mét, &
v€ hai khong ¢6 nén An=0-1=-1<0.
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Chuong 6
CAN BANG HOA HOC

TOM TAT Ll THUYET

Can bing héa hee

Can bang héa hoc 1a trang théi clia phan dmg thuan nghich khi t6¢ do
phan ting thudn bing téc d6 phan img nghich hoac khi phén img ¢6 AG = 0.
Céc hing s cin bing K., K, K, va K,. Biéu thifc Guldberg va Waage

Héng s6 can bing déu img vdi phuong trinh hda hoc cy thé. Vi du:

N,0,(k) = 2NO,(k)
2

) [NO, J? n}o Ao,
K, =(—=), : K =( 2),1':( ")y 5 K, =( )eb
P Pwlo‘ ® (N,0,) ® fino, ® AN,0,
1
—Z-N,_O,,(k) = NOyk)
: Pyo, - {NO,] . Bk < ANO,
K Yoo s Ko =(——27=) o s K, = (—n2y, : K o
T e e o s W, TG

O day Patm), {i] (mol.l"), n (s6 mol), %, (néng dd mol phén) déu 1ay &
trang théi can bing.

3 ciing mot nhiét do: K = (K')?

Céc bi€u thifc tinh K & trén 1 cc biéu thic Guldberg v Waage (céc biéu
thic cha dinh luat téc dung khéi lrong).

Giifa céc hing s6 K ciia mot phin iing x4c dinh & ciing diéu kién c6 méi
lién hé nhu sau;
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p An
K, =K (RT)*" = K[z_] =K, (P)y

1/¢ch
3 day R = 0,082 Latm . K" mol, T - nhiét d6 K, P - dp sust (atm) cita he
phan tng khi can bing, An = s8 mol khi v€ 2 — s6 mol khi v& 1 clia phan
ing, Zn: s& mol khi clia h¢ phdn ing khi can bang.
K, va K, clia phan img xdc dinh chi phu thu¢c vao nhiét d¢, K, — phu
thudc vio nhi¢t do, vao P va Z'n & trang théi can bing, K, — phu thuéc vao
nhiét 4o va P & trang thai can bing.

Phuong trinh ding nhiét Van't Hoff

Xét mot phan ing thuan nghich trong he khi 1f tudng:
aA(k) + bB(k) = <C(k) + dD(k)
Phuong trinh ding nhiét Van't Hoff cho phan tmg nay [a:

o Ps.PS
AGy =AGT +RTInS£-2 (6.1)
A'tB
Py, Pg, Pc va Pp - dp sudlt (atm) rieng phdn cia céc khi A, B, C va D hic

tinh AG; R = 8,314 JK ™ .mol''; AG va AG® (J) cita phan ing.
Khi phan iing dat t6i trang théi can bing (AG = 0) ta c6:

PSP
e oo =K,
Py-Py
va {(6.1) trd thanh:
AGy’ =-RTInK, - (6.2)
Két hop (6.1) va (6.2) ta eé:
AG; =RTIn 22 (6.3)
KP
Hing 88 can biing trong hé di thé
Xét céc can bang sau:

C,r + QO,k) = 2CO(k)
2Hg(/) + O,(k) == 2HgO(11)
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2 2 n2 2
Kp= POO ,Kcz([CO] J ;an <0, ;K?(.: ______X'CO ]
PCO? cb [COZ] cb nCOI ¢b ' xCOQ ch

.
Po, Juy [©2]) e, 0. Jo Xo? cb

Céc chat ran, chat iong tinh khiét (khong hoa 1an véi céc chat trong phan
ting) déu khong cé mat trong cac biéu thic tinh K véi diéu kién 1a cdc chat
do phai cé mat trong can bing.

Quy tic pha Gibbs
Bac tw do v chia hé can bang 1a s6 nhitng théng s6 trang thdi cudng do xdc
dinh trang théi cin bang cilia hé.
v=c—q-f+2
¢ — 88 cdu tlt trong he, q — s6 phuong trinh lién hé néng do cic cau t,
f — s6 pha trong he, 2 — hai thong s& nhiét do va 4p suét x4c dinh trang thai
can bing cha hé.

Phurong trinh dng ap Van't Hoff. Anh hutdng clia nhiét do dén trang thai can
bang

(8ln K, . AHE)F
aT P RT2
(6.4) 1a phuong trinh dang 4p Van't Hoff.

o Néu AH® > 0, khi nhiét do tang, K, s& tang: cn béng chuyén dlCh theo
chiéu thuan.

(6.4)

» Néu AH’ < 0, khi nhiét d¢ tang, K, s& gidm: can bing chuyén dich theo
chiéu nghich.

Trong khoang hep ciia nhiét d9, néu coi AHC = const thi (6.4) tr& thanh:

anp(Tz)_AHG[ 11 J

Ky(T) R \T, T,

AH'(J), R = 8,314 1K .mol"!, T =273 +°C.
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Anh hudng clia 4p suit dén can bing
K, =K, (P
K, cua phan ing xdc dinh chi phu thu¢e vao nhiét d6, nén:
Khi P, tang c6 hai trudng hop xay ra:
e Néu An > 0, K, giam: can béng chuyén dich theo chiéu nghich.
 Néu An < 0, K, tang: can bang chuyén dich theo chiéu thuan.
Néu An =0, K, =K,: can bing khong chuyén dich.

Anh hudng ctia néng d6

K, ctia phan itng xdc dinh chi phu thugc vao nhiét do, nén khi tang hoic
giam ding nhiét néng do6 mot chit ndo dé c6 mat trong biéu thic hing s6
can bang K, thi can bing s& chuyén dich sang phia lam gidm hodc ting chat
do dé giit cho K, khong déi. Sy thém hodc b6t lugng chét ran hay léng
nguyén chat khong lam cén bing chuyén dich.

Nguyén li Lo Satolié

Mot hé dang & trang thai can bang khi chiu mét tdc dong tir bén ngoii
nhu bién déi nhiét do, 4p sudt, néng d6 sé chuyén dich can bing theo chiéu
lam giam tic dong bén ngoii dé.

BAI TAP
6.1. Tinh bac tu do cho hé can bang vat i sau. Y&u t6 nao anh hudng dén
cin bing d6?
H,0() = H,0(h)
Bai giai
v=1-0-2+2=1: 0 nhiét do xéc dinh, 4p sudt hoi nude Ia xac
dinh, hoéc 4p sudt hoi nuée phu thude vao nhiét do.
6.2. Tinh bic tu do cho cdc can bang sau:
a. CO,(k) + 3H,(k) = CH;0H(k) + H;O(k)
b. P,(1t) + 6H,(k) = 4PH,(k)
¢. 2Hg(!) + O5(k) = 2HgO(tr)
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d. Hy(k) + I,(k) = 2HI(k)

Dai v6i moi can bing hdy xdc dinh bac tv do cho ba trudng hop dudi
day va giai thich cdc gid tri tim dugc. Binh phan ting lic ddu chia:

o TAt ca céc cdu ta theo cdc 1 1¢ bat ki;

¢ Chi cic chat phan ing va theo céc ti 18 bat ki:

¢ Chi cdc chit phan ing va theo ti 1& hop thifc.

Bai gidi

aev=4-1-1+2=4: phiét d9, ip sudt, céc ti I¢ s6 mol CO,: H, va

CH,0OH: H,0 anh hudng dén can bing nay.
sv=4-2-1+2=23:q=2vicdthém mét phuong trinh lién he céic
nong d6 (CH;0H] = [H,0). Nhiét 9, 4p suat va ti 1 [CO,]: [H,} anh
hudng dén can bang.
ev=4-3-1+2=2:q=23vicé thém hai phuong irinh lién hé cic
nong d6 {CH,0H] = [H,0] va 3[CO,] = {H,]. Nhiét d6 va 4p suat anh
huong dén can bang.

b.ev=3-1-2+2=2: nhiét 46, 4p sust anh hudng dén can bing.

* v & hai trudng hop sau déu bang 2 giong trudmg hop diu vi khong c6
thém phuong trinh lién hé cdc nong d6 nao.

¢.v=3-1-3+2=1 ding cho ci ba trudng hop, vi ca ba tnrmg hop

déu chi c6 mot phuong trinh lién he cic néng do 1a biéu thic hing so
c4n bang K.

d.ev=3-1-1+1=2:nhiét do va i I& 56 mol H,: I, anh huéng dén

6.3.

cAn bang. Ap suat khong anh hudng vi An = 0.
¢ Trudng hop thir hai gidng mrcmg hop thit nhat, vi khOng c6 thém
phuong trinh nao lién hé cdc néng do.
*v=3-2-1+1=1:q=2vicé6 them phuong trinh [H,] = [L,].
Nhi¢t 46 anh hudng d€n can bing nay.
Tron 0,292 mol Hy(k), 0,292 mol I,(k) va 3,96 mol HI(k) vao mét binh
dung tich 2 Lit & 430°C xdy ra phan ting sau:

Hy(k) + L(k) = 2HI(k), K, = 54,3 9 430°C

a. Héi chiéu cua phan tng niy?
b. Tinh néng d6 céc khi lic dat 16i trang thii cAn bing.
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Bai gidi
a. Tir phuong trinh déng nhiét Van't Hoff:

AG; =RTI
K

Néu Q > K = AG > (: phan iing di theo chiéu nghich.
Néu Q =K = AG = 0: phan img & trang théi cin bing.
Néu Q < K = AG < 0: phan tng di theo chiéu thuan.
Q.= [HI
{H,](1,]
[H,) =[1,] = 0,292 : 2 = 0,146 mol.I"’,
(HI] =3,96:2=1,98 mol . 1"

2
Q.= _ (198 1839
(0,146)(0,146)
Q. > K_: phan iing di theo chiéu nghich
b. Hyk + LKk = 2HKk)
ndbd: 0,146 0,146 1,98
ndcb: 0,1464x 0,146+x <« 198-
2x
—-— 2 —
543 = (1,98-2x) ~7.37= 1,98 -2x
(0,146 + x)* 0,146 +x
= x = 0,096 = [H,) = [1,} = 0,146 + x = 0,242 M
[HI] = 1,79 M.

6.4. Cho biét c4n bing sau:
4HCI(k) + Oy(k) = 2H,0(k) + 2Cl,(k)

Tinh hang s6 can bing K, va K_ clia phan éng & nhiét d6 298 K dya
valo cdc s6 lieu dudi day 6298 K:

Chat HOKk) | o0 | Ho® | Cly(k)
AH] (J.mol ") | -92,3 - 2418 -
LUK mol!) | 187 205,0 188,7 223,0
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Bai gidi
AG’ = AH’ - TAS” = RTInK,
AH3ge = —241,8.2-(-92,3.4) =-114,4 kJ
AS90s = (188,7.2+223,0.2)-(187.4+205,0) = -29,6 J K
AGYg = —114,4.10° —298(-29,6) = -105579,2 ]
AG® _ 105579,2
RT  8,314.298
K,=K®RD" =K =K [RT)™ SdayAn=4-5=-1
K. =3,2.10'%0,082.298) = 3,0.10%".
6.5. Co6 hé can bang sau:
N,0,(k) = 2NO,(k), AH® =57,0kJ
a. Tinh K, cia phin tng & 300K, biét ring X, & 320K 12 0,674 va AH 1
khong dadi trong khoang nhiét 46 nghién ciu.
b. Xdc dinh AS® ciia phan g, coi AS Ia hing s8 tfong khoang 300 K
dén 320 K.

anp =—

=42,6=>K, =32.10"

Bai giai
K (T 0

In p( 2)=AH (*l_wl)
K (T) R T, T,
0,674 _ 57,0.10°
K,(T) 8314

11
- =K _(T,)=0,162
[300 320] o)

0_ A0
b. AG? = AH? - TAS® = AS® = %:
AG’ =—RTInK,

= AS? = AH°

+RInK,;

_57,0.10°

AS? +8,314In0,162 =175 JK!

+8,3141n0,674 =175 JK!

hoiac AS° “M
' 320
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6.6. Su phan li PCl xay ra theo phuong trinh sau:
PCly(k) = PCly(k) + Cly(k)

a. Tinh bac ty do cia hé can bang cho céc trudmg hop sau:
o T4t ca cdc chat theo ti 1& bat ki.
e Ban ddu chi c6 PCl;
» C4 dinh nhiét d6 ctta can bing.
¢ C6 dinh 4p suat can bang.
e C6 dinh ca nhiét do va 4p sudt clia can bang.
Méi trudng hop cho biét ¥ nghia cua gid trj tim dugc.

b. Cho mét Iwong PCl vio mét binh kin & 190°C. X4c dinh 4p sust riéng
phan chia timg chét & trang thai can bang, biét ring & nhiet do 190°C
hing s6 K,, = 0,240 va 4p sust lic c4n bang cla h¢ la 1 atm.

Bai giai

a.sv=c~q—-f+2=3-1-1+2 = 3: nhiét 46, 4p sudt, ti I& s6 mol
PCl;: Cl, anh hudng dén can bang.
ev=3-2-1+2=2:q=2 vi khi PCl5 phan hiy cho ta [PCl;] = [CL,],
nghia 13 thém maot phuong trinh lién hé cic néng d6. Ap suat va nhiét
do anh hudng dén can bing.
ev=3-1-14+1=2:4psuit vatilé sd mol PCl;: Cl, anh hudng dén
cén bing.
s v = 2 tuong tu nhu khi c8 dinh nhiét d6: T va ti 1& PCl;: Cl, anh
hudng dén can bang.
ev=3-1-1+0=1: chi cé ti I& s6 mol PCl, : Cl, anh huéng dén
can bang. '

b. Goi P 12 4p suft tong c6ng khi cin bang P = latm:
P = p(PCl;) + p(PCl,) + p(Cl,). Vi p(PClL,) = p(Cl,) nén:
P = p(PCl5) + 2p(PCl;) = p(PCl5) = P — 2p(PCly)
Tir do6:
< PPCL)P(CLy) _ p*(PCly) _ p*(PCly)

P p(PCl;) p(PCl;) P-2p(PCl,
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= pi(PCly) + 2K, . p(PCL;) - K, =0
= p(PCl;) = 0,306 atm = p(Cl,) va p(PCl;) = 0,388 atm.
6.7. Can bing sau dugc thiét 1ap & 27°C xusit phét tix N,O,:
N,O,4(k) = 2NO,(k)
a. Tinh hing s6 can bing K, & 27°C, biék ring & nhiét d6 nay c6 20%
N,O, phan li ra NO, va 4p sudt cila he khi cAn bing 1a 1 atm.

b. Néu dp suit hic can bing 12 0,1 atm thi 4¢ phan li o cla N,O, 1a bao
nhi¢u? So sdnh ket qud vdi cAu a xem cé phit hop véi nguyén I Lo
Satolié khong? Giai thich.

¢. Cho 0,75 mot N,O, vao binh chan khong dung tich 20 lit & 27°C. Tinh
dd phan li ctia o' cita N,O,.

Bai gidi
a. Gia thi€t lic ddu c6 1 mol N,O,:
N,O,(k) = 2NO,(k)
Sé mol ban d4u: i 0
56 mol hic can bang :1 -~ 0,2 0,2.2
=In=1-02+04=1,2mol
K=k, = SO (LY o
Zn P08 1,2
b. N;O,k) == 2NO,(k)
S6mol iccanbdng: 1-a a =In=l+a
(20.)2( 0,1 )= 0,4a’

0,17= =a=0>55

l-a\l+a ) 1-q2

Vay khi 4p suat can bang giam, d¢ phan li a tang phi hop véi nguyén
li Lo Satolie, vi An > 0 can bing chuyén dich theo chidu thuan.

c. N,O,k) = 2NO,(k)
56 mol hic can bang: 0,75 — x 2x =>In=075+x

2
0,17=-2%) ( > J véi p = 0:73+x)0,082.300
0,75-x\0,75+x 20
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2 2
0.17= (2x)° (0, 082.300} _ 4,92x = x = 0,1447 mol
0,75-x 20 0,75-x
o = 0,1447 ~0.19

6.8. Phan tmg sau duge thie hién & nhiét do khong déi va 4p suit khong
déi xuat phat tir N,O,:
N,O,(k) = 2NO,(k)

a. Thiét 1p biéu thifc lién hé gitia do phan li o cda N,O, va ti kh6i d cita
hén hgp khi lic can bang so véi khong khi (M, = 29g).

b. Thiét 1ap biéu thiic K, = f(ct, P) véi P 12 dp sudt cha heé phén dng khi
can béng.

c. & nhiét d6 333 K, d = 2,08. Tinh «, K, va AG® cita phin ing & 333K,
biét rang p suat P cha he lic can bing 12 latm.

Bai gidi
a. N,O,(k) = 2NO,(K)
S8 mol khi cAn bang: 1-« 20 =>3¥n=1+a
d_.. (l_a)MN!OA +2aMNOE _ MNEO‘ _ 92
29(1 + o) T 29(1+a)  29(1+a)
2 2
b K =Kn[_P_’__]=(2a) P \_4a?
P Tn l-a\l+a) 1-q?
2
c. 2,08=—_-.9_.2.__...F$(1=0,525: K =M=l,522
291+ o) P 1-0,5252

AG’ = -RTInK, = -8,314.333In 1,522 = -1163 J.
6.9. CaCO; bi nhiét phan theo phan ing sau:
CaCO,(1t) = CaO(tt) + CO,(k), AHS,, =177,8kJ
a. D€ thu duge CaO vdi hiéu sudt cao, cdn dong thisi nhimg diéu kién gi?
Giai thich.
b. Thiét 1ap phuong trinh AH;" = f(T) cho phan tmg dua vao cic s& liéu
nhiét dung mol chudn ding 4p CPO(J K mol™) sau:
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Chat CaCO,(tt) CaO(tt) CO,(k)
C’ 81,85 42,8 37.13

r

¢. Cho CaCOj, vo binh chan khong & 1170K. Tinh AS® cfia phan ng &
nhiét d6 nay, bi€t rang 4p suat CO, lic can bing 3 1170 K 1a 1 atm.
d. Khi can bang ta cho thém vao hé mét luong nhd CaCO; va giit cho
nhiét do khéng déi, can bing ¢6 chuyén dich khong? Tai sao?
Bai giai
a. Can nhiét d¢ cao vi AH > 0 va gidm néng do CO, xudéng bing cich dé
hd binh phan ing cho khi CO, bay ra khéi pham vi phan ing.

N
b. AHT = AHjo + [ ACHAT
Acg =42,8+37,13-81,85=-1,92 JK!
AH® =177.8.10° + f%—l,gsz=177800—1,92(T—298)
AHY =178372,16 -1,92T (J)
c. K, =Py =1=AG’ = AH" -TAS? =—RTInK, =0

_AH® _ 178372,16-1,92.1170
1170

= AH° = TAS? = AS®

AS = 150,5 JK".

d. Khong chuyén dich vi trong biéu thic hing s6 can bing khong c6 mat
CaCO;, sy cho thém mot luong nhd CaCO, khong 1am bién déi Peo, :
Theo quy tac pha v=3-1-3 + 2 = 1, nghia la chi c6 m6t yéu 6 4nh
hudng dén can bang nay 14 nhiét d6 hoac Pro, - Su cho them CaCO;, vao
nhu d€ bai d3 cho 1a khong dnh hudng gi dén Peo, - _

6.10. Trong binh chan khong kin dung tich 500cm? chita m gam HgO(tt).
Dun néng binh dén 500°C x4y ra phan ing sau:
2HgO(tt) = 2Hg(k) + O,(k)
Lic can bang 4p suét trong binh 1 4 atm:
a. Tinh K, va AG® cia phan tng & 500°C.
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b. Tinh the déng 4p tao thanh chudn AG? ctia HgO(tt) & 500°C.

¢. Tinh lwong nhé nhat mg, gam clia HgO cin cho thi nghiém nay.
Cho biét Hg = 200,6 ; O = 16.

Bai gii

a. Khi can bang Py, =2P, =3P, =4atm=P; =iatm va

4. 8 8\*( 4
PHg =§2 =§atm . Ki" 3[5] ['3—] -_—9,48

AGY,; =-8,314.7731n9,48 = —14455 J .
b. Phan tmg nghich 1a phan iing tao thank 2 mol HgO(tt) tir cic don chat
bén & 500°C, do 46 AGY,;(HgO, tt) = —-;_AGE,.’.,,3 clia phan tng:

AG??B.f(HgO' tt)= %(14455) =7227,5 J.mol™

c. Dé cé 4p suat trong binh Ja 4 atm thi Py, =§atm . Theo phan ng, s
mol Hg tao thanh bing s6 mol HgO bi phan hay, tic 14 bing s6 mol
16i thi€u ma HgO phai cé trong thi nghiém:

8 0,5
Ny, = Nyon bi phan hity —.———=2.1.10"mol .
He = g0 D PRSI AEY 50,082.773
m,(HgO) = 2,1.102.216,6 = 4,55g.
6.11. Sy phan hiy nhiét cia BaCO; xay ra theo phan fing sau:
BaCO,(1t) = BaO(tt) + CO,(k), AH}gq = 267, 1kJ

a. Tinh 4p sufit clia CO, liic can bing & 25°C.

b. Thiét 1ap céc phuong trinh AH7 =£(T) vaInK = f(T). Tinh 4p suét
va néng d6 ctia CO, lic can béng & 500°C. So sanh véi két qua & cau a
xem ¢é phit hgp véi nguyén li Lo Satolié khong? Giai thich.

¢. Mot hén hop BaCO,(tt) va BaO(tt) dé trong khong khi chira CO, véi
4p sudt cha CO, 1a 3,33.10™* atm. Tinh AG,qq clia phan dng trén va suy
ra chiéu phén timg trong diéu kién nay.

Dé tinh todn sir dung céc so liéu dudi day:
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Chat BaCO,(tt) BaO(1t) CO,(k)
Sy K .mol™) 112.1 703 2136
C'OK ™ mol™) | 85,35 4723 37.13

Bai gidi
a.AG" = AH" - TAS® = —RTInK , =-RTInPy, vi K, =P,
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ASDs =70,3+213.6-112,1=171,8 J. K™
AG 2oy =267,1.10% ~298.171,8 = 215903,6 J

0 —
InK __AG” -215903,6
P RT 8,314.298

= Pro, =1,43.107 atm.

=-87,14=>K, =1,43.10 7 298K

. AC) = 47,23+37,13-85,35=-0,99 JK"'

MY =267,1.10° + {1 -0,99dT = 267395,02-0,99T (3)

dInK AH® T 1 1 ARY
Py , =—1T =—f 2T
T = g = [ dinK, RL* 7T

=> = dT
"K,(298) 8314 T2

Véi K, =143.10% ta co:

InK;, = 21,46 - 32162,02T' - 0,119 InT

T = 773K c6 InK (773) = -20,938

= K, (773)=8,07.10"° = P, =8,07.10 " atm

K. = K(RT)* = 8,07.10"° (0,082.773)" = 1,27.10""

K, =[C0,) = 1,27.10"! = [CO,) = 1,27.10 " 'mol./".

So sdnh ta thily Pco, (773K) > Peg, (298K). nghia 12 nhiét do tang can
bang chuyén dich 1ao ra them CO, phi hop véi nguyen 1i Lo Satolie, vi
phan éng 12 thu nhiét (AH > 0).



3,33.107
1,43.107"
=> AGjyg = 196 058 J > O: phan ting di theo chiéu nghich.
6.12. O nhiét d6 cao H, khir sat (II) oxit theo phan ing sau:
FeO(t) + Hy(k) = Fe(tt) + H,0 (k)
a. Tinh bac s do cla hé can bang trén. Tir s6 lieu thu duoc hiy cho biet
y€u t6 ndo anh huong dén can bang?
b. Cho I mol FeO phan tmg vdi 1 mol H, & nhiét d6 1000 K. Hay tinh
% FeO da phan ing khi h¢ ¢ trang théi can bing, biét ring & nhiét 46
nay K =0,52.

¢. Néu ding | mol FeO va 2,63 mol H, thi khi can bing & 1000 K ¢6 bao
nhieu % FeO dd phan ing. So sénh v6i két qué & cau b xem c6 phu
hop véi nguyeén ii Lo Satolie? Giai thich.
d. Tinh AH® va AS° ciia phin iing dua vio cic s& lidu sau:
Chat FeOtty Hyk)  Fe@) H,O(k)
AHZge(kJ.mol ') 2664 . - -241,8
CoUK™'mol™)| 48,1 | 2883 | 2523 | 3356

c. AG; =RTIn % = AG,, =8,314.298

r

Bai gidi
a. v=4-1-3+ 1= 1. Nhiét d6 anh hudng dén can bdng nay.
S6 mol & can bang: 1-x X
Phaningc6An=1-1=0,nenK,=K;

0,52 = TL = X = 0,342 = 34,2% FeO da phan img.
-X

c. FeO(tt) + Hy(k) = Fe(tt) + H,O(k)
S6 mol khi can bing: 263 -y y
y

052 =2y =090 => 90% FeO dd phin iing.
-y
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Vay khi tang lugng H, vao h¢, can bang chuyén dich theo chiéu thuin
lam tang lugng FeO phan @ng, phii hgp véi nguyén li Lo Satolié.

d. AG® = AH" - TAS’ = -RTInK,,
AHSye = ~241,8—(-266,4) = 24,6 k]

AC) =25,23+33,56 —(48,1+28,83) = 18,14 JK™'
000
AHS o, =24,6.10% + E% ~18,14dT = 24600 18,14 (1000 - 298)

AH{y =11865,72 ]

AG g =—8,314.10001n 0,52 = 5436,74 J

_ 11865,72-5436,74

ASY. - =6,43 JX'.
1000 1000




Chuaong 7
DUNG DiCH

TOM TAT LI THUYET

Dung dich li tudng
Dung dich 1 tudng 12 dung dich ma héa th& cia né tuan theo dinh luat
tuong tu nhur d8i véi khi li tudng.

Ching ta coi dung dich lodng la dung dich li tudng.

Ap sult hdi bdo hda clia chat l6ng
Ap sust hoi bdo hda ctia chat 1ong & nhiét do T 14 4p sudt tao ra bdi hai

cha né trén mét thodng khi giita chat 1ong va hoi d6 ndm can bang véi nhau
o nhiét 46 T.

Ap suat hdi bdo hoa ciia dung dich 1dng chifa chat hoa tan khdng bay hdi
Ap sust hai bio hda chia dung dich long chita chat hda tan khong bay hoi P
tuon tudn nhé hon dp sudt hoi bao hoa clia dung moi nguyén chét Py & cling
nhiét d¢. Cong thitc Raoult 4p dung cho chét tan khong bay hoi, khong dién 1i:
AP n, |
*I;(; - n,+n,

n; — 56 mol chét hoa tan, n, — s6 mol dung moi; AP = Py —P - d6 gidm 4p suat
hoi ctia dung dich so vdi dung moi.

Nhiét 8 soi cla chét 16ng

Nhiét d6 s6i cia chét long Ia nhiét 46 & d6 ap sudt hoi bdo hoa cia né
bang 4p suit bén ngoai trén mat chat 1ong.
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O nhiét do so6i ¢6 can bang gifta ldng vihoi: L = H

Nhiét d6 s6i cla chat long nguyén chat

Béc tu do cha he can bang L = H doi v6i chat nguyén chat la:

v=1-0-2+2=1

v =1, nghia la nhiét d¢ s6i clia chat léng nguyén chat chi phu thudc vao
ap suat bén ngoai. Vay trong qud trinh soi nhiét do s6i clia chat 16ng nguyén
chat khong déi néu 4p suat bén ngoai khong déi.

Can bang L = H ¢6 thé t6n tai & nhiét do thdp hon nhiét d6 soi, khi d6
v =1 co nghia 1a ¢ nhi¢t dé xdc dinh dp sudt hoi bio hoa clia chat 1ong 12
xdc dinh.

Nhiét dé sdi ciia dung dich chifa chat hoa tan khéng bay hai

* Nhiét d¢ soi cia dung dich chia chét tan khong bay hoi cao hon nhiét
d6 soi cia dung moi nguyén chét, vi & cing nhiét do 4p suat hoi ciia dung
dich chita chat tan khong bay hoi nho hon 4p suét hoi ciia dung moéi nguyén
chat.

* Nhiét d6 s6i cta dung dich chita chat tan khong bay hoi khong phai 1a
hing s6, khdc vdi dung méi nguyén chat. Khi dung dich loang s6i, hoi dung
moi bay ra khoi dung dich lam cho néng do dung dich tang dén, din dén ap
suat hoi clia dung dich gidm ddn, do d6 nhiét 46 s6i ciia dung dich phai tang
dan. Khi dat dén dung dich bdo hda thi nhiét do so6i khong déi nifa, vi khi d6
hoi dung méi bay ra lam cho chat hoa tan két tinh lai vi néng do dung dich
s& khong bién déi.

Béc ty do clia hé can bing L = H ndy la:

+ Khi dung dich lodng s6i: v=2 — 0~ 2 + 2 = 2, nghia la nhiét do s0i cla
dung dich chat tan khong bay hoi phu thudce vao dp sudt ben ngoai va ndng
d6 dung dich.

+ Khi dat dung dich bio hoa, xuat hién pha thit ba 13 chat rin két tinh lai.
Tirdé: v=2-0-3 +2 = 1. Liic ndy nhiét d6 s6i chi phu thuoc vao dp sudt
bén ngoai.

¢ Cong thic Raoult 4p dung cho nhiét dé s6i cha dung dich chat tan
khong bay hoi, khong dién li:
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At =k # =k, =
o b B M

At = t(dd) ~ t(dm) - d6 tang nhiét d0 s6i cua dung dich;

t,(dd) — nhiét do bat dau s6i cia dung dich;

t,(dm) — nhiét d¢ soi cua dung moéi nguyén chat;

% —ndng d6 molan: s& mol chit tan trong 1000g dung méi;

m — s6 gam chét tan trong 1000g dung méi;

M — khéi lugng mol chat tan;

K, — hang sd nghiém i, k, chi phu thudc vao ban chat cita dung méi.

Nhiét d6 dong dac cia chat léng
Nhiét d¢ dong dac cia chat 16ng 12 nhiét 46 & d6 16n tai can bang giiia
16ng va ran (tinh thé): )
' L = R ()

Nhiét d dong dac cla chat I6ng nguyén cht _
D6i véi chdt 1ong nguyen chat bac tr do clia hé can bang L = R(tt) la:
v=1-0-2+2=1
v = 1, nghia la nhiét do dong dac cha chit ldng nguyén chit chi phu thuoc

vao dp suat bén ngoai. Trong qud trinh dong dic nhiét d6 déng dic khong
bi€n d6i, néu dp suat ben ngoai khong bién déi.

Nhiét dé dong dac cia dung dich

Béc tr do chia hé c4n bing L = R (tt) d6i v6i dung dich cla chét hoa tan
nao dé la:

v=2-0-2+2=2

v = 2, nghia la nhiét d6 dong dac cha dung dich ngoai phu thudc vao 4p suat
bén ngoai, con phu thudc vao ndng do dung dich.

» Nhiét d¢ dong dac cla dung dich thdp hon nhiét do dong dac ctia dung
moi nguyén chat. C6 thé gidi thich hién twong nay dua vio nguyén If
Lo Satolié:

Xét can bing ciia dung méi nguyén chat: L = R(tt).
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Khi hoa tan mét chit vao pha 16ng, ndng dé cia dung méi d pha ldng giam
xu6ng, nén cin bang chuyén dich tir pha R sang pha L. D€ khoi phuc lai can
bang phai ha nhiét do xudng thap hon so véi khi 12 dung moi nguyén chat.

¢ Trong qua trinh dong dic clia dung dich lodng, chat ran thodt ra trude
tién 1a chat rdn cla dung moi, nén néng dé dung dich ting din va nhiét do
déng dac cta dung dich giam dan. Khi dat dén dung dich bdo hoa thi ca tinh
thé dung méi v tinh the chit hda tan cling két tinh. Khéi chat ran gém ca
hai loai tinh thé ndy goi la otecti. Nhiét d6 & d6 tao thanh otecti 1a nhiét 4o
otecti va thanh phan ting véi khi tao otecti 14 néng d6 otecti.

Nhiét d6 dong dic khi tao otecti 1a khong d6i cho tdi khi toan khéi long
chuyén hét thanh tinh thé.

Trong qud trinh dang tao otecti thi nhiét do dong dic khong doi néu dp
suit bén ngoai khong ddi; vi khi dé bac tu do bing 1, do xuit hién pha thit
ba 1 tinh thé cia chat hoa tan (f = 3):

v=2-0-3+2=1
» D¢ giam nhiét d6 dong dic cta dung dich chdt hoa tan khong dién 1i so
v8i dung moi nguyén chat duge tinh theo cong thiic Raoult:

-~ m
Atd = l{d\l%T = lfdﬁ

Aty = t4(dm) — t4,(dd), t4;(dm) — nhiét d¢ dong dac clta dung méi nguyén chat,
t4(dd) — nhiét d6 bit ddu dong dac clia dung dich; k4 -hingsé nghiém déng,
k4 chi phu thudc vao ban chat cia dung méi, €, m, M ¢b ¥ nghia giong
trong cOng thire tinh At,.

BAI TAP

7.1. Entanpi cla qué trinh hda tan KCl(w) 1 17,2 kJ.mol .. Nang hrong
mang ludi cua KCl(tr) 1a 702,5 kJ.mol '. Tinh entanpi hidrat héa cla
qua trinh sau: '

K*(k) + CU (k) + ag — K*.aqg + CI .aq
Bai gidi

KClat) + aq-—!-‘z-’z—)Kfaq + Cl;'aq

702,5 N /1 AH,

K*(k)+Cl™(k)+aq
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17,2 = 702,5 + AH, = AH, =—6853 kJ _
7.2. O nhiet do 298 K ap suat hot nude bio hoa la 3159,68 Pa. Tinh dp suit
hoi ctia dung dich chita 10% kbéi lugng glixerol (M = 92g).

.....

Bai giai
0,10
PP, __ o)
= = =0,02
P, n,+n, 090 010
18 92
315 - :
319,68-F 0,02 = P =3096,49 Pa.
3159,68

7.3. Ap suét hoi nuéc bio hoa & 70°C bing 233,8 mmHg. O cung nhiét do
nay 4p suat hoi cua dung dich chita 12g chat tan khong bay hoi, khong
dién li trong 270 g nudc bang 230,73 mmHg. Tinh khéi hegng mol cha

chat tan.
Bai giéi
P, n, +mn,
270 .
Py — P =233,8 ~ 230,73 mmHg; n, = TS_ =15mol
07 M oy -0199
2338 n,+15
L VL
n, 0,196

7.4. Nhiét do s6i clia benzen nguyén chat ia 80,1°C. Nhiét d6 s6i ciia dung
dich chita 3,24g luu huynh trong 40g benzen s6i & nhiét do 80,9°C.
Hoi trong dung dich nay, mdt phan ti lvu huynh gém méiy nguyén ur?
Cho biét k, (benzen) = 2,53,

Bai gidi
At, =k

m
kg
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At,=80,9-80,1=08"C; m =%.1000 =81g.

M=k, —2538L 55616
At 0,8
256,16 s . . ,
S 8. Phan tir luu huynh trong C;Hg g6m 8 nguyén tir (Sg).

7.5. Xac dinh cong thite phan tir ciia mot chat chira 50,69% cacbon, 4,23%
hidro va 45,08% oxi, biét ring dung dich chifa 2,13 g chat nay trong
60g benzen bit ddu dong dic & 4,25°C va nhiét do dong dac cua
benzen nguyén chat la 5,5°C.

Cho biét ky(benzen) = 5,12.

Bai gidi
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m
A[d = kdﬁ
m= 26’1)3 1000=35.5; At, =55 ~4,25=1,25°C

M= 5,1225-'i =145,4
25

CH,0, = 1454
50,69 4,23 45,08

X:y:2=4,224:423:282

12 1 16
X:y:z=15:15:1=3:3:2
(C.H.0,) =1454=n= 1454 _,

Cong thic phan tit 1a C,H,O,.



Chuong 8
DUNG DiCH CHAT PIEN LI

TOM TAT LI THUYET

Céc cdng thirc Raoult 4p dung cho dung dich chat dién li

AP' AU, At
AP At Aty

=1>1;1—hés6 Van’t Hoff.

AP’, A’  va At - do giam 4p sudt hoi, d6 tang nhiét soi va do ha nhiét do
dong dac cta dung dich chit dién 1i déu 16n hon i 14n so véi dung dich chat
khoéng dién li cing nong do, nghia la;

AP’ =iAP = P, —2

n, +n,
At = 1At = iK€

Chét dién [i manh

Chat di¢n li manh 1a chat khi tan trong nudc tat ca cdc phéan tir hoa tan
déu phan li ra ion. '
Chat dién li yéu

Chat dién 1i y&u 12 chat khi tan trong nudc chi ¢é mot phan s6 phén tir hoa
tan phén li ra ion.

D& dién i

Do dién 1i o cia mot chat dién 1i [a ti s§ s6 phén tir phan li ra ion (n) va s6
phan tir hoa tan (ng).
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Vaychatdién limanhcéa=1,chdtdiénliyeuc60<a < 1.
D6 dién ki bidu kién

Chat dién li manh ¢6 o = 1. Nhng bang thuc nghiém gid tri o do dugc
thudng nhé hon 1. Chi khi dung dich rat loidng gia tri o do duge mdi béng 1.
Pay khong phai la d9 dién li thyc cha chét dién li manh, ma la do dién li

biéu kign. Chinh trong dung dich khong lodng su tuong tic tinh dién giita
cdc ion ngan can viéc do chinh xdc gid tri a.

Mai lién hé gitta aL va i

1—1
o=
q-1

1 —hé s6 Van’t Hoff, g — s¢ ion ma mét phan tir phan 1i ra.

Hang so dién li cla chat dién li yéu

Su dién li ctia chat dién li yéu 1a qud trinh thuan nghich. Khi & trang thai
can bang, nd tuan theo moi dinh luat clia can bing héa hoc, nhu ¢6 hing s6
can bang K, tuan theo nguyén 1f Lo Satolie.

Vidu:

CH;COOH = CH,COG + HY

K :([CH3c00—] [H']
_ [CH,COOH] |

Day la can bang dong, nén su bién ddi néng dé, nhiét d6 déu lam cho can
bing chuyén dich.

M&i lién hé gilfa hang sg dién ii va dé dién li
Do dién li o c6 thé viét dudi dang ti s6 sau:

o _aNJ!
g C

o =
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N, — hing s6 Avogadro, n.N3'./™' - s6 mol./™* clia chat dién li phan }i ra
ion, nghia 1a néng do mol.l™' clia chat dién li phan li ra ion; C — ndng do
mol.I ' ban d4u clia chat dién li.

Vay Ca 1a nong do chat dién li phan li ra ion. Tit phuong trinh phan li ra
hai ion ta c6:

CH,;COOH = CH,COO +H*

Noéng d6 ban dau: C 0 0
Néng d6 lic can bang: C- Ca Co. Ca
K = «’C
l1-a

Cong thire trén biéu thi dinh lugt pha lodng ctia Ostwald, nghia 12 dung
dich cang loang d6 dién li « cang Idn.
Thuyét axit - bazd clia Arrhenius

Axit 12 hgp chdt chifa hidro khi tan trong nuéc phan i ra cation H'.
Bazo 14 hgp chat chira nhém OH khi tan trong nudc phén li ra anion OH .

Thuyét axit - bazd clia Bronsted - Lowry

Axit la tiéu phan (phan tir, ion) ¢6 kha nang nhutmg proton (H).
Bazo 1a ti€u phan cha kha ning nhan proton.
A=B+H

A - axit, B bazg, A/B~ cap axit — bazo lién hop.

Tich s6 ion clia nude
Kyo=[H"] [oB ]=[H,0"] [oH]=1107* 625°C
K10 - tich $0 ion cia nudc. & nhiét do xdc dinh K, o khong nhiing la hang

s6 trong nuéc nguyén chit, ma ca trong dung dich lodng cia cdc chét
khac nhau.
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pH
pH 12 dai luong dé biéu thi db axit hay d6 kiém cta dung dich
pH = -Ig [H'] = -1g[H;0"]

M&i truéng axit, trung tinh va kiém

Moi trudng axit: [H;0'] > [OH 1 hoac [H;0%] > 10 "mol.I"! hosic pH < 7
hoac pOH > 7 v6i pOH = -Ig[OH"].

Méi trudng trung tinh: [H,0"] = [OH ] hoac pH=7.

Méi truong kiém: [H;0'] < [OH ] hode [Hy0™] < 107'mol.l” hoac pH > 7
hodc pOH < 7.
Héng s& dién li axit K,

Hang s& dién i axit 12 hing s§ can béng ctia phan ng dien li axit yéu
trong nudc. Vi du:

- +
CH,COOH = CH,C00™ + H', K, Z[ICH3COO IH 1}

[CH,COOH]
hoadc CH;COOH + H,0 =2 CH,CO0™ + H,0"
[[CHqCOO‘][H3O+]J
K, = ‘
C

[CH,COOH]

4 25°C, K, ciia CH,COOH 1a 1,75.107°. Hing s6 K, ciia axit xdc dinh chi
phu thuéc vao nhiét do.
Hang s& dign Ii bazo K,

Héng s¢ dién li bazo 12 hing s6 can bing cia phan ung di¢n li bazo yéu
trong nude. Vi du:

-+ -_—
NH; + H,O & NH;+OH", K, = [NHJIOHT]
NH,] )

3 25°C, K, ciia NH, 1a 1,80.107°, Hang 56 K,, cla bazo xdc dinh chi phu
thudc vao nhiét do.
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M&i lién hé gitta K, va K, clia mdt cap axit-bazd fién hap.
K,.K,=1.107"%§25°C

Vi du: Véi cap axit — bazo lien hgp CH;COOH/CH;COO ", khi biét
K,(CH,COOH) = 1,75.107 thi K, (CH,COO") la:
IR S (e
K, [CH;COO |=————=
»(CHs )= 75.10

’

5,71.1071°

Hang s6 K, nay ing véi can bing sau:
CH,CO0™ +H,0 = CH,COOH + OH™
Véi cap axit-bazo lién hop NH,"/NH;, khi biet K chia NH, thi K, cta
NH," la:

1.107"

K, (NH])= -=5,56.10""°
1.80.10™

Hang s6 K, nay ting véi can bang sau:
NH," + H,0 = NH; + H,0"

pH clia dung dich axit manh mét nic

Axit mdt nic la axit mad mét phan tr (hodc moét ion) chi ¢6 khd nang
nhudmg mot proton hodc chi cé thé phan li ra mot cation H”.

Vidu: HNO, + H,0 - NO;” + H,0"

Vi HNO; phén li hoan toan ra céc ion nén ndng d cia axit C, = [H30+]
do HNO; phén 1i ra. Néu dung dich ¢6 pH < 6,5, nghia la dung dich khéng
qud lodng (C, > 3 . 107M), c6 thé bd qua néng d6 H,0* do nuéc phan li ra,
do dé: pH = -1gC.,.

pH cla dung dich bazd manh mét nic

Bazo mét ndc 12 bazg ma mot phan tir (hodc mét ion) chi ¢6 khd nang
nh4n mot proton hodc chi c6 thé phan li ra mo6t anion OH . Vi du:
NaOH -»> Na* + OH~

Vi cdc phan tir NaOH phan li hoan toan ra cdc ion OH , nén néng dé cta
bazo manh C, = [OH ] do NaOH hda tan phan li ra.
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Néu dung dich c¢6 pH 2 7,5, nghia I2 dung dich khéng qui lodng
(C, 2 3.107M), ¢6 thé bd qua néng d6 OH do nuéc phan li ra, do dé
pOH = —Ig[OH 1.

VipH + pOH = 14 nén pH = 14 — pOH hay:

pH=14+1g C,

pH clta dung dich axit yéu mét nac

Néu dung dich ¢6 pH < 6,5, nghia 1a dung dich khéng qué lodng thi viéc
tinh pH dugc tién hanh chi dua vao can bing cla axit trong dung dich va bo
qua nong 46 H,O" do nuéc phan li ra. Vi du:

CH;COOH + H,0 = CH,C00™ + H,0*
hoac  NH;' + H,0 = NH, + H;0"
Goi néng do ban ddu cla axit 13 C,, khi can bing, ndng d6 axit phan li ra ion la
X, n6ng do axit khong phan Ii 1a C, - x, néng do H;O" tao thanh 1a x, ta c6:
NH; +H,0 = NH; + H,0"

ndbd: C, 0 0
ndch: C, -x X X
2

K =—>
C,—x

Gidi phuong trinh bac hai tim duge x = [H;0%] v6i 0 < x < C,.
Néu x < 5% C,, ¢6 thé coi C, — x = C,, do dé:

x=yK,C,

pH cla dung dich bazd yéu mét nic

Néu dung dich ¢6 pH > 7,5, nghia la dung dich khéng qui lodng thi khi
tinh pH chi dua vao can bing ciia bazo trong dung dich va bd qua néng do
OH’ do nudc phan li ra. Vi du:

NH; + H;O = NH; +0OH"
hodic  CH;COO" + H,0 = CH,COOH + OH
ndbd: C 0 0

ndch: G -x X X
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2
X

:Ch—x

Néu x € 5% C,, ¢6 thé coi C, — x = C,, do dé:

x =K,.C,

pH cha dung dich chét ludng tinh

Cic mudi axit nhu NaHCO,, NaH,PO,, Na,HPO, va cic mudi NH,NO,,
NH,CH,COOQ, NH,F, ... 1a cdc chat ludng tinh. Ta hdy xét mot trudng hop
cu thé. Vi du xét dung dich NaH,PO, néng d6 C mol.I”". Khi tan trong nudc,
trude tieén NaH,PO, phan li manh ra ion:

NaH,PO, —» Na” + H,PO;

K, ; x=[OH]véi0<x<(,.

Néng d6 [H,PO;]1=Cmol/™". Trong dung dich cé thé xay ra nhimg quéa
trinh sau:

Ion H,PO; 1a ludng tinh, nén trong dung dich cé thé xy ra c4c phén tng:

H,PO; + H,0 == HPO; +H,0"; H,PO; thé hién la mot axit

H,PO, + H,0 == H,PO, +0OH"; H,PO; thé hién 12 mot bazo

H,PO, + H,PO; == HPOX +H,PO, Phan iing cudi cing 1a phan ing
chinh, nén ¢ thé dua vao phan dng dé dé tinh pH cha dung dich:

2H,PO; = HPO +H,PO,

ndbd: C 0 0

ndcb: C-x X X

Khi can bing néng do [HPO?"] =[H.PO,]

Axit photphoric H;PO, 1a axit ba néc:

- -+
H,PO, + H,0 = H,PO; +H,0" ; K, _ [H,POZ1[H;0"]
[H,PO,]
2- N
H,PO; +H,0 = HPO} +H,0" ; K, = ros IH;07]
[H,PO,]
3- +
HPO? +H,0 = PO +H;0"; K3-_-[PO4 ][}230 ]
' [HPO?"]
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- K, K, = [H:PO,]IH,0"] [HPO{ J[H,0"]
[H.PO,] [H,PO;]

Vi [HPO; 1=[H;PO,] nénK, . K, = [(H,0"]?

= [H;0"]= K, K,

= pH= %(pKI +pK,) véi pK = -1gK.

Tich s6 tan cla chét dién li it tan
Tich s6 tan cda chat dién li it tan 13 hang s6 can bang cha phéan ing giita
phén khong tan cta chat dién li d6 va céc ion cta n6 trong dung dich. Vi du:
CaFy(tt) & Ca® +2F
K, =[Ca®"],[F 1% = const & nhiét d6 xéc dinh

K, - tich s6 tan clia CaF,, K, ctia chat dién li x4c dinh chi phu thu6c vao
nhiét do;

[Ca®**]va [F]- néng do mol . ™! clia jon Ca** va F- trong dung dich bio
hoda CaF,." '

Diéu kién két ta chat dién i it tan
Vi du mudn két tia CaF, ngudi ta tron hai dung dich: mot dung dich chia

ion Ca?* (chang han dung dich CaCl,), mot dung dich chia ion F~ (nhu dung
dich NaF) sao cho:

[Ca®*], [F 1> > K,
thi CaF, s& két tha cho t6i khi [Ca>] [F > =K.

Vay diéu kién két tiia chat dién li it tan tir dung dich 1 tich s6 nong do
céac 1on cua né, modi ndng do véi sé mii thich hop, phai 16n hon tich s6 tan.

Digu kién hoa tan chét dién li it tan
Vidu xét dung dich bdo hda CaCO;;:
K, =[Ca*],[CO} ], =const &nhiét d xdc dinh.
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Néu cho vao dung dich ndy mét axit bat ki, chang han HCl, cdc ion H® do
HCI phan li ra s& phan tng véi CO42
2H" +CO2 > H,0+C0, T
Khi d6 néng do [CO?% ]gidm xudng, can bing chuyén dich sang phai.
nghia Ia CaCO, tan ra. Noi cach khéc, khi cho HCI vao thi néng do COY
gidm xudng va tich s§ [Ca®*] [COY" ] <K, , nén CaCO; phai tan ra.

Vay di€u kién hoda tan mét chat dién 1i it tan 13 phai lam cho tich sé néng
do cac ion clia n6, mdi nong do vdi s6 mii thich hop, nhé hon tich sé tan.

Mai quan hé giifa tich s& tan va dd hoa tan mol.I™
Goi s 1a d6 hoa tan moll™' clia Cay(PO,), thi trong dung dich bio hda
néng do [Ca®*] = 3s va néng do [POY"1=2s. Tix dé
K, =[Ca* J'[PO] I’ =(3s)"(2s)* = 365’

K,
= §= "
36

BAI TAP

8.1. Dung dich dudng va dung dich NaCl ¢6 ciing s mol chéit hoa tan
trong cling mot lugng nude. Hoi & cing mot nhiét do dp suit hoi bao
hoa ciia hai dung dich ¢6 bang nhau khéng? Tai sao?

Tra besi

Ap sudt hoi clia hai dung dich khong béng nhau. Ap sufit hoi cha dung
dich dudng 16n hon, vi NaCl la chat dién li, né phan li ra cdc ion lam
6 phén tir trong dung dich 16n hon so v6i dung dich dudng, nghia 12

1>1:
D61 véi dung dich dudng: _
Py n, +n,
béi v6i dung dich NaCl:
P — r
InLANL. B
Py N, +1,
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8.2.

. sO phan ti trong dung dich
$0 phan tir hoa tan
Hai dung dich NaCl] va MgCl, ¢é ciing s6 mol chat hoa tan trong cling
mot lugng nudce. Hoi & cing mot nhiét d6 dung dich ndo cé 4p suat hoi
bio hoa 16n hon? Tai sao?

Tra Idi

8.3.

Ding dich NaCl c6 4p suat hoi bao hoa 16n hon, vi MgCl, phan li ra
nhiéu ion hon NaCl nén c6 s& phan t trong dung dich 16n hon.

Ap sudt hoi phu thude vao s phan tir nay. s6 phén tir cing 16n 4p sudt
hoi cang giam, nghia l2 i cang 6n.

Hai dung dich glucozo va K,S0, c6 ciing s6 mol chit hoa tan trong
cliing mot lugng nude. Dung dich nao ¢b nhiét do s6i cao hon va dung
dich nao ¢6 nhiét do dong dac thap hon? Tai sao?

Tra ldi

8.4.

80

Dung dich K,S0, c6 nhiét do s6i cao hon va nhiét d6 dong dic thap
hon vi K,S0, phan li ra ion lam s& phan tir trong dung dich 16n hon.

Déi véi dung dich glucozo: At =k, Fvi Aty =Kk, ¥
bai v6i dung dich K,80,: At = ik Fva Aty = ik, F

Viét phuong trinh dién 1i cha c4c chdt sau trong nudc Na,SO,, K,CO,,
HCIO;, KOH, HNO,, H,S, NaHCO,, Na,HPO,.

¥y

Na,SO, — 2Na* +S0%"
K,CO,; - 2K" + CO3”
HCIO; - H' +ClO;
KOH - K" +0H"~
HNO, #= H'+NO;
HS — H +HS



HS &= H'+$
NaHCO,; — Na* +HCO;
HCO; & H'+COY
Na,HPO, - 2Na*+HPO}
HPO® = H'+PO)
8.5. M&i dung dich chita mot chat sau: NaOCl, K,S, Na;PO, déu c6 nong

do 0,01 mol.I™; CH,COOH 0,1M ¢6 46 dién li o = 1,32%. Tinh ndng
do céc ion trong mébi dung dich trén.

Bai gidi

NaOCl — Na* + OCl”

[Na*] = [OCI ] = 0,01 M vi NaOCI 12 chét dién li manh.

K,S > 2K* + 8%

[K*1=2[S"} = [K*]1=0,02 M va [S7] = 0,0IM.

Na,PO, —» 3Na* + PO,

[Na*]=3[PO; 1=[Na’]=0,03M va [PO}]=0,01M.

V6i dung dich CH,COOH, néng d¢ [CH,COO ] = [H'] = Ca vi
CH,COOH = CH,COO™ +H*

adch: C-Ca Ca Ca

[CH,CO0 1= [H']=0,1.0,0132=1,32.10"M

8.6. Mdi dung dich chita mét chit sau: KOCl, Na,S, K;PO,,Fe(NO,),,
CuCt,, KCl, NH.NO;. Dung dich nao la moi trudng axit, moi trudng
trung tinh, moi trudng kiém? Giai thich bang phan ing héa hoc.

Bai gidi
KOCl -» K* + OCI”
K™ 1a trung tinh trong nuéc, OCl™ 1a bazo:
OCl™ + H,0 = HOCI + OH : moi trudng kiém
Na,S — 2Na* + 8%
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‘Na® 12 trung tinh trong nuéc, $* 13 bazo:
S+ H,0 = HS + OH™: moi trudng kiém
K,PO, —3K* + PO}
PO 1a bazo:
PO} +H,0 2 HPOY +OH™: méi trudng kiém
Fe(NO;), - Fe™* +2NO;
NO; la trung tinh trong nudc, Fe?* 1a axit:
Fe’*' +H,0 & Fe(OH)*+H": moi trudng axit
CuCl, — Cu®* +2CT
CI” 12 trung tinh trong nuéc, Cu®* 1 axit
Cu*+H,0 = Cuw(OH)'+H" moi trudng axit
KCl—»K*'+CI
K* va CI” déu trung tinh trong nmedc: moi tfub‘ng trung tinh
NH,NO, - NH}, + NO;
NO; 1a trung tinh trong nuéc, NH; 1 axit
NH; +H,0 & NH,+H,0": méi trudng axit.

8.7. Néng d¢ molan cia glixerol (CH,OH — CHOH — CH,OH) trong nudc
phai 1a bao nhiéu dé &p suat hoi clia dung dich d6 béng ap suét hoi cila
dung dich chia 8,49 g’NaNO;; trong 1000gam nudc? Do dién li biéu
kién clia NaNO, trong dung dich nay Ia 64,9%.

Bai gidi
Hai dung dich c6 4p suat hoi bing nhau nén:
AP’ i 0,

0,

n’; — 56 mol NaNOj; n, ~ s6 mol glixerol; n, — s6 mol nuéc.
2l s oea9=inloilioiz1640.
q-1 2-1
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, 8,49 © 1000

) = T =0,1; n =——==5556 vin,<<n;nénn’, +n,=n;
1n, _LS01 . 0,00297.
n 55,56

I,

M2 =22 550,00297= = n, = 0,165 mol glixero! trong 1000 g

n, n 55,56
nudc, nghia la néng d¢ molan ciia glixerol 12 0,165 (€= 0,165).

8.8. Xic dinh d6 dién li biéu kién cia HIO, trong dung dich chita 0,506 g
HIO; trong 22,48 g C,H,OH. Dung dich ndy s6i & 351,624 K, con
CH,;OH nguyén chét s6i & 351,46K. Hing s6 nghiém s6i cda
CH;OHIa 1,19.

Bai gidi

Khéi lugng HIO, hoa tan trong 1000 g C,HOH la:

0,506.1000
22,48
A _35 1,6242—2?’;511,46 - 1,08
At 1,19 —

176

o= i—-1 _ 1,08 -1 ~0,08.

q-1 2-1

8.9. Nhiet do bét ddu dong dic cha dung dich chwia 0,2 mol KCl trong 1000 g

nude 13 -0,673°C. Tinh d6 dien i biéu kién ciia KCI trong dung dich

=2251g.

Bai gidl
At'=0~(~0,673)=0,673°C

A = k¥
. _ 0,673

=181
1,86.0,2

d=—— =" =08l>0=81%.
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8.10.

o 0 o W

h.

Tinh pH ctta cdc dung dich sau:

. HNO, 0,01 M.
. 5,6g KOH trong 1 lit dung dich.
. NH,0,1 M (K, = 1,8.107).

. NH; 107°M

. NH,CI10,1 M

. NaHCO; 0,IM (K, va K, cha H,CO; lin lugt 13 4,16.107 va

4,84.107"). |
CH,COONH, 0,IM (K, clia CH,COOH 1Ia 1,75.107%).

i. NH, 0,1M va NH,Cl 10> M

Bai gii

84

a.

HNO; - H* + NO;~
= [H'] = [HNO,] = 0,01 M
= pH=-1g 0,01 =2.

% = 0,1 mol KOH trong 1 lit dung dich

KOH » K"+ OH"
[OH ] = [KOH} =0,]1 M
pOH=-1g0,l=1=>pH=14-1=13

14
hoac [H'] = 1.10

=1.10“3|

¥

=pH=-1g 107% = 13.

NH; +H,0 = NH; +OH
ndbd: 0.1 0 0
ndcb: 0,1 —x X X

2
K, = . Gia thiét x << 0,1, ta c6:

01-x

x*=18.107.0,1 = x = [OH ] = 1,34.10 °M.



Gia thi¢t x << 0,1 la ding. Vay:

H*]:L—;%% =>pH=14+1g1,34. 107 = 11,13.
NH; + H,0 & NH] +OH
ndbd: 107 0 0
ndcb: 104 —x X X
1,8.107 = _: . Gia thiét x << 107
07 —-x

=18.107.10™%=18. 107 =>x=424.10°M.
Gia thiét x << 107 ta khong diing nén:

2

1,8.107 = e X% =1,8.10°10% - x)
—X

=2+ 1,8.107°%x-18.107=0=x=344 . 10" M= [OHT]

pH=14+1g 3,44 .107° =954,
NH,Cl - NH," + CI' = {NH;*'}=0,1 M
NH; +H,0 = NH,+H,0"

ndbd: 0,1 0 QO
ndch: 0,1 —x X X
' N4
K,(NH})= 110 ~=5,56.107"
1,8.10°
2
5,56.10710 = . Gia thiét x << 0,1:
0,1-x

x*=5,56.107°.0,1 = x = [H,0"] = 7,46 . 10"°M.

Gia thiét trén la diing.

pH=-1g7,46.107°=5,13, |
NaHCGO; - Na* + HCO;™ = [HCO;1=0,IM

Trong dung dich ¢6 thé xay ra cdc qud trinh sau:

HCO; +H,0 & €O +H,0"

HCO; +H,0 & H,C0,+0H"
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HCO; +HCO; & €03 +H,C0,
2H,0 &2 H,;0+0H"
Phan itng chinh trong trutmg hop nay ta:
2HCO; &= COY +H,CO,
ndcb: 0,1-2x X x = [C03?]={H,CO,]
Da biét:

[HCO;1[H;0"]
[H,CO,)
[CO3 1[H,0%]
{HCO;]

K,(H,CO,)= =4,16.107

K,(H,C0,) = =4,84.107"

= KK, =[H,0")* = [H,0"] =/4,16.107.4,84.107""
[H,0%} = 4,49 . 107 = pH = 8,35.
CH,COONH, - CH,COO™ + NH,*
= [CH,CO0] ={NH;]=0,i M
K (NH," = 5,56 . 107'° (xem cau 8.10e)
Trong trudng hop nay phan ing chinh trong dung dich la:
CH,COO + NH; =  CH;COOH +NH,
ndchb: 0,1 —x 0,1-x X X
Vay [CH,COO']=[NH;] va[CH,COOH] = [NH,]
[CH,COO™](H,0°] .
[CH,COOH])
[NH;1[H,0"]
[NH}]
KK, =[H,0" P = [H;0*]=41,75.1075,56.1071
=9,864.10° M = pH = 7,006.
NH,Cl » NH; +CI”
Néng d6 NH; do NH,Cl phan li ra1a 107°M.
Phan (ng chinh trong dung dich nay la:

K,(CH,COOH) =

K,[NH;1=




NH,+H,0 = NH, + OH

ndbd: 0,1 10 0
ndchb: 0,1 —x 1072 + x X
-3
b= M Gia thiét x << 0,1:
0,1-x .
-3
1,8.107 = 99-10:—")": x2 +107%x~1,8.10 =0
=>x=525.10"%

Vay gia thiét trén 1a ding = [OH ] = 5,25 . 107'M
pH=14+1g525.10"=10,72.

8.11. Trong dung dich néng ¢6 0,1 mol . /"', d¢ dién li o ctia CH,COOH 1a

1,32%. Hoti & néng d6 nao do dien li o’ chand 1a 2% ?

Bai gidi
2 i2 r
@€ _a7C K (CH,CO0H)
l-a 1-o
2 2
0132701 _(0.02%C' _ , _\ uons
1-0,0132  1-0,02
8.12. Tinh pH ciia dung dich H,SO, 0,010 M, biét ring:
HSO, & H'+S0%, K=1.107

Bai gidi
H,80, » H* + HSO,
0,010 0,010
HSO, & H" + 80
ndcb: 0,010 -x 0,010 +x X

1072 =_—(0,010+x)x =x2+2.1072x-107% =0
0,010—x
= x =4,14.107 :[H*] = 0,010 +4,14.10° = 1.41.10°°M

=» pH = 1,85.
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8.13. Dung dich bio hoa AgCl ¢é pH = 7. Tron 950 ml dung dich bdo hoa
AgCl v6i 50 ml dung dich HCI IM. Tinh pH cta dung dich va ndng do
Ag" sau khi trén, biét ring tich s6 tan cha AgCl 1a K, = 1,6.107'°,

Bai gidi
HCl > H +CI”
Néng do H' sau khi tron: [H*]=1 N _ 0,05M
950 + 50
= pH =-1g 0,05 =1,30
AgCi(t) = Ag"+ CI°
ndchb: 5 0,05+s
$(0,05 + s) = 1,6.107'°. Vi K, rdt nho nén s << 0,05. Tir dé:
-10
0,055 = 1,6.107" = s=[Ag*] = %— =3,2.107M.

8.14. Do hoa tan clia Ag,SO, trong nudc nguyén chat 12 2,6.10 2 mol./ .
a. Tinh néng d6 Ag” va SO} trong dung dich bao hda Ag,SO,.
b. Tinh tich $6 tan cla Ag,SO,.
c. Tinh do6 tan mol./"* clia Ag,SO, trong dung dich AgNO;IM.

Bai gidi
a.  AgSO ()= 2Ag"+ SOF
2s 5
s =[SO 1=26.10"M, [Ag']=2,6.107.2=52.10°M
b. K, = (5,2.10%)% (2.6.10%) = 7,03.10°
c. AgNO; - Ag"+NOy; = [Ag] = IM
Ag,SO ) = 2Ag" + SO

1+2s
(1+28)°.5'=7,03107. Vis'<s< Inén1+2s' =1
§'=7.03.10"°M.
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8.15. Tich s6 tan ctia AgCl & 25°C 12 1,60.107'° va &50°C12 1,29.107°.
a. Hai c6 két ta AgCl khong khi trén 20ml dung dich AgNO, 3.107°M
v6i 40 ml dung dich HC1 6.107°M?
b. Tinh AG® clia phan g sau xay ra trong dung dich & 25°C:
AgCl (i) = Ag"+Cl
c. Tinh AH® va AS? chia phan (g trén, coi chiing 13 hing s& trong khoang
nhiét do xét.
Bai gidi
a. AgNO; > Ag'+NO;”
HCl » H* + CI
Néng do6 Ag® va Cl” sau khi trgn:
[Ag*]=3.1072 -z—g =107M; [C1"])=6.10" %: 4.107°M
[AgT [CIT] = (107%) (4.107%) = 410 > K, (AgCl) nén ¢ phan g
tao két tua:
Ag’ +Cl - AgCl (1)
b. AG’ = -RTIn K, = -8,314.298ln 1.60.10
AG® = 55884 1 425°C.
1 K.(323) _ AH" ( I 1 }

K.(298) R (T, T,

N 1,29.10° _ AH" (323-298
1,60.107" 8314\ 323.298
= AH’ = 66812,5 J

AHU _ AGU
T

AG® = AH? - TAS® = AS' =

~ 66812,5-55884

- 298 |

8.16. Tron 1,0 ml MgCl, 0,020 M véi 1,0 ml dung dich chita NH; 2,0M va
NH,C1 2,0 M. Hbi c6 két tha Mg(OH), khong, biét ring tich s6 tan ca
Mg(OH), 12 5.10"'? va hing s6 K, cia NH; 14 1,75.107°.

AS°

=37JK".
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Bai gidi
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NH,Cl - NH,* + CI"
Néng d6 ban ddu ciia NH,* va NH, sau khi tron la:
(NH,*1=1,0Mva [NH;]=1,0M
NH, + H,0 = NH,*+ OH

ndbd: 1,0 1,0 0
ndch: 1,0-x 1,0+x X
1,75.107% = M)_x Vix<<lnénx=1,75.10"= [OH ]
1,O0-x
MgCl, - Mg +2C1°

Néng d6 Mg?* sau khi trén 12 0,010 M. Vay:
[Mg®* 1,[0H 12 =(1.1072)(1,75.1075)?
=3,06.10""% < K [Mg(OH),] nén khong tao két tha Mg (OH),.



Chuong 9
BONG HOR HOC .

TOMTAT LI THUYET

Téc dd phan ing

Xét phan ting: 204(k) — 30,(k)

Néng do & thoi difmt;: C, (o

Néng d6 & thoi diém t,: C, c,

Téc 46 trung binh ¥ clia phéan img trén trong khodng thoi gian tirt, dén t, 1a:
C,-C, _, C,-C, LAC

V=-

20t,~1,) 31, -ty)  aAt

a - hié s6 chia chat trong phan itng duge diing dé tinh néng d9.
Khi At > 0 ta ¢6 téc do titc thdi v:
- d[OZ] =+ d'[OZ] = :td_c__
2dt 3dt adt

Khi tinh cho chat rdn hodc chit 16ng nguyén chdt dya vao su bi&n thién
luong chat ran hoac léng trong mot don vi thoi gian trén mét don vi dién tich
bé mat hodc mot cach gin ding dua vio su bién thién lugng chét rin hoic
chat 16ng trong mot don vi thdi gian trén mot don vi khéi lugng hay trén mot
don vi thé tich.

Anh hudng clia néng d6 dén t8c 4o phan img.

Trong hé déng thé khi néng d6 chat phén éng ting, t6c 40 phan ting ting.
Déi vdi da s6 phan ting déng thé nhuw:
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aA+bB—>C
v=k[A]P[B]*
[A] va [B] — nong d6 mol . I chia chat A va chat B liic tinh v;
p va g — bic rieng phén clla A va B, ]a nhimng con s6 bat ki dugc xédc dinh
bing thuc nghiém;
P + q — bac phan ung;
k — hang s§ t6c do, k chi phy thuée vao ban chét phan ing, vao nhiét do
va vao st cé mat chat xuc tdc.
Trong hé di thé t6¢c do phan ing ngoai phu thude vao néng dé chét phan
ing, con phu thude vao dién tich tiép xic gilta cdc chat phan img. Dién tich
i€p xtic ndy cang lén, t6c d6 phin ung cang l6n.

Phan tir s va ca ché phan img
Xét vi du: 2NO +2H, -» 2H,0 + N, (a)

Bang thue nghi¢m da x4c dinh duge réng. trude khi tao ra cdc san phim,
phan ing da qua mot sS giai doan trung gian, goi 1a cdc giai doan co ban
nhu sau: '

2ZNO = N,0, (1): téc d6 nhanh
N,O, + H, = N, + H,0, (2): téc d6 cham
H,0, + Hy — 2H,0 (3): t6c d6 nhanh
Téc d6 cha phan (ing (a) duge quyét dinh b t6c d9 ciia phén ing cham (2);
Nhung N, O, lai duge sinh ra tix phan ung (1):
N,O
L—Z-g—] =K = [N,0,]=K[NOJ
[NOJ
Thay [N,O,]} vao phuong trinh tinh v:
v=k>. K[NOJ? [H,] = k[NOJ? [H,]

Vay phan ting (a) 14 bic ba vdi phuong trinh téc do 1a:
__dINO] _ _d[H,]_ d[H,0]__dIN,]

2dt 2dt 2dt dt

=k[NOJ*[H,]
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Tém lai phan tng (a) ¢d ba giai doan co ban (1), (2) va (3), giai doan
cham nhat quyé&t dinh té¢ d6 cla phan tng.

M6i giai doan co ban trén déu ¢6 hai phan tir tham gia phan img. S& phén
tir tham gia phan tng & mot giai doan co ban la phan tir s¢ phan ing. Vay
phan tlr s& 0 mdi giai doan co ban trén déu bang hai.

Tap hop cic giai doan co ban ctia phan ing goi la co ché phan img.

Anh hudng ciia nhiét dé dén tdc d6 phan (mg

» Quy tic gin dling cta Van't Hoff-éf nhiét 46 khong cao.
T,-T,
Y _ k_T =y 10

Vr

]

¥ - hé s& nhiét d cua tdc do phén g, né 1a s6 lin ting 1én cia t6c do
phan ting khi nhiét do ting theém 10°C;

vy, vaky - t6c d6 va hing s6 téc 4o phan ing & nhiét do T,;
vy vak; -téc do va hang s6 téc do phan ing & nhiét do T).

¢ Phuong trinh Arrhenius

Ink=- E, +InC
RT

C — héng s& dac trung cho méi phan iing;

T — nhiét do wyet d&i, T = (°C + 273) K;

k — héng s6 t6c do phan tng;

R — hang 6 khi li twong, R = 8,314 . K™ . mol .

E, — nang lugng hoat héa cha phén dng, J.mol . _

Nang luong hoat héa ctia phan itng E, 13 hing rao ning lugng ma cdc chat
phan (ng phéi vugt qua d€ tao thanh céc san phim.

bai vdi phan ting xdc dinh E, va C 14 hing s6, nén k phu thudc chi vao
nhiét d¢ T va khi cé mit chat xac tac:

Inky = ——% 4+1nC
> RT, ky, Vi E( 1 1 ]
- = Ih—==h—2=2| —~—

ink, =- E, +InC i
|
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Nhu vay khi nhiét d¢ tang, t6c d6 phdn dng tang. C6 thé giii thich nhu
sau. Cdc chat mudn phan ing véi nhau chiing phai va cham vao nhau. Tin s&
va cham (s6 va cham trong mot don vi thoi gian) cang Ién 16¢ do phan img
cang 16n. Tuy nhién khong phai moi va cham déu gy ra phan tng. Chi c6 va
cham c¢6 hiéu qui méi gay ra phan iing. Ti s6 s§ va cham ¢6 hiéu qué trén s6
va cham chung phu thudc vdo ban chét cic chit phan tmg va vao nhiét do.
Khi nhiét d6 tang chuyén déng nhiét clia cdc phan 1 tang, nén t4n s6 va
cham tang, nhung i do chinh 13 t4n s6 va cham ¢6 hiéu qué tang lén nhiéu
hon 1am cho t8¢ 46 phan ting tang 1&n manh.

D&t véi phan ng thuan nghich, E,« 12 ning luong hoat héa cha phin ing
thuan, E,,, 1 niing luong hoat héa ctia phan tng nghich thi:

E, ~ Eamy = AH, (entanpi cia phan tng thuan)
va  E,, - E, = AH, (entanpi clia phan ing nghich)
AH, = -AH,

Anh huéng ciia chit xdc tac

Chét xic tdc 12 chat 1am téng t6¢ do phan ving va con lai sau khi két thic
phan dng,

Su xic tdc dong thé 1a su xidc tdc trong d6 chét xiic tac va céc chat trong
phan tng cling pha. Khi chat xic tic khéc pha véi chat phan ing 13 sy xic
tac di thé.

Chat xiic téc ¢6 tinh chon loc, nghia 1 mét chét xuc tic Jam xic tic cho
phin tng nay, nhung chua chic 1am xiic tic cho phan éng khic.

Chat xic téc 1am tang t6c d6 cho ci phan dng thuan vi phan ing nghich
v6i s 1an bang nhau, nghia 14 chat xdc tic fam cho can bing phin ting dat
dugc nhanh chéng han. Chat xic tic khong 1am chuyén dich can bing.

Chit xiic tdc lJam gidm nang lugng hoat héa ctia phén img:

Khi ¢6 mat chat xic téc: Ink'=~ E, +InC '
RT E. <E,
Khi ving mat chdt xic te: k= - E2 4 |nC

Trir hai phuong trinh cho nhau:



BAI TAP

9.1. Phan tng sau xay ra trong dung dich:

C,H,Br + KOH - C;H,OH + KBr

Néng d6 ban ddu cha KOH [a 0,07 M. Sau 30 phit ngudi ta 14y ra
10 ml dung dich hén hop phén iing thi thdy né phdn ¥ng vira 40 véi
12,84 ml dung dich HCl 0,05M. Tinh t8c d¢ trung binh cla phan ting
trong khoang thdi gian trén.

Bai gidi

9.2.

Néng dé KOH con lai trong dung dich sau 30 phiit Ia Cy:
10.107.Cy = 12,84.1072.0,05 = C,,(KOH) = 0,0642.
Néng d¢ KOH di phan img: 0,07 - 0,0642 = 0,0058 M.
Toc d9 trung binh trong 30 phiit d4u la:

_A[KOH] _ 0,0058
At 30
H,(k) + I,(k) — 2HI(k)

Tron 2,5 mol H, véi 2,5 mol I, trong binh dung tich 10 lit. Sau 20 gidy

con lai 2,4 mol I,. Tinh t6c d6 trung binh clia phan ing theo I, va theo

HI trong 20 gidy dau.

=1,93.10*mols"! ph™!

Bai gidi
H, + 1, - 2HI
ndbd: 25 25 0
10 10
ndch: zé .x -%’-S-—x 2x
10 10
\—v—-—-l
2,4

0 =x=0,01M=2x=0,02M.



V=

_AllL,1_, AHII_0,01_0,02
At 240 20 2.20

9.3. CH;Br + OH — CH,OH + Br
Téc do ban ddu v, va néng do ban dau [CH,Br], vi [KOH], nhu sau:
Thinghiem  [CH;Br]l, M [KOH]p, M vy, moll's™

=5.10"%mol.l ! 57!

1 0,10 0,10 2.80.1078
2 0,10 0,17 4,76.107°
3 0,033 0,20 1.85. 1076

a. Xéc dinh bac riéng phan cia CH,Br, cia KOH va béc cia phan ting.
b. Tinh hing s6 t6c d6 k cha phan ting.

Bai giai ‘
a. Cong thitc tdng qudt tinh t6c d6 ban ddu cho phan dng la:
vo = k[CH,Brl3[OH |2
p q -5 q
Yy _ k(0,10)* (0,17 _ 4,76.10 = (0,17) —1,7=>q=1.
v k(0,10)P(0, D)9 2,80.107  (0,1)9

Vay bac riéng phédn ctia KOH 1a g = 1 va ¢6 thé suy ra cong thiic tinh
16¢ d¢ cho thi nghiém 4 bang cdch tang néng do ban ddu ciia KOH lén
gap dai so vdi thi nghiém 1:
v, = k[CH,Br]” [OH] = k(0,10)° (0,20) = 2,80.1076.2

P -6 n
V3 _ k(0,033)"(0,20) - 1,85.10 __ (0,033) —0,33=>p=1.
vy k(0,10)P(0,20) 5,60.10° (0,10)°
Bac riéng phan cia CH;Br 12 p = 1. Tir dé:
v =k[CH;Br] [OH ]

va bac cuaphaning lap+q=2.

-6
b. k= M __280.10 =2.80.10* . mol " 5!
[CH,Br][OH™]  (0,10)(0,10)
9.4. NO(k) + Cl,(k) — 2NOCI(k) (a)

Phan ttng (a) c¢6 co ché nhu sau:
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2NO(k) = N,0,(1): can biang duge x4c 1ap nhanh.
N,0,(k) + Cly(k) = 2NOCI (2) : tdc d¢ phan tng cham

a. Chitng minh réng co ché€ trén ph hop véi phwong trinh téc dé:

- v = k[NOJ? [Cl,]

b. Phan tir s& clia giai doan co ban (1) va (2) bang bao-nhiéu? |

Bai giai _
a. Téc do phan ting (a) dugc quyét dinh bai giai doangham (2):
v =k’[N,0,] [ClL,]
Nhung N,O, dugc tao ra theo giai doan (1):
K= w = [N,0,1=K[NO}?
[NO]
Thay [N,0O,] vao phuong trinh tinh v:
v = k’K [NOJ? [C1,] = k [NOJ? [CL,]
b. Phan ti s6 cha giai doan (1) 14 2, cha giai doan (2) ciing 12 2.
9.5. CH, - CH, (k) » CH, = CH, (k) + H,(k)
Téc o phan tng dugc tinh bang cong thitc:
-—% =kC v6i C=[CH;—-CH;]
a. Thiét lap coéng thic lién hé gilta hng s3 t6c do k, thai gian phan tng t
va néng do chét phan ing CH, — CH,. .
- b. Tinh thdi gian dé€ mot nita néng do ban ddu cta CH,; ~ CH, bi phan hay
& 527°C, biét ring hiing s6 t6c d6 k & nhiét d6 nay 12 4,6.10 %,

Bai giai

a. —£=kC:>— E= Ikdt:>—lnC=kt+const.
dt C _ ]

Khi t =0 = const = —InCy:

—InC =kt —InCy = ln=C—é]=kt
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b. Khi C=%c0:

2
=0 k= In2=ki = 1,,= 022 507
Cy © k46107
2

t,» 1a thoi gian d€ mot nta lugng chét phan tng ban dau da phan ing.
9.6. Thai gian ban 1 (chu ki bdn rd) t,,, ctia déng vi phéng xa *>Zr 1a 60
ngay. Tinh thoi gian d€ 20% khai luong Zr bi phan ra.

Bai gidi
Tir 6 liéu ¢ bai tap 9.5 ta cd;
2 .
t 22 o2 ss 07 ngay !
k t;; 60
Ino kt=t=tlnSe =l Mo
C k C k m
I 100
{ = In—=19,32 nga
1,155.107% 80 s
9.7. . CH; — COO - C4H; + OH™ - CH,COO™ + C,H,0H

Phiin ting 12 bac hai (bac mot d6i v6i méi chat phan ting). Nong do ban
ddu méi chdt phan ting déu bing C = 0,05 mol.1™";

a. Thi€t 1ap phuong trinh lién he giifa hing s6 toc d6 k, ndng do C va thii
gtan phan tng.

b. Tinh thdi gian d€ mot nira lugng OH™ d& phan tng, bi¢t ring hing s&
téc do k = 1,60.107! Lmoi Ls™

Bai giai
a v=—2C o _9§=J'kdt
di (On
1 . 1
:>E=kt+const; khit = 0 = — =const

Co

1 1
Vay ———=kt.
1y C
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b. Khi Czﬁ ta cd -1——L=k{:>—2———1—=kt
2 EQ_ Co Co Co
2
kC0 1,60.107°.0,05
9.8. 2N205' - 4NO2 + 02

G 25°C hing 6 t6c do I k, = 1,72.107° 7. & 35°C hing s6 téc do
k,=6,65.107s7%:

a. Tinh néng lugng hoat héa E, cha phan ung.

b. Tinh h¢ s6 nhiét d6 y ctia phan ting.

Bai giai
. a. 1n£2_=& —l—_i

k, R\T T,
6,65.10° _ E, [ 11 ]
1,72.107°  8,314{298 308
= E,=103kJ. mol"

1

T-T, _5 308208
b. E_ =y 10 = ﬂ = 10
k, 1,72.107
= =309
9.9, OC(NH,), = NH,0CN

3 61°C hing s6 t6c do chia phan ting thuan k, = 1,62.107° ph™! va hing
s& toc do ctia phan tng nghich k_ = 1,57.10 5 ph™".
G 71°C, k, = 6,35.10° ph™" k_ = 4,45.10° ph™".

a. Tinh E,, cfia phan tng thusn va E,,, clia phan itng nghich.

b. Tinh AH clia phan ting thuin va phan ting nghich.

Bai giai
6,35.10° E,, 1 1
I ()

1.62.10~° 8314334 344

a. 1 J: E,, =130,5kJ.mot™".
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o 24510 E [ 11
1,57.10°° 83141334 344
b. AH,, = 130,5-99,5 =31 kI
AH(H) = 99,5 - 130,5 = “31 kJ.
9.10. 2H,0, - 2H,0 + O,
Nang lugng hoat héa E, ctia phén tmg 1a 73,3 kJ.mol . Khi c6 chat
xtic tdc enzim E’, = 1,74 kJ.mol . Héi tdc d6 phan ting tang én bao
nhiéu lan khi c6 chat xic tdc so v6i khi khong c6 chat xdc téc & 22°C.

] = E, ., = 99,5kJ.mol ™

Bai giai
k' v (733-1,7H10° v

In—-=1In = —=4,7.10'% i4n.
k v 8,314.295 v
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Chuong 10

CHIEU PHAN UNG OXI HOR - KHU'
VA CAC QUA TRINH PIEN - HON

TOM TAT LI THUYET

Dién curc kim loai

Dién cuc kim loai gom kim loai nguyén chat nhing trong dung dich chita
ion ctia né. Gifra kim loai va dung dich xuat hién mot hiéu s6 dién thé goi 1a
thé' dién cuc tuyét doi cria dién cuc.

Bién cuc oxi hda - khit

Dién cuc oxi hoa khir 1a dién cyc gém kim loai tro (thudng 12 Pt hodc Au)
nhiing trong dung dich chita mét c4p oxi héa — khir. Vi du, Pt nhiing trong
dung dich chifa cip oxi héa ~ khix Sn‘%n2+ . Gifta kim loai va dung dich

cling xuét hién mot hiéu s& dién thé.

Didu kién chuin cla cac loai dién cire
* Kim loai dung lam dién cuc va céc chat tham gia phan dng dién cuc
phai nguyén chat.

* Néu chat tham gia phén dng dién cyc 1a chat khi thi dp sust rieng phdn
cua né bang 1 atm.

» Néu chat (hoac ion) tham gia phan tng dién cuc tan trong dung dich thi
néng do candla 1 mol . 'L,

¢ Nhiét do xac dinh.
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Dién cue hidro chuan

Gid tri tuyét d6i cha the dién cuc khong thé xéc dinh dugc, nén ngudi ta
phdi chon mot dién cuc lam chudn va quy u6c cho né moét gid tri the dien
cyc. D6 1a dién cuc hidro chudn.

Dién cye hidro chuan gém day Pt pht mudi Pt ¢6 kha nang hip phu 6t
khi hidro (dang khir — kh) duge nhing trong dung dich H,SO, 14 dung dich
chita céc ion H,O" (dang oxi héa — ox). Khi dé can bang sau dirgc thiét 1ap:

2H;0" +2e z=  Hyk)+ 2H,0(1)
véi diéu kien [H,07] = | M, Py, =latm.

Nguoi ta quy uée the dién cye cha dién cyc chudn hidro & nhiét d¢ bat ki
bing 0,00 V va duoe ki hiéu €’ (H,0%/H,) = 0,00 V.

Pin dién hoa

Pin dién héa la dung cu trong dé xay ra phan img oxi héa — khir, nhung
st oxi hda va sit khir xdy ra & hai noi khdc nhau. Electron chuyén tir chat khir
sang chdt oxi héa nhd mot day dén dien tao nén dong dien. Chién déng dién
duge quy ude nguge véi chidu di chuyén cla electron trong day din dién. Vi
du, pin Zn - Cu. So d6 cta pin duge quy udc viét nhu sau:

e e

e i
ZniZn* (viduZnSO,) |  Cu® (vidu CusO,)ICu
« digncwecZn > |« digncuceCu —
@ . Anot @ : Catot
Zn — Zn** + 2e : Cu®* +2e = Cu
Su oxi héa ! Su khir

Thé dién cuc Zn: e(Zn**/Zn) | Thé dién cuc Cu: & (Cu>/Cu)
Trong pin, accu, dién phan ngudi ta quy wée noi Xay ra sy oxi héa 1 anot,
noi xay ra su khir 1a catot.
Chiéu dong dién trong pin & di duge quy uée tir catot sang anot vi thé
ctia dién cuc durong cao hon thé chia dién cuc am:

&(Cu™*/Cu) > &(Zn>*/Zn)
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Suit dién dong cia pin dién hoa

Suit dién dong E cla pin 12 hiéu 6 dién th€ 16n nhit gita hai dién cyc
clia pin va duge tinh bang cong thic:

&g VA &g - thé cha dién cuc duong va thé cia di¢n cyc am.

Né&u hai dién cue déu & didu kién chudn thi suit dién dong chuan E? clia
pin la:

o _ 0 L0
e

Thé dién cuc chuan

Dé c6 thé so sanh duge the dién cuc cia cdc dién cyc khdc nhau ngudi ta
quy uée cic diéu kién gidng nhau cho moi dién cuc dé do the€ dién cuc cta
ching. Cac quy udc nhus sau:

e Liy dién cue hidro chudn 13m chudn: 80(H+fH2) =0,00 V.

» C4c dién cuc cin do thé cling & diéu kién chuan.

¢ Chiéu cha qud trinh héa hoc xdy ra & céc dién cuc phai giong nhau va
dugc quy udc 1a chiéu cha qué trinh khir:

ox +ne = kh

ox ~ dang oxi hoa; kh - dang kh.

D¢ do th€ dién cuc chudn cla dién cuc nao d6, ngudi ta lap dién cyuc
chudn dé véi dién cuc hidro chudn thanh mét pin va do suat dién dong chuén
clia pin:

E’ =gg -55>0
Néu dién cuc chuan ¢in do 1a dién cuc duong ciia pin thi:
E® =gl —¢"(H'/H,)>0.
Vi g’ (H'/H, ) =0.00V nén s = E’ nghia I €3 >0.

Néu dién cyc chudn cdn do 13 dién cuc am cha pin thi:
E’ =" (H/H,)-¢g >0
Vaye) =-E", nghia la g} <0.
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Bing cdch xdc dinh nhu vy, ngudi ta lap Idlrotc bang thé& dién cyc chuédn
cua céc dién cuc khdc nhau. Vi du, & ZSOC the dién cuc chuﬂn ciia mot sg
dién cuc nhu sau:

£ (Zn2+/Zn) =-0,763V, ting v6i qué trinh khir sau:
Zn** +2¢ = Zn (tt)

gl (H+/H2) = 0,00 V, iing véi qué trinh khir sau:
M +2e = Hyk)

g (Cu2+/Cu) = +0,337 V, itng véi qud trinh khir sau:
Cu®™ +2e = Cu(tt)

The dién cuc chudn con duge goi 1a the oxi héa — khir chudn hoac thé khir
chudn clia cap oxi héa — khir va ki hiéu 12 £%(ox/kh) ting véi qua trinh khir sau:

oXx +ne = kh

Céc yéu t6 anh hudng dén thé khir. Cang thirc Nemst

RT [ox]
£(ox/kh) = £ (ox/kh) + F nw

néu: a0Xx+ne = bkh

& 25°C, nghia 1a T = 298K ta c6:

0, 059 ox]*
Ig [

e{ox/kh) = £° (ox/kh) -+ g

Vidu:

Fe?* +2e = Fe(tt)
s(Fc“/Fe) =g (Fe:”/Fe) + 0’259 g[Fe®*]
Liaq) +2e = 2I

(1) = 1/ 002 L]

2 [I I’
0y(k)+4e +4H' = 2H,0()
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0,059

£(0,/H,0)=£"(0,/H,0)+ IgP,, .[H']*.
Chiéu clia phan tng oxi hoa - khirtrong dung dich nude
Phan tng oxi héa — khif trong dung dich nuéc xay ra theo chiéu:
AG=-nFE <0
Néu phén tng & diéu kién chudn:
AG®=-nFE’ <0
AGva AG” — th€ ding 4p cia phan ing & diéu kién nghién citu va the
déng 4p chuén ctia phan ting (J);
n — s& electron trao d6i giita chat oxi héa va chat khit trong phéan tng;
F = hing s6 Faraday, F = 96500 C.mol™'
E =¢(ox, /kh,)—&(ox, /kh,);
E® =£%{ox, /kh, ) —¢° (ox,/kh, );
0x,, kh,, ox, va kh; tmg véi phan ing sau:
ox, +kh, = kh, +o0x,
Vi du, xét phan ting sau:
2Ag(t) + 2H" = 2Ag" + Hy(k)
¢'(Ag" /Ag)=0,7991V va &*(H'/H, )= 0,00V &25°C.
a. Hoi phan tmg di theo chiéu ndo & diéu kién chuén va 25°C.
b. M6t hén hgp chida bot Ag, dung dich bdo hoa Agl va HI 1M,

- Héi chiéu phan ting trong diéu kién nay va 25°C. Cho biét tich s& tan ciia
Agl1a 1,510,

Bai giai
G diéu kién chudn va 25°C:
AG? = -2.96500 (0,00 — 0,7991) >0,

Phan ting xay ra theo chiéu nghich.
b. Nong do Ag™ trong dung dich HI I M:
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Aglty = Ag" + T

S l+s
s(1+s) = 1,5.10"° = s << 1, nén s = 1,5.10 % mol.1 = [Ag™]
S(Ag+ /Ag)x 0.7991+0,0591g1,5.1071% = —0,1345V .

Trong dung dich HI IM, néng d¢ {H] = IM (& diéu kién chudn), nén the
khir clia cap H/H, khong déi. Vay:

AG = -2.96500 (0,00 + 0,1345) < 0

Phén tmg xay ra theo chiéu thuan, nghia 12 Ag ddy dugc hidro khéi dung
dich HI 1M.

Hang s& can bang cla phan img oxi héa - khi¥ trong dung dich nude
Xudt phit tir cong thite AG® = —RTInK = —nFE 1a ¢6:

0
K =+ MEE
RT

3 nE!
0,039

Vidu: 2Fe™ + Sn** = 2Fe?* + $n**

toe |

£ (Fe3‘-‘ [Fe?*)=0,771V, &° (Sn**/sn?* ) =0,15V

K = 2(0,771-0,15)

=21,05=K =1,12.10%,
0,059

Néu phan ting trén duge viét nguoc lai:

2Fe® + St = 2Fe™ + Sp?t

| 2e

IgK'= 2(0’105(;5(;’771) =-21,05 = K =8,9.10%,
nghta 12 K'= — —I*T =8,9.107%,
; K 1,12.10
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Acquy
Acquy 1a dung cu bién héa nang thanh dién nang gidng pin, nhung khéc pin
& chd sau khi phéng dién ¢6 thé duge tich dién lai nho ngudn dién bén ngoai.

Ciu tao clha acquy chi (acquy axit) va qua trinh phéng dién:

@ Anot : & Catot
Pb H230 435 -40% PbQ,
Ph +SO?;_ —> PbSO, +2¢ : PbO, +2e+ 4H* +SOi_ — PbS0, +2H,0

Phan ting oxi héa — khir xay ra khi phéng dién:
Pb + PbO, + 4H™ + 2505 — 2PbSO, + 2H,0
Khi tich dién cho acquy, ta néi catot véi cuc duong ctia ngudn dién va
anot v6i cuc am cita nguén dién bén ngoai. Phan tmg oxi héa — khir s& xay ra
ngugc véi phan ing khi phéng dién:
2PbSO, + 2H,0 ~> Pb + PbO, + 4H" + 2807"
C4u tao clia acquy cadimi-niken (acquy kiém) va su phéng dién:
® Anot : ® Catot
Cd ddKOH  NiOOH
Cd + 20H™ — Cd(OH), + 2ei 2NiOOH + 2¢ + 2H,0 > 2Ni(OH), + 20H
Phén g oxi héa - khir xay ra khi phéng dién va tich dién acquy kiém

nhu sau:

Cd + 2NiOOH + 2H,0 % Cd(OH), + 2Ni(OH),

Su dién phén

Su dién phén 13 qua trinh oxi héa — khit xay ra & bé mat cdc dién cuc khi
cho dong dién mot chiéu di qua hop nhit néng chay hodc dung dich chat
dién li.
Dién phan hdp chét néng chay

3 anot {cuc +) xay ra sy oxi héa, & catot (cuc —) x4y ra sur khir.

Vi dy, dién phan AL, O, néng chay trong criolit dé san xuét Al:
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© Catot — Al O, néng chiy ~ @ Anot
2AF" + 6e — 24l T 207 5 320, + 6e

Dién phén chat dién li trong dung dich nudc

Trong dung dich nuée, ngoai cdc ion clia chat dién li con céc ion HY va
OH cta nude. Do d6 su phéng dién & céc dién cuc c6 su canh tranh giira
céc ion cha chdt dién li va céde ion clia nudc. Qud trinh ndo s& Xay ra trudc
hét phu thudc vao gia tri the khir cha cdc cap oxi héa — khir, nhung day
khong phai 12 yéu t6 duy nhét ma vat lieu tam dién cuc, mat do dong dién,
thanh phén dung dich, nhiét do, ... ciing 12 nhitmg y&u t6 quan trong anh
huong dén sy tao ra cdc san phdm khéc nhau cla qué trinh dién phan.

» Qu4 trinh x4y ra & catot (dién cuc am);

Thong thudng nhiing ion kim loai tng véi e"M™/M) > €%(Sn?*/Sn) thi
kbi dién phan trong dung dich trung tinh ion kim loai bi khir:

M™ +ne — M

Ngugc*lai néu e’ (M™/M) < £%(Ti**/Ti) thi khi dién phéan trong dung dich

trung tinh, cdc ion cita H,O bj khur:
2HOH +2¢e > H, + 20H

Khi dién phan dung dich chita ion kim loai nim giita Sn va Ti trong day
th€ khir chudn, thi thy thudc vao néng do ion kim loai vi diéu kién dién phén
ma kim loai thoat ra hay H, thodt ra.

¢ Qua trinh xay ra ¢ anot (dién cuc duong) tro:

O anot tro, anion bi oxi héa khé dan theo thit ty sau:

Anion khéng chifa oxi (trir F') — anion OH™ — anion géc axit chlra OXl.
Vidu, ¢ anot chi ¢6 cdc anion Cl~ vi H,0 thi s& x4y ra:

2C1 > CL, + 2¢
Néu & anot chi cd anion SO va H,O thi s& xay ra:

2HOH — 2H* 4+ 20H +2¢

+ 1
20H —->H,0+ 502

Cong hai qua trinh lai ta cé:
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H,0 — 2H" + 10, +2¢
2

Néu & anot chi ¢6 céc anion OH ctia kiém va H,O thi:

20H —20H+2e

+
20H —>H20+%02

= 20H — H,0 +%«o2 +2e

e Quad trinh xay ra & anot hoat dong:

Trong truomg hop ndy ¢6 ba qua trinh oxi héa canh tranh nhau, dé 1a
sy oxi hoa nudc thodt ra oxi, sy oxi héa anion cha chét dién li va su oxi
héa kim loai lam vat liéu anot (goi 14 anot tan),

Néu kim loai anot c¢6 the khir bé hon hai hé dién héa kia trong diy thé
khir chuan thi s& quan st thdy sy hda tan anot kim loai. Trong tnrong hop
ngugc lai s€ xdy ra sy oxi hda anion cia chét dién li hoac sur thoét ra oxi
nhu & anot tro.

Binh luat dién phan

o Al

nF
m — khéi lugng chat thodt ra & anot hodc catot khao sat, g; -
A —kh&i lugng mol nguyeén tir cha chat thoat ra & dién cuc khao sét, g;
n — 56 oxi hda ctia ion bi khir dién tich & dién cuc khao sét;
I—cudng 4o dong dién dién phan, A;
T —thoi gian dién phén, s; ‘
F — hiing s6 Faraday, F = 96500 C.mol .

Thé phan hady

Hi¢u s6 di¢n thé t6i thiéu cta ddng dién mot chiéu gifta hai dién cuc khi
ti€n hanh dién phan dé€ su dién phan bit ddu xay ra goi a thé phdn hily.
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Qué the

Qud thé = Thé phan hay thuc € — The phan hiy Iy thuyét

The phan huy 1i thuyét bing suét dién dong cila pin tao bdi cac chat thoat
ra & hai dién cuc khi dién phan.

Qud the phu thuoc vao vat liéu [am dién cyc, thanh phdn dung dich, trang thai
cdc chat thodt ra ¢ cac dién cuc khi dién phan, mat d6 dong dién, nhiét do, ...

Su an mon kim loai

Sy an mon kim loai la sy tu phd hiy vat liéu kim loai gay nén béi céc chat
O moi trudng xung quanh.

Su dn mén héa hoc

Sy an mon héa hoc con duge got 1a su an mon kho hay s an mon khi. D6
la sy an mon do tdc dung héa hoc truc ti€p cua vat lidu kim loai véi cdc chét
khi ¢6 mat trong méi trudng ti€p xiic véi né. Sy 4n mon nay xay ra & nhiét
d¢ cao hon nhiét d6 binh thudng, khi ma sy ngung tu hoi 4m trén bé mit vat
ligu kim loai khong thé cé duoc.

Su &n mon dién héa

Sy an mon dién héa hay su an mon udt, su an mon trong dung dich chét
dien li. Sy cé mat dong thoi oxi va nude thién nhién (nudc hoa tan chat dién
i, nhir H,CO;) 12 hai y&u t6 thuan lgi cho sut an mon.

Kim foai khong nguyén chat tiép xiic véi oxi khong khi va nuée thién
nhién tao nén nhing vi pin dién héa bt 4n mon, do kim loai dé déng vai trd
anot clia pin, con tap chdt trong kim loai 14 catot.

St @n mon sinh hoc
Sy an mon sinh hoc 1a sy &n mon gay nén boi ndm va vi sinh vat trong
mo1 truong ma kim loai tiép xuc.
Céc phitong phap bao vé vat lidu kim loai khoi bi an mén
* Dung céc hop kim bén d6i véi méi trudng.
* Phit bé mat vat liéu kim loai bang cdc chat hay vat liéu bén.
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¢ XU li moi truong an mon.
e Phuong phdp dién héa: phwong phdp bdo vé catot, phuong phédp
protectd.

» D¢ chéng an mon sinh hoc, ngudi ta trén chat chéng ndm, chdng vi sinh
vat vao chét phu bé mit kim loai.

BAI TAP

10.1. Hay thiét lap mot pin gém hai dién cuc chudn & 25°C. Mot dién cuc la
Pt trong dung dich Sn**/Sn®*, dién cuc kia Ia Pt trong dung dich
Fe3+/F€2+'

a. Tinh suat dién dong cha pin, biét ring £'(Fe**/Fe’*) = 0,771V;
£°(Sn**/sn**") = 0,15V,

b. Néu néng do caa Sn** = 0,01M, cia Sn®* = 0,1M; cla Fe* = 0,1M vA
Fe’* = 0,001 M thi suat dién dong & 25°C cfia pin nay 12 bao nhiéu?

c. Tir két qua thu duge & cau a va b, hdy cho biét muén tang suit dién
dong ctia mot pin, cdn phai thay doi néng do clia cdc cip oxi héa —
khir & cdc dién cuc nhu thé ndo?

Bai gidi
Ptj[Sn**]=[Sn®" 1= IM | (Fe™"] = [Fe?*] = IM[Px

a. E=g? —£° =0,771-0,15=0,62V

b. a(Fe3+/Fe2+ ) =0,771+ 0’?59 ig 00(’){1)1 =0,79V.

g(sn*/sn*") = 0,15+ 20391, 001 oy
2 C 01

E=079-0,09=0,70 V.

¢. D¢ tang suét dién dong ciia pin, cén tang €, va gidm &_, nghia 12 tang
nong d¢ dang oxi hda, gidm néng do dang khir & catot, déng thdi gidm
nong do dang oxi héa, tang ndng d6 dang khir & anot.

102 Tinh °(Fe™"/Fe”"} vae®(C103/Cr) ¢ 25°C dya vao céc s6 lieu

sau.
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3+ =7 2+ e'=
a. Fe »Fe _0,440\,*’ Fe

=-0,036V

Bai gidi
Fe'* AGY — Fe
a  AGN MG
Fe?+

AG® = AGY + AGY
—nFe’ = —n,Fe/ ~n,Fed
+ 3Fe (Fe™ [Fe)=+1Fe" (Fe™/Fe?* ) +2Fe’ (Fe?* /Fe)

o (P’e3+/FeZ+ ) =3¢’ (F€3+ /Fe) —2¢e° (Fe:”/Fe)
£” (Fe™ [Fe?* } = 3(~0,036) - 2(~0,440)

e” (Fe™ [Fe** ) =0,772V.

ClO3 >Cl™

65" (CIO; /c1 )=+53 (c1og/c12)+1a°(c12/cr)

= (0107 /CI ) =1,45V.

10.3. Cho biét thé khir chudn & 25°C chia cée cap sau:
£ (H,As0,/HAsO,) = 0,559 V va %(L,/T") = 0,5355 V
Hoi chiéu ciia phan ting sau & diéu kién chudn va 25°C:
H;AsO, + 21 +2H" = HAsO, + 2H,0
Néu chi bi€n déi pH (cdc diéu kién khéc git nguyén nhu c4u a) thi &
gid tri ndo cua pH phan \ng trén bat ddu ddi chiéu?
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c. Tinh hang s6 can bang K ciia phan tng thuan va phan ting nghich.
Bai giai
a. Vi 80(H3ASO4_/HASO2) > £°(Ly/1") nén phan g di theo chiéu thuan.
b. D€ d6i chiéu phan tng cdn c6 didu kien:
e(H3As0,/HAsO,) < & (I,/1 )
Can tinh e(H;AsO/HAsO,) theo pH:
H;As0, + 2e + 2H" = HAsO, +2H,0

Vi chi bién d6i pH so véi cau a nén [H;As0,] = [HAsO,] = 1M. Tir dé:

0,059

e(H;As0,/HAsO, ) = £? (H,AsO, /HAsO, ) + Ig[H*}? <0,5355V

1g[H' P <0,5355V

&(H;AsO, /HAsO,) = 0,559 + 0. 359

= 0,559-0,059 pH < 0,5355 V
= pH > 0,40.
Vay & pH = 0,40 thi phan ting bat ddu déi chiéu, vi & pH nay thé khir
cua cdp I,/I” khéng déi so véi diéu kién chudn.
_ nE® _ 2(0,559-0,5355)
0,059 0,059
= K=6,26.
Hing s6 K cla phan tng nghich:
. 2(0,5355-0,559)
T 0,059
= K'=0,16.
hoic K'=~-=—1_—0.6.
K 6,26
10.4. Cho biét the khtr chudn cba cdc cip sau & 25°C;
" (Fe™*/Fe’™) = 0,771V va %Ag'/Ag) = 0,7991V
a. Viét phuong trinh héa hoc xdy ra khi cho cdc cap phan tng véi nhau &
diéu kién chuén va 25°C,

c. 1IgK ={),7966

IlgK

=-0,7966
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b. Tron 50ml dung dich AgNO; 0,01 M véi 25ml dung dich Fe(NO5),
0,02M, 25ml dung dich Fe(NQ,); 0,05 M va bot Ag du.

Hay tinh AG clia phan tmg sau trong diéu kién nay & 25°C;
Fe¥" + Ag" = Fe + Ag()
Tir két qua thu duge hay cho biét chiéu phan dng trén.

Bai gidi
a. e°(Fe**/Fe®") < £” (Ag"/Ag) nén phan éng xiy ra nhu sau:
Fe™ + Ag® = Fe’* + Ag(tt)
b. Néng do céc ion sau khi‘tr(‘_an:
[Ag'1=107? % =5.IQ‘3M; [Fe?*]1=2.1072 % =5.107°M.

[Fe*]=5.10"2 22 =125.102M
100

e(Ag'/Ag) =0,7991 + 0,59 1g 5.107° = 0,6633 V.

1,25.1072

E(Fc:”/Fez*):O,?7l+0,0S9Ig 1o =0,7945V

AG = -nFE = -1.96500 (0,6633 — 0,7945) = 12660,8 I >0
C6 thé tinh AG theo cong thiic sau: '

AG=RTIn9
K

1,25.1072 1(0,7991-0,771)
=220 =500 1gK =
5.107%5.107° gk 0,059

= K =2,994.

Q, = 0,476

500

AG=8,314.2981n 7 =12680J >0

AG > 0: Vay phan tng di theo chiéu nghich.
19.5. Tron 10 ml dung dich SnCl, 0,100 M véi 10 ml dung dich FeCl, 0,100 M.

Xéc dinh thanh phin cla hé khi cén bing. T d6 suy ra thé khir cia
céc cap trong dung dich liic can bing & 25°C.
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2 (Fe’*/Fe?*) = 0,771 V, ’(Sn*/Sn*")=0,15V.

Bai gidi
Sn?* + 2Fe* = Sn** + 2Fe™
Ndbd: 0,05 0,05 0 0
Ndcb:  005-x 0,05-2x X 2x
IgK = 2(0,771-0,13) ~21.05
0,059

= K=1,12.10%.
Hang 56 K rat 16n nén ¢6 thé coi phan ting gdn hoan toin va x =0,025 M.
Tir 46 [Sa*'] = 0,025M = [Sn?*] ; [Fe?*] = 0,05 M va:
{Fe*)=0,05-2x ~¢
[Sn4+ ][F62+ ]2
[Sn* 1K

[Fe**]= 0,025(0,05)%
0,025.1,12.10%

[Fe3+ ]2 =

-

t/2
] =1,49.1071? M.

Khi can bing e, = £(Fe*/Fe?*) = &(Sn**/Sn**) neén:
0,059 0,025

e, =015+ 1 =0,15V.
cb 2 £0.025

10.6. Thiét 1ap mot pin néng do sau & 25°C:
" Pt, Hy(1 atm) |CH,COONa 0,IM[[HC1 0,01 M [H,(1 atm), P1.

Suat dién déng cua pin la 0,4058 V. Tinh hdng s6 bazo clia bazo
CH,C00™. |

Bai gidi
Sudt dién dong cua pin Gng véi hiéu s& sau:
0,4058 =& +0,059 1g0,01—(e? +0, 059'1g[H*]) ,

0,01

H+

0,4058 =0,0591g

- [H* ] =1,32.10°M
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1.107H

=  [OH7]= =17,576.10"°M.
1,32.107°
CH,COO™ +H,0 = CH,COOH + OH™
Ndbd: 0,1 0 0
Ndcb: 0,1 —x X X v&i x = 7,576.10 ° M
Ky :@%}IO"E vix<<0,1 nén 0,1 -x=0.1

=K, =35,74.107'°,
10.7. Thiét lap mot pin sau & 25°C:
Ag | dd bao hoa Ag,CrO, | | AgNO;0,1 M| Ag

a. Tinh suat dién dong ctia pin, biét ring tich s& tan cia Ag,CrO, la
9.107"2, |

b. Vi€t cc qud trinh héa hoc xay ra & cdc dién cyc khi pin lam viéc, chi
rd anot, catot cua pin, chiéu di chuyén céc electron va chiéu dong dién
trong pin.

Bai gii

K =45 = s=[CrOi_]=3%

-12
s=3,/9‘12 =1,31.10™*M

[Ag"] =25 =226.10"M
Suit di¢n dong E clia pin la:
E= 0,0591g_-0’1—_~ =0,152V
2,62.107
b. Dién cuc trdi I anot:
O: 2Ag+CrO; — Ag,CrO, (1) +2e
Dién cuc phai la catot:
@ 2Ag" + 2e - 2Ag (1)
Céc electron chuyén 1l anot sang catot, con chiéu déng dién ngugc val
chi€u di chuyén cic electron.
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Chuong 11
TINH CHAT CHUNG <UA KIM LOAI VA PHI KIM

BAI TAP

11.1 Gidi thich tai sao khi hoa tan Sn trong dung dich HCI du khéng tao ra
Sn** ma chi tao ra Sn®* |, biét ring the khit chudn & 25°C cia céc cap
nhu sau: &°(Sn**/sn*" ] =0,15V, £° (Sn2+/Sn) =-0,14V.

Bai gidi -
Vi €%(Sn>"/Sn)=-0,14v <&”(H*/H,)=0,00V, nén xdy ra phan
iing sau:
. Sn+2H" - Sn** + H,
Sn* tao ra khéng khir duge H ti€p vi
£ (Sn*" /30’ )= 0,15V > & (H*/H, ).

11.2. Tao sao khi pha dung dich SnCl, phai pha trong méi trudng HCI va dé
bao vé dung dich ctia n6 phai cho thém vio 4§ it hat Sn.

Bai gidi
SnCl, 13 mudi cha bazo y&€u nén ion Sn* bi thuj phan:
Sn** +H,0 + CI' = Sn(OH)CH + H*

Trong mdi trudmg axit hop chat it tan Sn(OH)Cl khong tao thanh dugc,

vi cdn bang chuyén dich sang bén tréi.

Trong khéng khi O, s¢ oxi hod Sn®" thanh thi€c oxiclorua mau vang:
25n** + O, +4CI" — 28n0Cl,

117



Khi c6 mat Sn la chét khi, Sn s& khir SnOCl, tao lai Sn?* :
SnOCl, +Sn +2H* = 28n** +H,0 + 2CT’

11.3. Tinh pH ciia dung dich AI(NO;), 0,033M, biét r&ng hang sé dién li axit
K, ctia AI™/AI(ORH)* 1a 10°5,

Bai gidi
Al’* + HOH = AI(OH)** +H*

" Ndcb: 0,033 -x . X X

_5_

0,033-x
Tir d6: x =+/0,033.10° = 5,74.10" << 0,033. Vay gi4 thiét tren I
ding.
= [H'1=574.10*M va pH =-1g 5,74.10
= pH = 3,24, ,
11.4.a. Cho biét °(Fe™ /Fe?*)=0,771V,£°(0,/H,0) = 1,229V, tich s6 tan

cira Fe(OH), 13 3,8.10%, cia Fe(OH), Iz 4,8.10'. Hay tinh & 25°C;
£’ [Fe(OH), /Fe(OH),] va £°(0,/OH") trong moi trudng kiém (pH = 14).

b: Tir cdc 56 liéu tinh duge hidy cho biét trong hai phén ting sau day, phan
itng nao xay ra dé hon vé mat nhiét dong?

4Fe**+0, + 4H" — 4Fe* +2H,0 (& pH = 0)
4Fe(OH),+ O, + 2H,0 — 4Fe(OH); (& pH = 14).

. Gia thiét x << 0,033, ta ¢6 0,033 — x = 0,033.

Bai gidi
AG? _
a. FeiOH) +e —=I 5 Fe(OH)2 +0OH
AG? b a8
3+ - AGY 2+ -
Fe™ +30H +e ——2—»  Fe“*+30H

~1FeRe om), /reor, =—RTINK, o ~IFE0 pa +RTINK,

RT., K,

0
= ERe(OH), /Fe(OH), = ?In - +E Jrer =—0,536V.

Fe{OH)z

8

118



]
0, +4e+4H,0 4G, 40H™ +2H,0

AG? \ / AG!

O, +4e+4H" +40H”
AG® = AG) +AG)
~—4»Fsg2 son- =~RTIn Kt,0 ~4Feo,m0
- =I%m Kit.o 20, m0
€9, jon- = 0-401V

b. 4Fe*+0, +4H* - 4Fc™ +2H,0 (3 pH=0).
AG®=-4.96500 (1,229 -0,771)=-176 788 J
4Fe(OH),+ O, + 2H,0 - 4Fe(OH), (& pH = 14).
AG® = -4.96500 (0,401 +0,536) =-361 628 ]
AG® < AG®nén trong moi trudng kiém phén ing xay ra d& hon.

11.5 Cho SO, phan ng vai O, khong khi & nhiét d6 700K cé mit chat xiic
tdc V,0s tao thanh SO, theo phan img:
250, (k) + O, = 2804(k)

Khi can bang ¢ 4p suit latm thu duge hén hop chita 0,21 mol SO,;
53,37 mol O,; 10,30 mol SO, va 84,12 mol N,. Hay tinh:

a. Hing s6 can bang K, & 700K.

b. Thanh phdn ban d4u ciia hén hop khi.

c. Ti 1& chuyén hod SO, thanh 8O,. _

d. Néu trong hén hgp ban ddu khong c6 N, cdn s6 mol SO, va O, vén giit
nhur trén, thi lic & trang théi cin bang ti 1€ chuyén héa ciia SO, bdy git

* la bao nhiéu? Ap suat cha hé ¢an bing vin 13 1 atm.

Hay rdt ra két luan vé kha nang ding O, khong khi hay O, tinh khiét
tiét kiém hon.

Bai gidi
a. Py, =0,21.107%atm; P, =5,37.10atm; Py, =10,30.10"%atm.
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(10,30.107%)?

K, = — 7 =4,48.10%.
(0,21.107%)%5,37.10° :

b. 280, + 0, = 250,

Khi can bing: a—x b—% . x = 10,30 mol

= a=10,51 mol, b= 10,52 mol, s6 mol N, la 84,12.
C. (1:1-@100%:98%.

10,51

d. 250, + O, = 250,

Khi can bing: 10,51 — x 10,52-% X

T8ng s6 mol khi ldc can bing En = 21,03 —325

X
10,522
Py =lm;7; P, = 2 P Pso, =_x__p.
Coo103-X ©o2103-% 21,03-%
.2 2 2
V1K, rat 16n nén cé thé coi phan ting gén hoan toan va x = 10,5].
Tir d6:
. (10,51)*.15,78
4.48.10° = Q0SI-x7 527 = 10,51 -x = 0,086
= x=10,424

10,424
10,51

100% =99% .

Hiéu sust chuyén hod cia SO, khong tang lén may so véi ding 0,
khéng khi, nén viéc ding O, khong kh{ tiét kiém hon nhiéu so véi viéc
dung O, tinh khiét. Hon nita c6 thé tang hiéu sudt chuyén hod SO,
bing cdch diing mot luong du khong khi. _

11.6. Tinh néng Juong mang ludi cta tinh thé NaCl (Uy, ) dua vao céc 6
ligu dudi day:
Entanpi nguyén tir héa Na (tt) 12 108,4 kJ.mol'l;
Nang lugng ion hoa thit nhat cha Na 13 496 kJ.mol';
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Nang luong lién két Cl — C1 1a 239 kJ.mol
Niing luong gén két electron thi nhét ciia C1 11 -348 kJ.mol ;

Entanpi tao thanh NaCl(tt) 1 -393,1 kJ.mol .
Bai gii
Na(tt) + l(:12(1<) —ls NaCl{1t)

1
lAHa 2 Eqa ~Unaar

Na* (k)+Cl™ (k)

Na(k) +  Cl(k) TN A,(C) >

1
= Uy =108, 4+ % (239)+496-348 +393,1

= Upaq = 769 kI.mol ™.
11.7. 3 25°C, %(Ag*/Ag) = 0,791V, tich s6 tan clia AgCl 1a 1,6.10"°. Hai
Ag(tt) c6 ddy duge hidro khoéi dung dich HCI 1M khong?

Bai giai
0}
AgCl(tt)+e A6, Ag{tt)+CI°
AG| / AGY
Ag' +e+Cl-

AG? = AG? +AG;
= -1Fe"(AgCl/Ag) = - RTInK 5,01y — 1Fe (Ag/Ag)
= " (AgCl/Ag) = %m 1,6.10™" +£°(Ag" /Ag)
e’(AgCl/Ag) = 0,22V.

Trong dung dich HCI 1M gid trj e2(H"/H,) = 0,00 V.

Vie (AgCl/Ag) =022V>¢ (H’/Hz) = 0,00V, nén Ag khéng day
duge hidro khoi dung dich HCl 1M.

121



11.8. Tinh ning lugng lién két O-H trong phan tir H,0, dva vio cic s6 lieu
(kJ.mol! ) sau:

AH{(H,0,k) = —241,8, nang luong lién két H-H 1a 436 va nang luong
lién k&t O=0 12 498 4.

Bai gidi
1 _
Hy(k) -0,(k)—285  H0(k)

436 \ N\ 249,2 /" 2B, 4
2H(k)+0O(k)
-241,8 = 436 + 249,2 - 2B, ; = Eq 4 = 463,5 kI.mol ..
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Chuong 12
MOT s& LOAI HOP CHAT VO €O

BAI TAP
12.1 Phiic chat Na,[Cd(CN,)] dé tan trong nudc va phan li hoan toan ra céc

ion Na*;

a. Hoi dau 1 ion phitc, cdu ndi, cdu ngoai, nhan trung tdm, phéi tr ciia
p?ﬁc chat? '

b. S& ph6i tri chia nhan trung tam, dung lugng phéi tri cha phdi tir 1a bao
nhiéu?

c. Viét phuong trinh phan li timg néc cia ion phic, keém theo bidu thic
héng s6 cdn bing tuong ng.
Cho biét céc‘hﬁng s6 phan li timg nfc nhu saw:

K= 105%, K =102, K,=10*%, K, = 107

Tinh hing s& phan 1i tdng cha ion phic.

Bai gidi
a. Ton phifc; [CA(CN),1> cdn duge goi 1a cdu noi.
C4u ngoai: 2Na".
Nhan trung tam Cd**.
Céc phdi tir : 4CN".
b. S6 phéi tri clia Cd** 1a 4
Dung lugng phoi tri ciia CN71a 1.
- [CA(CN); JICN"] _ 107548

. [CHCN),J> = [CA(CN);]" + CN K
‘ ¢ : ' T cdeNE ]
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[Cd(CN), J[CN"] —10-512 '

[CA(CN),) = CA(CN), +CN,, K, =

[CAd(CN);]
[CCN),] = CACN)' +CN,, K, = SHUENTHEN]_ ) oses
- [CA(CN);)
. 2+ —
[CHCN)T* = Cd®* + CN-; K, =G NENT_ jgaes
[Cd(CN)*]

Hing s6 phan li tdng B;' =K, K, K;K, = 1071888 ttng v4i can bang sau:
[CA(CN),]* = Cd** + 4CN°

By = [Cd*][CN"]*
[Cd(CN); ]
12.2 G thé khi cdc phan ti HF lien hop véi nhau bing lién ket hidro tao
thanh vong sdu canh (HF), theo phan tng sau:
6HF(k) = (HF)q (k)

Tinh nang luong lién ket hidro trong (HF)g, biét ring & cdc nhiét do
273K va 311K hing 6 can bang K, 14n luot 12 9,55.10"'2 va 1,023.10°7%,

Bai gidi
1 955.107  —AH( 1 1
1,023.10™ ~ 8,314\273 311
=  AH=-1698121.

Nang luong lién két hidro Ey = -é—(1698 12).

Ey; = 28302 J.mol .

12.3 Tinh nong do t6i thiéu clia NH, cé thé hoa tan hoan toin 0, Imol Agdl,
biét ring K (AgCl) = 107*° , héing s& dién li téng B;' cha ion phic

[Ag(NH,),]* bing 1072,

Bai gidi
AgCl(tt) + 2NH; = [Ag(NH,),]* + CT
Khi AgCl tan hoan toan thi [CI'] = 0,1M. Tir dé:
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10—10

[Ag"]= o =10°M
=12 11
va [NH;)* = 1—9——62_(1)0— =10

= [NH;]=2,5M.

12.4 Tinh pH clia dung dich axit manh H,SO,10™*M, biét ring hing so dién
li axit nac thi hai 1a K = 1072,

Bai giai
H,S0, » H' + HSO,
10% 03
HSO, = H* + SO
ndeb: 107 -x  x X
102 SO s 10
107 —x
= [H'1=10"+x=1.85.10"M
= pH =273.

12.5. So sanh do hoa tan cua LiF(tt) va NaF(it) trong nude & 25°C dua vao
cac s0 liéu (kJ.mol ™! nang lugng mang ludi U, entanpi hidrat hoa
AH®} va su bién thién entropi AS® clia sy hoa tan chiing nhur sau:

U AH,? TAS®
LiF(1t) 1008 -1012 -7.95
NaF(it) 904 -904 - 2,50
Bai gidi
MF (it)+aq _AH, M*aq+F aq

Unr \ P
M*(k)+F (k)+aq
AH® = Uy + AH]
AHY = 1008 -1012= -4 kJ

125



AGlr = AH® —~TAS? =—4+7,95=3,95 kI
AHS, - = 904904 =0
AGRr=0+2,50=2,50 kJ

AGRyr < AG ;. nén NaF c6 do hda tan 16n hon.

%2.6 Entanpi sinh chudn ciia CaCly(t), CaCl,.6H,0 (tt) va H,O (J) 14n luot 1
-794,96, -2608,9 va -285,8 kJ.mol ..
a. Tinh entanpi chuén cla su hidrat ho4 sau:
CaCl, (tt) + 6H,0 (1) ~» CaCl,.6H,0 (1t)
b. Tinh entanpi chudn ciia sy ho tan CaCl, (tt) vA CaCl,.6H,0 (tt) trong
nudc, biét ring entanpi sinh chudn clia Ca**.aq va CT .aq 14n luot I
-542,96 v -167,2 kJ.mol”',

Béi gidi

a. CaCly(1t) + 6H,0() - CaQl, . 6H,0(tt)
AH® = -2608,9 + 794,96 + (285,8)6 = -99 kJ.mol'!

b. CaCly(tt) + aq — Ca’*.aq + 2Cl aq
AH,), = -542,96 + 2(—167,2) + 794,96 = —82,4 kJ.mol

AH(I{ 2+ -
CaCl, .6H,0(1t) +aq — Ca‘*aq+2Cl aq
99 g 82,4
CaCl, (1t) + 6H,0 (:‘) +aq

AHY =99-82.4=16.6 kJ.mol™".
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Phan Il
CAd HOI TRAC NGHIEM

Chuong 1
CAU TRO NGUYEN TU

1.1, Gia thiét cdc cdu hinh electron nguyén tit sau, cdu hinh nao tuén theo

Iiguyén li Pauli?

A. 15 252 2p5 35? 3p® 3012 4¢?;

B. 1s? 252 2p° 3s? 3p®3d'% 452 4p® 4d%;
C. 1s? 2s% 2p° 3s? 3p°;

D. 15> 252 2p 352 3p° 4%,

0.5 B

1.2. C4u hinh electron nguyén tirnio sau day & trang théi co ban?

1.3.

A. 1s? 287 2p° 3s!;

B. 1s* 2s” 2p° 3s' 3p™;

C. 1% 25% 2p° 3s° 3p63dl°452;

D. 15?252 2p®3s? 3p° 4d.

p.S C _

Hay cho biét.cfu hinh electron nguyén tif ndo sau day tuan theo quy
tic Hund?

a OO
s (R Y
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1.4.

1.5

1.6.

1.7.

128

c. NI T ]
p. (BT T

£S B

Gia thi€t ¢6 cdc ciu hinh electron nguyen tr sau, cdn hinh nao khéng
tuan theo nguyén H Panli?

A. 157257 2p° 357 3p° 3d'°

B. 157257 2p® 357 3p 3d° 457

C. 157257 2p° 357 3p° 3d% 45°

D. 15”25 2p° 3s” 3p° 3d° 45 4p”

0§ B

Cdu hinh electron nguyén tlr ndo sau day & trang thai kich thich?
A. 15° 257 2p° 3!

B. 1s% 2s% 2p% 3s% 3p©3g'"

C. 15727 2p°

D. 1s% 257 2p° 357 3p*

PS. B

Trong s6 cdc cdu hinh electron nguyén tif sau, cau hinh nao khong
theo nguyén tic Hund?

A WO
g L[] LTt
c. WU INL]

p. [

BS C.

Céu hinh electron nguyén tir nao sau day ¢6 hai electron doc than?
A. 157257 2p° 3s% 3p° 3d%4s%;

B. 15?257 2p° 357 3p° 3d% 45,



C. 152252 2p% 35 3p° 3d° 457
D. 15?25 21:16 3s” 3p° 3d° 452,
s A
1.8. Cdu hinh electron nguyén tir ndo sau day c6 niang lugng cao nhat?
A. 15%25% 2p° 35% 3p°3d'%s%;
B. 152 2s% 2p% 3s? 3p® 343 457
C. 1s%25? 2p° 3s” 3p®3d° 4s? 4p?;
D. 15?25 2p° 3s% 3p° 3d"4s” 4p'.
88 C
1.9. CAu hinh electron ciia ion nio sau day & trang thai co ban?
A. 1522s% 2p® 357 3p% 3d% 45"
B. 1s% 2% 2p® 3¢? 3p°3d°4s?;
C. 15% 252 2p% 35 3p° 3d! 452,
D. 15% 2s? 2p® 3s? 3p® 3d%4s7.
S A
1.10. Céu hinh electron-nguyén t&r nao sau day ¢6 niang lugng thap nhat?
A. 152252 2p° 3s? 3p®3d1%4s%;
B. 1s% 257 2p6 3s2.3p° 3d’ 4s*4p';
C. 152 25% 2p° 32 3p° 3d® 457
D. 15?252 2p° 3s% 3p® 3d%s” 4p2.
b8 C
L.11. Obitan nguyén tir 3p, ing véi 16 hgp cdc s6 lugng ti nio sau day?
An=3/=0,m=0
Bn=31I=1,m=0
Cn=2,1=1,m=0
D.n=31=2,m=0
£S B
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2.1.

22,

2.3.
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Chuong 2
BANG TUAN HOAN CAC NGUYEN TS HOA HOC

Céc nguyen tr clia cdc nguyén td trong ciing mot chu Ki:

A. Déu c6 ciing s6 electron;

B. Déu c6 cing s6 16p electron;

C. Péu c6 ciing sd proton;

D. Déu ¢6 cuing s6 notron.

Hay chon cdu trd 161 dung.

28 B.

DE biét mot nguyen 16 & nhém A can cii vao ddu higu nio sau day?

A. Sy dién electron cudi ciing vio nguyén tir ca nguyen t6 theo quy
tic Kleckopxki két thiic & ns hoic np;

B. Su dién electron cudi cling vao nguyeén tlr clla nguyén td theo quy
tac Kleckopxki két thiic & (n-1)d;

C. Su dién electron cudi ciing vao nguyén tir clia nguyén t6 theo quy
tdc Kleckopxki két thic & (n - 2) f;

D. Electron & 16p ngoai cung 1a electron ns.

DS A.

Nguyen tit cia nguyén t6 nao sau day thudéc nhém I1A?

A. 152252 2p° 35 ?:p6 3d'%4s%;

B. 152 25%2p5 352 3p° 3d% 4%

C. 15 2s? 2p° 357 3p° 3d! 4s%;

D. 15 2s% 2p° 3s? 3p° 3d%4s?.

28 B.



2.4.

2.5.

2.6,

2.7.

2.8.

2.9.

2.10.

Nguyén tif clia nguyén t6 nao sau diy thuoc nhom VI B?
A. 152252 2p° 3s? 3p° 3d° 4s%;
B. 152 25 21::6 3s? 3p°® 3d’ 4s%,
C. 152252 2p% 3s% 3p° 3d” 4s%;
D. 1s%2s? 2p° 3s% 3p° 3d'%s°.

pSs C

Ban kinh ciia c4u tlr nio sau day 13 16n nhat?
A. O; B.OY; C.0O; D.0% .
S 0% _

Sit dung s6 licu A,B,C,D & cau 2.5, hdy cho biét bankinh cta cau tir
nao nhé nhat?

bSs 0o, . .

Nguyén tir nao sau day c6 nang lugng ion hoa thif nhat 1a 16n nhat?
A. Na; B. Mg; C.F; D.Cl

£8. F.

Diing s6 liéu & cau 2.7 hay cho biét nguyén tir nao c6 nang lugng ion
héa thit nhat 13 nho nhat? '

.5 Na. _

Trong s& bon nguyén tir dua ra & cau 2.7, nguyén tir ndo ¢4 nang luong
gin keét electron 12 1dn nhat (4i luc véi electron nho nhét)?

£8 Mg )

D6 dién am clia nguyén tir nio 12 16n nhét trong s6 bon nguyén tir dua
ra & cau 2.77
£.8 F.

2.11. Trong s6 b6n nguyen tir & cau 2.7, nguyén tit ndo ¢6 d6 dién am nhod

2.12.

nhat?

5. Na.

Nguyeén t6 X nio sau diy thuéc nhém VIIA? Bi¢t rang X tao duge oxit
X,04, trong d6 X ¢6 8 oxi hod cao nht.

A. X cé hai electron & 1dp ngoai cing.

B. X khéng tao duge hgp chiét khi véi hidro.

C. X 1a kim loai.

D. X ¢6 7 electron 16p ngoai cung.

£S D
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Chuong 3
LIEN KET HOA HOC VA CAAU TRO PHAN TU

3.1. Nang luogng cha qué trinh nao sau day 13 nang lugng lien két cdng

hod tri?
A Ty(tt) ~> L) B. L(J) -» L(k);
C. L(tt) - L(k): D. L(k) — 2I(k),
S D.
3.2. Trong phén tir C,H, c6 may lién két o cong héa tri?
A. Hai; B. Ba;
C. Bon; D. Nam.
.5, Nim, _
3.3. D6 dai lién két N-N trong phan tit nao sau day 13 ngén nhat?
A. N,H, (hidrazin); B. N,Oy;
C. N,O; D. N,H, (diimin).
£5. N,O.
3.4. Phan t§ nao trong bon phén tir dua ra & cau 3.3 ¢6 do bén lién két N-N
16n nhat?
£S5 N,O.
3.5. D¢ ion cna lién két trong phan tir no sau day 13 16n nhat?
A. NaF; |
B. CaCl,;
C. CaBr,;
D. NaCl.
£.S. NaF.
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3.6.

Ban chat cta lién két ion la:

A. Su dung chung cdp electron hod tri;

B. Luc tinh dién giita cac ion trdi dau;

C. Su xen phu cic obitan nguyén tir hoa tri;

D. Su chuyén electron tir nguyén t nay dén nguyén ti khéc.
Hiy chon céu tra 101 diing.

£S B

3.7. Mdi lien két cong hod tri duge tao thanh (theo phuong phip VB):

3.8.

3.9.

A. Bang 2 electron c6 céc gid tri s6 lugng tir m, cling dédu;

B. Bing su chuyén electron tir nguyén tlr nay dén nguyén tlr khéc;

C. Bang 2 electron ¢6 cdc gid tri 6 lugng tir m, khac dau;

D. Bing lyc tinh dién giGa hai nguyén tlt tham gia lién két.

Hay chon cau trd 161 ding.

£S5 C.

Trang théi hoa tri clia mot nguyén t6:

A. Bing s6 electron & 16p ngodi cling clia nguyén tir nguyén t8 do.

B. Bang s& electron & phdn 16p ngodi cing clia nguyén tir nguyén
16 do.

C. Bang s6 electron doc than ciia nguyén tir nguyén t6 d6 & trang thdi
ca ban va trang théi kich thich c6 thé x4y ra khi phan ing.

D. Béng s6 electron doc than clia nguyén tir nguyén t6 dé & trang thai
co ban .

S C,

Cau tra 1oi nao sau day la ding? Cac nguyén 18 halogen:

A. Déu c6 trang thai hod tri 1,2,3,4,5,6 va 7.

B. Déu & trang thdi héa tri 1,3,5,7.

C. Déu & trang thdi héa tri 1,2,3,4.

D. Déu & trang thdi hda tri 1,3,5,7 trir flo chi cé hod tri 1.

£S D

133



3.10. Y nao sau day [a ding? Lién két ba gitta hai nguyén tir cacbon trong
phan tir axetilen (HC=CH) gbém:
A. Mot lién ket 7, hai lién két o ;
B. Mot lién két o, hai lién két x;
- C. Ca ba lién két déu 1a lién két o,
D. Ca ba lién két déu 1 lién két m;
£S5 B, _
3.11. Chon cau tra 10i ding dudi day. Cic AO hod tri ciia nguyén tir trung
tam C,N va O trong cic phén tt CH,, NH; va H,O:
A. Déu ¢6lai hoa sp™;
B. G C c6 lai héa sp®, & N ¢6 lai héa sp, & O ¢6 lai héa Sp;
C. Tat ca déu c6 lai hoéa sp’;
D. Tat ca déu c6 lai héa sp,

BS A,
3.12. Goce lién két ndo 16n nhat trong s6 cic phan tit CH,, NH,, H,0 va H,S?
A. HCH; B. ANH;
C. HOH; D. HSH.
£.5 HCH.
3.13. Phan tir ndo sau déay ¢6 c4u triic thang?
A. HOCIL; B. CO,;
C. S0;; D. 0,.
B8 €O,
3.14. Phan tlr nao sau day c6 cau tric gap khic?
A. HCN; B. NOCI;
C. BFy; D. CCL,
£.5. NOCL.
3.15. Phan tir nao sau day c6 cu triic tam gidc?
A.H;0%; B. PF;;
C. BE,; D. SO;.
fS. SO,
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3.16. Theo phuong phdp MO-LCAO, cdu hinh electron nao dudi day ding
cho phan tit NO?

A. KK)o2o’olnl = m, "

B. (KK)O' ini = n? 'n:;l;
C. (KK)s’c i nici !
D. clc.’n —nic me =m’c,!
£Ss C
3.17. Theo phuong phap MO-LCAO, d6 boi lién két trong cdu tit nao 16n nhét?
A. 0O, B. O}
C. 0] D. OF
bS8 0;.
3.18. Trong s6 bon cdu tir dura ra & cdu 3.17, lién két trong cdu tr ndo kém
bén nhat?
pSs 07
3.19. Do dai lien két ndo ngan nhét trong s6 bén cfu tir & cau 3.177
bs 0Of.

3.20, Nang lugng ion hod thit nhét & cdu tir ndo nhd nhat trong s6 bon céu tl
& cau 3.17?

DS O

3.21. Hay chon cau tra [5i ding dudi day:
A. Nang luong ion hoé thit nhat (I;) ctia phan tir O, 16n hon I; cha
nguyén tu O;
B. I, cta ion O," nho hon [, clia nguyén tir O;
C. I, cia O, bang I; cua nguyen tir O.
D. Khéng thé du dodn duoc 1; ctia O,> 16n hay nhé hon I, cla nguyen tir O

£8. B.

3.22. C4u hinh electron nio diing cho phan tir B,?
A. (KK)olo,’02: B. (KK)o?o, o)m,
C. (KK)GSGS =Ty s D. (KK)olo, n2 .
bs C
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3.23. Cau hinh electron nio diing cho phan tir O,?

3.24,

3.25.

3.26.

3.27.

A (I(K)::s'zcm2 nic;nxl +TII;1 :
B. (KK)olc,%c2n i*nin;' -n;l;
C. (KK)G 0' GE i-n%nzi
D. (KK)o?g, *n2 ~1t§0§ 2,

£S. B

Trong s6 bon phéan tir sau, phan tir nio ¢ momen Iudng cwc bang
khong?

A.OF, B. SF,

C.CS, D. H,S

DS Cs,.

Thir ty ndo cla cdc chdl sau ddy duge xép theo chiéu nhiét do néng

chay ting din?

A. CO, < Ca0 < Na(l < CgH, <Kr <C¢HOH;

B. C¢H;OH < Kr < C4Hg < NaCl < Ca0 < CO,;

C. Kr < CO, < C;Hg < C;H;OH < NaCl < Ca0;

D. Ca0 < NaCl < CgH;0H < CgHg < CO, < Kr.

28 C.

Cach sap xép nio clta cdc chat sau day so sanh ding nhiét do néng
chay ctia ching?

A.HF<HCl <HBr<HI, B.HF>HCl<HBr < HI:
C.HF>HCl>HBr>HI; D.HF > HCl<HBr> HI,
£S. B.

Thit ty ndo cuia cdc chat sau day duoc xép theo chiéu nhiét do néng
chdy ting dan?

A. CH, < CF, < Cl; < CCl, < CBry;

B.CH, < CI; < CCl, < CBr, < CF,;

. C.CI4<CBry < CCl, < CF, < CHy;
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D. CH, < CF, < CCl, < CBr, < CI,.
8S.D.



4.1.

4.2.

4.3.

4.4.

Chuong 4

AP DUNG NGUYEN Li THI NHAT CUR NHIET DONG HOC

VAO HOA HOC. NHIET HOR HOC

He nhiét dong nao sau day 1a h¢ déng?

A. Phan tng dét chdy metan bing oxi dugc thuc hién trong binh kin
cach nhiét; '

B. Phan ting nhu trén nhung duge thuc hién trong binh kin khong céch
nhiét;

C. Phan ting nhu trén nhung duge d6t chay trong khéng khi; _

D. Phan ting hoa tan kém trong céc dung dung dich axit clohidric dé hé.
£S5 B.

Trong s cic day thong sd trang thédi dusi day, diy thong s6 nao déu

- gbm cdc thong s& trang thdi khuéch d67?
A, HUTPG; B. HUSP,V (thé tich);

C.  HUS,G,m (khoi lugng), D. HUSV,C (néng d9).
£s C
Ddy ndo cac ham dudi day déu gdm céc ham trang thai?

A. HUQSG B. HUWSG
C. HWSUP; D. QpQ.SGP.
28 D

Trudng hop ndo dudi day cé nhiét phan ing ding 4p (AH) bang nhiét
phan iing ding tich (AU)?

A. GH,(X) + 2Hy(k) — CH¢(k);

B. Fe,0,(1t) + 3CO(k) — 2Fe(tt) + 3CO, (k);

C. NH,Cl(tt) — NH,(k) + HCl(k);

D. C,H (k) + 30,(k) = 2CO, (k) +2H,0 (4.

S B,

4.5. Cic phan tng sau déu thuc hién & dp sudt latm v nhiét do 298K.

Entanpi ctia phan iing nao dudi diy bing entanpi tao thanh chuin &
298K ciia CH,COOH (/)?

A. CH;CH,0H (}) + O,(k) — CH,;COOH () +H,0 () ;
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B. 2C,, +4H (k) + 20 (k) - CH,COOH (/)
C. 2C,, +2H,(K) + O, (k) - CH,COOH (/)
D. 2C(k) + 4H (k) + 20 (k) - CH;COOH (/)
bs C
4.6. Entanpi ctia phan (ing nao dudi day cé gié tri nho nhat (phan ing dugc
thuc hién & cliing mot diéu kién)?
IA. Ny(k) + 3H, (k) - 2 NH, (k);
B. %Nz(k)+%}12(k) — NH, (k)
C. 2N(k) +3H, (k) - 2NH; (k);
D. 2N(k) + 6H (k) — 2NH; (k).

£S D.

Chuong 5

AP DUNG NGUVEN Ui THU HAI
CUR NHIET PONG HOC VAO HOA HOC
CHIEU VA GIGI HAN TY DIEN BIEN CUR CAC QUA TRINH

3.1. Entropi clia trutmg hop nao dudi day Ia nhd nhdt & ciing diéu kién?

A. L (tt); B.L (I);
C. L, k) D. 21 (k).
S A.
5.2. Entropi (S) cua chat nao dudi day 16n nhat & 25°C va latm?
A. CH (k): B. CH, (k);
C. CyH, (K); D. C,H,, (K).
£S CHy.

5.3. Sy bien thién entropi (AS) cia phan ting nao dudi day 1a s6 duong?
A. NH;(k) +HCI1 (k) - NH,CI (1t);
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B. 2NaHCO; (tt) — Na,CO, (tt) +CO, (k) + H,0 (k);
C. N, (k) + 3H, (k) —>2NH,(k);
D. 2H,(k) + O, (k) = 2H,0 (/).
bS B

5.4. AS), cla phan ttng ndo sau day ¢ gia tri 16n nhat?
A. NH,NO,(tt) >HNO; (f) + NH,(k);
B. NH,NO, (1) > N,0 (k) + 2H,0 (k);

C.NH,NO, (tt) = N, (k) +%02(k)+ 2H,0(k);

'D. NH,NO,(tt) > N, (k)+%02(k)+ 2H, (k)

8S D.

5.5. Sir dung bon phan dng & cau 5.4, phung dugc vi€t theo chi€u nguoc lai
va duge thuc hién ¢ dp suit latm, nhiét dd 298K. Héi phan dng nao
ing v6i thé déng dp tao thinh chudn & 25°C (AGjs;) cla
NH,NO;(tt)?

25 D.

5.6. AGY ciia phan ting sau 2NO,(k) = N,0,(k) c6 thé dugc tinh tir
AG%f cua cdc chat trong phan ¥mg. Hay chon cau trd 161 ding duéi day:
A. AG} = AGY [ (N,0,)+2AGT ((NO,);

B. AG} = AG} (N,0,)—2AG) ((NO,);
C. AG} = AGS ((N,0,)— AGS ((NO,);
D. AG} =2AGY((NO,)- AGS {(N,0,).
28 B,

Chuong 6
CAiN BANG HOA HOC

6.1. 3 25°C phan tng sau ¢4 hing s6 can bing K,= 9,18:-
INO,(k) = N,0,(k)
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Cau tra 101 nao dudi day 1a ding?

A.AG®>0 B. AG°<0
C.AG®=0 D. Khong du dodn duge.
£S5 B.

6.2. Phan iing nao dudi day ¢6 hang s6 can bing K, =K =K, =K,

6.3.

6.4.

6.5.

6.6.
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A. C_+CO,(k)=2C0O(k);

B. 4CuO(1t) == 2Cu,0(1t)+0, (k);

C. 2NO(k)+0, (k) = 2NO, (k);

D. N, (k)+0, (k)= 2NO(k).

£8 D.

Phén itng nao dudi diy c6 hing s6 can bing K ting theo nhiét do?
A. 2NO, (k)= N,0,(k),AH < 0;

B. CaCO, (1t} = CaO(tt)+CO, (k},AH > 0;

C. NH, (k) + HCl(k) = NH,Cl(1t),AH <0 ;

D. Ny(k) + O,(k) = 2NO(k). AH> 0.

£8 B.

Mot phén (ing thuén nghich ¢ trang théi can bing khi:
A NG =0; B. AG=0;

C. AG° <0, D. AG <0.

Hiy chon cau tra [oi ding.

0.8, B.

M6t phan tng & diéu kién chudn va nhiét d6 T chi xay ra theo chiéu:

A AGr <0 B. AGy >0

C. AG} <0; D. AG$>0.

bS8 C.

Mot phan g & dp suit P va nhiét d6 T chi xay ra theo chiéu:
A. AGr>0 B. AG; <0



C. AGY >0 D. AG} <0
Hay chon cau trd 161 ding,.
£8. B.
6.7. O nhiét do 800K hing s6 cin bang K clia phan ting
H, (k) + Lk) = 2HI (k) bing 37,2.
Tron ba khi H,, I, va HI vao mot binh chan khéng kin & 800K, méi khi
déu c6 4p suat 0,latm. Hoi cau tra 101 nao duéi day la ding?
A. Phén tng xay ra theo chiéu thuén;
B. Phan tng xay ra theo chiéu nghich;
C. Phan img & trang théi can bing;
D. Khéng du dodn duge gi.
PS8 A
6.8. HI bi nhiét phan theo phan (g sau:
2HI (k) = H,(k) + 1, (k)
Hay chon biéu thitc diing duéi day cho cén bang trén:

P 2Py, i Py +P
P, .P
C. K,=—2 1, D. Kp=—P‘2“ :
Py PH: * PI:
bS8 C.

6.9. Hiy chon cau tra 10t ding cho céc can bang sau & cing nhiét do:
N, (k) + 3 Hy(k) = 2NH, (k)

A.K,=K; B.X, =K, (RT)z
C. ‘< K (RT%:  D. K =K, RD™
B8

6.10 NH4C1 b1 nhiét phan trong mot binh kin & nhiét d khéng déi theo
phan img sau:

NH4C1 (tt) = NH,(k) + HCI (k)
Khi hé & trang thdi can bing, néu ta cho thém vao hé mat lugng nhd
NH,CI (tt), thi cau tra 10i nao sau day 1a diing?
A. Gia tri hing s8 K, tang;
B. Gid tri hing s6 K, gidm;
C. Gié tri hang 36 K, khong déi;
D. Khong du doan dugc sy bién déi gia tri K,
28 C _
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. 6.11.

6.12.

6.13.

6.14.

6.15.

CaCO, phan huy & nhiét d¢ cao trong mot binh kin theo phan ving sau:
CaCO; (1) = CaO (1) + CO, (k)

O nhiét do 800K hing s6 can bing K, = 0,220.

Téng dung tich ciia binh phan tmg lén gdp d6i & nhiét do khong ddi

nh¢ vao mot pittong va che cho can bang méi duoc thiét lap. Hoi cau

tra 1o nao dudi day 1a diing?

A. Ap suat trong binh giam xuéng con mot nira so véi can bang trudc;

B. Ap suit trong binh tang gap d6i so v&i can bang trudc;

C. Ap suit trong binh khong déi;

D. 86 mol khi CO, trong binh khéng déi.

B8 C

Can bang nao dudi day khong chuyén dich khi bién déi 4p suat, nhung
khong bién dbi nhiét do?

A. PCls (k) = PCl, (k) + CL(k);

B. 2Hg(l) + O,(k) = 2HgO(tr)

C. FeO(tt) + CO(k) = Fe(tt) + CO,k);

D. CO(k) + Cl, (k) = COCl,(k).

b8 C

Can bang sau 4Cu0 (1) = 2Cu,0 (tt) +O, (k) c6 bac te do bang:
Al B.2;

C. 3 D. 4.

Hay chon céu tra 11 diing.

DS 1.

Bac tir do clia hé can bang sau ting v6i cau tra 10i ndo dudi day?
C(tt) + Hy0 (k) = CO (k) + H,(k)

Al B. 2;

C.3 D. 4.

S 3.

Hay chon céu tra 18i diing vé béac tu do cha hé can bing sau:
CH,(k) + H,0 (k) = CO(k) + 3H, (k)
A 1; B. 2
C3 D. 4.
DS 4.

6.16.
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Can bang & cau 6.13 ¢6 bac tu do bing 1. Yéu 10 nao dudi diy anh
hudng dén can bang d6?

A. Nhiét d6 hoac dp suit ciia O,; B. Lugng CuO;
C. Lugng Cu,0; D. Ti I& s6 mol Cu,0 : O,.
S A.



7.1.

7.2,

7.3.

7.4

7.5.

Chuong 7
DUNG DjCH

0 ciing nhiét do, 4p sudt hdi bio hoa cia dung dich chat tan khong bay
hoi 1a P, clia dung m6i nguyén chat 1a P, Cau tra 10 nao sau day [a diing?
A.P>P,; B.P<P;

C. P=P,; D. Khong du dodn duge.

£S5 B.

_Nhiét d¢ soi clia dung dich loang chat tan khong bay hoi 1a 1,°(dd), cta

dung mai nguyén chat 1a t.° (dm). Y nao dudi day la ding?

A t°(dd) <t° (dm); B. t,°(dd) = t.° (dm);
C. t,°(dd) > t.° (dm); D. Khéng dv dodn dugc.
£S C. )

Nhiét d¢ dong dac cha dung dich loang 13 t,° (dd), cha dung méi
nguyén chat 1a t,” (dm). Cau tra I&i ndo duéi day 1a ding?

A. t5(dd) < t,° (dm); B. t,°(dd) > t° (dm);
C. t,"(dd) = t,° (dm); D. Khong du dodn dugc.
bS A.

Trong qua trinh s6i cua dung dich lodng chua bdo hoa chat tan khong
bay hoi, nhiét do soi:

A. Giam dén; B. Tang dan;

C. Khéng déi; D. Khéng du dodn dugc.
Hay chon cau tra 131 ding.

£S. B

Trong qué trinh déng dic cua dung dich lodng chua bdo hoa chat hoa
tan, nhiét do dong dac:

A. Giam dén; B. Tang dén;

C. Khéng déi; D. Khong du dodn ducc.
Hiay chon cau tra 51 diing.

b8 A
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8.1.

8.2.

8.3.

8.4.
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Chuong 8
DUNG DiCH CHAT DI@N LI

Bén dung dich loang, mdi dung dich chita mét chat sau: Duomg, NaCl,
CaCl,, AlCH,. Cic dung dich déu chifa cling s& mol chit tan trong cling

mot luong nude. O cing nhiét 8o, thit tr diy dp sudt hoi bdo hoa nao
dudi day la ding?

A. dd NaCl > dd dwong > dd AICl; > dd CaCl,;

B. dd duong > dd NaCl > dd CaCl, > ddAICl;;

C. dd AICl, > dd CaCl, > dd NaCl > dd dudng;

D. dd CaCl, > dd NaCl > dd duong > ddAICl,.

DS B.

Van bon dung dich nhu & caw 8.1, & clng ap suat, thit tu ddy nhiét 6
s01 nao dudi day 1a ding?

A. dd Na(l < dd duong< dd AlCl; < dd CaCl,;

B. dd dudmg < dd NaCl < dd CaCl, < ddAICl;;

C. dd AICl; < dd CaCl, < dd NaCl < dd dudng;

D. dd CaCl, < dd NaCl < dd duong < dd AlCl,.

£85 B.

Van bon dung dich nhu & cau 8.1, & cing ap sudt, thi tr diy nhiét do
dong dic nao dudi day 1a ding?

A. dd NaCl < dd dudng< dd AlCl; < dd CaCl,;

B. dd dudng<dd NaCl < dd CaCl, < ddAIC],;

C. dd AICI; < dd CaCl, < dd NaCl < dd dudng;

D. dd CaCl,< dd NaCl < dd duong < dd AlCl,.

DS C.

Khi pha lodng dung dich CH;OO0H & nhiét do khong déi, hing s6 axit
K,, d¢ dién li o ctia CH{yCOOH bién déi nhy thé nao?

A. K, ting, o tang; B. K, giam, a giam;

C. K, khong déi, o tang; D. K, v& o déu khong dé1.
Hay chon cau tra {61 diing?

28 C



8.5.

8.6.

8.7.

8.8.

8.9.

8.10.

Cap nao sau day khong phai ia axit — bazo lién hgp?

A.HOCL ClO ; B. H,PO,", HPO,*;
C. H,0* OH ; D. H,S, HS".
BS C.

Trong s6 cdc phurang trinh sau phuong trinh nao ung véi K,?
A. H,PO, +H,0 HPO?™ +H,0";

B. H,PO, + 1,0 H,PO, +OH™;

C. H,PO; +OH" HPOZ +H,0;

D. H,PO; + H,0" = H,PO, +H,0.

T 1

£5 B.

Trong s6 cdc phuong trinh G cau 8.6, phuong trinh nao tng véi K,?
bS8 A,
Pau 1a cong thac tinh pH cho dudi day?

A.pH = -In[H,0™]; B. pH = In{H,0"];
C. pH = 1g[H;0"]; _ D. pH = -1g[H;0"].
28 D.

Mot dung dich ¢6 pH bing 8. Hay cho biét néng d6 OH cha dung
dich d6 ung véi gid tri nao dudi day?

A. 107 mol.T: B. 10°® mol.7";
C. 107 mol.l'"; D. 10 mol./.
28 B.

C6 bon dung dich sau: CH,O00H, H,SO,, HCl, HNO,. Méi dung dich
chi chifa mot chat déu cé ciing néng do 0,1mol./" va nhiet do 25°C.
Héi thit ty pH nao sau day 1a ding, biét ring K, cha CH,COQH Ia
1,75.10” cita HNO, 12 5.107*

A. CH;COOH > HNO, > H,80, > HCl;

B. HNO, > CH,COOH >H,S0, > HCl;

C. CH,COOH > HNO, > HCl > H,50,;

D. H,S0, > HCl > HNO, > CH,COOH.

bs C
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8.11.

8.12.

8.13.

8.14.

K, cha céc axit HNO,, CH1COOH HCOOH va HOCI I4n Iydt 12 5.10°%;

1,75.107:1,7.10%va 3,2.10°%. Hai luc bazo ciia cdc ion sau tang theo
thit tit nao sau day?

A.HCOO < NO, < ClO < CH,COO0’;
B. CH,COO" < C10 "<NO," < HCOO;
C. NO, < HCOO" < CH,CO0 < CIO ;
D. CIO ™ < CH,CO0" < HCOO < NO, .
£S.C.

Déi v6i dung dich axit manh HNO; 0,1M, ¥ ki€n ndo sau day 1 diing
(bd qua su dién i clia nuée)?

A. pHx1; B. pH=1;
C. [H']>[NO; ] ; D. [H'<[NO,],
fS B.

D61 véi dung dich axit yéu HNO, 0,1M, ¥ ki€n nao sau day 1a ding
(bd qua su dién li cha nudc)?

A. pH>1, B. pH=1;
C. {H']>[NO,] : D. [H'<[NO, 1,
£S5 A.

Hang s6 can bang cla phén tng nao dudi day chinh 12 tich s6 tan clia
chat dién Ii it tan?

A.Fe™ + 30H = Fe(OH), (1);

B. Ag,CrO,(tt) = 2Ag" + Cro%

C. AgCl(tt) + 2NH; = [Ag(NH;),]* + CI’;

D. Mg(OH),(tt) + 2H* = Mg®* + 2H,0.

28 B.

8.15. Biéu thiic nao dudi day 1a tich sd tan ciia Ca,(PO,),?
A. [3Ca¥] [2PO,*]; B. [Ca**] (PO, T3
C. [Ca™] [PO; ~ D.[Ca;,*1 (POl
£S5 B,

8.16.
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Do hoa tan mol./" clhia ANOH),; Sn(OH), va FeS ldn luot 13 2,9.10%;
2,3.107 va 6,1.10"'. Hoi thit tr tich s6 tan n2o duéi day 12 diing?

A. Sn(OH),> Al(OH);>FeS;  B. FeS> Al(OH); > Sn(OH).;

C. FeS > Sn(OH), > Al(OH);; D. AI{OH), > Sn(OH), > FeS.

pSs C



8.17. Tron hai thé tich bing nhau cia timng cap hai dung dich sau:

9.1.

9.2.

9.3.

A. ddCaCl, 0,02M + dd bio hoa BaSQ, (K, = 1,1.107'%)
B. ddCaCl, 0,1M +dd bio hoa BaSO,;

C. ddCa(l, 0,2M + dd bdo hoa BaSO,;

D. ddBaCl, 0,02M + dd bio hoa CaSO, (K, = 6,1.10”).
Hoi tredomg hop nao ¢6 két tha?

£.S. D.

Chuong 9
DPONG HOA HOC

Biéu thic ndo dudi day Ia dinh nghia téc d6 phan ¢ng?
280,(k} + O,(k) — 2805 (k)

d[SO d[SO
v= —[2—&;2—] ; B. v= —%
C.v= @ D.v= M
dt dt
£S B
Phuong trinh nao ing diing véi phuong trinh tinh téc d6 cha phan éng sau?
2NO +2H, —» 2H,0 +N,
A. v = k[NOF [H,1% B. v =k[NO] [H,};
C. v =k[NOJ* [H,]; D. v = k[NO] [H,}%.

Biét ring khi ting ndng do NO lén gip doi thi téc do phan ing ting
bon lan, con khi tang néng do H, 1én gdp doi thi 8¢ d6 phan tng tang
hat 1an.

ps C

Bac clia phan ting trong cau 9.2 ting véi gid tri nao dudi day?
A.2; B. 3; C.4; D. 5.

£s 3 .
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9.4. Phan tmg 2NO + 2H, -2H,0 +N, ¢6 co ch€ nhu sau:

INO = N,0,

N,0,+H, -»N,+H,0,

H,0,+H, - 2H,0
Hoi méi giai doan co ban c6 phén tir s bing gid tri nao dudi day?
Al B. 2; C.3; D4,
8 2. )

9.5. Trong s6 cdc gian d6 nang lugng dudi day, gian dé ndo (nhimg gian do
nao) tng véi sy ¢é mat chat xdc tic? Ving mit chét xic tic duge vé
vdi nét lién:

A a; B. b: C.avab; D.bvac,
£28 bvac.

Chuong 10

CHIEU PHAN UNG OXI HOA - KHU VA
CAC QUA TRINH PIEN - HOA

10.1. G 25°C thé khir chudn cta cap Zn®* /Zn 1a - 0,763V. Cich viét nio
sau day tng ding véi gid tri d6?
A. Zn(t) = Zn* (IM) + 2e;
B. Zn®*(1IM) + 2e = Zn(11);
C. Zn(tt) = Zn*" (ndng do bat ki) +2e;
D. Zn** (néng do bit ki) + 2e = Zn(tt)
£8. B.
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10.2. Chon mdt trong cdc chat sau day c6 thé phan tmg v6i Cu thanh Co®*:
A. FeCly; B. ZnCl;; C. AlCly; D. FeCl;. |

Cho biét &° (Fe™/ Fe2+) =0,771V; & (an"/Zn) =-0,763 V;

e’ (APt /Al)=-1,66V: ¢ (Cu® /Cu)=0,337V.

b.8. Fe(l,.
10.3. Sn** phan ting v6i Fe** theo phuong trinh sau & 25°C;
Sn™* +2Fe’ = Sn** + 2Fe™ _
Hay chon phuong trinh tinh AG® diing cho phan ng trén & 25°C trong
s6 céc phuong trinh dudi day:
A. AGs, ==2.96500(8p e jro ~ Egerjsye )

B. AGSgg = ~2.96500(e0,v o = B s |

L

C. AGRg = ~96500 (80 /pyre —€8,w 50 |5

D. AG%; = ~2.96500{ &g /g, ~ Sy /e |-

£S5 B
10.4. Hay chon biéu thitc tinh 1gK ding & 25°C duéi day cho phan ing &
cau 10.3;
0 0
A ]-g K = (8F33+/F51+ - Ssn.u/snb ) .
| 0,059
B. IgK = 2(85“4*/5"“ - EFe”chi+) )
. 0,059 ;
9 0
C. nK= 2(8'”8"*/1%2' _Ssn-u/snz») :
| 03 059
¢ 0
D. IgK = 2(8Fc‘+;"F33+ _—85"‘“/5113* )
| -0,059
fS. D.

10.5. Cong thitc AG = —nFE dung cho trudmg hop ndo dudi day?
A. Xét chiéu phan dng bat ki;
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B. Xét chiéu ctia phan ting oxi hod - khir bat ki;

C. Xét chiéu cha phén ting oxi hod - khit trong dung méi nuéc;
D. Xét chi€u ctia phan tng oxi hod - khir trong dung méi b4t ki.
g8 C.

10.6 S0 d6 pin Zn-Cu va so d6 dién phan dung dich CuCl, nhu sau:

10.7.

dd CuCl,

‘Cll <] &

Zn’Zn2+ Cu?* .. _
, Cu™™ +2e —» Cui2Cl —>Cl, +2e¢

® ®

Hay chon céu tra 161 diing dudi day:

A. Trong pin va di¢n phan dién cuc ® déu goi 1 anot;

B. Trong pin va dién phan dién cyc @ déu goi 1a catot;

C. Trong pin dién cuc @ goi la anot, dién cuc © 1a catot. Trong dién
phan dién cuc @ la catot, dién cuc © 13 anot;

D. Trong pin dién cuc @ goi 1 canot, dién cyc © 12 anot. Trong dién
phan thi nguoc lai: dién cuc @ 14 anot, dién cuc © 1 catot.

85 D.

Thé dién cuc chudn clia Zn®*/Zn 1a - 0,763V, ciia Cu®*/Cu 1a 0,337V,

Héi suat dién dong chudn clia pin Zn-Cu di duge dua ra & cau 10.6
tng véi gid tri ndo trong s6 cdc gid tri dudi day?

A.-0,426V; B. +0,426V; C. +1,100V; D. -1,100V.
Ps C.

10.8 Khi dién phan dung dich NaOH thi cdc qua trinh ndo s& x3y ra & catot
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va anot trong s6 cdc qud trinh dudi day?

A. O catot: 2Na* + 2¢ — 2Na; & anot: 20H —» H,0 + %Oz +2e;
B. 0 catot: 2Na* + 2¢ —» 2Na; & anot: H,0 —» 2H" vL%O2 +2e;
C. O catot: 2H,0 +2e > Hy+20H;  &anot: 20H - H,O + %Oz+25;

D. § catot: 2H,0+2e —» H,+20H:; & anot: H,0 — 2H" + %Oz.

ps C



10.9. Khi dién phan dung dich H,SO, thi cdc qué trinh nao s€ xay ra & catot
va anot trong s cac qud trinh dudi day?

A. G Catot: 2H" +2e — Hy; & anot: H,0 — 2H" + %02 +2e;

k] . 1
B. § catot: 2H,0 +2¢ — H, +20H; & anot: H,0 — 2H" + 3 0O, + 2e;
C. O catot: 2H* +2¢ — H, ; & anot : 280,57 5S$,0,” +2e;
D. O catot: 2H,0 +2e — H, +20H " : & anot :H,0 — 2H" + %02 +2e.

D8 A.
10.10. Mat vat bang thép duge ma kém, vt khic cing bang thép dugc ma
niken. Hoi khi xay ra su dn mon dién hoa thi hién tugng nao dudi day
s& xay ra?
A. Chi thép bi an mon;
- B. Thép & vat ma k&m, niken & vat kia bi dn mon;
C. Ldp ma k&€m va thép & vit kia bi an mon;
D. Lép ma kém va niken bi &n mon.

P8 C.

Chuong 11
TINH CHAT CHUNG CUA KIM LOAI VA PHI KIM

11.1. Fe,Al, Na ¢6 AS,. gin nhu mhau. AH_ cia Fe, Al, Na lin luot Ia
14875; 10669, 2 636 J.mol™". Hai thit tu nhiét do néng chay nio dudi

day la ding?

A. Na> Al>Fe: B. Fe > Al > Na;
C. Fe>Na>Al D. Al > Na> Fe.
28 B.

11.2. Na, Al, Fe c¢6 AS, gin nhu nhau. AH, ctta Na, Al, Fe lan lugt 1a 97 906;
284 094; 353 966 J.mol . Hai thit t nhiét do s6i ndo sau day 12 ding?
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A. Fe>Na>Al B. Al > Na > Fe;

C. Na>Al>Fe; D. Fe > Al > Na.
88 D.

11.3. Dy dodn xem phén ing nao dudi day xay ra dé nhat?
A. Hy(k) +L,(k) —2HI (k); B. 2H(k) + L(k) —>2HI (k);
C. Hy(k) +L,(tt) —2HI (k); D. 2Hk) + 2I(k) —2HI (k).
PS. D

11.4. Trong s6 bon kim loai Li, Sr, Ca vi Mg, nhiing kim loai nio diy duoc
hidro khoi nude & nhiét do thudng. Hiy chon cu tra 13t ding trong s6
cdc cdu trd 161 sau:

A. Ca b6n kim loai; B. Chi Li, Sr va Ca;
C. Chi Li va Ca: D. Chi Li.
S B.

11.5. Céc phan tng sau rit dé xay ra vé mat nhiét déng trong dung dich:
Cl+2Br™ —2CT" +Br,;
CL+2I'—= 2CT" +]1,;
Br, +2I' —»2Br +1,.
Hoi thit tu nao dudi day vé the khir chuén cia cée cap X,/X 12 diing?

0 0 o . 0 0 0 _
A By o > pyipe T e B € pe > Eq oy
0 0 0 , 0 0 0
Coegm 8 >Eo s D oo > 8 > B p -

DS A.
Chuong 12

mOT O LOAI HOP CHAT VO cO

12.1. Céc phi tir NH;, Cl dé c6 dung lugng phdi tri bang 1. Hoi s6 phdi tr{ clia
Co™ trong phitc chat [Co(NH,),Cl,] ¢6 gi4 tri ndo trong cic gid tri sau?
33t g g
A3 B. 4; C.5; D. 6.
bS 6.
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12.2.

12.3.

12.4,

12.5.

12.6.

S6 phéi tri cha Fe®* trong phifc chat Nas[Fe(C,0,);] bang 6. Hoi dung
lugng phdi tri cia ion C,0,% ¢6 gié tri nao sau day?

A l; B. 2; C. 3 D. 4.

£ 2.

Trong dung dich, phtc chét [Co(NH3)3C13] phan li thanh may nac?
Hay chon cau tra 10 diing trong s6 céc cau tra 16i sau:

A.3; B. 4; C. 5 D.6.

PS8 6.

Trong s6 bén axit HF, HCI, HBr, HI, axit nao phén Gng dugc véi oxit
axit Si0,. Hay chon céu tra 191 ding trong s6 cdc cau tra 16 sau:
A. Chi ba axit HCl, HBr va HI; B Chi axit HF;

C. Chi axit HI; D. Ca bén axit.

£S5 B.

Thi tu lyc axit ting dan nao dudt day la dung?

A. HCIO, > HCIO, > HCIO, > HCIO;

B. HCIO > HCIO, > HCIO; > HCIO,;

C. HCIO > HCIO, > HCIO, > HCIO;;

D. HCIO, > HCIO, > HCIO > HCIO,,

DS A

Thir tur Iue bazo gidm din, luc axit ting dan nao dudi day la dung?
A. H,CrO, - Cr(OH); - Cr(OH),;

B. Cr(OH), - Cr(OH); - H,CrO,;

C. Cr(OH), - Cr(OH), - H,CrOy;

D. Cr(OH), - H,CrO, - Cr(OH);.

g5 B.
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