Chwong VI1: Cén bing héa hoc Nguyén Minh Kha

CHUONG VIII: CAN BANG HOA HQC

I. Can bing héa hoc:

1. Phan @ng thuian nghich:

- Phéan tng mét chiéu (phan tmg hoan toan): 1a phan tng héa hoc xdy ra cho dén khi

c6 it nhat mot chit tham gia phan tng hét. Khi viét phwong trinh phan tGng ta dung
déu 2

TD: 2kclo , = 2kcl * 30,

- Phén tng thuin nghich (phan tmg khong hoan toan): 14 phan tng c6 thé xay ra theo

hai chiéu nguoc nhau trong cing mot diéu kién. Khi viét phwong trinh phan tng ta

dung dau “=”

TD: Fe304(r) + 4H,(k) = 3Fe(r) + 4H,0(k)

Phéan ng theo chiéu mii tén tir trai sang phai duwoc goi 13 phdn ieng thudn. Phan

g theo chiéu nguoc lai duoc goi 1a phdn ikng nghich.
*Pic diém ciia phan g thudn nghich 1a: khong c6 chat ban dau nao tham gia  phan
tmg hét, hdn hop phan tng lic ndo ciing c6 du cac chit cia phuong trinh phan tng, hay
no6i cach khac phan ung khong c6 thoi diém két thiic ma chi dat dén trang thdi cin bang

hoa hoc.

2. Trang thai cAn bing héa hoc

a. Pinh nghia: Can bang hoa hoc 1a trang thai cia phan Gng thuan nghich tai d6 toc do
phan tng cua hai chidu I bang nhau hay ndng do cac chat khong thay ddi nita ing voi
diéu kién bén ngoai xac dinh.

TD: Thi nghiém I. Hy(k) + I(k) === 2 HI(k)
Trudc phan trng (mol/l): 1 1 0
Can bang (mol/l): 0,2 0,2 1,6

DPén mot luc nao d6 téc do phan tmg thuan bang tbc d6 phan ung nghich nghia 1a
trong mot don vi thoi gian va mot don vi thé tich c6 bao nhiéu phan tor HI duoc tao thanh
thi ciing s& cO bay nhiéu phan tr HI bi phan hily, Iy luan twong tu cho H, va l,. Do d6
néng dd tat ca cac chat khong thay dbi nira, hay ti 1¢ s6 mol hodc néng do gitra cac chét 1a
hang s6(10% H,, 10%l,, 80% HI). Hé dat dén trang thai cin bang. Tir d6 du c6 dé phan
mg dién ra bao l4u di nita ti 1& nay van khong d6i néu giit nguyén cac diéu kién bén ngoai.

b. Dic diém ciia phan vng thuin nghich:
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- Trong cing mot diéu kién (nhiét do, ap suat, chat xtc tac) phan Gng thuan nghich
c6 thé xdy ra theo ca chiéu thuan lan chiéu nghich.

- Trang thai cin bang khong thay doi theo thoi gian néu khong cé didu kién bén
ngoai nao thay doi.

- Du xuat phat tir cac chat dau hay tir cic san pham cudi, ngudi ta ciing thu duoc
cung mot két qua nhu nhau:

Thi nghiém 2 (nguwoc TN1) 2HI(K) 26070 Hy(k) + 1,(K)

Trudce phan g (mol/l) 2 0 0
Can bang (mol/l) 1,6 0,2 0,2
80% 10% 10%

- Trang thai cAn bang hoa hoc 13 trang thai cAn bang dong (phan tmg van dién ra)
- Trang thai cin bang tng voi AG =0

I1. Hing s6 cAn bing va mirc dd dién ra ctia cAc gud trinh héa hoc:

1. Hang s0 can bang:

Xét phan g dong thé don gian tong quat: aA+bB = cC+dD

- Khi h¢ dat trang thai can bﬁng: Vi =V,

a b — c
k.C C, k,CLC

c d

K :k_l CCCD

C a b

I(n CACB

Véi ki, kq 14 hang s6 toc d6 ctia phan Gmg thuan va phan tmg nghich.

- Vi k; va Kk, 1a nhitng hang s6 ¢ nhiét do xac dinh nén K ciing 1a hang s6 ¢ nhiét do
xac dinh. Hang s6 K. duoc goi 1a hing s6 cin bang biéu dién theo néng do.

- Truong hop can bang duogc thiét 1ap gitra cac chit khi, ta ¢ thé thay ndng do cac
chat bang dp sudt riéng phin cia cic chit do trong biéu thirc tinh hang sé can bang:

p

_pipl L ﬁCRT <€ rT S cict € T
pipy € rT Z€ RT 2 cich

=> ‘Kp = K¢ (RT)An‘ Trong d6:  An= ¥ kni(sin pham) = 21 khi(chét diu)
R = 0,082 £.atm/mol’K
=> Khi'An =10 ( phan tng khong c6 chit khi hogc s6 mol khi khong d6i) thilKy = Ke

*Nhic lai:
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e Ap suét riéng phan ti 1 thuan véi ti 18 mol khi d6 (x;) trong hén hop:

e Tbng c4c 4p suét riéng phén thi bang ap sudt chung cua hdn hop: [p, = 2 P,

|||_|
l

Giai:
Tinh hiang sé can bang theo ndng do:
K. =K, (RT)™" = 4,3.10" (0,082.(375+273)) **) = 1 214
Thiét lap 3 dong:

N, (k) + 3H, (k) = 2NHj; (k)

Ban dau (M): 1 3 0
Phan tng: X 3X 2X
Can bang; 1-x 3-3x 2X

Tai can bﬁng, quan h¢ duogc thiét lap:

\

1,214 -T (Didu kién: 0<x<1)
B ~3x—

Nghi¢m phu hop cua phuong trinh trén 1a x = 0,558.

d
K = CCDQ
c

b
B

Vay nong do cac chat & trang thai can bang la:

[No]=1-x = 0,4420 M
[H,] = 3 - 3x = 1,3260 M
[NH;] = 2x = 1,1160 M

2. Can bing trong hé di thé:

- Doi voi phan g di the o6 sir tham gia ciia ¢ac ChAtkhi, do 4p suat riéng phan ctia

chat rin thing hoa va chét 16ng bay hoi ¢ nhiét d6 xac dinh 13 hing s nén hiang sd can

bang Kp, Kc chi phy thuge cée cht ¢ pha khi:

TD: CaCOs3) = CaOyy + COy
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ro_ P o pco2
K R
p
P caco s
- r Peco s =
K, K, — Py .
p Ca0

- Péi voi phan tmg di thé dién ra trong dung dich, do do tan cua chat khi va chat ran
kho tan 13 hiang sé & nhiét d6 xac dinh, nong d6 ctia dung méi coi nhu khong thay do6i
trong qua trinh phan g, nén hing s6 can bang Kg chi phu thuoe vao nong do cac chét tan
trong dung dich.

3. Hing s6 cAn bing va cic dai lwong nhiét dong

a. Quan hé giira hing s6 cin bing va dd thay doi thé ding ap:

Dbi voi phan tmg:  aA +bB = ¢C +dD

c d
e Ncu phéan ng dién ra trong pha khi:|AG | = AG | * RTn [ p:pi ] (moi thoi diém)
PaPs /.
Khi phan tmg dat trang thai can bang: ac . =0
Peb,
AG | = “RTIh | ——2>| = “RTIK
p A p B 7 ( :l-)
4 ~ C c C d
e Nc¢u phan ung dién ra trong pha dung dich: AG | = AG | ¥ RTIh | —==2
(: A (: B
Khi phan tng dat trang thai can bang: AG , 70
0 - CCo | -
AG . = “RTh “—>| T TRThK (2)
C A C B
cb

Biéu thuc (1) va (2) cho biét mdi quan hé giita hang s6 can bang K, va K. véi do
bién d6i thé ding ap. Hang sb can bing khong nhitng phu thudc vao ban chit phan tmg
(AG®) ma con phy thudc vao nhiét 6. Khi AG® cang am (AG® << 0), hing sé can bing
cang >1, qua trinh dién ra cang sau, hiéu suat qua trinh cang cao.

TD: Tinh hing sb cAn bang cua phan Gng:

2NO(K) =  NyOuK)

6 298K khi biét aAH ° = —58040k] va AS ' = T176,6J/K

298pu 298pu

Giai: Tacod: AG o, = AH [, ~ TAA, ~-58040 *+ 2981766 = -5412,3]

298 298
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- _ _AG _ 54123 3
=> hK =~ = = 2,185

b RT  8,314x298

Ko, =389
Hay: p“zﬁis,g
p NO

2

Nhu vdy néu lic ban dau ta 1iy p vo, Py, ~lam , & nhi¢t d§ thuong phan ung tu

xay ra tao nén N,O4 voi ti 1¢ 16n hon.

b. Quan hé ciia hing sé caAn bing véi nhiét d6 va nhiét phin Gng

T phuong trinh:  AG ° = AH ° ~ TAS’

Va h¢ thuec: AG ° = TRTINK
_ _AH " _ AS’
- K =~ T
RT R

Goi K; va K 1a hing sb can bang & cac nhiét o T, va T, ta co:

0 0

AH " _ AS
InK | =~ +
RT, R
0 0
AH ° | AS
InK , = +
RT, R
K, _AH°[1 _1
In —= = ——
K, R \T, T,

TD: Tinh hang s6 can bang K, 6 325°C cua phan tng:

NO(K) + % O,(k) = NO,(K)
Biét: AH°=-57,07kJ/mol va K, =1,3.10°¢ 25°C

0
n K. - AH [ 1 1 ]
K R T T

298 298 598

598

Ko _ 5700 (1 1) _ Kpses = 12,45

6

1,3.10 8314 \208 508 /

I1. C4c véu t6 anh huéng dén cin bing héa hoc:

1. Su chuyén dich cin bing:
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Néu hé dang & trang thai can biang ma ta thay d6i mot trong cac thong sb trang thai ciia hé
(p, C, T...) thi ndi chung hé thirc trén s& thay d6i (26, # 0) va hé sé& tré nén khong can
bang, trc 1 v; * V,. Phan tng xay ra (theo chiéu thuan hodc chiéu nghich) cho dén khi hé

dat trang thai can bang mdi, tuvong ing vai cac dieu kién mai.

Sy chuyén tir trang thai can bang ndy sang trang thai cAn bang khac duéi anh hudng cua

tac dong bén ngoai 1én hé duoc goi 14 si chuyén dich cdn bang.

2. Nguyén Iy chuyén dich cin bing Le Chatelier (1850 — 1936)

a. Anh huéng ciia nong @6 téi sw chuyén dich can bing

Xét phan tng: Fe** + 3SCN™ = Fe(SCN); v.=kC ,cC°
Do v, “k,C
v/ Khi hé dat trang thai can bang: v; = Vv,
Néu ting nong do Fe®" 1én 2 lan: v, = k2C_.C

v T 2v

Khi ting ndng d6 Fe*', v; tang 1én lam ting ndng d6 cuia Fe(SCN); (mau do cua dung
dich d4m hon) — cén bang da chuyén dich theo chidu thuan — ndng do Fe** |.

Nhu vay:

b. Anh hwéng ciia nhiét dé téi sw chuyén dich cin bing

Dua vao h¢ thire:  nk =~ +
RT R

Ta thay rang bién doi ctia hing sd cin bang theo nhiét do duoc quyét dinh boi dau cua
AH°,
v Néu AH’ >0 (phan mg thu nhiét), khi 71 — k, = T — Khi T 1: k; ting
k
manh hon ki, nghia 13 v;> v, va can bang chuyén dich theo chiéu thuin (chiéu
cua phan ung thu nhiét). Nguoc lai, khi giam nhiét do, K giam, nghia 1a can
bang dich chuyén theo chiéu nghich (chiéu ciia phdn itng téa nhiér).
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v Néu AH® < 0 (phan tng téa nhiét), khi T1 — k, = <+ — Khi T 1: k, ting
k

manh hon k;, nghia 13 v, > V; va c4n bang chuyén dich theo chiéu nghich (chiéu
cua phan wung thu nhiét). Nguoc lai, khi giam nhiét do, K tang, nghia la can
bang dich chuyén theo chiéu thudn (chiéu ciia phan iing téa nhiét).

— Mt h¢ dang 6 trang théi can bang, néu tang nhi¢t dj ciia hé, can bang sé dich

v TD:Xétcanbang: 2NOyk) = N,O4(k) ,AH® = -58,04kJ
Mau nau khéng mau
0298°K taco K,=8,9, nghiala p, , =89p7

Khi 1am lanh hdn hop cén bang d6 bang cach nhiing binh dung hén hop vao nudc da,
mau nau nhat di vi can bang di dich chuyén vé phia tao thanh phan tir N,O, khong mau.

Ay AL 0 ‘.
That vay, ¢ 273 K ta co: | K. _AHO( ~N\N \
. _
K o R lo208 273 )
K,, _ ~ 58040

x(73,07.10 ‘)= 2145
8,9 8,314

I K,, ~218 *2145 = 4,331

K,, ~ 76,02
nghiala p, , = 76,02 p.,

Nhu vay & 0°C, ty 16 N,O, trong hdn hop tang 1én so véi khi & 25°C.

=> Nhu vy doi véi 2 véu té nong dé va nhiét do ta cé thé tém tdt theo so do sau:

Q+A+B = C+D +0Q
[ i

c. Anh huéng ciia 4p suét téi sw chuyén dich cin bing

Gia st c6 mot hé phan tmg gdm céc chat khi & trang thai cAn bang:
Vi du: 2NO(K)+ O,(K) = 2NO,(K)

v, “kClC, v, T k,C

) n n~ No,

v" Luc can bang cé: vy = v,
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v/ Khi ting 4p suat chung ciia hé 1én 2 1an bang cach giam thé tich xudng mot
ntra, ndng do cac chat déu ting gap do6i. Luc nay:

-

= 2 = 2 =
v, k‘!cm/.zcoz 8k,C2 .C, ~8v

t¥ NO "0, t
-~

VoS k, !CNOZ == ak,Ch T4y,
— Khi tang ap suat chung cta hé 1én 2 lan, v, > v’ , can bang chuyén dich vé bén phai
— tao thém NO, — tong sd phan tir trong hdn hop | — ap sut chung ctia hé |.

v Nguoc lai, khi giam ap suat chung cta hé xudng 2 lan bang cach ting thé tich
1én gap doi. Lap luan tuong tu ta thdy can bang dich chuyén vé phia phan huy
NO, thanh NO va O,, phia 1am ting p suat ctia hé.

Nhu vay:

[ ]
f—
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