Chuwong V11 Cén bang héa hocNguyén son Bach

CHUONG VI11:CAN BANG HOA HQC

I. CAn bing héa hoc:

1. Phan @ng thuan nghich:

- Phan ang mot chiéu (phan tng hoan toan): 1a phan ing héa hoc xay ra cho dén
khi c6 it nhat mot chat tham gia phan ung hét. Khi viét phuong trinh phan ing
ta dung dau “="

Mo, ,t°

TD: 2kcio = 2kcl *30,

3

- Phan Gng thudn nghich (phan tng khong hoan toan): la phan tng c6 thé xay ra
theo hai chiéu nguoc nhau trong cing mot didu kién. Khi viét phuong trinh

phan ting ta dung dau “="

TD: Fe304(r) + 4H,(k) 23Fe(r) + 4H,0(k)

Phan Ung theo chjéu mii tén tur trdi sang phai duoc goi la phdn wng thudn.

Phan Ung theo chiéu nguoc lai dugc goi 1a phdn wng nghich.
*Dc diém_ciia phén img thugn nghichla: khong ¢ chitban dau nao tham gia phan
tng hét, hon hop phan tmg lic nao cing c6 du cac chat cua phuong trinh phan tmg,
hay noi cach khac phdn ting khong co thoi diém ket thic ma chi dat dén trang thdi
cdn bang hoa hoc.

2. Trang thai cAn bing héa hoc

a. Pinh nghia: Cin bang héa hoc la trang thdi ciia phan irng thudn nghich tgi do
toc dp phdn trng cia hai chiéu la bang nhau hay nong do cdc chat khong thay doi
nita wng voi diéu kién bén ngoai xdc dinh khong thay doi.

TD:  Thi nghiém I: H,(k) + Ih(k) «==<- 2 HI(k)
Trudc phan (g (mol/l): 1 1 0
Can bang (mol/l): 0,2 0,2 1,6

Pén mot lac nao d6 téc do phan ung thuan bang toc d6 phan Gng nghichnghia
la trong mot don vi thoi gian va mot don vi thé tich c6 bao nhiéu phan tir HI duogc tao
thanh thi ciling s& c6 bay nhiéu phan tir HI bi phan huy,ly luan tuong tu cho H, va I,.
Do d6 néng do tat ca cac chat khong thay doi nira, hay ti 16 s6 mol hodc nf)ng do gitra
c4c chat lahang so(lO% Ha, 10%l,, 80%HI). HE dat dén trang thai can bang. Tir d6 du
c6 dé phan tmg dién ra bao 1au di nita ti 1& nay van khong doi néu giit nguyén cac didu
kién bén ngoai.

b. Dic diém ciia phan ung thuin nghich:

- Trong cung mot diéu kién (nhiét do, ap suét, chat xuac tac) phan ung thudn
nghich co6 thé xay ra theo cd chiéu thuan lan chiéu nghich.

- Trang thai cAn bang khong thay doi theo thoi gian néu khong c6 diéu kién bén
ngoai nao thay doi.
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- Du xuat phat tir cac chit dau hay tir cac san pham cudi, ngudi ta ciing thu dugc
cung moét két qua nhu nhau:

Thi nghiém 2 (nguwoc TN1) 2HI(K) ey H,o(k) + 1,(k)
Trudc 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 1a trang thai cAn biang dong(phan tng van dién ra)
- Trang thai cAn bang Gmg v6i AG =0

I1. Hing s6 cAn bing va mirc dd dién ra cta cac quéa trinh héa hoc:

1. Hang so can bang:

Xét phan ng dong thé don gian tong quat: aA+bB=2cC+dD
- Khi h¢ dat trang thai can béng: Vi =V

d
D

a b — c
k.CiC. k,C..C

k C

c
= t = C
K _

k C

a
n A

C
C

d
D

(K¢ va Kp chi phu thudc nhiét do)

b
B

Véi ki, Ky 13 hing s6 toc d6 ctia phan tng thuan va phan tng nghich.

- Vi k; va k, la nhiing hing s & nhiét do xac dinh nén K, cling 1a hing sb &
nhiét d xac dinh. Hang so K. dugc goi 1a hang s6 can bang biéu dien theonong do.

- Truong hop cén bang duoc thiét lap gilra cac chat khi, ta c6 thé thay nong do
cac chat bang dp sudt riéng phan cua cac chit d6 trong biéu thirc tinh hing s can
_piph _ ﬁCRT /ﬁDRT =~ _c:ic:

v)

ﬁT }*d)*(a*b/

bang: K,

b
B

pip: €. rT ZC RTE cic

:>‘Kp =K (RT)AH‘ Trong d0:An = 30 thi(san phém) = 21 khi(chét diu)
VaR =0,082 L.atm/mol.K
=> Khi An = 0( phan tng khong c6 chét khi hogc s6 mol khi khong d6i) thi K, = K,
*Nhiic lai:

o Ap sudt riéng phan ciia mot chat khi (P;): 1a ap suat ma khi d6 c¢6 duoc khi mot
minh n6 chi€ém toan bd thé tich cia hon hgp ¢ cung nhi¢t do (cung V, T).

e Ap suit riéng phan ti 1& thuan véi ti 16 mol khi d6 (x;) trong hdn hop:

e Tong cAc 4p suat riéng phan thi bang ap suét chung cua hdn hop: |p,, = 2P

TD:0 375°C, phan tng thuén nghich dudi day c6 hing sé can bang:
N, (k) + 3H, (K) 2 2NH; (k),K, = 4,3.10"*
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Nong d6 ban dau(M): 1 3
Xéc dinh ndng d6 cac chét & trang thai can bang ?
Giai:
Tinh hing sb can bang theo nong do:
K=K, (RT)""=4,3.10" (0,082.(375+273)) @3 = 1 214
Thiét 1ap 3 dong:

N2 (K) + 3H; (K) 2 2NH; (k)

Ban dau(M): 1 3 0

Phan Ung: X 3X 2X

Can bang; 1-x  3-3x 2X

Tai can béng, quan hé duogc thiét lap:
[NH;]> _  (2%)°

C = NI~ Ao -an? . b214 Dicukien: 0<x<1)

Nghiém phu hop ctia phuong trinh trén 1a x = 0,558.

Viy ndng d6 cac chat ¢ trang thai can bang 1a:

[N,]J=1-x = 0,4420 M
[H,] = 3—3x = 1,3260 M
[NHs] = 2x = 1,1160 M

2. Can bing trong hé di thé:

- 501 v6i phan ung di thé co sy tham gia ctia cac chat khi, do ap suat riéng phan
ctia chat ran thiang hoa va chat 1ong bay hoi ¢ nhiét d6 xac dinh la hang s nén hang sd
cin bang Ko, Kc chi phu thude cac chit & pha Kkhi:

TD: CaCOg = CaOgy + COyy

r_ Pco pco2
p
P caco N
_ + Pewco -
Kp Kp Peo,
pCaO

- Bbi véi phan g di thé dién ra trong dung dich, do d¢ tan cua chit khi va chét
ran kho tan 13 hang s6 & nhiét do xac dinh, ndng d6 ctia dung moéi coi nhu khéng thay
d6i trong qua trinh phan ng, nén hing s6 cin bang Kc chi phu thudc vao nong do
cac chit tan trong dung dich.

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

a. Quan hé giira hiing s6 cin bing va dd thay ddi thé ding ap:

Dbi voi phan tng thuan nghich:aA + bB = c¢C + dD
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c d
J4 . X ‘. _ pcp ) . e oge R
e Néu phan ung dién ra trong pha khi:|AG , = AG | * RTIn [ — J (6 moi thoi diémr)
pApB

T

Khi phan tng dat trang thai cAn bang: ac . =0

PSPy
AGY = —RTIn ( < g) = —RTInKp| (1)
P4 P
A B/ ch
e N¢&u phan ing dién ra trong pha dung dich: aAG . = AG 2 * RTIn [CZCE’ ]
CACB

Khi phan tmg dat trang thai can bang: a6 . = o

)

c d
c’c
AG ° = ~RTh [ = D] = ~“RTIK

T a b C
CACB

Biéu thirc 1) va (2) cho blet modi quan hé gitra hang s6 can bang K, va K véi
d6 bién doi thé dang 4p. Hang s cin bang khong nhitng phu thudc vao ban chat phan
tmg (AG®) ma con phu thudc vao nhiét do. Khi AG® cang am (AG0 << 0), hang sb can
bang cang >1, qua trinh dién ra cang sau, hiéu sut qua trinh cang cao.

TD: Tinh hing sb can bang cta phan Gmg:
2 NOy(k) 2 N,O4(K)

& 298K khi biét an vospe B8040KI VA AS G T T176,60K
Gidi: Tacod: AG o, = AH,, ~TAA,  ~-58040 T 298.1766 ~ -5412,3)
- _ _AG _ 54123 _
=> K =" = = 2,185
RT  8,314x298
Ky= 8,9
p
Hay: —=-=38g9
NO ,
Nhu vay néu luc ban déu ta lay p, , =p,, ~1am , ¢ nhi¢t d thudng phan Gng

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

b. Quan hé cua hang so cAn bang véi nhiét do va nhiét phan \rng

Tu phuong trinh:  AG ° = AH ° ~ TAS’

Va hé thuec: AG ° = TRTIK
_ AH " AS’
=> K =~ +
RT R

Goi K; va K, 1a hang sb can bang & cac nhiét ¢ T, va T, ta co:
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_ AH AS
InK | =~ +
RT, R
0 0
AH AS
InK , =~ +
RT R

K AHO? /1 1
= In~z =20 (— — —)
K4 R \T; T,

TD: Tinh hang s6 can bang K, & 325°C clia phan tng:

NO(K) + % O,(k) = NO,(K)
Biét: AH® = -57,07kJ/molva K, = 1,3.10° 5 25°C

o
b K - AH [ 1 1 ]
K 298 R T293 T598
K 57070 ( 11 ) =>K 508 = 12,45
1,3.10 ° 8,314 \ 208 508

I1. Cac véu t6 4nh hwéng dén cin bing héa hoc:

1. Sw chuyén dich cin bing:

Néu hé dang ¢ trang thai can bang ma ta thay doi mot trong cac thong so trang thai cia
hé (p, C, T...) thi néi chung hé thirc trén s& thay doi (e, # 0) va hé s& trd nén khong
can bang, ttc 1 vi* V,. Phan tng x4y ra (theo chiéu thuin hodc chiéu nghich) cho dén
khi hé dat trang thai cdn bang méi, twong Gmg véi cac diéu kién moi.

Su chuyén tir trang thai cAn bang ndy sang trang thai cin bang khac dudi anh hudng
cua tac dong bén ngoai 1én h¢ dugc goi la s chuyén dich can bcing.

2. Nguyén 1y chuyén dich cin bing Le Chatelier (1850 — 1936)

Mot hé dang 6 trang thdi cdn bang néu ta thay doi mét trong cac thong s6 trang
thai cua hé (nhw néng do, nhiét dp, ap suat) thi can bang sé chuyén dichtheo chiéu
Nao co tac dung chong laisu thay doi trén.,

a. Anh hwéng ciia nong do téi sw chuyén dich can bing

Xét phan Ung: Fe** + 3SCN'= Fe(SCN); v, = k.c . C.

SCN

bo v =k C

n n~ Fe (SCN ),

v' Khi hé dat trang thai can bang: v; = v,

Néu ting nong d6 Fe®* 1én 2 lan: v, =k2C_,Cl =2y

v SCN t

Y \'
n n

Khi ting ndng do Fe**, v; ting 1én lam ting ndng do6 cia Fe(SCN)3 (mau do cua
dung dich d4m hon) — cén biang d3 chuyén dich theo chiéu thudn — ndng d6 Fe** |.

Nhu vay:
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Mot hé dang o trang thai can bang, neu ta lam tang nong do cua chat nao lén thi can
bang sé dich chuyeén theo chiéu lam giam nong do cua chat do xuong va ngwoc lai.

b. Anh huéng ciia nhiét d6 téi sw chuyén dich cin bing

Dya vao h¢ thore:  nk =- +

RT R

Ta thay rang bién d6i cua hang sd can bang theo nhiét d6 duoc quyét dinh boi dau
ciiaAH®.

v Néu AH®> 0 (phan tng thu nhiét), khi 71 — «_ =~ — Khi T 1: k ting
k
manb hon k;, nghia 1a v; > v, va can béng chuyén dich theo chiéu thuin
(chieu cua phan wng thu nhiét). Nguoc lai, khi giam nhiét do, K giam,
nghia 1a can bang dich chuyén theo chi€u nghich (chiéu cua phan ung toa
nhiét).

v Néu AH’%< 0 (phan tmg téa nhiét), khi 71 — k_ = ~*% — Khi T 1: ki
k
tang manh hon k¢, nghia la v, > v; va can béng chuyén dich theo chiéu
nghich (chiéu cua phan vng thu nhi¢t). Nguoc lai, khi giam nhiét do, K
tang, nghia 1a can bang dich chuyén theo chiu thuan (chiéu cua phan ung
toa nhiét).

- Mot he c'{ang O trang thai can bcfng, néu tang nhiét do cua hé, can bcfng sé dich
chuyén theo chiéu phan wng thu nhiét va nguoc lai.
v TD: Xétcanbang: 2NO,(K) = N,O,4(k) ,AH® = -58,04k]
Mau nau khéng mau
0 298°K taco K, =8,9,nghiala p, , =89p7
Khi lam lanh hdn hop can bang d6 bang cach nhung binh dung hdn hop vao nudc

d4, mau nau nhat di vi can bang di dich chuyén vé phia tao thanh phan tir N,0O, khong
mau.

A A 2 O /.
That vay, ¢ 273K ta co: K, An o( ) ) )

In = -
K o R lo208 273 )
K ~ 58040 _

I —2-= x(73,07.10 ') = 2145
8,9 8,314

Ih K, =218 *2,145 = 4,331

K, = 76,02

nghiala p, , =76,02p;,
Nhu vay & 0°C, ty 16 N,O, trong hdn hop ting 1én so véi khi & 25°C.

=>Nhu vay déi véi 2 yéu té nong do va nhiét dota cé thé tém tdt theo so do sau:

Q+A+B =2C+ D + Q
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(AH > 0) . (AH<0)

>

l |

c.Anh hwong cua ap suit toi sw chuvén dich can bz‘“mg

Gia sir c6 mot hé phan tmg gdm céc chét khi & trang thai cAn bang:

Vi du: 2NO(K)+ O(K)= 2NO,(K)

v Luc can bang ¢6: vy = v,

v/ Khi tang ap suat chung ctia hélén 2 1an bang cach giam thé tich xudng mot
ntra, nong do cac chat déu tang gap doi. Luc nay:

v, =k $c,, S2c, 8kCL .C, =8y

2 t

v;] ~ k, !CNOZ 2= 4knC§OZ T 4v,
— Khi tang 4p suit chung ctia hélén 2 1an, v, > v/, can bang chuyén dich vé bén
phai — tao thém NO, — tong sb phan tir trong hdn hop | — ap suat chung cta hé |.

v Nguoc lai, khi giam ap suat chung cta hé xudng 2 1an bang cach ting thé
tich 1&én gap do61. Lap luan tuong tu ta thay can bang dich chuyén vé phia
phan huy NO, thanh NO va O,, phia lam tang ap suat cta hé.

Nhu vay:

e Mt hé phan img ciia cdc chat khi dang & trang thdi can bang, néu ting
dp sudt chung cua hé, can bang sé chuyén dich theo chiéu nao co tac
dung lam giam s6 mol khi cua hé va nguoc lai.

e Doéi véi cac phan vmg khdng cé chdt khi (6 trang thdi dung dich hodc
ran) hodc co chat khi nhung so mol khi khong doi thi sw thay doi ap suat
( hodc thé tich) khong lam anh huong dén trang thai can bang.
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