HOA DPAI CUONG — GV Nguyén thi Bach Tuyét

CHUONG VI: CAN BANG HOA HOC &

MUC PO DIEN RA CUA CAC QUA TRINH HOA HQC
I. MOT SO KHAI NIEM VE PHAN UNG HOA HOQC.

1. Khai niém vé phan rng mét chiéu va phan ing thuin nghich.

a. Phan irng mgt chiéu — (phan ung hoan toan ) 1a phan tng trong do co it nhat
mot chat phan tmg ( chat dau) phan ng cho dén hét . ’
» Khi viét phuong trinh phan tng ta dung dau — hay dau =

MnO, 0

Vidu:  2KCIOs (r) — 2KCI (r)+ 302 (K)

b. Phdn ting thudn nghich —( phan tirng khong hoan toan ) la phan mg ma ¢ cung
diéu kién nhu nhau phan ng xay ra d6ng thoi theo hai chidu ngugc nhau, trong
d6 khong mot chat dau nao mat han khi phan tng ding lai.
> Khi viét phuong trinh phan tng ta dung dau =

Vidu: Ha(k) + lL(k) = 2HI(Kk)

Trong do : .

Phan tmg thuén — la phan tung theo chiéu mui tén tu trai sang phai .
Phan ung nghich — 1a phan tng theo chiéu miii tén tir phdi sang trai.

> Néu mot chidu nao d6 ciia phan ung thuin nghich rat yéu (xem nhu khong
dang ké ) thi phan ung tro thanh phan ing mot chiéu .

Vidu: Ha(k) + Clyk) = 2HCI(k)

Khi thyc hién phan tng & 1000°C d6 phan huy cua HCI la 0,014% nén phan
ung xem nhu 1a phan rng mét chiéu .

Ha(k) + Clxk) — 2HCI(k)

2. Phan trng dong thé, di thé, ddng pha, di pha.

a. Phdn iing dong thé - 1a phan (g chi dién ra trong th¢ tich mot pha . Khi hé
hoa hoc duoc chira trong mét binh kin khong qua 16n thi phan ung dong the
xay ra dong thoi khap noi nhu nhau trong toan thé tich cua pha.

Vi du - phan Uing trung hoa gitra dung dich HCI véi dung dich NaOH.
HCI (dd) + NaOH (dd) = NaCl (dd) + H2O(l)

b. Phdn ing di thé - 13 phan tGng chi dién ra trén bé mit phan chia pha, khong
dién ra trong the tich mot pha nao.
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Vi du - Phan tmg oxyhda khi SO2 boi khi O2 thanh khi SO3 dién ra trén bé
mat xUc tac platin 1a phan tng di thé .

+ NHAN XET -
> Phan mg dong thé 1a phan ung dién ra trong thé tich tirc trong khong gian ba
chiéu. Con phan tmg di thé 13 phan Gmg trén bé mit tirc trong khong gian hai chiéu.
> Phan Gmg dong thé chi c6 thé dién ra trong pha khi (hoi) hodc trong pha long .
3. Phan trng dong pha , phan wng dj pha .

& Phin itng dong pha — 1 phan tmg trong hé héa hoc chi lam thanh mét pha tir dau

dén cuoi.
& Phdn tng di pha — 13 phan tng trong d6 hé hoa hoc 1am thanh hai hay nhiéu pha
khac nhau.

Vi du - Ba?* (dd) + SO (dd) = BaSOs 4 (r)
Fe() + 2HCI(dd) = FeCly(dd) + HzT(k)
4. Phan irng don gian va phan wng phirc tap.

* Phdn irng don gidn - pu dién ra qua 1 giai doan (1 tic dung co ban) , tirc 13 di tr
dau dén cudi khong c6 su hinh thanh cac chat trung gian.

Vi du: Ha(K) + 12(K) = 2H1 (K)

+ Phdn trng phirc tap — pu dién ra qua nhiéu giai doan (nhiéu tac dung co ban)
Cac giai doan nay co6 thé noi ti€p hodc song song hay thuan nghich...

Vidu : 2N20s = 4ANO; + O2

Phéan g nay gom hai giai doan ndi tiép nhau :
N20s = N203 + O2
N20s + N2O3z = 4NO2>

I1. PINH LUAT TAC DUNG KHOI LUOQNG (M.Guldberg va P.Waage, 1867)

“Péi vdi CaC phdn lng dong thé don giin, 6 nhigt dp khong doi ) toc do phan
weng ti 1¢ véi tich néng dp ciia cdc chit phén iing véi cdc sé mii biang cdc hé so
ti lwong cua chung trong phwong trinh phan wng “

Phan ung dong thé don gian: aA (k) + bB(k) — cC(k) + dD(k)
v =k[A].[B]°
Trong d6 : v — téc d6 phan tng.
k - hang sb téc d6 phan img . k phu thudc vao cac yéu to sau day:
> Ban chat phan ung
» Nhiét do .
Khi nhiét d6 khong dbi thi k 1a hang sé . Khi nhiét d6 ting thi k ting .
> Xuc tac .
Khi dung xuc tac thi k tang nhanh

Vi du : Xét phan g thuan nghich ,dong thé . Ha(K) + I2(K) = 2HI (k)
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Pu thuén va nghich déu 1 phan tng don gian c¢6 hing sb toc d6 phan Gmg 1a ke va K.
Téc d6 pu thudn 13 : ve = ke.[H2].[12] ; Toc d6 punghich1a: v = kn.[HI]?

I1l. CAN BANG HOA HQC
1. Trang thai can biang héa hoc :
Xét phan Gmg thuan nghich, dong thé, don gian ( ca hai chiéu ) cta hé khi Iy tuéng :
Kt

aA(kf + bB(k = cC(k + dD(K

kl’]
Ban dau : 1 =0 Cad Cg? 0 0 [mol/]
Khipy T Cad Cs ¥ Cc® CoT
Can bang T — (Ca)er = const  (Cg)en = const (Cc)eb =const  (Cp)cv = const
(Vi =Vn) (Pa)eo =const  (Pg)ey = const (Pc)eo =const  (Pp)eb = const

Theo dinh luat tac dung khéi luong ta co:

Téc d6 phan tng thuan 1a :  ve = ke . Ca?.CgP

Téc d6 phan tng nghich 1a : vn = kn. Cc® .Cp¢

Do ndng dd cac chét trong qua trinh phan tng thay doi nén téc d6 phan ing bién doi
theo thot gian nhu sau:

A

»
»

Tcb
+ Khi phan mg : do nong do A va B giam dan nén téc do phan Gmg thuan vt giam;

noéng d6 C va D tiang dan nén tdc do phan Gmg nghich vn ting dan .

£ Khi vt = v , hé & trang thai can bang , luc d6 trong mot don vi thoi gian va mot
don vi thé tich c¢6 bao nhiéu phéan tir C va D dugc tao thanh thi cling c¢6 bay nhiéu
phan tir C va D bi phan ly , tuong tu véi Ava B ciling vdy. Cho nén nong do ciing

nhu 4p suét riéng phan cua cac chét khi trong phan tng 13 hing s6 .

+ TRANG THAI CAN BANG HOA HQC -la trang thai ctia hé phan (mg héa hoc khi
c¢6 téc do phan tmg thuan bang toc do phan Gmg nghich va ndng d6 cac chat phan
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mg ciing nhu san pham phan Gmg khong thay d6i ¢ nhimng diéu kién bén ngoai nhat
dinh.
4+ Trang thai cin bang nay 14 trang thai cin bing dong vi qua trinh thuin va nghich

van tiép tuc xay ra (Vy = Vh).

+ Trén phuong dién nhiét dong hoc thi trang thai can bang héa hoc twong tng véi do
bién thién thé déng 4p cua phan ung tai diéu kién dang xét (nhiét do, nong do, ap

suit..) bang khong AGT =0

+ D4u hiéu cua trang thai can bz"mg hoa hoc:

% Tinh bit bién theo thoi gian : khi diéu kién bén ngoai khong thay doi thi
trang thai can bang khong d6i , nong do cac chat 1a hang sb.

% Tinh linh déng : khi thay doi diéu kién bén ngoai thi trang thai can bang thay
d6i , nhung khi cac diéu kién bén ngoai dugc tai lap thi trang thai cin bang
cling duoc thiép 1ap lai.

% Tinh hai chiéu : & cing diéu kién bén ngoai du di tir phia nao lai dé dat trang
thai can bang thi trang thai nay chi 1a mot.

2. Biéu thirc hing s6 cin bang trong cac truwong hop khac nhau .
a) Can bang dong thé, don gidn trong pha khi Iy tuwéng .
Kt

aA (k) + DbB(Kk) = c¢Ck) + dD(K)

Kn
Can bang (Ca)eb = const  (Cg)cep = const (Cc)ew =const  (Cp)ey = cONst
(Pa)eb =const  (Pg)eb = const (Pc)en =const  (Pp)co = const

Khi trang thai dat can bang. Vi = Vp
kt'(CZ')Cb (Cg)cb = kn'(CCC:)cb'(Cg)cb

ki va kn phu thudc vao nhiét d6 . Nén & nhiét do xac dinh k¢ va kn 13 hing sd. ta co:
csc? Biéu thirc cua dinh ludt
), = const. <.
cach tac dung khoi luong
# Kc — hang s6 o nhiét do xac dinh — goi 1a hang s6 can bang
£ Hing s6 can bang ciing c6 thé duoc xac dinh theo ap suat riéng phan cua cic chit khi tai

KC(T): l;t :(

trang thai can bang.

K (Ty=( PePo ) (CRTFICRTY | _( CECB | (oryers-sn

PAPS (CARTJ'(C4RTY C:Cs

4
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Trongdé: An=(c+d-a-b), (R=0,082atm.I/mol.K; P [atm]; C[mol/l] ; T [K])
A
Kp(T):Kc(T)(RT)n An=0— Kp=K¢

Ch( y : Néu phan tng c6 nhiéu pha khac nhau (khi, 16ng ,rdn ) thi An chi tinh cho chét khi .
b) Cén bing dong thé trong pha long ( dd lodng )

aA (dd) + bB(dd) = cC(dd) + dD (dd)

Cén bang (Ca)eo = const (Cg)cb = const (Cc)eb = const  (Cp)ep = const

CéCo
CiCe

Chu y : Néu phan Umg c6 su hién dién cua nudc (dung modi) thi trong bi€u thic hdng sé can

)., = const

Ke (M) =(

bang khong c6 mat cua nudc.

Vidu: CH3COOH (dd) + H.O = CH3COO-(dd) + Hs30+ (dd)

lcH.co0[H,07] )
[CH,coOH] ™

Hang sb dién ly : K, (T)=(

¢)Cin bang trong hé phan irng cé nhiéu pha

Khi thiét 1ap hang s6 cAn bing K, cac thanh phan sau diy khong xuit hién :
> Chit ran nguyén chit , 16ng nguyén chit
» Dung mdi H20

- Vidu: Xét phan tmg di thé (xem CaCO3 va CaO nguyén chét)

CaCOs3(r) = CaO (r)+CO0O: (k)
O nhiét d6 khong d6i, do ap sut riéng phan cta chit rin thiang hoa 1a hing sé nén
(Pcacos )eb = const va ( Pcao)eco = const , nén ta cé:

’ p al p > ’ p aC0,
Kp :( 0 )cb - Kp(T) = Kp e :( Pco, )cb
pCaCO3 Ca0

Kp = K¢ (RT) = (Cco2)eb (RT) (AN=1) — K¢(T) =(Cco2)eb
-Vi du : Xét can bang trong dd chit dién ly kho tan .

AgCl(r) = Ag*(dd) + CI(dd)
K (T) = Tagel = [Ag™]ew . [Cl]en ( Tagcl — tich s tan )

5
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Vidu: Ce*(dd) + 12H,(k) =  Ce¥*(dd) + H*(dd)

_( leerlln-]
K(I_)—( |_Ce4+J.PH122 )cb

+ NHAN XET VE HANG SO CAN BANG K, & Kc

> Hang sé cin bang la dai lwong khong déi ¢ nhiét dp nhit dinh. Hay néi
cdch khdc hang sé cin bing héa hoc chi phu thugc vao bin chit phdin
veng va nhigt dp chir khong phu thujc vao néng dp va dp sudt riéng phin
ciia cdc chit tham gia phén iing tai trang thdi cin bang héa hoc .

> Hang sé can bang phu thudc vao cdch thiét Igp cdic hé sé ti liwong trong
phwong trinh phan wng .

Vi du : Phan tng tong hop NHs tir Hz va N thiét 1ap theo hai cach sau :

1, Ny (k) + 3Ha(k) =  2NHs (K)

2
I:’NH3 )
cb

Kp :( p p?
N2 HZ

2. % Np(K) + 32 Hok) = NH; (K)

, PNH3
K P :( P|3|-22P|—:|32/2 )cb
Taco: Kp = (Kp’)?

> Hang s can bang khong c6 thir nguyén .

> Hiang s6 can bang khong phu thudc vao chat xuc tac.

> Hang s can bang c6 gia tri cang 16n thi hiéu suit phan tng cang cao .
Néu Kep —oo thi phan tng dugc xem phan tng hoan toan .

V. HANG SO CAN BANG VA CAC PAI LUQNG NHIET PONG.

1. Quan hé giira hang s6 cAn bang va d6 thay doi thé diang ap ciia phan ing
trong diéu kién dang nhiét diang ap.
PHUONG TRINH DANG NHIET VAN’T HOFF

aA + DbB = c¢C + dD
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AG; = AG? + RT In( [ ). =AG? +RTInQ

Trong do :
eAG’r — 12 bién thién thé dang 4p cta phan tmg (thuan) ¢ nhiét d6 T & diéu kién chuan
(néu chat trong pu 14 : khi 1y tuong thi Pk ® = 1 atm; dung dich long thi C°=1mol/l;
néu 1a chit rin hay long phai bén va nguyén chit).
e AGr - 12 bién thién thé ding ap cta phan ung (thuan) ¢ diéu kién thuc té (pu & nhiét 6
T v6i ndng do, ap sudt ctia cac chat trong phan tng ¢ thoi diémT dang xét )
eTrong biéu thirc Q :tuy thudc vao trang thai cac chit trong phan mg ma sy hién dién
cua chung trong phuong trinh trén s€ la:
> Néu la khi 1y tuong thi biéu dién theo ap suét riéng phan cua khi .
Gia st A la khi 1y tuéng thi [A]? = [Pa(atm)/P°a(1atm)]? = [Pa]? — khong c6 thtr nguyén .
> Néu 1a dung dich 1ong , lodng thi biéu dién theo ndng do (mol/l).
Gia st A 1a dd long, lodng thi [A]? = [Ca(mol/1)/CPA(1mol/1)]? = [Ca]® — khong c¢6 tha
nguyén .
> Néu A 1a chét rin (nguyén chét) hay 16ng (nguyén chat) hay H,O ( dung méi) thi khdng
xuat hién trong phuong trinh trén .
» Q khong c6 thir nguyén
—Trong biéu thirc Q , cac chét trong phan tng duoc xac dinh bang ndng d6 hay ap suit
tai thoi diém T dang xét.

— Néu thoi diém dang xét la tai trang thdi cdn bang héa hoc thi ta c6 : O = Koo

a) Phdn irng dong thé ciia hé khi Iy twong:
aA(kl + DbBk) = cC((k) + dD(K
AG —AG°+RT|n[ pépgj — AG? + RT InQ
T = T W = T p
AMB /.

Khi phan tng dat trang thai can bang: AGT =0

c Kd
> AG?:—RTln[pgpgj — —RTInK,(T)
pApB cb

c ~d
AG, = AG? + RT |n(ﬁj — AGY+RT InQp = RTLn 2 — RTLn S

PAPS ). p Ke
Néu AG?r [cal] thi R= 1,987cal/mol.K
AG? =-RT InK (T) Néu AGr [J] thi R= 8,314 J/mol.K

Hay  AG? =-2303RTIgK, (T) [ T[K] ;In=2,303.Ig



HOA DPAI CUONG — GV Nguyén thi Bach Tuyét

b) Phdn irng dong thé ciia dung dich long , lodng .

aA(dd) + bB(dd) = c¢C(dd) + dD (dd)
CSCh

ar~b
A~B

AG, :AG$+RTIn( j = AG; + RT InQ,

Khi phan tGng dat trang thai can bang; AGT =0
CcCo

arb
A~B

AG? :—RTIn( ] = —RT InK_
cb

AG = —RT InK, +RT InQ, = RT |n§—C

Cc
AG? =—RT InK(T)
AG? =-2,303.RT IgK(T)
TONG QUAT

AG; =RT In

° AG? = -RT InK(T)
K(T) !
+ Nhin xét :
> Bién thién thé ding ap chuin cua phan tmg (AG%r) & nhiét d6 T c6 quan hé véi
hang s6 can bang K(T) (trong hé khi Iy tuong 1a Ky ; trong dd 16ng, lodng 1a Ke)
> Hang s6 can bang K(T) phu thudc vao ban chat phan tmg va nhiét do.
> AGOr ctia phan tng c6 gia tri cang am thi hing sd can bang K(T) c6 gia tri cang
16n tac hiéu suat phan Gmg & nhiét do T cang cao.

Vidu : O 298K, néu phan ting c6 AG%gs < -40kJ thi K ¢ > 107 tirc phan (g xem nhu
dién ra hoan toan & 298K ( phan tmg trd thanh 1 chiéu).

& Xét chiéu phdn teng theo Q va K :
< Néu Q <K — AG < 0 — phan trng xay ra theo chiéu thuin
< Néu Q> K — AG > 0 — phan ikng xdy ra theo chiéu nghich
% Néu Q=K — AG = 0 — hé dat trang thdi cin bing

Vi du: Tinh hang s can bang Kp cta phan tmg ¢ 298K :
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2NOyy =  NOsy
& 298K khi bidt AH sog o = —98,040kJ va Asg%pu =-176,6J /K

Giai: AGog = AH . —TAS 0 =-58040+298x176,6= - 5412,3]

0
K __AG® 54123

= =2185 _, g —Puo _
»~7RT  8,314x298 o=z, 757

2. Quan hé giira hiang so cAn bang v6i nhiét dd va nhiét phan tng

AG®(T)=AH® ~TAS® |(xem AH®va AS® khéng thay di theo T)

0 [ InK AR + AS”
AG®(T)=-RT InK T
() T RT R
0 0
INK, —— AH®  AS
' RT, R
0 0
InK, —-— AH® | AS
§ RT, R .
K. AH°(1 1 Néu AHC [cal] thi R = 1,987cal/mol.K
In—% = — -
K, R (Tl sz

Z Néu AHC [J] thi R= 8,314 J/mol.K

o A (11
Hay Ky, R2303(T, T,) [TIKl.T:[K]:ln=2303lg

NHAN XET :

*Phin {rng thu nhi¢t AH° > 0 © khi nhiét d ting thi K ting (T>>T1 — K, >K,)
Khi nhi¢t do gidm thi K giam (T><T: — K <K )

+Phan ing téa nhi¢t AH° <0 : khi nhiét d§ ting thi K gidm (T>>T1 — K <K, )

Khi nhi¢t do giam thi K ting (T><T: — K >K; )

Vidu: NO(K)+%0,(K) = NOuK) Tinh K, & 325°C?
9
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Biét: AH® = -56,484kJ va K, = 1,3.10° ¢ 25°C

InKSQB_AHO( 1 1 j
K298 R T298 T598

K5986 :_56484[ 1 1 j=—1l437
1,3.10 8,314 298 598
InK,,, =2.64
Ky =14.02

V.NGUYEN LY CHUYEN DICH CAN BANG LE CHATELIER (1850 — 1936 )

Phadt biéu : Mot hé dang o trang thdi
cdn bang néu ta thay déi mét trong cdc
théng s6 trang thdi cia hé (nong do,
nhiét @, dp sudt ) thi can bang sé dich
chuyén theo chiéu cé tic dung chong
lai sy thay doi do.

Chuy : Né . 9{‘;&‘\ suat chung khong anh huéng dén trang thai
N X -k
can bang. B

Henri LeChtelier (1850-1936)
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