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TOM TAT
Bang phuong phap nhiét dong hoc théng qua dai lwong hoa thé da thiét 1ap bidu thirc tinh hang sé can bang K
clia phan (rng thuan nghich va cho thdy hdng sé can bing K & mét dai lwong khdng cé don vi, khéng phu thudc vao
céach biéu dién theo cac dai lwong khac nhau (Ke, Kc, Kx) va khéng phu thudc vao hiéu hé sb ti lwong (Av) cla cac
chét trong phwong trinh phan trng. Ngoai ra, &nh hwéng clia cac yéu té nhw ndng do, ap suét, nhiét do dén chidu
chuyén dich can bang ctia phan (rng thuan nghich da dwoc xem xét va giai thich.
T khéa: Hang sb can bang K; phan trng thuan nghich; chuyén dich can béng héa hoc.

ABSTRACT

The equilibrium constant of the reversible chemical reaction has been established by the chemical
thermodynamic method through the chemical potential. The obtained results showed that the equilibrium constant K
(Kp, Kc, Kx) is a dimensionless quantity, does not depend on the difference of stoichiometric coefficients (Av) of the
reactants and products in the chemical reaction. In addition, the effect of some factors as concentration of reactants,

pressure, temperature of reaction to the shifting of equilibrium of reversible reaction has been discussed.

Key words: K equilibrium constant; reversible reaction; the shifting of chemical equilibrium.

1. Pit van dé

Trong chuong trinh Héa hoc & cac truong
Trung hoc phé thong (THPT) chuyén, hoc sinh
khdi chuyén Héa da dugc hoc vé Can bang hoa
hoc cua phan tng thuan nghich, cach xac dinh
hing sb can bang K va cac yéu té anh huéng
dén chiéu chuyén dich cin bang ciia phan ung
thuén nghich. Trong phan ung thuan nghich thi
hing sb can bang K 12 mot dai luong c6 ¥ nghia
quan trong; n6é cho biét muc d6 xay ra ciia mot
phan tng. Vi vy, c6 thé néi rang viéc dua khai
niém can bé'lng hoa hoc va cach xac dinh hé'lng
s can bang K s& giup cho hoc sinh hiéu duoc
ban chét cua phan 16n cac phan tng hoa hoc 1a
phan tng thuan nghich va tir d6 c6 thé van
dung cac quy luét ciia hoa hoc dé 1am cho phan
g x4y ra theo chiéu mong muén véi hiéu suit

cao nhit.

Tuy nhién, hién nay con c6 mot s6 van dé
chua théng nhit va chua duoc giai dap mot cach
thoa dang khi nghién ctru vé hang sé cin bang K
cua phan ung thuan nghich va anh hudng cta cac
yéu t6 dén can bang hoa hoc.

- Vén dé thir nhat 1a hang s6 can bang K ciia
phéan g thuan nghich c6 hay khong c6 don vi khi
biéu dién theo cac dai lugng khac nhau (Kx, Kp, Kc).

Hién nay, mot sb tac gia [1, 2] cho rang don
vi cia K tuy thudc vao cach biéu dién nd. Kx 1a dai
luong khong c6 don vi, diéu nay 1a hién nhién vi
Kx biéu dién qua ndng do phin mol cia cac cu
tu; Kp, Kc 1a dai luong c6 don vi (Ke, Kc khéng cé
don vi khi hiéu hé sd ti lwong (Av) cua cic cau tur
trong phuong trinh phan tmg bang khong). Pon vi
ctia Kp, Kc con phu thudc vao cach viét phuong
trinh phan tng, nghia 1a phu thudc vao hé sb ti
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lugng ctia cac chét trong phwong trinh phén tmg.

Tuy nhién, theo mot sb tac gia[3,4,5,6,7,
8, 9, 10] thi hang sb cin bing K (Kx, Kp, Kc) la
mot hang s khong c6 don vi.

Nhu vay, khong c6 sy thong nhit vé don vi
ctia hang s can bang K ciia phan tmg hoa hoc.

Mic du y nghia quan trong ciia hang s6 can
bang K 1a gia tri cia no, chir khong phai don vi.
Tuy nhién, trong cac bai tap 1y thuyét nhiét dong
hoé hoc, dac biét trong cac ki thi (Olympic hoc
sinh, sinh vién) thi tit ca cac dai lugng thu dugc
phai ghi 1 c6 hay khéng c6 don vi kém theo.

- Vén dé thir hai 14 anh hudong cua cac yéu
t6 dén sy thay doi hang s6 can bang K tir d6 anh
huong dén chidu chuyén dich can bang cua phan
ung thuén nghich.

Trong bai bao nay, tir cac tai li¢u tham khao
ching toi trinh bay cach xac dinh hiang s6 can
biang K cua phan ung thudn nghich v&i mong
mudn 1am séng t6 don vi ctia n6 va anh hudng cia
cac yéu té dén chidu chuyén dich can bing hoa
hoc.

2. Giai quyét van dé

2.1. Pon vi ciia hang sé cin bang K trong phdin
trng thudn nghich

Pé don gian, ta xét phan tmg thuan nghich ¢
dang tong quat gitta cac chét trong pha khi (hé
ddng thé) & trang thai 1y tuong sau:
ViAL + voAo + .. S AL + VvI'AL + L

Ap suét riéng phan cua cac khi Ai, Az ...
A'L, A, ... la |:)A1 , PAQ"';PAi ’Psz

Biéu thirc cua dinh luat tac dung khéi lugng
biéu dién mdi quan hé giita thanh phan ciia cac
chét tham gia va tao thanh sau phan ung ¢ diéu
kién can bang:

PPy
KP :( A A,

— = (1)
PAl P2

Nhu vay, tir biéu thirc (1) ta dé nhan thay

rang hang s6 Kp s& co don vi tuy thudc vao hé sb
ty luong vi cua cac cau tir trong phuong trinh phan
ung. Nhung trong thuc t&, Kp la m{t hang so
khong c6 don vi. Diéu nay c6 thé dugc ching
minh khi ta xem xét viéc thiét 1ap biéu thuc (1)
theo phuong phéap nhiét dong.

Pé xay dung (1) theo phuwong phap nhiét
dong, ching t6i trinh bay ham Gibbs (Gi) va hoa
the p; cta cau tu i.

2.1.1. Ham Gibbs (G) va sw phu thudc cia thé
dang nhiét - dang ap vao dp suat

Nam 1875 Gibbs dua ra mét ham trang thai
duogc goi la thé dang nhiét - dang ap (G), con goi la
ham Gibbs:

G=H-TS

Trong d6 H la entanpi, S 1a entropi, T la
nhiét d6 tuyét doi.

D6 bién thién AG cua qua trinh duoc xem la
ti€u chuan dé tién doan chi€u huéng dién bién cua
qué trinh trong hé & T, P = const.

dG < 0: Qua trinh tu dién bién.

dG = 0: Hé ¢ trang thai can bang.

Tirbiéu thie: G=H-TShay G=U-TS+PV

= dG =dU - TdS - SAT + PdV + VdP

Ta lai c6: dU = TdS — PdV (U la ham ndi
nang, U =U(S,V))

= dG =VdP - SdT (2)

Dbi v6i qua trinh ddng nhiét (T = const),
nén dT = 0. Biéu thirc (2) tr thanh:

dG =VdP 3)

Ta c6 phuong trinh trang thai khi 1y tudng:
PV =nRT

Trong trudong hop n =1 thi: PV = RT hay

V = % Thay gia tri V vao (3) ta dugc:

dG = R—PTdP hay dG=RTdInP (4

Lay tich phan (4) tir P; dén Py:
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IdG:RTId—P :>Fj2dG RTIdInP

1

:Gpl+RTIn&

1

= Gy,

:RTIn&

1

= AG =G, -G,

Néu 4p suat ban dau P; = 1 atm (thudng lay
lam ap sudt chudn va ky hiéu la P°) thi G,, —G°
goi 1a ning lugng Gibbs chuan cta 1 mol khi ¢ P°
= latm. Va bién thién ham Gibbs cua qua trinh &
nhiét do T la:

AG =GP ~G2 =RT In P@M)

1(atm)
hay AG=G/ -G’ =RT InP (6)

()

Va ham Gibbs G; ciia 1 mol khi Iy tudng &
nhiét d6 T va ap suét P la:

Gl =G/ +RTInP (7)

Nhu viy, trong biéu thic (6) va (7) dai
luong InP khong c6 don vi clia ap suét (atm); hay
n6i cach khac dai luong P trong InP chi ldy tri s6
cua nd chur khong kém theo don vi.

O dang tong quat:

P (atm)
G=G+ RTInO— 8)
P°(atm)

(G° 1a thé ding nhiét - ding ap chuén, P° 13
ap suét chuan)

Pb6i v6i hé nhiéu cdu tir ta co ning lugng
Gibbs ciia cdu tir i nhu sau:

P (atm)
P°(atm)

G—nG°+nRTIn 9)
2.1.2. Hod thé u

Khai niém ho4 thé cua cac ciu tir ciing dugc
Gibbs dua vao nhi¢t dong hoc tir nam 1875. Hoa
thé i c6 thé dugc bidu didn qua cac ham nhiét

dong khac nhau. Tuy nhién, vi trong thuc té cac
phan ung hoa hoc thuong duoc thuc hién o T,
P = const, nén nguoi ta thuong biéu dién hoa thé
qua ham G:

oG
Hi = (E)T,P,nm (10)

i
Trong trudng hop hé 1a hdn hop ciia cac ciu
tir khac nhau thi hoa thé cua ciu tir i 1a:

Hi = (Z_G)T,P,n”i =Gi (T, P, C) (11)
n.

Cila nong d6 cua ciu tu i.

Nhu vay, hod thé wi biéu dién theo G chi
phu thudc vao T, P va Ci, khong phu thudc vao sb
mol n;.

Tir (11) suy ra: dG = Y z;,dn,

G —
— =0 goi la
n

Ddi véi hé 1 chu tir thi g =
thé dang ap mol.
Vé6i hé 1 chu tir, 1mol thi tir biu thic (4)
dG = RTdInP c6 thé viét la:
dG = RTdInP (12)
Tuong tu iy tich phan (12) tir P; dén P; ta

dugc: Gp, —Gp =RT In%

1

Néu Py = P° = Latm thi Gp, = G°

P (atm)

p° (atm)

P (atm)

P°(atm)

Hay p=p°+ RTIn P (atm) (13)
P°(atm)

Dbi v6i hdn hop khi 1y tudng, ta co hoa thé

—~G=6°=RTh

Suyra: p-p°= RTIn

cla cau tur i:

ui=p’+ RTIn % (14)
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1® 13 hod thé tiéu chuan cua cdu tir i &
Pi® = latm.

Néu biéu dién thanh phan cta hdn hop qua
noéng do C; (mol/l) thi:

pwi=p®+ RT In % (15)

i
(C° 1a ndng d6 chuéan, C° = 1mol/l)
2.1.3. Thiét ldp biéu thirc hang sé cdn bang K
Xét phan ng :
VIAL + VoA + . S viIA + VAL + L
O ap suat va nhiét do khong doi (T, P =
const) diéu ki€n can bang ctia phan ung la:

dG=0Hay Y sdn, =0 (16)

Vi bién thién dn; ty 18 v6i hé sb ty lwong vi
v6i ddu twong ing nén ta co:

dn_dn, __dy_dn
Vi Vs i Vi v,
Hay dn; = vidn

Do d6, & diéu kién can bang: Zvi i, =0
Thay gia tri wi ¢ (14) vao (17) ta duoc:

z}ﬂyf+Rng%):0

Zvi/uio

RT (18)

P
hay Zvi Inaz—

i
Biéu thuc Y v,u’ la gid tri cia Y v,
khi tit ca cac cu ta dugc chon & trang thai chuén.
bat AG® = Zvi,uf. AG° 1a entanpi ty do
chuin cua phan tmg .

Nhu vay, ¢ diéu kién can bang:
P
AG®=-RT D.V; |n(P—'o) o (19)
i

Ciing nhu pi°, AG® chi phu thudc vao nhiét
d0, nén & T = const, AG®° = const; do do

4

P P
dv In(P—'O)cb = const , hay ) In (P—'O)Zg = const

= InKp .

(Kp goi 12 hing s6 can bang cia phan tng)
Vé e
%)y (20)
A

P P’ /P°" P pP°
o (s (A
i Py /P, P[P

Vi P% = latm nén ta c6 thé bd qua cac dai
luong P° cua cic ciu tir trong (20) va dong thoi
cling bo don vi ciia 4p sut riéng phan trong (20),
vi cac thir nguyén & tir s6 va mau s cua dai lugng
4p sudt da bi triét tiéu.

PP

VaInKe = In(——2 1y
Py ..

(21)

Nhu véy, hing sé cin bang Kp 13 dai luong
khong c6 don vi. Cac gia tri 4p suat P; clia cac cAu
tr trong (21) chi duoc lay véi tri sé cua no chi

u
17
khong c6 don vi. 17)

Tuong tu d6i v6i e, ta ciing thu duoc biéu thuc
Kc sau:

V2

cricoicric

KC: ( v o"1 Vs OCZZIH)Cb
CLICo: ClICoy .
C:.C;i...
Vi C° = 1mol/l nén: K¢ = (————) (22)
v v, cb
CiCl..

va K¢ ciing 1a dai lugng khong ¢6 don vi.

2.2. Anh hwéng ciia cdc yéu té dén chiéu chuyén
dich cin bang héa hoc

Theo nguyén 1y chuyén dich can bang cia
Le Chatelier: “Néu mot hé dang ¢ trang thai cén
bing ma ta thay d6i mot trong cac thong sb trang
thai ciia hé (ndng do, ap suit, nhiét do) thi can
bang s& chuyén dich theo chiéu c6 tac dung chong
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lai sy thay doi d6”. Tuy nhién, van d¢ dit ra 13 tai
sao can bang cta phan ung lai bi phd v& va chuyén
dich vé mot phia nao do6 khi ta thay ddi mot trong
s6 cac thong sd nhu ndng do, ap suét, nhiét d6? va
c6 truong hop dac biét nao khong?
2.2.1. Anh hudng cia nong dé

Tir phan Ung tong quat: viAs + voAs + ... S
ViAL + V' AL+ L
bELlIlg Ke:

ta c¢6 biéu thuc tinh hang s6 can

ChicC?..
A A
c=(Cuan Jo (23)
C A C A

Hing s6 cin bang Kc chi phy thudc vao
nhiét d9, khong phu thudc vao néng d6. Do vay,
khi ta thay doi ndong do cua mét trong cic chat
tham gia phan tng thi ti s6 & vé phai cia (23) s&
thay d6i. Tuy nhién, vi Kc 1a hing s khi nhiét do
phan g khong thay doi, nén phan tng s& xay ra
theo chiéu nao d6 dé dua ti s6 cua (23) tro vé gia
tri Kc ban déu. Do d6, néu ta ting nong do chat
tham gia (tir s6 cua (23) tidng) thi can bang chuyén
dich vé phai thuan dé lam giam t sé (23) nham
dua ti s6 (23) vé gia tri K¢ ban dau; nguoc lai néu
ta ting nong do cla chat san pham (mau sé (23))
tang thi can bang dich chuyén vé phia nghich dé
lam giam mau sb (23).
2.2.2. Anh hudng cua dp sudt

Néu cac chat tham gia phan mg ¢ trang thai
khi thi ta ¢ biéu thirc hang s6 can bang Kp:

P1pP%,,
(A A —

Kp = (W) o = Kx P (24)

V6i Kx 1a hing sb can bang theo ndng do
phan mol, An = (v’ +v2’ + ...) -(vitwvat.l)

Hang s can bang Kp chi phu thudc vao nhiét
d9, khong phu thudc vao ap suat. Do vay, khi ap
suét thay ddi ta co cac truong hop xdy ra nhu sau:

a. Su thay ddi ap sudt ctua hé do dun noéng

hé, hodc do thay ddi thé tich hé: Su thay ddi ap
sudt cua hé trong truong hop nay co lién quan dén

su thay doi 4p sudt riéng phan cia cac khi trong hé
va cd cac tru’émg hop sau:

- Néu An > 0: Néu P tang thi Kx phai giam
(vi KP khong d6i); do d6 can bang chuyén sang
phia nghich.

- Néu An < 0: Néu P tang thi Kx phai tang;
do d6 can bang chuyén sang phia thuan.

- Néu An = 0: thi PAn = 1; do d6 su thay
dbi ap suat khong 1am thay d6i can bang hoa
hoc.

b. Su thay d6i 4p suit ciia hé do dua thém
khi tro vao hé (khi khong lién quan va éanh
huong dén phan tng): Néu ting P cta hé, nhung
thé tich va nhiét do hé khong thay ddi thi cén
bang cua hé khong dich chuyén. Vi trong trudng
hop nay P chung tang, nhung ap suat riéng phan
ctia cac khi khong thay ddi nén ti s6 ap suét cia
cic chit trong (24) khong thay doi.

c. Truong hop dic biét néu ta thém khi tro
vao h¢, nhung nhiét d6 va ap sudt ctia hé van
khong d6i (T, P = const) thi khi d6 thé tich V s&
ting din dén ap suét riéng phan cua cac khi s&
gidm va c6 cac truong hop sau:

- Néu An > 0: Can bang dich chuyén vé
phia thuén.

- Néu An < 0: Can bang dich chuyén vé phia
nghich.

- Néu An = 0: Can bang khong dich chuyén.

2.2.3. Anh huong ciia nhiét dé
Ta c6 phuong trinh Van’t Hoff m6 ta quan
hé gifra hang s6 can bang Kp, hi€u tng nhiét phan
ung AH® va nhiét 46 T nhu sau:
dinK, AH°®
dT ~ RT?
Trong khoang nhiét do tir T: dén T, néu

(25)

xem AH° = const, thi Iy tich phan (25) tir T; dén
T, ta duoc:
K
noen AHT L 1, (26)

Ker, R T, T,

- Pbi v6i phan ung thu nhiét (AHo > 0),
khi tang nhiét d6 (T, > T1) thi vé phai cua (26)
s& duong, nén KP, T2 > KP, T,, nghia 1a tir s6
ciia (24) ting. Do do6, can bang phan tng s&
chuyén dich vé phia thuén.
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- Doi voi phan (g téa nhiét (AHo < 0),
khi tang nhiét do (T2 > T1) thi vé phdi cta (26)
s& am, nén K <K, nghta la ti s6 cua (24)
giam. Do do, cén bang phan ung s& chuyén dich
vé phia nghich.

Nhu vdy, moi su ting nhiét do déu lam
cho can bang chuyén dich vé phia thu nhiét.

3. Kétluan

Hing sd can bang K cia phan ung thuin
nghich 1a mét dai lugng khong c6 don vi, khong
phu thudc vao cach biéu dién theo cac dai lugng
khac nhau (Kp, K¢, Kx) va khong phu thudc vao
hiéu hé s6 ti luong (Av) ciia cac chat trong phuong

trinh phan tng.

DPéi v6i hé thue ta thay ap suét béng hoat
ap va néng do béng hoat d6, khi d6 Kp duoc
thay bang K¢ va Kc dugc thay bang Ka. Song
hang sd can bang Ky K, ciing 1a dai luong
khong c6 don vi.

Mot sb yéu t6 nhu néng do, ap suét, nhiét do
anh huong dén chiéu chuyén dich can bang héa
hoc da dugc xem xét va giai thich théa dang nham
giap cho sinh vién, hoc sinh chuyén Hoéa cta céac
truong THPT hiéu duoc ban chit cia nguyén 1y Le
Chatelier; dé tir d6 van dung vao viéc giai quyét
cac van dé trong thuc tién cua Hoa hoc; cling nhu
giai quyét cac bai tap vé can bang héa hoc.
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