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The term exp( G
RT

) is given the symbol K, and is called the

for the rxn, and is function of temperature ONLY:

_AG°(T)
RT

K Eexp(

Therefore, ]___[(f’: /fio)vi =K oa = fi/fio

Vi
H(ai) = K , where q; is the activity (effective concentration)
i

of species i & V; is its stoichiometric number.



For the reaction:
d

A+2B = ¢c+9p
a a d

1. The true (dimensionless) equilibrium constant

c/a dia

2 L ()

d,dg

2. The pressure equilibrium constant K is

PP V.
Kp= 0D K, = 2
BB G-I

3. The concentration equilibrium constant K is

. CE.f’nC[d;a
CACE*
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K = True equilibrium
constant

K, = Pressure
equilibrium constant

K. = Concentration
equilibrium constant

K. =H(Ci )’




K=T](a )" where a, = f/fo

fio is the standard state fugacity.
The standard state for a gas is the ideal-gas state of the pure gas at
the standard-state pressure P° of 1 bar.

Because the fugacity of an ideal gas is equal to its P, f° = P° =1 bar.

A

f. is the fugacity of species i in the gas mixture.

The fugacity is related to the fugacity coefficient by: ¢?i = fi / P.
or T, =¢P=9yP

A A ¢?i is a measure of
Therefore, for gases: a. = f. / fi0 = ¢.P, /PO deviation from
A v, ideal-gas (ig)
<=T1G)-T1(R/7) ——"
| ~\Vi | Vi —V; ¢?i = 1’:\i /Pi
K=H(¢.) H(Pi)'H(PO) ¢?i=1'ei/fiig




K =H(ai )"i where ai = fi/fio

K =H(¢?i )viH(Pi )ViH(PO)—w

L d=1 -~K.=1& K=Kp-(P°)_6

2. Pi =C|RT

K, =TI RTY =(RT)"-TI(C.)

K,=(RT)"-K, =p|K =K, -(RT/P°)’

where,

Ky EH(& )Vi



INK = —AG°(T)/RT

~T1() =T1(3R /")
=H(§3i )ViH(Pi )VH( Po)—w

K=K, K,-(P°)"

LK K (P) T =K, (PO)

or K; =K, -K,

At 1 bar (ideal gas), K. = Kg, since

K; =K%} as K, is f(T) only
For ideal gas K = Kg -(F’O)_8
Kg = K¢ K,

K =1_[(ai )Vi where a = f /f°

K=K, - (PO)

Notes:

1. K =K, in magnitude, not units

2. K&K, are f(T) ONLY
3. But fi, é\i, K, are f(T, P, y)



K =1_[(ai )V‘ where a = f./f°

f.” is the standard state fugacity.
For liquids, fio is the fugacity of pure liquid i at the system T and 1 bar.

fi is the fugacity of species i in the solution.

The fugacity is related to the activity coefficient by: fi =y X T
where f. is fugacity of pure liquid i at system T & P.

Therefore, for liquid solution: ¥. is a measure of
. T o __ o __ 0 deviation from

a'i T fi / fi o }/i Xi fl/ fi - yi Xi ( fl/ fi ) ideal-solution (id)

behavior for liquid

Because the fugacities of liquids are weak

solutions:

=h>

functions of P, the ratio f./f° is often taken as unity. y.o=f Ixf

*)

id
i

.'.ai=fi/fi057/ixi }/i=fi/




K =1_[(ai )Vi where a =f./f°=y.x,

K =H(7i X )vi _ H(?’i )Vi]:_[(xi )Vi =K, - K, | where, ,
K =1?[(;/ixi )’ =H(ini /C;)" Kyfll:[[yi ))
K=TT(»)"TI(c)'TI(c:)" : )
i A Ke=]T1(x)
<=k, () '
7, =1 Ky=1 K=K<;'(CT)_6

where CT (total conc. at equil.) — NT/V — (NTO+8NAOX9)/VO — (CTO+CA08X6)

K=K

C



K =1_[(ai )V‘ where a = f./f°

In Summary:

where,
K=K, K,-(P?)" | k,=TI(4)
-3 K|o=]._.[(|:)i)vi
o) |
K=KC-(RT/|30)6 5;2; |

K=K, -K.-(c;)"

K=K,-(c;)"



