Effect of Temperature on the Heat of Reaction and Gibbs free
energy

AH0298= Z(Ui AHfi)p—Z(Ui AHﬂ)R """" 18

AG? g5 (2 v; AGOf)p—(Z v AG"f)R

From Eq. 6a where the heat of the reaction

AHrG-):AH?(TR)'F'[:;Z deT .......... 6a

Since the heat capacity of each component is frequently given as:
Cp=a+bT+cT? and ;

AH,(T) = AH )+ [ ic, | at- "3 vic, ] dt
The term ¥ [vic, ] at-[*3" [ic, ], may be expressed as;

AH,(T):AH:’(TR)+.LT12 (Aa+AbT+AcT?).dT

Integrating gives

AHp = AHO7, — Aa(T = Tg) = = (T? = T2) — = (T° = T§ ----20

i TG 4, Ab
AHOTZ[AHOTR_AQTR_TTR_?TR]‘l‘AaT _77‘
AC
—_T3
3

The term [AHr, —AaTg — A7le§ — A3—CT,§] IS a constant usually
denoted as J and it is a hypothetical value of AH at 0 K.
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AHOp =] + AaT +22 T2+ T3 ------- 21

If AHC is dependent on temperature then by integration of Eq.7 Eq.
8 will be

d AH) AH? _____

ﬁ(ln Keo)= - 7 Ky =K, +2£8 dT -----8

Using Eqg.21
T

InK,, = j JZ +Aa+Ab+AC)dT
) RTZ RT. 2R B8R | >

B -~ e e O 23
RT R 2R 6R

AG®; =] —AaTInT ——T2 Bl TR L B, || 24

6

Effect of pressure on heat of reaction

The effect of pressure on the heat of reaction depends upon the degree
of deviation from ideal gases behavior. If the reactants & products
behave as ideal gases there is no effect. _Even for non ideal behavior,
the effect of pressure is generally small.

Chemical equilibrium

The change in the free energy between the products and reactants is
expressed by Eq.11:

AG°*=—RT In Kgq............. 11 ; T absolute temp.

= gas constant = 8.314kJ/mol.K or 1.987 cal/mol.K where |,
cal=4.18J and 252cal=Btu.

Equilibrium constant for the reaction

al.al . . crep -
K = —=2- wherea's are the activities of equilibrium

a,.ag
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1- If ideal gas law applies then a is expressed as partial pressure,

PS.Pg

K =
p4.pb

= Kp  since Pa=yaPr
K= i ¢ yy b5 . Pi" where An=(c+d)-(a+b)
A B

K = K. P7" since Pa= naRT/V=CRT then

c d
(RT)*" = K (RT)""

Cs Cf;

2-  For non ideal gases the activity is expressedas fugasity

T since a; = + or f;=«a;P;

Pi

PSPY  atal
K = L g, K,

a pb a
P, Pp a,.ap

fz
Pi

available in plots as a function of T, & P.. or,

For Lewis Randill rule a; where f; is the fugacity of pure component

K=K, K,P{" and K = K.K,(RT)*"
3-  For liquids the activity is expressed as mole fraction X;
a-for ideal solution
XL X§
- X%.xb
b- for non-ideal solution

_XeXp  Yevh
X5 X3 . YiVh
K = K,K,
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Example

Calculate AG° and AH® at 500K for the ammonia oxidation reaction
4ANH3 + 502 —» 4NO + 6 H20(g)

use data from tables and take into account the variation of specific heat

with  temperature. AH%,93 = —216348 cal , AG® 59g =
—229146 cal
Cp cal/gmol.°C

NHs(g) 8.4+0.7*102T + 0.105* 10" T2

02 6.95+0.27*10-°T-0.145%10"° T2

NO 7.05+0.195*102T-0.07*10° T2

H20() 7.99+0.164*102T+0.18*10° T2
Solution:

Calculate Aa, Ab, Ac
Aa =[ 4(7.05)+6(7.99)] —[ 4(8.4)+5(6.95)]= 7.79
Ab=0.01764 —0.02938=-2.416* 102

Ac= [4%(-0.07*10-5)+6(0.18*10-5)] _[4*0.105*107-5-
5*0.145*10-5]=[-0.0000028+0.0000108]-[0.0000042-
0.00000725]=0.000008 +0.00000305= 0.00001105=1.105*10-5

Given AH°,93 = —216348 cal or can be calculated using Eq.18
AH® 59 = 6 AHC f20 o= 4(AH o) —4 (AH})NH3)
then calculate J from Eq. 20
AC

o _ &2 73
AH®p =]+ AaT +—-T% +—T
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Ab AC

] - AH0298 - AaTO - 77‘02 _?Tg

J= -216348 -7.79(298)+ =22 (298)2 — == —(298)°
J=-217694 cal
Calculate | from Eq. 22
AGor =] —AaTInT -T2 —=T3IT
—229146 = —218698 — 7.79(298) In 298 — 22181929982 _

«10=5
210510 " 5983 — [(298)
17338.79=1(298)
I= -2.5 cal/K

«10—2

AG®5q0 = 218698 — 7.79 (500)In500  — =298 —
1.105%10~°>

298> + 2.5(500

= AGOSOOZ -237860 cal

Note: You can calculate the equilibrium constant K from
AG°:oo = —RT InK
-237860= —1.984(500) InK
In K= 240
—229146 = —1.987(298)InK
Ln K= 386
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In K

eq

In K, =ln K,,, ———

AH®  AS°
- +
RT R
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