Thermodynamics
tutorhour 3

Gibbs energy



Gibbs energy is definedas: G =H —TS

dG =dH —d(TS)=dH —TdS —;.a(

at constant T this becomes: dG =dH —TdS

at constant T,p this becomes:| dG =dQ — TdS

Second Law: dS™ =dS™ +dS™ = (dS - d—Qj >0

leading to the Clausius inequality:  dQ —-TdS™ <0

So when p and T are constant, for a spontaneous process holds: G < ()




Spontaneous process?

6CO,+6H,0 — CgH,;,0, +60, CsH,0s +60, — 6CO,+6H,0

AG=+28.3-10°Jmol! > 0 AG =-28.3-10°Jmol?! < 0



Spontaneous process?
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Zn (s) + Cu?* — Cu (s) + Zn?* Zn** + Cu (s) — Cu?* +2Zn(s)
AGAF=13.3-10°Jmolt < 0 AG=+2.1-10°Jmol? > 0



mixing

lowering of freezing point coIIigati.ve
elevation of boiling point ~ Properties
osmotic pressure
electro-
chemistry
t Does this
- reaction
AG = W:mx AG - occur?
l Yes, if...
AG <0

at equilibrium AG =AG’+RTInQ
AG=0and Q=K
SO:
AG’ =—RT In K



Activity instead of concentration

* Activity (symbol a) is a measure of the “effective concentration” of a
species in a mixture

* The difference between activity and other measures of composition
arises because molecules in non-ideal gases or solutions interact with
each other, either to attract or to repel each other.

i.e ion —ion and ion — water interactions

* Used to explain discrepancies between ideal solutions and real solutions
(same for mixtures of gases)



Activity of a gas: use the ratio of the effective pressure to the standard state pressure

p

Ayas = pe

a,.s IS a ratio with no units.

Activity of a solute in solution: use ratio of effective concentration to the standard
state of solute concentration (C® = 1 mole solute / kg solvent = 1 molal):

~C . o with .
Osolute = Co 0., 1S A ratio with no units.

The activity of pure substances in condensed phases (solid or liquids): a=1

Relation between activity and concentration: a =YV [compound]
y: activity coefficient

The lower the concentration of all solute particles in the solution, the closer the value
of y for each solute approaches 1, resulting in the approximation: a = [compound]



Question 1

a) Equilibrium: A G=AG®,45¢ +RTINK=0 => AG®,55=—RTInK
In K=04,G®,55/ (—RT) = (— 68.3-:103) / (— 8.3145 - 298) = 27.565
K=9.4-10'! (at 298 K)

b) We assume that A, H® and A S © are temperature-independent: A HO ;o = A HO g =>
A,GC o0k = D HO, gg — TAS ©,00 = —63.99:103 — (400 - 14.4) = —69.75-103 J/mol
Equilibrium: AG=AG®,,0x + RTINK=0 => AG® ,,,x=—RTInK
In K=A,G®,40/ (—RT) = (—69.75:10%) / (— 8.3145 - 400) = 20.97
K=1.3-10° (at 400 K)

Question 2 --

a) Equilibrium,soAG=0 start 1.00
PH, Ply change 0.228 +0.114 +0.114
0 pf Xy, X 0.114-0.114 -U. : :
b) K = E—B-=""2—z = =0.0218 —_
(M) (xgp)? (0.772)2 equilibrium 0.772 +0.114 +0.114
6
p

c) Equilibrium: AG=AG® +RTInK=0 => AG®=-RTInK
A.G®=-8.3145- 1000 - In 0.0218 = 31.8 kJ/mol



Question 3

pN2604 2.0
) Q= Gon? = @")Z = 0.0566
(2moay” (e

AG=AGO, . +RTINQ
AG = -4.73-10° + 8.3145 - 298 - In 0.0566 = -11.89-103 J/mol

b) A.G is negative, no equilibrium, reaction proceeds spontaneously to the right.



Question 4

Assumptions:

« A H®isindependent of temperature
* AS®isindependent of temperature
* Decomposition starts when K=Q =1
* Decomposition starts when A.G=0

AG=AG® +RTInQ
0=AGO9+0 => AGO=0

DGO = AHO g - TASCygex  => D HO 08¢ = TAS Oy

S
ArHyggr  299-103

ArSyo8K 753

T = =397 K



