Chemistry 163B Winter 2014
Lecture 15- Free Energy and Equilibrium

Chemistry 163B
Free Energy
and
Equilibrium
E&R (x ch 6)

AG,, .0, and equilibrium (first pass)

here AG = AG,,,ti0n

1. AG < 0 spontaneous (‘natural’, irreversible)
AG = 0 equilibrium (reversible)
AG > 0 spontaneous in reverse direction
2. AG=AH-TAS
3. AG° all reactants and products in standard states

4. Aé? = G? Appendix A at 298.15K (reaction where
reactants are elements in their most stable form and
in their standard states, P=1 atm, [conc]=1M, etc)

AG;(0,(9))=0 AG?(C(gn))=0

AGun =Y VAH| -TY v,S?
5. i i
AGl., =AH® . —TAS?

reaction reaction

NOTE :in Appendix A: AG} and AHY in k] mol™ BUT S° in | K™'mol™

goals of lecture

6. Brief hello to thermodynamics of
multicomponent systems (n;’s vary)

7. AG,,ction fOr non-standard state
concentrations, pressures
AGreacticln= AGorea&:tion"‘ BT InQ

8. K,qand AG®

reaction
9. AG ¢, ction= AG°cactiont RT In Q is extensive

10. Variation of K, with T

6. molar free energy and partial molar free energy (chemical potential)

2NO, = N,O multicomponent mixture
2 7 1o, moles NO, ;

les N,O,
.: r 2 o&. Ry 0, MO 2V

G

o, .0, mistre (T Py Mo, 0, )

o o o
dG :(;—$] dT +($] dpP +[;G J dny,, +[8LG } dny o,
P Moy Moy o T Moy Moy n TPy, n TP,

No, o0,

G
o, =[W] partial molar Gibbs free energy
o, P,

or chemical potential

more generally G (T,P,Ng,ny)

u .
dc :[fG) dT +[E) dp+z(ﬁ] dn, =-SAT ~VdP + Y n,
R v S = v

6°. molar free energy and partial molar free energy (chemical
potential)

2NO, =2 N,0, multicomponent mixture
1o, moles NO, ;

ez :-. 2 O'Q{, ny o, moles N,O,

oG .
o, = (N0 41,0, mivture) partial molar Gibbs free energy
anNOz TP o,

or chemical potential

GNOZ molar Gibbs free energy of pure NO, I:(GNDZ = (Aéf) :|

NO,

Hyo, molar Gibbs free energy of NO, in environment
where other molecules are present

ly ics of i
E&R section 6.4 (later)

an;
4
# =G
for now p, ~G,
Hireaction ~ AGreacnon
Aiureaclion = Zvi iui d Zvi Gi =AG reaction
6
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7. AG,,,.4i0n @s a function of pressure, concentration

7. How does AG,,, o, (AM) vary as the concentration
of reactants and products varies?

example : ‘concentration’ of gas = partial pressure P,

P. = X,Pow where X, is mole fraction of species i

dG=—SaT+vap =[] _v
® ).

forideal gas:
Pt = Mot ——
total ‘total V
o BT
\%

7. AG,.,ion a@s a function of concentration

6) _y
oP ),

forideal gas
RT
Poa = Now v
P=n, RT
\

7. AG,..son as a function of concentration (ideal gas)

1bar

G/(P)-G, (P, =1bar)= RTln[ i ]

1bar

later u,(P,):,uf+RTln( R ]

7. AG,,..on a@s a function of concentration

é,(P,)=6?+RTln( R ]

1bar
AGpiion = 2 VG

. P

AG = G°+RT In| —
=0 P
AG peion = 2 VG + X VRT In| —

1bar

P
AG, =AG!, +) v,RT In| ——

BTZV‘ In[%] =RT In|:H[1’:;( ]Vl :| =RTInQ,

o=n(:%)

1 bar

for ‘persnickety’ units notation

R=R(mol)=[JK™]

(mol*) =[unitless]

10

7. AG,¢,cqi0n as a function of concentration

AGreaclion = AGr(:eaction + BT In QP

o I

. . P\ ol 2 bar . -

reaction quotient  Q, =] F‘ar =FEo——2 Qs UNITLESS
| P Y

,zm[l bar 1 bar is P°, std state for P

n,A +n,B - n.C +n,D

[ . Jﬁk [ . Jﬁn

b b

Q= % ‘like’ an equilibrium constant
PY( P )
1bar 1 bar

NI
for solutes in soln Q. =H[ﬂ] Q =it/ M)

J Q is UNITLESS
lam :

1)
HW?7 prob 39 im) (im 1M is std state for solute 11

7. Q and units (persnicketyness)

AG yion = AGion +RT INQ,

reaction quotient QP=H( i J Q is UNITLESS

1 bar

|

s ZrT 2

1 bar

—AG® vi P
AGion = AB i+ X7 (1 mol RYT 'n[l m,)

v
AG, i = AGy i + X, (1ol R)T |n(1':iJ‘"‘“‘

5
AG peion = AGY 0 + 2(R)T In[iJ “— unitless exponent

1bar

[Rx1mol]=[R]=3 K™

12
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7. AG,,,..i0n @s a function of concentration

AG AG?,ion +RT INQ

o n(s) on(lt)

reaction —

evaluates AG for ANY set of pressures, concentrations

AG?° gives free energy change for standard conditions,
RT In Q corrects AG for actual P’s and [conc’s]

at equilibrium AG= ?

8. AGi,,c1i0n at equilibrium

at equilibrium AG= 0

0=AGruion + RT INQ
AG e ==RT INQ,,

atgivenT Q. =constant=K

AG®=-RT InK,, AG cacion = AGpiacion + RT INQ

AG° _ Y (Y
K =ze B Q’_H[lbar) Q°_H[1M)
eq

AG aion = AGLacion + RT INQ  any concentrations for Q
Q,, =K, for equilibrium concentrations

13
9. AG,,ction =AG° + RT In Q is extensive
AG, nA+ nB- nC +nD
AG, 2n,A+2n,B - 2n.C +2n,D
AG, ?=? 2AG,
pc e PD iy Pc 2m, PD 2y
Q _ 1 bar 1 bar Q _ 1 bar 1 bar
1 P,x i, Pa My 2 PA 2n, Pa 2,
1 bar 1 bar 1 bar 1 bar
Q, =Q12
AG, =AG!+RT InQ,
AG, =AG;+RT InQ,
AG, =2AG+RT InQ? =2(AG +RT InQ,)
AG, = 2AG, 15
10. variation of K., with T
dG =-SdT +VdP
6£ =-S5 but remember S(T)
aT ),
a few manipulations which lead to simpler final relationships
AG,,=AGS,+RTINQ  AGS,=-RTInK,
AG _AG® AG°®
T RINQ TRk,
aAG
T | _1foae) _ac
ot | Tlem ), T
e
17

that satisfy AG, ., =—RT InK_,
14
10. variation of K, with T
* (AG,,,)1p = reaction carried out isothermally a P
* Vary T (Aern)T1,P vs (Aern)Tz,P
* Need oG and BAG,,
aT J, aT ),
16
10. variation of K., with T
5AG
T | _1(286) _aG
or | T\ar ) T
o
AG
o7 | __as_ac
T | T T°
AG
57| __as_(AH-Tas)
or | T T?
b
AG
7| __an
or | T?
] 18
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10. variation of K, with T

AG
i
ot | T T?
b
2AG°
T | (8(-RInK) ——R(M) __AH®
aT | aT o \aer ), T

P

aInK AH®
=+
oT ). RT?

10. variation of K, with T

dInK _+AH°
oT ), RT?

10. variation of K, with T

inf K| aH(1_1
K ) RL T

T,>T,

K
endothermic, AH°>0 = In—->0 = K, >K;

T

higher T mowves equilibrium to right (products) reactants + heat &2 products

K
exothermicAH°<0 = In—%<0 = Ky, <Kq
T

higher T moves equilibrium to left (reactants) reactants & products + heat

Le Chatelier's ‘Pm’ncijo&a
‘for heat”
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20
goals of lecture

» 6. Brief hello to thermodynamics of

multicomponent systems (n’s vary)
v 1. AG,,0n fOr non-standard state

concentrations, pressures

AGreat:tion= AGoreaction'.' ET InQ
v 8. Keq and AGorea&:tion
v 9 AG gion= AGoctiont RT In Q  is extensive
v~ 10. Variation of K., with T

22

End of Lecture
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