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

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

AG, .40, and equilibrium (first pass)

here AG = AG

reaction

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. AG? = ('; 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,(g))=0 AG; (Clgr)=0

AGuun =Y VAH] -TY v, 8]
-0 0 -0
AGrtor = DH o = TAS poon

NOTE  in Appendix A: AG} and AHY in k] mol™ BUTS® in JK ™ 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)

multicomponent mixture
2NO, = N0, i
y, moles NO, ;

e: r . .;:_. n, , molesN,0,

G sar 0 moare T2 P oy iy o)

dG:(EJ dT+[EJ daP + ad dny, + g dny,
AT ) im0 AP Jrn o Mo ), an,, -

L

aG, .
. :[%J partial molar Gibbs free encrgy
. TP

or chemical potential

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

2NO, = N,0, multicomponent mixture
i, moles NO, ;

.: r k= .,Q{". iy, moles N,O,

BG :
MD_:[W] partiol molar Gibbs free eneigy
: 0
R e or chewieal potential
Gm: molay Gibbs free energy of pure NO, [(G‘,,D: =| A@f 'm.]
Moo, molar Gibbs free cnergy of NOy in environiment
where other moleeules are present
ics of i Jd
E&R section 6.4 (later)

wiore generally G T Pomy,...0y)
oG oG (86 =
AG=|—| dr+|—| aP+>|— =-8dF-vdP+ Y
), (@), 2[5, » i
4
U8 G;
Jor now p, » G,
Aﬂraxﬁon R Ac’mam’an
. o -1
Al piion = z Vith & z ViG; = AG, ion
i i
6
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7. AG,,,c1i0n @S a function of pressure, concentration

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

example : ‘concentration” of gas = partial pressure P,
P =X,F,, whereX, is mole fraction of species i

AG =—8SAT+VaP = &) _p
oP

T

for ideal gas:

7. AG,q,chion @S a function of concentration

(&)

for ideal gas
RT

Pront = tow =

Qul
N

_ P
—G (R =1bari=RTIn|—
1har

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

_ ~ P,
G (P |=G"+RTI/{ - )
: 1har

A(;imm = Z v!(;l
i

. P
AG, :Zv{«}fwmm[ J]

1bar

— P

AG,, .. =S vG RT In| =
eacton Z% '+21:V' "LWJ
P

. -0 H

for "persnickety umits notaion

PE

£
Ik

ar

igTz’:‘F,-ln[ ]zgrm[r[[ A Jv}zgrh.gz,

| = [uritiess]

1 bar
Y
= H[ra;) 10

RT
Bt = Mo T
_ _RT
s
7
7. AG,...sion as a function of concentration (ideal gas)
_a'Pa I—-"il Y =1bary=RTin i
Ibar
G (P )—G" =RTIn| —*
1 bar
G P |=G"+RTIn I::
1har
5 P
later g\ P )= g + RTIn| ——
FRITT
9
7. AG,q,ction @s a function of ation
- -0 .
A()mcﬁan - A(Jmcﬁan + BT in QP
L
reaction quotient Qp =T [ ) =M 0 is UNITLESS
2 bar 2Y
,_m,,[um 1 baris P°, std state for P
nA+n,B - n.C +n,D
[P_c]” [LJ
8 :% ‘like' an equilibrium constant
EANEAN
tear ) \idar
WG
. [ 1a) \1m .
for solates in soln Q. = H[«Tr] 0= Ty (Y @ is UNITLESS
HW?7 prob 39 [ﬁ] [T:] 1 M is std state for solute 11

7. Q and units (persnicketyness)

AG, AG!

reastion "reaction

+RT mQ,
Toar

Y
[t

AG o =AGY, +ZviRTtn(i]

resshon 1bar

.
reaction quotient Q>:H(L] @ is UNITLESS

AGn, =AGh iZﬁ{fmﬂ]RlTh[%]

p Y2
AG, ., =AG, .+ (Imol R\TIn e
T

Gy = AGh o + TURIT ln[ A ] = unitless exponent
5 1 bar

Rximol]=[R]=J &
[Rx1mol]=[R] 12
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7. AG,,,.1i0n @S a function of concentration

AG uson = AGhyaiion +RT 1 Q

() en(2)

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. AG,,,si0n at equilibrium

at equilibrium AG= 0

0=AGY, ..., +RT In Q,

Yeq

AG . =—RT I Q,,

at givenT Q= constant = K,

AG'=-RT Ik, AG,yetin = AGlyguion + RT I 0
e 2 Y Y
Kﬂq:e_l?_T Q*"H[;m} 2 7H[IM]
AG, iom = N}':]mm +RT InQ any concentrations for Q

Q,, = K, for equitivrinm concentrations

that satisfy AGY n =—RT In K,

13
9. AG,o,c10n =AG° + RT In Q is extensive
AG, nA+ nB- nC +nD
AG, 2n,A+2n,B - 2nC+2n,D
AG, ?=? 2AG,
P/ n. P/ eh P/ Y™ PV tn;
Q _ léar b4 Q _ 1bar léar
llyn_Pyn, iP/”'ly”"
oo oo b b
0= Q12
AG, = AG} + RT n @,
AG, = AG) + RT In Q,
AG, =2AG] + RT In @ = 2(AG] + RT In ©,}
AG, = 2AG,
2 1 15
10. variation of K, with T
aG = -Sar +vVap
oG =—8 but reircinber S(T)
ar J,
a few manipulations which lead to simpler final relationships
AG,., = AG,,,+RTInQ AG,,=—RTinK,
AG AG AG*
S = tRng - =Rk,
BAG
7| JLfeAe) _AG
ar | T\oT ), T
P
17

14
10. variation of K., with T
* (AG,,,)1p = reaction carried out isothermally a P
¢ Vary T (Aern)T1,va (Aern)Tz,P
* Need E amd %
ar J, or ),
16
10. variation of K., with T
BA(.‘-‘
v _i(ﬁ) _AG
or | t\ar), T
»
228G
I
ar | T T
P
AG
| __as (aH-Tas)
ar | T 7
P
AG
7| ew
T | T
fid 18
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10. variation of K, with T 10. variation of K., with T
e
T| A [BanJ _ L AH
ar T or ), T TRT
P
AG" v o
=7 | _(3-Bmx, __R(alnl(] __am Jamx={+2Ear
or or “\er ), T i o=
o o
? Ik, -InX, :—ﬂ[i—i]:w [L—L]
: ' RA\T, I} R\L T
(amx) Al [K,] AH"{I 1)
=+ | === ——
or ) RT k) R\R 4
19 20
10. variation of K, with T goals of lecture
. [1{,;] AH"(I 1]
n| =% |= —
k,) R\L T v 6. Brief hello to thermodynamics of
L7 multicomponent systems (n’s vary)
K.
endothermic, AH® >0 = mx—"' >0 = K, >K, v T-AG,on fOr non-standard state
" A Y y 4 i concentrations, pressures
higher T moves equilibrium to right (products) reactants + heat =2 products -
8 ™ K e =r AGreaction_ AGoreaction'.' ET InQ
exothermic AH' <0 = m—Z<0 = K <K,
5
g 8. K, and AG®,,i
higher T moves equilibrium to left (reactants) reactants 2 products + heat v eq reaction
v 9 AG gion= AG°octiont RT In Q  is extensive
Le Chatelier's Principle - .
v 10. Variation of K., with T
«. 9
“for hea
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End of Lecture
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