Chemistry 163B Winter 2020
Lecture 15- Free Energy and Equilibrium

Lecture 15 @mwml 1638
Free &W-%
and

E&R (= ch 6)

[

AG,,..iion and equilibrium (first pass, lecture 14)

here AG = AGiction

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} = 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,())=0 AG[(C(gr))=0

Ao =P VAH ~TF V,S]
5. : :
AG!,.. =AH" TAS"

reaction reaction

NOTE :in Appendix A: AG) and AHY ink] mol” BUTS® in ] K*mol™

goals of lecture 15

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

7. AG,,ciion fOr non-standard state
concentrations, pressures
AGrea\ction= AGoreaction*' BT In Q
8. Keq and AGoreacticm

9. AG,,ction= AG°cactiont RT IN Q is extensive

10. Variation of K., with T

6.0 molar free energy and partial molar free energy (chemical potential)

multicomponent mixture
2NO, 2 N,0 P
2 2%4
n,, moles NO, ;

q._. n,, moles N,O,
R ¥ o = o

Gixoyx,0,mesnre (T Pylxg sty o)

- { a \ (
éG | [6G) G éG
G =| = ar+| 22 dP+| - | dnyy, +| - dny
LeT Jpm man N S ey, ) 0, Mo, Jrn.
G, .
AND.A+N. 0, i
,u“,=[% partial molar Gibbs free energy
ho, ™ :
A2 T.Pa or chemical potential (of NO,)
more generally G (T, Poly, iy,
N (a3 N
oG B
= +) | = dn, =—SdT -VdP~ pdn,
\éP ), T g, =
4

6.0 molar free energy and partial molar free energy (chemical potential)

2M0, 2 N.O multicomponent mixture
2 L
2-4 n,, moles NO, ;

.: =2 %_. Nyo, moles N,O,
&° o

[éG) oG ) oG
dG =| —I dT+ — ditygy + diry; 4
Ler Pio Mo, \C-P-r.w 0, NO: Jg o | M., (T3
&G, .
Hyg, =[w] partial molar Gibbs free energy
Ap; 724 orchemical potential (of NO,)
more generally Gy (T, Po1y,..iity)
{8G) {86 N/ -G" N
iG-| = | ar-|Z | ar-Y dn, ST ~VdP=Y pdn,
T gy P Jr,, Tl g, -
5

6.1 molar free energy and partial molar free energy (chemical potential)

2NO,

1
&
o

multicomponent mixture

ny,, moles NO, ;

.: :-. .4% ny,, moles N,O,

4

} partial molar Gibbs free energy
TFax0, or chemical potential

é.\'n! molar Gibbs free energy of pure NO, [(é.\'a! E(Aé, )w :|

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

ics of . ’
E&R section 6.4 (later) 6
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Jor now u, = é.-

Al eion ® AG

reaction

ALl rion = va}uf i vaéi =AG,, . ian

7.1 AG,..;in @s a function of concentration

BE

for ideal gas

1bar

G.(P)-G(P :Ibnr):RTlu[ E J

7. AG,,.ion as a function of pressure, concentration

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

example : 'concentration' of gas = partial pressure P,

P.=X,P,, whereX, is mole fraction of species i

4G =—SdT +7dP 5[5) -7
ap T

for ideal gas:
P =Mt 7
RT
Gl iy
Vv

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

G.(P)-G.(P =1bnr)=RTlu(1P' J

bar

é,(}g)fé“:Rrh{ Li J
: 1bar
é,.(a):a*uxnn[ i J

! 1

-3

ar

later p, (P,)=;1‘°+RT11|[ L J

1bar

o]

7.3 AG,,..;ion @s a function of concentration

5,(R)=(_?°+ern( P J
! 1bar
G, e =2G,

AG,...=Yv (éj‘ +RT [n[

F
1 bar

J

86 0n =G+ Ewr )

1 bar

AG, =AG' . +Y v.RT in| —

- [for "persmickety’ units notation
P, I7RR
RT} v, lu| — |=RT in —_ =RT
- Z ' "(:a--} = {H(Ja--} } RT g,

R=R(mal)=[JK]

~ 7, =v;(moi™) = [unitless]
pY
: -H(m) 1

HWE6 prob 39 (H]’ (@ ].

7.4 AG,, ..., as a function of concentration
_ 0
AG,piion = DG oegon + RT N Qp

I1 2
. . P Y e\t .
reaction quotient  Qp =[] Thar :T Q is UNITLESS

1 bar

1 bar is P°, std state for P

nA+n,B 2n.C +n,D

() )
% ‘like' an equilibrium constant
)

1 bar 1 bar

. (ﬂ] [@
for solutes insoln 0 = n([l’ilr] oo =i Liw

23

].
0 is UNITLESS

1) \rar

1 M is std state forsolute 12
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7.5 Q and units (persnicketyness)

AG, ion = AGinm'nn +RT InQ,
reaction quotient 0, =H[,:‘, ) 0 is UNITLESS
e
e
o. ’U[%]

P,
AG,. 1, =AG,,p, + D V,RT In (”—m ]

v, P
—AG), —— (2 ntol R)T in|
"’"’""+Z,:I maI( mol R) "(1 hir)

AG,

reaction

T

P Y
AG, i =AGY .+ Y (1mol R)T h{t]‘

L
1bar

AG, i = AG

ein =BG TR
]

) = unitless exponent

[RxImot]=[R]=4 &

7.6 AG,, ..., as a function of concentration

AG, AG®

'reaction — reaction

o-n(z) e-n()

+RT inQ

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= ?

13
8. AG,,c1i0n at equilibrium
at equilibrium AG= 0
0=AG s, +RT InQ,
AG,y i =—RT In Q,
at givenT Q, =constant=K_
AG'=-RTInK, AG, ycion =BG, + RT i Q
% 2 o-mfBY
K —e & Q’_H(mej & H[;u)
g
AG,, i =AG .. +RT InQ any concentrations for Q
Q. =K, for equilibrium concentrations
that satisfy AGY, .., =—RT In K,
15
10.1 variation of K., with T
+ (AG,,,)rp = reaction carried out isothermally a P
* Vary T (Aern)T1,P Vs (Aern)Tz,P
* Need [E_GJ and [%]
ar ), or ),
17

14
9. AG,o,c10n =AG° + RT In Q is extensive
AG, nA+ nB2 nC +nD
AG, 2n,A+2n,B22n.C+2n,D
??AG, = 2AG,??
P/ (B, /Y P o, Py iy
0- ¥ 1 ber st i sar _ o- z i bar o i bar -
() () () (%)
Q.= Qll
AG, = AG! +RT In O,
AG, =AG +RT InQ,
AG, =2AG} + RT In @’ =2(AG] +RT in 0,)
AG, =2AG,
16
10.2 variation of K., with T
4G = —SdT +VdP
E =-S5 but remember S(T)
ar ),
a few manipulations which lead to simpler final relationships
AG,,=AG., +RTinQ AG.,=—RT K,
AG _AG* AG* -
T—T-t-l_ﬂng - =—RinK,
LAG
‘T _l[ﬁ] _Ae
of | T\ @or ), T
P
18
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10.3 variation of K., with T

10.4 variation of K., with T

AG
T |
T T’
P
0
aAG

(3

(ahx) _+AH°
er ), RT®

20

aAG
T _1(&\_0) _Ac
or | rlear ) T
(3
246
T | A5 A6
er | T T?
P
246
T | __as_(am-1as)
ar | T 7!
P
AG
°7 | M
ar T’
d 19
10.5 variation of K., with T
[alu’] _+AH"
T ), RT’
T A o
fdhK=I+AH1dT
H n BT
0 0
Wk, g, AL 1) A1 1
: ! R\L 1 R\7 I
K, AH"[I 1]
In| —= |= ———
&y, R\L T,
21

10.6 variation of K., with T

I>T,

K,
endothermic, AH' >0 = I >0 = K>k,
k]
higher T moves equilibrium to right (products) reactants + heat 2 products
K,
exothermic AH' <0 = Im—2<0 = K, <K,
K, 2 3

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

Le Chatelier's ’Princya[e
“for heat”

22

goals of lecture

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

AN

v T-AG,qion for non-standard state
concentrations, pressures
AGrt-:au:tion= AGoreaction*' BT In Q

v 8. Keq and AG®,ction

v 9 AG . ion= AG’ucion™ RT IN Q s extensive

v 10. Variation of K, with T

23

ﬁ'ee End of Lecture 15 energy

U

24
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persnickity

© per-shick-ety

par snikedé,

= Learn to pronounce
—d i

adjective INFORMAL - NORTH AMERICAN

placing too much emphasis on trivial or minor details; fussy.

Similar:  fussy jifficult to please  difficult  finicky ~ overfastidious v

1

- requiring a particularly precise or careful approach

25




