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Free Energy, Introduction, Spontaneity

Chemistry 163B
Free Energy
E&R (= ch 6)

spontaneity
AS > il
T
AASYIHH.I'(-'I‘."&' = AS‘.‘]“Y + Agﬂlﬂ‘ 2 0

goal: Define function which allows evaluation
of spontaneity in terms of state functions of

SYSTEM (only)

goals of lecture

- define Gibbs (G) and Helmholtz (A) free energies
* show AGyp < 0 and AA;, < 0 for spontaneity

« differentials dG and dA

» temperature and pressure dependence of G, A

» what'’s ‘free’ about free energy

spontaneity

motivation for G (spontaneity at const T,P in terms of system)

—d
AS,, 425
T

spontaneity at const T,P

), =AH, (w, =0)

AS,+ 'A;"P >0

TAS,, - AH, >0
AH,-TAS,_ <0
define: G=H-TS (general, cven if T, P ot constant)
but

AG,, =(AH,,) —TAS, <0

£ e

spontuneity for constont TP d_ . =0

motivation for, A

—4
A+ 50
T

spontaneity at const T,V

(25: ), =AU, (@, =0)

=AL,
AS +— >0
T

b
TAS,, - AU, >0
AU, - TAS_, <0
defiue: A=U—TS (general, coen if T, Vot constants
buet

Ay, = (AI',YV)SJK —TAS,, <0

spontimeity for constmt T,V (A =0
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summary

Definitions: A = U-TS
G = H-TS

Spontaneity (in terms of properties of system):
AAl1',V = 0 (no wother)
AG'I',P <0 (I'IO wother)

what’s ‘good for spontaneity’

AG,,=AH -TAS <0

spontaneous: AH <0 and AS>0 = AG<0

AH, <0 AS,, >0
exothermic:

disorders surroundings|| disorders system

what’s ‘good for spontaneity’; similarly for AA at const T,V

Ad,, =AU -TAS <0

spontaneous: AU <0; AS>0 =>AA<0

AU, <0 AS,,. >0
exothermic:

disorders surroundings|| disorders system

4G =0

AG,,=AH-TAS=0
for reversible, equilibrium process

example: equilibrium phase transition

~ . . AH,
AG, , =AH ,—TAS, wifh AS,=—+

Ly
AS,
=AH,~T,| =2 |=0
Td

[HWE6 problem #35, sign of AG for T ‘around’ T,]

1"

8
AG;p= AH- TAS
AH AS Spontaneous ??
- + yes !!
(exothermic: disorders surr) | (disorders sys)
+ _ no!!
(endothermic: orders surr) (orders sys) (reverse sp ontaneous)
- - maybe !!
(exothermic: disorders surr) (orders sys)
+ + maybe !!
(endothermic: orders surr) (disorders sys)
10
differential relationships and Maxwell-Euler
U =internal energy dU = g + i = dg— P
H=U+PV Ty
A=U-TS s =—"" dq=TdS
G =H-TS T

at =Tas - pav’ s
TiS- P2V
dH =aU + PaV +Vap

aH = Tas + Vap H(S.P) (BT] :(3”)
5 P

i as
TdS- PiV
a4 =al - Tas - SaT
. - - ay _(ae
a4 =-Sdar - Pav AT 3 = (ﬁl
TdS +VdP
AG=dH - Tas — Sar

AG=-SaT +VapP G(T.P)
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G, A what’s “FREE” about free energy ? 1 Y

PELTIER

why “free” energy (E&R eqn 6.9)

_qsﬂ

AS,. + >0

spontaneity at const T,P

(g, ), =AH, (g, =0)

/- IP +dw,,, =AH, (dw,, #0)

—(AH  —dw, |
Asw.i.“—"”"’ >0

TAS,, —AH, +Fw,,, 20
AH,—TAS, —i#w,,, <0

AGyp  —iw,,,, 20 ioqn 69ESR)

why “free” energy (E&R eqn 6.9)

AGy p— @, <0 (equ 6.9 E&R)
AGp, < @,

Thus if AG,,¢0n < 0 (spontaneous), the maximum
Woimerdone ON surroundings is —AG,,ction

— G, =—(w,y, )wﬂm = (4., )wmmmgﬁ
For example w,,.. might be the free energy of a reaction

converted to electrical work in an electrochemical cell or a neuron.

AG: energy E@ to do work, other than expansion work

(
(

temperature and pressure dependence of G, A (no W)

G: T dependence at constant P

ar

G: P dependence at constant T

G oG -
oG ~_ _¢ - =1 | == =7
) dG = -SdT+1dP ) [ap), (EPl

T

aP

a4 a4
dA=—SdT - Pd) =) (EJ =5 [B—,) =-r
v T

. oG oG <
%G\ 4G =-SaT+1dP [y (—] =—5 [—J =—5
)P or ), ar),

14
motivation for G, A
G=H-TS A=U-TS
AGy . =(AH, .| ~TAS, <0 Ay, =(AU,, | ~TAS,, <0
spontaneity for constant T, P (#_, =0) spontaneity for constant T,V (=0
AGT,P S W ‘ | AA?',V S W
16
and AG,,., for chemical reaction (HW7)
AG . = y(;' [molar free energy of formation,
reaction Z % in a moment and Appendix A]
or ), [
MG, ) OGsion | _py
o ] = A.S, aP A reqcion
AS ion = Z ngz AV i = Z vl
n B
G, ... aG, < =
—mm | = | =) v(=S,)=—-AS ‘proof
(%= =3[ 5] =2 8085
18
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AG,,,c1i0n 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 fEﬂJ (Zf Lecture

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; (0x(2))=0 AG; (C(gr))=10

AGpa =Y VAH] -TY 18]
5. -0 y ] Ln
AGhn = AH Y —TAS

reaction

NOTE : in Appendix A: AG} and AHY, in k] mol™ BUT8° in [ K mol™ 19

spontaneity (argument |1 )

AS

= universe

=AS,, +AS,, >0

surr

qsys = oy

statement: the surroundings are so ‘massive’ that any
transfer of heat from system appears reversible
to surroundings

N Uy q
thus: (qm,}m=—qm ASmn_:%:_ ;s

-4
and thus: AS,, + —Z >0

21




