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x GIBBS AND HELMHOLTZ FUNCTIONS /

Gibbs function (G) and Helmholtz function (A) as

thermodynamic quantities
Gibbs function G is otherwise called Gibbs free energy and itis the

net work function. Helmholtz Function A is otherwise called Helmholtz
free energy and it is the maximum work function

The Gibbs free energy - G - Net work function
Definition : G=H-TS
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GIbD'S hee eneigy (alse called energy function) G s dwrmﬂ
hermodynamic properly a dectease In which e, \Q dives ‘he
WOIK that can be obtained from a system during a change

1R« \GrW PV

Relationship between Gibd's free ehergy change and enthalpy Chang,

From getinition GaM. T8
Singe M and 8

change at constant temperature change in G is given as
4G = g - T dS

4G 18 an exact differential Gibbs free energy s useful to study chang,
At constant pressure and temperature

For atinite change \G = \M - TAS
Relation between helmholtz free energy and Gibbs free energy we kno,
AH = \E » PAV
b \G=)\E +PAV-TAS
But \E- TAS= 1\
S0 \G= VA +PAV

To show that the decrease in Gibb's free energy gives the net work
(WOrk other than work of expansion done by a system)

We know \G = \A +P\V
But VA=W \G =-W+P\\

Wo- A =W . 3 =
Ar = \G =W - PG W"et

The Helmholtz free energy - A - Maximum work function
Definition: A==-T3

Helmohoitz free energy (also called work functicn) A s
a thermodynamic property, a decrease in which i e \A |
maximum work that can be obtained from a system dur

change

’I

S are state properties, G 1s also a state property ¢, .

a
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To show - \A = Wm

From defintion A= E . TS

Since E TAand S are state properties A is also a state property The
Ehrnge In A for a change in the system at constant temperature is given
elow

dA=dE - TdS
Since A Is a state property, dA is an exact different.al

For a finite change A = \E - T\S

Where AA is the change in the function A \E Is the corresponaing

change in internal energy and \S is the change in the entropy o7 'ne
system

For a reversible change at constant T the haat absoided 'S Q..
From definition Q _ /T=AS Substituting this in the adove aquation we
get

AA = NE-Q_
But from First law of thermodynamics
\e=Q, - W & -W_ = A\E-Q

fev 4 1 LAY

e, \A=-W or A= W
rev e

We know in a reversible process the work gone is tne max mym
work So. the decrease InA 1e -)A givesthe maximum work thust can
be obtained from a system dunng a given change S0 A the Heimhaits
free energy Is called a work function Heimhaitz free eneigy s useiul 0
study change at constant temperature and volume

Differences between Helmholtz free energy and Gibb's free

energy
- l;ehlﬂn-\’h;it“z?r_ee energy Sibb's Fre.e}ener\gy
e AtEs SEmTS
ndicates Maximum work Lsafu! wory that Ve
content of a system ottained (Neiworx

".,A = 'n“'i P <7 = 0y N
T
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Two show how TA S determines the randomness Of a reaey

iOn
Weknow AG = AH - TAS

or TAS=AH - AG

= Enthalpy -

useful work = Unavailab|e ene,
(Heat absorbed)

Thus TAS is a measure of unavailable energy

e, the energ
which could not be converted into work

If TAS > AH: then AG = negative

Such a process will be spontaneous. All spontaneoys
lead to an increase in the disorderliness or randomness
Soif TASis > AH randomness will in
randomness wil| decrease.

prOCESSeS
of the System
crease. Similarly if TAS < AH they

Thus TAS determines the randomnes

s of a reaction. TAS also ives
Us an idea of the unavailable energy.

X AA AND AG AS CRITERIA FOR THERMODYNAMc
~'EQUILIBRIUM AND SPONTANEITY

General condition for equilibrium and Spontaneity / Criteria

\\ Consider the general conditions for e

P

quilibrium and spontaneity
15 “dE-P_dV- du+Tds>0
.\‘ f\t C\ogs\,\tqnt volume PopdV =0

\¢
\

& ~(dE-TdS)-du >0
YAt constant temperature dA = dE - T ¢S
0. i

So -dA-du>0

No work other than work of expansion takes

place in the Chemical
reactions and ordinary physical changes For th

ese changes qy=q ang
oo -dA>0. dA<0
Condition for equmbnum~ dA =0

Condition for spontaneity dA <0
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Criteria / conditi
t
ton for areversible and spontaneous process in

terms of Gibb's fre
: e energy (or) C
Spontaneity under constant Temp.lra&nr:i::)dnpf:: equilibrium and
ssure.

Cc;n:der the general condition for equlibrium and spontaneit
-dE-P_dV-du+TdS>0 y
At constant pressure P = Pop Therefore

-dE - PdV -du+TdS >0
-(dE + PdV)-du+TdS>0;-dH-du+TdS>0
At constant temperature dH - TdS =dG | -dG - du>0

No work o :
P ther than. work of expansion takes place in chemical reactions
rdinary physical changes, For these changes

-dGZO. oo dGSO

& Condition for equilibrium at constant Tand P dG= 0

o Condition for spontaneity at constant.Tand P : dG<0

(X
s are carried out at constant temperature

ions the Gibbs free energy of the system
m, the free energy will not

Many chemical reaction
and pressure. In these react
decreases. When a reaction attains equilibriu

decrease.

Conclusion :
We have seen ear

of state or @ reaction can take p
let us see how the

we needed a second law. Now
predict the feasibility Of the spontaneity of a reaction.

Feasibility of reaction :
(|f a reaction can take place spor

said to be feasible.

to tell whethera change
sly or not. That was why
second law is able to

lier that first law is unable
lace spontaneou

taneously or on its own accord itis

the feasibility of a reaction

a method in predict
be feasible

G <0orif AS >
re spontaneous We know

second law gives
According to second |aw, i

Normaliy exothermic reactions 3
\G= \H-TAS

0 the reaction will
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HEIR (AA AND AG) ADVANTAGES OVER ENTROPY CHANGE

The movement of phys:co-cttemical system towards pquilibnum 1
ontrolled by two factors, one involving entropy and the other the energy
( the system. We know, spontaneous processes proceed towards
gilibrium with increase of entropy. At equilibrium, the value of entropy

On the other hand the passageé of a spontaneous
anied by a decrease of energy of the
e system is minimurm

m of spontaneity may

process

Feol

B maximum
quilibrium is accomp
equilibrium-the energy of th
or a thermochemical equilibriu

Bowards €
ystem. Hence at
@ Thus the criteria f
i ¢ given as follows -
() (0S)gyr 20 . (0 (Bhsvr= 0
e rarely studied under conditions of
‘Usually reactions are carried out at
ure) and at constant temperaturé

Sut chemical reactions ar
constant entropy or constant energy.

constant pressure (atmospheric press
(ina thermostat). Sometimes they aré carried out at constant volume (in
bomb calorimeter) and at constant temperature. So it becomes necessary

to specify the criteria for equilibrium of spontaneity in terms of AA OF AG.-

They are given as follows :
(0A),; < 01 (@)1= O
Thus the advantage of AA and AG over AS is that they aré more
convenient practically, in the study of somé concrete problems
ther the process will be

2 The sign of AG or AA will indicate whe
n is spontaneous. Thus

spontaneous or not, If it s negative the reactio

we can not say Wi
Between AG and AS. 4S is moreé im

spontaneity of a reaction :
Though we have seen that AG is more advantageous than AS, AS s
rant in deciding the spontanity of a reaction as AG itself is

th respect to AS. .
portant in deciding the

more impo

dependant on \S
: AG=AH-TAS

ASis positive and AH negative

s on AHand \S. Iy
Butif \S s negative and sufficiently large s0
the reaction is not

il become positive. Then
then \S must be

(endothermtc reactions)
e numerical value so that \G may be

We see AG, depend
than \G will be negative.
that TAS >-AH. than \G W
feasible If AH IS positive
positive and should have larg
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negative Thus we see that \S is more important
the spontaneity of a reaction

Thus \G and \A are more adva
view where as \S is more important

VARIATION OF G AND A WITH P,V AND T J
) Change in Helmholtz free energy is given by the fo||0Wlng

fundamental equation.

dA = -SdT - PdV ()

than \G in d°‘°'rmn-
U
\

ntageous from a practical Poiny
from @ theoritical point of vigy,

Ai constant volume Pdv =0

Entropy of a system is always positive. Therefore the free energy i
inversely related to temperature. Since the entropy of a gas is very high
free energy of the gas decreases drastically with an increase jp
temperature At constant temperature, equation (I1) becomes

N

The free energy decreases with volume.
and P. The following fundamental

i) Gibbs free energy is related to T
hange with change inTand P

equation relates Gibb's free energy ¢

dG = -SdT + VdP (12)
At constant pressure dP =0
oG
—_— ==5
oT |p

At constznt temperature dT=0
G

p——

P

1
<

nversely related to temperature But at

At constant pressure \G is !
tly related to pressure

constant temperature \G 1s direc

fu!

A

pu

ar

I
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purther dG=~-8dT+VdP

constant temperature dT =0,

&% dG = VdP

At

n ideal gas PV =nRT

nRT dP

2 dP
integrating g dG nRT,,

Pz
GZ-G1 =nRTIn —

P1
P

of AG = 2.303 nRT log
P

gut for @

or

AG =2.303 nRT log V1

or il
C l» 3

V2 A2 PTI D

e
F ’STATE MAXWELL S RELATIONS

xx THERMODYNAMIC EQUATIONS O
E+w

From the First law of thermodynamics 4 = d

ible and the work is restricted to work of expansion

If the process is revers

alone W =PdV Fo Quey = dE + PdV
Dividing throughtout by T
dE + PdV A Qrev
Yev . _— — But % - =4S by definition
T T T
dE + PdV dE + PdV
So dS= —m8 of ——m —— *~ dS
T T
of dE + PdV = TdS & dE = TdS-PdV (13)

tion incorporates first and second law of thermodynamics. It

This equa
f thermodynamics The definitions

is known as fundamental equation 0
of H, Aand G are

H=E+PV, A=E-TS, G=E+PV-TS
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On differentiation  dH = dE + POV * vap ons (18) 10 (22) ate known
,._.a' B\Uar..‘_.\‘.a A
dA = dE - TdS - SdT 2897 4 (14) we can dere hatons
4G = dE + PdT + VdP - TdS - 847 P 7Y e im-
After substituting dE from equation (13) these equations bec,, ‘-«T:," = =\
dH = TdS + VdP (14, ‘ R
dA=-SdT~pdV '1'.; - ,3,a¢atﬂ1,,“er '1§".E
dG = - SdT + VdP (123 £10 ¢ € c 3A~
Let us take equation (13) dE = TdS - PdV \ o E i el
- Fa WY Je
Atconst V  dE=TdS _a_g] 2
or ) /’V (15, ~ (14 a"-“l‘\zi“e can derve At - -5 '
grof e
’ ,\"0 C ﬂ" !’;C , \ v 47
" (¢E \ “ ’
Atconst S dE = -PdV ' or (——-}LP (16) \ :PJ L
N crom (11) and (12) we can deris
ey 2 s
Differentiating (15) with respect to V at constant S ( o - 2""’ \
#E [a‘r} (17) \jx L)
(0S)( V) 3V' s € quations 23} 10 (26 are alsc wnown 33 ma
Differentiating (16) with respect to S at constant v . :
2E 2p o golved University Proble
() €
ovNos) (-T] calculate the heat requried to conven one
oV )( 08 oS \
(OV)( 0S) (18) oo 18 vapouf) A
4 400° C is 540 Las ¢
Comparing (17) and (18) we have \\,ntef\‘ neat of steam o AnPC = K
. n - Latent heal of steam al 17w =~
aT oP solutio eight of wate!
—_— =- _] (19) { mole = 540 x Moleculal weig
Y ﬁS.v -:4(),‘\8 97'ZCC3$'WJ
i & " e
Following the-same mathematical procedure (20) (21) and (22) Answer Heal required 10 convert one
can be derived from (14), (11) and (12) respectively 1 vapou' = 9720 cal.
\ nelt rd
o P 2 100g of nitrogen 0 ally at 2572
' (20) , 2t
[~~] : [MWJ } against a constant pressure ok 3 ol
o). Los), | aganst *ine gas (C, o
ag~ . | e final temperaturé 01T
[ (‘S] { oP Y {
e —— ‘21"
oV LTS olgtion Calculation of final volumE
[ :S] ‘ A and V for an adiabalic change 's
——] === e \ P,-J. -
P a7 ‘ (22) THul
P =10 atms (given) P, s




99

Equations
ons (19) to (22) are k
nown a3

jom (13) and (1
4) we C
an . S
0ok 9Ty Maxwells reiations. Simi
[N oH e
0S B E“'}
V 0S : (23)

From
(13) and (11) we can der
Ive

(_‘_E} ] (GA

§

From (14) a '
) and (12) we can derive j(,(- o dp
104 ° | :l‘\

{_(21} _ [OG 1w T i

=) ap] B .

From (11) and (12) we can derive

( OH] [ 0G (26
1= |— )
aT v (7TJ '

(26) are also known as maxwells relations

Equations (’23) to

solved University Problems
le of water at 100°C

{ Calculate the heat requried t0 convert one Mo
(into s vapour)
(Latent heal of steam @ 100° C is 540 cals / gm) Mar 83
Solution - Latent heat of steam at 100°C = 540 cals /gm
1 mole = 540 X Molecular weight of water

0 - - 9720 cals / mol
;nswer " H:,:tor);c:uelred to convert one mole of water at 100°C into its
vapour = 9720 0~ and 10 atm exp? adiabaticay
2 1009 of mtrogen' tially a‘ Atm. C iculate t fingl volume al
against 2 constan pressure M. qas is 6.95 glc | deg/mote

) arature of thé gas \ NoV. 79

~lation tmtween P

ERE EIaald =18
= > ,'““‘éﬂf,,"\
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