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Why do we need the Second Law?

First Law: dE = dQ + dw

® relates heat input to and work done on a
system, and the change in energy of the system
® merely a statement of conservation of energy
Accordingly, the First Law does not say whether the
process will occur; that is, tell us if a given process is

spontaneous.



Second Law accomplishes this!

Second Law: dS > DQ/T

where DQ is the heat input to the system
and T is the absolute temperature

For an isolated system, one may immediately
write ASgystem = 0
>0, if the system has undergone a
Spontaneous process;
=0, if the system has been at equilibrium;
<0, if the process could only occur in

the reverse direction.

We shall illustrate this result by way of three
examples:

(a) Heat flow between two silver blocks

(b) Melting of an ice block at 25 °C

(¢c) Isothermal expansion of perfect gas into a

vacuum




e Heat flow between two silver blocks

Agblock | | Ag block y | Agblock | | Agblock

75 °C 25 °C 50 °C 50 °C
1 2 1 2
W1 =0 W2 = ()
Q:=Cy(50 -75) Q, = C\(50 -25)
=-25C, =25C,
AE;=Q: +W; AE; = Q;+ W,
= -25 Cv = 25 CV
AHI == 25 CV AHZ = 25 Cv
Therefore, AE process = 0
AHprocess =0
But ASprocess > 0

We know from experience that the process will

proceed from left to right, but not from right to left.



e Melting of an ice block at 25 °C

Surroundings
25°C

Ice |

Wice = 0 Wair = 0
Qice = AHfusion > 0 Qair = AHfusiun <0

SO that AEprocess = Qice + Wice + Qair + Wair
= AHprocess =0
But  AS s > 0

We know from experience that ice melts, but the
spontaneous freezing of the water to form ice (the
release of heat from the water at 0 °C to the

surrounding air at 25 °C) does not occur.



e Isothermal expansion of a perfect gas into a

vacuum

remove Iffff:fffflfff::fffff

W [iiorrrtrreceemea..
At T T EE SRR R
partition e reaebanL T TIEEER.
perfect
gas

Temperature T

We know that AE 0cess = 0 because (CE/(0V)r =0
for a perfect gas. Also, W = 0 and Q = 0 for this

process. However. ASprocess > 0, as we have shown.

We know from experience that the reverse process
does not occur.
The above processes all have AE process = AHjrocess = 0,
as they must, either (a) because we are including the
Ssystem and its surroundings in the analysis, in which
case, AEggem + AEsum,u,,dings = 0 and AHgystem +

AHS.,m,u,,din,b,s = 0 always, because of conservation of




energy); or (b) the process does not entail a change in
AEgystem OF AHgystem, i.e., there is no AEysiem Or AHysiem
to drive the process forward; in other words, the

process is entropy driven,

Concept of free energy. Free energy change as a

criterion for spontaneity.

* Consider a process:

dQ system
System . 5y
(1)

According to second law,

d
dSsystem 2 7QM

System

note  dOgyem could be negative or positive

where =407 if the process is reversible

>dQIT if the process is irreversible




In order to establish Spontaneity, we need to evaluate
ASysiem  between initial and final state, and also
f / Lrysiem and compare. Analysis is clumsy; often it is

i Tsystem
difficult to evaluate [ 4 ‘LQSM.

I Lsystem

A way out of this difficulty is to enclose the system with

a surrounding and isolate it!

//////////////////////////////////////%

System
T

surroundings

7
e

Then dS,system + dSSurroundjngs > 0 =0 forar eversible process

>0 for an irreversible process

or ASsystem + ASsurroundings 20

Bllt we mllSt evaluate ASAystem alld ASsurroundjngs and
compare the two. In any case, from this analysis, it

follows that




AS=0 for a process involving an isolated system.
=0 for a reversible process or an isolated system that has

been at equilibrium
>0 for an irreversible or spontaneous process.

Why free energy?

The concept of free energy was introduced so that we

could just focus on the system itself and alone.

* Helmholtz introduced the Helmholtz free energy

A: A =E-TS

* Gibbs introduced the Gibbs free energy G:
G =H-TS

Both A and G are extensive property of the system, like
E, H, and S.

It turns out AA and AG provide useful criteria for
spontaneity of a process under certain conditions

(shown in detail later).




(1) For a process taking place at constant T and V:

dA = dw

for reversible process or system at equilibrium
dA <dw

for spontaneous process

If aw=0 s i.€., 10 pV or usefy] work (constant T and vV and dw’

then d4 <0
or AAéystem S 0

=0)

= 0 for reversible process or system at equilibrium
<0 for an irreversible or Spontaneous process

(2) For a process taking place at constant Tand P(P=
Pext)

dG = dw’

for reversible process or system at equilibrium
dG < dw’

for spontaneous or irreversible process

If aw =0, i.e., no useful work being carried out,

then dG < }: 0 for reversible Process or system at equilibrium

or AGéystem <0)<0 foran irreversible or Spontaneous process

Thus for a system undergoing (1) an isothermal

process at constant volume, or (2) an isothermal




process at constant external pressure, the criteria for
Spontaneity is given by Adgysiem or AGsysiem and the sign of
the changes in these state functions, if no work is done
on the system in (1), and no useful work is done on the
System in (2). Note that these are the Very processes
that physicists, chemists, and biologists are dealing
with in general, Thus, we may conclude that, for these

Kkinds of processes, other factors being equal:

(1) a system will proceed toward a state of lower
energy or enthalpy; and

(2) it will also tend toward a state of greater entropy
Or probability. For 4 process where the two
contributions to the “driving force” are Counteracting

one another, a compromise s reached.

Accordingly, We can divide chemica] and biological
processes into the following types, because we may

write under isothermal conditions (at constant T):




AG=AH - T AS:

Initial state

Final state

(A)
The general case

enthalpy driven
(B)

An enthalphy driven

process

©

An entropy driven
process

entropy driven

In the following pages, we

shall derive the above

results.




(0 etz g Syl (??Mu

S S 2R
7 =
<—dD =

Conds T
A

O/f =o 4,/4—542.‘4; & art WIZM\_

“ LS S, - j’“e‘ /ﬁ Q/f/u_c,é‘/a.‘,—o% o s, 5“

& .~f/£252f Cij: = <ﬁ~§‘ :> o
sactsad

/
= one equation for
System
.f
;. One equation for
. g — dg ~ o© | surrounding ~
— — :

AJWFMAM%Q&@ - (dE:dQ“"‘?’w)_"‘
' S C—Q/E‘-f-da))

e .

> o




S

“'>- W/tf@q—w ‘\f‘aﬁzf*«a@« A 1/&4_9,“,{”5344;

’/,r = &£ — 7S } Wﬁéya/

- £ = A 45

dE 2dA + THS - S 7

MM&@% alberre

d\r' 7 d J\r
7_

8~ TLL —dA — S — S Lotz 2o

/2. — - LA ~SL 7 + o Ly 20

e —————

——

“Hehave  — A Ly 2 o

‘49‘1- dA = Afca d&\, W/Z/u«;
dA < ey f,@j‘%ﬁ/cf/ucryamgmm

>

— W h&u%%(g w%/ V/'..e,/ & w = o




) R dfp 2o gl A =
A <o dpclioal aclsii i, LA <o
: o T Coralomat ?
L Betarmnd fut
- nom o M enA wa,,\,;o;g,-ap.A
Hehuholh,  fehes ke cmas ilimadie o £7rial
T Ty chare f o Bubtry  change Ml s

3) Cnator 7 a—d P tgelm

%WW 7S+ _(:':/5 *c/‘dj > o

7
Q.Quffw-d,«u G’E(%/:/‘uz&g% e . i
r@ = A ~rV = & —7S + APl ( fhc@;‘h S

£ " = Q+7_—S—~/Dl/
£ dE = LG + TS —{-J’J?"_/ac{z/—-Vcl/

heriss,

a5 =+

LAE—~7d S — LT +pd Vel + L
, —

\

L‘;l{;f ~dG — 7S~ Sl wpd U+ Udp +dW)_“->/é

/'.(./ H—=d & ~ S+l + VL p cﬁa/)Q@




<

%M,&V%j e — dw = dof— Ly

dew ! =aeQ 0 ey cond excort Acvers D pU ot

—d L = L7 —,L[/Q{/: -+ Lew’ = o &ubﬁ.%/@
At g feacli,
: | enclen "t
: /a_b/l‘z.__ ?P)

—dE +dw! S 0O t:jdé 5’2""0




. s s Aoy 7 O — M—-= Yy-> ™ gllu,
ol oo o e 5 T | -
] I — . \YYN.\% .. \NNR\I“ .Q\ﬂll.v g\ﬁf« -
\Y\ﬁ%@ T@\v&u\w YR TR .3\%%30)\ > _q\ﬂ.\l. w

°0=97
V.W,\f%nawwf\ﬁ&qxvqu §3nwv
o= ¥ o =¥V
75797 ﬂw%& > %N.WR 144
%@\u > ¥v Npdf==+v
\ﬁvﬁﬁs.i.w@bs > ¥V ﬁe&% = yp
o<sV 0:3y

o= MMU

TPmme = 9P T
o «\\U %3\3.\
AT
}Ew = yp CA A o
NF 2o
Apd==yP e ot
Ponp = VP eran

o=5P @

é\ﬂiwxu\ug oy .




