20. Entropy and the Second Law of Thermodynamics

20-1 The Change of Energy Alone is not Sufficient to Determine
the Direction of a Spontaneous Process.

Spontaneously processing chemical reactions = always exothermic?
Diffusion of agas: AU and AH arenearly 0 = but retrogression never happens.

Examples: mixing of gases, fusion of ice, reaction of Ba(OH), and NH,NO;, etc.

20-2 Nonequilibrium Isolated Systems Evolve in a Direction that
Increases Their Disorder.

Spontancous process — Disorder of the system increases.

*tendency for energy to be minimized
*tendency for disorder to be maximized

The first law tells: 8¢, =dU—8W = C,(T)dT + PdV

nRT
=Cy(NdT + TdV +++This is not an exact differential.
(for ¢, depends on paths of integration)
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20-2 Nonequilibrium Isolated Systems Evolve in a Direction that

Increases Their Disorder. (cont.)

C.(T)dT =d j C,(1)dT + const.

niT dv = djg dV +const. I'depends on V.

By dividing by T, this gives:
6gre\' — C‘(T)df+ﬂdV
T vV
=ds
S: entropy de =0

S 1s a state function.
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20-3 Unlike q,.,, Entropy is a State Function

) nRT, ) T T,
® Ogrc\'_-\ = dv ® 'DQr:vB =0
y @8 =Cndr
. Qre"A = H‘RI; I'n?- I,
U s =] Go(DAT T
in process B, AU =dw
5o : B
= &) dT =-nRIn L]
n T 4
- A
AS = _[ 0G v
v T
v, V2
® AS, =nRln-2
1
® AS; =0 v Py P2 Ps
. C, ASy. . =0+nRIn—2=AS
o as = L‘T(T) dr [ oot

As temperature goes lower, the disorder of a system by dq,., is larger.
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20-4 The Second Law of Thermodynamics States that the
Entropy of an Isolated System Increases as a Result of
Spontaneous Process.

Thermal energy: spontaneously moves from high-7 region to low-7 region (observed
fact).

U,+ Uy = const.
V4= const.,, Fy=const.

5 =S+ Sy
dU, =dq,, +06W,. =T, dS
* L du, du,
=dS =dS, +dS; =— +T—
— 2 — A B
dUB - 5Qrev +0Wl’ﬂ' - Tl; dSB db’A = _dL.VB
gs—apy (L 1
L I,
If Ty > T, dUg <0, therefore dS >0 3q _ dq
At equilibrated state, dS =0 dS =dS g +dS ey, = dSpe + T 2 T
- og
dS,q: produced inside the system AS = -[7
dS,,.,: exchange of heat between outside
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20-5 The Most Famous Equation of Statistical Thermodinamics is

S=ikgIn W
Ensemble of A pieces of isolated systems
Energy E (degeneracy Q(E)) —j=1,2. +++ Q(E)
Volume Vv

of particles

Number of isolated systems in jth state = a; Zal =A
A A !

a,!al!---aQ!_Hjaj! c}{;‘"’l :;"“;Sﬁ
as —"alls

Number of Ways: W(a,,a,."--a,)!=

Entropy: S=kynWW

S is maximized in equilibrated system. = 7 is max. = All the » are the same.

Tja,=n = A=nQ

= =

0 Q
S ocemie = kg InW = k{ﬂlﬂﬁl—ZaJ lnaj.:' :k{nﬂlan—ann n] =iy (MQIn Q)

“IN'=NhN-N (Stirling’s formula)
Ss‘vmm =k InQ = S, e =1QS,

system
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20-6 We must Always Devise a Reversible Process to Calculate
Entropy Changes.

Free expansion of gas - s

TV, A,g:f%
LT
av v

nRT

oW, =—pPdv =""L 4y AS=nR[ & = nRIn 22
4 NV v,
At the interface of metal pieces of different temperature...
T, +T, 5 Cy T,
Energy: C AT, -T)=C(T-T.) >T=" == AS=| XdTr=C,In=2
e e ARy P [ Srar=com
Entropy:
- _ . T +I; .
High-T side AS, =CyIn hz ; total change in entropy .
T+“T :>AS:ASh+AS::C\-1n:’1T—T“
Low-T side AS. =Cyln hZT s e

c

(T, +T.)" >4T,T. .therefore AS>0
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20-7 Thermodynamics Gives Us Insight into the Conversion of
Heat into Work.

AL.'mng =W+ Grevn + Greve = 0

aqrevh aq""c
AS = =+——==0 (reversible)
engine 1;1 TE
-W= Grevn + Greve

=W v F Greve L. _L-T
dmor Ty g o D «— depends only on T.

L, I

Max efficiency 77, =
revh Qre\-__‘n

20-8 Entropy can be Expressed in Terms of a Partition Function.

U:kBTZ(Can} __[emQ L4 1 ‘
aT )y, B )., T~ k17
P:kBT(ch]
aV NT
Al <
o — =l ﬂinﬂfzaj Ina, |=AS, m

1_[.‘_ a;!

J=1
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20-8 Entropy can be Expressed in Terms of a Partition Function.
(cont.)
a

J

A
Smsemb[g = —.ﬂkB Zp, h‘lpj = S;ystem = _kB ZPJ ]_an
- E }V.V
o= V7, ) SR PEQD)

) O(N.V.5)
fmp[_ ﬁEj ]

Probability that the state of the system is j: 2, =

then,

Si}'ilﬂﬂ = _kB Z

J

é

g o=l sk mo -k M@
(-PE, th)_T+AEh1Q_ABT( o7

J +kInQ
NV

ic i 1 (2mmk, T2y
Monoatomic ideal gas Q=0(N,V.,T) = _(A "3 ] Ve,
in the ground state: N h

Entropy per 1 mol: S=ZR+Rh

32
3 ] Vgel]kBmN.\!

e r \Y2 T
S RiRIn [._rmu}BTJ Vg,
h” N,
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20-9 The Molecular Formula S = iginW is Analogous to
Thermodynamic Formula dS = 6q,,,/T.

SszBZpi Inp,

By differentiating by p;, dS =—k; Z(dpj +lnp,dp))

dej —( , therefore dS =k, Z]n p,dp,

cxp[— ,BEJ.]
Q H
dS =—k; 3" [ AE, ~1n Ok,

Z[]n Oldp, =m Q> dp, =0

then, dS=-pk; > E dp,

By substituting In p, with p, =

Z E dp, is energy transferred among the system as heat during a reversible process.

J

= dS = fkydq,., =
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