Lecture 11
Chemistry 163B
Winter 2020

J,e, » Clausius Inequality and calculating
AS for ideal gas P,V, T changes (HW#06)

Challenged Penmanship
Notes



statements of the Second Law of Thermodynamics

1. Macroscopic properties of an isolated system eventually assume
constant values (e.g. pressure in two bulbs of gas_ becomes
constant; two block of metal reach same T) [Andrews. p37]

2. ltis impossible to construct a device that operates in cycles and
that converts heat into work without producing some other change
in the surroundings. Kelvin’s Statement [Raff p 157]; Carnot Cycle

3. Itis impossible to have a natural process which produces no other
effect than absorption of heat from a colder body and discharge of
heat to a warmer body. Clausius’s Statement, refrigerator

4. In the neighborhood of any prescribed initial state there are states
which cannot be reached by any adiabatic process
~ Caratheodory’s statement [Andrews p. 58]



four steps to exactitude

I. ¢ _ Wit _ 1 _ I, _ 1490
* CARNOT |ideal gas] o T o
9v U qv
II' gAN Y REVERSIBLE 'TWO TEMPERATURE' MACHINE — gCARNOT lideal gas]
or else violation of 2nd Law
44,
I11. =0 eqn5.11(E & R)3r 4 22(E & R) sth demonstrated for ideal gas Carnot;
cycle

general proof for two temperature
reversible cycle;

see "a REALLY BIG RESULT" lecture 10 Slide 33
also (Dickerson p. 155; Raff p. 162-163)

=(0 for any reversible cyclic process

. § ‘T‘;ﬂ’

cycle

figure5.16 E & R ;, (54E &R, )
(Dickerson pp.156 - 159, Raff pp.163 - 164)



Entropy

ds = d‘g"" Is an exact differential

Sis a state function



goals of lecture 11

1. Relate AS and q;;,,

2. Calculate AS for PV, T changes of ideal gas (HW#6)
a. using REVERSIBLE path (q,.,) [even for
irreversible processes]
b. using partial derivatives of S with respect to
P,V, T [ alook ahead]



entropy and heat for actual (irreversible processes): q;,,.,

an irreversible (actual) cyclic engine €., coupled with a Carnot
heat pump of €. will not violate 2"9 Law if €, < € (viz section; Lect10 S30)

irrev

AUcyclic::O
w kg | BUT what about q,,,,, With €;,,, < &c 77
for both rev
and irrev
_ _wtotal _ qU + qL _ (qL )irrev TL _
irrev _ _ 1 + < 1 o _ greversible
qU irrev qU irrev (qU )irrev TU

(qL )irrev < — £
90)e , @)rn
( qU )irrev TU Asff;zl:gflfliigf irreversible) - T U i T L - O
(qL )zrrev + (qU )irrev < O AS
cyclic engine (reversible or irreversible)
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4 N
dqrev — d S dqirrev < d S dq < d S
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2nd | aw of Thermodynamics in terms of entropy

4 S is a STATE FUNCTION A
de dq.
. AS — j qrev > j qlrrev
rey T irrev T
\_ /

E&R eqgn 5.26,, (5.33),, Clausius inequality



Lecture 3:
Pressure-Volume work reversible isothermal expansion; P,,=P;,,

P=P,,=1—10 atm
P=10 atm
isothermal
( (@)
(@)
(@)
9atm < °
expansion o
>
\ (@)
w—-ij'P dv p_=p ="RT
= e ext ext int v Vf|na|
Vfinal VZ
—. j “Vﬂdv = -nRTj%dv= -nRT In %
1 mOIe Vinitial Vv, 1 1 m0|e
V - 300K R (1mol) V - 300K R (1mol) 300K
300K : 1 atm : 10 atm 1 atm
10atm - (300 K-mol) R1n 102M
V1 1 atm V2
w= -5743 J= -5.743 kJ — —
J;ev=-W =+5.743 kJ

(more work done ON surroundings
by reversible than irreversible; w =-2.244 kJ
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Lecture 3:
Isothermal expansion: P, = const ideal gas (irreversible)

ext

P=1 atm

1

P=10atm  isothermal AT=0

1

expansion
] .

\ final

w=- [ P,V PV=nRT
vinitial
1mole  w=-latm (V,-V,) Tmole
300K v _300KR(1mol)  _ 300K R (1mol) 300K
10 atm ’ 1 atm ! 10 atm 1 atm

1 1 V,
1atm 10 atm

W= 2244 J= -2.244 kJ Uirey="W=12.244 kJ

(- sign implies net work done ON surrounding) 9

Vi w= -(300 K-mol) R (



EXAMPLE from early lectures: isothermal expansion

(P,=10 atm, T,=300K, V,) — (P,=1atm, T,=300K, V,)

initial —> final
J@:l for isothermal process
same initial and final T T AS
—_ . — qrev _ -1 ’?
Pexi= Pint qrey = 9743 J T =19.14JK
? ?
P.=const 1 atm; qirev= 2244 J qT =748 JK" Z '
( final final \
de de
AS — j qrev 2 J- _q
initial T initial
some reversible path some path
\ to calculate AS must use reversible path initial = final y
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EXAMPLE from early lectures: isothermal expansion

(P,=10 atm, T,=300K, V,) — (P,=1atm, T,=300K, V,)

initial N final
dq _q .
same initial and final J T T for isothermal process AS
qrev _ -1 -1
Pext= Pint Aoy = 5743 T==19.14JK 19.14 J K

P.=const 1 atm; qirev= 2244 J %%:7.48 JK!'<19.14 J K

( final d. final d_ \
AS — j qrev > J- _q
initial r initial
some reversible path some path
\ to calculate AS must use reversible path initial = final y
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Asuniverse 2 O

sSOoon .
ASsystem T AS surroundings = AS universe
disorder increases

> ()
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calculating entropy (see summary on review handout)

-

Thermal properties of entropy and entropy calculations

ds =39

ﬁqrem .

;ﬂ.SJ

aszjd—;; 0>1§qu:

o AS

total=universe

=AS +AS

FyFtem

surroundings

a9,
L g0

(= for reversible process; >

=0

S1s a state funcflon dS Is an exact difterential
Dependence of S on
(8] G, (8) G
.,\a;r Jy T L oT”, T
. op [0S\ _ (V)
\ &P Js o7 Jp
(as ) [ OP
n vV O__ = —
._\(3VJ.r | OT,‘["
. Phase M= Heqlu'.l'fbrfum phase change
T

equilibrium phase change

for spontaneous ['real’] process)

Calculation of entropy changes for changes in P, V, T, phase
Third Law and calculations using Third Law Entropies: S°(T')

redcticn

(T)=3v.S/(T)

Entropy of mixing: AS =

RZX In X,

fa tal

n,
where X, = ——

n

total


https://switkes.chemistry.ucsc.edu/teaching/CHEM163B/Winter20/HANDOUTS_W20/CHEM163B_review_4-5_W20.pdf
https://switkes.chemistry.ucsc.edu/teaching/CHEM163B/Winter20/HANDOUTS_W20/CHEM163B_review_4-5_W20.pdf

final d_
look ahead - AS for changes in T,V; (always AS = j 7 )

initial

also: _
coming very soon

S(T,V): _
ds :(a_s) dT + (as j dv (S_ij ) ngv (S—ij :(%jy

oT oV

CV
T

so: dS =

P
dT + (2 j dVv always (no w,,.,, closed system)
|4

ideal gas

CVdT+ﬂdV AS = j nCy 4T +
T % T

rev const V path rev const T path

ds = —dV

V

J~ nR

— Tﬁnal Vﬁnal
AS =nC, In + nR In ” E&R eqn 5.14,, (5.18)

initial initial

I I
“‘qrev/T” T vary Qe /T V vary

const V path const T path



final

look ahead- AS for changes in T,P; (always AS = I qT )

initial

also: _
coming very soon
S(T,P): _
3% @
dsz(a_s) dTJ{@_Sj dP oT ), T oP ), oT ),
P aP T

so: dS= n; dT —(Z—Vj dP always (no w,,.,, closed system)
P

ideal gas

PGy MR p s - [ ”?’dT -

r P rev const P path rev const T path

ds —dP

P

J- nR

— Tﬁnal Pﬁnal
AS =nC, In —nRlIln E&R eqn 5.15,, (5.19)

initial initial

j j
“Qre/ T vary T Qe /T Vary P
const P path const T path 15



€nd of Lecture 171
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