Chemistry 163B Winter 2014
Clausius Inequality and AS for an Ideal Gas

Chemistry 163B

Jrev » Clausius Inequality and calculating
AS for ideal gas P,V,T changes (HW#6)

Challenged Penmanship

statements of the Second Law of Thermodynamics

1. Macroscopic properties of an jsolated 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. ltis 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

IS

. 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]
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. W otar T, q;
L. eeqrnoriiseat sos) = =l-—==1+==
Ui T, Ui

1. & \uy REVERSIBLE WO TEMPERATURE' MACHINE = ©CARNOT [ideal gas]
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general proot for two temperature reversiblecyele;
see "aREALLY BIG RESULT last lecture

erson p. 155, Raff p.162 - 1631

=0 forany reversible cyclic process

figure 54 E & R

(Dickerson pp.136 - 15%, Raif pp. 163 - 164 s

Entropy

iy
as = % is an exact differential

S is a state function

goals of lecture

1. Relate AS and e,

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 [ a look ahead]

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

an irreversible (actual) cyclic engine ¢, coupled with a Carnot
heat pump of e; will not violate 2" Law if €., < € (viz section, HO#25 SL 28;HO #28)
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2nd | aw of Thermodynamics in terms of entropy

*Sis a STATE FUNCTION

rev irrev

E&R eqgn 5.33 Clausius inequality

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

P=P,,=1—10 atm

P=10 atm
1 isothermal 1atm

7
Lecture 3:
Isothermal expansion: P,= const ideal gas (irreversible)
P=1atm
P=10atm isothermal AT=0
1 1atm
i AV
expansion
LA ] A
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w=— | B_aV PV-nRT
1mole  w=-lam (V,-V,) 1mole
300K v - 300K R{lmol} , 300K R (Imol) 300K
10 atm T 1atm " 0atm 1atm
Vi w=-(300 K-mol) R [L-;] Va
Tatm 10 atm
w2244 )= 2244 K] Qirrey="W=+2.244 kJ
(- sign implics net work done ON surrounding) °
Asuniverse =0
SO00n :
_\‘Ssﬁlem + ALS:mr'r'\r:w.u!irlgs = _\'S:miverse -
disorder increases
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expansion °
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Vit - v
we- [ —d"t' V= nkr]—\:’dv=- KT In 2
1mole Wt ' ' 1mole
v 300K R (Imol)y V_EDIIK R (Imol) 300K
300K Tatm 10atm 1 atm
10 atm w=- (300 K-mol) R in 10240
v, Ta Yy
w=-5743 |=-5.743 K — _
(more work done ON surroundings Qrev=W =+5.743 kJ
by revarsible than irreversible; w  =-2.244 kJ) s
EXAMPLE from early lectures: isothermal expansion
(=10 atm, T,=300K, V) — (I’,=1atm, T,=300K, V,)
initial — final
(=9 gorisothermal proce
same initial and final =g foris thermal process AS
1 _qq - ?
= - = ==19, !
Pext Pinl’ 9 rev 5743J T 19.14TK
— . . — T -1 ?
P.= const 1 atm; qirrev = 2244 J =78 K
Jfinal
¢ Fedl
AS = | /2
some reversible path
to calculate A S must use reversible path initial — final 10
calculating entropy (see summary on review handout) =
« Thermal properties of entropy and entropy calculations
dsalin, p5ufdlm, §HE-_,
T T ‘T
: (= for reversible process; > for spontancous [real’] process)
S, =AS__+AS___20
Is @ state function; dS Is an
Dependence of S on
&) & (&) _E
. (8 £).&.
& [ T
- P
-V
= Phase: AS = g
"
Calculation of entropy changes for changes in P, V. T, phase
Third Law and calculations using Third Law Entroples: S°(T')
AsT_(M=¥ SN
Entropy of mixing: A5 = -n_RY X,In.X, where X, ="
= "
12
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et
look ahead - AS for changes in T,V; (always 45 = |
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also: "
coming very soon
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] av always (no W, , closed system)
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ideal gas
G . .
as=”T"ﬁr+';—"_‘.n' 5= | eary | "Ry

vev conscV pach vevoonseT pach

[+ nRm| :f—“ | E&R eqn5.18
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ey T Vary ey V vary
const V path const T path 13

AS = n(T', In‘
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look ahead- AS for changes in T,P; (always 5= | —Z’." )
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also: "
coming very soon
S(T.P): ~
@ | B G-
as{%] ar+[ﬁ] ap )1 ) ler),
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so: ) apP always (no Wy, closed system)
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ideal gas
as="Cear MRap ago f Megr o f MRy
T P rev const P pach rev conie T pach P

AS=nC, Iu‘ ﬁ |—HR hl‘ ﬁ | E&R eqn 5.19
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const P path const T path

End @( Lecture




