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15.
a) We want to write dS in terms of changes of P and V (dS = something dP + somethang dV)

as = (ﬁj dp+(§j av
oP ), ov ),
B @@ =
oT )\ 0P ), oT )\ oV ), ob),\ac), \ac),

(ﬁj :Qand (ﬁj :@ (derived in lecture)
or), T or), T

dszﬂ(a—T] dP+@(a—Tj &V (QED)
T\oP),  Tlav),

b) Foranideal gas: PV=RT > T=PV/R. Therefore from part a):

dS=g(a—Tj dP+@(a—Tj dvzgxdp+@£dv
T \oP), T \oV ), T R T R

We have dT and dV terms whereas what we want is dP and dT.

vRL o w2 (R O R o ave Rlgpu Ry
P oP\ P or\ P p? P

Substituting this expression for dV in the above equation gives us :

dS= gx dP + @3 - R—;rdP + 5dT Now we collect terms for dP and dT :
T R T R| P P

:ng+|:ﬂ_@j|:ng+|:g_@i|dP
T RT P T P P

Finally,since Cp - Cv =R for ideal gas, we get :

dS= % dT - %dP for ideal gas (QED)



¢) We want dU in terms of dT and dP.

dU = [G—Uj dT + (a_uj dp dU =TdS - PdV
aT ), oP ),

_ T[ﬁj - p[a_Vj aT + T(ﬁj _ p[a_Vj ap
or), ~\oT), op), P ),
We have terms involving S, which we want to replace with P, V, T, and Cp.
Cp

We know from before that [ﬁj =——.  From Maxwell's, (ﬁ) =— [G_Vj (see lecture for derivation)
or), T oP); ot ),

dU{T@_P[a_Vj }dT{_T@_V) %) }dp
T \oT), or ), \op),
oV ov oV

d) We want to use PV = ZRT in the expression in part c) — keeping in mind that Z = f(P,V,T)

ZRT (a\/) (azj RT  ZR (a\/j (az) RT ZRT
V=—"-"- = — | =|—=| —+— and |—| =|—| —-
P orj, \or), p P op). \oP), P P?
du = Cp—P(a—Vj dT - T(&_Vj +P(a—vj dp Substituting the above expressions :
oT ), aT ), oP ),

o0 -[co-of[Z) K02l ][22 BT 20, pff07) &z,
or), P P or), P P o). P P
Collecting and canceling out terms gives us:

2
dU = {Cp - (%) RT - ZR}dT - Kg—ij R;" + [2—%) RT}dP (ans)
P P T

e) Forideal gas, Z =1 (and thus, all derivatives of Z = 0). Therefore
RT?

dU:[cp—o-RT—l-R]dT{o- +0-RT}dP

dU=[Cp-RJdT
dU=CvdT for ideal gas

The expression is as we have seen it before. Performing a similar calculation will give you
dH'® = Cp dT. Thus Maxwell’s relationship shows that, for an ideal gas, the internal energy and
enthalpy only depend on temperature.



1 bar 1 bar 1 bar

16. ¢ ¢ 1 bar

y

ethylene nitrogen allow to reach .

1 mole 2 mole thermal equilibrium ethylene nitrogen
Tetno = 500°C || Ty, =25°C 1 mole 2 mole
Peth,o =1 bar PN2,0 =1 bar T;=? Ty=?

Peio =1 bar Pn2o =1 bar

(Volumes are not drawn to scale ).

The gases are assumed to be ideal. We know the initial conditions. The process is isobaric. We
know the final temperature of the two gases are equal (call it Ty) but we don’t know what Tris.
We want to know AS.

Thinking process:

1) We can express AS — a state function — as a function of the final states (T¢, Pr) and initial
states (T,, P,) of the two gases.

2) We can define all the states except that we don’t know Tr.

3) We may be able to get Ty through another equation we have: the 1% law.

Let’s write the 1% law, taking both gases as our system:
dU'=8Q + W

We will assume that Q = 0, meaning that there is no heat transfer to the surrounding. The only
heat transfer is between the two gases to allow them to reach thermal equilibrium.

Is W =0? P is constant, T changes = V must change. So —PdV # 0. We will write out the
work terms for both gases:

=0
dU' =du;, +dU,, =8Q +dW,_, +8W,, = dU, +dU}, =8W_, +3dW,,

For an ideal gas: dU' = nCvdT.
As for W, we have our usual expression 6W = -nPdV. Therefore we can expand the above to:

n,Cv,dT,, +n,Cv,dT, =-n, P, dV, +-nP,dV,,

Since this is ideal gas (V = RT/P) and since the process is isobaric, dV = R/P dT. Then:

R R
0, Cv, dTy, +n,Cvy,dTy, = -n Py —dT,, +—n\,Py, P_ dTy, = -n,RdT,, +-n,RdTy,
eth N2

0, (Cv, +R)AT,, +1, (Cvy, +R)AT, =0
0, Cp ., dT, + 10y, Cpy,dTy, =0

T T

Dy, _[ CpewdTe + 11y, ICP dTy, =0 Note: This result turns out to be equivalent to
Temo Tyz0 saying AHew + AHny =AHgygem= 0. This is true

because the process is basically change of

temperatures in constant pressure condition.




Using Cp information from Table C (we’re not assuming Cp is constant), we know everything in
the equation except Tr. We can solve for Tr. Writing it out:

+B.,.T+C._.T*+D

eth eth eth eth

N Te
Ny |R(A T)dT+ny, [R(Ay, +ByT+CoT? + D T?)dT =0

TethTO TNZTO

We can divide both sides of the equation with R, removing the R. From table C.1:

A B C D
ethylene 1424  |14.394x10° |-4.392x10° 0
N, 3.280 0.593 x 10~ 0 0.040 x 10

T T,
1 mol j(1.424 +14.394-10°T-4.392-10°T?)dT + 2 mol j(3.280 +0.593-10°T +0.040-10° T?)dT = 0

773K 298K

3 -6
14.394-10 4.392-10 (Tf3—7733)}

[1 A24(T, —773) + (T} —773%) -

-3
o a0 02510°

(T —298°)-0.040-10° (T;' - 2981)} =0

Solving this gives us Tr = 564 K. (value in between 773 K and 298 K; makes sense)
Now we can find the value for AS:

=0 isobaric

as=Par- R off
T P

Writing out the total change in entropy as a combination of the two gases, we integrate from the
initial temperatures to the final temperature:

AS' =1 Tj P g1 4 Tj Py yr
eth T N2 T

Teth 0 TNZ‘O

Using the same Cp expressions as above we get:
T, T,
A CA
AS' =n,, | R( ,Fh +B, +Cy, T+D, T )T +ny, | R( TNZ +By, +C, T+D,T?)dT

Tetno Tnzo

eth eth

Integrating (with Ty = 564 K) and putting in the values, we get:

564 4.392-10°

AS =1mol-8.314 J/mol K {1 A24In() +14.394. 107 (564 - 773) — (564> — 7732)}

3 5
+2mol-8.314 J/mol K {3.280 ln(;g:) . 0'5932 10 0.040-10

(564 —773) — 7(564'2 —7737 )}

AS =-23.6J/K+37.7)J/K=14.1 J/K

Note: AScn < 0 but ASy; > 0 and AS,niverse > 0.
(In this case ASgurounding = 0 because there is no interaction with surrounding).




