PHYSICAL CHEMISTRY 5200
MIDTERM EXAM
October 15, 2020

Please write neatly and clearly, and show all working. Allocate time to each question in

proportion to the available credit. Keep any explanations brief and clear.

SOLUTIONS

SOME POSSIBLY USEFUL INFORMATION:

Nj or L =6.022 x 10” mol™! R=28.314JK" mol”
"k orkg =R/Nj4 .
dU = dq + dw | dS = dgeew/T
dw = -pex dV y=C,/Cy
Perfect gas: pV =nRT and Cp- Cy=nR
van der Waals gas: p = nRT/(V-b) — a(n/V)?
Adiabat: pV" is constant .~ Heat engine € = (T}, — To)/Th
H=U+pV



1) 40 points

(a) 1 mol of H; (g), the system, initially at p =6 x 10° Paand V =4 x 10> m3, is
expanded reversibly and isothermally until p = 10° Pa. Cpis 29 JK. Calculate q, w, AU,
AH and AS for the system.

(b) Suppose instead, from the same initial conditions, 1 mol of H, (g) expands until p=
10° Pa reversibly and adibatically. Now what are q, w, AU, AH and AS for the system?

R AV VA "Ny = f.\} b kuSat . 002EnE
= PV = 1887 Kk

dwsz o, df - —P Av (becam revevs ity 'y
i f’“ = - ,Iatv —'@wa@)
\/\ )
=82 T x 18Iy Mg - ~t2el T,

AT;”O (‘\SOM) Co AU: (g/ AT-0 au) AH: (P DT -0

AU’; Gtw 7/?';"\62@\3" ol ‘7’!”@\/ - Jy.q 7](-1‘
‘ T
&) pvd:mf- (ZPle, = & . 29 | 40,
(p"e\ 72 -8 g

b4
F)}V; = L= f?lle 2 Vg: 0002608 ‘. \J"L'.’i 010 t1y26 Mgl
Toz P2V - 1727 K, ATz -Whb6.0 K,
n R
DL= Gy &Tz -0 T, g,~e = DO~-w -, w=z -0 T,

DY = Cp- OT = ~336y 7,
AS jé%’rﬁv g :
e 0 becanse p%/’ﬁv 5,



2)

3)

10 points

The melting point of toluene (the system) at 10° Pa is -95 °C, and the enthalpy of fusion
is 6.6 kJ mol™'. What is AS for the system when 1 mol of liquid toluene freezes solid
at-95°C, in J K 2 If the change happens reversibly, what is ASg,? If the change
happens irreversibly, what can you say about ASg,; now?
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10 points

Consider a system with C, = a + bT” where a and b are constants. In terms of a and b,
calculate AS for the system for heating from T} to T, at constant pressure p.
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4) 20 points

(a) Imagine an ideal Carnot heat engine operates between 200 °C and 25 °C. How much
heat will be rejected at 25 °C when the engine performs work -w = 100 J?

(b) An ideal Carnot heat engine operates in reverse to move heat from cold (25 °C) to hot
(40 °C). How much work must be provided to move heat qc = 1000 J from the low
temperature region?
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35) 20 points

() The Joule-Thomson coefficient is p = (8T/8p)y, and the isothermal Joule-Thomson
coefficient is ur = (6H/dp)r. Prove that p = - u1/C,.

(b) For areal gas at a certain T and p, attractive forces between the molecules dominate.
Explain if you expect p to be positive, zero or negative.

(c) A real gas with p = 0.03 K bar™ flows through the throttle in a Joule-Thomson
apparatus and the pressure drops by 50 bar. If the initial temperature is 300 K, what final
temperature do you expect?
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