Homework 2 Solutions
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Vinean(Hz) = 0.921(3x8.31447 J K™ mol'x293.15 K / 2x10” kg mol™")"* = 1754 m s™
Vimean(Hg) = 0.921(3x8.31447 J K™ mol'x293.15 K / 200.6x10~ kg mol™)"?=175.8 m 5™
Vmean(HZ) / Vmean(Hg) =10

(i1) Ex(mean) = (3/2) RT — independent of a molecular mass — the ratio of mean
translational energies of H, and Hg is 1.

2. We use numerical integration of the Maxwell-Boltzmann distribution function by
calculating the area of a rectangle with the base of 210 —200 = 10 m s and the height of
205 m s™) in the middle of the range.
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(i) A =

=58.6 nm
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(i) Z = % =8.72x107 ™

4. (@) w=-pxAV
Pex = (200 Torr) x (133.32 Pa/ 1 Torr) = 2.6664x10* Pa
AV=33L=33x10"m’
w=-(2.6664x10* Pa) x (3.3x10” m*) =-88 J

(b) w=-nRT In(V{/ V)

n=450g/16.04 gmol” =0.2805 mol
Vi=(12.7+33)L=16.0L
w = -(0.2805 mol) x (8.3145 JK' mol™") x 310 K) x In(16.0 L/ 12.7L) =-167 J

5. Calculate the final pressure:
pi/Ti= pd Tt pe=piTdTi = (1 atm) x (400 K) / (300 K) = 1.333 atm
AU = nCymAT = (1 mol) x (3/2) x (8.3145 J K™ mol™) x (400 K — 300 K) = 1247 J
The process takes place at a constant volume. Therefore, w =0



qg=AU-w=1247J

6. Cy=qy/AT=2297/255K=898JK"

The molar heat capacity at constant volume is therefore
Cym=89.8TK"' /3.0 mol =29.93 J K" mol”

For a perfect gas C,m - Cym =R, or
Cpm=Cym+R=(29.93+8.31)JK"' mol" =38.24 J K" mol’

7.

The reaction is
Zn 4+ JHt — Fnit 4 Hs

go it iberates 1 mol Hzig) for every | mol Zn used. Work at constant pressure 1s

w= —pAV = —pVop = —nRT = — (—E'DS )

65.4 g mol—!
(B3 TK P mol™ = (234 279K
= |—188]

8.
AH =gy = CpAT = 0 AT = (2.0mol) s (3711 TK ™ mal™) = (277 - 250) K

=20 % 10*J mal™!
AH =AU + AlpVi= AU +nRAT 0 AU =AH — nRAT
AU =205 107 Tmol ™! — (20mol) = (8.3145T K™ mal ™) = (277 — 250)K

=| 1.6 2 10* T mol ™!
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Virial equation of state: me =RT|1+—|or pV =nRT|1+—
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(Because Vi, = V/n). So, p can be expressed as p= v + V2 . Then,
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The first term corresponds to the perfect gas.
(a) w=-1573.3 J— {1> mol” x 8.31451 J K™ mol™ x 273 K x (-21.7 cm’® mol™) x (1/500
cm’ — 1/1000 cm®) = -1573.3 J+49.3 1 =-1524 J



(b) w=-1.00 mol x 8.31451 J K™ mol™' x 273 K x In (1000 cm*/500 cm®) = -1573.3 J



