Chem 331, Exam 2 j(t v
Wednesday, October 24, 2007 (100 points total)

Each problem is worth 25 pts each. Show all work (Nete: Data page at back of exam)

1.) A 1.388 mol sample of ice at 273.15 K is added to 8.326 moles of water at 360 K at constant
pressure (1 bar) in an adiabatic container. Calculate AS for this process. Is it spontaneous?

(Base your answer on ASyniv) AH ;us of water is 6.008 kJ mol ™. Assume C p is independent
of temperature.
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2.) The standard enthalpy of dissociation for hypobromous acid, i.e., AH, for the reaction
HOBr(g) — OH(g) + Br(g), has been measured to be 206.8 kJ mol at 25°C.

a) Determine the standard internal energy change AU? for this reaction.
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(b) Calculate the standard Gibbs energy of dissociation, AG, , at 25°C.
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(¢) Determine the standard enthalpy of formation, AH ;3 , for HOBr(g) at 25°C.
AW = 200 = OMe(ow) + AR (80) — Alg (1o8r)
M; (Hose) = 3999 + W86 ~206.%
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3.) The Haber synthesis for ammonia is Ny(g) + 3Hy(g) & 2NHj(g). For an initial reactant

mixture ratio of 2:1 (2 mol of Ny : 1 mol Hy), it is found that 10% of the initial Ny has
reacted at equilibrium when the total pressure is 1.23 bar and T=500 K.

(a) Determine the value of the equilibrium constant Kp.

N, H, Nths
\}\CXC\OQ !b e} \ O
epdl 2 1ax ax kbE=3max
X 2-X |-2X 2%
32X 3-2% 3-2X
- G(M‘vzﬂ X= (02 =02  ad 2123 bar
J (X”LP) (X HLZ_P\
(_0_.%}
(341\/- | ,___.__-——»———————-'“
2 T EE

(b) Determine AG; at 500 K.
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(c) At 450 K, Kp increases to 87.5. Is this reaction exothermic or endothermic? Defend your

answer.
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4.) (a) Show that (3_1;) =V(1-Tp), where B is the coefficient of thermal expansion.
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(b) Starting from the expression of part (a), calculate the change in molar enthalpy for liquid
benzene at 25°C when the pressure is raised from 1 to 1000 bar (isothermally). The
coefficient of thermal expansion for benzene is 1.237 x 10° K7, its density at this
temperature is 0.879 g cm'3, and its molar mass is 78.11 g mol ™. (You can safely assume
that the density and B are independent of/'P{)
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(¢) What is AG for the process of part (b) ?
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DATA PAGE

R = 83145 TK " mol" = 0.082058 L atm K! mol
1 atm = 101.325 kPa = 760 Torr = 1.01325 bar (1 bar = 10° Pa); 1L=1dm
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Maxwell relations:
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Selected thermodynamic data at 298.15 K.
A 5° C,
(kT mol ™) K" mol™) (K" mol™)
H,0() —285.8 75.3
OH(g) 38.99 183.71
Br(g) 111.86 175.02

HOB1(g) 250




