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1 a, Find the value of AG for 1.000 mol of ideal gas if it
is isothermally pressurized from 1.000atm to 3.000atm at
298.15K.

b. Find the value of AG if 1.000 mo) of solid water is

pressurized at 0.00°C from 1.000 atm to 20.000 atm. State any
assumptions. fog

[3%]

At 35.2°C, the vapor pressure of pure acetone is equal
to 344.5 torr, and that of pure chloroform is equal to 293 torr.
At this temperature, a solution of 0.7090 mol of acetone and
0.2910 mol of chloroform has a vapor pressure of 286 torr and
a mole fraction of acetone in the vapor of 0.8062.

a. Using Convention I, find the actlvxry and activity coeffi-
cient of each component.

b. Find the Gibbs energy change of mixing and the excess
Gibbs energy for the solution.

¢. Henry’s law constant for chloroform in acetone at this
temperature is equal to 145 torr. Considering acetone to be the
solvent, find the activity and activity coefficient for each
component according to Convention II. 157

3 The diffusion coefficient of bovine serum zlbumin in
water at 20.0°C equals 7 x 10~ m? ™!,

a. Assuming the moleculc to be spherical, estimate its

radius.
b.  Calculate the rms distance diffused in one direction in
30.0min by protein molecules in water at 20°C.
the viscosity of water at this temperature is equal to
0.001002 kg m~' s™'.  _ kT reg
2
7
4 The particle in a one-dimensional box is sometimes

used as a model for the electrons in a conjugated n-bond
system (alternating double and single bonds).

a. Find the first three energy levels for a n electron in 1,3-
butadiene. Assume a carbon-carbon bond length of
1.39 x 10~1°m and assume that the box is hard and consists
of the three carbon-carbon bonds plus an additional length of
1.39 x 10-'%m at each end.

b. The molecule has four n electrons. Assume that two are
in the state corresponding to n =1 and that two are in the
state corresponding to n = 2. Find the frequency and wave-
length of the light absorbed if an electron makes a transition
fromn=2ton=3. E=£ﬁi
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5 Identify each of the following statements as cither

true or false. If a statement is true only under specific
circumstances, label it as false.

a. The behavior of a molecule confined in a container will
be noticeably different from the behavior of a free molecule.

b. Although part of the electronic energy in the Bomn-
Oppenheimer approximation is kinetic energy,
acts asa potential energy for nuclear motion,

¢ The orbital energy of a 4s subshell is always lower than
that of a 34 subshell in the same atom.

d. The ground state of every inert gas corresponds to a
filled valence shell,

this energy

@, The self-consistent theory can deliver the best possible

orbital wave function for a multielectrnn atom, LY4
PHYSICAL CONSTANTS?
(ROUNDED TO FOUR
SIGNIFICANT FIGURES)
Quantiry Symbol Value
Speed of light in vacuum c 2.998 X 108 ms™! (exact)
Permeability of vacuum ™ 47 X107'N AT (exact) =
1257 %1077 N A2
Permittivity of vacuum & uge? (exact) =
8.854 X 10712 CIN"I 2
Planck constant h 6.626 X 1073 J 5
2w h 1055x 10755
Elementary charge e 1.602 X 10719 C
Bohr magneton “B 9.274 X 107 377!
Nuclear magneton N 5.051 x 10727 17!
Rydberg constant Re 1.097 x 10" m~1
Bohr radius ag 5292x 1074 m
Hartree energy E, 4360%x 10718 ]
Electron mass me 9.109 X 1073 k¢
Proton mass my 1.673 x 1072 kg
Neutron mass my 1.675 % 10727 kg
Deuteron mass my 3.3¢4 x 1072 kg
Avogadro constant Na 6.022 % 10%* mol ™!
Atomic mass constant my 1.661 X 10727 kg
Faraday constant F 9.649 X 10* C mol ™!
Gas constant R 8315J K™} mol™!
8.315 X 1072 L bar K~! mol ™!
1.987 cal K~} mol™!
8.206 X 1072 L atm K~! mol™?
Boltzmann constant k 1.381 x 1078 yKk!
Acceleration due to gravity g 9.806 65 m 52

SOME NUMERICAL CONSTANTS
AND CONVERSION FACTORS

% = 3.141 592 65 254 cm inch™!

e = 2718281828 453.6g1b~!

Inx = logx/loge = 2302 585 091logx 4.184 T cal™? (exactly) lt’J..,,.;\"-”
101325 N2 arm-! 1602 X 107197 ¢V~ T aRARY
10° Nm~2 bar™} 1073 m3L"? LlBr{A

1.01325 bar atm™! 133.32 Patorr™! My \&\‘S};
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8. In the biological system, the synthesis of glutamine (Gln) from glutamate (Glu) is catalyzed by
the enzyme glutamine synthetase according to the following equations:

Glu+NH;* = GIn 6))
which is coupled with
’ ATP == ADP + PO/> )
Therefore the complete reaction is

Glu +NH4" + ATP == GIn + ADP + PO,> 3)

The AG® at 37°C are 15.7 and -31.0 kJ/mol for reaction (1) and (2), respectively.

(a) Considering reaction (1) alone, what is the equilibrium value of [GIn}/[Glu] if [NH,"] = 1
mM? (5%)

(b) Write down the free energy expression of reaction (2). (5%)

(¢) Calculate the equilibrium constant of reaction (3)? (5%)

(d) Considering reaction (2) alone, for a system with [ATP] = 0.01 mM, [ADP] = 0.1 mM, and
[phosphate] = 1 mM, what is the direction of the reaction? (5%)

(¢) If a person had a fever of 40°C, what will the direction of reaction (3) be shifted? (5%)

(f) If the concentrations of ATP, ADP, and phosphate are in equilibrium of reaction (2), will
Gln be dissociated into Glu spontaneously? (5%)




