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I Mazk "Truth”™ or “False” for the following statements, and explain why? (40%; 4% each)

(1) The entropy change for a perfect gas expanding 1sothermally and reversibly from ¥ to ¥
is the same for the gas expanding isothermally and freely between the same two volume,

(2) The eguilibritm constant of an exothermic reaction decreases with an inecrease in
wnperature.

(3) The reaction rate wvaries steeply with temperature for the reaction having higher
activation energy.

(47 The chemical potential of the liguid solvent increases as a result of the presence of a
solute.

(5) For constant guantity of macromolecule dissolved in solvent, the higher the molar masses
the lower osmotic pressure it produces,

(6) The Gibbs energy of reaction: CO{g) = 1/2 Oz(g) — CO,(g), decreases with increasing
lemperalure.

(7} For the Daniel cell Zn{s)|ZnS0y{aq)[{CuSOy(aq) Culs), the cell potential increases with
increasing concentration of CuSQO4(aq).

(8) At low concentrations of added NaBr(s), the solubility of the AgCl(s) is increased.

(9) The half-life of a first-order reaction lengthens as the concentration of reactant falls.

(10) The pX, of the weak acid is equal to the pH half-way to the stoichiometric point of the
titration of a weak acid with a strong base.

iI. For the Langmuir isotherm, the free gas and the monolayer adsorbed gas are in dynamic
equilibriumt: Ay + Muufacey S AMuuriee With rate constant k, for adsorption and &, for
desorption. Derive the Langmuir isotherm H=% for the wvariation of the fractional

a4
coverage & with pressure at & chosen temperature where ¢ depends on the pressure p of the
overlying gas and the equilibrium constant X equals to &/k. Al constant temperature,
various adsorbed gas volume V according to different pressures p fits the Langmuir isotherm.
How to obtain ¥, the volume corresponding to complete coverage and the equilibrium
constant X7 (159%)
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[f1. Derive the Clapeyron equation: — = :va for the liquid—vapeur boundary and estimate
Sag

the typical size of the effect of increasing pressure by 0,1 atm on the boiling point of a liquid.
(15 %) (Hint: using the Trouton’s rule and the perfect gas law; where £ denotes pressure, T’
termperature, A andA,..V for entropy change and volume change during vaporization,
respectively)
IV, The reaction A + B — P is first-order in each of two reactants A and B. Show that the rate
law: v = HAJB] and kt=——in o115k
[(Bly—[Al, [AlAl
concentration of reactanis A and B, respectively, {15 %)
V. An ideal gas expands from initial volume ¥ to final volume V. Calculate the changes AU, e
and W for the gas (in terms of u, T, ¥} and Vp) under the following process: (1) free expansion
into vacuum; (2) adiabatic expansion starts at temperature Ty; {3) isothermal expansion starts

at temperature Ty, (13%; 5% each) P1g i veU13

. where [A]y and [Bl; denote the initial



