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Given: R =8.314 J K 'mol™ = 0.08314 L bar K-'mol! = 0.08206 L atm K"'mol™!, 1 bar =10° Pa
In(2) = 0.6932, In(3) = 1.0986, In(5) = 1.6094, In(7) = 1.9459, In(10) = 2.3026
el =2.718, e2 = 7.389, &3 =20.086, e° = 148.413, 7 = 1096.633, ¥ = 22026.466

1. Calculate the reaction Gibbs energy (A:G) for producing NO,(g) at a pressure of 1 bar
from N204(g) at a pressure of 10 bar, at a temperature of 300 K. The equilibrium
constant for the reaction N2O4(g) = 2NO»(g) is 0.2 at 300 K and the gas phase can be
assumed to be ideal. (20%)

2. The vaporization of the liquid water is carried out reversibly at 100°C and 1.013 bar. The
heat of vaporization is 40700 kJ mol .
(a) Calculate the change in molar entropy for the water. (10%)
(b) What is the work done in vaporization (w per mole)? Assuming that the water vapor
is an ideal gas and that the molar volume of the liquid water can be negligible. (10%)

3. For a specific compound, the vapor pressures (in Pa) for the solid compound (Ps) and
liquid compound (7;) as a function of temperature T (in K) are expressed as:

lnPs=30—6000 and lnP‘,=20—-3—QT9(1

(a) Calculate the temperature of the triple point. (10%)
(b) Calculate the pressure of the triple point. (10%)
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4. Consider an electrochemical cell Zn(s)|Zn* (a = 10~%)||Zn**(a = 1)|Zn(s) at 25°C, where
a is activity, the vertical lines (|) represent phase boundaries, and || represents a salt
bridge. Zn(s) denotes solid zinc. The standard half-cell potential at 25°C for Zn**(a = 1)
+ 2e~=Zn(s)is —0.763 V. Given: F = 96485 C mol™!

(a) What is the standard electromotive force of the cell (E°) at 25°C? (10%)
(b) Calculate the electromotive force of the cell (E) at 25°C. (10%)

5. The temperature dependence of the rate constant (k) for a first-order elementary reaction
obeys the Arrhenius equation and can be expressed as k = A e Z/®D, where 4, Eq, R,
and T are the pre-exponential factor, activation energy, gas constant, and absolute
temperature, respectively.

(a) If the half-life for this reaction is 10 s, calculate the rate constant. (10%)

(b) If this reaction has a pre-exponential factor of 1x10° s~ and an activation energy of
5x10* J mol~!, calculate at what temperature the half-life of this reaction is 693.2 s?
(10%)
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