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1. From the data given in the following table construct a complete
temperature-composition diagram for the system ethanol-ethyl acetate for
101.3 kPa. A solution containing 0.8 mole fraction of ethanol, EtOH, is
distilled completely at 101.3 kPa. (diagram 10%)

XE1OH yeonu B.P,°C XEOH yeon B.P,°C
0 0 77.15 0.563 0.507 72.0
0.025 0.070 76.7 0.710 0.600 72.8
0.100 0.164 75.0 0.833 0.735 74.2
0.240 0.295 72.6 0.942 0.880 76.4
0.360 0.398 71.8 0.982 0.965 17.7
0.462 0.462 71.6 1.000 1.000 78.3

(a) What is the composition of the first vapor to come off? (3%)

(b) That of the last drop of liquid to evaporate?. (3%)

(c) What would be the values of these quantities if the distillation were
carried out in a cylinder provided with a piston so that none of the vapor
escapes? (3%)

2. For the reaction: Fe;0s(s) +3 CO(g) = 2 Fe(s) + 3 COy(g)

the following values of equilibrium constant K are known.

T/°C 250 1000 .
K 100 0.0721

i@XKm14x1m?
¢ supplied to a vessel
formation of Fe?

At 1120°C for the reaction 2 COQ(g) =
What equilibrium partial pressure of O
at 1120°C containing soli
(15%) Rk




3. Three moles of an ideal gas (Cy, = 3/2 R) expand isothermally and
reversibly from 0.1 to 0.3 m’ at 25°C. .
(a) Calculate AU, AH, AS, AG, A4, w, and ¢ for this system. (7%)
(b) If the expansion is cartied out irreversibly by allowing the gas to expand
into an evacuated container, what are the values of AU, AH, AS, AG, A4,
w, and g? (7%)

4. Given AG® =49.4 kJ mol™! for
ATPY +HH,0 = AMPY+P,0 7 +2H"

calculate corresponding AG™ at pH 7 and 25°C and 0.2 mol dm™ ionic
strength. The pK values that are needed are: for ATP, pK; = 6.95; for ADP,
pK, = 6.88; for AMP, pK; = 6.45; for pyrophosphate, pK, = 8.95 and pK, =
6.12. (10%)

5. Electrons are accelerated by a 1000-V potential drop.
(a) Calculate the de Broglie wavelength. (6%)
(b) Calculate the wavelength of the X-rays that could be produced when
these electrons strike a solid.  (6%)

6. For the reaction
CO, (+ H,0) k"@ H,CO;
|
where the parentheses indicate that H,O is not included in the equilibrium
constant expression or in the rate equation, the following data were
obtained: AH° = 4730 J mol™" and AS® = —33.5 T K™! mol™. At 25°C, ky =
0.0375 s! and at 0°C, & = 0.0021 s, Assuming that AH° and AS°® are
independent of temperature in this range.
(a) calculate the equilibrium constant and k&, values at 25°C and 0°C.
(9%)
(b) calculate the activation energies for the forward and backward reactions.
(6%)

7. A fatty acid was spread on the surface of water in a Langmuir film balance at
15°C, and the following results obtained:

Arca/ dm* pg™ 0.057 0.282 5.07 107 22 111
Surface pressure /Nkm™ 30 03 02 01 0.05 001

Estimate the molecular weight of the acid and the area per molecule when
the film was fully compressed. (15%)
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