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Instructions: 1. Répondre a chaque question sur les feuilles de I’examen.
2. Calculatrices €lectroniques sont premises.

3. Ni livres ni notes ne sont premises.

1. One mole of helium gas, initially at 25 °C, is expanded from a volume of 1 L to a final
volume of 2 L at 20 °C.

a) Estimate the specific heat of helium.
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2. The absolute entropy of liquid ethanol at 25 °C _M 160.7 T mol” K. Its specific heat,
-3 assumed to be constant all the way up to its %o%dm point (78.42 °C),is 111.5 J mol™ K",

Its heat of vaporization is 42.3
ethanol at 78.42 °C s, {#

O

3. a) 2.0 mL of liquid water is placed in a sealed 20 L container which is then evacuated of
all gas, leaving only the water inside. At the initial temperature of 25 °C the vapour
pressure of water is 24 mm Hg. The water is allowed to evaporate. How much liquid

water remains in the container? k b imd b e eliy N /

¢) The gas in the above-mentioned container is then allowed to expand adiabatically from
24 mm Hg down to 15 mm Hg.

(1) What is the final volume occupied by the gas?




(i) Based on the volume and pressure changes what is the final temperature?
) C - . 5,

(iii) The heat of vaporization of water is 43.6 kJ mol™". Based on the Clausius-
Clapeyron equation what is the condensation temperature associated with 15 mm

Hg? Consequently what do you expect would happen to the water in the
container?

D Ae 26 K

4, In a constant-volume calorimeter, the combustion of fumaric acid releases 1330 kJ mol™
in the form of heat at 291 K. The reaction is

(COOHCH), (s) +3 O, (g) = 4 CO; (2) + 2 H0 (1)

a) Calculate AH for this process.

4

b) The substance which absorbs this heat is assumed to be liquid water (neglecting the
gases and the calorimeter housing itself). The specific heat capacity of water is 75.31
Jmol' K, By how much does the temperature rise?

¢) What assumption is implied in the formula used to answer part (b). Is this assumption
b Caad 1+
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5. In the bacterium nitrobacter, the followi ng reaction occurs:

Y

NO>aq) + % Ox(g) 2 NOs(aq)

The following are standard enthalpies and Gibbs free energies of formation at 25 °C:

0 I =0 -1
DI\\ kJ mol DQ\. kJ mol
NOs(aq) -104.6 -37.2
NO™(aq) -207.4 -111.3

—0 =0 -0 e .
a) Calculate AH , AG , AS , and the equilibrium constant for the reaction
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b) Is the reaction spontaneous under standard conditions?
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6. The ionization constant, [H"][OH |, for the dissociation of water, H,O 2 H' + OH | i
1.00 x 10 M*at 25 °C, and 1.45 x 10" M?at 30 °C.

Calculate Dmowﬁ,‘b@%ﬂ%@%@%\ym oh omon
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7. A solution of an m:_oEo form of'a 3585 at a concentration of 7.8 g dm™ has an osmotic
pressure of 2.3x10~ atm at 0 °C.

a) Estimate Ec Borwcc:ﬁ weight of the EOFE % 1

i

b) This protein concentrates itself inside a living cell and cannot cross the cell membrane.
Its positive counter-ion, K, does diffuse across the membrane. At equilibrium, [K]
inside the cells is 155 mM, while it is only 4 mM outside the cells. What is the name
of the special kind of equilibrium established, and describe qualitatively what happens

to the concentration of other major diffusable ions such as Na” and CI .

il

. ¢) What is the magnitude of the cell potential which is established across the membrane,
neglecting any active transport of ions? A




8. Lactate is oxidized by cytochrome (c, wofv to yield pyruvate plus cytochrome (c, Fe®")
according to the following reaction:

Lactate + 2 cyt. (c, Fe*™) 2 pyruvate +2 cyt. (¢, Fe?") + NE+

The standard reduction potentials at pH 7 and 25 °C are:

EY
eyt (¢, Fe’ )y +¢ - cyt. (c. Fe*' +0.25V
pyruvate +2H'+2e — lactate” -0.19V

[cyt (c,Fe?t)]?[pyruvate ™)
[cyt (¢,Fe3t)]?[lactate™]

o4V

a) Calculate the equilibrium ratio at 25 °Cand pH 7.

b) Recalculate this ratio at 25 °C and pH 6.
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9, For a solution of 0.05 M in KNOs and 6.05 M in KCI

a) Calculate the ionic strength
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“ b) Some BaSOy (which is sparingly soluble) is placed into the above solution. Calculate
the mean ionic activity coefficient of the Ba® and SO* ions.

10. In the reversible first order isomerization reaction, A & B, the following observations
were made:

[Alo=0.002 M, [B]o=0M, [Alsquitibre = 0.0005 M.

After 60 seconds the concentration of A drops to 0.001 M.

Calculate the rate constants for the forward and for the reverse reactions.
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Il.  Anenzyme-catalyzed reaction is found to have a rate of 8.6 x 5@2 s at 25 °C when it

is saturated with substrate. If [E]p=1.5x 10t° M

a) calculate the rate constant for the formation of products, Kea.
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b) If the rate drops to 2.0 x 10 M s when [S]o drops to 1.0 x 10™ M, what is the value
of the Michaelis-Menten constant?
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¢) If the activation energy is 20 kJ mol', what would the rate constant be at 37 °C under
the saturation conditions of part a)?




