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Question 1

a) The change in internal energy during the reversible, adiabatic expansion of an ideal gas is

AU = O< m‘ﬁw - %_v

where T and T are the temperatures of the initial and final states
Explain by means of a P-V-diagram why the heat capacity at constant volume is used in this

equation, whereas the volume is not kept constant.
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b) Calculate the work done by the reaction

Zn(s) + H,SO4(aq) — ZnSO4(aq) + Ha(g)

When | mole of hydrogen gas is collected at 273 K and 1 atm. (Neglect volume changes other
than the change in gas volume.)
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Question 2
Calculate the values AU, AH and AS for the following process:

1 mole of liquid water at +5 °C and 1 atm — 1 mole of ice at 0 °C and 1 atm.

The molar heat of fusion (melting) of water at 273 K is 6.01 kJ mol™
The molar heat capacity of water is 75.5 J K™ mol™.

Assume:

- the molar heat capacity is independent of temperature

- the molar volumes of water and ice are equal
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Question 3

Oxalic acid (H,C;04 = Ox) is a poisonous compound in many plants and vegetables.
Calciumoxalate (CaC,04 = CaOx) is only slightly soluble in water.
Given:
The Ca’" and Ox* ions are ina 0.01 M Ca(NOs); solution. This concentration fixes the
calcium concentration.
In this solution the apparent solubility product of CaOx
K = 3.0x107 at 25°C.
log v« = -0.509| Z,Z | VI

a) Calculate the mean ionic activity coefficient and the thermodynamic solubility product
(Kp?) of CaOx.
b) Calculate the concentrations of the calcium and oxalate ions in this solution.
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Question 5
Given:
N, 0, NO
AG® (in kJ mol™) 0 0 86.7
AH® (in kJ mol ™) 0 0 90.4

Nitric oxide from car exhaust is a primary air pollutant.
a) Calculate the equilibrium constant at 25 °C for the reaction:
N2 (g) + 02 (g) & 2NO (g)

b) Calculate the equilibrium constant at 1500 °C, which is the typical temperature inside the
cylinders of a running car.

Van ‘t Hoff equation:

In Qﬁw\mﬁ_v = mb&ﬁ@x%v C\WH,M - H\,ﬁmv
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uestion 4
Consider the tollowing dissolution reaction of the mineral calcite at 25 °C, | bar:

ﬂwﬂow {calcite) + I+ mmbv “« ﬁumu,r mm@v + :QOw Amnv
with AG® = -27.43 kJ mo]”
a) Calculate the thermodynamic equilibrium constant of the reaction.

b) The apparent solubility constant of the reaction is defined as
Ki = (Meyy. Myco3) / ay.
where m and a stand for molality and activity, respectively.

What is the value of K in a solution of jonic strength I = 0.001 m (at 25 °C,
I bar) ? The following formulation of the Debye-Hiickel law iS appropriate:

log y; = - 0.509z,V1
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