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FINAL EXAM GEO2-1202 Physical Chemistry
Thursday 8 November 2012 11 -13

General remarks:

- This exam contains five questions.

- Please answer concisely, but present intermediate calculations.

- Report the units of the numbers, particularly for your final answer
- Answers in English or in Dutch are allowed.

- Atthe end of the examination hand in a/l your answer sheets.

- Write down your name or student number on all answer sheets.

1.
The synthesis of HCl(g) has following stoichiometry:

Hy(g) + Cly(g) < 2HCl(g)

H:(g) Cly(g) HCI
AH [Kimol™] |0 0 -92.3
AGO[kimol™] |0 0 -95.3

(a) Calculate the equilibrium constant K, for the synthesis of HCl at 298 K.

(b) Calculate the equilibrium constant K, for the synthesis of HCl at 450 K.

{¢) Discuss qualitatively the effect of pressure on the yield of the reaction (how much HC
can be produced from H; and Cl, when equilibrium is reached).

{d} Discuss gualitatively the effect of adding a catalyst on the yield of the reaction.

{e) In a reaction vessel of 50 L, 2 moles ofidyand 2 moles of Cl, are added. Calculate the
number of moles of HCl in equilibrium at 450K. %ﬁz

2.
{a) Calculate the equivalent conductance of acetic acid (CH;COOH) at infinite dilution from
the information given in the table 8.2 (see next page).

The equivalent conductance was measured at various concentrations of CH;COOH:

Concentration (mol L) | Equivalent Conductance (Q equiv’ em?)
0.010 21.36

0.020 15.23

0.030 12.48

0.040 10.83

0.050 .70

0.060 8.87

{b} Calculate the dissociation constant K, of acetic acid.



Table 8.2
Equivalent lonic Conductance and Ienic Mobility of Some Common ions al

298 K
P ic Mobility”
lon 0 equiv Toem?z 10 m? sV Tonic Radius/A

H! 34981 363

Pl 38.68 4.01 .60
Mat 54,1 5.19 (.95
K7 73.50 7.62 1.33
Rb~ 7781 7.92 [.4%
s 77.26 71.96 1.69
NH/ 735 7.62

Mg’ 53.05 5.50 0.65
Tutt 59.50 6.17 (.99
By A3.63 6.59 135
Cu?? 536 5.56 G6.72
OH~ 198.3 20.56

F- 554 5.4 1.36
i 76.35 791 1Hg
Br~ 78.14 §.10 1.93
1" 76.88 7.95 216
N3, 7146 7.41

HCO, 44.50 4.6

CH;CO0~ 40.90 424

SO;- 80.02 8.29

“From Robinson R, A, Stokes, R, H. Electrolvte Solutions, Academic Press, Mew York,
1959, Used by permission. Note that for tons carrying multiple charges, the molar conductance
is given by the product of the magnitude of the charge wnd the cquivalent lonic conductance.
Thus, the molar ionic conductance of Mg?? is 2 « 53.05 or 106.1 7' mol T em?.

*Erom Adumson, AL W. A Texthook of Physical Chemistry, Academic Press, New York,

1473, Used by permission.

3.
(a) Calculate the solubility product for silver(l) chloride {AgCl) given the standard reduction
potentials of the half reactions:

Agt + e = Ag (s) Es=0.800V
AgClis} + e = Agl(s) + CI' E;=0.222V
(b} C

Calculate [Ag'] in a 0.015 M MgCl, solution. Assume that the Debeye-Hickel limiting law
o calculate the activity coefficients.



4,

Consider a galvanic cell that uses the reaction:

Cu (s) + 2Fe™ (ag) = Cu® (aq) + 2Fe* (ag)

with [Fe¥]1=1.0x 10° M, [Cu”] =0.25 M, and [Fe’'] = 0.20 M
{a) Calculate the emf of this cell at 25 °C.

The solutions of the half cells are diluted by a factor of two.
(b} Calculate the emf of this cell at 25 °C.

5.
The progress of a reaction with a single reactant in the agueocus phase was monitored by

measuring the concentrations at various times:

Time (s) Concentration (mol L)
O 2.0

10 1.3

20 0.9633

(a) Determine the reaction order.
(b} Calculate the rate constant.
{c) Calculate the concentration of the reactant at two half-lives.

Values of Some Fundamental Constants Useful Conversion Factors

Constant Value 1A=10%em=10"%m =01 nm

1 e . 1 3 . 193¢

A%’i?g&df?@ constant (Ny) 6.0221367 x 102 mol~! i zziﬁ ; ;i{}g? ?; i;fi;;ii;zgg ;;i} K
Bohr radius (a,) 529177249 x 107" m cal = 4184 1
Boltzmann constant (kg) 1.380658 x 10-23 J K~ eV = 1.602 x 1019 J = 06.4853 kJ mol-!
Electron charge (¢) 1.602177 x 1079 C IR =83141K ! mol~! = 0.08206 L atm K~! mol-!
Electron mass (m.) $.1093897 x 1073 kg 1L ostm = 10034 ]
Faraday constant {F} 96485.309 € mol™!
Gas constant {R) 8314510 J K mol™!
Neutron mass (mw) 1674928 « 1077 kg
Permittivity of vacuum (g) 8.845 x 172 C2 N~ 2
Planck constant (A) 6.626075 x 107% § 5
Proton mass (mp) 1672623 x 1077 kg
Rydberg constant {Ky) 10973731534 em ™!

Speed of light in vacuum {¢) 299792458 m s~
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