Chemistry 232 Test 2 (18 March 2016) Name:

e please answer all 5§ questions in the spaces provided e all questions are of equal value
e this is a 1-hour test (but you have 2 hours to write if) e no books or notes are allowed
e a calculator and the equation sheets provided may be used ® no marks for unreadable answers

1. This question refers to the lead-acid cell: Pb(s)[PbSO4(s)[H2S04(aq)[PbSO4(s)[PbOy(s)|Pb(s)

a) Almost 2 billion lead-acid cells are manufactured per year! What is their main application?
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¢) Write the anode reaction, cathode reaction, and overall reaction for the lead-acid cell.
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d) Use standard reduction potentials (next page) to calculate the standard cell potential (E°) at 25
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e) Write the Nernst equation for the lead-acid cell. (anfs ) C‘PASQ_@) aﬂ_goZ@ ) =/ )
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ﬁo A lead acid cell contams queous sulfuric acid at molality 6.00 mol kg™ at 25 °C. The mean ionic
activity coefficient of H,SO; at this composition is j = 0.16. Calculate the cell potential E,
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Reduction Reaction E°V

Cut+e” =Cu +0.52
Cu?* +2e¢~ =Cu +0.34
Cu?** + ¢~ = Cu? +0.16
Cu(NH3)}* + 2¢~ = Cu + 4NH, 0.00
F, +2e~ = 2F +2.87
Fe?* +2e~ = Fe -0.44
Fe3* + 3¢~ = Fe -0.04
Fe3* + e = Fe?* +0.77
Fe(CN)?™ + e~ = Fe(CN)g~ +0.36
Fe(CN){~ +2e~ = Fe + 6CN~ -1.16
2H* +2~ = H; 0.00
2H,0 + 2¢~ = H, + 20H"™ -0.83
H,0;, + 2H* + 2¢” = 2H,0 +1.76
Hgl* +2¢e~ = 2Hg +0.80
Hg,Cl, +2e~ = 2Hg + 2CI~ +0.27
Hg** +2e~ = Hg +0.86
2Hg?* + 2~ = Hgl* : +0.91
I, +2e~ = 21" +0.54
K*+e =K -2.93
Lit+e = Li ' -3.04
Mg?* +2e” = Mg -2.36
Mn?* +2e~ = Mn -1.18
Mn3t + e~ = Mn?* +1.51
MnO, + 4H* +2e~ = Mn?* + 2H,0 +1.23
NOj +2H* + e~ = NO; + H,O +0.80
NOj +4H* + 3e” = NO + 2H,0 +0.96
Na* +e~ = Na -2.71
Ni2* + 2¢~ = Ni -0.26
0; + 2H,0 + 4e~ = 4OH™ +0.40
O, + 4H* + 4¢e~ = 2H,0 4123
0, +2H* + 2¢- = H,0, +0.70.
Pb?* +2e~ =Pb_ -0.13

+4H* + 2e~ = Pb?* + 2H,0

Pt?* +2e” = Pt

Rb*+e~ =Rb -2.93
Sn?* +2e” = Sn -0.14
Sn%* +2e = Sn?* +0.15
Zn** +2e~ = Zn -0.76
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2. a) Give the numerical value of each of the following integrals. (Definite integrals not required here!)
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¢) Part b shows how the average velocity of molecules moving in one direction can be calculated. Why
is this result important for calculating diffusion coefficients, thermal conductivities and molecular
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3. a) (J;l: the speed distribution function foy O, plotted below: i) show F(v) is
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¢) The diffusion coefficient of O, molecules in airis 2.3 x 10> m? s~ at 20 °C.

i) Calculate the root-mean-square displacement of O, molecules after diffusion for one

hour in air at 20 °C. & 2 ——
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ii) Use the calculated rms displacement of O, molecules to suggest why it is a go6d idea
to have forced-air ventilation in classrooms full of students.
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4. a) A gas effusion cell contains a mixture of neon isotopes at 300 K: A =qr 4= T (0 ~OOOI.5‘»9
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AN XNe (20.0 g mol™) at 0.900 bar and “Ne (22.0 g mol™") at 0.100 bar
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fieon atoms leak through a small hole (diameter 0.30 mm) into a vacuum chamber.

i) Calculate the number of 2°Ne atoms leaking out of the cell per second.
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el if) Calculate the number of ’Ne atoms that leaking out of the cell per second.
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iii) Show that the mole fraction of °Ne in the gas leaking out of the cell is larger than the
%Ne mole fraction in the gas inside the cell, illustrating isotope enrichment by effusion.
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b) The collisional cross-section area of ’Ne atoms is 0.209 nm?. Calculate the diffusion coefficient
of *Ne at 300 K and 1.00 bar. i
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5. a) Give the SI units of the heat flux densityJ;,temperature gradient 7/0x, and thermal
conductivity x in Fourier’s law of heat conduction: J; = —x 07/0x.
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b) Two parallel metal plates separated by 0.00500 m are held at 20 °C and 30 °C. The area of
each plate is 0.250 m”. When the space between the plates is filled with argon at 1.00 bar, the
heat flow rate between the plates is 8.15 J s™. Calculate the thermal conductivity of argon.
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¢) Thermos'" flasks keep food and beverages hot or cold for hours. The space between the
double walls of the flasks is evacuated. Why?
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d) Calculate the mean free path of argon“‘atm{fS"('&E"’O'ﬁTB"nfn'a) at 25 °C and 1.00 bar.
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e) Our treatment of mean free paths, molecular collision rates, diffusion and heat conduction in
gases is based on the “hard-sphere” model. Briefly describe this model. What assumptions are
made when this model is used?
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