Chemistry 232 Test2 (24 March 2017) Name:

* all questions are of equal value
¢ 1o books or notes are allowed
® no marks for unreadable answers!

e please answer all 5 questions in the spaces provided
o this is a 1-hour test (but you have 2 hours to write if)
® a calculator and the equation sheets provided may be used

1. The high-temperature battery no 1,0 heas ! malfen 2Cl ,,
Pt(s) | Li(2) | LiF(J) | Fx(g, 1 bar) | Pt(s) T=900K

is technically attractive because of ifs high voltage and low weight.
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iv) the Nernst equation for the cell voltage E
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b) Calculate the cell voltage at 900 K. Data: AGs’(LiF, 1, 900 K) = -336.14 kJ mol™!
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9] Describé how the operation of the battery could be modified to manufacture lithium and

fluorine (useful chemicals not found in nature) from the salt lithium fluoride.
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\‘) 2. a) In the “hydrogen economy” proposed for the future, electricity will be generated by using
fuel cells for the oxidization of hydrogen:

Hx(g) + %2 Ox(g) > H20()

i) Calculate the maximum electric work that can be obtained from oxidation of one mole of Hz
at 25 °C and 1 bar in a fuel cell. Data: AGu°(H20, 1) = -285.83 kJ mol-!
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ii) Oxidizing hydrogen in a fuel cell can provide significantly more electrical work than burning
hydrogen to generate electricity using a heat engine. Explain.
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b) Suppose you are asked to measure trace amounts of aqueous I- jons at concentrations far too low
(< 107 mol kg™") to be determined by titration methods. It looks hopeless.

But then you ber the wonders of electrochemistry and con@ the cell:
Ag(s: : Agl(s) | Nal(ag, 0.010 mol kg™) || solution X [AgI(s) | Ag(s)
The cell voltage measured at 25 °C is E = 0.447 V. Calculate the molality of I ions in solution X.
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3. a) The diagram below gives the velocity distribution i) of argon atoms. The area of each segment

under the curve is 0.050.
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b) The kinetic energy of an atom of mass m moving at speed v is mv*/2. Which of the following

expressions for the average kipetic energy of the atom is correct?
i) n% i) (mat>n)
Justify your answer. m
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4. a) A tank is filled with helium (M = 4.00 g mole™!) at 100.0 Pa and 350 K.

i) Calculate the number of helium atoms colliding with the wall of the tank per second per

centimet |
) squire en m/grwa arca= /\{Q P _ N p
C  NammkT V2m Nym N KT Yomr MR T
60221 x10°3(0p.0) o4 X /024. 2

JZT@ 004,00)(8314)350
= (7.04%0% pw2 57" ) (107 men’)" = .04 x 1 S0t

ii) Hehum leaks out of the tank through a hole into a vacuum chamber at a rate 0.37 grams per
hour. Calculate the diameter of the hole.
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1u) Calculate the number 0% times per second a helium atom colhdes with another helium atom
inside the tank, Data: He collision area =0.21 x 10~"¥ m
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b) Why are rates of molecular oolhs:ons lmportant for chemxsgry? — MC{; )
Aeac L ono A+R 2/

é ro. ""Q cmo( Fand O
AIB'D ,mpoz;f-&m"f 7%1 olecr dﬁu@f% m'feﬁ
4



5. a) A molecule initially located at position x = 0 at time # = 0 is allowed to diffuse for time ¢
i) Why is it impossible to predict the position x of the diffusing molecule?
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i) Solving Fick’s equation shows that the probability distribution of the molecule is
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By comparing the expression for P(x) with the Gaussian distribution of random errors £
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of variance ¢, show that the variance in the position of the diffusing molecule is 2D¢.
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iif) Suggest why the statistics of random errors and diffusion are closely related.
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iv) The diffusion coefficient of copper atoms in solid copper is 1.3 x 10 ;2 5!
at 25 °C. Calculate the mean displacement and the root-mean-square displacement of a
copper atom after diffusion for 4.5 billion years (approximate age of the earth) at 25 °C.
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b) Hydrogen and helium are used in high-perfo xchangers because their thermal
conductivities are large relative to other gases. Give two reasons for the relatively large thermal

ductivities of Hz and He, ;
conductivities of Hz and He Smeld ", smalls
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