UNIVERSITY OF SIERRA LEONE
CHEM 121
FOURAH BAY COLLEGE

FIRST EXAMINATION FOR THE DEGREE OF B. Sc. HONOURS
LEVEL |
SECOND SEMESTER EXAMINATION
WEDNESDAY 12" SEPTEMBER 2018 13.30 — 16.45
CHEM 121 - KINETICS, THERMODYNAMICS AND ELECTROCHEMISTRY
TIME ALLOWED: 3 HOURS PLUS 15 MINUTES READING TIME
INSTRUCTIONS:

e THIS PAPER IS DIVIDED INTO THREE SECTIONS: A, B AND C; ANSWER ALL QUESTIONS IN
SECTION A AND ONE QUESTION FROM EACH OF SECTIONS B, C AND D

e ASCIENTIFIC CALCULATOR, PENCIL AND RULER ARE REQUIRED FOR THIS EXAMINATION

SECTION A (ANSWER ALL QUESTIONS)
SECTION B (ANSWER 1 QUESTION)
SECTION C (ANSWER 1 QUESTION)

SECTION D (ANSWER 1 QUESTION)

The value of the molar gas constant R = 8.31 JK*mol*
The specific heat capacity of water = 4.18 JK*mol*
Faraday’s constant = 96500 Cmol™*



E0L a0l Lol Dol 66 BE 6 96 G6 ¥6 £6 A [ 06
IMEAIME] | LADGOU | MMASRPUNG | MILLEY, | ARSI | WNILGOPIED | WAESEG | Wineens | winiououe | wmsojmd | wningdou | wnien | woiugomosd | wnuog SOpIUNDY €01 - 06 |
n ON PW w4 s3 10 Ag wo wy nd dn n ed uL o
[zaz] l6sz] laszl Liszl [eszl [152] Lewzl Levzl [evel kel legz] 0'8ET 0lEE | 0EET
LL 0L 69 829 19 99 59 ¥ £ 29 19 09 65 85
wngaEyn| | wseaqA | uaning AR wnioy | whsdsdp [ wnigs) | weuopes | wnidong | WNUBLWES | wiigauinsd | Wniuspoay | weuiposseid | - winuas sapluByiuE] L1 -85,
nq qA wy 43 OH Aq aL Po n3 ws | PN id an
0GLL VELL GHOL B9l 69l Séal 6HSI ELG1 0est FosL IstL] & el 60rl Lowl
LEL OLE GO 801 Fii]s anL S01 ¥l 68 88 Pk
pElENELNE &Ny 1ou winivadijuso) | wgpEEeep (wnuauew | Wssey wnwyoq  (wnifbogees | wnegnp | wWgeopsgnd | wnugose LUNIPES LUIMEMIE )
ey e s ney G L-Z L L SSGUINL DILOJE YIIM SIS By S0 N SH ug bg aa JH 1 EY FE|
losz] (gl [asel losz] (28] [V [goz] [2g2] FWM logz] [ezz]
a9 o8 ¥a £8 B £ o [73 8L 14 a2 Ge |7 L el 5 a5 99
uope aupegse | wnuogod | gpnesig ] [T Aanass pob umreyd LN LWL LTS vapstiung | weneguey LMYE) | WnUBLUEY | LunuEsg NI TER 5]
uy w od g qd 1L BH my id 4 S0 a4 M Bl H + B eg 52
[zzzl loLel [60z] 0’602 &log ¥ile 9°002 orisl L'561 ¢ ebl 06l c98l B8l 6081 S8LL 6'8E1L £LEL G6eEl
5 £S 25 LS 05 (13 B Fi S St L EF aF L oF BE BE Fis
BoUB o wnunEg | Seouwnue un Lrpan LUTBLRIED AN wnpeed | wipoy | wosssgng | wnnauyss) |uuspofion | wngow | wmeoouz | wnueps LWNUOAS | LmpEE
ax 1 8L qs us uj P2 By Pd Yy ny 9 oN | aN iz A 1S qy
ELEL [3:T4% LEl gLel L8LL Ll ¥eELl 6201 a0l 620k Lugk [2 096 6'c6 At 688 9.l gce
a8 SE FE £e cE 83 oe [ 8e le 92 e ¥e €2 e L& 0g 6l
uogcliay oo | wmuagEs oussr | wnuewsab | oo e Uz saddog a2 JEgos L] asauebiveu | wnioosys | wmpses | wnioeg] | wepuess | owneyes | woessegod
| 44 ag sy 20 ED uz nj IN oD 24 uw 42 A 1 25 D M
€8s 66 6L 6. 9L L'69 ¥'59 S'E9 185 &85 855 6'¥5 0'es 605 [ sy Lor L'6E
L8 Fis aL 18 ¥l ElL &l LL
ote | o | aoms |smoumout| vens | wnene | € (0F) (0 (8 () () (9 (s (¥) € | o] urios
1y 12 s d IS v B EN
6'6E oeE Lée e L'8d 0ie [ ez
oL 6 8 i 9 5 Jaquunu (ucoud) oiwaoe v E
1T ] BULDNY uatifxo usoupu LBOMIED [e T | Dl iy faag [P T
aN 4 0 N 2 ) 1oquifs ag n
FA 1 T4 06l o9l orL 0ZL 201 FIEW JWOTE e 06 69
F I Aa
1) G G W) k& o ] @
ay H
ow ok
(8L)
0 L 9 5 L4 £ [ 3

Sjuswia|3 8y} JO |jqel dipouad |yl



Al.

A2,

A3.

A4.

AS.

Section A

Answer all questions from this section.

A student carried out an experiment to determine the enthalpy change when a sample of methanol (CH,0)
was burned. The student found that the temperature of 140 g of water increased from 21.0 °C to 28.5 °C
when 0.352 g of methanol was burned in air and the heat produced was used to warm the water.

(a)  Calculate the molar enthalpy of combustion of methanol.

(b)  Hence calculate the energy released when 100 g of methanol is burned

(5]

Gaseous ethanol burns according to the following equation:
CH3CH,0H(g) + 30(g) — = 2CO0>(g) + 3H.0(g)
(a)  Consider these bond enthalpy data:

C-H c-C C-0O | 0=0 | C=0 | O-H
| Bond enthalpy / kJ mol™ 412 348 360 496 805 463
Use these data to estimate the enthalpy of combustion of gaseous ethanol.
(b)  Explain why your answer is only an estimation of the enthalpy of combustion of gaseous ethanol.

(5]

(a)  Use the standard enthalpy of formation data from the table and the equation for the combustion of
butan-1-ol to calculate a value for the standard enthalpy of combustion of butan-1-ol.
CH3CH,CH,CH,0H(l) O:(g) COa(g) H,0(l)

AH¢ / k) mol™ -327 0 -394 -286
CH3CH2CH2CH20H(|) + 602(g) — 4C02(g) + 5H20(|)

(b)  How much energy would be released when enough butan-1-ol was burned to produce 100 g of CO,?

(5]

(a) Draw a Born-Haber cycle to show the formation of barium chloride (BaCly) from its elements.
(b)  Use your Born—Haber cycle and the standard enthalpy data given below to calculate a value for the
electron affinity of chlorine.

Enthalpy of atomisation of barium +180 kJ mol™
Enthalpy of atomisation of chlorine +122 kJ mol™
Enthalpy of formation of barium chloride —859 kJ mol™
First ionisation enthalpy of barium +503 kJ mol™
Second ionisation enthalpy of barium +965 kJ mol™

Lattice formation enthalpy of barium chloride —2056 kJ mol™

(5]

(a)  Explain why reactions are generally faster at higher temperatures.
(b)  Explain why gas-phase reactions are generally faster at higher pressures.

(5]



A6.

A7.

A8.

A9.

A10.

For the reaction 2NO(g) + Ha(g) = N,O(g) + H,0(g), the following rate data were collected:

Initial [NO]/M Initial [H2]/M Initial rate/Ms?
0.60 0.37 3.0x103
1.20 0.37 1.2 x 102
1.20 0.74 1.2 x 102
(a) Deduce the orders of reaction with respect to NO and H; and hence deduce the rate equation for the
reaction.
(b) Calculate a value for the rate constant for the reaction and state its units.

(5]

The Arrhenius equation shows how the rate constant of a reaction is related to its activation energy and the
_Ea
temperature: k = Ae RT.

A reaction has an activation energy of 50 kimol™. How many times faster will this reaction be at 308 K than at
298 K?

[5]

Consider the following electrochemical data:
Zn**(aq) + 2e = Zn(s); E°=-0.76 V
V3*(aq) + e 2 V*¥(aq); E°=-0.26 V

(a) Write the conventional representation of an electrochemical cell in which the two electrode half-
reactions correspond to the half-equations above.
(b) Write an equation for the reaction taking place in the cell and deduce the emf of the cell.

(5]

The following electrochemical cell was set up: Pt | H.SOs(aq), SO4%°(aq), | | Fe**(aq), Fe?*(aq) | Pt
The emf of the cell was measured and found to be +0.60 V.

The standard electrode potential of the Fe®, Fe?* electrode is +0.77 V

(a) Deduce the standard electrode potential of the H,SOs, SO4%~ electrode

(b) Write the half-equation for the oxidation process taking place in this cell.

(c) Deduce the equation for the overall cell reaction.

(5]

Consider the following electrochemical data:

Half-reaction BN

Zn(ag) + 2e = Zn(s) -0.76

V*(ag) + e =2 V¥*(ag) -0.26

50,%(ag) + 2H*(ag) + 2e = SO,*(ag) + H,0 +0.17

VO*(ag) + 2H'(ag) + e 2 V¥(ag) + H,0 +0.34

Fe''(ag) + e 2 Fe'*ag) +0.77

VO, (ag) + 2H'(ag) + e 2 VO*"(ag) + H,0 +1.00

Cly(g) + 2e = 2CI (ag) +1.36
(a) From the table above, identify the species which is the most powerful reducing agent.
(b) identify a species which will oxidise VO* to VO,* in acidic solution.
(c) Identify a species which will oxidise V3* to VO* but will not oxidise VO*" to VO," in acidic solution
(d) Write an equation for the reaction taking place in (b).

(5]



Section B

Answer one question from this section.

B1. This question is about enthalpy, entropy and free energy changes.

(a)

(b)

Use the data in the table below to answer the questions which follow:

Substance Fe,0s(s) Fe(s) C(s) CO(g) CO4(g)
Aer/ k) mol™ —-824.2 0 0 —110.5 —-393.5
S¥/ 1Kk molt  [87.4 D73 5.7 197.6 D13.6

(i)

(i)
(iii)

(iv)

Calculate the standard enthalpy change and the standard entropy change for the reaction:
Fe,0s(s) + 3CO(g) > 2Fe(s) + 3CO(g)
Explain why this reaction is feasible at all temperatures.
Calculate the standard enthalpy change and the standard entropy change for the reaction:
Fe,0s(s) + 3C(s) > 2Fe(s) + 3CO(g)
Calculate the range of temperatures for which the reaction is feasible.

(15)

Water can be converted to steam according to the following equation: H,O(l) 2 H,0(g)
This process is endothermic and has an enthalpy change of +44 kJmol™.

The standard entropy of water is 69.9 Jmol*K.

The standard entropy of steam is 188.7 Jmol*K™.

(i)

(ii)
(iii)
(iv)

Explain why the conversion of water to steam is endothermic.
Explain why steam has a higher entropy than water.
Calculate the entropy change for the conversion of water into steam.
Hence calculate the minimum temperature required for water to spontaneously change into
steam and comment on your answer.
(10)
Total 25 marks



B2.

This question is about the changes which take place when calcium hydroxide, Ca(OH),, is dissolved in water.
You will need the following data:

Lattice formation enthalpy of calcium hydroxide: -2637 kimol*

Hydration enthalpy of hydroxide ion: -460 kimol*

Hydration enthalpy of calcium ion: -1576 kimol*

Entropy change of solution of calcium hydroxide: +374 Jmol K

(a)

(b)

(c)

(d)

(e)

(f)

(8)

(h)

Draw an energy cycle to show the enthalpy changes taking place when calcium hydroxide dissolves in
water. Include all state symbols. Use your cycle to calculate the enthalpy of solution of calcium
hydroxide.

(6)

Explain why the entropy increases when calcium hydroxide is dissolved in water.

(2)

Use your answer to (a) and the entropy change of solution of calcium hydroxide given above to
calculate the free energy change when calcium hydroxide dissolves in water at 298 K.

(2)

What does your answer to (c) suggest about the solubility of calcium hydroxide in water?

(3)

Explain how an increase in temperature is likely to affect the solubility of calcium hydroxide in water.

(3)

The free energy change for a solution process is related to the solubility product by the following
expression: AG = -RTInKp.
Use this expression to calculate the solubility product for calcium hydroxide at 298 K.

(3)

Hence calculate the solubility of calcium hydroxide in water at 298 K.

Discuss the relative merits of AG, AH, AS and equilibrium constants in predicting the tendency of
reactions to take place.
(3)
Total 25 marks



Section C

Answer one question from this section.

C1. This question is about orders of reaction.

(a)

(b)

()

(d)

(e)

(f)

The decomposition of nitrogen dioxide 2NO,(g) = 2NO + O(g) was monitored using a continuous
monitoring method and the following data was collected:

Time, s [NO;], moldm?3

0 0.0100

50 0.00787
100 0.00649
200 0.00481
300 0.00380
400 0.00318
500 0.00275
600 0.00234

Plot a graph to show how the concentration of NO; varies with time.

(6)

Use your graph to deduce the first half-life of the reaction and the second half-life of your reaction.

(4)

Hence show that the reaction is second order and write a rate equation for the reaction.

()

Use your graph to determine the initial rate of the reaction. Hence calculate the rate constant for the
reaction and give its units.

(4)

Use your rate equation to suggest a possible rate-determining step for this reaction. Justify your
choice.

()

Another reaction, between three reactants A, B and C, was monitored using an initial rates method.
The following rate data were collected:

Experiment Initial Initial Initial Initial rate /
concenlration concentralion concentralion mol dm ™ s~
of A/moldm™| of B/moldm™ | of C/moldm™

| 0.20 0.10 0.40 0.80 x 1073
2 0.20 0.40 0.40 3.20 x 1072
3 0.10 0.80 0.40 1.60 % 1077
4 0.10 0.30 0.20 0.60 % 1077

Deduce the orders of reaction with respect to A, B and C. Hence write the rate equation for the
reaction and calculate the value of the rate constant.
(7)
Total 25 marks



C2. This question is about different factors which affect the rate of a chemical reaction.

(a)

(b)

Sketch a Maxwell-Boltzmann distribution of molecular energies at a particular temperature T1. Label
your graph Ti.

On the same axis, draw a distribution of molecular energies for the same gas at a higher temperature
T,. Label your verve To.

(5)

A student carried out an experiment to determine how the rate of a chemical reaction varies with
temperature. She obtained the following data:

Tempf:g Time taken for reaction
to finish /s

16 145

23 101

30 54

36 38

(i) Use the Arrhenius equation k = Ae_% to show that a graph of In(k) against 1/T (in K’) should
give a straight line with gradient -Ea/R.
(i)  Explain why 1/time taken is proportional to k.
(iii)  Plot a graph of In(1/time taken) against 1/T (in K%).
(iv)  Hence deduce the activation energy for the reaction.
(12)

The rate equation for the reaction between two gases P and Q is rate = k[P]?[Q].
The initial rate of this reaction was measured in a series of experiments at a constant temperature.
The following data was obtained:

Experiment | Initial [P] /mol dm™ Initial (@] /mol dm™ Initial rate /mol dm 57
1 0.20 0.30 1.8x 107
2 0.40 0.60
3 0.60 5.4 x 1077
1 0.90 12.2x10°

(i) Deduce the value of the rate constant for the reaction and give its units.
(ii)  Calculate the initial rate of reaction in Experiment 2.
(iii)  Calculate the initial [Q] in Experiment 3.
(iv)  Calculate the initial [P] in Experiment 4.
8]
Total 25 marks



D1.

Section D

Answer one question from this section.

This question is about electrochemical cells.

The standard electrode potential for the half-reaction Fe**(aq) + e > Fe**(aq) is +0.77 V
The standard electrode potential for the half-reaction Cu?**(aq) + 2e = Cu(s) is +0.34 V
These half-reactions can be used in a number of electrochemical cells.

(a)

(b)

The standard electrode potential for Cu?*(aq) + 2e = Cu(s) was measured directly using a standard
hydrogen electrode.

(i) Draw a fully labelled diagram to show the electrochemical cell you would set up in order to do
this.
(i) Write half-equations for the reactions taking place at each electrode, and the overall chemical
reaction taking place in the cell.
(iii) Explain how charge moves around the different parts of the circuit.
(iv) Explain why the emf of cells like this decrease over time.
(12)

The half-reactions Fe3*(aq) + e = Fe?**(aq) and Cu**(aq) + 2e = Cu(s) can also be used together to
make an electrochemical cell.

(i) Write the conventional representation for this cell.

(ii) Deduce the emf of the cell if both electrodes are set up under standard conditions.

(iii) Suggest how the value of the emf of the cell would change if the concentration of Cu?* ions
was decreased. Explain your answer.
Suggest how the value of the emf of the cell would change if the concentration of Fe?* ions
was decreased. Explain your answer.

(7)
The quantitative relationship between an electrode potential and the concentration of aqueous
[1]
[Cu?*]

species is expressed by the Nernst equation: E = E° + §an. For Cu**(aqg) + 2e = Cu(s), Q =

(i) State the meaning of “n” in the Nernst equation.

(ii) Calculate the electrode potential of the Cu?*/Cu electrode when [Cu?] = 0.1 moldm3

(6)
Total 25 marks



D2. This question is about how electrochemical data can be used to predict the feasibility of different reactions.

(a)

(b)

Use the following data to answer the questions below:

E®/v
Ce~(ag) +e- == Ce=(aq) +1.70
MnO-(aq) + 8H+(ag)+ 5e- == Mn=(aq) + 4H.0(l) +1.51
ClL(g) + 2e- == 2CH(aq) +1.36
Fex(ag) +e- == Fe=(aq) +0.77
SO.(aq) + 4H+(aq) + 2e- == H,SOs(aq) + H.O(l) +0.17

(i) State and explain what you would expect to happen when a solution containing Fe®* ions was added
to a solution containing Cl" ions under standard conditions.

(i)  State and explain what you would expect to happen when a solution containing Fe®* ions was added
to a solution containing H,SOs under standard conditions.

(iii)  ldentify a species which you could add to Mn?* in order to convert it to MnO4 and write an equation

for the reaction taking place.
(9)

Use the following data to answer the questions below:

Cu*(aq) + e = Cu*(aq), E°=+0.15V

Cu*(aq) + e = Cu(s), E°=+0.52V

(i)  Write an equation to show the disproportionation of Cu* into Cu and Cu?*.

(i)  Use the data above to deduce whether this reaction should take place under standard conditions.
(iii)  Use the relationship AG = -nFE. to calculate the free energy change for the disproportionation of

Cu™.
(6)

Use the following data to answer the questions below:

Mg*(aq) + 2e > Mg(s), E°=-2.37V

H,0 + 2e” 2 H, + 20H(aq), E°=-0.44 V

(i) Use the half-equations above to write an equation for the reaction of magnesium with water and
show that is should be feasible under standard conditions.

(i)  Suggest why magnesium shows little reaction with water under standard conditions.

(iii)  Use you answer to (c) (ii) to explain the difference between kinetic stability and thermodynamic

stability.
(10)

Total 25 marks)
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