UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
FINAL EXAMINATIONS 2016/2017 ACADEMIC YEAR, SEPTEMBER 2017
C2615: BASIC PHYSICAL CHEMISTRY

Duration: Three (3) Hour

Instructions:

Answer any four (4) questions.

Answer each question in a separate answer booklet.

All questions carry equal marks. (20 Marks)

You are reminded to answer questions in a clear and logical manner.

Useful Information and Constants:

R=8.314 Jmol” K' = 0.08206 L atm mol ' K"’

Molar volume of gas at STP = 22.4 dm’ mol™, STP =273 K and 1 atm, 1 cal = 4.18 )
| atm = 1.01325 x 10° Pa= 1.01325 x 10° Nm*

Question 1

(a) () Dalton’s law of partial pressures states that the total pressure of a mixture of
gases is the sum of the partial pressures of the components of the mixture.
Which assumption of the kinetic molecular theory justifies this law? Explain in
bricf.

(i) 200 em’ of oxygen is collected over water at 25 °C and 1 atm. If the oxygen
obtained is dried at constant temperature of 25 °C and | atm, what volume will
it oce

(iii) What volume will be occupied by the water removed from the oxygen if
maintained at 25 °C and | bar? (The equilibrium vapour pressure of water at
25 *C is 0.04 bar)

(b) Suppose 0.167 g of ethanol, C:HsOH, was injected into 100 em’ a gas syringe. The
syringe placed in a boiling water bath for several minutes. The atmospheric pressure
was 0.99 bar and the temperature of the bath was 100 °C,

(i) What volume of ethanol would have been produced under these conditions?
(ii) Make comment on the suitability of the syringe used.
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Question 2

(a)  Define the term internal energy as used 1o describe chemical
(b)  Calculste the change in internal energy for the reaction given below using the data

provided at 25 *C.

HySO(1) + 2NaCl(s) -» NazSOu(s) + 2HCI(g)

Substance

NaCl (s)

HzS0u(1)

HCHg) | NaSOu(s)

AH" (kd mol™')

-dl0

-9

~13%3

(¢} Explain how water freezing st -10 “C can be thermodynamically spontancous, even

though entropy decreases.

(d}  Determine the amount of heat required 1o convert 10 g of ice at 0 *C 1o vapour at
100 °C. For water Ap H=334) g7 A H =2,257) 3 and C, =418 ) g '

(a) A CHE2615 student studying kinetics of a reaction A+B — C collected following

(Question 3
data:
[B] = 10.00 mol dm”
Time [A] mol dm™
0 0.1000
10 0, 00
20 0.0800
30 1 0.0700
40 0.0600
50 0.0500

Then she repeats the experiment with [B] = 5.0 mol dm™

[A] mol dm™

0.1000
0.0975

0.0950

0.0925

0.0900

zs:us=¥

0.0875

Scanne d with CamScanner



(i) Plot concentration time graph for the results with [B] = 5.0 mol dm”,

(ii) What is the order of reaction with respect o A.

(1ii)What is the concentration of B at 50 minutes in each experiment?

(iv) What is the pseudo rate constant (k) when [B] = 5.00 mol dm™. Calculate the
pseudo rate constant when [B] is =10 mol dm™.

(v) Calculate the order with respect to B,

(vi) Write the rate law with the value of rate constant with its unit.

(h) The reaction
2 NOBr (g) —2 NO (g) + Bra(g)
is o second order with respect to NOBr. If [NOBr], = 7.5% 107 M.
(i) How much NOBr will be left after a renction
time of 10 minutes?
{ii) Determine the half-life of this reaction. Rate
(ili)  Complete the sketch given for the reaction with a
rate constant, k, = 0.810 M ' at 10 °C
Al
Question 4

A saturated solution of silver chloride AgCl has a specific conductance 0f 2.28 x 104 2 "'m™’
at 25°C. The specific conductance of the water used to make up this solution is 0,116 x 107

Q"'m™". The limiting molar ionic conductance of the two fons are A%, =0,00619 and A%,
=0.00763 ' m® mol™.

(a)

(b)

(c)

(i) Calculate molar solubility, s, of AgCl in mol L™

(ii) Determine the K »0f AgCL

From the following data calculate the molar conductance at infinite dilution of NH ,
OH. ~

Molar conductance at infinite dilution of Ba(OH), , Ba(Cl),, and NH , Cl are
0.05254, 002799, and 0.0 14985 Q' m® mol™ respectively, Hint : balance the ions
and simplify.

A D.00100 M acetic acid has a resistance of 21605 £2 when measured in a conductance
cell of cell constant 105.0 m ', The molar conductance at infinite dilution of acetic
ncid is 0.03905 Q' m* mol™ |

() Caleulnte the specific conductance of the electrolyte.
(i Determine the degree of dissociation of acetic acid.
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Consider a cell
Ni(s)| NiCl, (ag, 0.0100M)| C1, (g, Ibar)] Pt(s)
The reduction potentials of the cell at 25 * C are given below.
%Cl,{gj- e =Cl(aq) E* =1358V
Ni*(ag)+ 2¢” = Ni(s) E*=-0250V
(1)  Using an appropriate jonic strength of the electrolyte, calculate the mean activity

coefficient of NiCl, , using the Debye- Hiickel limiting law.
b) Write the cell reaction.

END OF EXAMINATION
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BECTION A: Answer all questiona

A1, Camenl Is a vital material in the construction indusiry. An important chemic: | reaction in
the manufacture of Portiand cemant is tha high temperature cecompasition of calcium
carbonate to give calcium oxide and carbon dioxide.

CaCOs(s) -+ CC;(g) + Culis)
Suppose that 1.25 g CaCO, is decomposed by Featiig, what velume of CO;y is evolved if
it is measured at T40 torr and 28 *C?

A2. The conceniration of a drug in the body s cflen a»pressed in units of milligram per
kilogram of body weight. The initial dese in an animal was 25 mg/kg body waight. After 2
hours, this concentration dropped to 15 mig/kg body weight. if the drug i3 eliminated
matabolically by @ first order process, whal s the rate constant for the prccess min'?

Ad. (m) Define bond dissociation enthalpy.

(b)  The entroples of Brylg) and Brig) ars 245 4 und 174.8 J mol™" K™’ respectively at
208 K. Using the data given below calculate the bond energy of Bry,
Bra(g) —» 2Br(g) AG" = 1517 )

A4, A hydrocarbon is burned in a container with & mavable piston with a cross-saction area
of 0.5 m®. If the piston moved a distance of 30 om aga nst a pressure of 1 atin, how
much work is done in the expansion?

AS, {s) Copper metal can be cblained by heating copper oxide in the presen e of carbon

monaxide according 1o the equation
CuO(s) + CO(g) —» Su(s) + CCy4lg)
Calculate AH" In kJ given the follow ng therm ochemical equations.
2C0(g) + Oslg) = 2C04(g) AH"= - 5881 k)
2Cu(s) + Oy(g) -+ 2Cu0(s) AM*= - 3105 kJ
(b) Construct an enthalpy diagram for the reaction between CuO{s) and COfg)
consisten! with the result in AS(a) abovn,
AB. Tho equilibrium for the production methano! fror CO and H; is
CO (g) *2Hz(g) === CH,0H(g)
Tho value of K. at 500 K is 6.23 x 107 Cal:ulats 83"

A7. By how much in degree centigrade will the normal freezing point of benzena (T =
553°C, K, =512 K Kg mol™') be reducad by adaitian of 10 g of hexane (M = B4.16
g/mol) to 100 g of benzena (M = T8 11g/mul).

AB. Calculate the activity coefficient of H® and CH,COC in & solution which is 0.0078 M

CH,COOH. The degrea of dissociation at (his conceniration is 4.E percent.

Scanned with CamScanner



SECTION B: Answer any four (4) questions

81, (a)
(b)
B2 (a)
(b)
B3. (a)

(i) State the first law of thermadyram cs in words.

()  Wnat equation defines the change in intarnal energy in terms of
neat and work? Define the maanirg of the symbols, including the
significance of their algebraic signs.

The decomposition of calcium carbanate In limestone is used to make
carbon dioxide '
CaCO;(g) - Cal (s) « CO;(g)

The reaction is endothermic and has AM® = 572 kJ.

()] What is the value of AE® for 11 s reaction?
(i Determine the percent diffzrence between AE® and AH".
(iii) Under what conditions Is LH* = AE=?

A 1.00 mol sample of propane a gas used for cooking in some rural
households was placed in a bomb calcrimeter with excess uxygen and
Ignited. The reaction was

CaHs(g) + 50;(g) — 3CCy (g)+4H0(g)

The initial temperature of the calorimeter was 25.000 *C and | s total heat

capacity was 87.1 kd *C™. The reacticn raised the tempernture of the

calorimeter to 27.2682 *C.

(i)  What |s the heat of reaction of p'opane with oxygen expressed in
kJ per mole of CyH, burned?

()] \What Is the Internal energy change for the combustion reaction
involving propane as describad above?

For ionisation of zcetic acid in acueo.s solution

CH;COOH(aq) === Ck,CCO" iag) + H"(aqg)
- 3688 kJ - 372 -0.00
The standard free energy of formetion AG, at 25 °C are immediately
under each specles |n kJ mol™’
() Calculate the standard free energy change and the equilibrium
constant for the reaction.
(i)  What additional information Is required to determine the equilibrium
constant at a different teir peratura?
For the reaction

2HCrO; +3HSO; +5H* — 2Cr" 43303 +58H,0
the rate law is = k[HCrO4™ J[HSCy T[]

()] What is the order of reaction with respect to pach of the reactants?
(i)  What is the overall order af reaction?
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(b1  The Initial stage of decompositicn for @ new drug just discovired by an
UNZA research student according to a corsecutive reaction was found to
be first order. The initial concentratdon € of the soution was
0.0£0 molefitre and after 10 hrs at 40 *C, the drug concentration C was
0.015 mole/litre,

()  Whatis the drug concentrz tion after 2 hours?
(i) If the k value for this reaction at 2C *C Is 0.0020 he™', ahat is the
activation energy and the Arrhenius factor A for the react on?

(ci Explain the concept of activation energy within the context of the collision
theory.

The following |s the schematic for a cell:

Ag|AgBr|Br | Ag"| Ag

The standard electrode potential for tha hall-cell Ag| Ag® electrode (s 0.7682 V
and that for Ag| AgBr| Bris 0.0732 V

(a) Write the cell reaction.
(b) Calculate EZ, .

(c) Calculate the equilibrium constart for the reaction
(d) Whatis the solubility product Kge of AgBr?

The reaction NzOu(g) == 2NO;(g) takes place at 298 K and1 bar and Ke =
0.441, The extent of reaction of the abose reaction is

I
E l P apin
[H{K,HP"}]

(@) Calculate € at 1 bar and mole fre ctions of NaO.(g) and NOz(g).

(B) Calculate £ at 10 bars and mole Iractions of N;Oa(g) and NO;(g).

(€) In what direction s the equilibr um shift whon the tolal pressure of the
gases |s (ncreased from 1 bar to 10 bars”

(d) Calculate K, using the mole fraclions calculated in (b) using the
relationship.

¢

Hp-m{}}'

END OF EXAMINATION
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Question 1

(a) Determine the pressure In atm exerted by 1 mole of methane placed into a bulb

(b)

with a volume of 244.6 cm? at 25 "C. Carry out two calculations:

(i)  Inthe first calculation, assume that methane behaves as an ideal gas.

[4 marks]

(il In the second calculation, assume that methane behaves as a real gas and
obeys the van der Waals equation. The values of the constants a and b for
methane are: a = 2,303 L7 atm mol and b = 0.0431 L mal”'.  [4 marks]

(i) Is the gas in the repulsive or attractive reglon of the molecule-molecule
potantial [2 marka]

Three moles of an ideal gas expand isothermally from 50 to 300 L at 500 K. If the
expansion s carried out reversibly, calculate: AL, w, g, and AS. [10 marks]

Question 2

(a)

(b)

The molar heat capacity of solid gold is given by the relation
Com=2560~-732x10*T+458=10%T2,

in units of J mol' K-'. Calculate the entropy change for heating 2.50 moles of gold
from 22 *C to 1000 "C al conslani pressure. [8 marks]

Consider that the following enthalpy changes are known for the staled reactions
below.

Hz{g) + ¥0z(g) — H20(l) AHE=—-286Kkd ... (1)
CaO(s) + H20(l) — Ca{OH)z(s) AH® = - 64 kJ SR V- )|
Ca(s) + ¥02(g) -»Cal(s) AH® = - 634 KJ AR o~}

(i) What is the enthalpy change for the reaction shown known below?
[5 marks]

Ca(s) + Oz(g) + Ha{g) — Ca(OH)a(s)

(i) Draw a fully labeled enthalpy diagram for the reaction depicted in (i) above.
[4 marks]
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(c)

Calculate the quantity of heat required to heat a 1 kg block of aluminum from 30 “C
to 60 “C. Assume that the specific heat of aluminum is 1 cal g =" *C~". [3 marks]

Question 3

()

(b)

(c)

Consider the dissociation of an initial amount, n. = 1 mole, of N:Os to NO:
according to the reaction:
N,0,(g) = 2NO;(g)

:tmia't:nnd*l bar the average molar mass of partially dissociated N2O. is 81.2 g

(i) Write an expression for Ke in terms of the extent of the reaction.

[8 marks]
(i)  Determine the value of the extent of the reaction, £ [3 marks]
(i) Hence caiculate Ke. [2 marks]
The value of AH® is —12.83 kJ mol-1 al 800 K for
Ny(g) + 3H,(g) = INH(g)
Assuming the A4" is independent of lemperature, calculate K» at 700 K given that
Ks = 20.1 at 1000 K [4 marks)

What is the value of the standard Gibbs energy for reaction in pan (b) at 1000 K.
[3 marks)

Question 4

(@)

(b)
()

At 1000 *C, cyclobutane (CaHs) decomposes in a first order reaction, with a very
high rate constant of 87 5 to two molecules of sthylene (CaHa).

(il ithe initial CaHs concentration is 2.00 M, whal is the concantration after
0.010 87 [3 marks]
(i) What fraction of CaHa has decomposed in this tima? [2 marks]

What is the half-life of a radioisolope that has a rate constant of 0 225 d'?

[5 marks]
The nitrogen dioxide (NOz) produced during driving is a heaith hazard. Chemists
aftempting to remove it have investigaied the effect of heating it 1o high
mm.Atann'cmumnmnhnﬂmufﬂﬂ:dmmﬁmnhm-tihh
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|[NOz] (M) |
2.40
2,60 x 10
128x 107
758 x 107

538 x 107
417 x1

asssﬂﬂﬁ
|

50 340 x 107 |
a0 287 1
(i) This reaction is thought lo be either 1* order or second order. Plot the
appropriate graphs and find the order of reaction. [7 marka]
(i) Calculate the rate constant, [3 marka]
Quesation §

m)

(b)

A saturated solution of AgaCOs had an electrical resistance of 3520.8 (0 when
measured in a conductance cell with a cell constant of 38.54 m"' at 25 *C. The
specific conductance of water was 000760 ' m'. The limiting molar

conductance, A", , of Ag:COs s 0.02624 (' m? mal at a temperature of 25 *C

() Calculate the specific conductance of Ag:COs corrected for the specific
conductance of water, [§ marks)
(i)  Determine the solubllity of Ag:COy. (6 marka)

The limiting molar conductance, A, of Nal, NaCHsCH;z, MgCHiCHz, are 12.68 =
104 & m? mol?, 8,10 = 10* § m? mol”, and 18.78 = 10°* 8 m* mol"' respectively, ail
ot 26 *C. Use Kohiraush's law of the independence of migration of ions o calculate

the limiting molar conductance of Mgi. (5 marks]
ie) The mobility of the acetate ion.CHsCOO Iin aqueous solution at 25 "C is 4.24 x10*

m? &' V' Calculate the molar lonic conductance of the lons [5 marks]
Queation 6

|a)

Consider a cell, below at a temperature of 25 *C,

Pi(s)H, (g, 1bar)jHCl)(aq,0.0100 moiL ' JAgCi(s)Ag(s)
The standard half-cell reduction potentials are:
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AgClis)+a" = Ag(s) + Cl (aq) E'"=02224V
H'(ag)+e" = %H, (@) E® =00V
The cell reaction is

AgCI(s)+$H,(g)= Ag(s) +H'(ag) + CI (aq)

(Il  Use the Debye-Huckel limiting law to calculate the mean lonic activity
coefficient of HCI [4 marks)
(i) Apply the Nernst equation determine the emf of tha cell [T marks)

(b) An slectrochemical call:
Pb(s)[PbCl , (aq).a, [Hg ,Cl, (ag), a,|[Hg(s)

has an emf of 0.53567 V and JE/0T = 145 x10* VK" at 25 °C.

() Calculate AG of the cell reaction
(i) Detarmine the entropy change, AS of cell reaction.
() What is AH of the cell reaction?

i
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