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Question 1 (25 marks)

(a). The thermobalance is the instrument employed for the TG analysis of a sample.
i) Draw a labelled schematic diagram of a modern type of this instrument.
ii)  State the five main components of the instrument.
iii)  Give six of the features you consider desirable in the design/construction

of an ideal thermobalance. (10)
(b). The design and operation of the thermobalance furnace are critically important
in obtaining accurate and reproducible thermograms: Discuss the features that
should be entrenched in its design to achieve these goals. %)
(c). A thermal analyst wanted to ascertain whether a given sample was MgO,

MgCO; or MgC,04. He then subjected a 350.0mg sample to a
thermogravimetric analysis, for which the thermogram showed a loss of
182.0mg: If the following are the relevant possible reactions:

MgO — No réaction
MgCO; — MgO + CO,
and

MgC,04 — MgO + CO; +CO

Which of the three formulae represents the compound present in the sample?

(10)
Question 2 (25 marks)

(a) Compare and contrast the TG (thermogravimetric Analysis) and DTA
(Differential Thermal Analysis) in terms of:
Their thermograms
Quantity measured
Instrument used
Nature of sample and reference. 4)

(b)  Why is the atmospheric control a more critical factor in TG than in DTA analysis?
)

(©) Discuss the effects and possible corrections of four of the factors that influence
DTA heating curves (thermograms). (6)

(d) State the factors that determine the choice/nature of the following during a DTA
experiment.
1) Sample holder
(ii)  Temperature measuring device. 3)



(e) A compound that consists of Cu(II), ammonia and chloride is subjected to TG
analysis. A 50.0mg sample of the compound had a weight loss of 28.2mg, If all
the loss is ammonia, what is the formula of the sample? 4)

) The solid lines in the figure (fig. 2.1) below depicts the simultaneous DTA and
TGA thermograms of manganese hydrogen carbonate in a porous crucible;
(1) Identify the transitions involved at each peak on the DTA trace and the
products at each TG plateau.
(i)  The dashed line/thermogram was obtained when a controlled atmosphere
with 13 atm CO, was used. Why is the initial oxide of Mn formed from its
carbonate different? (6)
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Question 3 (25marks)

(a) i) Briefly describe the principles in Differential Scanning Calorimetry
(DSC) (3)

it) Draw a schematic diagram of the setup of the temperature sensors and
heaters in a DSC 2)

iii) State the differences between DT A and DSC with regard to the basic
principles and instrumental setup. (3)

(b) Briefly discuss the functions of the following in the instrument setup on a DSC
1) The average temperature controller
ii) The differential temperature controller

2)



(©) 1) Draw a typical DSC Thermogram (i.e. a DSC curve/scan) 4

i1) What information (data) are obtainable from the DSC scan and how
are they obtained from the curve/scan? 4

iii) What structural difference exists between a DTA and DSC thermogram
(2)

(d) A polymer sample weighing 15.4 mg was run on a DSC and the thermogram
showed a baseline shift from 4.22 to 8.80 mCal/sec at a heating rate of
10.0 °C/min. Calculate:
i) The change in the heat capacity of the sample.

ii) The new heat capacity, given that the original heat capacity was
2.73 Cal/°Cg (6)
Question 4 (25 marks)
(a) For both thermometric titration (TT) and direct injection enthalpimetry (DIE)
experiment.
1) What parameters must be known prior to their successful application
i) Discuss how relevant data are usually obtained from their respective
curves/experiments (6)

(b) An adiabatic cell is an important component of a TT set up
i) Discuss its main functions
i) Give a typical example
i)  How is its performance evaluated?
iv)  What physical feature of the cell enhances its performance and how?

“4)
(c) A thermometric titration was carried out at 25°C for the reaction.
M + L 5 ML

The following data were obtained:



Time (s) Heat Evolved (cal.)
5.0 1.95
10.0 3.87
15.0 5.73
20.0 7.42
25.0 8.68
30.0 9.30
35.0 9.56
40.0 9.69
50.0 9.89
60.0 9.97
70.0 10.0
80.0 10.0

Given that the initial sample concentration for both (M) and (L) was 0.01M, and that the
titration rate was 0.04 mL/s.

i) Sketch the appropriate titration curve

ii) Calculate the equilibrium constant, K and AG

iii)  Identify the equivalence point and calculate the corresponding titrant volume.

(10)

(Take Gas Constant, R = 1.9872 cal-K'mol™)

Question S (25 marks)

(a) What is a cathodic depolarizer?
Using a given example, show how it is employed during constant voltage

electrolysis. Discuss its mechanisms of action. (5)
(b) 1) What is a potertiostat? (1N
i1) Compare and contrast the working principles of a constant voltage

electrolysis and controlled potential (constant cathode potential)
electrolysis. Which of the two is more selective? Explain how the

enhanced selection is achieved by this method. (8)
(c) 1) Enumerate the favourable and unfavourable features of
potentiometric titration method of analysis
ii) The following data were-obtained near the end point of a

potentiometric titration of a reducing solution with 0.1000 M
oxidant, using a Pt-S.C.E electrode pair:-



Titrant Vol(mL) E.(mV)

38.70 541.0
38.80 547.0
38.90 555.0
39.00 566.0
39.10 583.0
39.20 884.0
39.30 1104.0
39.40 1121.0
39.50 1133.0
Plot (i) E and (ii) AE/AV, against the titrant volume and obtain the end point from each of
the curves. Compare the results and comment on them. (12)
Question 6 (25 marks)
a) Distinguish between
i) A limiting current and residual current

b)

d)

i) Differential pulse polarography and square wave polarography.

Explain the occurrence a polarographic wave (i.e. the oscillating current), in a
polarogram. “4)
Discuss the effects of the following factors on the polarogram’s shape and hence on
the polarographic data.

i) Current maxima

ii) Presence of Oxygen
State steps usually taken to minimize their effects (8)
Briefly discuss the working principles of differential pulse polarography. Account for
its enhanced sensitivity over the conventional (d.c.) polarography. (8)

. In using the polarographic method for the estimation of the oxygen level in water, the

limiting current for the first 2-electron oxygen reduction was 2.11 pA. The capillary
used had m=2.0 mgs™ and t=5.00s at —0.05 V. If the diffusion coefficient, D = 2.12 x
10°cm’s™, calculate the oxygen level in the water in

i) mM (millimoles/L)

ii) p.p.m. (5)



Quantity Symbol Value : General data and

Speed of lightt c 2.89792438 % 10° ms™" fundam?ntal
Elementary e 178027177°KM0" 12 C -constants-
charge
Faraday F=eN, 9.6485 X 10* C mol™!
constant
Boltzmann k 1.38066 x 1073 K™
constant
Gas constant A=kN, 831451 J K™ moi™!

8.20578 x 1072
dm? atm X~ mol™!
62.384 L Torr K™ mal™!"

Planck constant h 6.62608x 107> Js
A= h/lx 1.05457 % 107> Js
Avogadro Ni £.022 14 X 10% mof™
constant
Atomic mass u ' 1.68054% 10" kg
unic . ’
Mass of
electran m, ’ 8.10939 X 10~ kg
proton m, 1.672-82X 107 kg
neutron m, "1.67493 X 10™¥ Kg
Vacuum U 4x X 1077 J 2 C7immY
permeabiiityt . : S
47X 1077 T2 m?
Vacuum o= 1/cu, 8.85419x 107 J'C¥m™!
permittivity Lot -
dre, 1.11265% 107 0" C¥Tm™!
Bohr magneton ug = ef/2m, 9.27402x 107 J 7T
Nuclear un=eh/2m, 5.05079x10"F 4T
magneton :
Electron g g 2.00222
vajue .
Sofr radius 3, =dze, A m e 5.23177x10""'m
Rydberg A.=m%'8h’c 1.08737x 18%em ™
constant :
Fine structure o= pqeief2h 7.29735x 1072
cansiant .
Gravitatianal G 6.67259x 107" N mikg™?
canstant
Standard * g . 9.806 85 m.877

acceleration

of free fally i Exact [defined) values

t p n u m c d  k M G Prefixes

fernte  pico nano micre  milli centi decl kila mega giga

107" 107 q07f 107 1077 107t 107t 10 1% 10f
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