UNIVERSITY OF RUHUNA

BACHELOR OF SCIENCE GENERAL DEGREE (LEVEL II) SEMESTER II
EXAMINATIONS — JUNE 2022

SUBJECT: Chemistry TIME: Two (02) hours
COURSE UNIT: CHE2222 (Physical and Analytical Chemistry)

Answer Four (04) Questions Only

Avogadro’s constant (N;) = 6.022 x 10?* mol™!

Atomic mass unit (amu) = 1.6606 x 10?7 kg
Boltzmann constant (kg) =1.3806x 102 JK!
Electron charge (e) =-1.602x10°1°C
Electron mass (m,) =9.109x 103 kg
Faraday constant (F) =9.6485 x 10* C mol™
Gas constant (R) =8.31446 J K mol™!
. =(.08021 dm® atm K~ mol™!

Planck constant (h) =6.626x1034Js
Proton mass (m,,) =1.673 x 10% kg
Speed of light (¢) =2998x 108 ms™!
Vacuum permittivity (g,) = 8.854 X 1072 J-! C2 m!

leV =1.6022x 107197

1. Answer all parts.

(a) Answer the following questions pertaining to the following phase diagram of sulphur.
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(i) What are the most important two allotropic forms of sulphur?

(06 ma
(i) Identify the phases in equilibrium with thexr physical states pertaining to the labeled ares 1

A, B, C,and D.
(12 marks)

(iif) Name the existing phases of sulphur in equilibrium at triple points X, Y, and Z.
; (18 marks)

(b)  Phase diagrams of two-component systems illustrate significant features in behavior of
binary mixtures. Using the following solid- liquid binary equilibrium phase diagramme of
A and B components, answer the following questions.
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(i)  Define the eutectic composition. Write down the approximate eutectic composmon of the

system. Give the phases that exist in the eutectic mixture.
(15 marks)

(ii) (lemg the formula of the compound formed, comment on the stability of the compound

in the liquid state.
(08 marks)

(iif) Name the regions from I to VI with relevant phases in equilibrium.

Note: Use symbols Saand L for solid A and liquid A, respectively and use a similar set
of symbols for the other phases. Drawing of the diagram is not required.
(24 marks)
(iv) The melting points of pure components A and B, solid eutectic mixture, and the
compound C are Ta, Ts, T, and T, respectively. Arrange them in the descending order.
(08 marks)

(v)  Draw the cooling curve for the system cooling from point o to point .
(09 marks)
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2. Answers all parts.

ZV (a) Solubility products may be determined from the conductivity measurements. The
v thermodynamic solubility product of a compound Ay By can be expressed by

Ksp == (aA‘f)X(aB“)Y

For instance, a,+ = y,+my+, where y 4+ and my+ are the activity coefficient and molarity
of the ion AT, respectively. When an excess of barium iodate is dissolved in water, the
following equilibrium is established: =

Ba(103),(s) = Ba?*(aq) + 21037 (aq)

The measured conductivity at 25 °C of the solution is 9.91 x 107 Scrm™* while that for

pure water is 4.12 X 1078 Sem™L.

(i)  If the limiting molar conductivities of barium and iodate ions are 127.3 § mol~tcm? and
40.5 Smol~1cm?, respectively, indicating any assumption(s) you made, find the
solubility of Ba(103), at 25 °C.

(20 marks)

(i) Calculate the activity coefficients for barium and iodate ions. Hint: approximate activity
coefficients can be obtained from the Debye-Hiickel limiting law.

(20 marks)

(iii) Calculate the activities for Ba?* and 1057, and hence determine the solubility product of

83(103)2 at 25 °C.
€ (15 marks)

. (b) According to Bates and Bower (Journal of Research of the National Bureau of Standards,
53, 1954), the variation of the standard potential of the silver-silver chloride electrode (E 9

with temperature (T') is given by

2 3

T T T
EO/V = 0.23659 — (4.8564 x 10™%) ("E) — (3.4205 x 1076) (;E) +(5.869 x 107%) (’E)

(i) Find the temperature coefficient for the silver-silver chloride electrode at 25 °C.
(15 marks)
(ii) Consider the cell Pt(s)|Ha(g, 1 atm)|HCl(aq, a. = 1)|AgCI(s)|Ag(s), for which the cell
reaction is %HZ (g) + AgCl(s) = HCl(aq) + Ag(s). Using the above temperature

coefficient, determine the standard enthalpy for the cell reaction at 25 °C.
’ (30 marks)



3. Answer all parts.

(a) Given below is a representation of an electrochemical cell with a titanium indicator
electrode,

SCE//Fe*, Fe?*/Pt
E(SCE) = 0.241 V, E(Fe¥*/Fe?*) = 0.771 V

(i)  If the concentrations of Fe3*" and Fe® are 0.0250 mol dm™ and 0.0150 mol dm?,
respectively, calculate the cell potential (Ecen) and the Gibbs free energy (AG) at 25 °C.

(i) Write the standard electrode notation of SCE.

(iii) Write down oxidation and reduction half reactions.

(iv) Write the cell reaction for the spontaneous process.
(40 marks)

(b) The purity of a Na;S203 sample was determined by a coulometric titration using K1 as a
mediator and I3~ as the titrant.
28:03% (aq) + 157 (aq) = S40¢6* (aq) + 317 (aq)

The sample weighing 0.5000 g was transferred to a 100.00 mL volumetric flask and diluted
to the mark with distilled water. A 10.00 mL portion was transferred to an electrochemical
cell and an indicator was added. Electrolysis was carried out at a constant current of 40.34
mA for 245.1 s to reach the endpoint.

(i) What is the purpose of adding a mediator?

(ii). Name a suitable end point indicator.

(iii) Calculate the purity of the sample as a percentaoe
(35 marks)

(c) A cyclic voltammetry experiment was carried out for the following reaction in an aqueous
medium using a glassy carbon electrode with a surface area of 0.07 cm?. The initial
concentration of ferrocene was 1.00 x 107 mol dm™. The experiment was performed at a
scan rate of 100.0 mV/s. Anodic and cathodic peak currents were 20.15 pA/cm? and 20.46
pAlcm?, respectively whereas anodic and cathodic peak potentials were 293.5 mV and

219.5 mV, respectively.

Ferrocene Ferricenium cation

(i) Draw the expected cyclic voltammogram for the above experiment indicating all the
details clearly.
(ii) Calculate the diffusion coefficient for the reaction given that

I,=2.69x 105 n¥2 A D2 vi2 C
(25 marks)



" 4. Answer all parts.

Atomic absorption spectrophotomeftry (AAS) has been the most widely used method for nearly
half a century for the determination of single elements in analytical samples.

(a) List down five quantitative instrument performance criteria (Figures of Merits) that can be
used to decide whether AAS method is suitable for attacking an analytical problem.
(10 marks)

(b) Illustrate the basic components of atomic absorption spectrophotometer using a labelled
block diagram -

(20 marks)
(c) Briefly explain the principle of AAS.

(20 marks)
(d) Describe how chemical interferences are occurred in AAS analysis.

(10 marks)

(¢) The chromium concentration (C) in an aqueous unknown sample (x) was determined by
pipetting 10.00 mL (V) of the unknown into each of five 50.00 mL (V) volumetric flasks.
Various volumes (Vs) of a standard (s) containing 12.20 ppm (Cs) Cr were added to the
flasks, following which the solutions were diluted to the volume 50.00 mL. Samples were
analyzed using AAS. The calibration curve was plotted using the following equation.

kC; 4 kV.C,
7 Vot A
“A” is the instrument signal. C and V are the concentration and volume, respectively and &
is a constant. ‘

Standard Volume (V.), mL Signal (A)
0.00 0.201
10.00 0.292
20.00 0.378
30.00 0.467
40.00 0.554

The calibration curve which was plotted using above data gives an equation of
A =0.0088 V, +0.2022

(i) 'What is this calibration method called?
(ii) 'What is the advantage of this calibration method compared to the other calibration
methods?

(iif) Determine the concentration of Cr in ppm in the unknown sample.
(40 marks)



5. Answer all parts.

(a) State three advantages of Thin Layer Chrométography (TLC) over other chromatograp‘a;;
techniques. \

-

(18 marks) ¥,

(b) The reaction of A and B produced only C as the product. Considering the reaction given N
below answer the questions (i) — (iv). \
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(i)  The following TLC observations (Fig. 1-4) were made in an experiment of monitoring
the above reaction under identical experimental conditions (mobile phase is hexanes).
Giving reasons assign the stages of the reaction (before the reaction starts, reaction in
progress, reaction completed, erroneous experiment) for each of the TLC observations.
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(ii) Inthe Fig 1, if the distances from base line for the compounds A, B, C and solvent front
are 2.0, 1.1, 0.4 and 2.8 cm respectively, determine the Ry values for the compounds A, B
and C under these experimental conditions.

(iif) Arrange the compounds A, B and C in the order of increasing their polarity.

(iv) Write down the elution order of the components A, B and C if a mixture of A, B and C
was subjected for a column chromatographic separation with the same experimental

conditions used in above TLC experiments.
(42 marks)

(¢) A GC chromatogram obtained for a mixture of pesticides sample given below. The solvent
peak relevant to hexane appears at 1.19 min.
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() What are the features of these pesticides that allow them to be suitable for gas

chromatography (GC) analysis?
(10 marks)

(i) How many pesticides are present in the sample according to the chromatogram shown

above?
(10 marks)

(d) The distribution coefficient for a plant pigment in 1-octanol and water is given by

[X]octanol
Ky ==
[XIwater

where [X] is the concentration of the component.
Calculate the volume of 1-octanol which is needed to extract 98% of the pigment to octanol

from 50 mL of aqueous plant extract if Kp= 76 for the above system.
(20 marks)

@@@@O@Q@EQXWEWE@EQRE@@®@



PERIODIC TABLE OF THE ELEMENTS

.

: fmsi
H He
Yzes o A00760%

e Atomic Number -3} 1 . ey
r,w. T evmbol | H rswz,“,,w_,u,h 2{ t‘ e | M 57
Li || Be Al R B CIUNIJO F || Ne
&8¢ Inet WEE ot 14852 15999 18598423163 w17
by 2 3 1008 & e Atﬁmi c MaSS Brwgn Larbon . Kiroges Crpgen ot Fpmn
i Hydrogen 44~ Name 3 12 . 1 e T )
Na Al Si| P S| Q|| Ar
2258975928 ST EA 28088 30 TIZEI008 A2ea 848 EXY
S . L Al Sieyn Phasghons b Sudbur Chberare i Aigen
19 3 2 s 24 % ® T HE T S P2 % Ha [32 3 3 5 Ee T
K Scll Ti ff V| Cr|lMnll Fe || Co Ni || CullZn || Ga| Ge || As || Se || Br Kr
reasad 43578 44.355%03 22252 Snprs 31 9082 3936544 35 BAs SROR3Ie 328534 E3320 4338 £302% 12830 IC2ITRE 7897% 70554 83798
Pobeszinrs * Lok Scangon Tsrium enachim Chorrinm Masmaense s Cobat Ml j Tepper 2Zine. .J ot W’“’*"“‘J rsrnie Subermen o _ Mrypes "
37 3 3 &0 a0 02 43 “ P Y (a7 Y 1w 5 "‘I 53 RIE e
o Rb fl Sr (Y || Zr || Nb || Mo || Tc Rull Rh || Pd || Ag || Cd || In || Sn || sb Te || I [} Xe|
r5a57% BY 41 B} P58 w1226 9230637 “8es 8 RidEe (G221 10447 o7 8852 1245 k225 353 18 Ny 17T 12760 136 06247 131242 |
Sobirtam Sttt Yetriye Ziersntury Hintia libein ot 8 P = Rty Faltacdoin Sstvre Ladmusm s T Anvienrny Teffrhim fegine Xerion
55 56 i 72 73 (74 75 76 ™5 78 7 80 o 82 82 s ) &
Cs || Ba |21/ Hf || Ta || W || Re Os |l Ir | Pt |l AullHg || TI || Pb || Bi Po || At || Rn
IBLHCSIS TS 1 12353 7'} 1848 18398568 2352 8528y RE-3 v oesrnt 19802 194566588 200585 2438 2972 20BoRHY it 2 22
Caesborn Baviem Batriven, Tarentum Vuvv-;ftm_J Bhersing Gy Hicnany e Gont taccsy Thatum | J Severeath | | pboesim Astane Facen
& 88 w0 WS 5 er e 109 1Ny 11 112 n3 114 115 116 177 {1
Fr || Ra 39/ Rf IDb | Sg || Bh || Hs || Mt || Ds Rg |1 Cn ||Uut|| FI [[Uupl| Lv {|Uus||Uuo
2251 226 103 et | Y 310 255 % 3 m a5 P 28y s 2% 4 24
Franessir fadin R Rathethzdier ! Dwm"an"'j Sézbormiun Foksium Hasdium i # 2 [« t i Cpriniam Bevsponti + Ak iy
Lanthanide 1 58 5 &0 3 52 8 & & T 6 & &6 78 #
nthani . ; V5
seies | La || Ce' |l Pr [INd || Pm || Sm || Eu Gd || Tb || Dy || Ho || Er || Tm || Yb || Ly
AT 120316 143 50788 14, 5e2 s "o i 38 1522% FERAI8IS 162 Sb 14963 163353 WA 123454 194568
somhm& £athatn Doy & Pegot Paerioths Samiiin Fapscagsinm LBtk . Teebhai Dspessiont |4 Holosionn Eeddure {fm%m Treorbises L Lutetaon
Actinid 8% 20 3] 92 83 B4 95 45 87 :98 @4 ) 100 1w { 10% 103
Ctin : I - e ;
seies | AC || Th || Pa || U Np | PullAm||Cm || Bk || Cf || Es || Fm Md | No || Lr
& ISIUAFF ’ 233 933?% B pit p2E 3 ‘34‘? 247 k3 25 87 298 8. 3 25
Actitsin Thatues Postageinicam st Y i Aivieh A ¥ Cistbnitsy Peakativm Latdeisipm Fitseniyrn Figtiy Matdadevies Robshimm Kawrpagiva
o~
¢ . ¥ i




