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GENERAL INSTRUCTIONS
1. This paper consists of 13 pages including a Periodic Table and data sheet.

The use of calculators is allowed but mobile phones may not be used.

All answers must be given to correct number of significant figures.
Answer all questions giving detailed explanation wherever required.
Write neatly and legibly.
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Use allocated marks to gauge the amount of information to give as
answer.




SECTION A: Use a BLUE Answer Book

QUESTION ONE

1.1. Briefly explain stray light and its effect on absorbance measurements. 4)
1.2. Briefly explain internal conversion in relaxation process. (3)
1.3. Draw a block diagram of a flame emission spectrometer and label the major

1.4.

1L5.

components of the instrument. (3)

The logarithm of the molar absorptivity for acetone in ethanol is 2.75 at 366 nm.
Calculate the range of acetone concentrations that can be used if the
absorbance is to be greater than 0.100 and less than 2.000 with a 1.50 cm cell.

()

Ruthenium(ll) and osmium(lll} complexes can be determined simultaneously
by a reaction with methiomerprazine. The absorption maximum of the
ruthenium complex occurs at 480 nm, while that of osmium complex occurs at
635 nm. Molar absorptivity data at these wavelengths are as follows:

Molar absorptivity, €

480 nm 635 nm
Ruthenium complex 3.55x10® 5.64x10?
Osmium complex 296 x 103 1.45 x 104

A 25.0 mL sample was treated with an excess of methiomeprazine and
subsequently diluted to 100.0 mL. Calculate the molar concentrations of
ruthenium(ll), cru, and osmium(lll), cos, in the original sample if the diluted



solution had an absorbance of 0.533 at 480 nm and 0.590 at 635 nm when

measured in a 2 cm cell. (5)
1.6. How do molecules absorb in the IR region? (2)
[22]
QUESTION TWO
2.1.  Briefly explain the principle of cold vapor atomic absorption spectrometry. (4)
2.2.  Explain the purpose of drying, ashing and atomization steps in electrothermal
vaporization atomic absorption spectroscopy. (3)
2.3. How does continuum source background correction method works in AAS?
(4)
2.4. What are the limitations of flame atomic emission spectrometry? (4)
2.5.  Why are ionization interferences usually not as severe in the ICP as they are in
flames? (3)
2.6. Briefly explain the function of each of the following components of an ICP-OES.

(3)
(a) Peristaltic pump
(b) RF generator
(c) Monochromator

[21]



QUESTION THREE

3.1.

3.2.

The distribution constant of X between n-hexane and water is 8.9. Calculate the
concentration of X remaining in the aqueous phase after 50.0 mL of 0.200 M X
is treated by extraction with the following quantities of n-hexane: (3)
(a) one 40.0 mL portion.

(b)  two 20.0 mL portions.

(¢c) four 10.0 mL portions.

Consider the following HPLC separation in which a 50% hexane: 50% CCla
mobile phase was used in combination with a silica column to separate two
compounds given in the table below along with their retention times. The
polarity indices for four common solvents are: Phexane = 0.1, Pchioroform = 4.1,

Pcarbon tetrachioride = 1.6, and Pholuene = 2.4.

Compound Retention time Width of peak at base
(min) (min)

Unretained 1.3 0.15

n-butanoic acid (B) | 6.3 0.45

n-butanol (A) 5.8 0.33

(a) Using the data above for the n-butanoic acid, determine the number of
theoretical plates for this column. (1)

(b) The manufacturer reported that the column has a high efficiency with N=12
000. Should you return the column with a complaint, or consider yourself lucky
to have gotten such a good column? (2)

(c) What is the resolution between peaks of n-butanoic acid and and n-butanol?

(2)



3.3.

3.4.

3.5.

(d) Using the solvents listed above, which mobile phase composition would
give you the shortest retention time for elution of butanoic acid? Give
reasons for your answer. (2)

(e) Does this system represent a normal-phase separation or a reversed
phase separation? (1)

Why is gas-solid chromatography not used as extensively as gas-liquid
chromatography? (2)

State at least three variables that lead to zone broadening. (3)

Morphine and codeine were separated using a 15 cm reverse phase C18
column. The mobile phase was composed of acetonitrile/sodium acetate
(10:90%) at pH 4. The flow rate was held at 0.6 mL min"' and the injection
volume of 30 pL. The run time was set at 10 minutes. The structures for
morphine and codeine are given below, together with the chromatogram. The
peak labelled 2 is another drug called oxycodone. The peak at 3.24 minutes is
un-retained.

codeine oxycodone

morphine

-----------------------------



(a) Explain what is meant by reversed phase HPLC. (2)
(b) Identify peaks 1 and 3, and give reasons for your choice. (3)

(c) Explain how increasing the column length would affect retention time and
retention factor. (2)

[23]

SECTION B: Use a GREEN Answer Book

4.1. List sources of uncertainty in pH measurements with a glass/calomel electrode
system. (6)

4.2. Consider the following reaction:
AglOs(s) + e 2 Ag(s) + 103
(a) Calculate E*°for the cell. (4)

(b) Use shorthand notation to describe a cell consisting of a standard calomel
reference electrode and a silver indicator electrode that could be used to measure

plOs. (1)
(c) Develop an equation that relates the potential of the cell in (b) to plOs. (3)
(d) Calculate the plOsif the cell in (b) has a potential of 0.294 V. (1)

4.3(a) How do concentration polarisation and kinetic polarisation resemble each other
and how do they differ? (3)

(b) Briefly describe four conditions that favour kinetic polarisation in an
electrochemical cell. (2)

4.4. Copper is to be deposited from a solution that is 0.200 M in Cu(il) and is



4.5,

buffered at a pH of 4.00. Oxygen is evolved from the anode at a partial pressure

of 740 torr. The cell has a resistance of 3.60 ohms (2); the temperature is 25°C.

Calculate:

(a) The theoretical potential needed to initiate deposition of copper from this
solution. (4)

(b) The IR drop associated with a current of 0.10 A in the cell. (1)

(c) The initial potential, given that the overvoltage of oxygen is 0.50 V under
these conditions. (1)

Calculate the time needed for a constant current of 0.852 Amperes to deposit
0.250 g of Co(ll) as:

(a) Elemental cobalt on the surface of a cathode. 4)
(b) Co304 on an anode. (4)
[34]
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Appendix 5

Standard and Formal Electrode Potentials

Half-Reaction E% v Formal Potential, V*
Aluminum
AP+ 3¢ = Al —1.662
Antimony
$b00(s) + 6H™ + 4e” = 2SbO* + 3H,Q +0.581
Arsenic
HA), + 2HY + 2¢ = HAsQ; -+ HO +0.559 0.577 in 1 M HCL HCIO,
Barium
Ba®* + 2" == Ba{s) -2.906
Bismuch
BiQ™ + 2H" + 3¢" = Bi(s) + H,OQ +0.320
BiClL, + 3¢” = Bi(s) + 4C} +0.16
Bromine
Beo(/) + 2¢" 2= 3B +1.065 1.05in 4 54 HCl
Brs(ug) + 2" == 2B~ +1.087°
BrOy™ + 6H* + S¢” =1Bry(f) + 3H.0 +1.52
BrO;™ + 6H* + 6¢” ==l + 3H,0 +1.44
Cadmium
CdT 4 2 =Cdly) -~0.403
Calcium
Ca® + 2e” == Cals) —2.866
Carbon
CHO; (quinone) ++ ZH ™ + 2¢ = C,HOH), +0.699 0.696 in | Kt HCL, HCIO,, H,SO,
2000 +2H' +2e = H.CO, ~0.49
Cetium
Ce™ + e = Ce' F170in 1 M HCII,; + 161 in ) M HNOy: 144 in
1 M H,50,
Chlorine
Clig) + 2" =201 +1.359
HCIO + H® + e == iCl(g) + HO +1.63
ClO," + 6H' + 5S¢ =1Cl{g + 3H.0 +1.47
Chromium
Cel' +e =0 -0.408
' o 36 =Crin) ~1.744
Cr0.2" + 14HY + Ge o= 2008 + 7H,O + 133
Cabale
Co** + 2e” == Col(s) ~0.277
Co®™ + ¢ = Co™ +1.808
Capper
G+ 20" = Culs) +0.337
Ce' 4 e ==Cu” +0.153
Cu” ¥ e = Cufs) +0.521
Cu** + 1 +e” =Cul(y) L0.8G
Cul(s) + e === Cu(s) + I~ -0.185

consinues



Standard ard Formal Elzotrode Fotennale  K-13

Half-Reaction E°, V" Formal Potential, V*
Fluorine

Fug + 2H' + 2e == 2HIag .06
Hydrogen

M4 de s adg 0.000 0.005 in 1 M HCL HOIO,
Todine

[4s) + 2e == 21

Latagi + 26 2= 21

l‘-, + e =23l

IC, +e =30 + 201
10, + 6H" + 5¢ 4,0) + 3H.O
IO, + 6" + 5¢ 1{ag) + 3HO

0, + 261 = 6H" + de ==ICl, + 3H.O

HJIO, + H™ + Je =10, +3HO
Iron

Fof™ 4 ¢ =%
FetONJ' + ¢ == Fe(CNy,?

Lead

Pb*" 4+ 2e = Ps(s)

PO+ 4H" + 2¢ =Pb"" + 2H.O

PhSO,(s)+ de == Phig + SG°
Lithium

Li" + ¢ ==Lils}
Magnesium

Mg 4 2e == Mg(s)
Manganese

Ma®* & 2e == Mg

Ma't + ¢ =Ma™*

MnQOL(g) + 41" + 2¢ ==Mn"" 4 2H,0

Mn(),” + 8H" + S¢" = Mn"" + 4H,0

MnQ), + 4H' 4 3e = Mo, + 2H.0

MnQ, + ¢ == Ma);?
Mercury

Hgs' 4 2¢ == 2Hgh

Hg* + 2¢ = Mg

Hg'" + 2e == Hgll)

Heg,Clutsd + 2e o= 2Hgtd) + 20

Hg,SO0+ 2e == 2Hg(!} + SO,
Nickel

Ni?* 4 2e¢ = Nils)
Nitrogen

Nilg) + SH™ + de == NH,’

HNQ, + H' + ¢ z==NO{g + H,O

NQ, + 3H" + 26 == HNQ, + HO
Oxygen

H,0y + 2H™ + 2¢ = 2IH.0

HOL + HAO + 2e -2 30H

Oulg + 41" + 4 = 2H.O

Oulgd + 2H™ + 2e 2= HO4

Oyg + 2H" + 2e = Oyg) + HO
[Falladium

Pd* 4+ 2e o Pdis)

=0.5355
-0.615°
+0.536
+1.056
+1.176
+ LI78
+1.24

+ 1.601

-0.440
+0.771
+0.36

~3.126
+1.455
-0.350

+1.695
+0.564

-+ (0.788
+0.920
+0.854
+0.268
~0.615

-0.230

—0.23
+1.00
+0.94

+ 1L.776
+ (.88
+1.22
+0.682
+2.07

+0.987

10

0.700 in 1 M HCE 0.732 in 1 M HCUO: 0.68 in 1 M H,50,
0.71in | MHCE Q72 in | M HCIO, H,80,

=0.14in | M HCIO,: -0.29 in | M H.50,

1.51in 7.5 M H,80,

0.274 in 1 M HCL 0776 in 1 M HCIO; 0.67400 ¢ M H SO,
0.907 in } M HCIO,

0.244 in satd KCk 0.282 in 1 M KCk 0.334 in 0.1 M KCI

0.92in 1 MHNO,

VONLIIHES



Half-Reaction E%,V* Formal Potential, V*
Platinum
PeClE + 3¢ 22 Pyst + 40U +1.755
P 2 20 =) - 200 =0.08
Potassium
K' »¢ =K 2923
Selenium
HSed + aH 4 ge == Seqy + 3H.0) 10740
5¢00,7 « 4H" » 2e 2= HL80, 4 H,0 4115
Silver
Ag v e = Agl) +0.799 0228 in t M HCE0.792 in 1 M HCIOG 077 in 1 M HLS0,
AgBrls) = ¢ == Ag(s) + Br +0.073
AgCls) + e == Agls) < (] +.222 0.228in | MKl
AglCNY, s e == Agln » 2N 0.31
AgCirO) + 2e == 2Ag( + G0 f + 0,446
Agl(s) + ¢ == Aglg + 1 -0.13)
AgISO5) + ¢ = Agy + 285,07 +0.017
Sodium
Na™ + ¢ == Naly -L714
Sulfur
S+ 2H™ + 3¢ == H,5(g) 4 0.141
HA0; + 4H' + 4¢ == 59 + 3H.0 +0.450
SO + 4H" + 2 = H80, + H,0 +0.172
§,0,° 2 +0.08
5.0 +2.01
ThaHium

TV + ¢ =Tiy

T + 2 =T11"
Tin

Sn*" + e =Sty

Sn*' = 2e z=Sn?"
Titanium

T v e =T

TOY™ + 2 ¢ =T - H,O

Uranium

VO = 4H 4 2¢ ==U* = 24,0

Vanadium
VAt b e oy
VO - aH

Zinc

Zo*' + Je = Znts)

~0.136
+0.154

-{1.369
+0.099

+0.334
-0.255

+0.337
+1.00

~0.550in 1 MHCk ~0.33 in 1 M HCIO,, H,50,
077 in 1 MHCI

~0.16in | M HCIQ),
0.14 in | M HCI

C.04 in i M H,50,

£.02 in | M HCL, HCIO,

11



Appendix 2

Solubility Product Constants at 25°C

Compound Formula Ky Notes

Aluminum hydroxide AKOH); Ixoge

Barium carbonate BaCQ; 5.0 10"

Barium chromate BaCr()y 2.1 % 107"

Barium hydroside Ba(OH), - 8H:O 3 & 30"

Barium iodate Ba(lO;), 157 = 16 "

Barium oxalate BaC,0O, [ B { O

Barium sulfate BaSQ, L1 = o

Cadmium carbonate CdCO, 1.8 1y

Cadmium hydroxide Cd(OH), 45 % 107"

Cadmium oxalate CdC,0, 9«10 "

Cadmium sulfide CdS 1% i0°

Calcium cathonate CaCO, 45 X 107 Csleive:
CaCO, 69 7 1" Aragonite

Calcium fluoride CaF, 39 % 107"

Calcium hyd Ca(OH), 6.5 = 107°

Caleiur CaCQ,-H,0O 1.7 % b

Calcivwn sulfare CaSQy 244108

_cbalu(IT) carhonate CoCQOy 0= 0™

Cobalt{I1} hydroxide Co(OH), 13> 1001

Cobal(IT) sulfide CoS sxig ! o
CoS 3% 107 i

Copperily bromide CuBr 5w %

Coppertls chloride CuCl 1.9 » 1077

Copperil} hydroxide® Cu, 0" 2% 10°"

Coppentl} iodide Cul 1101

Coppatil} thiexan i CuSCN 40% 1071

Coppartlli hydieside Cu(OH), 4.8 % 1077

Copparéh}y anifid: CuS g$x10°¥

Iron{l1; carhonsie FeCO, 1 x "

fronfli) hydraxide Fe(OH}, 4.0 % to° %

Fron(l}) sulfide Fe$ g x 107"

Tran(111s hiydraxide Fe(OQH), 2% 10 ¥

Lanthzeun indase La(10y)4 Lo < 107"

tezd carbonate b0, FA <"

I ead chloride PbCl, L7 X ie

Lead chromate PbCrO, 310

[xad hydroxide PLO" 8~ 10 Yol
Pho! 530 ¢ Red

Lead judide Pbl, . 79x 10"

Lead oxalate PbC,0, 8.5« 10°° =005

[ cad sulfate PbSQ; 1o 10"

Lead sulfide Pbs 3710 %

Magnesium ammonium phosphate MgNH,IO, L IO

Magnesium cerhanaie MgCO, 3.5%x10°°

continires

12
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