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I {a)

SECTION A: (40 marks)
Answer ALL the questions in this section in the spaces provided.

State Beer-Lambert’s Law, {1 marks)

(b)

A2 94g sample of K Cr O, (fw = 294) in a 500 cm’ volumetric Aask has an

absorbance of [).46; 25 cm® of this solution was pipetted into a 500 cm? volumetric
flask and topped upto the mark with water, Calculate the absorbance of the diluted
solution, (3 marks)

2 Outline the sieps followed in estimating the damount uf{(@jium in a water sample by flame

photometry.

{4 marks)
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3. (#)  Explain the meaning of the term “memory effects™ as used in Hame atomic

SPECLIDSCOpy.
{2 marks)
DL
-.T_ e 4
T N ]
(b} Descnibe how memories are removed during analysis. {2 marks)
4, Outline the following aspeets of HPLC.
&
(@)  Qualitative analysis. Q{} (2 marks)
<
)
Q)O
(b)  Quantitative analysis. (2 marks)
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3. Explain the disadvantages of using a photomultiplier tube as a detector. {4 marks)
I
6. Describe how the wave length of maximum absorption { Amas ) for sulphate fons may be
determined using AR magnesium sulphate and AR sodium sulphate. (4 marks)
U
. 2 ?
T (a) Define the term overtone as used in TR spectmscopy. (1 mark)
O\
N
.
\i&:& ]
%) ;
(b} ’Ihefmqmucrufﬂmfum‘thww)/gﬁc of an IR active bond is 5020 cm',
Calculate the frequency of the‘Second harmonic. 3 marks)
q:
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Describe the preparation of 250 em® solution of concentration 200 ppm with respect 1o
phosphates using AR sodium phosphate.

(Na=23,P=31,0=168) (4 marks)
.":" .-:} =
|-,|. ._1{ \:-:'_I,_ >

{a) Explain the term instrumental sensitivity. (2 marks)

&
C
.
(b} A 50 ppr solution of calciom has an absorbance of 0,75,
Calculate the instrumental sensitivity for calcium 1ons, {2 marks)
2P

-

10. (a) Explain why analytical instruments are optimized and calibrated before being used for
analysis. {2 marks)
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(k)

List two ways of determining the accuracy of resalts during analysis of a sample by
GLC. (2 marks)

SECTION B (60 marks)

Answer any THREE questions from this section {n the spaces provided after question 15,

1. Ametal ore is suspected to contain copper, Describe the procedure that can be used to:

()

(b}
12:.. ()

(b}
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Confirm the presence or absence of copper in the ore using AAS,

(15 marks)
Estimate the amount of copper in the ore by';ag@ : (5 marks)
A\
{i) State the necessary conditions @};ﬂnﬂl}rﬂs of a sample by colorimetry,
&} {3 marks)
?.::;‘)

{ii)  State the advantages n&,}@lﬁﬁﬁmhﬁ as a method of analysis.
{2 marks)

The following is a description of the method used in the determination of iron in water
and waste water,

Iron in the +2 oxidation state rcacts with O- phenanthroline to form orange-red
Fe{O -~ Phen)§" complex which absorbs at 510 nm. The intensity of the colour of
the complex is independent of the acidity of the solution between pH 3 - 9. Due to a
faster rate of complex formation in the none acidic solutions, the reaction is usually
carried out within the pH mange 3.0 - 35. Any iron present in the +3 oxidation state
15 redoced with hydroxylamine before adding the O-Phenanthroline. The most
important interferants are strongly oxidizing agents such as polyphosphates and
metal ions such as Cu™, Zn*, Ni** and Cd™ interferences from oxidizing sgenis
are minimized by adding excess hydroxylamine where as interferences  from
polyphosphates are minimised by boiling the sample in the presence of acid.




The absorbance of the samples and the standards is measured at 510 nm using 1 - cm cuvette,
Ammonium acetate buffer is added to both the samples and the standards. Calibration
standards, including a blank set at 1080 % T are prepared using a stock solution containing a
known amount of Fe’". Beer-Lambert’s Law is obeyed for concentrations of iron within

the range 0.2 - 4.0 ppm.

(i} Define the term stock solution. {1 mark)

(i)  Calculate the mass of AR iron (II) sulphate that must be dissolved in 250 cm” of
solution so as to make a solution of concentration S0ppm with respect 1o Fe.
(Fe=5b,8=32:0=18)

(2 marks)

(in) Describe how a solotion of 250 cm’ of concentration 50 ppm with respect o Fe is
prepared in a chemistry laboratory, (2 marks)

(iv)  Describe the preparation of 250 em’ of concentration 4 ppm with respect to Fe from the

=~ spfution prepared in (b) (iii) above, {2 marks)

(v} Explain why strong oxidizing agents interfere with this analysis and why excess
hydroxylamine prevents such interferences from occurring. {2 marks)

(vi)  The colour intengity of the complex is more stable between pH levels 3 and 9.
State the possible complications at mnéhasic pH levels. {1 mark})

o\’

(vit) Cadmium is an interference becﬁ;&”it forms a4 precipitate with O-phenanthroline,
Explain the effect that the formation of the precipitate would have on the determination
of the amounts of iron in ].p?/&n’lpln. {3 marks)

©

(vi} Even high quality ammonium acetate contains significant amounts of iron, Explain why
this source of iron does not cause a problem in the estimation of iron in a water/waste

water sample. {2 marks)
™ 13
Figure | (a)
[ll FFQ— O—CH— CH,— CH;—NH—CH,
-
Figure 1 (b}
FFQ — CH,— CH,—NH,
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Fluoxctineg, whose structure is shown in figure | (a) is another name for the antidepressant drug,
prozac. The determination of fluoxetine and its metabolite norfluoxefine, figure 1 (b)), inserum is an
important partof monitoring its therapeutic use. The analysis iscomplicated by the complex mautrix of
the serum samples, A solid phase extraction followed by HPLC analysis using a UV-visible detector
provides the necessary selectivity and detection limits. An isocratic mobile-phase mixmure of water
and acetonitrile 1s used toelute the sample using a column packed with C, - bonded stationery phase.

(@)  Define the following terms as used in HPLC
(1} Selectivity U UL ¢ (2 marks) |
(i)  Detection limit (1 mark)
(i)  Isocratic elution ; e L (1 mark)
(ivi  Resolution et {2 marks)
ib)  In the HPLC analysis of fluoxetine and its metabolic norfluoxetine, fluoxetine elutes
with a retention time of 7.63 minutes and norfluoxetine elutes at 5.68 minutes with a
void volume of 0.31 minutes.
Calculate:
(i) the eapacity factor for fluoxetine. {2 marks)
(i) the selectivity factor for Muoxeting an fluoxetine. (2 marks)
(iif)  resolution of the two components if figir base widths
are | 46 and 1.65 minutes respectivety. (2 marks}
\s{x;/’
tc)  Explam the purpose of including lgui?‘rit!'nl solid-phase extraction in this process.
2}“} : (4 mairks)
o
(dy  Ifthe peaks for fluoxetine and norffuoxeting are insufficiently resolved, describe
how the mobile-phase might be altered to improve their separation. (4 marks)
I4.  {a)  Derive the equation for Beer-Lambert's law from first principles.
(12 marks) j
(b}  AS0ppm solution of potassium permanganate has a transmittance percent of 80% in a !
| em - cuvette. A 50 cm® aliquot of the solution was pipetted and transferred into a 250 :
cm’ volumetric flask and topped upto the mark with pure water, }
Calculate the absorbance of the dilned solution. (K =39, Mn =55, 0= 16) -
(8 marks)
24117305
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o P Derive the wave number equation as used in infrared spectroscopy. (10 marks)
(b} Use the equation derived in 15(a) above o calculate the following wave numbers.
(i) C - C bond in ethane
{K = 4.5 x 10° dynes /cm).
(3 marks)
(i}  C-C bond in benzene
} (K =7.6=x 10° dynes/ cm). (1 mark)
" (i} Comment on the values obtained in b{i) and b{ii}. (2 marks)
(c)  Describe the following sample preparation methods as used in infrared analysis.
(iy  Pressed pellet technigue.
2 marks)
{ify  Mull technigue.
P (2 marks}
F. -
SN =
Q
2
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