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(Total: 100 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

QUESTION 1

(a) Provide the IUPAC names of the structure compounds.

CH;

iii.

0 0

N Ha H |
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CHa
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NO,
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vi. OCH,
Br
(6 marks)
(b) Draw the structural formula of the following compounds.
i. 1-methylcyclopentanol
Ii. p-chlorophenol
iii. 2 ,4-dimethyl-3-pentanol
iv. 3-methyl-1-butanethiol
(4 marks)
(c) The following reaction (Scheme 1) produces n as an intermediate and o as the final
product.
[O] [O]
m B n H o
Scheme 1: Reaction for the production of o
i. Identify the reagent that can be used in the reaction above.
(1 mark)
i Provide the names of m, n and o.
(3 marks)

ii. If m is substituted with 2-methyl-2 butanol, explain the effect on the reaction

and justify your answer.

(2 marks)
(d) Arrange the compounds below according to relative stability.
H R R (3 marks)
R H R R R H R

A / Vs

c=¢ ‘e=¢ o=c =g

/ \ / \ / \ / \ / \

R H R R H
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(e) The structural formula of compound X is shown below.

&8
H—Cm?—?—H
OH OH OH

Figure 1: Compund X

i Identify the name of compound X.-
(1 mark)
ii. Compare the solubility in water of compound X with that of 2-butanol. Explain
your answer.
(3 marks)
) Draw the cis-trans pair for compound CH3zCH32CH32{CH>CH3)C=C(CH3)CH2CH3
(2 marks)

QUESTION 2

(a) Determine the reagents and conditions that would be required to carry out the

following reactions in Figure 2.

O CH,
It
P
G

- NG

& HZO
l =
/
HCl +
Figure 2: Reaction pathways for benzene derivatives
(5 marks)

CCB 10103 ANALYTICAL & ORGANIC CHEMISTRY Page 3 of 10



OCTOBER 2025 CONFIDENTIAL

(b) Describe the synthesis of Ketones using the following methods and the given starting
materials.

i. Oxidation of alcohols

CI)I—I
CH;CHCH,CHj;
(3 marks)
i, Fridel-Crafts acylation
(3 marks)

(c) Arrange the following alkanes in order of increasing boiling points. Explain your

answer.

(CH3)2CHCHs, (CH3)4C, CH3(CH2).CHs, CH3(CHz)sCHs

(7 marks)
(d) Propose the reactants of the following reactions.
i
1) O3 o) o
—_— +
2) Zn, HCI )k HJ\/
(1 mark)
ii.
1) o
z) Zn, HCI
(1 mark)
ii.
1) O3
T T -
2) Zn, HCI
(1 mark)
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iv.
0
I
AlCI, il
D CH, 4 Hc
(2 marks)
V.
AlCI; + HCI
(2 marks)
QUESTION 3

High performance liquid chromatography (HPLC) and gas chromatography (GC) are methods
that scientists used to analyze samples to determine the concentration of molecules in the
sample. Both use the same principle, that heavier molecules will elute, or flow, more slowly
than lighter ones. Figure 3 shows the difference between the application of GC and HPLC in
industry. '

Figure 3: Difference between the application of GC and HPLC in industry.
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(a) In a column containing solution x and solution y as shown in Figure 4, x moves faster
than y. Explain this phenomenon based on basic GC instrumentation, from injector to

detector.

|

Mobile phase
¥ “ L ;

Figure 4. Movement of solution x and y in GC
(7 marks)
(b) Provide TWO (2) samples from industry that suitable can be analyzed using GC.

(2 marks)
(c) Construct a table containing the elaboration of FOUR (4) differences of GC and HPLC.

(8 marks)
(d) Briefly explain the role of mobile phase and stationary phase in HPLC analysis.

(4 marks)
(e) Name TWO (2) types of mobile phases compositions apply in HPLC.

(2 marks)
(3] Explain TWO (2) advantages of High Performance Liquid Chomatograph.

(2 marks)

QUESTION 4

(a) A company sent a traditional Chinese herbal medicine to your laboratory for metal
detection using Atomic Absorption Spectroscopy (FAAS) analysis.
i. Identify FOUR (4) steps that should be taken prior to the sample analysis.
(4 marks)
ii. Explain the theory or law that is applied in AAS.
(3 marks)
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(b)

(c)

(d)

(e)

Briefly explain the TWO (2) types of light sources use in Atomic absorption

spectroscopy.
(4 marks)

Draw a schematic diagram of atomic absorption spectroscopy. Label the basic

components.
(5 marks)

The following isomers can be derived from molecular formula of C:HeO.They are
CH3CH2-OH and CH;—0-CHs.
i. Describe how this compound can be distinguished by using IR spectroscopy.
(2 marks)
ii. Identify TWO (2) criteria that will allow the IR radiation absorption to occur.
(4 marks)
A sample of lemon oil containing 1-octene will be examined using UV-Visible

Spectroscopy (UV — Vis). Explain the basic concept in UV — VIS spectroscopy.

(3 marks)

END OF EXAMINATION PAPER
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APPENDIX
Table A: Characteristic Infrared Absorption frequencies
Bond Compound Type Frequency range, cm"’
2960-2850(s) stretch
Alkanes : 3
C-H 1470-1350(v) scissoring and bending

CHs Umbrella Deformation

1380(m-w) - Doublet - isopropyl, -butyl

Alkenes

3080-3020(m) stretch

1000-675(s) bend

C-H

Aromatic Rings

3100-3000(m) stretch

Phenyl Ring Substitution Bands

870-675(s) bend

Phenyl Ring Substitution Overtones

2000-1600(w) - fingerprint region

3333-3267(s) stretch

C-H | Alkynes

700-610(b) bend
C=C |Alkenes 1680-1640(m,w)) stretch
C=C |Alkynes 2260-2100(w,sh) stretch
C=C |Aromatic Rings 1600, 1500(w) stretch

Alcohols, Ethers, Carboxylic acids, Esters

1260-1000(s) stretch

Aldehydes, Ketones, Carboxylic acids, Esters

1760-1670(s) stretch

Monomeric -- Alcohols, Phenols

3640-3160(s,br) stretch

Hydrogen-bonded -- Alcohols, Phenols

3600-3200(b) stretch

Carboxylic acids

3000-2500(b) stretch

3500-3300(m) stretch

N-H ||Amines
1650-1580 (m) bend
C-N |Amines 1340-1020(m) stretch
C-N || Nitriles 2260-2220(v) stretch
1660-1500 trical stretch
NO2z |Nitro Compounds e pien

1390-1260(s) symmetrical stretch

v - variable, m - medium, s - strong, br - broad, w — weak
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rydrogen heiuin
1 2
H He
10678 Kay: 40026
[T Berydum A:mant nama bxan catban nlsogen axygan fucsina naoe
3 4 atomic number 5 § 7 8 9 10
Li | Be symbol B|C|N| O|F|Ne
;9::“ m;?‘:igum siomie weiphl mesn ralstva mass) a!::‘\. 5"1 :m !:kt::‘ _14.007 - 13\_9‘9_‘ ;:l‘mgn ::91:5
11 12 13 14 15 16 17 18
Na | Mg Al| Si|P| S |Cl|Ar
2080 24.305 5982 25.086 W8 2085 18453 36.548
potessium |  caltium scandium | tlanum | vansCium | chiomRam | manganede [El] cchalt Nk COFpAr 2ne palum | gemstwm | arsenic salantus | Bromine rypica
19 20 2 2 A u 25 7 il 2 Kl 3t 32 3 H 35 38
K |Ca Sc|Ti| V|Cr|Mn| Fe|Co| Ni|Cu|Zn|Ga|Ge|As|Se Br|Kr
33008 400718 44.658 47867 £0.042 £1.965 54838 55345 8933 58683 B3 546 &5.30 50.723 bri 14822 i 12604 8389
rubidium | strontum yirium Zeoonam nctium | molybderam| lechnetion | rutheniums | medium | pafadium sl cadmium indium in sremony | tellurium wdine Xenon
ki 38 » 40 41 42 41 a4 45 46 a7 43 49 50 51 52 5 54
Rb| Sr Y | Zr[Nb|Mo|Tc Ru|Rh|Pd|Ag|Cd|In|Sn|Sb|Te| I |Xe
85.468 ET62 68.908 1224 92 608 8594 [96] 107 19201 108.42 10787 11241 11482 181 124.75 12160 12690 13120
cagsum banum dalem hatnium fantsium ungsten rhanlum oM Mdium platinum Quid mErtury thalum laad basmuzh palanium asingne adon

55 56 5770 n n K} 74 5 m 8 81 82 83 B4 83 86

Cs|Ba| * |Lu|Hf |[Ta| W Re|Os| Ir | Pt |/AujHg| Tl |Pb| Bi|Po|At|Rn

13291 1373 174.97 17848 18098 18384 186.21 1923 18222 19508 19587 20059 0438 2712 2898 i) 210 22

Frencum eadum harionds dubrrum ] ohriurs maittedum | smunndam | unununivm | uoenbasm rnnquadiom|
87 88 89-102 | 103 104 105 106 107 108 110 m 12 114

Fr{Ra| ** | Lr | Rf |Db|Sg|Bh|Hs M} UunUguUub ﬁﬂ

2y e pen 251) pe2 | el 1284 25, el

Conversion Factor

Mass Force
11lbm=0.453592 kg 11lbs=4.448222 N
1 ton = 2000 Ibm 1N =0.224809 Ibs = 1 kg.m/s?

1 kg = 2.20462 Ibm

Volume Density

1ft3=0.028317 m3 1kg /m3 = 0.062428 |bm/ ft3

1L =0.001ms

1m?3=35232f Pressure

1ecm®=0.06102 in3 1 pascal (Pa) =1 N/m2= 105 bar

1 gal =0.0037854 m? 1 atm = 760 mmHg = 760 torr

1 gal/min =6.31 x 1075 m¥s 1 atm =101.325 kPa = 1.01325 bar
Constants

Faraday Constant = 96 485 Coulombs mol!
Gas Constant = 0.082 L atm K mol
=8.314 L kPa K" mol"’
=8.314 m® Pa K" mol"
= 8.314 J mol" K
Specific heat (water) = 4.184 J g °C"
Speed of light = 3.00 x 108 m/s.
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A=-logT
A=abc
A=¢bc
A=log Po/P
(T =P /Po)
1 ppm =1 mg/L
1 kcal = 4.184 kJ
Avogadro’s number, Na = 6.022 x 1023 mol!

Transmittance (T =P /Po)

Absorbance (A =logPo/P)

where ¢ = velocity of light

« E = energy of radiation,
« v = frequency and
« h = Planck’s constant (6.63 x 103 m?.kg/s or J s)
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