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INSTRUCTIONS TO CANDIDATES

1. Please read the instructions given in the question paper CAREFULLY.
2. This question paper is printed on both sides of the paper.

3. This question booklet consists of TWO sections.

4. Answer ALL questions for Section A.

5. Section B consists of four questions. Answer THREE (3) questions only.

6. Please write your answer on the answer booklet provided and answer all
questions in English only.

~

. FTIR table and periodic table are appended.

THERE ARE 11 PAGES OF QUESTIONS, INCLUDING THIS PAGE.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

Benzene reacts with nitric acid (HNO3) in the presence of H,SO, to give a major product

H,S04
+ HNOz —> CompoundA

Figure 1: Nitration reaction

(Compound A).

(a) Predict the structural formula of the major product (Compound A) formed in the

nitration reaction.

(2 marks)

(b) Compound A is then reacted with Brz in the presence of FeBrs. Predict the structural
formula for the major product (Compound B).

(2 marks)
(c) State the IUPAC name of Compound B.

(2 marks)
(d) Describe the directing effects of functional group to the benzene ring.

(2 marks)

(e) Fourier infrared (FTIR) spectroscopy is used to distinguish Compound A and
Compound B. For each compound, state the important IR absorption regions

expected for each compound that show their structural differences.

(6 marks)
(f) Predict which compound (Compound A or Compound B) has the higher boiling point

and justify the answer with three reasons.

(6 marks)
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Question 2
A wastewater treatment plant monitors dye contamination. Methylene blue (a common dye)
absorbs strongly at A = 664 nm. A series of standard solutions and one wastewater sample

were analyzed by ultraviolet-visible (UV-Vis) spectrophotometer.

Table 1: Absorbance of methylene blue standard solutions and unknown sample

Sample Concentration (ppm) Absorbance
Standard 1 1.0 0.082
Standard 2 2.0 0.162
Standard 3 3.0 0.242
Standard 4 4.0 0.322
Standard 5 5.0 0.402
Sample Y ? 0.277
(a) i. Using the calibration data in Table 1, determine the concentration (ppm) of

methylene blue in Sample Y.
(6 marks)
ii. State FOUR (4) advantages of using UV-Vis spectrophotometer for analyzing

colored pollutants in wastewater.

(4 marks)
(b) Give the IUPAC name for the following compounds.
H,C H
H,C-H,C CH;
(2 marks)
CH3CH2CH2\C_C/CHZCHQCH3
i i ¢ ~H
(2 marks)
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(c) A soft drink sample containing tartrazine (yellow food dye) is analyzed using a UV-Vis
spectrophotometer at 427 nm. The cuvette path length is 1.0 cm, the molar
absorptivity (€) of tartrazine is 1.2 x 10® L-mol™-cm™, and the solution concentration

is 5.0 x 10™* M.
i. Calculate the absorbance (A) of the solution.
(3 marks)

i. Calculate the % transmittance (%T) of the solution.

(3 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer only THREE questions.

Please use the answer booklet provided.

Question 3

In the esterification reaction, propan-1-ol is reacted with ethanoic acid, in the presence of

sulphuric acid.

(a) i. With the aid of chemical equation, predict the product/s of the reaction.

(4 marks)

i. Give the IUPAC name of the major product in the reaction in Question 3 (a)(i).
(2 marks)

iii. The major product obtained in Question 3(a)(ii), has been analyzed using
Fourier transform infrared (FTIR) spectroscopy. By referring to the table given

in Appendix |, identify the possible functional groups present in the FTIR

spectra as shown in Figure 2 and state the frequency.

AW

80 | f

100

40
20 '
L
O L 1 1 1
4000 3000 2000 150@ 1000 400
IRI013-82629TH Wavenumber [cm 7]

Figure 2: FTIR spectra
(4 marks)
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(b) Draw the structural formula of the following compounds.
i. N-ethylbutanamide
(2 marks)
ii. N-methyl-N-isopropylpentanamine
(2 marks)
i N-ethyl-N-methylaniline
(2 marks)
iv. 2-methyl-2-octanamine
(2 marks)
V. Cyclopentanamine
(2 marks)
Question 4

2-methyl-2-butanol is heated with concentrated sulfuric acid (H,S0O,), a dehydration reaction

OCCUrs.
Ghs H2S04
CH3CH,—C—CH -—-—A-—> Compound A + CompoundB
|
CHs

Figure 3: Schematic reaction of alcohol

(a) Predict the structural formula of the major product (Compound A) yielded by this

chemical reaction.

(4 marks)
(b) State the IUPAC name of Compound A and Compound B.

(4 marks)
(c) Compound A reacts with hydrobromic acid (HBr), an addition reaction takes place.

Draw the structural formula of Compound C.

Compound A + HBr —> CompoundC

Figure 4: Schematic of addition reaction

(2 marks)
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(d) Predict rules that applied in the formation of Compound A and Compound C.

(2 marks)
(e) Compare the boiling points of 2-methyl-2-butanol, Compound A, and Compound C.

(4 marks)
(f) Fourier transform infrared (FTIR) spectroscopy is used to distinguish Compounds A,

B, and C. Describe the key IR absorption regions expected for each compounds.
(4 marks)

Question 5

The diagram below shows the basic components of an atomic absorption spectroscopy

(AAS) used for elemental analysis.

Detector
&

Recorder

C

Figure 5: Schematic diagram of AAS

(a) Identify the components A, B, C, D and E in the AAS diagram.
(5 marks)

(b) State THREE (3) of differences between a flame atomizer and a graphite furnace

atomizer in AAS.
(6 marks)

(c) You receive industrial samples containing an organic compound and are asked to
determine the functional groups. Explain whether AAS is suitable for this analysis.
(4 marks)
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(d) You are required to analyze an unsaturated organic compound. Suggest suitable
analytical equipment that can be used for this purpose.
(2 marks)
(e) Explain your choice in Question 5 (d).
(3 marks)

Question 6

A calibration curve in Figure 6 below is used for the analysis of caffeine in energy drinks.

25000
200
E 150430
< 10000 y = 39378 46x - K043
S0H00 R~ 19999
n
0 0.1 0.2 03 04
Concentration (mg/L)

Figure 6: Calibration of caffeine standard solution

(a) Calculate the concentration of caffeine in sample A and B if the area are 4007.0 and

19844, respectively.

(4 marks)
(a) The analysis of caffeine in carbonated drink is using two types of solvent as mobile
phase. State the function of mobile phase used in caffeine analysis.
(2 marks)

(b) Give FOUR (4) comparison between high performance liquid chromatography
(HPLC) and gas chromatography (GC).

(8 marks)

(d) Caffeine, benzoic acid and hexane as shown in Figure 7 are analyzed using

reversed-phase HPLC.
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Caffeine Benzoic acid Hexane

Figure 7: The chemical structure of caffeine, benzoic acid and hexane
i. Based on the chemical structures, arrange these compounds in order of
increasing retention time.
(3 marks)

i. Explain the answer of Question 6 (d)(i).
(3 marks)

END OF EXAMINATION QUESTION

APPENDIX |
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IR Absorption Correlation Chart

Bond Compound Type Frequency range, cm™

|Alkynes |3333-3267 (s) stretching B
_— IAlkenes 13100-3000 (m) stretching \
Wkanes HSOOO—284O (m) stretching [
lAIdehydes ]|2830-2695 (m, doublet) stretchingﬂ
IAlkanes 1365-1465 (m) bending B
C-H ||Aldehydes 11390-1380 (m) bending |
|Aromatic compounds |2000-1650 (w) bending |
| C-C |[Alkanes |Below1200 (variables) |
| C=C |Alkenes |1680-1600 (m,w) stretching |
| C=C ||Aromatic Rings 11600, 1500 (w) stretching [
| C=C |Alkynes 12260-2100 (w,sh) stretching |

C-0 élcohols, Ethers, Carboxylic acids, 1260-1000 (s) stretching

sters

c=0 éggps)/des, Ketones, Carboxylic acids, 1810-1670 (s) stretching
o [Alcohols, Phenols |3640-3160 (s, br) stretching |
[Carboxylic acids 3000-2500 (br) stretching |
O-H [Alcohols ||1420-1330 (m) bending |
ICarboxylic acids 11440-1395 (m) bending |
| N-H ]Amines [3500-3300 (m, sh) stretching |
| C-N |Amines 1340-1020 (m) stretching |
| C=N |Nitriles 12260-2220 (v) stretching 1
GOl 1850-550 (s) stretching |
Halogen compounds |690-51 5 (s) stretching T
€4 1600-500 (s) stretching |

v - variable, m - medium, s - strong, w — weak, br - broad, sh - sharp
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