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Question 1 Gravimetric Analysis (MLO 1, 3, 4, Understand, analyze, evaluate) (5 Marks) 

Soluble organic carbon in sea water sample was analysed as follow: first the sample was treated with 

potassium sulphate (K2S2O8) producing CO2 which was trapped by a column of NaOH- coated asbestos. 

120 ppm carbon was determined when 8.735 g of seawater sample was analysed. 

a. State the rule of potassium sulfate? Justify the requirement of this step.  (2 Mark) 

 

 

 

 

 

b. Determine the amount of CO2(g) that was produced in this analysis in milligrams. (3 Marks) 
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Question 2 Titration and Statistics (MLO 1, 2, 3, Understand, appy, analyze) (10 Marks) 

(2-(N-morpholino)ethanesulfonic acid) is a weak acid abbreviated as MES (Ka= 7.08 x 10-7). A 50.00 mL 

sample of MES was titrated with 0.100 mol/L NaOH(aq) solution. The pH of the solution after addition of 

NaOH(aq) is reported in the Table below. Analyze the table answer the following questions. 

 

Volume of NaOH(aq) pH 

0.00 12.30 

5.00 11.85 

9.00 11.22 

10.00 7.00 

10.10 3.08 

11.00 2.79 

 

a. Constrcut the titration curve of MES with NaOH(aq).    (3 Marks) 

 

 

 

 

 

 

 

b. Determine the volume of NaOH(aq) at equivalence point.    (1 Mark) 

 

 

c. Calculate the concentration of MES.       (2 Marks) 
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d. The experiment was repeated 3 times to get the average equivalence point. Analyze the results and 

then calculate the standard deviation for the volume measurement.   (4 Marks) 

Experiment Volume of NaOH (aq) (mL) 

1 9.90  

2 10.00 

3 10.10 
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Question 3 Spectroscopy (10 Marks) (MLO 2, 3, 4, analyze, apply, evaluate) 

 

Phenolic compounds are one of the main contributors to water contamination worldwide. Phenols exists in 

water channels due to discharge from industrial, agricultural and pharamtecutical activities. These 

compound are toxic causing serious long- lasting effects on human and animals health including cancer. 

UV- Visible spectroscopy and FTIR are used to analyze phenol in water. The structure of phenol (Mw 94. 

11 g/mol) and it’s FTIR spectrum are illustrated below. 

 

 

 

 

 

 

 

 

Phenol (Mw 94.11 g/ mol) 

 

 

 

 

TFIR spectrum of phenol (Chemical book, 2017) 

 

  

(A) 

(B) 

(C) 
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a. Analyze the FTIR spectrum of phenol and complete the table below.  (6 Marks) 

Peak Wavenumber (cm-1) Functional group Energy of the light 

A    

B    

C    

 

Show your caculation of the energy 

 

 

 

 

 

 

 

 

b. 6.8 mg/ L phenol sample was anlayzed using UV- visible spectroscopy. The absorption was 0.12 at 

270 nm that was measured using a 1.00 cm cuvette. Determine the molar aborpitivity of phenol. 

           (2 Marks) 

 

 

 

 

 

c. Explain the difference between UV- visible and FTIR radiations on phenol structure.(2 Marks) 
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Question 4 Gas Chromatography (15 Marks) (MLO 2, 3, 4, analyze, apply, evaluate) 

Natural gas extraction and separation plants are essential for providing fuel gas and liquified products that 

support other industries. The composition of the gas should be montired online during the extraction process 

through gas chromatography. The table below shows the composition of some of the components from 

NGLE project. Analyze the table and answer the following questions. 

 

Eluated gas Retentation time (min) % Concentration 

N2 1.219 5.472 

CH4 1.741 86.038 

C2H6 9.595 4.806  

C3H8 11.959 1.919 

CO2 9.013 0.674 

 

a. Construct a chromatogram for the separation of the components that are reported in the table. (Hint 

pay attention to the retention time and the time difference between the components).  

           (5 Marks) 
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b. Determine the retention factor for these components:    (3 Marks) 

Methane CH4 

 

 

 

Ethane C2H6 

 

 

 

 

Propane C3H8 

 

 

 

c. Determaine the relative retention between ethane and methane and evaluate the separation 

efficiency. Justify your answer       (2 Marks) 

 

 

 

 

d. Determaine the relative retention between propane and ethane and evaluate the separation 

efficiency. Justify your answer.       (2 Marks) 

 

 

 

 

e. By analyzing the retention time of the hydrocarbons that are reported in the table, suggest the 

mechanism of the separation. Justify your answer.     (2 Marks) 
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FTIR Peaks Table 

 

Functional Group Wavenumber (cm-1) 

OH stretching 3200- 3600 

Aliphatic C-C-H stretching 3000-2840 

Aromatic C=C-H stretching 3100-3000 

C=O 1870-1540 

C=C 1670- 1660 

C-N 1340- 1250 

S=O 1350- 1300 

C-O 1310- 1020 

N-H 3500 

 

Constants 

Plank’s constant 6.626 x 10 –34 J.s 

Speed of light 2.98 x 108 m/s 
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