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INSTRUCTIONS:

* The paper consists of two sections.
* Section A is compulsory (30 marks).
* Answer any two questions from section B (each 20 marks).

SECTION A (COMPULSORY)

QUESTION 1 (30 MARKS)

(a) Briefly, explain the following terms
(i1) Titration error [1 mark]
(iii) Functional group [1 mark]
(b) Using examples, illustrate the difference between
(1) Molarity and normality [2 marks]

(i1) Polar and non-polar molecules [2 marks]
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(d)

(e)

()
(@

(h)

Volumetric analysis is one of the classical methods for quantification of analytes in
samples. Its application in the determination of protein content samples via Kjeldahl
analysis for nitrogen has been widely explored. To determine the amount of protein,
0.9814 g sample was digested, where the nitrogen content was oxidized to NH4*, then
converted to NH3; with NaOH followed by distillation of NH3 into a collection flask
contain 50.00 mL of 0.1047 M HCI. The excess HCI was back titrated with 22.84 ml
0.1183 M NaOH, requiring 22.84 mL. Calculate the % protein in the sample, given
that there is 6.38 g of protein for every gram of nitrogen in the sample. (5 marks)

Analytical chemistry is useful in determination of pollutants in the environment. A
KST 104 student was given a water sample in which to determine the level of chloride
ions. By applying gravimetric methods of analysis, describe how the student would go
about to solve this problem. (4 marks)

Alkalinity is defined as the buffering capacity of water. Briefly, explain what this
means. (2 marks)

A shampoo has a pH of 8.7. What are [H30*] & [OH] in the shampoo? (4 marks)

The energy difference between two states in the OH™ molecule is 35714 cm™.
Calculate the wavelength (nm) needed to excite the molecule. (3 marks)

Ion exchange chromatography has come in handy in softening of hard water and
making of deionized water.

@) Water containing CaSO4 is passed through a column containing cation-
exchange resin (Na* form). Describe what happens to render the water soft.

(3 marks)

(ii) Water is passed through an anion-exchange resin (OH  form) and cation-
exchange resin (H* form), describe what happens to Cu(NO3); if present in the
water? (3 marks)

SECTION B: ATTEMPT ANY TWO QUESTIONS

QUESTION TWO (20 MARKS)

(a)

Precipitation titration is one of the different types of titrations applied in quantitative
determination of analytes. In the determination of chloride ions in water, the sample is
titrated with silver nitrate. Describe three ways in which one can determine the end
point. (6 marks)
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(b) To standardize I3~ solution with ascorbic acid, 29.41 mL of I3> solution was required to

react with 0.1970 g of pure ascorbic acid, determine the molarity of the I3> solution.

Below is the equation for the reaction. (3 marks)
HO
OH HO
HO QO
+ 137 +H,0 o +3I +2H"
0 "’2’ °
5 OH o OH
ascorbic acid HO
(FW 176.124) dehydroascorbic acid
(FW 192.124)

(c) A mixture containing only AlO3 and FexOs weighs 2.019 g. When heated under a
stream of H, Al,Os is unchanged, but Fe>Os3 is converted into metallic Fe plus H.O
(g). If the residue weighs 1.774 g, what is the weight percent of Fe>Oj3 in the original
mixture? (5 marks)

(e) In the titration of 25 mL of 0.05 M of AgNOs solution with 0.02 M KSCN solution,
calculate the molar concentration of Ag* in the conical flask solution after the
following additions of titrant KSCN solution given that Ksp (AgSCN)= 1.0x10'2

(1) 30 mL
(i1) At equivalent point

(ii1) 100 mL? (6 marks)
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QUESTION THREE (20 MARKS)

(a) Identify the functional groups in the following compounds:

[e]
(o]
)LH X
@ (ii)
(iii)
[¢]
/\/\CI /\)J\
_ OH
(1v)
$))]
OH
(vi)
(9 marks)
(b) Provide the IUPAC names for the following compounds
(i) (i)
O
OH
j OH
H5;C
(iii) (@iv)
(6 marks)
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Infrared spectroscopy is an important tool for identification of functional groups. In
the IR spectra shown below, identify one functional group that must be in the
compound. (1 mark)
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Describe two ways in which one can determine the concentration of a standard
solution. (4 marks)

QUESTION FOUR (20 MARKS)

(a)

(b)

()

(d)

(e)

Write the equilibrium constant for the reaction shown below
H> (g) + 2 (g) « 2 HI(g) (2 marks)

The Haber process is a method to produce ammonia from hydrogen and nitrogen
gases.The reaction is N2 (g) + 3 H2(g) <« 2 NHj (g). Explain what happens if
hydrogen gas is added after the reaction has reached equilibrium. (3 marks)

Consider the following reaction

CO2 (g) + Ho (&——> CO (g) + H20 (g)

Calculate the value of the equilibrium constant, K, for the above system, if 0.1908
moles of CO, 0.0908 moles of Hz, 0.0092 moles of CO, and 0.0092 moles of HO
vapour were present in a 2.00 L reaction vessel at equilibrium. (5 marks)

Explain why alcohols have much higher boiling points than alkanes of a similar size.
(2 marks)

Discuss two requirements of a primary standard. (4 marks)
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Describe how to prepare 250 mL of 0.5 molar solution of potassium permanganate

(4 marks)
QUESTION FIVE (20 MARKS)
(a) Identify the type of colloid in the table shown below (6 marks)
Dispersed phase | Dispersion Type of colloid
media
@) Solid gas
(ii) Liquid solid
(iii) Liquid liquid
@iv) Gas liquid
(© Describe three ways in which colloidal systems can be prepared. (6 marks)
(d) A colloidal system can be described as polydisperse or monodisperse. Differentiate
between the two? (2 marks)
(e) One of the properties of colloids is Tyndall effect. Discuss what is meant by Tyndall
effect. (2 marks)
(e) The advances in modern agriculture can be attributed to chemistry. Discuss 2 ways in

which chemistry has contributed to agriculture. (4 marks)
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