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Instructions

- This paper consists of two sections A and B

- Section Ais compulsory

- Attempt only six questions in section B

- Answers must be written in the spaces provided only.

Where necessary use the following:

Molar gas constant, R =8.3UK mol™*
Molar volume of a gas at stp. =22 4litres
Standard temperature =273K
Standard pressure =10125Nm™
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SECTION A
Answer all questions in this section

The standard reduction potential for some half-cell are shown below

Sn*'(aq) + 2e > Sn** (aq) +0.15V

PbO,(s) + 4H'(aq) + 2e - Pb*(aq) + 2H,0(l) +1.46V

(a) Write the overall equation for the cell reaction that would occur when the half cells are
combined

(b) (i) Calculate the emf of the cell (1 %2 marks)
(ii) State whether the reaction is feasible or not and give a reason for your answer. (01marks)

Figure 1
COOH

o

Fig. 1

(a)ldentify the functional groups in G (02marks)

(b) Name the reagent(s) that can be used to identify each of the functional groups you have
identified in (a) (02marks)

(c) State wht would be observed when G is treated separately with the reagent(s) you have named
in (b) (02mmarks)

Draw the structure and name the shape of each of the following species: (4% marks)

Species Structure Shapes

CrOy4-

clo*

SFe

(a) Define the term standard enthalpy of formation. (01marks)

(b) The standard enthalpies of combustion of propan-1-ol, carbon and hydrogen are; -2010, -393
and -286 kJmol-1 respectively.
Calculate th standard enthalpy of formation of propan-1-ol. (03marks)

(c) Comment on the stability of propan-1-ol. (1% marks)

Complete the following equations and in each case name the main organic products

(a) @ + HBr % ............................... (1V2 mal‘kS)
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CHsl/AICI
(b) @ % ............................ (1%2 marks)

Name of the product: e

— 1. H250a4
() CHsCH=CH: T FZOTWarmR, e (14 marks)

Name of the product: e

(a) Determine the oxidation state of chromium in each of the following species:
(i) Cr,0® (01mark)
(i) CrO,* (01mark)

(b) Write an equation to show the reaction between:
(i) Cr,03 and excess sodium hydroxide solution (1% marks)
(ii) Cr,0,” and hydrogen peroxide solution (1% marks)

Ammonium chloride was added to 1.0dm? of 0.1M aqueous ammonia to make a solution of pH 8.7.
calculate
(a) (i) concentration of hydroxide ions in the solution. (02marks)
(Kw = 1.0 x 10™ mol’dm™)
(ii) Mass of ammonium chloride used (03marks) (03marks)
(kb for aqueous ammonia = 1.8 x 10° moldm™)

(b) (i) State what would happen to the pH of the solution in (a) if small amount of dilute
State what would be observed and write an equation for the reaction that would take place when
each of the following compounds is mixed with bromine water
(a) CgHsOH (2 % marks)

Observation

Equation
(b) CH3CH=CH,

Observation

Equation
State the trend in acidity of the hydrides of elements in group (VII) of the Periodic Table (01mark)
Explain your answer in (a) (04marks)

SECTION B (54 MARKS)
Answer any six questions from this section

Any additional question(s) answered will not be marked
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10. Compound A consist of carbon 64.1%, hydrogen 10.3%, the rest being oxygen.

The vapour density of the compound is 29

(a) Determine the;
(i) Empirical formula of A (02marks)
(ii) Molecular formula of A (01mark)

(b) Write the structural formula of all the possible isomers of A (01mark)

(c) Compound A reacted with 2,4-dinitrophenylhydroazine to give an orange solid but did not react
with ammoniacal silver nitrate solution
(i) Identify A (% mark)
(ii) Write the equation and indicate the mechanism for the reaction that occurred between

A and 2,4-dinitrophenylhydrazine. (4% marks)

11. State what would be observed and write the equation for the reaction that would take place if;
(a) Propyne is bubbled through ammoniacal copper (I) chloride solution. (02marks)
Observation
Equation
(b) Fehling’s solution is added to methanoic acid. (02marks)
Observation
Equation

(c) Dilute sodium hydroxide solution is added drop-wise until in excess to aqueous nickel (ii) ions

(02marks)
Observation
Equation

(d) Silver nitrate solution is added to aqueous iron (ll) Sulphate (03marks)
Observation
Equation

12. (a) Define the term distribution coefficient. (01 mark)

(b) 1.5g of an impure ore of zinc was dissolved in in 50cm® ammonia and the resultant solution
shaken with 50 cm® of trichloromethane. After the layers have settled, 50 cm® of
trichloromethane layer needed 30cm?® of 0.062M hydrochloric acid for neutralization. 20cm? of
the aqueous solution were neutralized by 40 cm® of 0.5M hydrochloric acid. If the partition
coefficient between water and trichloromethane at 25°C is 25.0 and the reaction between zinc
(1) ions and ammonia is 1:4. Calculate the molar concentration of;

(i) ammonia in the trichloromethane layer (02marks)
(ii) free ammonia in the aqueous layer. (1% marks)
(iii) complexed ammonia in the aqueous layer. (02marks)

(c) Determine the percentage of zinc in the ore (2% marks)
13. Write a mechanism to show how each of the following conversion can be effected

SOsH
(@) @ to ©/ (03marks)
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(l)H
(b) (CHs)2C =CHCHs to (CHs)2C CH2CHs (2%2marks)
0 0
I I
(€ CHsCCl to  CHsCN(CHs) (3Vamarks)

(c) Compound Z contains 25.6% copper, 12.8% Sulphur, 25.6% oxygen and rest being water
(a)(i) calculate the empirical formula of Z (02marks)
(ii) Determine the molecular formula of Z (the formula mass of Z = 250) (1% marks)
(b) Concentrated hydrochloric acid was added drop-wise to aqueous Z until in excess.
(i) State what is observed (1% mark)
(ii) Write the equation for the reaction that took place (1% marks)
(c) To an aqueous solution of Z was added dilute nitric acid followed by barium nitrate solution
(i) State what was observed (01mark)
(ii) Write the equation for the reaction that took place. (1% marks)
(d) (a) Carbon and lead are elements in group (IV) of the Periodic Table.
Write the equations to show how carbon dioxide and lead (1V) oxide can react with sodium
hydroxide. (03marks)

(b) write an equation for the reaction between lead (IV) oxide with concentrated solution of;
(i) hydrochloric acid. (1% marks)
(i) sulphuric acid (1 % marks)
(c) Lead (IV) oxide was strongly heated
(i) State what was observed (1% marks)
(i) Write the equation for the reaction that took place (1 % marks)

(e) The boiling point of pure water is 1000C at 760 mmHg pressure. At the same pressure, a solution
containing 1.576g of potassium chloride in 100g of water boils at 100.11°C.
(a) Calculate the boiling point constant, Kb for water. (3 % marks)
(b) Explain why;
(i)  the boiling point of potassium chloride solution is higher than that of pure water
(2 % marks)
(ii)  a0.1M potassium chloride solution boils at the same temperature as a 0.2M glucose
solution (03marks)
(f) Both chlorine and sodium hydroxide are manufactured by electrolysis of concentrated sodium
hydroxide
(a) Name the substance used as the;
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(i) Cathode (% mark)
(i) Anode (% mark)
(b) Write the equations (s) for the reaction(s) leading to the formation of
(i) Chorine (01mark)
(ii) Sodium hydroxide (2% marks)
(c) State what would be observed and write the equation(s) for the reaction(s) that would take
place if chlorine is bubbled through:
(i) Sodium iodide solution. (1% marks)
(ii) Hot concentrated sodium hydroxide solution (02 marks)
(d) Give a reason for your answer in (c)(i) (0O1mark)

Suggested answers

1. The standard reduction potential for some half-cell are shown below
Sn*'(aq) + 2e > Sn** (aq) +0.15V
PbO,(s) + 4H'(aq) + 2e = Pb*(aq) + 2H,0(l) +1.46V
(a) Write the overall equation for the cell reaction that would occur when the half cells are
combined
PbO,(s) + 4H"(aq) + Sn**(aq) = Pb*(aq) + 2H,0(l) + Sn*(aq)
(b) (i) Calculate the emf of the cell (1 %2 marks)
Emf of cell = Eox. — Ered.
=1.46-0.15
=1.31V
(ii) State whether the reaction is feasible or not and give a reason for your answer. (01marks)
The reaction is feasible because emf is positive

2. Figurel
COOH

o

Fig. 1
(a)ldentify the functional groups in G (02marks)

- phenol group

- carboxylic group
(b) Name the reagent(s) that can be used to identify each of the functional groups you have

identified in (a) (02marks)
- phenol group is identified by neutral solution of iron (IIl) chloride
- carboxylic group is identified by sodium bicarbonate solution

(c) State what would be observed when G is treated separately with the reagent(s) you have named
in (b) (02mmarks)
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- phenol group forms a purple solution
- carnoxylic group forms effeversence

3. Draw the structure and name the shape of each of the following species: (4% marks)

Species Structure Shapes

CrO,*- tetrahedral

ClOos C..) Triangular pyramidal

SFe F octahedral

4. (a) Define the term standard enthalpy of formation. (01marks)
The standard molar enthalpy of formation of a compound is the enthalpy change when 1 mole
of the compound is formed from its elements under the standard conditions.

(b) The standard enthalpies of combustion of propan-1-ol, carbon and hydrogen are; -2010, -393
and -286 kimol™ respectively.
Calculate the standard enthalpy of formation of propan-1-ol. (03marks)

3C(s) + 4H2(g) + 502 (g)—2Hf CHsCH2CH20H(l) + 4750 (g)
393x3 |286x4 -2010
3C0O2(g) + 4H20(])

-393 x 3 + (-286 x 4) = AHf + (-2010)
Enthalpy of formation AHf = -313kJmol™
(c) Comment on the stability of propan-1-ol. (1% marks)
It is stable because enthalpy of formation is negative
5. Complete the following equations and in each case name the main organic products
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Br
@ (P o ——— Y™

Name of the product: Bromocyclopentane
CHs
(b) CHsl/AICI3
— (1%2 marks)
Name of the product: methylbenzene/toluene
Cl)H
— 1. H2504
(c) CHsCH=CH: m CHsCH—CHs (115 marks)
Name of the product: propan-2-ol

6. (a) Determine the oxidation state of chromium in each of the following species:
(i) Cr,03; (01mark) +3
(i) CrO,” (01mark) +6

(b) Write an equation to show the reaction between:
(i) Cr,03 and excess sodium hydroxide solution (1% marks)
Cr,03 (s) + 3H20 () + 20H(aq) = 2[Cr(OH)4] (aq)
(ii) Cr,0,> and hydrogen peroxide solution (1% marks)
Cr,0,” (ag) + 2H (aq) + 4H,0, (aq) > 2Cr0(0,), (ag) + 5H,0 (1)

7. Ammonium chloride was added to 1.0dm? of 0.1M aqueous ammonia to make a solution of pH 8.7.
calculate
(c) (i) concentration of hydroxide ions in the solution. (02marks)
(Kw = 1.0 x 10™ mol’dm™®)
pH=8.7
[H'] =2 x 10°moldm

—14
[OH-] = [:”j] =2 = 5x10° moledm”

(ii) Mass of ammonium chloride used (03marks) (03marks)
(Kb for aqueous ammonia = 1.8 x 10 moldm™)

_ 4 _ o INHs] _ 5. _ 01 _ 3
[NH4CI] = [NH,'] = K}, e =1.8x 107°x Tr10- " 0.36moldm

Formula mass of NH,Cl=14+4 +35.4=53.4
Mass of ammonium chloride = 53.4 x 0.36 =19.224¢g
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(d) (i) State what would happen to the pH of the solution in (a) if small amount of dilute sodium
hydroxide is added to it (01mark)
The pH remains unchanged because the added OH™ are neutralized by ammonium ions
NH,"(aq) + OH'(ag) - NHs(aq) + H,0(l)

8. State what would be observed and write an equation for the reaction that would take place when

each of the following compounds is mixed with bromine water

(g) CgHsOH (2 ¥ marks)
Observation: Color of bromine is discharged

OH
Br\©/8r
Br
(h) CH3CH=CH, (2 % marks)
Observation: yellow bromine color is discharged

Equation

OH

Equation

Br,/H20
CH3CH = CH:z CH:CH — CHa

| |
OH Br

9. (a) State the trend in acidity of the hydrides of elements in group (VII) of the Periodic Table (01mark)

The strengths of these acids decrease in the order HI > HBr > HCI > HF.

(b) Explain your answer in (a) (04marks)

The bond strength decrease in the H-X bond energy in the order HF > HCl > HBr > HI.

SECTION B (54 MARKS)
Answer any six questions from this section
Any additional question(s) answered will not be marked

10. Compound A consist of carbon 62.1%, hydrogen 10.3%, the rest being oxygen.
The vapour density of the compound is 29
(a) Determine the;

(i) Empirical formula of A (02marks)
Percentage of oxygen = 100 —(62.1 + 10.3) = 25.6
‘ Elements ‘ C ‘ H o
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10

Percentage 62.1 10.3 27.6
Atomic mass 12 1 16
Moles 5.175 10.3 1.725
Mole ratio 3 6 1

Empirical formula C3HgO
(i) Molecular formula of A (01mark)
Molecular mass =29 x 2 =58
(C3HsO)n = 58
n=1
molecular formula = C3HO
(b) Write the structural formula of all the possible isomers of A (01mark)

H H O
o Ho O H

HmC—C—Ch amd ol

| |
H H \ !

propanal propanone
(c) Compound A reacted with 2,4-dinitrophenylhydroazine to give an orange solid but did not react
with ammoniacal silver nitrate solution

(i) Identify A (% mark)
propanone
(ii) Write the equation and indicate the mechanism for the reaction that occurred between

A and 2,4-dinitrophenylhydrazine. (4% marks)

02 02
H*
(CH3)2C =0 + H2NNH NO:2 _— (CH3)2C:NNHbNOZ

Mechanism
CI)H H O

(CH3C =0 + H' — > (CH3hC=OH —— > (CH5):C—NNH NOs

w 02 l

HaNNH NO: Proton

shift
02 H O 51 H 0
< < 9™
(CH3)2C==NNH NO2z (CH3)2C=ENH NOa (CH3)2C—\—.}]NH NO2

11. State what would be observed and write the equation for the reaction that would take place if;
(a) Propyne is bubbled through ammoniacal copper (1) chloride solution. (02marks)
Observation: red ppt.
Equation
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11

CHC=CH  CU/NHs N cpc= ccu+he

red ppt.
(b) Fehling’s solution is added to methanoic acid. (02marks)
Observation: red ppt. is formed
Equation
HCOOH (aq) + 2Cu**(aq) - CO, (g) + 2Cu* + 2H" (aq)
(c) Dilute sodium hydroxide solution is added drop-wise until in excess to aqueous nickel (ii) ions
(02marks)
Observation: green ppt. is formed soluble in excess to a blue/purple solution
Equation
Ni**(aq) + 20H"aq) = Ni(OH),(s)
Then
Ni(OH)y(s) + 6NHs(aq) > [Ni(NH3)e]*" (ag) + 20H (aq)
(d) Silver nitrate solution is added to aqueous iron (I) Sulphate (03marks)
Observation: red yellow solution and black ppt. formed
Equation
Fe*'(aq) + Ag'(aq) > Fe**(aq) + Ag(s)

12. (a) Define the term distribution coefficient. (01 mark)

Partition coefficient is the ratio of the concentrations of solute in two immiscible solvents at
equilibrium

(b) 1.5g of an impure ore of zinc was dissolved in in 50cm® ammonia and the resultant solution
shaken with 50 cm? of trichloromethane. After the layers have settled, 50 cm? of
trichloromethane layer needed 30cm?® of 0.062M hydrochloric acid for neutralization. 20cm? of
the aqueous solution were neutralized by 40 cm® of 0.5M hydrochloric acid. If the partition
coefficient between water and trichloromethane at 25°C is 25.0 and the reaction between zinc
(1) ions and ammonia is 1:4. Calculate the molar concentration of;

(i) ammonia in the trichloromethane layer (02marks)
moles of free ammonia in 50cm? of trichloromethane = % =0.00186
(ii) free ammonia in the aqueous layer. (1% marks)
[ammonia in water]
From Kp =

[ammoina in trichloromethane]
Free ammonia in 20cm? of water = 0.00186 x 25 = 0.0465moles

(iii) complexed ammonia in the aqueous layer. (02marks)
. . 40 x 0.5
Moles of ammonia in 20cm? of aqueous solution = 1;00 =0.02

Mole of ammonia in 50cm? of aqueous solution i—g x 0.02=0.05

Moles of complexed ammonia = 0.05 — 0.0465 = 0.0035
(c) Determine the percentage of zinc in the ore (2% marks)

Moles of zn = 22225 - 0.000875 moles
Mass of pure zinc = 0.0001875 x 65.7 = 0.0575g
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12

00575, 100% = 3.83%

Percentage of zinc in zinc ore = s

13. Write a mechanism to show how each of the following conversion can be effected

SOsH
(a) @ to @I (03marks)

Solution
Conc.H2S0s  \ SOsH
600C 7
Mechanism
H2S04 > H20 + SO3
0 H O SOsH
I | —
ﬁﬁo —% ” —O-
0 O
(I)H
(b) (CHs)2C=CHCHs to (CHs)2 C CH2CHs (2%2marks)
Solution (|)H
_ dil H2504
(CH3)2C —CHCHs _W (CHs)2 C CH2CHs
Mechanism
(CHa)C ?CHCHB > (CH3)2C —CHaCHs —>(CH3)2C —CHaCHs ——> (CHs)2 C CH2CH:
] |
He OH: OH
:OH:2 "
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(|)| 0
() CHsCCl to  CHsCN(CHs): (3%amarks)
Solution
0 0

CHsCCl + HN(CHs): — > CHsCN (CHs):

Mechanism O 0
P [
ﬁ % CHa C a CHz C N (CH3)2
1%

CHsCCl
HI}Ir(CHa)z

HN(CHa)2

14. Compound Z contains 25.6% copper, 12.8% Sulphur, 25.6% oxygen and rest being water
(a)(i) calculate the empirical formula of Z (02marks)

Substance Cu S 0] H,0
Percentage 25.6 12.8 25.6 36
Molar mass 63.5 32.1 16.0 18
moles 0.4 0.4 1.6 2.0
Mole ratio 1 1 4 5

Empirical formula CuSO4.5H,0

(ii) Determine the molecular formula of Z (the formula mass of Z = 250) (1% marks)
[CuS0O,.5H,0]n = 250
n(63.5+32.1+16 x4 + 1(2+16)) =250
n=2
molecular formula = CuSO,.5H,0

(b) Concentrated hydrochloric acid was added drop-wise to aqueous Z until in excess.

(i) State what is observed (1% mark)
A blue solution turns yellow

(ii) Write the equation for the reaction that took place (1% marks)
[Cu(H,0)4]* (ag) + 4Cl'(aq) > [CuCl,]* (aq) + 4H,0 (1)

(c) To an aqueous solution of Z was added dilute nitric acid followed by barium nitrate solution

(i) State what was observed (01mark)
White ppt. formed

(ii) Write the equation for the reaction that took place. (1% marks)
Ba”"(aq) + SOu,.(aq) = BaSO4(s)

15. (a) Carbon and lead are elements in group (IV) of the Periodic Table.

Write the equations to show how carbon dioxide and lead (IV) oxide can react with sodium
hydroxide. (03marks)
CO,(g) + NaOH(aq) - NaHCOs(aq)
Or

More exams? Browse: digitaltears.co.ug For consultations call: +256 778 633 682



14

CO,(g) + 2NaOH(aq) - Na,C0Os(aq) + H,0(l)

PbO, (s) + 2NaOH (aq) —> Na,PbOs(s) + H,0(l)
Or
PbO,(s) + 20H(aq) + 2H,0(l) = [Pb(OH)s]*(aq)

(b) write an equation for the reaction between lead (IV) oxide with concentrated solution of;
(i) hydrochloric acid. (1% marks)
PbO,(s) + 4HCI (aq) = PbCI(s) + Cl,(g) + 2H,0(l)
(i) sulphuric acid (1 ¥ marks)
PbO,(s) + H,S04 >PbS04(s) + O,(g) + H,0(1)
(c) Lead (IV) oxide was strongly heated
(i) State what was observed (1% marks)
Color change from brown to oragne
(i) Write the equation for the reaction that took place (1 % marks)
2Pb0,(s) + heat = 2PbO(s) + 0,(g)

16. The boiling point of pure water is 100°C at 760 mmHg pressure. At the same pressure, a solution
containing 1.576g of potassium chloride in 100g of water boils at 100.11°C.
(c) Calculate the boiling point constant, Kb for water. (3 % marks)

KClI=39.1+35.4=74.4

Moles of particles in 100g of water = % 0.0423mole

At=100.11-100=0.11

At =Kb x moles
0.11

Kb = =2.6°Cmol™
0.0423
(d) Explain why;
(i) the boiling point of potassium chloride solution is higher than that of pure water

(2 % marks)

In potassium chloride solution, K" and Cl ions occupy part of the surface of solution; this
reduces escaping tendency of water molecules in the vapour which reduces the vapour
pressure of the solution. The solution has to be heated to a temperature higher than the
boiling point of water to make its vapour pressure equal to that of the atmosphere in
order to make it boil.

(ii)  a0.1M potassium chloride solution boils at the same temperature as a 0.2M glucose
solution (03marks)
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KCl ionizes completely in water to to produce two particles; therefore 0.1M potassium
chloride contains the same number of particles as 0.2M glucose
17. Both chlorine and sodium hydroxide are manufactured by electrolysis of concentrated sodium
hydroxide
(a) Name the substance used as the;
(i) Cathode (% mark) Mercury
(ii) Anode (% mark) carbon
(b) Write the equations (s) for the reaction(s) leading to the formation of
(i) Chorine (0O1mark)
2ClI'(aq)—2e => Cl, (g)
(ii) Sodium hydroxide (2% marks)
Na‘(aq) + e > Na(l)
2Na(l) + 2H,0(I) - 2NaOH(aq) +H,(g)
(c) State what would be observed and write the equation(s) for the reaction(s) that would take
place if chlorine is bubbled through:
(i) Sodium iodide solution. (1% marks)
The solution turn brown due to liberation of iodine
Cly(g) + 2I'(aq) - 2Cl'(aq) + I,(aq)
(ii) Hot concentrated sodium hydroxide solution (02 marks)
Pale yellow solution formed
6NaOH(aq) + 3Cl,(g) - 5NacCl (aq) + NaClOs(aq) + 3H,0(l)
(d) Give a reason for your answer in (c)(i) (01mark)

lodide ions are oxidized toiodine

Please download other papers and marking guides from digitalteachers.co.ug website
Thanks

More exams? Browse: digitaltears.co.ug For consultations call: +256 778 633 682



