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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 1: Multiple Choice Items (14 marks)

There are 14 multiple-choice items worth one mark each.
Shade in the bubble ((O) next to the correct answer for each of the following items.

1)  Which of the following statements is correct about a weak acid?

O It accepts protons easily.
O Its K, value is very high.
O Its pH is greater than 7.

(O It dissociates partially in water.

Use the following data to answer questions (2 and 3):

Acid’s symbol (conc. 0.1 mol dm™) K, at 25°C (mol dm™)
X 4.5x 107
Y 1.3x107"°
Z 6.3 x 107
W 1.7 x 107

2)  Which acid has the strongest conjugate base?

O X O v
O z O w

3) What is the correct order for these acids according to their strength from the
strongest to the weakest?

Y>X>W>Z
Z>W>X>Y
W>Z>X>Y
Y>X>Z>W

0000

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 1 continued

4) Which of following values is the solubility product Ksp, for zinc hydroxide Zn(OH),?
Given that the solubility of Zn(OH), = 2.0 x 10" mol dm>.

O 40x107" O 8.0x107"
O 8.0x 10 O 3.2x100

5)  Which of the following statements is correct about the electrolysis cell?

The cathode is the positive electrode.
The electrons move from the cathode to the anode.

The electrodes are made from either carbon or metal.

0000

During electrolysis, the cations move to the anode.

6)  Which of the following statements is correct for the voltage cell below at standard

conditions?
V)
||
copper — — silver rod
rod
salt bridge
Cu(NO3)2, 1.00 mol dm™3 AgNO; , 1.00 moldm™
(O The copper will be the cathode.
(O The mass of the silver rod will decrease.
O Ag"ions will be reduced to Ag metal.
(O Electrons will flow from the Ag rod to the Cu rod.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 1 continued

7)

8)

9)

Which of the following reactions are feasible in the beakers below?

i FPS) __Fe(s) __cu) - Zn(s)
| [
1> I Adl>S — |
1 [
s> I < i I - —
Zn(NOs3)2(aq) AgNO3(aq) Mg(NOs)z(aq) Sn(NOs3)x(aq)
(1) (2) (3) (4)
O (1) and (2) O (1) and (3)
O (2) and (4) O (2)and (3)

Which of the following values is the electrode potential at 298 K of Cu?*(aq) / Cu(s)
electrode that has a concentration of Cu2+(aq) ions of 0.0050 mol dm™3?

O +0.65 O +0.27

O -0.11 O -0.41

Which of the following is the symbol for the enthalpy change when one mole of a
specified gaseous ion dissolves in sufficient water to form a very dilute solution under
standard conditions?

0 0
O AH | O AH _,
O and O and

sol hyd

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 1 continued

10)

11)

12)

Which of the following chemical equations describe the standard enthalpy change of
solution for lithium fluoride?

LiF(s) — Li*(aq) + F(aq)
LiF(s) — Li*(g) + F(q)

+

OOOO

Li*(aq) + F(ag) —> LiF(s)
Li*(g) + F(g) — LiF(s)

Using the energy cycle shown below. What is the enthalpy change value of hydration
of an iodide ion in kJ mol™'?

AHf,,, =—2327 k) mol™
Mg?*(g) + 217(g) - Mgl(s)

i3 2+] — —1
AH},q [Mg*] = — 1920 k) mol +aq

2 AH}«?yd [l—] ___? AHSOI—_ 221 kJ I'nOl_:l
Mg**(aq) + 2I(aq)
O -186 O -314
O -402 O -628

If chloroethane and chlorobenzene are tested separately by hydrolysis and boiling in
aqueous sodium hydroxide, what would you expect to occur?

Chloroethane and chlorobenzene would both be hydrolysed.
Chloroethane would be hydrolysed, but chlorobenzene would not do so.

Neither chloroethane nor chlorobenzene would be hydrolysed.

0000

Chloroethane would not be hydrolysed, but chlorobenzene would do so.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 1 continued

13) Which of the following structural formulae is 3-bromo-4-nitrophenol?

- OH

NO,
@) O

Br AC7

Br

NO, Br NO,

> ICC - ¥
HO Br HO

14) For the following reaction:

heat
+ X — - + HCI
AICI,

Which of the options below is correct for reagent (X) and the type of reaction?

Reagent (X) Type of reaction
O CH,COCl Electrophilic substitution
O CH,COCI Addition-elimination
(@8] CH,CI Electrophilic substitution
(@8] CH,CI Addition-elimination

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 2: Extended responses (56 marks)

Write your answer for each of the following questions in the space provided.
Be sure to show all your work, including the correct units where applicable.

15) K is called the acid dissociation constant.

a. Write the general K_ expression for HA acid. (1 mark)

b. Silicic acid, dissociates in water according to the equation below:
SiO,(aq) + H,O() == H¥(aqg) + HSiO, (aq)

(i) Which one of the products is a conjugate base? (1 mark)

(ii) Calculate the value of K, for silicic acid, if a 0.70 mol dm™ solution of silicic
acid has a pH of (4.30). (2 marks)

16) The buffer solution plays an important role in nature and in many industrial processes.

a. Define the term buffer solution. (1 mark)

b. What are the components of the buffer solution? (1 mark)

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 2 continued

c. A buffer solution containing 0.10 mol dm= methanoic acid HCOOH and
0.20 mol dm™ sodium methanoate, (Ka of methanoic acid = 1.60 x10™* mol dm™).

(i) Calculate the pH of this buffer solution. Show all your work. (3 marks)

(ii) What would happen to the pH of this buffer if a few drops of (KOH) are
added? (3 marks)

O Increase (O Decrease (O No significant change
(Shade your answer)

Explain your answer.

17) a. For the reaction shown below:
Mg(s) + CuSO4(aq) — MgSO4(aq) + Cu(s)

(i) What is the type of this reaction? (1 mark)

(ii) Identify the following from the reaction above: (2 marks)

The oxidizing agent:

The reducing agent:

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 2 continued

b. Use the data in the table below, to answer the following questions.

Standard electrode potentials E% (v)
Zn**(aq) + 2e” = Zn(s) -0.76
Pt?*(aq) + 2e” = Pt(s) +1.20

For the reaction shown below:

Pt(s) + Zn’*(aq) — Pt**(aq) + Zn(s)

(i) Calculate EY cell for this reaction. (1 mark)
(ii) Is the forward reaction feasible? (1 mark)
O Yes O No (Shade your answer)

18) Study the table below and the two electrochemical cell diagrams set up under
standard conditions to answer the following questions.

Cell (1) consists of (Cu) electrode and an unknown electrode represented by (X).
Cell (2) consists of (Zn) electrode and the same unknown electrode represented by (X).

AN\
r//,.;\ \\\\\
—

KNO,

Zn

Cell (1) —

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 2 continued

Standard electrode potentials E% (v)
Zn?*(aq) + 2e” = Zn(s) -0.76
Cu®*(ag) + 26 = Cu(s) +0.34

a. What are the standard conditions for temperature and solution concentration?

(2 marks)
b. What is the purpose of the salt bridge in the cells? (1 mark)
c. Forcell (1):
(i) Which one is the cathode electrode in cell (1)? (1 mark)
(i) Write the balanced equation for the overall cell reaction in cell (1). (1 mark)
d. For cell (2):
(i) Write the half-cell oxidation reaction that occurs in cell (2). (1 mark)
(ii) Calculate the EY for cell (2). (2 marks)

Do not write in this space
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Question 2 continued

19) A concentrated NaCl was electrolyzed using inert electrodes as shown below:

* I |- direct current
- - power supply
Y
positive 7;}— negative
electrlode ? / electrode
(anode) ? é (cathode)
—
5 ;f ——— inert
concentrated é ér electrodes

NaCl
a. ldentify the ions which will be oxidized and reduced in the: (2 marks)
Anode:
Cathode:
b. Write the half-equations for the reaction that occur in the: (2 marks)
Anode:
Cathode:

c. Calculate the volume of chlorine gas produced at r.t.p., when NaCl was
electrolyzed for (1 h) using a current of (0.70 A). Show all your calculations
(F = 96500 C mol™", 1 mole of gas occupies 24.0 dm? at r.t.p.) (3 marks)

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 2 continued

20) The Born-Haber cycle for lithium chloride is shown below.

Lit(g) + Cl(g) + e~

] . -
i
Lit(g) + B
2 y LiT(g
1
AHg (Li)T Li(s) + > Cly(g) AHp
1)
' v LiCl(s)
a. Define the term lattice energy. (1 mark)
b. Lattice energy is always: (1 mark)
(O Endothermic (O Exothermic (Shade your answer)
c. State two factors of ions that affect the value of lattice enthalpy. (2 marks)

d. From the Born-Haber cycle for lithium chloride:

(i) ldentify the species (A) and (B) in the cycle, including the appropriate state
symbols: (2 marks)

A:

B:

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 2 continued

(ii) Identify the enthalpy changes labelled numbers (1) and (2) in the cycle.

(2 marks)
1:
2:
(iii) Calculate the lattice energy for lithium chloride, given that: (2 marks)
AHJQ[LiCI] = -391 kd mol™", AHgt[Li] = +161 kd mol™,
AHOCI) = +122ks mol™! | IE[LI) = +520 ki mol”
EA,[CI] = -348 kJ mol™
(Show your calculations)
e. Which one has a greater lattice energy? (2 marks)
O LicCl O MgO (Shade your answer)

Explain your answer:

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session

Academic Year: 2023/2024

Question 2 continued

21) a. Two alkylarenes A and B with the formula CgH, j were refluxed with alkaline

potassium manganite(VIl), and then acidified with dilute acid as shown in the

reactions below:

) . COOH
1. KMnO, , heat with OH
A .
2. H'
H g COOH
1. KMnO, , heat with OH" 208 L
B .
2. H (49

(i) What happened to the alkylarenes in these reactions?

(1 mark)

(ii) Draw the structural formula of A and B:

A:

B:

(2 marks)

b. Chlorobenzene is used as an intermediate in the production of insecticide.

(i) Draw the equation for the reaction of chlorobenzene production from benzene.

(2 marks)

(ii) Explain how the presence of chlorine affects the reactivity of chlorobenzene.

(1 mark)

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2023/2024

Question 2 continued

22) Benzene and phenol are raw materials used in the production of many organic
compounds.

a. Which one benzene or phenol will react with bromine water reagent without a
catalyst at room temperature? (2 marks)

O Benzene O Phenol (Shade your answer)

Give the reason for your choice.

b. Draw the equation for the reaction of the hydrogenation of methylbenzene.

(2 marks)
c. Which compound is more acidic? (2 marks)
(O Ethanol O Phenol (Shade your answer)

Explain your answer:

[End of the Examination]

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry

Semester One - First Session

Academic Year: 2023/2024

Selected standard electrode potentials

Electrode reaction E° IV

Fo+26 = 2F +2.87

S0 +28° = 2580, +2.01

HiOp +2H + 28 = 2H;0 +1.77
MnOs +8H* +56 =  Mn®+4H,0 +1.52
PbO, +4H'+2e- —=  Pb*+2H;,0 +1.47
Ch+2¢ = 2CI” +1.36

Cr07 + 14H* +6e =  2Cr*+7H:0 +1.33
Oy +4H" + 47 — 2H,0 +1.23
Br,+2¢" = 2Br +1.07
CIO~+H;0+ 2¢” = CI-+20H +0.89
NOs +10H'+8e .  NHg +3H,0 +0.87
NOy +2H ' +8” =  NO,+H,0 +0.81
Ag'+e = Ag +0.80
Fe*+& — Fe” +0.77

LL+2&¢ = 2I +0.54

0.+ 2H,0+d4e~ =  40H" +0.40
CuU*+28 = Cu +0.34

SO~ +4H ' +2e =  S0;+2H0 +0.17
Sn*+2¢ —  sn* +0.15
S.087+28° = 25,04 +0.09

2H + 2¢° = H; 0.00
Pb*+2s = Pb —0.13
Sn**+2” = Sn —0.14
Fe*+28° = Fe -0.44
Zn"+2 = Zn —0.76
2H,0+28° —=  Hp+20H -0.83
Ve+2 oV ~1.20
Mg“+2e° = Mg —2.38
Ca*+2e¢ = Ca -2.87
K'+e = K -2.92

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 1: Multiple Choice Items (14 marks)

There are 14 multiple-choice items worth one mark each.
Shade in the bubble ((O) next to the correct answer for each of the following items.

1)

2)

3)

Which of the following is correct about the expression for the dissociation constant,
K, for (HA) acid?

O K, =[H[HA]/[A]
O K, =[H'T[A]/[HA]
O K, =[AT[HA]/[H']
O K, =[H/[A]

What is the pH of a buffer solution containing 0.0400 mol dm™ benzoic acid
(CéHSCOOH) and 0.0700 mol dm™ sodium benzoate (CéHSCOONa) ?

(Ka of benzoic acid = 6.3 x 10~ mol dm™)

O 1.65 O 3.04
O 3.9 O 4.44

The table below shows the Ka values for three acids that have the same
concentration.

What is the correct order of the conjugate bases from the strongest to the weakest?

Acids (conc. 0.10 mol dm™3) K, at 25°C (mol dm™3)
HX 4.7 x 107
HY 1.3 x 10710
HZ 4.5 x 107
O Z>Y " >X" O X >Z2">Y
O Y >X">Z" O Y >Z >X"

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 1 continued

4)  Which figure shows the relationship between [HBO+] and the value of (K,,) in an
aqueous solution at 298 K ?

Kw

[H30%] [H307]

v
v

[H307] [H307]

5)  Which of the following statements is correct about the salt bridge in voltage cells?

It is not necessary in order for the cell to work.
It allows a charge balance to be maintained in the cell.

It drives free electrons from one half-cell to another.

0000

It is tightly plugged with firm agar gel through which ions cannot pass.

6)  Which of the following is the correct order for the oxidizing agents from the strongest
to the weakest?

O Ag' > Cu?t > Mg?* O Cu* > Agt > Mg?*
O Mg** > Ag* > Cu?t O Cu** >Mg?* > Ag?

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 1 continued

7)  Which one of the following reactions will be feasible under standard conditions?
Mg?* + Sn?* — Mg + Sn**

Br, + 2Ag — 2Br~ + 2Ag"

2Fe®* + 2CI" —— 2Fe** +Cl,

Pb%®* + Cu — Pb + Cu®"

0000

8) Which of the following statements is correct about this cell?

1.0 mol dm™ X+(aq) 1.0 mol dm3 Au’*(yg

X gets oxidized.
The Au electrode loses electrons.

Au is a stronger reducing agent than X.

0000

The X electrode has a higher tendency to accept electrons.

9)  Which of the following is a symbol for the enthalpy change when one mole of
gaseous atoms is formed from its element under standard conditions?

0 2,
O AH| 41 O AH,

0 2,
O AH O Athd

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 1 continued

10)

11)

12)

13)

Which of the following equations describe the standard enthalpy change of ionisation

for sodium?
O Na(s) — Na(g) O Na(s) — Na(aq)
O Na(g) — Na*(g) + e~ O Na*(g) + ag — Na*(aq)

Using the energy cycle shown below.

o . AHjy
Nat(g) + Cl (g) NaCl(s)

AH? = +377 KJ mol™ Sl S I

Na(s) + %Clz(g)

What is the lattice energy value of sodium chloride in kJ mol™'?

O +34 O -34
O +788 O -788

What is produced when diazonium salt is warmed with water?
(O Benzene O Phenol

(O Nitrobenzene (O Phenylamine

What is the name for the compound shown below?

(O  4-bromo-3-chloromethylbenzoic CH3
(O  4-bromo-5-chloromethylbenzoic
O 4-bromo-3-chloromethylbenzene
O 4-bromo-5-chloromethylbenzene Cl 8
r

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 1 continued

14) If phenol and benzene are tested separately with bromine water without a catalyst at
room temperature, what would you expect to see?

Benzene and phenol would both decolorize the bromine water.
Neither benzene nor phenol would decolorize the bromine water.

Benzene would decolorize the bromine water, but phenol would not do so.

0000

Benzene would not decolorize the bromine water, but phenol would do so.

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 2: Extended responses (56

marks)

Write your answer for each of the following questions in the space provided.
Be sure to show all your work, including the correct units where applicable.

15) Calcium fluoride CaF,isa slightly soluble salt (KSp =4.5x 107" mol®* dm™)
a. What are the terms that describe the following definitions?

(i) The product of the concentrations of each ion in a saturated solution
of a slightly soluble salt at 298 K, raised to the power of their relative
concentrations.

(1 mark)

(i) The reduction of the solubility of a dissolved salt by adding a compound that

has an ion in common with the dissolved salt. (1 mark)

b. Calculate the solubility of calcium fluoride CaF, in:
(i) Pure water (2 marks)
(i) An aqueous solution of 0.040 mol dm~3 sodium fluoride NaF. (2 marks)

Do not write in this space
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Question 2 continued

aoeds siy} ul 9314m jou oQ

(iii) Explain the different solubility of calcium fluoride in your answer in part (bi)
and (bii). (2 marks)

16) Carbon dioxide combines with water in the blood to form a solution containing

hydrogen ions. The equilibrium between carbon dioxide and hydrogen carbonate is
the most important buffering system in the blood.

a.

CO,(aq) + H,O(aq) == H'(aq) + HCO, (aq)

Identify the conjugate acid and the conjugate base on the right-hand side in the
equilibrium equation given above. (2 marks)

Conjugate acid:

Conjugate base:

Explain how the carbon dioxide / hydrogen carbonate work as a buffer in your
body when H" ion is added. (2 marks)

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 2 continued

17) An electrochemical cell was set up under standard conditions as shown below:

0.80V
I_

A voltmeter -
Silver rod —— <« H(g), 1 atm

salt bridge

17— X)

—— standard
hydrogen

Agt electrode

a. What are the standard conditions for temperature and solution concentration?

(2 marks)

b. Define standard electrode potential. (1 mark)

c. Write the name of the ions in the beaker labeled (X). (1 mark)

d. The silver rod is: (2 marks)

O Anode (O Cathode (Shade your answer)
Explain your answer.

e. What is the direction of electron flow in this electrochemical cell? (1 mark)

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2023/2024

Question 2 continued

f. Calculate the value of the electrode potential at 298 K of the Ag™(aq)/Ag(s)
electrode that has a concentration of Ag* (ag) = 0.0010 mol dm=.

(Ag*(aq) + e — Ag(s) E’=+0.80V) (2 marks)

18) The electrochemical cell below consists of (Cu) half-cell and (Mn) half-cell at standard
conditions. The reading on the voltmeter is +1.52 V. Study the diagram and answer
the following questions.

* [T52v] =

voltmeter
Cu(s) ——— Mn(s)
salt bridge
l |
= =
cu?t Mn?t

a. ldentify the oxidizing agent and reducing agent in this electrochemical cell
(2 marks)

Oxidizing agent:

Reducing agent:

Do not write in this space
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Question 2 continued

b. Calculate the standard electrode potential (Ee/V) of the (Mn2+(aq)/Mn(s)).

Show your calculations. (2 marks)

19) A molten Magnesium iodide was electrolyzed using inert electrodes as shown below:

+| power |— Cathode

Anode \ r supply j

Molten Mgl

a. Write the half-equations for the reactions that occur in the anode and in the
cathode. (2 marks)

In the anode:

In the cathode:

b. What substance is formed during this electrolysis in the: (2 marks)

Anode:

Cathode:

Do not write in this space
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Question 2 continued

c. Calculate the mass of magnesium deposited at the electrode during electrolysis
when a current of 1.80 A flows through the molten magnesium iodide for
45.0 min.

(A value: [Mg] = 24, F = 96500 C mol™) (3 marks)

20) The energy cycle for magnesium iodide is shown below.

A+21"(g)
2
AHi?yd (Mg +)
) Y
ZAH!?yd )
Mgl,(s)
@)
Y (B)
a. Define the term standard enthalpy change of hydration. (1 mark)
b. The enthalpy change of hydration is always: (1 mark)
(O Endothermic (O Exothermic (Shade your answer)

c. State two factors of ions that affect the value of enthalpy change of hydration.
(2 marks)

Do not write in this space
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Question 2 continued

d. From the energy cycle for the magnesium iodide:

(i) Identify the species (A) and (B) in the cycle, including the appropriate state
symbols: (2 marks)

A:

B:

(i) Identify the enthalpy changes labelled numbers (1) and (2) in the cycle.
(2 marks)

1:

2:

(iii) Calculate the enthalpy of hydration for the magnesium ion given that:

(2 marks)
AHE, . IMgl,] = =2327 kJ mol”
AH‘ZO, [Mgl,] = 221 kJ mol™
A 1= -314 kJ mol”
e. Which ion has a greater enthalpy change of hydration ? (2 marks)
O Mg?* O L' (Shade your answer)

Explain your answer:

Do not write in this space
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Question 2 continued

21) Starting from benzene, study the reaction sequences below, then answer the
following questions:

Compound ] + Hzo

(B)

@ Reaction (1)
“heat, AL, , AICl;

Compound
(A) CH3
a. Name the Compound (A). (1 mark)
b. Write the formula of the:
(i) Reagent (X): (1 mark)
(i) Catalyst (Y): (1 mark)
c. Draw the structural formula of Compound (B). (1 mark)

Do not write in this space
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Question 2 continued

d. Benzene reacts with bromine in the presence of an anhydrous aluminium bromide
catalyst. The products of this reaction are bromobenzene and hydrogen bromide.

(i) What type is this reaction? (1 mark)
(ii) Which one is much less reactive? (2 marks)
(O Bromoethane (O Bromobenzene (Shade your answer)

Explain your answer:

22) Phenol is a raw material used in the production of many organic compounds.

a. What are the reagents used to produce phenol? (2 marks)

b. Draw the equation for the reaction of phenol with 3 moles of bromine water.
(2 marks)

c. Explain why phenol is more acidic than ethanol. (1 mark)

[End of the Examination]

Do not write in this space
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Selected standard electrode potentials

Electrode reaction E° v

Fa+26 = 2F +2.87

8,05+ 267 = 280, +2.01

HoOp +2H + 287 = Z2H,0 +1.77
MnO, +8H'+5¢ =  Mn®+4H.0 +1.52
PbO,+4H' +2e- —  Pb™ +2H,0 +1.47
ChL+2¢c = 2CI +1.36

CrO +14H + 6 = 2Cr*+ TH.0 +1.33
O +4H +4e8 =  2H;0 +1.23
Bry + 2¢7 = 2Br- +1.07
CIO-+H,0+2ec _~ CI +20H +0.89
NOs +10H'+8” _  NH, +3H0 +0.87
NOy #+2H ' +& =  NOp+H,0 +0.81
Ag'+e = Ag +0.80
Fe'+e = Fe* +0.77

L+2¢ < oI +0.54

0.+ 2H,0+d4e~ =  40H" +0.40
Cu"+28 = Cu +0.34

SO +4H' +2e —=  S0,+2H;0 +0.17
Sn"*+2e —= &n° +0.15
S0+ 287 = 250 +0.09

PH' +26 = H; 0.00
Pb**+2e = Pb -0.13

Sn“ +2e- = Sn -0.14
Fe*+28 = Fe -0.44
Zn"+2” = Zn —0.76
2H;0+28~ —  H;+20H" -0.83
Vo428 o V —1.20

Mg +2e° = Mg —2.38
Ca¥*+2e = Ca -2.87
K'+e = K -2.92

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2022/2023

Question 1: Multiple Choice Items (14 marks)

There are 14 multiple-choice items worth one mark each.
Shade in the bubble ((O) next to the correct answer for each of the following items.

Use the diagram below to answer questions 1 and 2.

EnthalpyKJ/mol
>

Reaction progress —

1)  Which statement about this reaction is correct?

It is exothermic, and the energy is released.
It is exothermic, and the energy is absorbed.

It is endothermic, and the energy is released.

0000

It is endothermic, and the energy is absorbed.

2)  Which letter represents the activation energy barrier?

O A O B
O C O D

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry

Semester One - First Session

Academic Year: 2022/2023

Question 1 continued

3)

4)

S)

The table below shows the standard enthalpy of combustion of four hydrocarbons.

Hydrocarbon Mr (g.mol™) AH: (kJ.mol™)
Ethyne 26 - 1300
Propyne 40 — 1940
Propene 42 - 2060
Propane 44 - 3334

Which one from the above hydrocarbons releases 151.5 kJ when 2.0 g is combusted
completely?

(O Ethyne
O Propene

O Propyne
O Propane

Given the following data
C(s)+2H,(g) —>CH, (9)
H, (g) — 2H ()

AH = =90 kJ mol™
AH = +500 kJ mol™

Which one of the following is the enthalpy change in kJ mol™" of the reaction below?
CH, (g) — C(s) + 4H (9)
O +410
O +910

O +590
O +1090

Which statement is not correct about the stability of benzene?

(O The nn bonds delocalize
(O All C-C bonds are equal
O Itis planar, regular hexagonal shape

(O It undergoes normal addition reaction

Do not write in this space
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Question 1 continued

6)  Which of the following compounds is produced by the reaction of a chloroethane and

benzene in the presence of aluminum chloride under heating?

Cl

Cl

7)  What is the name for the compound shown below according to IUPAC system?

1-ethyl-1,4-dimethylbenzene ik

2-ethyl-1,4-dimethylbenzene CH

5-ethyl-2,4-dimethylbenzene

0000

6-ethyl-2,4-dimethylbenzen

CH,

8) Which of the following reagent reacts with ethanoic acid to produce a salt and

hydrogen gas?

(O Potassium (O Potassium hydroxide

O Potassium manganate (VII) O Potassium carbonates

9) What is the IUPAC name for the compound shown below?

O 2,3-diethylbutanoic acid (|3H3 ﬁ
O 2,3-diethylpentanoic acid H,C C
N NN
(O 2-ethyl-3-methylbutanoic acid H? OH
O 2-ethyl-3-methylpentanoic acid H3C\ /CH\
CH, CHj

Do not write in this space
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Question 1 continued

10)

11)

12)

The pK of difluoroethanoic acid is (1.24). What pK_ would you expect for
trifluoroethanoic acid?

O 375 O 287
O 1.28 O 052

Which of the following statements is not correct about the compound below?

It is tertiary amine

It can act as a base
NH,

It is 2-methyle-2-penta amine

0000

lts molecular formula is C6H15N

Which of the following represents correctly how methylamine would exist when
dissolved in an acidic solution?

H H
.
(O HsC——N——CHj O H3C—T CHj,
H H
H H
+
(@) Hac—T H (O  HC—N—H
H H

Do not write in this space
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Question 1 continued

aoeds siy} ul 9314m jou oQ

14)

following compound?

o

13) What are the structural formulae of the monomers that are used to produce the

T

CH, O CH, O CH, O CH,

HIN—C—C—N—C—C—N—C—C—N—C—COOH

H H H H H H H
Monomer A Monomer B
O NH,CH(CH,OH) CH,OH NH,CH(CH,NH,) COOH
O NH,CH(CH,OH) COOH NH,CH(CH,NH,) CH,OH
@) NH,CH(CH,OH) COOH NH,CH(CH,NH,) COOH
(@8] NH,CH(CH,OH) CH,OH NH,CH(CH,NH,) CH,OH

For the polymer shown below, which of the following options is correct?

O
|

0O

0
—C—(CH2)3—C—O@—O—(IDI—(CHZ)3—

0 0 00

Type of the polymerisation Type of the polymer
Condensation Polyester
Addition Polyester
Condensation Polyamide
Addition Polyamide

Do not write in this space
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Question 2: Extended responses (56 marks)

Write your answer for each of the following questions in the space provided.

Be sure to show all your work, including the correct units where applicable.

15) An experiment was conducted to determine the enthalpy of combustion of liquid
butanol. The energy obtained from burning 5 g of butanol was used to heat 200 g
of water. The temperature of the water rose from 290 K to 360 K. (The specific heat
capacity of water is 4.18 J K- g"1, molar mass (M) of butanol = 74.12 g/mol)

a. Define the term standard enthalpy of combustion.

b. Calculate the value for the enthalpy of combustion of one mole of liquid butanol.

16) Study the following endothermic reaction below and answer the following questions.

CaCO, (s) —> CaO (s) + CO, (g) AH= +572 kJ mol’!

a. What is meant by the endothermic reaction?

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2022/2023

Question 2 continued

b. Complete the energy level diagram below showing the reactants and products
energy level and AH.

Enthalpy kJ/mol ——

Reaction Progress ——

17) Study the following enthalpy cycle for the combustion of ethane. Use the information
in the table and answer the questions below:

AH
2CHg (g) + 70,(g) 4COy (g) + 6HO (D)
AH1 AH2
AHY [CH, (9)] = —84.68 kJ mol”
3CE @ *30:) | Ao [cO, (g)] = -393 ki mol”
AHYH,O ()] = —286 kJ mol”
a. State Hess's law.

Do not write in this space
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Question 2 continued

b.

What name is given to the symbol AHef? Define AHef.

Name of AHY, :

Definition:

Calculate AH of the equation below

2C,H, (9) + 70,(g) — 4CO,(g) + 6H,0(9)

What type of reaction is this?

(O Exothermic (O Endothermic (Shade your answer)

Explain:

The energy flows:

(O To the surrounding (O From the surrounding  (Shade your answer)

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2022/2023

Question 2 continued

18) A series of chemical reactions starting from benzene was carried out as follows. Study
the scheme and answer the following question

+ CH;CH,CI

AICl; + heat

Reaction 1
COOH
eoor Reaction 4 Reaction 3 Reaction 2
B| < — —— > | A| +HQ
Reagent X Chloroalkane . cl,
AICI; + heat + UV light

a. For reaction (1):

(i) What is the type of reaction 1?

(i) Write the mechanism step for reaction 1, which describes the production of
electrophile (the intermediate carbocation).

b. For reaction (2):

(i) Draw the structural formula of compound (A).

Do not write in this space
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Question 2 continued

(ii) Draw the structural formula of the predicted organic product if warm AlCl, is
used instead of UV light.

aoeds siy3 ul 931um J0u oq

c. Draw the structure of the organic compound (B) with the formula CoH,

d. What is the reagent X used in reaction 47

19) Study the following compounds and answer the questions below.

A B C D

a. Which compound is formed when phenol reacts with the 3 moles of an aqueous
chlorine?

b. Which one is more reactive with electrophilic, compound (A) or compound (B)?

O A O B (Shade your answer)

Explain your answer:

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2022/2023

Question 2 continued

20) Compare acyl chlorides and chloroalkanes in terms of:

a. Boiling point.

b. Rate of hydrolysis:

21) Study the reactions sequence shown below. Then answer the following questions:

Compound (A) |+ HCl+ 2H,0

CH,OH
Reaw' N/@/
\ 5 (& 3

!! Compound (D)
™~

O |

CHj

4-methylbenzoic acid

/ Reagent (Y)

CH,CH,OH 5

Compound (B) ~c|
N/©/ + POCl,; + HCI
CHg

Compound (C)

o=

a. Draw the formula of the:

(i) Compound (A)

(ii) Compound (B)

Do not write in this space
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Question 2 continued

b. Write the formula of the:

(i) Reagent (X)

(ii) Reagent (Y)
c. If compound (C) reacts with compound (D):

(i) What is the type of this reaction?

(ii) Draw the structural formula of the organic product.

d. If compound (C) undergoes hydrolysis:

(i) What is the condition for this hydrolysis?

(ii) Draw the structural formula of the organic product.

e. Which one is more acidic:

0
| OH

C
©/ ~OH

(O Benzoic acid (O Phenol

Explain your answer:

(Shade your answer)

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2022/2023

Question 2 continued

22) A sequence of chemical reactions was carried out as follows. Study it and answer the
following questions.

Reaction 1
CHs@NHz CH3@—NENC|_ + H,0
Compound (A) Compound (B)
ONa
Reaction 2 Reaction 3
o}
HN»\CHa Compound (D)

CHj
Compound (C)

a. Forreaction 1:

(i) What is the class of amine of compound (A)?

(ii) What are the required reagents and condition for reaction 1?

(iii) Name compound (A).

b. Draw the structural formula of the compound (D).

Do not write in this space
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Question 2 continued

c. For the compound (C):

(i) Draw the hydrogen bonding formed between two molecules in this compound.

(ii) What is the nitrogen functional group in compound (C)?

(iii) Draw the products for the hydrolysis of the compound (C) in NaOH.

23) The scheme below shows reactions of nitrogen compounds. Study them and answer
the following questions.

CH,COCI

LiAH,

+ CHeCHNH, —— = | X

in dry ether

a. Draw the structural formula of the compound:

(i) X

(i) Y

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2022/2023

Question 2 continued

b. Which one is more basic, alanine or ethylamine?

O Alanine O Ethylamine (Shade your answer)

Explain your answer:

24) The repeat unit of three polymers are shown below:

_\

Polymer (A) Polymer (B)

oO—OQ—>
oO—O0—0

Hq Hsy

n

Polymer (C)

a. For the polymer (A):

(i) Name the type of polymerization involved.

(i) Draw the structure of the monomer used to form this polymer.

Do not write in this space
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Question 2 continued

b. For the polymer (C):

(i) What is the type of this polymer?

(ii) What is the intermolecular forces between adjacent chains of this polymer?

aoeds siy3 ul 931um J0u oq

c. Which one from the polymers above is a conducting polymer? Explain your
answer.

(O Polymer (A) (O Polymer (B) O Polymer (C) (Shade your answer)

Explanation

[End of the Examination]

Do not write in this space
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Question 1: Multiple Choice Items (14 marks)

There are 14 multiple-choice items worth one mark each.
Shade in the bubble ((O) next to the correct answer for each of the following items.

1)

2)

The enthalpy change when one mole of a product is formed from its elements, under
standard conditions is defined as:

The enthalpy change of formation
The enthalpy change of combustion.

The enthalpy change of neutralization.

0000

The enthalpy change of atomization.

Which letter represents the enthalpy change AH?

EnthalpyKJ/mol

Reaction progress —

O A O
O C O

U w

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2022/2023

Question 1 continued

3)

4)

S)

Enthalpy data for the following chemical equation is given in the table below.

CO (g) + H,O(g) —— CO,(g) + H,(9)

Substance CO(g) H,O(g) CO,(9) H,(9)
AHﬁf kJ mol™ -110 —242 -394 0

What is the standard enthalpy change for this reaction?

O -42kJ mol™’ O +42 kJ mol™’
O -262kJ mol™ O +262 kJ mol™

What is the enthalpy change of combustion of propane in kJ mol™', when 0.10 g of
propane was burned if quantity of heat evolved was 5.0 kJ?
(Mr of propane 44 g mol™)

O -800 O -1500
O -2200 O -2900

Which statement is not correct about the electrophilic substitution reaction of
benzene reactions?

In nitration, benzene reacts with NaOH.
Bromination produces 2,4,6-tribromophenol.

AICI, is used with heat in acylation reactions.

0000

An intermediate carbocation is formed only in alkylation.

Do not write in this space
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Semester One - Second Session Academic Year: 2022/2023

Question 1 continued

6)

7)

For the reaction below:

CHs

AICIL, + heat

= . HCl

() + x

Which of the following options is correct about the type of the reaction and the

reagent (X)?

Type of reaction Reagent X
(@) Alkylation (CH3)2CHCH2C|
(@) Acylation (CH,),CHCH.CI
(@) Alkylation (CH;),CHCOCI
O Acylation (CH,),CHCOCI

Which of the following structural formulae is m-chlorobromobenzene?

Br
Cl
O
Br
(@)
Cl

Br

Cl

Cl
Br

Do not write in this space
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Question 1 continued

8) Which of the following reacts with ethanoic acid to produce an ester?

O Methanol. O Tollens' reagent.

O Potassium carbonates. O Potassium manganate (VII).

9) What is the IUPAC name for the compound shown below?

2,3-diethylbutanoyl chloride
2,3-diethylpentanoyl chloride
2-ethyl-3-methylbutanoyl chloride

0000

2-ethyl-3-methylpentanoyl chloride

10) The K, of difluoroethanoic acid is (57.5 x 1073).

What Ka would you expect for trifluoroethanoic acid?

O 0.18x 1073 O 1.35%x10°
O 525x10°3 O 302.0x 1073

11) Which of the following mixtures could form an amide?
CH,CH,_NH, with HNO,

CH,CH,CH,COCI with NH,

CH,CH,CH,Br with CH,CH,NH,

CH,CH,COCI with LiAIH,

0000

Do not write in this space
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Question 1 continued

aoeds siy} ul 9314m jou oQ

13)

12) What is the class of amine labeled 1 and 2 in the compound shown below?

/
HO
NH,
1 2
O Primary amine Secondary amine
@) Secondary amine Primary amine
O Tertiary amine Primary amine
O Secondary amine Secondary amine

For the reaction sequence below:

COCl  NHj; X LiAH,
+ HCI — >
> in dry ether

Which of the following options represents substituents (X) and (Y)?

~

X Y
O — CONH, — CH,NH,
- — CH,NH, — CONH,
O — CONH, — COOH
O — CH,NH, — COOH

Do not write in this space
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Academic Year: 2022/2023

Question 1 continued

14) A polymer is shown below:

0

H

—C—(CHy),—C—N—(CH,),—N——

|
H

n

Which of the following options about this polymer is correct?

Type of the polymerization

Type of the polymer

0 00O

Condensation Polyester
Addition Polyester
Condensation Polyamide
Addition Polyamide

Do not write in this space
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Question 2: Extended responses (56 marks)

Write your answer for each of the following questions in the space provided.
Be sure to show all your work, including the correct units where applicable.

15)

A student mixed 30.0 cm?® of 2.0 mol dm™ potassium hydroxide solution with
30.0 cm? of 2.0 mol dm™ hydrochloric acid in a polystyrene cup.

HCl (aq) + KOH (agq) — KClI (aq) + HZO ()

The temperature rose by 10.0 °C. Assume no heat was lost to the surroundings.

The final mixture had a specific heat capacity of 4.18 J g~' °C™"

a. Define the term standard enthalpy of neutralization.

b. Calculate the molar enthalpy change for the reaction (show your calculations).

c. Isthis an endothermic or exothermic reaction? Explain your answer.

Do not write in this space
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Question 2 continued

16) Study the following chemical reactions and answer the questions below:

H,(g) + ¥20,(g) — H,O()) AH=-300 kJ
N,O,(g) + H,0() — 2HNO,() AH=-90 kJ
N,(g) + 30,(g) + H,(g) — 2HNO(I) AH=-348.2 kJ

a. State Hess's law.

b. Calculate the AH for the following reaction showing all the steps for the

calculation:
2N,(g) + 50,(g) — 2N205(g)

Do not write in this space
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Question 2 continued

17) The diagram shows the enthalpy change of dissolving 8 g sodium chloride (NaCl) in
water to form 600 g solution. (Mr of NaCl =58.5 g/mol, c = 4.18 J .g™".°C™")

Study it and answer the questions below.

A

P Na (aq)+Cl(aq)

NaCl ( s)
30000} — 7777

Enthalpy (J.mol )

Reaction Progress

a. What is the type of enthalpy change (AH) shown in the diagram?

O AH_, O AH; (Shade the correct answer)

b. Calculate the final temperature in °C if the initial temperature was 30 °C.

Do not write in this space
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Question 2 continued

18) The following diagram shows some reactions series of benzene. Study it and answer

the following questions.
CH,CH,

+ HCI
CHZC%
o
O © CH3CH20| © ?\890\\ Cl
Reaction 1 ion 2
Reaction ’?s CHCICHS
Sy,
% (j
24

+ HCI

a. What are the required reagents and conditions for:

(i) Reaction1

(ii) Reaction3

(iii) Reaction4

b. Why do all the carbon-carbon bonds in benzene have the same length?

c. Draw the structural formula of the product if CH,CH,COCl is used instead of
CH,CH_Cl in reaction 2.

Do not write in this space
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Question 2 continued

19) Study the compounds below and answer the following questions.

: .OH : NO, HsC : CH2CHs3
A B C

a. A dilute solution of 3 moles of bromine in water is added to compound (A) at
room temperature. Draw the structure of the product.

aoeds siy} ul 9314m jou oQ

b. Which one is more reactive with chlorine (Clz)?

O Compound (A) (O Compound (B) (Shade the correct answer)

Explain you answer.

c. Draw the structural formula of the product when compound (C) is oxidized by
KMnO,.

Do not write in this space
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Question 2 continued

20) Hydrolysis involves the reaction of an organic compound with water.

Compare between the hydrolysis of propanoyl chloride and 1-chloropropane in the
table below:

Compound (3H3—(3|-|2—C\CI CH3—CH,;—CHJCI

Conditions for the hydrolysis

Rate of the hydrolysis

Organic product

21) Study the reactions sequence below, then answer the following questions:

o |Compound (B)
LiAlH,

CH,CH,CH,COOH
Compound (A) |+ HCI + 2H,0 —» T + NH,Cl

Butanoic acid

Reagent (X)

CH,CH,CH,COCl
s A + S0, + HCI
Butanoyl chloride

a. Write the formula of the:

(i) Compound (A)

(ii) Compound (B)

(iii) Reagent (X)

Do not write in this space
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Semester One - Second Session

Academic Year: 2022/2023

Question 2 continued

b. What is the type of the reaction of butanoyl chloride with ammonia (NH3)?

C.

22) a.

Which one is more acidic ?

O /\)(L
/\)LOH OH
Cl
(O Butanoic acid (O 2-chlorobutanoic acid

Explain your answer:

(Shade the correct answer)

Name the following compounds:

0
Hy
: O
(i) Hsc C NH,
Ha
Ho
H,C C
. e \NHCH3
(ii) H,

Classify the following amines:

() (CH,CH,),NH:

NH»>

(ii)

Do not write in this space

13



Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session Academic Year: 2022/2023

Question 2 continued

c. (i) Which one is more basic? Explain your answer

O (CH,CH,),NH O  NH,

(Shade the correct answer)

Explanation:

NH»>

(ii) Show by drawing the effect of benzene ring in basicity of © :

23) Glycine and Serine are naturally occurring compounds.

NH, NH,
ra
H.C CH,—HC
2 \ / \
CO,H HO CO.H
Glycine (Gly) Serine (Ser)

a. Explain why Gly has acid and base properties.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - Second Session

Academic Year: 2022/2023

Question 2 continued

b. Draw the structure of the zwitterion formed by Glycine.

c. What type of reaction do amino acids undergo to form proteins?

d. Draw the structure formula of the dipeptide Ser-Ser and label the peptide bond

on your structure.

Do not write in this space

15
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Question 2 continued

24) The repeat unit of two polymers are shown below:

1 e A
c—-cC ——!3|—(CH2)3 c l!l @N——
[ [ |

s H i o H
B 4 A
Polymer (A) Polymer (B)

a. For the polymer (A):

(i) Name the type of polymerisation involved.

(ii) Draw the structure of the monomer used to form this polymer.

b. For the polymer (B):

(i) What is the type of this polymer?

(i) Draw the structure of the monomer(s) used to form this polymer.

Do not write in this space
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Semester One - Second Session
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Question 2 continued

C.

Explain why polymer (B) is stronger than polymer (A).

[End of the Examination]

Do not write in this space
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Question 1: Multiple Choice Items (14 marks)

There are 14 multiple-choice items worth one mark each.
Shade in the bubble ((O) next to the correct answer for each of the following items.

1)

2)

The scheme below shows two steps reaction:

dropwise NH,(aq) A excess NH,(aq)

2+ B
[Cu(H,0)el reaction 1 = reacion2

Which of the following options is correct for these steps?

Colour of compound A | The complex ion of Compound B
) blue [Cu(NH,),(H,0),F*
O purple [Cu(H,0),(CH),]
) purple [Cu(NH,),(H,0),F*
@) blue [Cu(H,0),(CH),]

Which of the following options about the complex ions is correct?
Geometrical Shapes
[Ag(NH,),I* [Cr(H,0),13*
(@8] linear tetrahedral
(@8] octahedral tetrahedral
(@) linear octahedral
O octahedral octahedral

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry

Semester One - First Session

Academic Year: 2021/2022

Question 1 continued

3)

4)

A cation Ni?* forms a complex ion with four CN~. Which of the following options is

correct? (Atomic number of Ni = 28)

Structure of the complex ion

Electronic configuration of Ni2*

NG, N
Ni© [Ar]3d84s2
_ TN s
Ni-i,,, [Ar]3d®4s?
NC/ ‘ CN
CN
C’3N
Ni .., [Ar]3d®
"ICN
NG l
CN
— =0
NG, CN
[Ar]3d®

N
: NC/ \CN i

Which statements about the Fridel-Craft reactions is not correct?

0000

Acylation produces a ketone.

In acylation, benzene reacts with acyl chloride.

Uses AICI; with heat in both alkylation and acylation reactions.

Formation of an intermediate carbocation occurs only in alkylation.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2021/2022

Question 1 continued

5)  Which of the following represents the meta substitution in those compounds?

OH
Cl O,N Cl
- e
Cl

COOH
O,N

0
0

6) Identify the compounds that can form the same product when added to KMnO, and
heated with a basic solution:

CHj CHs CHs
HaCH,C CHs CHs HaC
; CH, HaC CHy
CH,CHs i
A B C D
O AandC O BandC
O B,CandD O A,BandD

7)  Which of the following properties about carboxylic acids is correct?

All carboxylic acids can not be further oxidised.
Electron-withdrawing groups decrease their acid strength.

They form salts when they react with metals, alkalis and carbonates.

0000

Their acid strength increases by electron-donating groups.

Do not write in this space
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Question 1 continued

8) Which of the following statements about the compound below is correct?

O

W
CH3CH2CH2—C/

OH

It can be formed from CH3CH2CH2C =N.
It forms Hz(g) when it reacts with carbonates.

Its acidity strength is increased by the alkyl group.
It is oxidized to CH,CH,CH,CH,OH by the use of LiAIH,.

0000

9) A compound R has the following properties:

It is an aryl compound and is produced by reacting an acyl chloride with 1 mole of

NH,.

Which structure could represent R?

o)
c{ /O

NH, ‘.

NH,
C ~

\\O

0 0
/ /
O H;C—C O H;C—C
NHCH,CH, NH,

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2021/2022

Question 1 continued

10)

11)

12)

A compound X can be converted into compound Y in a single step.

//
//O + base CH3CH2C\
CH3CH,C

Which option could be X?

O H00C© O cmcn;oo@

Which of the following statements about amines is not correct?

They are basic.
They are soluble in water.

They react with acids to form salts.

0000

They react with water to produce H™.

Which nitrogen functional groups are present in the compound shown below?

(O Secondary amine and amino acid. Q /CHa
O Tertiary amine and amide. Elo N
(O Secondary amine and amide. |
(O Tertiary amine and amino acid. 2 T
CHs3

Do not write in this space
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Question 1 continued

13) Which of the following is the zwitterion for alanine?

H CH, H CHj
\N+ C, H \N +c, H
—C 1 —C
O H7J \ ) O H7) \ )
H c—O H c—O
// //
o 0
H CH H CH
\ o 3H \e [ 3H
- ) —_— v
O H7/ O H7)
H Cc—O H c—0O
o// //

14) For the series reactions below:

CH,COCI
+H,0 +H" v
heat with H,SO (aq) * NH4

Which of the following options represents (X) and (Y)?

X Y
CONHCH; CH,COOH
° O O
CONHCH; COOCH;
CH,CONH, CH,COOH
- @ O

CH,CONH, COOCH;

°C g

Do not write in this space
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Question 2: Extended responses (56 marks)

Write your answer for each of the following questions in the space provided.

Be sure to show all your work, including the correct units where applicable.

15) Chromium is a transition metal with the atomic number 24. Study the complex ion
shown below, then answer the following questions.

_ O\\ -
'y 13-
Otc/ o
\ . 0
(0] P \C//
- » i é
_____ ) N \Y
T
=C (0]
O \C/
Il
— O —

a. From which d-block does the chromium atom belong?

b. Write the electronic configuration of a chromium atom and a chromium ion using
[Ar] to represent the argon core.

Chromium atom

Chromium ion

c. Explain why chromium is an exception in the general trend when filling the
electrons in the subshells.

d. State two characteristics of the metal Cr as a transition metal.

e. Write the molecular formula of this complex ion.

f. How many dative bonds (co-ordinate bonds) are formed in this complex ion?

Do not write in this space
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Question 2 continued

g. What is the charge of the central metal in this complex ion?

h. What is the type of ligand in this complex ion (monodentate or bidentate)?

Explain your answer.

i. How many pairs of electrons are donated by all ligands in this complex ion?

jo  What is the ligand in this complex ion?

16) Phenol is an aromatic compound that has the structure below:

O—H

a. Write the equation of a phenol reaction with:

(i) NaOH

(ii) 3 moles of Br,

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2021/2022

Question 2 continued

b. What type is reaction (ii)?

c. Name of the compound produced in reaction (ii)

d. Which compound, phenol or benzene, is more reactive?

Explain:

17) A solution of aryl compound (Z) undergoes two reactions (1 and 2) as shown below:

CsHs—-NO:
/ Reaction (1)
M AICL,
\ ﬁ Y + HCI

Reaction (2)

0

a. Write the formula of X:

b. Draw the structure of compound C,H, — NO,

c. Write the equation for reacting 3 moles of H, with compound Z.

Do not write in this space
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Question 2 continued

d. Complete the table below for compounds Y if using different reagents of M in
reaction 2.

M Y

Cl

2

CH,CH,COCI

18) Both chloroalkanes and acyl chlorides react with water, but only acyl chlorides
produce steamy fume in moist air.

a. ldentify the product that causes the fumes in the reaction of acyl chlorides with
water.

b. Which one is more reactive chloroalkanes or acyl chlorides, and which one’s rate
of hydrolysis is faster?

c. Explain why the reactivities of chloroalkanes and acyl chlorides differ.

d. Which would you expect to have a higher boiling point, chloroalkanes or acyl
chlorides?

Do not write in this space
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Question 2 continued

e. Complete the following table for the two reactions.

f.

The reaction

The condition

Type of the organic
products

Hydrolysis of acyl chlorides

Carboxylic acid

Hydrolysis of chloroalkanes

Heat under pressure at

100° C

Draw the structural formula for an acyl chloride with four carbons.

19) Write the symbol of the correct compound given in the table below in the spaces

provided for the following statements:

a.

b.

C.

A B ’ C o
7
H Cl
It has the least rate of hydrolysis. ()
It forms amide by its reaction with ammonia. ()
It is a derivative of carboxylic acid and has the least value of pka. ()

Do not write in this space
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Question 2 continued

20) A series of two chemical reactions starting from compound X was carried out as
follows. Study it and answer the following questions.

COOH
+2 PCls s A + 2POCI; + 2HCI
COOH
Compound X 2 CH;CH,NH, | Reaction (2)

B -2 HcCl1

a. Draw the structural formulae of compounds (A) and (B) in the table below.

Compound (A) Compound (B)

b. Arrange compounds (X), (Y) and (Z) according to their acidity in the following
table from the least acidic to the most acidic.

COOH Cl COOH H;C COOH
COOH Cl COOH H;C COOH
Compound (X) Compound (Y) Compound (Z)
The weakest acid (The The medium acid The strongest acid
least acidic) (The medium acidic) (The most acidic)

Do not write in this space

12

aoeds siy3 ul 931um J0u oq



aoeds siy} ul 9314m jou oQ

Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2021/2022

Question 2 continued

21) Four chemical reactions were carried out as shown below. Study them and answer the

Compound (A) | + HCI

following questions.

Sn + conc. HCI
~ heat
Reaction (1)

Br

NHy ————

Reaction (3)

Compound (B)
\’& g>
Compound © +2HBr

a. For reaction (1):

(i) What type is this reaction?

(i) Identify the substituent (X).

b. Draw the structural formula of compounds (A) and (B):

(i) Compound (A)

(ii) Compound (C)

c. ldentify the following:

(i) The name of the nitrogen functional group formed in reaction (2).

(i) The reagents and conditions for reaction (3).

Do not write in this space
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Question 2 continued

d. When a solution of compound (B) is added to an alkaline solution of a phenol, an

electrophilic substitution reaction takes place.

(i) What is the name of this reaction?

(i) Write the equation of this reaction.

22) Proteins are present in all living organisms. The structures of two amino acids are
shown below. Study them and answer the following questions.

NH, NH,
H,C—HC CH,—HC
AN / N
CO,H HO CO,H

Alanine, Ala Serine, Ser

a. What type is the reaction that amino acids undergo to form proteins?

b. Draw the structure formula of the dipeptide Ala-Ser and label the peptide bond
on your structure.

Do not write in this space
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Question 2 continued

c. Which one is more basic?

O Alanine (O Diethylamine (shade your answer)

Explain your answer in term of the basicity of each compound.

[ End of Examination ]

Do not write in this space

15



Diploma, Bilingual Private Schools, Chemistry Semester One - First Session Academic Year: 2021/2022

16




Sl ougaillg puliall j4p0

The Center for Educational Assessment
and Measurement (CEAM)

F T
Ol e iz
PACE Vg P e
Twrt A )gk)()(}

(a2l d5L3) dold! puylaal plall eudsddl pglsd Olowial
XYY/ YeXY - o VeEY qulyul plall
JoVI (gwlydl Juadll - GI H9ul

Olele &M DY oy o
N Byl § DY)

eloSl Bol) o rdas
.ag@o(w)@ﬂ:wiu .«

¥y Tals cailoxtel 85 piwl (oo ST Gl oz
GBIb dalug i dis Jgbus 529 « Gran pdy Blid (Fady
DY o Lyt azy disll]

& Loy plell pulstl] psbd Sbloxtal 3yls] balgdy ¥l oy
OlehoVly jolal) clo,=s Julgall ody) dddlse dls olgiue
Y10 / OM 3y 338l 5L ladls osaill Slsaslly

G el ol AL Glowzel) il (s DloYl puiil] ey
.(ay&l 5?

Jallany susie (e sLisYl Al (e LloYb padehl pody

13V gdgadl 335 () Uil

oo Oloe ddalw d oole

e O 3,0 O

sbsl O hin. @B

G

wiss ploy)l o)l plasuls () S Jlbss oy :dlasdle

sl ely2Y Dlisy pransl lasdl

tdage Olowlss

sy oo JBVI e 338 siie U Oloael) Ao ] ssandl
Ol ()

Oblally geelall Lajlials dsgl) Cos bs Jool jlas]
(OsSIU dasUl of palbly clawd) dalasall) s3lb pha¥l o
22 00 gl S ge Gltiegy ¢ SR goudl g3l
Oloaiil] groz e gigs cplell 3oy ph¥l b iy onslesll
Ol Olelig 3,4 Jsls Oladl slas)

JYI sladl 85800y DY) ilga)) Llshol gusaekl e sy
LS A3yl Olells duassdl Cowlssdly poadl Ty
casdly Casally Cdlebly dao jed) daall OIS duwlsd] C&YYIg
5 Balodl CVs dygudl CSlasdly ), Sikls 3y dcwlyul)
Oloa¥l @BYe & o5 STy lasss O Ll dolul

Jlsb 5S40 dsls Giadd) OlslaY JlaaYl gomebl Js o
Oladl bl




Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One Academic Year: 2021/2022

Lyowoual et Y <83;12




aoeds siy} ul 9314m jou oQ

Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One Academic Year: 2021/2022

Question 1: Multiple Choice Items (14 marks)

There are 14 multiple-choice items worth one mark each.
Shade in the bubble ((O) next to the correct answer for each of the following items.

1)  Which of the following transition elements has the lowest oxidation state in its
complexes?

O zn O Cu
O Mn O Cr

2)  Which of the following about [Cr(CZO4)3]3' complex ion is correct?

Five-membered rings formed between ligand C2042' and chromium ion
Three dative covalent bonds are formed in this complex ion

The C2042' is a monodentate ligand

0000

The oxidation number of the Cr in this complex ion is +2

3)  Which of the following represents the correct option for this complex
[Co(NH,),(H,0)CIICL,?

Oxidation state Shape of the Overall charge
of Co complex ion of the complex in
(@8] +2 Octahedral +2
(@8] +2 Tetrahedral +1
@) +3 Octahedral +2
@) +3 Tetrahedral +1

4) Benzene can undergo addition reaction when it reacts with:

(@) Cl(AICI,/warm) (@) H,(Ni/200°C, 30 atm)
(@) HNO,(conc.H,SO, , T < 55°C) (@) CH,CI (AICI,/heat)

Do not write in this space
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Question 1 continued

5) What is the name of the compound below?

(O m-chloronitrobenzene
O m-nitrochlorobenzene

(O p-nitrochlorobenzene

O p-chloronitrobenzene 02N

@

6)  Which of the following can give the same product when added to methylbenzene and
ethylbenzene separately?

O Cl, + AICI, with heat

@) Conc.HNO, + conc.H,SO,
(@) 3H, + Ni (200°C and 30 atm)
O KMnO ,(heated with OH") + H”

7)  The compound CH,CH,COCl is classified as:

alkyl chloride
acyl chloride

aryl chloride

0000

chloroalkene

8)  Which of the following statements about the reactions of ethanoic acid is incorrect?

Less acidic than ethanol
Can form ester when reacts with ethanol

Can form salts when reacts with alkalis

0000

Can be further oxidized by warm acidified manganite (VII)

Do not write in this space
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Question 1 continued

9)

10)

For the reaction below.

OH X
2 + 2Na —_— 2 + Y
0 (0]

Which option is correct about X and Y?

X Y
(@8] Na COyy
O Na Hog
O O Na”* o
- O Na* €O,

The table below shows the consuming of three compounds in 5 minutes when they

react with water.

Compound Percenta%e dissociation irr
(1.0 moldm™) aqueous solution
A 0.80%
B 0.73%
c 1.0%

The correct choice for the three compound is:

COOH COOH COOH
CH, ((?
O B C A
O C A B
O A B C
@) B A C

Do not write in this space
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Question 1 continued

11)

12)

13)

Which of the following statements about ethylamine is incorrect?

It is a basic compound
It is a secondary amine

It is soluble in water

aoeds siy3 ul 931um J0u oq

0000

It reacts with acids to form salts

Which of the following options about the nitrogen functional groups of each
compound is correct?

CHj3
N
O f|\| |
CHs CH3

O amine amine
O amine amide
O amide amine
O amide amide

Which of the following is not a dipeptide?

0

H,NCH(CH,)CO,H
H,NCH,CONHCH(CH,)CO,H
H,NCH(CH,)CONHCH,CO,H
H,NCH(CH,)CONHCH(CH,)CO,H

00

Do not write in this space
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Question 1 continued

14) For the reaction below:

CH,CH,CN .
H2 + N1

Which of the following options is the product (X)?

CH,CH,NH,

CH,CONH,

Do not write in this space

CH,CH,CH,NH,

CH,CH,CONH,
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Question 2: Extended response (56 marks)

Write your answer for each of the following questions in the space provided.
Be sure to show all your work, including the correct units where applicable.

15)

A transition metal ion Cu?* can form a complex ion with six H,O ligands.

a.

What is meant by transition metal?

Which one, copper or calcium metal has a higher density?

Which one, zinc or copper has a higher melting point?

Write the electronic configuration of a copper (Cu) atom and a copper (Cu?*) ion
using [Ar] to represent the argon core. The atomic number of copper is 29.

Cu atom

Cu?tion

How many pairs of electrons are donated by the six H,O ligands for the expected
complex ion?

What is the type of ligand (monodentate or bidentate) in this complex ion?

Do not write in this space
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Question 2 continued

g. Draw the three-dimensional shape of the complex ion formed by one Cu?* ion
with six H,O ligands and include the overall charge.

h. What is the colour of this complex ion?

i. Ifall ligands (H,O) of this complex ion are replaced with three C2042' ligands to
form new complex ion with copper ion Cu?*.

(i) Write the replacement reaction of C2042' with Cu?* ion.

(i) How many dative bonds (co-ordinate bonds) are formed in the new complex
ion?

(iii) What is overall charge of the complex ion?

Do not write in this space
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Question 2 continued

16) Propylbenzene is a type of alkylbenzene and has the structure below:

a. Write the equation for the reaction of propylbenzene with:

() Cl,+UVlight.

(i) KMnO, heated with OH" and then H™ is added.

b. When Br, reacts with benzene, in the presence of AICIB; write the mechanism
step, which describes the production of electrophile (the bromine cation).

Do not write in this space
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Question 2 continued

c. Name of the compound below:

Cl

Cl

17) Study the scheme below and answer the following questions:

C,H,Br
+ 3HBr + HBr + HBr
Reaction 1 Reaction 2 Reaction 3

a. What type is the above reactions?

b. Which compound (A, B, or C) represents benzene?

Do not write in this space
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Question 2 continued

c. Which reaction (1, 2 or 3) needs 3 moles of Br,?

d. Draw the structures of compounds that are produced in reactions 1 and 2 in the
table below.

Compound C,H,0Br, C,H.Br

Structure

18) A series of three chemical reactions starting from butanoic acid was carried out as
follows. Study it and answer the following questions.

I
\/\C—OH > B + H;3PO,4

LiAlH, l C
0

\/\g_ N

Ir + HCIl
H

a. Which agent represents A?
O PCI3 O SOCI2 (shade your answer)

b. Draw the structure of compounds (B) and (C)

(i) B: (i) C:

Do not write in this space
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Question 2 continued

c. What is the reaction name that produces the compound D?

d. Name the compound B.

e. If we want to return compound (B) back to butanoic acid, which reagent is used?

19) The following grid shows the formulae of four organic compounds with the same alkyl
chain (R). Study it and then answer the following questions below.

A B C D
H H
| . 0
R e C == C| H R=—C=——OH
| R—C—OH | R—C—=Cl |
H H

a. Write the symbol of the correct compound given in the grid above in the spaces
provided for the following statements:

(i) Which one reacts readily with phenols to form ester (

(ii) Which one (A or B) has faster rate of hydrolysis (

b. Which one (A or C) boils at higher temperature?

Explain:

Do not write in this space
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Question 2 continued

c. What type of organic compounds that is produced when compound (B) reacts with:

(i) Ammonia:

(ii) Alcohols:

aoeds siy3 ul 931um J0u oq

d. Show the mechanism of the reaction of compound (C) with ammonia.

e. Name the compound (B) if (R = CH,CH,CH,CH.).

20) The following grid shows the formulae of four nitrogen compounds. Study it and then
answer the following questions below.

A ; B NH,
/
HyC~CH, =N HsC—HC
CH N\
3 CO,H
C NH, D
7 Va
H—HC H3C~CHp=C]
N

a. Classify the following:

(i) Compound A:

(i) Compound C:
b. Name the following:

(i) Compound A:

(i) Compound D:

Do not write in this space
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Question 2 continued

C.

Write the equation for reaction of:

(i) Compound A with water:

(ii) Hydrolysis of compound D under basic condition.

(iii) Compound A with ethanoyl chloride (CH3COCI).

If compound B reacts with compound C:

(i) What type is this reaction?

(ii) Name the bond formed between them.

(iii) Draw the structure formula of the product.

Which one is more basic:

O Compound B (O Ethylamine (shade your answer)

Explain your answer in term of the basicity of each compound.

[End of the Examination]

Do not write in this space
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