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Diploma, Bilingual Private Schools, Chemistry Semester Two - 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.

1)  Which of the following statement is correct?

(O A complex consists of a central metal only.
(O All transition metals form colorless complexes.
(O Transition metals display variable oxidation states.

(O Aligand accepts a pair of electrons from a transition metal.

2)  Which complex has no overall charge (x = zero)?
O [cucl]? O [Cu(H,0),
(@) [Cu(HZO)4(OH)2]x (@) [Cu(NH3)4(H20)2]x

3) What is the correct oxidation state for Cr in the complex [Cr(HZO)(SCN)(OH)4]2‘ ?
O -3 O o
O +2 O +3

4) When the concentration of (A) was changed from (0.20 mol dm™) to (0.40 mol dm™)
the reaction rate R = K[A]" was doubled. What is the order of the reaction?

O o O 1
O 2 O 3

5) The rate equation for the following reaction is found to be R = k[H2] [1,].

H, (9) + 1, (9) — 2HI (9)

The rate (R) = 4.24 x 107 mol dm™ s™" when [H,] = 0.150 mol dm™ and [,] = 0.250
mol dm=3. What is the rate (R) value in mol dm™ s~ when [H,] = 0.300 mol dm=3 and
[I,] = 0.200 mol dm™ ?

O 0.00678 O 0.00846
O 0.113 O 0.141

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2022/2023

Question 1 continued

6)

7)

8)

Which of the following graphs represents the second order reaction?

A

@ 9

O & O ©
Rl Rl

Q Q

O % O %
Rl Rl

Which of the following is correct in a neutral solution at 25 °C?
O pHisequal to [H;0"][OH]

@) [H,0"] and [OH] are equal

@) K, valueis 1.0 x 10~ mol® dm™

O [OHTvalueis 1.0 x 107* mol dm™

A buffer solution is made from NH,OH and NH,Cl chloride.

What happens when a small amount of acid is added to this buffer?
H*(aq) in the acid combine with NH,Cl

NH4+(aq) ions dissociate to make more NH,

H*(aq) in the acid combine with OH™ to make H,O

0000

H¥(aq) in the acid prevent dissociation of the NH,OH

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

Question 1 continued

9) The titration curves below were obtained using different acids and bases, each with a
concentration 0.1 mol dm™. Which curve represents titration of adding ethanoic acid
to 25 cm? of potassium hydroxide?

14 14

—eee

12 12
10 J— 10
8 B N
pH 6 f pH 6
4 B
O > » O 2
. " 0

0 10 20 10 40 0 10 20 10 40

Volume of 0.1 mol dm™
solution added / cm?

Volume of 0.1 mol dm
solution added / cm*

14 14
12 12
10 10
5 s
PH 6 pH 6
O 4 O 4
o " e
0 0 20 30 40 0 0 20 30 40
Volume of 0.1 mol dm™ Volume of 0.1 mol dm*
solution added / cm? solution added / cm?

10) The graph below shows four curves for the titrations of different acids with NaOH
solution.

D

Volume of NaOH (cm?)

Which titration curve represents the titration of an acid with the smallest K_ value?

O A O B
O C O D

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry

Semester Two - First Session

Academic Year: 2022/2023

Question 1 continued

11) Which of the following options correctly describes the oxidizing and the reducing
agents in terms of electron transfer?

12)

13)

Oxidizing agent

Reducing agent

gain electrons

lose electrons

gain electrons

gain electrons

lose electrons

lose electrons

0000

lose electrons

gain electrons

What is the reducing agent in the following reaction?

MnO2 + 4HC| —— MnCI2 + 2H20 + CI2

O MnO2
O MnCl,

O Hcl
O a,

Which of the following options is correct for the voltage cell below?

X rod —

X Fe™*
Mass of X rod Mass of Fe rod E? for X2*/X
O increase decrease 0.19
@) decrease increase 0.19
O increase decrease -0.19
O decrease increase -0.19

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

Question 1 continued

14) Two experiments were conducted with the following results:
ZF
—

Experiment (1) Experiment (2)
No reaction Color change

=

Which of the following options is correct about the E? values for each metal
ion / metal half-cell?

E’=040V | E’=-081V | E’=-241V
O 7%z Y2 /Y X?*/X
O X2/ X 7%*/7 Y)Y
O Y2*/Y X2/ X 7%*/7
O 77 XZ+/X Y)Y

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2022/2023

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) The compound [Co(NH3)4C|2]CI is a complex containing both chloride ions and
ammonia molecules as ligands.

a. Define the term complex ion.

b. Explain why a transition metal can form a complex ion.

c. What is the oxidation state of cobalt and the co-ordination number of the
complex in this compound?

Oxidation state of cobalt

Co-ordination number of the complex

16) Study the following table, then answer the questions below:

A B C D
[NI(CN),I*~ [Pt(H,0),CL] [Cu(en),** [Co(H,0), %

a. Only write the "d" orbital electronic configuration of each the metal ions in the
following complex ions:

Complex A:

Complex D:

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

Question 2 continued

b. Complex (B) has two geometric isomers (cis and trans). Draw the two isomers
showing the three-dimensional shape of the bonds.

cis trans

c. For complexion (C):

(i) What is the type of ligand in complex ion (C)?

(O Monodentate (O Bidentate (shade the correct answer)

Explain your answer:

(ii) How many pairs of electrons are donated by all the ligands in complex ion (C)?

d. What color is complex ion (D)?

e. When complex ion (D) reacts with 2 moles of hydroxide ions (OH") it forms a new
complex (X).

(i) Write the equation for this reaction.

(i) What is the shape of the complex (X)?

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2022/2023

Question 2 continued

17) The graph below shows the change in concentration of ethyl chloride for the
following reaction:

CH,CH,Cl (g) — HCl (g) + C,H, (g)

L
R

[ CH3CH,CI] / mol dm3

>
100 200 300 400
Time (h)
a. What is meant by the term rate equation?
b. What is meant by the term the half-life of the reaction?
c. Using the graph above deduce the order of the reaction.
(O Zero order (O First order (O Second order

(Shade the correct answer)

Explanation

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

Question 2 continued

18) Nitrogen dioxide reacts with ozone as shown below.
2NO,(g) + O4(g) — N,O.(g) + O,(q)

From the following experimental results obtained for the kinetics of the reaction
between NO, and O, answer the following questions:

Experiment | [NO,(g)l/ mol dm™3 [03(g)]/ mol dm™3| Initial rate/ mol dm™3 s’

1 0.25 1.25 5.1 x 10
2 0.50 0.625 5.4 x 10
3 0.50 1.25 10.9 x 10°

a. Deduce the order of reaction with respect to:
[NO,(g)}
[O,(9)l:

b. Write the rate equation for the reaction between NO,(9) and OB(g).

c. Use the data in experiment 3 to calculate the value of the rate constant, k.

d. With respect to [NOz(g)], what is the change succussive half-lives of this reaction?
(O Constant
O Decrease with time

O Increase with time (Shade the correct answer)

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2022/2023

Question 2 continued

19) The K, values for some acids are listed below. Use them to answer the following

questions.
Acid K, at 25 °C (mol dm™)
CH,COOH 1.7 x 107
HCOOH 1.6 x 107
HCN 4.9 x 1071°
HF 5.6 x107

a. Which one of the above acids has the highest value of pK_?

b. For methanoic acid (HCOOH):

(i) Write an expression for K_ for methanoic acid.

(ii) Calculate the pH of a 0.08 mol dm™ solutions of HCOOH acid.

20) The following graph shows the pH curve for the titration of different acids and bases.
Study it to answer the questions below:

140 +

12.0 =

10,0

8.0
6.0 j_/—a//
4.0

_/

0.0 10.0 20.0 30.0

pH

o
20 _______ia;_————f-'-—

0.0

Volume of base added/ cm3

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

Question 2 continued

a.

What type is each titration in terms of acid and base strength?

- Curve A:

- Curve B:

What is the equivalence point for each titration?

- Curve A:

- Curve B:

Why is phenolphthalein (8.2 - 10.0) a suitable indicator for the titration curve B?

21) The following table shows the pH change after adding a small amount of acid or base

to solution (A) and (B). Study it to answer the questions below:

a.

pH of solution

Solution pH of solution
After adding acid | After adding base

A 5.00 2.00 12.00

B 5.00 4.98 5.02

Which one is a buffer solution? Explain your answer.

O A O B (Shade the correct answer)

Explanation:

A buffer solution is prepared by adding 1.0 dm?® of 0.20 mol dm™ of a weak acid,
HA, (K, = 1.6 x 107* mol.dm™) to 1.0 dm® of 0.20 mol dm™ sodium salt, NaA.

(i) Define the term buffer solution.

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

Academic Year: 2022/2023

Question 2 continued

(ii) Calculate the pH of this buffer solution.

22) For the standard hydrogen electrode:

a. State the standard temperature and pressure.

b. Write the formula for the aqueous positive ions.

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

Magnesium

rod —¢ — Y

Mg+ |©

half-cell (1) half-cell (2)

Do not write in this space

12

——

X electrode

Fes+

Fe2*
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Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2022/2023

Question 2 continued

a. What is the name of (X) shown in the figure above?

b. Write the half-equation for the reaction that occurs in the half-cell (1).

c. For the half-cell (2):

(i) What is the substance made of (Y) electrode?

(i) What is the concentration of Fe3*?

d. What is the direction of electron flow in this electrochemical cell?

e. What would happen to the mass of magnesium electrode during the reactions
that occur in this cell? Explain your answer.

f. Write the cell notation for this cell.

g. Calculate the E° value for this cell.

Do not write in this space

13



Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2022/2023

Question 2 continued

24) An aqueous solution of sulfuric acid was electrolyzed using inert electrodes as shown
below:

l___ direct current
_ power supply

positive negative
electrode electrode
(anode) (cathode)

inert
electrodes
7,

electrolyte
HzSO4(8(])

NN
\

a. ldentify the ions which will be oxidized and reduced in the anode and cathode,
respectively:

In the anode:

In the cathode:

b. What is the substance liberated during this electrolysis in:

The anode:

The cathode:

[ End of Examination ]

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

Semester Two - First Session

Academic Year: 2022/2023

Electrode reaction ECIV

Fo+2e° =  2F +2.87

8,05+ 2e° =  2S0,° +2.01
H,0,+2H +2e —  2H,0 +1.77
MnOs +8H'+5¢- —  Mn?" +4H,0 +1.52
PbO, +4H'+2e~ —  Pb* +2H,0 +1.47
ChL+2e = 2CI” +1.36

Cr,0;4 +14H* +6e —  2Cr*+7H,0 +1.33
O,+4H +4e° —=  2H,0 +1.23
Br, + 2e” = 2Br +1.07
CIO-+H,0+2e _  CI +20H" +0.89
NO; + 10H" +86 _~  NH, +3H,0 +0.87
NO;, +2H"+e =  NO,+H,0 +0.81
Ag'+e — Ag +0.80
Fe**+e= —  Fe* +0.77

I, + 2e” = 217 +0.54

O+ 2H,0+4e” —  40H" +0.40
Cu*+2e — Cu +0.34

SOZ +4H" +2e — SO, +2H,0 +0.17
S +2e =  Sn* +0.15
S0 +2e = 25,04 +0.09
2H'+26 — H, 0.00
Pb**+2e~ — Pb -0.13
Sn**+2e- —  Sn -0.14

Fe* +2e° = Fe -0.44
Zn*+2e° = Zn —0.76
2H,0+2e~ o Hp + 20H" -0.83

V¥ 428 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 Two - Second 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.

1)  Which of the following ligands is a bidentate ligand?
2—
O NH, O C,0,
O CN- O OH-

2) What is the electron configuration of Fe ion in the complex [Fe(HZO)SOH]2+?
O [Ar]3d° O [Ar]3d°
O [Ar] 3d° 452 O [Ar] 3d° 4s'

3)  Which of the following options about the [Cr(HZO)SCI]2+ complex ion is correct?

Geometrical Shapes | Oxidation state of chromium
O tetrahedral +3
O octahedral +2
O tetrahedral +2
@) octahedral +3

4) The graph below shows the half-lives measured for a reaction.

Which of the following options about this reaction is correct for this graph?

Reaction order Half-life

independent of the initial

first-order )
concentration

independent of the initial

second-order .
concentration

Concentration

dependent on the initial

first-order .
concentration

0 0 0 O

dependent on the initial

second-order )
concentration

Do not write in this space



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

Question 1 continued

Use the following information to answer questions (5 and 6).

For the reaction below,

5)

6)

7)

8)

2C|O2 (ag) + 20H (aq) — C|O3_ (aq) + ClOz_ (ag) + H,0O ()
The rate law is rate = k [CIOZ]2 [OHT]

What is the reaction rate unit of this reaction?
O dmPmol's™! O dm®mol™?s™
O moldm3s™! O molTdm™3s™

Which one of the following statements about this reaction is correct?

(O The reaction is second order in overall.
(O The reaction is second order with respect to OH™.
(O The half-life of this reaction is constant with respect to ClO,,

O if [CIO,]is doubled, the reaction rate will increase by a factor of 4.

What is the value of Kw at 25°C?

O 1.0x10™ O 1.0x1077
O 1.0x107" O 1.0x10™™

If [H"] at an equivalence point is calculated to be 1.0 x 107> mol.dm™ for a particular
titration, which of the following acid-base indicators is more suitable for this titration?

Indicator pH range
) Methyl orange 3.2-4.4
@) Methyl red 4.2 - 6.3
@) Phenol red 6.6 - 8.0
@) Phenolphthalein 8.2 -10.0

Do not write in this space
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Question 1 continued

9) What type of titration is represented by the pH curve below?

A
14

9

7

pH
5
3
0 10 20 30 40 50 60 70 80 90 100 110
(O Strong acid-weak base (O Weak acid-strong base
(O Strong acid-strong base O Weak acid-weak base

10) The graph below shows four curves for the titrations of different acids with NaOH
solution.

pH

D

Volume of NaOH (mL)

Which titration curve represents the titration of an acid with the highest Ka value?

O A O B
O cC O D

11) Which of the following occurs in a reduction reaction?

O gain protons O loss protons

(O gain electrons O loss electrons

Do not write in this space
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Question 1 continued

12) For the reaction in this equation:

PbO(s) + CO (g) — Pb(s) + CO,(g)
What is the oxidizing agent in this reaction?

O PbO O co
O pb O co,

13) Which of the following options is correct for the voltage cell below?

— Fe rod

Fet*
X electrode E® cell (V)
@) Cu 0.10
@) Zn 0.32
O Cu 0.78
@) Zn 1.20

14) Which of the following pairs in the reaction between them is not feasible?
O Ag*, Mg O cu?, Mg
O zn?**, Cu O Ag*,Cu

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.

Study the following two reactions:
2
[Cu(H,0),*" + 4NH, — A +4H,0
[Cu(H,0),J** + 4CI" —— B + 6H,0

15) a. (i) Define transition elements.

(i) Write the formula of the complex ion A.

(iii) Draw the shape of the complex ion A. Your drawing should clearly show a
three-dimensional shape and include the overall charge on the complex ion.

b. Explain why copper is an exception in the general trend when filling electrons in
the subshell.

c. (i) Write the formula of the complex ion B.

(i) What is the shape of the complex ion B?

Do not write in this space
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Question 2 continued

16) When the complex ion [Co(HZO)é]2+ is treated with NH2CH2CH2NH2 (en) ligand, the

2+
N

complex ion [Co(en) is formed.

a. Define the term ligand.

b. What is the oxidation state of cobalt and the co-ordination number of the
complex ion formed?

Oxidation state

Co-ordination number

c. What type of ligand is formed in this complex ion?

d. How many pairs of electrons are donated by the three ligands in the complex ion
formed?

e. Which of the following options cannot form a complex with cobalt? Explain your
answer.

O NH3 O CH,CH, O HZQ (Shade the correct answer)

Explanation:

Do not write in this space
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Question 2 continued

17) The following equation is for the reaction between phosphorus trichloride and chlorine:

PCl; + Cl, — PCI,
The following table shows the results of three experiments to investigate the rate of
this reaction. All three experiments were carried out at the same temperature.

Experiment No.

[PCI3]/moI dm™3

[CL,]/mol dm™3

Rate/mol dm™3s~

1

1 0.36 1.26 6.0x 1074
2 0.36 0.63 1.5 x 10™%
3 0.72 1.26 12 x 1074

a. Explain the meaning of each of the following terms:

(i) Rate equation:

(ii) Order of reaction:

(iii) Half-life of a reaction:

b. Use the results in table to work out the order of the forward reaction with respect
to:

(i) Phosphorus trichloride (PC|3):

(ii) Chlorine (C|2):

c. Write the rate equation for this reaction.

Do not write in this space
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Question 2 continued

18) For the reaction below:

2NO(g) + H,(g) — N,O(g) + H,O(g)
The following rate data were collected:

rate = k [NOJ* [H,]°

Initial [NO}/mol dm™3 Initial [H,]/mol dm™3 Initial rate/mol dm=3 s’

0.60 0.37 3.0x 1073

a. What is the overall order of this reaction?

b. Calculate the value of the rate constant for the forward reaction and give its unit.

c. On the axes below sketch a graph to show how changes in the concentration of
the reactant affect the rate of this reaction.

A

Reaction rate / mol dm=3 s-1

Cohcentratioh of reactant / mol dm—3

Do not write in this space
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Question 2 continued

19) A 0.150 mol dm™ solution of ethanoic acid, CH,COOH, has [H*] of 0.005 mol dm™ at
25°C.

a. Write an expression for the ethanoic acid dissociation constant, K .

b. State a factor that affects the value of Ka.

c. Calculate the value of pK  for this acid.

20) The following graph shows the pH curve for the titration of an acid and a base.
Studly it to answer the question below:

. /
5 L] ]

4 4///
ST

i

0 1 2 3 4 S5 6 7 8 9 10 11 12 13 14
Volume of base

a. Define the term chemical equilibrium.

Do not write in this space
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Question 2 continued

b. What is the equivalence point of this titration?

c. Methyl yellow is an indictor with a pH range 2.9 — 4.0. Is this indictor suitable for
the above titration? Explain your answer.

21) A buffer solution contains 0.080 mol dm~2 of hydrofluoric acid (HF), (K, =5.6x 1074
mol.dm™3) and 0.060 mol dm~3 sodium fluoride (NaF). In a total volume 1 dm?> of
solution.

a. Define the term buffer solution.

b. Calculate the pH after 0.05 mol dm™ of sodium hydroxide (NaOH) is added to
1 dm? of this buffer.

c. When a small amount of hydrochloric acid (HCI) is added to this buffer solution:

(i) Explain how this buffer solution acts when hydrochloric acid is added.

Do not write in this space
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Question 2 continued

(i) Write an equation which shows how this buffer solution reacts with the added
hydrochloric acid.

22) The Mg?*/Mg half-cell is connected to the standard hydrogen electrodes in the other
half-cell as shown below:

- -
voltmeter
: M
magnesium
rod — < (X)
salt bridge
U : (¥)
Mg2+ H+

a. For the standard hydrogen electrode:

(i) State three standard conditions.

(ii) Write the formula of the labeled (X).

(iii) Write the name of the part labeled (Y).

(iv) Why is the standard hydrogen electrode needed in this cell?

Do not write in this space
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Question 2 continued

23)

b. Write the half-equation for the reaction that occurs in Mg?*/Mg half-cell.

c. What is the direction of electron flow in this electrochemical cell?

aoeds siy3 ul 931um J0u oq

d. What would happen to the mass of magnesium electrode during the reactions
that occur in this cell? Explain your answer.

e. Write the cell notation for this cell.

f. Calculate the E? value for this cell.

A molten salt of potassium chloride was electrolyzed using an electrochemical cell
with inert electrodes. Answer the following questions:

a. Write the half-equation for the reaction that occurs in:

The anode:

The cathode:

b. What substance is liberated during this electrolysis in:

The anode:

The cathode:

[End of the Examination]

Do not write in this space
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Electrode reaction E°IV

F+2e — 2F +2.87
S,05+2e° =  250,° +2.01
H,0,+2H" +2e° —  2H,0 +1.77
MnOs +8H'+5e —  Mn* +4H,0 +1.52
PbO, + 4H' +2e~ =  Pb% +2H,0 +1.47
Ch+2e = 2CI° +1.36

Cr,0/4 +14H' +6e —  2Cr*+7H;0 +1.33
O,+4H " +4e- —  2H.0 +1.23
Br, + 2e” = 2Br- +1.07
CIO"+H,0+2e° _  CI”+20H" +0.89
NO; +10H" +8e~ ~  NH +3H;0 +0.87
NOs, +2H " +e~ =  NO,+H,0 +0.81
Ag® +e N Ag +0.80
Fe**+e —  Fe? +0.77

I, + 2e = 2I° +0.54

O, + 2H,0 +4e- =  40H" +0.40
Cu*+2e — Cu +0.34

SO +4H +2e¢ = SO, +2H,0 +0.17
Sn*+2e° — Sn* +0.15
SO0 +26 = 25,05 +0.09
2H'+2¢ = H, 0.00
Pb**+2e — Pb -0.13
Sn*+2e” —  Sn -0.14

Fe® +2e- = Fe -0.44
Zn**+2e —  Zn -0.76

2H,0 +2e” _~  Hp +20H" -0.83

V¥ 428 —~  V -1.20

Mg*” +2e- — Mg -2.38
Ca®+2e- = Ca -2.87
K+ee = K -2.92

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)  All the statements below describe an endothermic reaction except:
AH is positive.
The heat is taken from the surrounding.

The products have more energy than the reactants.

0000

The energy released is more than the energy required.

2)  Which reaction shows the enthalpy change of combustion (AH )?

O H,(g) +Br, (g = 2HBr(g)

O 2H" + (ag) + SO (ag) == H,SO, (aq)
O CO(g) +30,(@ = CO,

O 2Ca0 (aq) == 2Ca(s) + O2 (2)

3) If areaction produces 0.4 mol of HC| from its gaseous ions and releases heat energy
of 36.92 kJ, what is the value of AHf of HCl gas in kJ.mol'?

O -14.76 O +14.76
O -923 O +923

4) The table below shows the enthalpy change of formation (AHf) of vapour water and

hydrogen peroxide gas.
The enthalpy change (AH) of the reaction 2H,0(g) + O,(g) == 2H,0,(g) is:

Formula AHf
HZO(g) X
HZOZ(g) Y
O X-Y O 2y-2X
O Y+X O 2x-2Y

Do not write in this space
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Question 1 continued

5) In which reaction are the values of AH/, and AH_not equal?
O Cls) + O,g) = CO, (¢)
O 2Mg(s) + 0,(g) == 2MgO(s)
O Hyg) + % 0,(e) == H,0(g)

O 2Nals) + 7 0,(9) == Na,0(s)

6) In the graphs below, the rate was plotted against the reactant [R].

A A
() ()
whed whud
a) ® b) ©
> >
[R] [R]
A A
)
Q —
c + d ©
E b
» >
[R] [R]
Which of the following options is correct?
Graph that represents the Rate expression with
second-order reaction respect to R
@) a Rate = k[R]°
O b Rate = k[R]2
@) c Rate = k[RT?
(@) d Rate = k[R]

Do not write in this space
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Question 1 continued

7)

8)

The table below shows the experimental data for the following reaction.

NO,(g) + CO(g) — NO(g) + CO,(g)

Experiment | [NO,]/mol dm?3 [CO]/mol dm™2 | Initial rate/mol dm3 s
1 0.10 0.10 1.0 x 10°¢
2 0.30 0.10 9.0 x 10°
3 0.30 0.30 9.0 x 10

Which of the following options represents the rate of this reaction according to the

experimental data?
O Rate = k[NO,]' [COT'
O Rate = k[NO,F [COJ°

O Rate = k[NO,°[CO?
O Rate = k[NO,J’ [COJ°

Which of the following is correct in a neutral solution at 25 °C?

O K, is equal to [H;O"][OH].
(@) [H,O]is greater than [OH'].

O K, value is 1.0 x 107 mol? dm™®.

O [OH]valueis 1.0 x 107" mol dm™.

Do not write in this space
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Question 1 continued

9)  Which of the following options about K and pK  values are correct as the acidity

increases?

K, pK,
(@) increases increases
(@) decreases decreases
O increases decreases
(@) decreases increases

Use the following information to answer questions 10 and 11:

Sulfurous acid dissociates as follows:

H, SO, (aq) == HSO;(aq) + H" (aq)

10) What is the Ka unit for sulfurous acid dissociation?

O molPdm™® O moldm™
O mol?dm® O mol'dm?

11) The [H"] equals to:

K [HSO;] O [HSO;]
[H,S0,] K [H,SO.]

K [H,SO.] o 1,805
[HSO;] K_[HSO;]

Do not write in this space
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Question 1 continued

12) The graph below shows the change in pH when a solution of sodium hydroxide
(NaOH) is added from a burette to 25.00 cm® of a 0.15 mol dm™ solution of the weak
acid HA (K = 5.6 x 10"* mol dm™ at 25 °C).

pH A ﬁ

B

Volume of NaOH added

Which of the following options is correct about the value of A and B?

A B
@) 4.0 9.0
@) 4.0 5.0
O 2.0 5.0
@) 2.0 9.0

Do not write in this space
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Question 1 continued

The diagram below shows an electrochemical cell at standard conditions.

Study it to answer questions (13) and (14).

Ao v In

A\

KNO

AgNO, (aq) ZnSO, (aq)
(0.1M) (0.1M)

Zn*? (aq) + 2¢ = Zn(s) E°=-0.76V
Ag’ (aq) + & == Ag(s) E°=+0.80V

13) Which of the following statements is correct?

Ag" is a reducing agent in this cell to be feasible.
Zn is an oxidizing agent in this cell to be feasible.

Electrons will flow from Zn to Ag.

0000

Electrons will flow from Ag to Zn.

14) What is the standard electromotive force EY cell for this cell?

O -0.04V O +0.04V
O -156V O +156V

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) The diagram shows the enthalpy change of dissolving 5.85 g of sodium chloride
(NaCl) in water. Study it and answer the questions below.
A

Na+(aq)+Cl-(aq)

—~ 60000
o A

40000

Enthalpy (J.mol

20000 NaCl(s)

a. What is meant by the lattice solution enthalpy?

b. What type is this rection?
(O Exothermic (O Endothermic (shade your answer)

Explain:

c. Calculate the final temperature in °C if the initial temperature was 26°C

(Mr of NaCl = 58.5 g/mol, c = 4.18 J .g™.°C”", mass of H,O =500 g)

Do not write in this space
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Question 2 continued

16) a. What is meant by the endothermic reaction?

b. Study the figure of an exothermic reaction below and answer the following questions.

B
A S
\
(i) Complete the table below:
Term Letter
System
Surrounding
(ii) The energy flows
O AtoB O BtoA (shade your answer)

c. If the energy released by the system is about 111 J and the energy absorbed
about 232 J, calculate the value of AH in Joul (J)?

d. If the temperature of the surrounding is decreased, the AH of the system will be:

(O Positive (O Negative (shade your answer)

Do not write in this space
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Question 2 continued

17) The three equations below represent the three stages of reaction for the formation of

B,H, gas.

B,H, (2) + 30, (g) —» B,0, (s) + 3H,0(g) AH = 2036 kJ
2B (s) + % 0, () — B,0, (5) AH = -1247 kJ
2H, (2) + 0, (g) — 2H,0 (2) AH = -483.6 kJ

Study them and answer the questions.

a. Define Hess law.

b. Calculate: AHf of H,O (g) in KJ.mol™”

c. Calculate AH of the equation 2B (s) + 3H, (g) — B,H, (g)

Do not write in this space
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Question 2 continued

18) a. The graph below shows a curve where [A] was plotted against time for a reaction.
This method is called the half-life of the reaction. It is used to check the order of a
reaction and measure its rate.

0.20
0.15}
=
~
° 1st
E 01005
< life |
|
1 [i12nd
0.05 : half life |
b | 3r - ‘
00253 | . half life
|
0.00—%5—=%—5 10 15 17 20
time (s)

(i) What is meant by the term order of the reaction?

(ii) What is meant by the term the half-life of the reaction?

(iii) Suggest another method to check the order of a reaction and measure its rate.

Do not write in this space
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Question 2 continued

b. Write the expression for the rate of this reaction with respect to [A].

c. Using the data in the graph, what is the order of this reaction with respect to [A]?

(O Zero order (O First oder (O Second order (shade your answer)

Explanation:

d. Using the data in the above graph, to calculate the following:

(i) The rate of this reaction with respect to [A] from the beginning to the end of
the third half-life. (Show the units)

(i) The rate constant (K) of this reaction with respect to [A] at the end of the third
half-life. (Show the units)

19) The value of the acid dissociation constant, Ka, for hydrocyanic acid (HCN) is
4.9 x 10" mol.dm™ at 25 °C.

a. Write an expression for Ka for hydrocyanic acid.

b. State a factor that affects the value of Ka?

Do not write in this space
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Question 2 continued

c. Calculate the pH of a 0.25 mol dm™ solution of hydrocyanic acid.

20) Titration curves labelled A and B for combinations of different acids and bases are
shown below:

A A A B
14+
12
101
PH g
et
41
2 2t
volume of acid added/cm’ - volume of acid added/cm’ il

a. What type is each titration in term of strength of acid and base?

-Titration curve A:

-Titration curve B:

b. What is the equivalence point of each titration?

-Titration curve A:

-Titration curve B:

Do not write in this space
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Question 2 continued

c. A list of indicators is shown below:

Name of indicator pH range
Phenolphthalein 8.2-10.0
methyl red 4.4-6.2
bromothymol blue 6.0-7.6
methyl orange 3.2-44

Select from the list the most suitable indicator for both titrations A and B. and

explain your choice.

Indicator:

Explanation:

21) A buffer solution is prepared by adding 100 cm® of 0.30 mol dm™ methanoic acid,
HCOH (K, = 1.6 x 10" mol.dm™) to 100 cm? of 0.30 mol dm™ sodium methanoate,

NaCOzH.

a. Define the term buffer solution.

b. Calculate the pH of this buffer solution.

Do not write in this space
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Question 2 continued

c. Calculate the pH when 0.01 mol of hydrochloric acid (HCI) is added to 200 cm? of
this buffer solution.

d. When a small amount of sodium hydroxide (NaOH) is added to this buffer solution:

(i) Explain how this buffer solution acts when sodium hydroxide is added.

(i) Write an equation which shows how this buffer solution reacts with the added
sodium hydroxide.

Do not write in this space

14

aoeds siy3 ul 931um J0u oq



aoeds siy} ul 9314m jou oQ

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

Question 2 continued

22) Use the data in the table below to answer the questions below.

Standard electrode potentials E°(V)
Fe** (ag) + ¢ == Fe?" (aq) +0.77
Cl, (g) + 2¢ = 2CI (aq) +1.36
2BrOé (ag) + 12H" (ag) + 10 == Br2 (agq) + 6H2 O(/) +1.52
0, (2 + 2H" (ag) + 2¢¢ == 0, (g) + H, O() +2.08
F,O (g) + 2H" (aq) + 4¢° == 2F (aq) + H, O() +2.15

a. lIdentify the most powerful reducing agent in the table.

b. Identify the most powerful oxidizing agent in the table.

c. lIdentify all the species in the table which can be oxidized by BrO; (aq)

23) From your electronchemical cell study. Answer the following questions:

a. (i) Write a cell diagram for: Cr3* (aq)/Cr2+ (aqr)(Eo (V) = -0.41) half-cell compared
with a copper half-cell (E° (V) = +0.34).

(ii) Calculate E° cell for the above cell.

(iii) Is this reaction feasible? Explain your answer.

Do not write in this space
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Question 2 continued

b. For the E° values and reaction shown below.
E%Cu**/Cu) = +0.34V
E°Mg?** /Mg) =-2.37 V
Cu(s) + Mg?* (ag) + ¢ = Cu®"(aq) + Mgl(s)

aoeds siy3 ul 931um J0u oq

Calculate Eie” for this reaction.

[ End of Examination ]
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Diploma, Bilingual Private Schools, Chemistry Semester Two - Second Session 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)

2)

3)

4)

Which of the following statements is not correct about Hess's law?

(O Reaction can occur in more than one route
(O The overall enthalpy change in the steps = enthalpy change in the main reaction

O Itis not necessary to consider the number of moles in the summation of the
reaction

(O The physical statements must be considered.

Which reaction shows the AH of neutralization?

O H,+ Cl,— 2HCl

O 2CO+0,—*2CO

O 2MgO —* 2Mg + O,

O 2HCI + Ca(OH), — CaCl, + 2H,0

If 3 moles of carbon react with a sufficient amount of oxygen producing carbon
dioxide and energy of 1180.5 kJ. What is the value of AHcomp of carbon in kJ.mol™'?

O -3935 O -3541.5
O 3935 O 35415

The energy enthalpy diagram below shows the enthalpy change of the reaction when
producing hydrogen bromide gas.

The value of AHf of HBr in kJ.mol™" is equal to: T
1201-H,(g)+Br,(g)

O -105 =

=<
O -75 E w

E 2HBr(g)
O -50.25 5 =
O -375 ~

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry Semester Two - Second Session Academic Year: 2021/2022

Question 1 continued

5. Consider the following two steps of a reaction:
H,(g) + Cl,(g) — 2HCl(qg)
2H,(g) + O,(g) — 2H,0(g)
Which of the following reactions, represents the final main reaction of the two steps?
O 4HCI(g) + O,(g) —* 2Cl(g)+ 2H,0()
O 4HCl(g) + O,(g) — 2Cl,(9) + 2H,0(g)
O 4HCl(aq) + O,(g) — 2Cl,(g) + 2H,0(g)
O 4HCI(g) + 20,(g) — 2Cl,(g) + 2H,0,(9)

6.  Which of the following statements is correct about the rate of a reaction?

O It always has a positive value.
O Itis always independent of all the reactants.
(O It can be measured by chemical analysis only.

(O It shows how the concentration of a reactant increases.

7. Which of the following expressions is correct for the reaction below?

2NO,(g) — N,0,(g)

~AINO,]  2AIN,O,]

1 Rate =

At B At
~AINO,] 1 AIN,O,]
2 Rate = Al =5 Al

~AINO,]  +AIN,O,]
At B At

~AINO,]  +A[N,O,]

+

At At
O 1and2only O 3and4only
O 1and4only O 2and3only

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

Question 1 continued

Water dissociates as follows:
H,O(l) == H*(aq) + OH(aq)

Use it to answer questions (8 and 9):

8) What is the unit of K,?

O mol'dm? O moldm™

O mol?dm® O molPdm™®
9) What is the value of K, at25°C?

O 1.0x 10" O 1.0x 107

O 1.0x10" O 10x10™

10) What is the concentration of H* ion in a 0.50 mol dm™ solution of sodium hydroxide?

O 2.0x%x 107 mol dm™ O 2.0x%x 10" mol dm™3
O 5.0x% 10 mol dm™ O 5.0x 10" mol dm™

11) Which of the following is correct when a small amount of calcium hydroxide solution
is added to a buffer solution of (CH,CO_H / CH,CO,Na)?

O CH,CO,H reacts with H*
O CH,CO, reacts with H”
O CH,CO_H reacts with OH~
@) CH,CO, reacts with OH"

12) For the titration curve shown below, what is the most suitable indicator for this

titration? X
(O Methyl red (pH range 4.4 - 6.2) E
(O Methyl orange (pH range 3.2 - 4.4) pH 12
(O Phenolphthalien (pH range 8.2 — 10.0) i
(O Bromophenol blue (pH range 3.0 — 4.6) l

volume of acid added/cm”

Do not write in this space
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Question 1 continued

The diagram below shows a cell that can be used to measure the standard electrode
potential for the half-reaction Fe3+(aq) +e —» Fe2+(aq). Use the diagram to answer
questions 13 and 14.

RinE Ch—
__J) Fe2(SO04)3(aq)

FeSQO4(aq)

\ A . A

13) Which of the following options is correct about the solution in C?

O lItis unreactive

O It can be HCI
O The cell works without it

O It does not allow moving electrons

14) Which of the following represents cell diagrams for the above cell?

O Pt |H+|%H2||Fe2+, Fe3*|Pt
O Pt |%H2|H+ || Fe3*, Fe2*|Pt
O Pt|%H2|H+, Fe3*, Fe?*|Pt

) Pt|%H2|H+ || Fe3*, Fe?*|Pd

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.

The following figure shows how the enthalpy changed with temperature by dissolving
29.4g of NaX in 1000 g of water. (c = 4.18 J .g™".C™", Mr of Na = 23 g.mol™")

Study it and answer the questions.

5000 &
a. In gene.ral, wha’F is the value sign of 40000
the lattice solution enthalpy?
2 30000
- -
(O  Always positive > \\
8420000 G
O Always negative = T~
ysneg 2 10000 T —
(O Positive or negative M
>

(shade the correct answer) 30 31 32 33 34 35

Temperature (OC)
b. What type is this reaction?

O Exothermic
(O Endothermic

(shade the correct answer)

c. Calculate the number of moles of the salt NaX

d. What is the molecular weight of atom (X)? (Show your calculations)

Do not write in this space
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Question 2 continued

16. a. Define lattice formation enthalpy.

b. Complete the table below for the formation reactions:

Energy Sign of energy enthalpy Occur when
Produced Forming bonds
Absorbed

c. The table below shows the values of enthalpies for a specific reaction.

Energy absorbed Energy produced

353 kJ 437 KJ

(i) Calculate the value of AH in kJ

(ii) In this reaction, which has more energy:

(O Reactants (O Products shade the correct answer

17) The equation below represents the combustion of propene gas

2C,H,(g) + 90,(g) —* 6CO,(g) + 6H,O()

a. Define the standard enthalpy of combustion.

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

Question 2 continued

b. Calculate AHcomb of C3H6(g) in kJ.mol™ using the equations:
C,H (@) + H,(g) — C,H,(g) AH = -124 kJ
3CO,(g) + 4H,0() — C,;Hg(g) + 50,(g) AH = 2220 kJ

2H,(g) + O,(g) — 2H,0() AH = -572 kJ

c. What type is this reaction?

(O Exothermic (O Endothermic shade the correct answer

d. What is the value of AH__  of propane gas C;Hy in kJ?

Do not write in this space
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Question 2 continued

18. The following data was obtained for the reaction between gas A(g) and gas B(g).
Alg) + B(g) — Clg) + D (9)

experiment | [A]/ mol dm™3 [B]/ mol dm™ |Initial rate of reaction
1 0.100 0.100 2.00 x 1073
2 0.200 0.100 4.00 x 1073
3 0.200 0.200 16.00 x 1073

a. Define the term rate of reaction.

b. State one method used for studying the rate of a reaction.

c. Use the data in the table to determine the order of the reaction. Explain your
answer.

Order with respect to A(g):

Explanation:

Order with respect to B(g):

Explanation:

d. Write the rate law for the reaction between A(g) and B(g).

e. Use experiment 2 to calculate a numerical value for the rate constant, k.

Do not write in this space
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Question 2 continued

19) The K, values for some acids are listed below. Use them to answer the following

questions.

Acid

K

a

-2
HZSO3 1.3 x 10

CH,COH | 17x107

HCN 4.9 x 10710

a. Which one from the above acids is the most acidic?

b. Which one from the above acids has the highest value of pK ?

c. State a factor that affects the value of Ka.

d. For sulfurous acid (H,SO,):

(i) Write the Ka expression.

(ii) What is the K, unit for sulfurous acid?

e. Calculate the pH of a 0.06 mol dm™ solution of CH,CO,H acid.

Do not write in this space
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Question 2 continued

20) Titration curves labelled A and B for combinations of different acids and bases are

shown below:

A

—

— —
o N
U I

1 !

volume of alkali added/cm3 volume of alkali added/cm3

a. What type is each titration in terms of strength of acid and base:

-Titration curve A:

-Titration curve B:

b. What is the equivalence point of each titration:

-Titration curve A:

-Titration curve B:

c. Which indicator is suitable for titration A only:

(O Methyl orange (pH range 3.2 — 4.4).
(O Methyl violet (pH range 0.0 — 1.6).

Explain your answer

(shade the correct answer)

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

Question 2 continued

21) A buffer solution contains 0.25 mol dm™3 methanoic acid, HCOH (K, = 1.6 x 10™* mol
dm~3) and 0.30 mol dm™3 sodium methanoate, NaCO,H.

a. Define the term buffer solution.

b. Calculate the pH of this buffer solution.

c. When a small amount of hydrochloric acid is added to this buffer solution:

(i) Explain how this buffer solution acts with the added hydrochloric acid.

(i) Write an equation to show how this buffer solution reacts with the added
hydrochloric acid.

Do not write in this space
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Question 2 continued

22) Nickel-cadmium cells are used to power electrical equipment such as drills and
shavers. The electrode reactions are shown below.

NiO(OH) + H,O + " — Ni(OH), + OH" E=+0.52V

Cd(OH), + 2" — Cd + 20H" E=-0.88V

a. Calculate the e.m.f. of a nickel-cadmium cell

b. State the standard conditions

c. (i) Identify the oxidizing agent in the Nickel- cadmium cell.

(ii) What is the oxidation number of cadmium in Cd(OH),?

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

Question 2 continued

23) Use the data below to answer the following questions.

Standard electrode potentials E° (V)
Fe3*(aq) + e — Fe?*(aq) +0.77
2BrO;(aq) + 12H"(aq) + 10e” — Br,(aq) + 6H,O()) +1.52

The cell represented below.

Pt | Fe?*(aq) , Fe3*(aq) || BrO(aq) , Br,(aq) | Pt

a. Calculate the e.m.f. of this cell.

b. Write the half-equation for the reaction occurring at the negative electrode.

[ End of Examination ]
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Diploma, Bilingual Private Schools, Chemistry

End of Year Exam - First Session

Academic Year: 2020/2021

Question 1: Multiple Choice Items

(12 marks)

There are 12 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 about complex compounds is not correct?

0000

central metal ion.

Ligands are the surrounding molecules to the central metal.

Transition elements have variable oxidation states and form complex ions.
The ions of all the 3d-block elements form complex ions by donating electrons.

The co-ordination number of a complex is the number of dative bonds to the

What are the highest oxidation states for zinc and manganese in their complexes?

Zinc Manganese
(@) +3 +3
(@) + 2 +7
(@) +3 +6
(@) +2 +2

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

0000

HO

N

—0

It is an example of Arenes.
This compound has a pleasant aroma.
It shows the typical reactions of alkenes.

The characteristic of its reaction is electrophilic substitution.

Do not write in this space
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Question 1 continued

4) What is the correct option for the following reactions?

O

CH;CH,CH,-C-OH +PCls —» X + POCl; + HCI

teﬁi)z::tl:llre LAY
Y + HCI1
X Type of Y
@) CH,CH,COOCH, Alcohol
@) CH,CH,COOCH, Carboxylic acid
O | CH,CH,CH,coC Alcohol
@) CH,CH,CH,COCI Carboxylic acid

5) What is the type of nitrogen functional group in the benzocaine compound shown

below?
O
(l'J!—OCHQCH;;
HoN
O Amine O Amide
(O Nitrile O  Amino acid

6)  Which of the following pairs of compounds could form an amide with five carbons?
CH,CH,CH,CH,CH,Br  with  NH,

CH,CH,CHBr  with  CH,CH,NH,

CH,CH,CH,COCI with NH,

CH,CH,COCI with CH,CH,NH,

0000

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session Academic Year: 2020/2021

Question 1 continued

7) Some powdered ammonium nitrate was dissolved in water in a plastic beaker and
the initial temperature of the solution was 18 °C and the final temperature was 13 °C.
Which of the following is correct about this reaction?

This reaction is endothermic.
The heat is taken out to the surrounding.

The enthalpy change (AH) for this reaction is negative.

0000

This reaction is used to find the enthalpy change (AH) of neutralisation.

study the following titration curves to answer question (8):

curve (A) curve (B)

12 4 12 4

10 A 10 A

H
(-]
pH

0 5 10 15 20 25

0 5 10 15 20 25
volume of acid added/cm?

volume of acid added/cm?

8) Which of the following options is correct about the type of each titration?

Curve (A) Curve (B)
(@) Strong acid with strong alkali Strong acid with strong alkali
O Strong acid with strong alkali Weak acid with strong alkali
O Weak acid with strong alkali Strong acid with strong alkali
O Weak acid with strong alkali Weak acid with strong alkali

9) What is the pH in a 0.20mol dm~3 solution of NaOH(aq) at 25 °C?

O o7 O 14
O 125 O 133

Do not write in this space
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Academic Year: 2020/2021

Question 1 continued

10) Which of the following statements describes the redox reaction correctly?

0000

The oxidizing agent loses electrons.
The reducing agent undergoes oxidisation.

The oxidation number increases in reduction.

The reduction reaction needs an oxidising agent.

aoeds siy3 ul 931um J0u oq

11) Which of the following container could be used to preserve a solution of silver sulfate
(A92504(aq

))?

Half cell E%/v
Fe™" . | Feg -0.44
Cu2+(aq) | Cuy, +0.34
Ag” Lo | A9y +0.80
AP D TAL -1.66
Ad® o T Aug +1.50

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session Academic Year: 2020/2021

Question 1 continued

12) The diagram below shows two electrochemical cells:

e e € e
111V 0.90V
\ P ~
o) )
e||e 2 || S
Solution of A Solution of B Solution of C

The correct sequence for increasing reducing agent is:

C>B>A
B>A>C
A>B>C
A>C>B

0000

Do not write in this space
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Question 2: Extended response (48 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.

13) Study the following table, then answer the questions below:

A B C

[Fe(CN),|* [Mn(OX),[* [Cu(H,0) "

a. What is the oxidation number of the transition metal in (A)?

b. What is the type of the ligand in complex ion B?

(O Monodentate (O Bidentate (shade your answer)

Explain your answer

c. When complex ion (C) reacts with 4 moles of concentrated hydrochloric acid it
forms new complex ion and two molecules of water.

(i) Draw the shape of the new complex ion produced. Your drawing should
clearly show three-dimensional shape and should include the overall charge
on the complex ion.

(i) What is the colour of the product.

(iii) How many dative bonds in complex ion (C)?

Do not write in this space

aoeds siy3 ul 931um J0u oq



Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session

Academic Year: 2020/2021

Question 2 continued

14) From your study about arenes answer the following questions.

a. Name the following compound according to IUPAC system:

H,C—CH,

aoeds siy} ul 9314m jou oQ

b. Draw the structural formula of 2,5-dichlorophenol.

c. State the two reagents that are used in the acylation reaction of benzene.

d. Write the equation when phenol dissolved in an aqueous solution with pH more

than 77

15) Use the compounds in the table to answer the questions below:

A B C
Benzoylchloride pentanoylchloride Chloropentane
D E F

Phenol ethanoylChloride Ammonia

a. Write is the structural formula of the organic compound that will be produced
from the reaction between compound (A) and compound (F).

b. Explain why the hydrolysis of compound (B) is easier than compound (C).

Do not write in this space




Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session Academic Year: 2020/2021

Question 2 continued

c. What is the type of the reaction between compound (D) and (E)?

d. When compound (A) reacts with compound (F). What is the type of the organic
product produced?

16) a. Study the following reaction sequence, then answer the following questions.

O

LiAlH,, in dry eth CH
Compound (A) ' “ - V4 \2 Compound ©) + HCl
Step (1) H3C Step (2)

Compound (B)

(i) Compound (A) is a nitrile. Draw its structural formula?

(i) Name compound (B).

(iii) Draw the structural formula of compound (C).

b. The amino acids are the buildings blocks of proteins. The structures of two amino
acids are shown below.

NH, NH
/
H—HC /CHZ—HC\
CO,H HO CO,H
Glycine, Gly Serine, Ser

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session Academic Year: 2020/2021

Question 2 continued

(i) What is the type of reaction of amino acids undergo to form proteins?

(ii) Draw the structural formula for the zwitterion of glycine.

(iii) Draw the structural formula of the dipeptide Gly-Ser. Label the peptide bond
on your structure.

c. Compound (X), is a nitrogen compound hydrolysed under certain condition to
form the following two compounds:

P CH3
H3C—CH,—C |
o Nat  HN—CH,—CH,

(i) What is the reagent and condition used in this reaction?

(ii)) Draw the structural formula of compound (X).

Do not write in this space
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Question 2 continued

17) Propane C3H8(g) combust in Oz(g) under standard conditions according to the
equation below. Use the data shown in the table to answer the following questions.

C3H8(g) + 502(9) — 3C02(g) + 4H20(|)

0 _ -1
AH f[C3H8(g)] = -286 kJ mol

0 — -1
AH[CO, ] = -393 kJ mol

0 — -1
AH% [H,0,,] = -286 kJ mol

a. State Hess's law.

b. Construct the enthalpy cycle then calculate the standard enthalpy change (the
standard enthalpy changes of combustion) , AHeC , for the above reaction. Show
all your calculations.

c. Explain why this reaction is exothermic.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session Academic Year: 2020/2021

Question 2 continued

18) What is meant by the term half-life of the reaction?

19) a. K is called the ionic product of water.

(i) Write the general expression for K_.

(ii) What is the factor that affects the value of K ?

b. Ethanoic acid, dissociates in water according to the equation:
CH,CO,H(aq) + H,O()) = H,0"(aq) + CH,CO, (aq)

25 cm?® of 0.06 mol dm™ aqueous ethanoic acid, was titrated with 0.06 mol dm™
aqueous sodium hydroxide and the pH measured throughout. The titration curve
is shown below.

14

12 /

pH 10

10 20 30 40 50
Volume of sodium hydroxide added / cm?

(i) Write an expression for the dissociation constant, Ka, for ethanoic acid.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session Academic Year: 2020/2021

Question 2 continued

Use the titration curve to find:

(i) The value of the pH at the end point of the titration.

(iii) The value of Ka for the ethanoic acid. (pH for the ethanoic acid = 3)

c.  Which indicator is suitable for this titration: methyl orange pH range (3.2-4.4) or
phenolphthalein pH range (8.2-10).

d. A solution containing H2CO3(aq) and NaHCO3(aq) acts as a buffer solution.

(i) What is meant by the buffer solution?

(ii) Explain with equations how this mixture acts as a buffer when a few drops of

strong acid are added.

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

End of Year Exam - First Session

Academic Year: 2020/2021

Question 2 continued

20) Study the table below and the two electrochemical cell diagrams under standard
conditions to answer the following questions. Cell (1) consists of (Al) electrode and
unknown electrode represented by (X). Cell (2) consists of (Ag) electrode and the

same unknown electrode represented by (X).

Cell (1)
Half -cell E%/v
3+

AP g T Al -1.66
Ag+(aq) | Ag(s) +0.80

Cell 2)

a. What are the standard conditions of temperature and concentration of solutions?

b. What is the purpose of the salt bridge in the cells?

c. Forcell (1):

(i) Which one is the anode electrode in cell (1)?

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry End of Year Exam - First Session Academic Year: 2020/2021

Question 2 continued

(i) Write the cell diagram as a short-hand way to represent the reactions that
occur in cell (1)?

(iii) Write the balanced equation for the overall cell reaction for cell (1)?

d. For cell (2):

(i) Write the half-cell oxidation and reduction reactions that occur in cell (2).

The half-cell oxidation reaction:

The half-cell reduction reaction:

(ii) Calculate the standard electromotive force (Eece”) for cell (2)?

[End of the Examination]

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry End of Year Exam - Second Session Academic Year: 2020/2021

Question 1: Multiple Choice Items (12 marks)

There are 12 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 compounds contains a bidentate ligand:
O [Fe(CN) >
O [Mg(H,0)*
O [Ag(NH,), "
O [Co(NH,CH,CH,NH,)F*

2) What is the shape of the complex ion [Fe(SCN)(HZO)5]2+

Octahedral
Tetrahedral

Square planar

0000

Linear

3)  Which of these catalysts is important to form phenylethane from benzene with
chloroethane:

(O Concentrated HZSO4 with heat.
O Aluminum chloride with heat.
O Anhydrous iron (III) bromide.

(O Potassium dichromate.

4) The reaction between acylchloride and alcohol will give:

phenols
esters

amides

0000

ketones

Do not write in this space
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Question 1 continued

S)

6)

7)

Coniine is a poisonous chemical compound:

What is the functional group in coniine?

O Amine

O Amide |T| CHj
O Nitrile H )

O Amino acid Coniine

Which of the following reactants could be used to produce butanamide,
CH,CH,CH,CONH,?
CH,CH,CH,CH.CI and NH
CH,CH,CH,COCI and  NH,
CH,CH,CH,CH.CI and  CH,NH,
CH,CH,CH,COCI and  CH,NH,

3

0000

Sodium hydroxide solution was added to hydrochloric acid in a polystyrene cup and
the initial temperature of both of them were 18° C and the final temperature of the
mixture was 31° C.

Which of the following is correct about this reaction?

This reaction is endothermic.
The heat is given out to the surrounding.

The enthalpy change (AH) for this reaction is positive.

0000

This reaction is used to find the enthalpy change (AH) of solution.

Do not write in this space
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Question 1 continued

Study the following titration curve to answer questions (8 and 9):

ll I -
T
T T 1]
10 EH
. o
pH
7 Z
6 Y
- X .
4
e
.
1
0
0 10 20 30 40 50 60

Volume of ammonia added / cm?

8) What is the type of this titration?
Strong acid with strong alkali
Strong acid with weak alkali

Weak acid with strong alkali

0000

Weak acid with weak alkali

9)  Which of the following represent the equivalence point?

O X O Y
O z O E

Do not write in this space
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Question 1 continued

10) Which of the following statements is correct about the electrochemical cell?

The EeCell is always negative.
The reducing agent undergoes oxidization.

The cathode is always the negative electrode.

0000

The voltage produced by it is independent on the conditions.

Study the following table to answer questions (11 and 12):

Half cell EO/V
2+

AR AR -0.76
+

Ag (aq) | Ag(s) +0.80
2+

Cu™ o | Cuy +0.34
2+

Fe (aq) l I:e(s) -0.44
3+

AP LA -1.66

11) The table above shows the standard electrode potentials (E®/V) for five half-reactions
cells. Which of the following metals is the strongest reducing agent?

O Zn(s) O Ag(s)
O Fe(s) O AI(S)

12) Which two metals from the table can be used to construct an electrochemical cell
with the largest electromotive fore (Eece”):

O Ag, Cu O Al Fe
O Ag, Al O Ag, Fe

Do not write in this space
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Question 2: Extended response (48 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.

13) When the complex ion hexaaquairon (III) reacts with 3 moles of sodium hydroxide, a
precipitate will be formed.

a. What is the meaning of the term complex ion?

b. What is the colour of the precipitate?

c. Write the equation for this reaction?

14) Complete the following table about the complex ion [Cr(OH)6]3'

Number of dative bonds The oxidation state of the central metal

Study the arenes in the table below to answer questions 15 and 16.
oH NO,

15) a. Name the compound (C).

Do not write in this space
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Question 2 continued

b. When a mixture of concentrated nitric acid and concentrated sulfuric acid
are added to compound (B) 2, 4, 6-trinitrophenol will be produced. Draw the
structure of the product.

16) For the compound (A) shown in the above table.

a. How much the bond angles in compound (A).

b. Explain why the C-C bonds in compound (A) have the same length?

c. Draw the structural formula of the product when compound (A) reacts with 3
moles of H,(g).

17) Study the diagram below, then answer the following questions.

water Ammonia
HCl+ | A | = CH;CH,COC] ——>» | B | + HCI
Room tempreture

Compound C

a. Draw the structural formula of the organic compound (A)?

b. What is the type of the reaction that will produce compound (B)?

Do not write in this space
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Question 2 continued

c. Write the equation for the reaction which shows the formation of the compound
(C) from the compound (A)?

d. Name the following compound.

18) a. Study the following reaction, then answer the following questions:
o)

CH
H,C.  CH, NH N3
Compound (A)| + RN + HCl
CH, NH,

Compound (B) Compound (C)

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

(ii) Name compound (B).

(iii) Write a reaction equation for the reduction of compound (C).

(iv) What are the products for the hydrolysis of compound (C) carried out with

heat in dilute H2$O4(aq).

Do not write in this space
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Question 2 continued

b. Consider the following two compounds, to answer the following questions:
NH, NH,
H—HC H3C—HC/
CO,H CO,H

(i) What is the class of these compounds?

These two compounds undergo condensation reaction between themselves
to form compound (X).

(ii) What is compound (X) called?

(iii) Draw the structural formula of compound (X).

19) N2(g) reacts with O, under standard conditions according to the equation below.
Use the data in the table and the enthalpy level diagram shown to answer the
following questions.

N2(g) + 202(9) — 2NO(g) + Oz(g)

0 _ -1
AH f[NO(g)] = +90 kJ mol

AH®( [NO, ] = +34 kJ mol !

A
Na) + 205
AH, = 68 KJ mol’!
=
2 |AH 1
g AH > 112 KJ mol
5 y 2NO * Oy

Do not write in this space
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Question 2 continued

a. How much the standard enthalpy of formation (Aer) of 02(9) under standard
conditions.

b. Construct the enthalpy cycle then calculate the standard enthalpy change of
reaction for this reaction. Show all your calculations.

c. Is this an exothermic or endothermic reaction? Explain your answer.

20) Define the term rate of reaction.

Do not write in this space
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Question 2 continued

21) a. Thebuffersolution plays animportantrole in nature and in many industrial processes.

(i) What is meant by the term buffer solution?

(i) What are the components of the buffer solution?

b. 25 cm? of 0.05 mol dm™ aqueous HA(aq) its Ka = 6.3 x 10 mol dm™.

(i) Write an expression for the dissociation constant, Ka, for HA.

(ii) Calculate the value of pH for this acid.

c. Study the titration curve shown below. Then answer the following questions.

14

12 /

pH 10

10 20 30 40 50
Volume of sodium hydroxide added / cm?

(i) What is the value of the pH at the end point of the titration?

Do not write in this space
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Question 2 continued

(i) What is the pH value where the best buffering action occurs during this titration?

(iii) Which indicator is suitable methyl orange pH range (3.2 - 4.4) or
phenolphthalein pH range (8.2 - 10) would be the better to use for this
titration. Explain your answer.

The suitable indicator

The explanation

22) A student investigated the reactions of three different metals (magnesium, iron and

zinc) with their aqueous sulfate solutions to determine their cell potentials, E© _ , for

cell 7
the three electrochemical cells below at standard conditions.

Rection Cell reaction
1 Mg(s) + Cu®*(agq) —» Mg?*(aq) + Cul(s)
2 Zn(s) + Cu®*(aq) — Zn*(aq) + Cu(s)
3 Fe(s) + Cu?*(ag) —» Fe?*(aq) + Cul(s)

a. What is the name of the part in these cells that is used to allow ions to flow and
maintain them?

b. From which electrode (positive or negative) to which electrode (positive or
negative) the electrons flow?

c. How can you predict if a reaction will occur or not?

Do not write in this space
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Question 2 continued

d. Write the cell diagram for the magnesium/copper cell.

e. Which electrode is the anode in the zinc/copper cell consisting of Zn2+(aq)/Zn(s)
half-cell and Cu?*(aq)/Cu(s) half-cell?

f. Draw a fully labelled diagram for the electrochemical cell for the iron/copper
cell to show how the apparatus should be set up to measure the cell potential,
Eece”. Your labels should include the names of the metals, parts, the names and
concentrations of the solutions you would use.

g. If the Cu®*(aq) in reaction (2) is replaced with Mn?*(aq) to be

Zn(s) + Mn?*(ag) — Zn?*(aq) + Mn(s)
Predict whether this reaction is feasible or not. Prove your answer by calculations.

Half-cell EO/v
Zn**(aq)/Zn(s) -0.76
Mn?*(aq)/Mn(s) 1.18

[End of the Examination]

Do not write in this space
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