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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)

3)

Which of the following statements define the term complex compounds?

O Molecules formed by a central metal ion surrounded by one or more ligands.

Molecules with the same molecular formula and the same bonds between their
atoms.

)
(O A species that contains a lone pair of electrons that form an adative bond to a
central atom.

)

A species that contains metal which has a lone pair of electrons that form an
adative bond to ligands.

Which statement is not correct about why the [CuC|4]2_ complex ion forms a colored
solution?

0

The d orbitals split into three non-degenerated sets.
Part of the visible spectrum is absorbed by the solution.

An electron is promoted between two non-degenerated d orbitals.

0 0O

The orbitals d,., d.. and d,, have a slightly higher energy than d.2 — 2 and d.2.

Which statement describes this complex?

O Itis a polar complex. Cl \ NHs
O Itis a cis-platin isomer. t/
\Cl

P
(O The oxidation state of Pt is zero. H3N/

(O The pull on the electrons to the metal is balanced.

Do not write in this space
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Question 1 continued

4)

S)

6)

Which statement is not correct about the following ligand?

~0OOCH,C CH,COO~
\. L] LN ]
NCH,CH,N N
“QOCH,C CH,COQ~

It is a polydentate ligand.
It forms a hexadentate chelate.

It forms two dative bonds with the central ion.

0000

It has six pairs of electrons which are able to bond to a metal ion.

Which of the following statements is correct about a first order reaction?

The rate constant is numerically equal to the reaction rate.
The half-life is independent of the original concentration of the reactant.

The plot of reaction rate against the concentration is a horizontal straight line.

0000

The reaction rate is directly proportional to the square of the reactant’s
concentration.

The rate equation for the decomposition of N, O, is: Rate = k[N,O,]

The concentration of the Nzos' decreases from 0.40 mol dm™ to 0.20 mol dm™in 100s.

How much time does it take for the concentration to change from 0.10 mol dm™ to
0.025 mol dm™?

O 50s O 100s
O 200s O 400s

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

Semester Two - First Session Academic Year: 2024/2025

Question 1 continued

7)

8)

9)

Consider the reaction and the information in the table below. What is the rate

equation for this reaction?

2C|Oz(aq) + 20H™ (agq) —— C|O3_ (aq) + ClOz_ (ag) + HZO(l)

Experiment | [CIO,]/ mol dm™® | [OH]/ mol dm™3 '"itia'r;:‘::’:_';e:j“°“ /
1 X b 0.0575
2 2x 2x 0.460
3 x 2x 0.115

O Rate = k[CIO,][OH"]
O Rate = k[CIO,J[OHF

O Rate = k[CIO,[OH]
O Rate = k[CIO,P[OHF

Which of the following statements is correct if a reaction is endothermic and has a

negative entropy change?

O AGP® is always positive.

O AGPis always negative.

O AG® is negative above a certain temperature only.

O AG® is negative below a certain temperature only.

Which option is correct about the following reaction?

MgO(s) + COZ(g) — MgCO3(s)

AS®system Randomness
O - decrease
O + decrease
O - increase
O + increase

Do not write in this space
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Question 1 continued O
5
3
10) Which of the following reactions shows a decrease in the standard entropy change, g
Asesystem? 8.
=
O H,0(s) — H,0(g) s
n
O CH,@ — CH,,0 g
Q
O KCl(s) — K*(aq) + Cl(aq) a
O 2H,0() — 2H,(g) + O,(g)

11)

12)

Which of the following compounds is the weakest base?

NH, .
H—N—H

|
O H

2

How can the following compound be prepared?

0000

CH; NH,

A

Reacting acyl chloride with an amide.
Reacting acyl chloride with ammonia.
Reacting bromoalkane with excess ammonia.

Reacting bromoalkene with excess ammonia.

Do not write in this space
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Question 1 continued

13) Which one of the following structures represents an amide?
) CH,CH,CH,NH, ) CH,CH,CH,CONH,

O CH,CH,CH,CH.CN O CH,CH,CH,CH,COOH

14) Which pair of compounds will form (C3H7)2NH when they react with each other under
pressure in hot ethanol?

Compound pair

CH3CH2NH2 and CH3Br

CH,NH, and CH,CH,Br

CH,CH,CH,NH, and NH,

O 00O

CH3CH2CH2N H2 and CHSCHZCHZBr

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 figure below shows part of d-block elements. Use it to answer the following

questions.

Ti

Vv Cr Mn

Fe Co

Ni Cu

a. What is the scientific term of d-block elements which form one or more stable

ions with incomplete d orbitals?

[1]
b. State two chemical properties of these elements.
[2]
c. State the electronic configuration of Ti element.
[1]
d. These elements have different oxidation states. Explain.
[1]
16) a. Complete the following table that shows some information about complex ions:
Complex ion Central metal ion Ligands Shape of complex
[Au(NH,),I" Au” NH,
[Fe(EDTA)* EDTA*" Octahedral
3+ 2-
Co C,0, Octahedral 3]

Do not write in this space
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Question 2 continued

b. Study the following diagram, then answer the questions below.

4NH;(aq)

[Co(H,0)q]** B + 4H,0

4CI™ (aq)

A + 6H,0

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

[1]

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

[1]

(iii) Draw the 3D shape of the complex ion B including its charge.

[2]

Do not write in this space
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Question 2 continued

17) The following diagram shows the splitting of 3d orbitals in a complex ion.

1 ][]

d x2-y? d,z

L J[4 ar
3d
(N ETS
dyz dy, dxy
degenerate 3d orbitals non-degenerate 3d orbitals

a. Define the term degenerated d orbitals.

[1]

b. (i) What is the metal ion in this complex?

[1]

(ii) Write the formula of a complex formed between this metal ion and water?

[1]

c. Sketch the shape of the d_, orbital.

[1]

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2024/2025

Question 2 continued

18) a. Explain the following terms:

(i) Rate equation.

[1]

(i) Homogeneous catalysis.

[1]

b. The graph below shows the reaction rate against the concentration of reactants
for three reactions A, B and C:

A A
7
w
7
£
= B
E
~
s
1]
- C
.0
©
©
[¢}]
(2

-
>

Concentration of reactant, [R] / mol dm-3

(i) Which reaction has a rate independent of the concentration of the reactant?

[1]

(i) Which one is a second order reaction?

[1]

(iii) Reaction C has a half-life of 1500 sec. Calculate the rate constant of this
reaction.

[1]

Do not write in this space
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Question 2 continued

19) a. For the reaction:
2CIO,(g) + F,(g) — 2CIO,F(g)

The following experimental data was obtained at 25°C.

Experiment [CIO,]/ mol dm™3 [F,]1/ mol dm™ Initial rate of_gea_c1t|on /
mol dm™ s
1 0.010 0.10 2.4 x 1073
2 0.010 0.40 9.6 x 1073
3 0.020 0.40 19.2 x 1073

Use the data in the table to:

(i) Deduce the order of the reaction with respect to:

Clo,:

2

F2:

(ii) What is the overall order of this reaction?

(iii) Write the rate equation for this reaction.

[1]
[1]

[1]

[1]

(iv) How does the value of the rate of this reaction change when the temperature

is increased to 35°C?

Do not write in this space
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Question 2 continued

b. The hydrolysis of methyl propanoate was studied in acidic conditions at 25°C and
the rate equation was found to be:

rate = k[CH,CH,COOCH,][H"]

Use the data below to calculate the value of the rate constant and give the unit.

[CH,CH,COOCH,]/ mol dm™  |[H*]/ mol dm™>

Initial rate of reaction /

mol dm=3s~"

0.30

0.50

2.1 %1074

20) For the following equation:

2C,H,(g) — C;H,,(9)

[2]

The graph below shows the concentration of butadiene against time for this reaction

at a given temperature.

0.011 ~

0.01
0.009
0.008
0.007
0.006

0.005

[C;Hs] / mol dm3

0.004

0.003

0.002

0.001 H

0

Time /s

Do not write in this space
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Question 2 continued

a. Label the first half-life for this reaction on the curve above? [1]

b. Use the tangent drawn to calculate the initial rate using the points at
t=0and t=1000s.

[1]

c. Explain how the given graph is consistent with the reaction being second order
with respect to butadiene.

[1]

21) The figure below shows the change in entropy of a molecular substance (Y) that varies
with temperature:

Y(g)

Y()

Entropy /J K mol”!

Temperature /K

a. Explain, in terms of molecules:

(i) The entropy is zero when the temperature is zero Kelvin.

[1]

(ii) The gradual increase in entropy going from Y(l) to Y(g) as the temperature
increases.

[1]

Do not write in this space

12

aoeds siy3 ul 931um J0u oq



aoeds siy} ul 9314m jou oQ
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Question 2 continued

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

Compound CaO(s) COZ(Q) P(s) Oz(g) P 4O1 0(s)

S®/JK " mol™ 39.7 213.6 41.10 205.0 228.9

For Reaction 1

CaCO,(s) —— CaO(s) + CO,(g), AH.° = +176 K mol™", AS®_ = +160.4 J K" mol™

system

a. Calculate the standard entropy S of CaCO;, at 298 K. Show all your work.

[2]
b. Write an expression showing the relationship between Gibbs free energy, AG,
enthalpy change, AH and entropy changes, AS.
[1]
c. Calculate the temperature at which the change in Gibbs free energy of this
reaction is zero. Show all your work.
[2]

Do not write in this space
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Question 2 continued

d. If the temperature of the reaction is higher than the calculated temperature
in part ¢, use the terms of Gibbs equation to explain how this will affect the
feasibility of the reaction.

[2]
For Reaction 2
4P(s) + 50,(g) — P,O,(s), AH.® = -2984.0 K mol™", AS®_ _ '=-960.5J K" mol™’
e. Explain the difference in the S© values between P(s) and P,O, ().
[1]

f. Calculate the Gibbs free energy change AG® in kJ mol™ for the reaction at 298 K.
Show all your work.

[2]

Do not write in this space
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Question 2 continued

23) Use the following table to answer the questions below:

b.

NO,
Brz(aq)
A B
o) NH,
C51,COCI
H,N OH
D E

Classify the amine compound (F).

State the type of reaction of preparing compound (C) from compound (B).

What is the name of the nitrogen functional group in compound (E).

Draw the following structural formulae:

(i) The organic product of reacting compound (F) with 3 moles of (A) at room

temperature.

Do not write in this space
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Question 2 continued

(ii) The organic product of reacting compound (F) with compound (D).

[1]
e. Draw the following structural formulae:

(i) The zwitterion of compound (E ).

[1]

(ii) The dipeptide formed from two molecules of compound (E ).

[1]

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Semester Two - First Session Academic Year: 2024/2025

Question 2 continued

24) A complete reaction scheme is shown below:

Hot ethanol
ith
CH,CH,Ccl -~ , CH,CH,NH, ——— CH,CONHCH,CH
3 2 ; 3 2 2 Reaction4 3 2 3
Reaction 1 Compound A Compound B
Reaction 3 Reaction 5
Hot ethanol +
CH,Cl — =5 Compouna Y CH,COOH + CH,CH,NH,
Reaction 2 Compound C

a. State the necessary reagent needed in Reaction 1.

[1]

b. Compound (A) can be produced in a two-step reaction from CH,CI.
Draw the structure of compound (Y).

[1]
c. What is a suitable medium needed for Reaction 5?

[1]
d. What is the organic product when LiAlH, is added to compound (B)?

[1]

e. Compare between compounds (A and B) according to their basicity. Explain your
answer.

[2]

[End of the Examination]

Do not write in this space
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SN SMEBYNY
S(;'(l)al wstion Itessi_;" Mark Unit Cc{) gnltolve Output
o 53’ p / omain
1 NJ’[ - 1 Chemistry of transition elements Knowing 5.2d
2 1 ) 1 Chemistry of transition elements Application 53d
3 1 3 1 Chemistry of transition elements Application 52.g
4 1 4 1 Chemistry of transition elements Reasoning 5.2.ciii
5 1 5 1 Quantitative Kinetics Knowing 6.1.1
6 1 6 1 Quantitative Kinetics Application 6.1k
7 1 7 1 Quantitative Kinetics Reasoning 6.1.g
8 1 8 1 Entropy and Gibbs free energy Knowing 72.a
9 1 9 1 Entropy and Gibbs free energy Applying 7.1b
10 1 10 1 Entropy and Gibbs free energy Applying 7.1.bi
11 1 11 1 Nitrogen Compounds Knowing 8.2¢
12 1 12 1 Nitrogen Compounds Application | 8.1b,c
13 1 13 1 Nitrogen Compounds Application 8.3a
14 1 14 1 Nitrogen Compounds Reasoning | 8.1cii
15 2 15.a 1 Chemistry of transition elements | Knowing 5.1.a
16 2 15b 2 Chemistry of transition elements Knowing 5.1b
17 2 15.¢c 1 Chemistry of transition elements Applying 51.c
18 2 15.d 1 Chemistry of transition elements Knowing 51bi
19 2 16. a 3 Chemistry of transition elements Applying 52.¢C
20 2 16 b.i 1 Chemistry of transition elements Applying 52.f
21 2 16 b.ii 1 Chemistry of transition elements Applying 5.2
22 2 16 b.iii ) Chemistry of transition elements Applle}g/ 59 ¢
Reasoning
23 2 17.a 1 Chemistry of transition elements | Knowing 53a
24 2 17.bi Chemistry of transition elements Reasoning .
. 2 5.24
+17.bii
25 2 17.c 1 Chemistry of transition elements | Knowing 53b
26 2 18.a.i 1 Quantitative Kinetics Knowing 6.1.a,b
27 2 18.a.ii 1 Quantitative Kinetics Knowing 6.2.a
28 2 18.b.i 1 Quantitative Kinetics Knowing 6.1.e
29 2 18.b.1i 1 Quantitative Kinetics Knowing 6.1.e
30 2 18.biii | 1 Quantitative Kinetics Application | 6.1.Lii
31 2 19.a.i 2 Quantitative Kinetics Reasoning 6.1.d
32 2 19.a.ii 1 Quantitative Kinetics Application | 6.1.a
33 2 19.a.iii 1 Quantitative Kinetics Application | 6.1.g
34 2 19.a.iv 1 Quantitative Kinetics Application | 6.1.m
35 2 19.b 2 Quantitative Kinetics Application | 6.1.1,h
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36 ’2‘ 2211 e . Quantitative Kinetics Application 6.1e
37 ,| e a‘i_rz-quﬂ_\’, ‘Jh'n Quantitative Kinetics Application 6.1.f
38 Nl ke -C’ - .:; /A Quantitative Kinetics Reasoning 6.1.d
39 \\ Ph 21 ,_a\_i.'r_'///l Entropy and Gibbs free energy Knowing 71b
40 \‘Ucﬁz\;}.;féjﬁ/)'/ 1 Entropy and Gibbs free energy Knowing 7.1.b
41 2 7 a 2 Entropy and Gibbs free energy Applying 7.1.¢c
42 2 22b 1 Entropy and Gibbs free energy Knowing 72.a
43 2 22.¢ 2 Entropy and Gibbs free energy Applying 72b
44 2 22d 2 Entropy and Gibbs free energy | Reasoning 7.2d
45 2 22 ¢ 1 Entropy and Gibbs free energy Applying 7.1b
46 2 22 f 2 Entropy and Gibbs free energy Applying 72b
47 2 23.a 1 Nitrogen Compounds Knowing 8.1a
48 2 23.b 1 Nitrogen Compounds Knowing 8.2a
49 2 23.c 1 Nitrogen Compounds knowing 8.4a
50 2 23.di 1 Nitrogen Compounds Applying 8.2b1
51 2 23.dii 1 Nitrogen Compounds Applying 8.3b 11
52 2 23.el 1 Nitrogen Compounds Reasoning 8.4c
53 2 23 eii 1 Nitrogen Compounds Applying 8.4e
54 2 24.a 1 Nitrogen Compounds Knowing 8.1ci
55 2 24.b 1 Nitrogen Compounds Applying | 8.1civ
56 2 24.c 1 Nitrogen Compounds Applying 8.3c1
57 2 24.d 1 Nitrogen Compounds Applying 8.3cii
58 2 24.¢ 2 Nitrogen Compounds Reasoning 83d




. Each correct answer is worth ONE mark.

Item Correct option
1 | A | Molecules formed by a central metal atom surrounded by one or more ligands
2 | A | The d orbitals split into three non-degenerated sets.
3 | D | The pull on the electrons to the metal is balanced.
4 | C | It forms two dative bonds with the central ion.
5 | B | The half-life is independent of the original concentration of the reactant.
6 | C |200s
7 | B | Rate = K[CIO,]*[OH]
8 | A | AG® is always positive.
9 | A |— ,decrease
10 B C6H14(g) - C6H14(l)
11 | A NH
12 | C | Reacting bromoalkane with excess ammonia
13 | B | CH;CH,CH,CONH,
14 D CH3CH2CH2NH2 and CH3CH2CH2BI’
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Question Two- (80, VIarks)onyhs

4

1 mark for the shape, 1 mark for the charge.

(Accept: any other shape that shows the correct answer)

Pt s M,
Part / '1:‘ R/
Part | Section wd/\)\;’M The answer n%k
a Transtirorn tetal Or Transition element 1
b 1. Variable oxidation states.
2. Behave as catalysts. (Accept any 2 correct answers) 2
15 3. Form complex ions.
4- Form colored compounds
c (Ti): 1s? 2s? 2p® 3s? 3pb 3d? 4s? 1
Or (Ti): [Ar] 3d? 4s?
d The similarity in the energy of the 3d and 4s atomic orbitals. 1
Or The difference in energy between 4s and 3d is very small.
Or they can form one or more stable ions.
Or they lose electrons of 4s and some or all electrons of 3d.
Complex ion Central metal ion Ligands Shape of complex
16 | a , 3
Linear
Fe*
[Co(ox)s]*~
Or [Co(C204):]*~
1 mark for each.
(Accept: central 1on has the correct charge)
(Don’t accept: central ion without a charge)
b.i Tetrahedral 1
16 | b.ii [Co(NH3)4(H,0),]** 1
b.iii i 2
H,0 NH;
HaN_ |- NH; HaN__|__,OH,
AN Or : j ;
H3N-'--/-1--- NNH; H3N~(#——\NH3
H,0 H,O
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Pari | § &(\Tfm i Th
Part | Sect b e
— mark
a Atomic orbitals in the same energy level in a given sub- shell. 1
17 | bi Ni*2 1
bii | [Ni(H,O)]*" 1
Cc i 1
o
-
Lart | Section The answer The
mark
a.i Rate equation: an equation showing the relationship between the rate 1
18 constant and the concentrations of the species that affects the rate of
reaction.
a.ii Homogeneous catalysis: the type of catalysis in which the catalyst 1
and reactants are in the same phase.
(Accept: any correct answer)
b.i B 1
b.ii A 1
b.iii | k=0.693/ t;,=0.693/ 1500 s = 4.62 x 10 s 1
a.i ClO; : first order or 1* 2
19 F, : first order or 1%
(1mark each)
a.ii Second order reaction or 2™ 1
a.1ii Rate = A[Cl10O;][F;] 1
a.v Since the temperature increased by 10 °C, so the rate of reaction
approximately doubles.
Or The rate increases as the temperature increases.
b k=2.1x107%(0.30)(0.50)= 1.4 x 10> mol ' dm’s™! 2

(1mark for the value, 1mark for the unit)
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0 onfinue

L 2N ))JLJ
v' *LI,JJU/ 3

Part Secti&\ \,\4"5)/ The answer The
\*-——/ mark
0.009 1
20 1 o
g 0.006
a F 0.005 += ===\ —== I
I 500 1000 1500 2000 2500 30?;;:-:0/!:]00 4500 5000 5500 6000 6500 7000
b initial rate= 0.004 — 0.01/1000 — 0 = 6.0 x 10 mol dm3 s! 1
The graph is a steeper curve going downwards. 1
Or The concentration of the reactant decreases more steeply with
c )
time.
Or The reaction has successive half-lives which increase with time.
Part | Section The answer The
mark
21 At OK the particles are stationary or not vibrating and would have
a.l zero energy , or no collisions, or no kinetic energy, disorder decrease 1
Increasing the temperature of Y(I) increases the disorder or
a.ll | vibration of particles, or changes in the state, or increase in kinetic 1
energy, or decrease in activation energy E,
22

AS© = £SO (products) - £S© (reactants)
ASOgystem = SC[CO2(g)]+ S©[ CaO(s)] - Se[CaCOs(s)]
a SO[CaCOs(s)] = S[CO2(g)]+ SO[ CaO(s)]- ASOsystem
= (213.6+ 39.7) — (+160.4)
=92.9 JK' mol"

b AG®S = AH® - TAS®

AGS = AHO - TAS©
¢ |0 =+176-(Tx(+0.1604))
=1097K




General Education Diploma, Semester Two, First Session
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The second term of the equation or (- TAS®) becomes negative
d enough to overcome the positive value of AH® and so the reaction
becomes spontaneous

e Number of atoms of P is less than the number of atoms of P4O

AG® = AH® - TAS®
=-2984.0 - (298 x-960.5/1000)

=== -2697.8 kJ mol!
/. f}‘%
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Must draw the correct amide bond formed.

R PR
Part | Sectvu{ DN, 7 The answer The
Dl mark
Primary amine 1
Nitration or electrophilic substitution 1
Amino acid 1
23
d. i or 1
NH,
Br Br
d. ii y 1
\fo
CsHy
1 1
0]
HaN* o
i 1
HoN
HO
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Because amides are neutral and the presence of electron-withdrawing
O atom in amides means less available lone pair in N. (Imark)

Or:

The donating group in the amine increases the electron density on N

and makes it more available to donate e- to H"

&) i
Part | Secti ‘\W The answer The
A\\S/\_ﬁ// - mark
a Ammonia (NHj) 1
b T 1
H—C—C=x=N
24 |
H Or CH;CN
Cc Acidic or with HClor H' 1
d CH;CH,NHCH,CHj; 1
Or: diethylamine
Or: N,N-diethylamine
e A more basic than B
or
B less basic than A (1mark)
2

This is the end of the Marking Guide
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Diploma, Bilingual Private Schools, Chemistry

Semester Two - Second Session

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.

Academic Year: 2024/2025

1)  Which of the following statements is not correct about transition elements?
O All of them are metals. (O Their atoms tend to gain electrons.
(O They behave as catalysts. (O They have variable oxidation states.
2)  Which option is correct about the complex Cu(OH)Z(H20)4?
Charge of central Co-ordination
. Shape of complex
metal ion number
O 0 4 Square planner
@) +1 2 Linear
O +2 6 Octahedral
O +2 6 Tetrahedral
3)  Which one of the following complex ions represents A?
20H" (aq) 4NHs(aq) 2+
[CuOH),(H,0),I(s) + 2H,O() «—— | A | «—— I[Cu(NH,),(H,O),I""(aq) + 4H,0O()
—_— —

O [Cu(H,0),]*
O [Cu(H,0),]*

O [Cu(H,0),]1*
O [Cu(H,0),]*

4) What is the charge x of the complex ion [Co(NH,) I" if the electronic configuration of
the metal ion in the complex is: [Ar]3d®?

O +2 O +3
O -2 O -3

Do not write in this space
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Question 1 continued

5)

6)

7)

Which one of the following options is correct about a zero-order reaction?

Rate equation Successive half lives
@) rate = k decrease with time
@) rate = k increase with time
O rate = k[reactant] decrease with time
(@) rate = k[reactant] increase with time

The rate equation for the reaction below is: rate = k[HZ] [I2]

H,(g) + L(g) — 2HI(g)
What will be the rate constant if the concentration of l, is increased from (0.10 to
0.30) mol dm™3, keeping the concentration of H, and the other conditions constant?

O /3 O &k
O 3k O 9%

The rate of reaction between compounds A and B was studied at a fixed temperature
as shown in the table below. Which one of the following is the rate equation for this
reaction?

Experiment | [A]/ mol dm=2 | [B]/ mol dm™3 |Initial rate of reaction / mol dm™3s™"

1 0.10 0.10 x
2 0.10 0.20 2x
3 0.20 0.20 Ax

O Rate = k[A][B] O Rate = k[A][B]?

O Rate = k[A[B] O Rate = k[AP[B]

Do not write in this space

aoeds siy3 ul 931um J0u oq



aoeds siy} ul 9314m jou oQ

Diploma, Bilingual Private Schools, Chemistry Semester Two - Second Session Academic Year: 2024/2025

Question 1 continued

8)

9)

10)

Which of the following orders is correct in increasing S©?
(@8] H,O(l) < H,0(g) < H,0(s)
O H,0() < H,0(s) < H,0(g)
(@8] H,O(g) < H,O0(l) < H,0O(s)
O H,O(s) < H,O(l) < H,0(g)

Which one of the following options is not correct about the reaction below at 298 K?

Nzo(g) —> Nz(g) + % Oz(g) A Sesystem = +74-4 JI<_1 mOl_l, AH@ = - 82.0 KJ mOl_l

(O This reaction is not feasible.
(O The AG® sign of this reaction is negative.
(O The AS®system value shows an increase in the randomness.

(O The S© of the reactant is less than the S© of the products.

What is the standard entropy, S€ in (JK~' mol™) of MgO at 298 K in the following
reaction?

2MgO(s) —» 2Mg(s) + O,g),AS° =+216.70 K" mol™
The standard entropy values are:
Se[Mg(s)] = 32.70 J K™ mol™
89[0,(g)] = 204.90 J K™ mol™
O 105 O 26.8
O 53.6 O 163.1

Do not write in this space
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Question 1 continued

11) Which one of the following is the displayed formula for propylamine?

12)

N
| o
O H—-C—C—C—C—N
Y
H  H W H
NN
O H (|: c|: N T H
L
H H H
]
O H—C——C—C—N
N
H H H H
T T
I S S S
H H H H H
excessNH3

For the reaction: CH;CH,,Cl >
hot ethanol, pressure

Which one of the following compounds represents Y?
O CH,CH,NH,,

O (CH3CH2)2NH

O (CH3CH2)3N

O (CH3CH2) 4N+

Do not write in this space
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Question 1 continued

13) Which one of the following options is correct about the nitrogen functional group in
each compound?

CHs; NH,
O
HoN OH
Compound 1 Compound 2
Compound 1 Compound 2
O Amide Amide
O Amine Amine
O Amide Amino acid
O Amine Amino acid

14) What is the product of reacting (CH,),CHNH,, and C,H_Br with each other under
pressure in hot ethanol?

O CH,CH,NHCH,CH,CH,
O (CH,),CHNHCH,CH,CH,
O CH,CH,CH,NHCH,CH,CH,

O CH,CH,CH,CH,CH,CH,NH,

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. Define the following terms:

(i) Complexion.

[1]
(ii) Coordination number.
[1]
(iii) Monodentate ligand.
[1]
b. For the complex ion [Ni(CN)z(Cl)Z]Z':
(i) Draw the 3D shape of the &Iar geometric isomer.
[2]
(i) Complete the following equation.
[Co(H,0),1°" (aq) + 20H (aq) —— +2H,0(1)
[1]
16) The following table shows different ions and complex ions. Use it to answer the
following questions:
lons Ti®* A\ Mn?* Zn?*
Complexions| [CoCl,]> | [Cr(OH) > | [Co(C,0,),]* [Fe(OH),]*

Do not write in this space
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Question 2 continued

a. Which complex ion has a bidentate ligand?

[1]
b. Write the formula of a complex ion formed between Ti** and (EDTA)*".
[1]
c. What is the oxidation number of the metal in [Fe(OH)6]3‘ complex ion.
[1]
d. Write the electronic configuration of Mn?*.
[1]
e. Which ion will form a colourless solution in its complexes?
[1]
17) The following diagram shows the splitting of 3d orbitals in a complex ion.
15 B A —
dxz_yz d,?
3d| N [N [T [T 1T AE
Al —m—m——
N N [N
dyz dyz dxy
a. Label the diagram using these words:
High energy level degenerated orbitals
Low energy level non-degenerated orbitals
2]

Do not write in this space
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Question 2 continued

b. What is the shape of this complex?

c. What is the metal ion in this complex?

d. Sketch the shape of a 3d,, orbital.

18) The graph below shows the concentration of the reactant against time for three
reactions (A), (B) and (C):

1

AN
NN

Concentration of reactant, [R]/mol dm3

Y

Time/s

a. Which reaction has a half-life independent of the original concentration of the
reactants?

b. Which one is a second order reaction?

[1]

[1]

[1]

[1]

[1]

c. Reaction (B) has a rate constant of 5.5 x 107*s™". Calculate the half-life of this reaction.

Do not write in this space

[1]
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Question 2 continued

19) a. The initial rate of reaction between compound (A) and NaOH(aq) was measured
in a series of experiments at 298 K. The data obtained is shown below.

Experiment | [A] / mol dm~3 | [NaOH] / mol dm™> I“itiarln':f;t;lff_g ‘:ffﬁon /
1 0.040 0.030 4.0 x 107*
2 0.040 0.045 6.0 x 107*
3 0.080 0.045 24.0 x 1074

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

[1]
(i) Using the data given, complete the table below:
The order of reaction with respect to (A)
The order of reaction with respect to (NaOH)
The overall order of the reaction
The rate equation for the reaction
[4]
(iii) In experiment 4, at a different temperature, the initial rate of reaction
between compound (A) and NaOH(aq) was found to be 4.8 x 1073 mol
dm™ s™'. What change occurred in the temperature?
(1]

Do not write in this space
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Question 2 continued

b.

20) a.

The rate equation of the reaction between the gases NO and H, was determined
to be: rate = k[NO]Z[HZ]

The table below shows the data from two experiments which was conducted at a
constant temperature:

. [NO] / mol _ Initial rate of reaction /
Experiment dm=3 [H,]/ mol dm 3 mol dm=3 s~
1 0.030 0.010 1.8 x 1072
2 0.030 0.030 X

(i) Calculate the value of the rate constant and give the units.

[2]
(ii) Calculate the initial rate (x) of the reaction in Experiment (2).

[1]
The figure below shows a step of a heterogeneous catalysis.

NO
CO
Catalyst surface

(i) Explain the meaning of heterogeneous catalysis?

[1]

Do not write in this space

10

aoeds siy3 ul 931um J0u oq



aoeds siy} ul 9314m jou oQ

Diploma, Bilingual Private Schools, Chemistry Semester Two - Second Session Academic Year: 2024/2025

Question 2 continued

(i) Describe the mode of action of the catalyst in this step.

[1]

b. In a catalyzed reaction hydrogen peroxide, H,0,, decomposes to form water and
oxygen, as in the following equation:

2H,0,(aq) B 2H,0() + 0,(g)
What type of catalysis is this?
[1]

21) Use the data in the table shown below, then answer the questions.

Substance Se (J K" mol™)
Fe,0,(s) 87.4
C(graphite) 5.7
Fe(s) 27.3
coz(g) 213.6
NH,CI(s) 94.6
NH,(g) 193
HCI(g) 187

a. What is the scientific term describes the number of possible arrangement of the
particles and their energy in a given system.

[1]

b. Write an expression showing the relationship between Gibbs free energy, AG,
enthalpy change, AH and entropy changes, AS.

[1]

Do not write in this space
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Question 2 continued

C.

For Reaction 1:
250,(g) + O,(g) — 250,(9)
Predict the sign of ASesystem and explain your answer.
The sign: [1]
Explanation: [1]
For Reaction 2:
2Fe,O,(s) + 3C(graphite) —» 4Fe(s) + 3CO,(9)
Explain the difference in the entropy values, S® between Fe,O,(s) and Fe(s).
[1]
Calculate the standard entropy change, AS® for this reaction at 298 K.
Show all your work.
[3]
For Reaction 3:
NH,Cl(s) — NH.(g) + HCl(g) , AH ©=+176 (KJ mol™)
(i) Calculate the Gibbs free energy change, AG® (K J mol™), at 298 K.
Show all your work.
[3]
(ii) State whether the reaction is feasible or not.
[1]

Do not write in this space
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Question 2 continued

22) Consider the following reaction sequence:

H H H H H H
H (|: C|3 é B KCN/Hot ethanol ’ | |
—C—C—C—Br o
|| | Reaction 1 H——C—C—C———CN
H HH ’ | ‘
H H H
Compound A Compound B
Reaction 2
o
CH,CH_Br/Hot ethanol CH,COCl
Compound D | < i H_C_C_C_C NH — 23— Compound E
Reaction 3 I Reaction 4
HH HH
Compound C

a. For reaction 2:

(i) State the type of reaction.
[1]

(i) State the reagent needed.
(1]

(iii) What class is the functional group of Compound (B).
(1]

Do not write in this space
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Question 2 continued

b. Draw the structure of:

(i) Compound (D).

[1]
(ii) Compound (E).
[1]
c. What is the product when LiAlH, is added to Compound (E)?
[1]
d. The following figure shows the zwitterion of 2-Amino-pentanoic acid.
Draw the product formed in HCl and NaOH.
. O
NH3 P
o)
%
O
(2]

Do not write in this space
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Question 2 continued

23) Consider the following reaction sequence:

conc. HNO, CH3CH2COC1
—_—
conc. H,SO, Compound B — — > Compound D
Reaction 1 Reaction 2 Reaction 3
NH,
Compound A Compound C

a. State the necessary reagent needed for Reaction 2.

(1]
b. Draw the structure of:
(i) Compound (B).
[1]
(i) Compound (D).
[1]

Do not write in this space

15
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Question 2 continued

(iii) The product of reacting 3 moles of Br,(aq) with Compound (C) at room
temperature.

[1]

c. Why is Compound (D) less basic than Compound (C)?

[1]

[End of the Examination]

Do not write in this space
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J‘Lv”‘;é“)) )3
’“ﬂiﬁsf)%bcﬁ’tu gjﬁ%yf Izoqnitive domains and marks.
\“(7\, AN r///
Seriat / . Cognitive
No ‘(g:transgg:l Item | Mark Unit domain Output
1 1 1 1 Chemistry of transition elements Knowing 5.1b
2 1 2 1 Chemistry of transition elements Application 52d
3 1 3 1 Chemistry of transition elements Application 5.2
4 1 4 1 Chemistry of transition elements | Reasoning 5.2.i
5 1 5 1 Quantitative Kinetics Knowing 6.1.a
6 1 6 1 Quantitative Kinetics Application | 6.1.m
7 1 7 1 Quantitative Kinetics Reasoning 6.1.9
8 1 8 1 | Entropy and Gibbs free energy | Knowing 7.1.b
9 1 9 1 | Entropy and Gibbs free energy | Application 7.2.a
10 1 10 1 | Entropy and Gibbs free energy | Application 7.2.b
1 11 1 Nitrogen Compounds Knowing 8.1a
1 12 1 Nitrogen Compounds Application | 8.1ci
1 13 1 Nitrogen Compounds Application 8.4a
1 14 1 Nitrogen Compounds Reasoning 8.1cii
2 15.ai 1 Chemistry of transition elements Knowing 5.2.d
2 15.aii 1 Chemistry of transition elements Knowing 5.2.h
2 15.aiii 1 Chemistry of transition elements Knowing 5.2.c.i
2 15.b.i 5 Chemistry of transition elements | Application+ 5.2.0
Reasoning
2 15.b.ii 1 Chemistry of transition elements | Application 5.2.i
2 16.a 1 Chemistry of transition elements | Application | 5.2.c.ii
2 16.b 1 Chemistry of transition elements | Application | 5.2.c.iii
2 16.c 1 Chemistry of transition elements | Application 5.2.i
2 16.d 1 Chemistry of transition elements | Application 5.1.c
2 16.e 1 Chemistry of transition elements Knowing 5.1.d
2 17.a 2 Chemistry of transition elements Knowing | 5.3.Ci
2 17.b 1 Chemistry of transition elements | Reasoning 5.3ci
2 17.c 1 Chemistry of transition elements | Reasoning 5.3ci
2 17.d 1 Chemistry of transition elements | Application 5.3b
2 18.a 1 Quantitative Kinetics Knowing 6.1.i
2 18.b 1 Quantitative Kinetics Knowing 6.1.e
2 18.c 1 Quantitative Kinetics Application | 6.1.Lii
2 19.a.i 1 Quantitative Kinetics Knowing 6.1.a
2 19.a.ii 4 Quantitative Kinetics Reasoning/ | 6.1.d,a,9
Application
2 19.a.iii| 1 Quantitative Kinetics Reasoning 6.1.m
2 19.b.i 2 Quantitative Kinetics Application | 6.1.1.h
2 19.bii | 1 Quantitative Kinetics Application 6.1.f
2 20.a.i 1 Quantitative Kinetics Knowing 6.2.a
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o v ENonds Il 20.a.di | 1 Quantitative Kinetics Application | 6.2.b.ii
i 2%/ 20.b 1 Quantitative Kinetics Application 6.2.a
\‘\Q:,M_ AT 1 Entropy and Gibbs free energy Knowing 7.1a
X—=" 21.b 1 Entropy and Gibbs free energy Reasoning 7.1.b
2 21.c 2 Entropy and Gibbs free energy | Application 7.1.c
2 21.d 1 Entropy and Gibbs free energy | Application 7.1b
2 21.e 3 Entropy and Gibbs free energy Knowing 7.2.a
2 21.1.i 3 Entropy and Gibbs free energy | Application | 7.2.b, ¢
2 21.f.ii 1 Entropy and Gibbs free energy | Application
2 22ai | 1 Nitrogen Compounds Knowing 8.1c iv
2 22.aii | 1 Nitrogen Compounds Knowing 8.1civ
2 22.aiii| 1 Nitrogen Compounds Knowing 8.4a
2 22bi | 1 Nitrogen Compounds Applying 8.1c ii
22 bii Nitrogen Compounds . 8.1d,
2 1 Applying 8.3p ii
2 22.C 1 Nitrogen Compounds Reasoning | 8.1civ
2 22.d 2 Nitrogen Compounds Reasoning 8.4b
2 23.a 1 Nitrogen Compounds Knowing 8.2a
2 23.bi 1 Nitrogen Compounds Applying 8.2a
23 bii 1 Nitrogen Compounds ) 8.1d,
2 APPYINg | g 51
2 23.biii | 1 Nitrogen Compounds Applying 8.2bi
2 23.C 1 Nitrogen Compounds Applying 8.3ci
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Question One (14 Marks)

There are 14 multiple-choice items. Each correct answer is worth ONE mark.

Item Correct option
1 B | Their atoms tend to gain electrons.
2 C +2 6 | octahedral
3 D | [Cu(H20)e]*

4 B +3
S A rate = k decrease with time
6 B | k
7 A | Rate =k [A][ B]
8 D Hzo(S) < Hzo(l) < HZO(g)
9 A | This reaction is not feasible.
10 B |26.8
11 C H H H H
O
H—C—C—C—N
I
H H  H H
12 A | CH3CH,>NH,
13 D Amine Amino acid
14 B | (CH3),CHNHCH,CH,CHjs
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Question Two (56 Marks)

? \\o? \»'\x/
Part | Section The answer \Lci‘jﬁ_e
mark
a.l Complex ion: a central transition metal ion surrounded by ligands,
15 bonded to the central ion by dative (also called co-ordinate) covalent 1
bonds.
a.li Coordination number: the number of co-ordinate bonds formed by 1
ligands with a transition element ion in a complex.
a.lii Monodentate ligand: a ligand forming one co-ordinate bond (dative 1
bond) with a transition element ion in a complex.
b.i
15 r 12-
NC i
\‘\ / 5
/ \
] Cis-isomer . .
1 mark for the shape, 1 mark for the charge.
b.ii Co(OH),(H20)4(s) 1
a [Co(0x):]> OR [Co(C,04)s]* 1
b [TIEDTA)] 1
16 | c +3 1
d [Ar]3d® OR  1s5%2s?2p°3s?3p°3d° 1
e Zn* 1
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Question Two Continued

] D N
PUT ey
S s ubs

Part | Section The answer s
mark
N High energy level
17 J
d.z2. 2 dzz A
3d [ 1 [N [ [ AE
degenerated orbitals , ’N/ | Lowenergy level
a dyz dxz dxy 2
Non -degenerated
orbitals
2 marks: if all answers are correct.
1 mark: if three or two answers are correct.
Zero: if one answer is correct or all answers are wrong.
b Octahedral 1
Cc Cu® 1
=
o
d )E/ | Tty 1
d
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Part [ Section The answer ~— = The
mark
a B 1
18 | b C 1
c k=55x10"*s"! 1
t1,=0.693/k =0.693/5.5x 10 s 1 =1260s
a. The power to which the concentration of the reactant is raised in the 1
rate equation.
19 The order of reaction with second order OR 2
a.ii respect to (A) 4
The order of reaction with first order OR 1
respect to (NaOH)
The overall order of the reaction | Third order reaction OR 3
The rate equation for the Rate = A{A]?[NaOH]
reaction
(Imark each)
a.lii Since the rate doubled so the temperature increases by 10K OR 308K. 1
b.i k=1.8 x 107%/(0.030)?(0.010)= 2000 mol 2 dm®s™* 2
(Lmark for value, 1mark for the unit)
b.ii rate = k[NOJ?[H.]= 2000(0.030)?(0.030)= 5.4 x 102mol dm=3s? 1
Or rate in experiment (2) = rate in experiment (1) x 3 =5.4 x 1072
mol dm3s™?
Part | Section The answer The
mark
A Heterogeneous catalysis: the type of catalysis in which the catalyst is
' in a different phase to the reactants. 1
20 i Adsorption of nitrogen oxides and carbon monoxide onto the 1
' catalyst surface.
b Homogeneous catalysis. 1

K
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Part | Section The answer N
mark
21 a.l | Entropy OR S 1
b AG® = AHS — TAS®© 1
(-) OR negative 1 mark
C Because there is less number of moles of gas molecules in the 2
products ( 2 moles) than in the reactants (3 moles) 1 mark
d Number of atoms of F is less than the number of atoms of Fe,O5(s) 1
AS© = ¥S© (products) — XS© (reactants) 1 mark
ASOgysem=3X SC[CO(g)]+ 4xSO[Fe(s)] —2x S©[Fe,03(s)+3x
S©[C(s,graphite)] 1 mark
© = (3x 213.6)+ (4x 27.3) — (2X 87.4+ 3X 5.7) }
= (640.8+ 109.2) — (174.8 + 17.1)
= +558.1 J K mol*? 1 mark
AS© = X¥S© (products) - £S€ (reactants)
= SO[ NH; (g)]+Se[ HCl(g)]- Se[INH4CI(s)] 1 mark
= (193 + 187)-94.6
f.i =+ 285.4 J K'! mol! 1 mark 3
AGS = AHS - TAS©
=+176 - (298 x +285.4/1000)
=+ 91 kJ mol" 1 mark
f.ii | The reaction is not feasible 1

L1
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Question Two Continued
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Showing that NH;" donates H*

Part | Section The answer
mark
al Reduction 1
aii LiAIH, Or HJy/ Ni 1
a lii Nitrile 1
20 T T :
HsC—C—N c|: c|: T T H
H H H H H
CH3CH;NHCH,CH,CH,CH; OR CyHsNHC4Hg
T T T :
HsC—C—N c|: c|: T T H
H H H H
CH3CONHCH,CH,CH,CH; OR CH3CONHC4Hq
C CH3CH2NHCH2CH2CH2CH3 1
d
NH;
2
) OH
NH; y 1 Mark
4 for each
o) Showing that COO- accepts H™ structure

IL2
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Question Two Continued :QD ,
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Part [ Section The answer T The
mark
a Hot Sn/ conc. HCI OR 6[H] 1
bi 1
23
NO,
bii 1
NH NH
| L
" N} OR C2H5/ 0

b iii Br 1

Br Br

NH,

C Less basic because compound D is a neutral amide 1

While compound C is a basic amine

OR

Compound D contains an electron-withdrawing group and an

electron-donating group

OR

The lone pair on the nitrogen atom of an amide is not available to

donate to electron-deficient species such as H+ ions.

This is the end of the Marking Guide
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