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Royal Guard of Oman Technical College, Chemistry Semester One - First Session Academic Year: 2024/2025

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 item.

1)  What is the conjugate base for the following reaction?
CHBOH(aq) + NH2_(aq) S CH3O_(aq) + NH3(aq)
O NH, O NH,

O CH,O O CH,OH

2) What is the pH of a solution that contains 0.211 mol dm= acetic acid (CH,COOH) and
0.172 mol dm=3 sodium acetate (CH3COONa)?

(K, of acetic acid = 1.76 x 10°)

O 216 O 4.66
O 484 O 9.32

3)  Which of the following acids is the strongest?

Acid (con. 0.1 mol dm™) K at 25°C(mol dm3)
@) HX 1.5 x 1072
O HY 4.7 x 10
O HZ 1.7 x 107
O HW 1.3 x 107

4) Which is the correct expression for the solubility product constant, Ksp, for (Au,PO,)?
O K, =[AuT[PO,’] O K, =[Ad"IPO,’T
O K, =[AuIPO,] O K, =IAuF[PO,’T

Do not write in this space
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Question 1 continued

5)  Which of the following pairs will show a common ion effect?

HCI, NaCl
NaOH, NaCl
Na,SO,, CaSO,
H,CO,, Na,CO,

0000

6)  Which is the correct general formula for the following classes of compound?

Classes of compound General formulae
@) alcohols CH, ,,OH
@) aldehydes CH, .,CHO
@) primary amines C H, ,,NH
O esters CH, ,,COOC H,_

7)  What allows the two structures of (X) and (Y) to be geometrically cis and trans

N -

X) )

isomers?

The two molecules have different functional groups.
The two molecules are a mirror image of one another.

The double bond restricts the rotation of carbon atoms.

0000

Functional groups are located at different positions on the chain.

Do not write in this space
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Question 1 continued

8) What is the IUPAC name for this compound?

CH,CH,CH(F)C(CH,),CH,

2,2-dimethyl-3-fluoropentane
3-fluoro-2,2-dimethylpentane
4,4-dimethyl-3-fluoropentane

0000

3-fluoro-4,4-dimethylpentane

9)  Which of the following molecules is a chiral?

(@) (@)
k H H CHs
\N__/ N/
-) c—¢C @) c=——=C
/ N\ /\

Do not write in this space
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Question 1 continued

10)

11)

Which one is a pair of functional group isomers?

o Y . A~

and

OH
OH
OH

) )\/\ and /\(\
Cl
OH
0
OH
O

Which statement is correct for the following reaction mechanism?
CH,=CH,, + Br, ——— CH_BrCH,Br

Br~ acts as a nucleophile.

The double bond has an electron deficiency.

The double bond attracts the electrons in the bromine.

0000

This mechanism is also known as a nucleophilic addition.

Do not write in this space
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Royal Guard of Oman Technical College, Chemistry Semester One - First Session Academic Year: 2024/2025

Question 1 continued

12) Which of the following compounds is a secondary halogenoalkane?

O cHcl,

O (CH,),CHCI

O (CH,),CHCH,CI
O (CH,),CCICH,CH,

13) What is substance (X) for the following reaction?

2-pentene + (X) ——— 2,3-dichloropentane

Chlorine
Sodium chloride

Chlorine dioxide

0000

Hydrochloric acid

14) The following table shows the length of 4 different carbon-halogen bonds:

Bond symbol Bond length (A)
R-M 2.14
R-Y 1.93
R-Z 1.78
R-W 1.39

Which compound will be the first to produce a precipitate when mixed with aqueous
silver nitrate in ethanol?

R-M
R-Y
R-Z
R-W

0000

Do not write in this space
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Question 2: Extended Responses (56

marks)

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

15) An aqueous solutions contains 5.00g of nitric acid (HNO3) per dm?.

a. Write the general pH expression. (1 mark)
b. Nitric acid dissociates in water according to the equation below: (1 marks)
HNO,(aqg) + H,O() == H*(aq) + NO,(aq)
Which one of the products is a conjugate base?
c. Answer the following questions, to calculate the pH of the solution.
(i) What is the number of moles in 5.00g of HNO,? (2 mark)
(i) What is the Molarity of the aqueous solution, HNO,? (2 mark)
(iii) Calculate the pH of the solution. (1 mark)

Do not write in this space
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Royal Guard of Oman Technical College, Chemistry Semester One - First Session Academic Year: 2024/2025

Question 2 continued

16) A weak acid, HA, has a concentration 0.106 mol dm= and a pH of (3.21).

a. Write the dissociation constant expression K_ of the weak acid (HA). (1 mark)
b. Calculate the [H] of the acid (HA). (2 marks)
c. Calculate the K of the weak acid (HA). (3 marks)

17) Two salts, CuS(s) and CoS(s) are slightly soluble in water, knowing that the Ksp of the
salts are in table below.

Salt Ksp mol dm™ (at 298K)

CuS 6.3 x 103

CoS 2.0 x 10%
a. Write the solubility product K, expression for CoS. (1 mark)
b. Calculate the molar solubility for CoS(s). (3 mark)
c. Which salt has more solubility in water. (1 mark)

Do not write in this space
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Question 2 continued

18) Compound (X) has several isomers. The structure of (X) is:

NN

a. What is the formula class of compound (X)? (1 mark)

b. Draw the displayed formulae of a chain isomer and a functional group isomer for
compound (X). (only two structures for each type) (4 mark)

Type of isomer Displayed formula

Chain isomer

Functional group
isomer

Do not write in this space
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Royal Guard of Oman Technical College, Chemistry Semester One - First Session Academic Year: 2024/2025

Question 2 continued

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

a.

/\K ° NN /A\/C'
1 2 3

Determine the type of functional group for:

(i) Compound (1): (1 mark)
(i) Compound (2): (1 mark)
What type is the geometrical isomerism in Compound (2)? (1 marks)
Compound (3) has a chiral center.

(i) What is meant by a chiral center? (1 marks)
(ii) Draw a circle around the chiral center. (1 mark)

A/CI
(iii) Draw one position isomer (skeletal structure) for compound (3). (1 mark)

Do not write in this space
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Question 2 continued

20) The table below shows several compounds.

A B C
) CH ﬁ cl:Ha
HaC/ S ’ o CH:,—C—?—E—CHZ__CHG
o) H
CHj
D F J
H\C/O H—_ /0
| HO cl T
H_T_H \(\/\/ HO_T_H
H I K
CH,
CH,;—CH; NH, /\/\
a. Write the IUPAC name of compound:
(i) (B): (1 mark)
(i) (F): (1 mark)
b. Draw the skeletal formula of compound (C). (1 marks)

Do not write in this space
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Question 2 continued

c. Which compound has a functional group of:

(i) Ester: (1 mark)
(ii) Amine: (1 mark)
d. The molecular formula of Compound () is (1 mark)
e. Explain, Compound (K) has trans geometrical isomerism: (1 mark)

f. Which compound is an optical isomer?
O D Oy

Explain your answer.

(shade your answer)

(2 mark)

21) Study the following scheme then answer the questions below:

Compound (A)

- Non-polar bond
- Not as reactive as
compound (C)

NaOH.ethanol + Heat
Elimination reaction

—-> Compound (C)

Do not write in this space
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Question 2 continued

a. Draw the structural formula for:

(i) Compound (C): (1 mark)

(ii) Compound (A): (1 mark)

b. What is the reagent that is used to convert Compound (C) to Compound (A)?
Reagent (X): (1 mark)

c. What is the type of reaction and the condition in which Compound (B) can be
produced from Compound (A)?

(i) Reaction (1): (1 mark)

(ii) Condition (Y): (1 mark)

Do not write in this space
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Royal Guard of Oman Technical College, Chemistry Semester One - First Session Academic Year: 2024/2025

Question 2 continued

22) The following oxidation reaction is used to test some hydrocarbons,

OH
Compound (X) + H,0 + [O] ——— Oi
OH

Knowing that a color change was detected while carrying out this reaction,

a. Predict the saturation of the hydrocarbon (X). (1 mark)

b. What is the oxidizing reagent that was used? (1 mark)

c. If compound (X) was replaced with butane, would you expect the oxidation reaction
to take place? (1 mark)

d. State another way that is used to test such hydrocarbons. (1 mark)

23) The following chemical equation represents an electrophilic addition reaction:
CH,CH=C(CH,), + HC| ——— CH,CH,CCI(CH,),

Part of this reaction mechanism is shown below,

H3C CHj HaC CHs
Y4 s
/C C\ Step 1 I H (|_‘, E CHs
_—
CHj
H¢ ot
A B

Do not write in this space
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Question 2 continued

a.

a.

Determine the following:

(i) The intermediate: (1 mark)

(ii) The electrophile: (1 mark)

(iii) The nucleophile: (1 mark)

b. The (H) atom from HC| was added to carbon atom (1). Explain. (1 mark)
24) A free-radical substitution reaction equation is shown below,
C,H, + Cl, —— C,H.Cl + HCl

Complete the table: (3 marks)

Steps Reactants Products
Cl, 2ClI*
Propagation C,H,* + HCl
C,H," + CH, C,Hio

b. Write two reaction equations which can eliminate free radicals from the system

other than the one in the table.

(2 marks)

[ End of the Examination]

Do not write in this space
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QUESTION ONE: Multiple choice (14 marks)

Item Mark Unit Cognitive domain | Output | Page
1 1 Quantitative equilibrium Knowing a 9
2 1 Quantitative equilibrium Applying ] 30
1 Quantitative equilibrium Applying ¢ 18-19
1 Quantitative equilibrium Applying m 36
5 1 Quantitative equilibrium Reasoning 0 40-41
6 1 Introduction .to Organic Kagwins 21a | 42-62
Chemistry
7 1 Introduction 'to Organic Rnowing 29c | 42-62
Chemistry
Introduction to Organic '
8 1 CliamistEy Applying 2.1b | 42-62
9 1 Introduction 'to Organic Reasoning 296 42-62
Chemistry
Introduction to Organic .
10 1 Chemistry Applying 22a | 42-62
Hydrocarbons and .
11 1 Halogenoalkanes Knowing 3.2.¢c 78
Hydrocarbons and .
12 1 Halasenoalkames Applying 3.3b 85
Hydrocarbons and ; .
13 1 Halogenoallanes Applying 3.2.b.i 73
14 1 Hydracarbons afd Reasoning 3.3.c.iv | 88-90

Halogenoalkanes
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Item Unit M%d)t&é,d’om{ n Output Page
N '
15a Quantitative equilibrium Knowing g 10
15b Quantitative equilibrium Applying a, b 8-10
15 ¢ (i) Quantitative equilibrium Knowing + Applying d 34
15 c (ii) Quantitative equilibrium Knowing + Applying d 34
15 c (iii) Quantitative equilibrium Applying d 10-13
16a Quantitative equilibrium Knowing e 18-19
16 b Quantitative equilibrium Knowing + Applying c,d 12-13
16 ¢ Quantitative equilibrium Knowing + 2 Applying c 20-21
17a Quantitative equilibrium Applying m 35-36
17b Quantitative equilibrium 1 Applying + 2 Reasoning n 37-39
17 ¢ Quantitative equilibrium Reasoning I 35-36
18a Introductlon'to Organic Knowing 7 1a 42-62
Chemistry
Introduction to Organic : 2.1a
18b Chemistry Applying 22f Rl
" Introduction to Organic .
19 a (i) Chemistry Knowing 2.1a 42-62
" Introduction to Organic .
19 a (ii) Chemistry Knowing 2.1a 42-62
Introduction to Organic .
19b Chriistey Applying 22¢ 42-62
; Introduction to Organic .
19 ¢ (i) Chemistey Knowing 2.2d 42-62
" Introduction to Organic :
19 c (ii) ChiermistEy Reasoning 2.2d 42-62
Introduction to Organic . ]
19 c (iii) Chemistry Reasoning 221 42-62
. Introduction to Organic .
20 a (i) Chemistry Applying 2.1a 42-62
. Introduction to Organic .
20 a (ii) Chemistry Applying 2.1a 42-62
Introduction to Organic .
20b Chemistey Applying 2.1a 42-62
: Introduction to Organic .
20 ¢ (i) Chesmisity Knowing 2.1a 42-62
20 c (ii) Introduction to Organic Rowi 21a 49-62
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21 c(i) }I{-I};Cll:)g;ircl:;gr?:: Reasoning 3.3 ai 82
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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 c CH;O"
2 b 4.66
3 a HX 1.5x102
4 | a = [Au"P[PO4*]
5 c Na2S04, CaS04
5 5 | alcohols ~ | C;H,,1OH |
7 " The double bond restricts the rotation of carbon atoms.
g b 3-fluoro-2,2-dimethylpentane.
9 b
(b)
O @)
0 /“\ /\)j\
o and OH
11 a Br acts as a nucleophile.
12 b (CHj3),CHCI
13 a Chlorine
14 a R-M
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Question Two (56 Marks) \»”Jy\ o #
\\“\ »_,‘:’. \-‘."Z-ﬁ-"" ;
Part | Section The answer ~~_The mark
a | pH=-logio[H'] 1
b NO3ag) 1
1 mole of (HNO3) = 63.02g (RFM)
Number of moles of (HNO3) in (5.00g), 1
mass/RFM= 5.00g/63.02¢g per 1mol
1
=0.0793 mol
c (i)
another way:
1mol A><‘@63.02g
xmol 5¢
15 x =5/63.02 =0.0793 mol

Molarity of aqueous solution, HNOj3(q, (M = mol/V dm?)

c (ii) M = 0.0793 mol/1dm* = 0.0793 mol dm™

M = 0.0793 M(molar) 1

HNO:; is a strong acid, so it is fully ionized in water. The
equilibrium lies far to the right:

HNOs3ay - H'ag + NOsg
0.0793 M 0.0793 M
c (ii1)

pH = -log;o[H']

pH = -1og16(0.0793) = 1.10 1
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Part | Section The answer N\ The mark

N Rl

The general equation of a weak acid is:
HAwy = Hag * Ao

The acid dissociation constant, K.= [H'][A’]/[HA] 1

a Or.

When 1 mole of HA ionizes, we get Imol H" and 1mol A",
therefore

[H']=[A]. So, K.=[H'JY[HA]

pH= -log;o[H"], so

[H*]= 1078 » 1
b R
[H'] = (10-2")
6 [H*]= 6.17%10"* mol dm™ 1
K.= [ H']/[HA]
K= (10™1Y2/[HA] 1
K= (10*2')%/0.106 mol dm"
© | ke=(6.17x10" mol dm?)*/0.106 mol dm™ 1
«=3.82x10"7 mol?> dm/0.106 mol dm™
k.= 3.59%10° mol dm™3 1
a |CoSy 5 Co¥ug + S
Ky CoSs) = [Co**][S?] 1
Ksp CoSs) = [Co*][S*]
Ky = (X)(x) = (x)? _ 1
(7 b |2.0x102%= (x)? 1
x = V2.0%x1026
x= 1.41x10"* mol dm 1

c CoS(s) 1
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Part

Section

The answer *1:)

18

a

Skeletal formula =

Type of isomer

Displayed formula

Chain isomer

They should draw only two structures
from these aldehydes.

Student gets full marks if they draw two correct
displayed structures Or any other correct structures.
*One mark for each structure.

Functional
group isomer

They should draw two structures from
these ketone

[0}

_—C_ —_——

=
|
T—)——T
Ir—Q0—X
I—O——=T
II—O0O——=
|
X

O—0

X
|
I—0O—x
I—O——=T
I—O——=
T—QO—T
|
T

H
|
Cc
|
o3
I

H

Student gets full marks if they draw two correct

displayed structures Or any other correct structures.
*One mark for each structure.
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Part | Section The answer ‘..\\;;-5 The mc glk
AT (e PPN £
a(i) |ketone R
a (ii) |alkene 1
b trans 1
c(i) It is a C atom attached to 4 different groups. 1
c(if) o] 1
19
c(iii) AC' . 1
Note: Student gets a full mark if they draw one correct
skeletal structure.
a(1) 3,4-dimethylehexanal I
a(ii) | 6-chloro-2-hexanol 1
o)
b 1
ci) |A 1
20 i) |H 1
d CsHio 1
e Both methyl groups are on opposite sides. 1
J 1
Because the SECOND C atom is attached to 4 different
¢ groups (OH, H, CH,OH, CHO)
OR
Because the SECOND C atom in compound D is not 1
attached to 4 different groups (H, H, CH,OH, CHO)
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Semester One, First Session, Chemistry, 2024/2025. { A U\\)/\rg.
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e
Part Section The answer ) \ he mark - /
\ SANEENN ,.;i
S
. 1
+ /\/\/
21 b Pt/Ni |
¢ (@) Free-radical substitution reaction by Br, OR 1
Cly
c (ii) UV (Ultraviolet light) 1
a Unsaturated 1
- b KMnO; OR [O] 1
No, No reaction 1
d Bromine water 1
23 e TH3 1
ai H (IZ C CHj
Toca
a.ii H"or H i
a.iil CI 1
Based on the Markovnikov's rule, the H atom
b from HCI is added to the C (of the alkene double 1
bond) that already has more H atoms.
Steps Reactants Products 1
Initiation 1
a C,H¢+ Cl- 1
24
Termination
2Cls —— Cb 1
o C,Hs- + CI- ——— C,H;Cl 1

This is the end of the Marking Guide
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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)

4)

What is the conjugate acid for the following reaction?
NH,(aq) + H,O (1) == NHj(aq) + OH<(aq)

O NH, O NH;
O oH- O H,0

What is the hydrogen ion concentration in mol dm, [H*] of a solution that has the
pH (1.00)?

O 0.001 O 0.01

O 0.10 O 1.00

Which of the following acids is the weakest?

Acid pK,

HX 1.82

HM 3.32

HY 4.77

HZ 4.89
O HX O HM
O HY O HZz

The pH of a (0.02 mol dm) solution of an unknown weak acid is (3.7). What is the pK.
of this acid?

O 32 QO 37
O 49 O 57

Do not write in this space
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Question 1 continued

5)  Which is the correct expression for the solubility product constant, K_, for (Ag,CrO,)?
O K, =[Ag'ICrO,”]
_ 2 2-
@) K, = [Ag"T{CrO,~]
O K, =I[Ag'ICrO,*F
_ 2 2-12
@) K, = [Ag"TCrO,~]

aoeds siy3 ul 931um J0u oq

6) What is the correct general formula for aldehydes?
@) CH,O
O CH,  .OH

n 2n+1

O CH, .COOH

n 2n+1

O CH, .COOC H

n 2n+1 m 2m+1

7) What allows the two structures to be enantiomers?

(|JOOH ' TOOH
C"'IHIH i H\\\“"C\
ch/ \OH ; HOl s

The two molecules have different functional groups.
The double bond restricts the rotation of carbon atoms.

Functional groups are located at different positions on the chain.

0000

The two molecules are a mirror image of one another, but are
non-superimposable on one another.

Do not write in this space
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Question 1 continued

8)

9)

10)

What is the IUPAC name for this compound?

2,3-diethybut-2-ene
3,4-dimethylhex-3-ene

0000

2-ethyle-3-methylpent-2-ene

4-ethyle-3-methylepent-3-ene

The following compound is a stereoisomerism. Which (C) atom is a chairl center?

3
2
4
OH
O 1 O 2
O 3 O 4
Which one is a pair of functional group isomers?
O [CH,COOCH, and (CH,),COOH
O |(CH,),CHCH(CH,), and (CH,),CCH,CH,
O [CH,COOCH,CH, and CH,CH,COOCH,
O [CICH,CH,COCH, and CH,CH,COCH.CI

Do not write in this space
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Question 1 continued

11)

12)

13)

14)

What is the correct statement for the following reaction mechanism?

Pressure

CHSCHZBF + NH3 W’ CH3CH2NH2 + HBr

NH, acts as a nucleophile.
NH, is a non-polar molecule.

This reaction mechanism is known as a nucleophilic addition.

0000

This reaction mechanism is known as an electrophilic substitution.

Which of the following compounds is a tertiary halogenoalkane?

O cHcl, O (CH,),CHCI

O (CH,),CHCH.CI O (CH,),CCICH,CH,

Which reaction will not produce pentene?

(O Cracking of CgHig

O Hydrogenation of C.H,,,

(O Dehydration of C.H,,OH

(O Elimination of hydrogen bromide from C,H,,Br

The following table shows the length of 4 different carbon-halogen bonds:

Bond symbol Bond length (A)
R-M 1.39
R-Z 1.78
R-W 1.93
R-Y 2.14

Which compound will be the last to produce a precipitate when mixed with aqueous
silver nitrate in ethanol?

O R-M O R-Z
O R-W O R-Y

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 buffer solution is prepared using (2.35 x 102mol dm) of methanoic acid
(CH,COOH) and (1.84 x 10°mol dm3) of methanoate in (1.00 dm?®) of solution.

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

b. What are the components of a buffer solution in this reaction? (1 mark)

c. Calculate the pH of this buffer solution, knowing that K for methanoic acid is
(1.78 x 10™*mol dm™) at 25°C. (5 marks)

d. Predict the direction of equilibrium if a small amount of HCI| were added to the
buffer solution. (1 mark)

Explain. (1 mark)

Do not write in this space
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Question 2 continued

16) The auto-ionization constant for water when it forms ions is called K.
HZO(l) = H¥(aq) + OH(aq)

a. Write the K  expression. (1 mark)

b. Calculate the pH of 0.001 mol dm3 of KOH. (K, =1.00 x 10" mol® dm™).

(4 marks)
17) The dissolving equation of copper sulfide in pure water is shown below:
CuS(s) == Cu?*(aq) + $¥(aq)
a. Write the Ksp expression for copper sulfide. (1 mark)
b. Calculate the molar solubility of copper sulfide,(KSp = 6.3 x 10°3%). (3 marks)

Do not write in this space
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Question 2 continued

18) Compound (M) has several isomers. The structure of (M) is:

O

H

a. What is the name of the functional group for this compound? (1 mark)

b. Draw the displayed formula of a chain isomer and a functional group isomer of
compound (M). (only two structures for each type) (4 marks)

Type of

comer Displayed formula

Chain isomer

Functional

group
isomer

Do not write in this space
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Question 2 continued

19) The figures below show the structure of dibromo alkane (F) and dibromo alkene (G):

Br Br

Br Br

CH3 / CH3

H3C H5;C

(F) (G)

a. Determine the classes of compound for structure:

(i) (F):
(i) (G):

b. Which structure has no cis\ trans isomerism?

(1 mark)
(1 mark)

O F O G (Shade your answer)

Explain your answer. (2 marks)
c. Optical isomers are another type of stereoisomerism.

(i) What is meant by an optical isomer? (1 mark)

(i) Why does structure (G) not have an optical isomer? (1 mark)
d. For compound (F):

(i) What is the formula type? (1 mark)

(ii) Deduce the molecular formula. (1 mark)

Do not write in this space
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Question 2 continued

20) The table below shows several compounds.

a.

B

CH;CH,CH,CHj3

CH;C(CHs3),CHj3

Br H H
| \/ CsH7
C H—C\ /Br |
Hd ol C=C¢C e T
HaC 2 H Ok CaoHs
r c
H H
H
Tr
C..
CI/ “H
CHs

O B

Explain your answer.

O C

Which structure is the chain isomerism of CH3CH(CH3)CH3?

(Shade your answer)

b. Structure (E) has a geometrical isomerism.

(i) Write the IUPAC name for compound (E).

Do not write in this space

Academic Year: 2024/2025

(2 marks)
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Question 2 continued

(ii) Draw the other isomer of structure (E). (1 mark)

c. Compound (G) has an optical isomerism. What is the other optical isomer for this
compound? (1 mark)

O A O Db (Shade your answer)

d. Compound (F) has a chiral center.

(i) What is meant by a chiral center? (1 mark)

(ii) Draw a circle around the chiral center. (1 mark)

CsHy

|
CH,

CoHs

Do not write in this space
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Question 2 continued

21) Study the following scheme then answer the questions below:

— Non-polar bonds

/ — Not as reactive

as compound (C)

Compound (A) —

NaOH.ethanol + Heat
— . > Compound (C)
Compound (B) Elimination reaction
a. Draw the structural formula for:
(i) Compound (C): (1 mark)
(ii) Compound (A): (1 mark)

Do not write in this space

1"
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Question 2 continued

b. What is the reagent that is used to convert Compound (C) to Compound (A)?
Reagent (X): (1 mark)

c. What is the type of reaction and the condition in which Compound (B) can be
produced from Compound (A)?

(i) Reaction (1): (1 mark)
(ii) Condition (Y): (1 mark)

22) The following equation represents a nucleophilic substitution reaction,

OH

Compound X + NaOH — + NaCl
a. What condition does this reaction need to take place? (1 mark)
b. What type of hydrocarbon is compound X? (1 mark)
c. Draw the structural formula of compound X. (1 mark)

d. Explain how this reaction will change if NaOH was replaced with ethanolic NaOH.
(1 mark)

Do not write in this space
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Royal Guard of Oman Technical College, Chemistry Semester One - Second Session Academic Year: 2024/2025

Question 2 continued

23) The following chemical equation represents an electrophilic addition reaction.
CH,CH,CH = C(CH,), + HC| ———— CH,CH,CH,CCI(CH,),

Part of this reaction mechanism is shown below,

H\ /CH3
H CH
1 2 S
C ==C Step 1 |
$| CHy——CH,—C—C——CH;
H3;CH,C CHj y
—B Br~
H=
A B
a. Determine the following:
(i) The intermediate: (1 mark)
(ii) The electrophile: (1 mark)
(iii) The nucleophile: (1 mark)
b. The H atom from HBr was added to carbon atom 1. Explain. (1 mark)

Do not write in this space
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Question 2 continued

24) A free-radical substitution reaction equation is shown below,

C3H8 + Br2 — > C3H7Br + HBr

a. What is the condition that must be present for this reaction to begin? (1 mark)
b. Complete the table. (2 marks)
Steps Reactants Products
Br2 2Br-
Propagation C,H,* + HBr

c. Write two reaction equations which can eliminate free radicals from the system.
(2 marks)

[End of the Examination]

Do not write in this space
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Applying (50%)
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Distribution of cognitive domains and marks.

QUESTION ONE: Multiple choice (14 marks)

Item Mark Unit Cdognit_ive Output Page
omain

1 1 Quantitative equilibrium Knowing a 10

2 1 Quantitative equilibrium Applying d 13

3 1 Quantitative equilibrium Reasoning e 18-19

4 1 Quantitative equilibrium Applying c 30

5 1 Quantitative equilibrium Applying m 36

6 1 Introduction to Organic Chemistry | Knowing 2.1a | 4262

7 1 Introduction to Organic Chemistry | Knowing 2.2d 42-62

8 1 Introduction to Organic Chemistry | Applying 2.1b | 4262

9 1 Introduction to Organic Chemistry | Applying 2.2e | 4262
10 1 Introduction to Organic Chemistry | Reasoning | 2.2a | 4262
11 1 ﬁ'ﬁg‘;‘;ﬂggﬁz and Knowing | 3.3 c.ii | 87
2 | ¢ elogenoalkanes Applying | 33b | 85
13 1 ﬁﬁ‘fé‘;‘;ﬂé’;@ and Applying | 32a | 70-72
14 1 :ﬁg%%?}rg;izseng Reasoning | 3.3 c.iv | 88-90




QUESTION TWO: Extended response (56 marks)

%

0

/—M\
Ior

ALY

| AL SUS Y ND

1
%

&
Item | Mark Unit Cognitive domain N '
=
15a 1 Quantitative equilibrium Knowing f 24
15b 1 Quantitative equilibrium Knowing g 24-25
15¢ 5 Quantitative equilibrium Knowing + 4 applying d,] 30-32
15d 2 Quantitative equilibrium Reasoning h 24-26
16 a 1 Quantitative equilibrium Knowing c 13-14
16 b 4 Quantitative equilibrium 2 Knowing + 2 Applying c 13-14
17 a 1 Quantitative equilibrium Applying m 35-36
17b 3 Quantitative equilibrium 2 Applying + Reasoning n 37-39
Introduction to Organic :
. K . 42-62
18 (a) 1 Chemistry nowing 2.1a 6
Introduction to Organic : 2.1a
. Appl )
18 (b) 4 Chemistry PPYING 2.2 f 42-62
. Introduction to Organic :
. K : -
19 a (i) 1 Chemistry nowing 2.1a 42-62
. Introduction to Organic .
. K 2.1 42-62
19 a (ii) 1 Chemistry nowing a 6
Introduction to Organic : 2.2¢C
19 (b) 2 Chemistry Applying 5 2 42-62
: Introduction to Organic :
. K : -
19 ¢ (i) 1 Chemistry nowing 2.2d 42-62
. Introduction to Organic :
. Appl . -
19 c (ii) 1 Chemistry pplying 2.2d 42-62
: Introduction to Organic _
. K 2.1 2-62
19d (i) 1 Chemistry nowing c 42-6
19d (i) 1 Introductlon_to Organic Reasoning 2.1a 42-62
Chemistry
Introduction to Organic :
. Appl . -
20 (a) 2 Chemistry pplying 2.2 a 42-62
: Introduction to Organic .
. Appl . -
20 b (i) 1 Chemistry pplying 2.1Db 42-62
. Introduction to Organic . 2.1a
20 b (i) 1 Chemistry Reasoning 524 42-62
20 ¢ 1 Introduction to Organic Reasoning 2.2d 42-62

Chemistry
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Introduction to Organic

_(Wﬁﬁ
Knowing

20 d (ii) '”tmd‘gﬁgr?“tsﬂgrgan'c Reasoning ‘g@ _/_“f‘;“/%/} 42-62
21 a (i) :ﬁ?g%‘;?}rg;izsgg Reasoning =3Zaii | 71-72
21 a (ii) :ﬁ‘i‘g‘;‘;ﬂggg r?gf Applying 32aii | 71-72
21b :ﬁgg;?{g;i;ﬁgg Reasoning 3.2 a.i 71-72
21¢ (i) mfg‘;‘;rg;iz ﬁgg Reasoning 33ci | 86
21 ¢ (ii) :ﬂg‘;‘;ﬂgﬂz r"j‘gf Knowing 32bii | 75
22 a :ﬁg%%?}rggllzr?gg Knowing 3.3cC.i 86
22b l:ﬁg%%?{g;i;:gg Knowing 3.3ci 86
22 C :ﬁg%%?}rgglizsgg Applying 3.3ci 86
22 d :ﬁgﬁrgmﬁg Reasoning 3.2al 70
23 a (i) :ﬁg%%?\rggllzr?gg Applying 3.3 a.li 83
23 a (ii) m}l‘g‘;‘;ﬂgg&z r?gf Applying 33aii | 83
23 aliii) F.Lﬁi';‘;‘;fg;’.ﬂi rf‘gsd Applying 33aii | 83
23b :ﬂg‘;‘;ﬂgg’lg ﬁgg Applying 33aii | 83
24 3 iﬁ‘fé‘;‘;ﬂg{;’g r?gf Knowing 31c | 68-69
24 b ?ﬁg%ﬁrg;izggg Knowing + Applying 31c 68-69
24 c Hydrocarbons and Applying 31lc 68-69

Halogenoalkanes
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TOTAL MARKS: 70 PAGES: 6

Question One (14 Marks)
There are 14 multiple-choice items. Each correct answer is worth ONE mark.

Item Correct option
1 b | NH,
2 c [0.10
3 d |HZ
4 d |57
5 b | Ky =[Ag*?[CrO*]
6 a | CoH2,0
. d |The t\_/vo molecules are a mirror image of one another, but are non-
superimposable on one another
8 b 3,4-dimethylhex-3-ene.
9 | P |2
10 | ¢ | CHsCOOCH, and  (CHs),COOH

11 | a | NHsacts as a nucleophile.

12 d | (CH3),CCICH,CHjs

13 | b | Hydrogenation of CsHjs.

14 a |R-M




Question Two (56 Marks)

General Education Diploma, Oman Royal Guard Technical College//»-
Semester One, Second Session, Chemistry, 2024/2025.

ALY
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Part

Section

The answer

15

A buffer solution resists changes in pH when small amounts of acid or base are

added.

CH3COOH and CH3COO®
Or, weak acid and salt of weak acid.
Or, weak base and salt of weak base.

The buffer is a mixture of: RCOOH(aq) /CH3COOH(ag) + CH3COO(aq)

RCOOH(aq) /CH3COOH(aq) = CHsCOO(ag) + H¥(aq)

Molarity of methanoic acid and methanoate, (M = no of moles /V dm?)

M[CH3COOH] = 2.35x102mol/1.00dm?® = 2.35x10"? mol dm™3
M[CH3COO] = 1.84x10mol/1.00dm®=1.84x102 mol dm

Ka= [CHsCOO[H*)/[CH;COOH]
[H*] = Ka x [CH3COOH]/[CH;COO]
-logio[H™] = -l0g10Ka - 10910 [CH3COOH]/[CH:COO’]

pH = -log10(1.78x10*mol dm3) -logio (2.35x102mol dm3/1.84x102mol dm-3)
pH = 3.75 -logio (1.277)

pH= (3.75) — (0.106)

pH = 3.64

The equilibrium shifts to the left.
Or, left.

To resist changes in the pH,

Or, increase the concentration of acid.
Or, reduce the concentration of the salt.
Or, return the equilibrium to the system.




General Education Diploma, Oman Royal Guard Technical Colleg

2 T NT Wﬁ) Ny
Semester One, Second Session, Chemistry, 2024/2025. JL'V e

\ \:\r’,w 8 EYaBy NS

Part | Section The answer The
P>
a Kw = [H+][OH-] \/ 1
KOH@y) — K'@ap) + OH)
Kw = [H"][OH1]
16 [H*] = Ku/ [OH] 1
b [H*] = 1.00x10* mol? dm*/ 0.001 mol dm3 1
[H*] = 1.00x10** mol dm .
pH= -logo (1.00x10%)
pH=11 1
8| Ky = [Cu?][s?] 1
From the equilibrium equation, [Cu®"]=[S?]=x
17 Ksp = [Cu?][S?]
b 6.3x10% = (x)(x)  Or, 6.3x10-3 = (x)? .
x = 2V6.3x10736 1
X = 2.51x108 1
3 aldehyde 1
4
Type of isomer Displayed formula
For aldehyde:
L1017
18 H C C C C/
b N I
Chain isomer H H H
L1/
R T/
H CH; H




Aldehyle:
H H H 0
H (l: (L C|Z C//
Y
H H H
H H 0]
Functional group | | //
_ H—C—C—=cC
isomer | | I
H CHy H
Ketone:
H 0 H H
.
H C C C C H
Lol

Note: Student gets full marks if they draw the two correct displayed structures

Or any other correct structures for each type.

One mark for each type of structure.
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Part

Section

The answer

&

19

a (i)

Alkane

T

a (i)

Alkene

F

The C atom on_compound F has a free rotation around the C-C
bond, so the attached groups to the C-C bond have no fixed
positions.

Or

Because in structure G there is no free rotation around a C=C bond
due to the presence of a  bond

¢ (i)

A molecule that has a chiral center which a C atom attaches to 4
different groups.

Or

Isomers that are non-superimposable mirror images on one another.

¢ (ii)

Because structure G doesn’t have a chiral center

Or

Because structure G doesn’t have a C atom attached to 4 different
groups.

d (i)

Skeletal formula

d (i)

CH3;CHBrCHBIrCHj;

20

B

Because they have the same molecular formula, but different
structural formula.

b (i)

Trans-2,3-dibromobut-2-ene OR  2,3-dibromobut-2-ene

b (ii)

d (i)

It is a C atom that is attached to 4 different groups.

d (ii)

CsHy

CyHs
CHs;
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al) | e X NI
a(i) | 7 > O 1
21 b | PUNi 1
c (i) | Free-radical substitution reaction by Br, OR Cl; 1
c (i) | UV (Ultraviolet light) 1
22 a Heat. 1
b Halogenoalkane. 1
cl 1
C
q It will be an elimination reaction of Hydrogen halide that produces 1
alkene rather than alcohol.
23 H CH- 1
Ha
a() |Hc—F¢ —T—E—CHE
H
a(ii) |H" 1
a (iii) | Br 1
b Based on the Markovnikov's rule, the H atom from HBr is added to
the C (of the alkene double bond) that already has more H atoms. 1
24 a UV light (Ultraviolet light) 1
b Initiation 1
CsHg + Br- 1
2Br- — Brn; 1
CsH;- + Brr ———— > (C;H,Br 1
¢ CsH7- + C3Hyr —— > CeHus
Note: any two correct equations are accepted. 1 mark for each
correct equation,

This is the end of the Marking Guide






