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Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One Academic Year: 2019/2020

Question 1: Multiple Choice Items (14 marks)

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

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

O zn O Cr
O Mn O Fe

2)  Which of the following is correct about Fe(C204)33' complex ion?

Six-membered ring formed between ligand CZO42' and iron ion.
Six dative covalent bonds are formed in this complex ion.

The oxidation number of Fe in this complex ion is +2.

0000

2. . .
C,0,” is a monodentate ligand.

3)  Which options is correct for the complex ion in [Co(NH3)4(H20)C|]Br ?

Oxidation Shape of the | Overall charge of
state of Co | complexion | the complexion
O +2 Octahedral +2
(@8] +3 Tetrahedral +2
(@8] +2 Octahedral +1
O +3 Tetrahedral +1

4) Which of the following statements is incorrect about phenol?

It is less acidic than alcohols.
It contains two functional groups.

The C—O bond in it is very strong.

0000

It dissolves in aqueous sodium hydroxide.

Do not write in this space
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Question 1 continued

5) For the reaction below:

HsC

AICI; + heat
+ X - + HCl

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

reagent X?

Type of reaction Reagent X
O Alkylation CH,CH,CH,CI
@) Acylation CH,CH,COCI
@) Alkylation CH,CH,COCI
O Acylation CH,CH,CH,CI

6)  Which of the following would be a possible organic product from the oxidation of
1-ethyl-3-methylbenzene?

0
0
HaC O HO
/U\©/‘S J\©/\lj
0 0
) H3C/u\©)‘\ ) Ho)k©/U\OH

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One Academic Year: 2019/2020

Question 1 continued

7)

8)

9)

Which of the following statements about the reactions of acyl chlorides is incorrect?

0000

They are provided with an easily removed leaving group.
They do not depend on the easily polarised double bond C=0.
Their reactions take place by involving addition followed by elimination.

If water is the nucleophile in their reactions, carboxylic acids are formed.

For the reaction below:

X + KOH ——» CH,CH,CH,CH,COOK* + Y

Which statement describes this reaction correctly?

0000

Compound (X) is an acyl chloride.

Compound (Y) is a hydrogen gas.

Compound (X) cannot be broken down again by compound (Y).
(X)

Compound (X) reacts slower than HCI(aq) of equal concentration.

Methanoic acid(HCOzH )reacts with a suitable reagent to form CO32". What is the
correct option that describes this reaction?

0 0O 0O

type of reaction Reagent used Other products
reduction MnO,” Mn?* and H,O
reduction Cu? Cu,0 and H,0
oxidation Cu® Cu,0 and H,0
oxidation MnO, Mn?* and H,O

Do not write in this space
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Question 1 continued

10) Which set of amines shows correct classification?

11)

12)

Primary Secondary Tertiary
@) CH,CH,NH, (CH,CH,);N (CH,CH,),NH
O | (CH,CH,),NH CH,CH,NH, (CH,CH,);N
@) CH,CH,NH, (CH,CH,),NH (CH,CH,);N
@) (CH,CH,);N (CH,CH),NH CH,CH,NH,

A student carried out two-stage synthesis as shown below, Study it to answer
questions 11 and 12.

Stage 2
Stage 1 . Sn + conc.HCI
T<55°C heat -
NO,

Which of the following reagents are suitable for the first stage?

(O NaCN in ethanol
O SOCI2

O conc.HNO3 + conc.HZSO4
O LiAIH, in dry ether

Which of the following compounds would be a possible product for the second stage

of this synthesis?
CONH, NH,

COCH,NH, CH,NH,

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One Academic Year: 2019/2020

Question 1 continued

13) Which of the following statements about polymerisation is incorrect?

The monomers that contain double bond undergo addition polymerisation.
The repeat units for all polymers come from one monomer.

Water is a possible product in condensation polymerisation.

0000

If the chain of the polymer contains hetero atoms, the polymer is produced by
condensation.

14) Which of the following polymers is formed by polymerisation of the monomer
CH,=CH—CN?

C|)N

CH,—CH,—CN
(@) ( 2 2 )n (@) ‘éCHz—CH
n
—FCHz—CH—CHZ% #CHz—CH—CHzﬁ—
n
- | - |

NH, CN

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

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

15) a. Transition elements have variable oxidation states.

(i) Explain why transition elements have variable oxidation states.

(i) What is the highest oxidation state of chromium commonly seen in its
compounds?

(iii) What is the lowest oxidation state of chromium commonly seen in its
compounds?

(iv) Write the electronic configuration for a chromium atom (Cr) and Cr3* ion.

Cr:

CI’3+ .

(v) Draw the complex ion formed by one Cr* ion with six NH,. Your drawing
should clearly show three-dimensional shape and should include the overall
charge on the complex ion.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One Academic Year: 2019/2020

Question 2 continued

b. Six different compounds or complexes, H, J, K, L, M and N, are formed when
an excess of aqueous NH,, aqueous NaOH and concentrated aqueous HCl are
separately added to separate solutions containing Cu2+(aq) or C02+(aq).

reagent
Solution Excess of Excess of Excess of
NH3(aq) NaOH(aq) concentrated HC/(aq)
Cu®*(aq) H J K
Co?*(aq) L M N

(i) Write the colours of the following compounds or complexes.

H

K

M

(i) Write the formulae of the following compounds or complexes.

L

N

Do not write in this space
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Question 2 continued

16) Study the following four compounds and answer the questions below.

a.

(A) (B)
NO, OH
CH3
(©) (D)
OH CH3
Cl Cl

Compound (A) can be formed from benzene by nitration.

(i) State two properties of benzene structural system?

(ii) Draw the structural formula of the carbocation intermediate in the nitration of
benzene?

Name the following compounds according to IUPAC system.

(i) Compound (B):

(i) Compound (D):

Do not write in this space
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O  Question 2 continued
s

gi- c. Write the chemical reactions for the reaction of compound (C) with:
> (i) Na.

=

~+

=3

[72]

(2]

§ (i) NaOH.

o

d. Which one is more reactive with electrophiles, compound (A) or compound (C)?
Explain your answer.

17) Study the three organic compounds below and answer the following questions.

CO,H CH,OH  H,C OH

Compound (A) Compound (B) Compound (C)

a. What is the IUPAC name of Compound (A)?

b. Compound (A) can react with calcium carbonate to form a salt and two other
products. What are these two other products?

c. Compound (A) can react with Compound (B) when adding strong acid with
heating under reflux to form new organic product. What is the type of this organic
product?

Do not write in this space
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Question 2 continued >
5
d. Which compound (A, B or C) has the extra electron-withdrawing effect, in extra 2
dipole-dipole attraction? §
o
=
~+
=
(72}
e. Write the order of the relative acidities of the three organic compounds from the Y
weakest to the strongest. =
®
< <
(weakest) » (strongest)

f. If the -Cl group is added on the opposite side of the benzene ring to the -CO_H
group of compound (A), what will be the effect on pKa for compound (A). Explain
your answer.

The effect:

Explanation:

g. Starting with reaction of Compound (A) with PCl, show the two-stage synthesis of
the ester (4-methylphenyl benzoate) shown below through an acyl chloride using
the chemical equations and suitable reagents and conditions. (Hint: also use
Compound (C)).

i
H,C 0—C

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One
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Question 2 continued

18) A sequence of four chemical reactions was carried out as follows. Study it and answer

the following questions.

a.

b.

(A NH, ) (G

Reaction (1) Reaction (2) - N
-

+3Br2

+ 3HBr — N

+2H,0

O Na*

. Reaction (3
Reaction (4) )
T<5°C

CH

X

HN CH,
+HCl E

N —

Identify of the following:

(i) The class of Compound (A):

3

(i) The class of Compound (D):

(iii) The name of reaction (2):

What are the reagents and conditions needed for:

(i) Reaction (2):

(i) Reaction (4):

Draw the structural formulae of the following Compounds:

(i) Compound (B):

(i) Compound (E):

Do not write in this space
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Question 2 continued

d. For compound (D):

(i) What is the type of bond between its molecules?

(i) Write the products for the hydrolysis of compound (D) in NaOH?

e. Which one is less basic, compound (A) or ammonia. Explain your answer.

19) The following grid shows six monomers. Study it to answer the questions below.

OH
CH; O
H,NCH,CH,CH,CH,CH,CH,NH,
(A) (B)
(@] (0]
N N I I
| | H—-C C—H
H H
(©) (D)
NH,
/
CH,—CH
\C oo HOOCCH,CH,CH,CH,COOH
HO
(E) (F)

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Second Session — Semester One Academic Year: 2019/2020

Question 2 continued

a. What is the functional group found in the polymer formed by condensation of
monomer (A)?

b. Which two monomers are used to produce Kevlar polymer?

c. Write the structural formula of the polymer formed from monomers (B) and (F).

d. What is the name of the polymer formed from monomers (B) and (F)?

e. Which monomer, (C or D) can form a polymer with monomer (B) by condensation?

Explain your answer.

Do not write in this space
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Question 2 continued

20) Study the following polymer to answer the questions below.

0
O\\C—N N—C/
AN
// \ / 0——CHy—CHy—0 ——
H H

a. What is meant by peptide bond?

b. Draw the structural formula(e) of the monomer(s) used to form this polymer.

c. What is the type of polymerisation in this polymer?

[ End of Examination ]

Do not write in this space
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TOTAL MARKS: 70 PA(&C];\,\S;;G&)/, ., T
Question One (28 Marks) \f:j 2

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

Item No. Correct option
1 c. Mn.
2 b. Six dative covalent bonds are formed in this complex ion.
3 ¢ +2 Octahedral +1
4 a. It is less acidic than alcohols.
s b.  Acylation  CH;CH,COCI
ds O O
6 HO OH
7 b. They do not depend on the easily polarised double bond C=0.
8 d. Compound (X) reacts slower than HCl,q) of equal concentration.
9 59 oxidation Cu?* Cu,0 and H,O
10 c. CH;CH:NH:  (CHsCH:2:NH  (CH3CH2)sN
11 b. conc.HNO; + conc.H2SOs4
b.
12
NH,
. b. The repeat unit for all polymers comes from one monomer.
b.
CN
14

—QCHz—CH
n

1)
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Question Two (56 Marks)
» ‘/\,h, b 5 YSCUES 1250 / !
Part | Section The answer ‘*/ e y The mark
15 |ai Because the transition elements can lose the 4s or n‘S\eTectfons and | 1 mark
| some or all of the 3d or n-1d electrons.
a.ii +6 1 mark
a.iii +3 1 mark
aiv | Cratom 1s%2s2p®3s?3p®3d°4s! or 1s22s*2p®3s?3p®4s!3d’ or 2 mark
[Ar]3d°4s! or [Ar]4s'3d’ (1mark)
Cr¥*ion 1s%2522p®3s23p®3d® or [Ar]3d® (1mark)
a.v ) NH 3+ 2 mark
I i\\\\\\NH3
H;N—Cr—NHj
H N/|
| 7 NH,
-1mark for drawing the three-dimensional shape (the
| octahedral shape) of the complex ion.
-1mark for writing the correct overall charge on the complex
ion (3+).
b.i H is deep / dark / royal and blue (solution) 3 mark
K is yellow / yellow-green
M is blue (precipitate) (allow pink)
-Each answer is worth 1 mark.
b.ii L is [Co(NH;3)]* 2 mark

N is [CoCl4]2‘
-Each answer is worth 1 mark.
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Part | Section The answer N\ VD! g Hhe mark
16 a.i - Six carbon atoms arranged in a planar, regular he o:g ‘ , >> {y Y2 marks
- Each carbon atom joined to a hydrogen atom and to ‘t&/
neighbours carbon by o bonds.
- There are six spare p orbitals, one on each carbon atom.
- All the bond angles are 120°.
- All the C—C bonds have the same length.
Any two correct answers from above mark is given
a.ii 1 mark
\\ i o \\ XE o
b.i | 2-methylphenol. 1 mark
b.ii |3 5-dichloromethy1benzene or 3,5-dichlorotoluene 1 mark
c.i O'Na* 2 marks
+
1 mark 1 mark
c.ii . 1 mark
OH O Na
+ NaOH + H,0
d Compound (C). 1 mark 2 marks
Because of the delocalization of the lone pair of electrons
on oxygen over the arene ring. 1 mark

(©)
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o, V)
Part | Section The answer \\T':? wj‘:"s.’cﬁ_,:;j‘if—f’,; )," ] The
o ) mark
17 |a. benzoic acid \\"%ii,’]z:‘_\\wf{' ‘// 1 mark
b. (H2O and CO; )or water and carbon dioxide N 1 mark
Each correct product is worth 1\2 mark
ester 1 mark
d. Compound (A) 1 mark
e. ' 3 mark
CHOH < HC OH < COH
(weakest) > (strongest)
phenylmethanol < methylphenol < benzoic acid
(weakest) » (strongest)
-any compound in its correct order is worth 1 mark
f. The effect :decrease (1 mark) 2 mark
Explanation : because atoms or groups like -Cl that draw electrons
away from -CO;" group will help the anion to form , and this causes the
acid to dissociate more (that is, to become a stronger acidand less pKa)
Or because electron-withdrawing groups increase the acid strength
(decrease pKa) of carboxylic acids. (1 mark)
g. 2 mark

- Step (1) @COOH +PCly —> @—COCl +POCI; +HCI (1mark)

+ base 9
Step (2) @-COCI + HiC OH—=HsC O—C@ +Hcl  (1mark)

-To get the mark all components of the equations should be correct
for each step.

)
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Part | Section The answer |\ o Le mark
18 | a.i |Amine. \Y\’? g Q\)/*U{ )/i mark
a.ii | Amide. W22 1 mark
a.iii | Coupling reaction or electrophilic substitution reaction. 1 mark
b.i | HNO, + HCI +NaNO, at T<5 °C. 1 mark
To get the mark all reagent should be correct
b.ii | CH:COCI 1 mark
c.1 NH, 1 mark
' Br Br
Br
c.ii 1 mark
H3C
d.i | Hydrogen bonds. 1 mark
d.ii 2 marks
0
HN)I\CH_g NH2
0]
heat with NaOH(aq) //
+ Na'OH HSC'"C\ +
O Na*
1 mark 1 mark
( Compound (A) is less basic than ammonia. 1 mark
Because in compound (A), (phenylamine), the lone pair | 2 marks
of electrons on nitrogen atom is delocalised over the
benzene ring. 1 mark

®)
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Part Section The answer The
mark
19 a. Ester or -COO 1
b. Cand D 2
Each monomer is worth 1 mark
C. H H O o 1
i~ (CH,)—N-C—(CH ) C}-
d. Nylon 6,6 1
e. D 1 mark 2
because it has a different functional group 1 mark
20 The amide bond that forms between two amino acids 1
2
=N _C/O HO——CH,—CH,—OH
o \ H/ on
Each monomer is worth 1 mark
condensation 1

This is the end of the Marking Guide
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