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 (a) (i) (A) methanoic acid and butanol 

   (B)   propanoic acid and propanol 

   

  (ii) The boiling point of ether is much lower than alcohol of similar molecular mass 
because of no intermolecular hydrogen bonding between ether molecules.

 (b) (i) The transition metal compounds can form coloured ions in an aqueous solution 
due to the presence of incomplete d orbitals or the presence of unpaired electrons 
and absorb visible lights. 

  (ii) The metallic properties of the transition elements are: malleability, ductility, 
metallic lustre and high tensile strength. 

  (iii)  The highest possible oxidation state of 3d transition series is Manganese (Mn).
 (c) (i) 2Cl2(g) + 2H2O(g) � 4HCl(g) + O2(g)  �H = (+)
   The forward reaction is an endothermic (heat absorbing) reaction and the reverse 

reaction is an exothermic (heat evolving) reaction. According to Le Chatelier’s 
principle, increasing the temperature favours the endothermic reaction. The 
equilibrium shifts from left to right, and more concentration of HCl will be formed 
and the temperature will have to be increased.

  (ii)  [H2S] = 0.184 mol dm-3, [S2]    = 0.054 mol dm-3, Keq = 2.270 � 10-3

   2H2S(g)    �     2H2(g)   +   S2(g)

   Keq = 
2

2 2
2

2

[H ] [S ]
[H S]

     
2

eq 22
2

2

 × [H S]
[H ]  = 

[S ]
K   

  

   [  =  = 0.0377 mol dm-3

«���ps��¬��po­��®�¯� � � � � ����������������������� °¬��po­�"
 (a) (i)  

    OR
   It consists of 4 electron pairs around the central atom O. The geometry of 

electron pairs is tetrahedral. There are two lone pairs on the oxygen atom. 
Because of electron pair repulsion between these lone pairs and bonding pair, 
the shape of the molecule is bent structure or V shape. The bond angle of H-O-H 
is less than 109.5°. 

  (ii) Graphite has a layer and planar structure formed by joining each carbon atom 
to the other three carbon atoms by covalent bonds. Each layer is formed with 
hexagonal rings of carbon atoms.

OR
 (a)  (i) 
    F

B FF

     
   

   BF3 is a trigonal planar structure (symmetrical arrangement) which has no dipole 
moment. 

   PF3 is a pyramidal structure because of the lone pair on the central atom. It has 
a dipole moment. Therefore, X is a phosphorus.

  (ii) (1) the first molecule has hydrogen attached to a high electronegativity atom 
(F, O or N) and (2) the second molecule possesses a lone pair of electrons on a 
small highly electronegative atom (F, O, or N). 

 (b) (i)
   

C

H

H

H H(g) + 2O=O(g) O=C=O(g) + O

H H

(g)2
  

  �H for bond broken  = 4E(C-H) + 2(E(O=O))      
   = 4 � (+410 kJ mol-1) + 2 (+496 kJ mol-1) = + 2632 kJ

  �H for bond formed  = - 2E(C=O) + -2(2E(O-H))     
      = (- 2 � 805 kJ mol-1) + (-4 � 465 kJ mol-1) = -3470 kJ 
  �Hc = enthalpy change for bond broken + enthalpy change for bond formed 
   = 2632 + (- 3470) = - 838 kJ mol-1

  (ii) k������±p�² The enthalpy change for a chemical reaction is the same, whenever 
the route is taken from reactants to products.

 (c) (i) Repeating unit of terylene 
  

C
O

C
O

O O 

  (ii) In amide, medium and weak peaks at about 3300 – 3500 cm-1 would be observed 
for the NH2 group. A strong and sharp peak at about 1650 – 1750 cm-1 would be 
observed for the C=O group. 

  (iii) Primary amines are more soluble in water than secondary and tertiary amines 
because more hydrogen bonds are formed in primary amines.  

  ************************
�!�����#�,3��'�3�*�+���0����',7'���35���!;����%��34�3%���)��������,3�����/��,�����%����
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�!���#�8�.�

)���,�,��3)&��3� IGOM� �!����9�,C�)��/�� gGfL�PfJF� KQFP�QPFLK� JOM� KjJnLK� �������#�
%��
�	��/����'��)���������!������34�3>�$3������,
��%�34�3������#�8�.

)@��%����2�,
�������xLbRK�KQFP�QPFL���3%�3�V�/��POKjJFLM�nJRFLM�LfL�QFGOK��������
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(H2�������·�LfL�QFGOK����KjJFL������#,��.+
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^XYe\�%$)���$)��KjJnL������'(�,
'�3!���)�����H�gGfL�PfL���=�xLbRKiK�KQFP�QPFL�����;���#.�
dLOQFJf�JQGg�����"'�3�0�'����LfL�QFGO�nJRF������������#.�YfL�QFGO�nJRF���=�ELGgLQFl������
��!��#.�
�'���;�03);/��,
��WGfL�PfJF�XjJnLK������'(�,
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�pz{��£�m��toq�mv��{�stomn�wp|o��pn~��m{�sy{po���p����mv�r|vv�o�nt��q����mv��m{�sy{��

Type

Number of 

bonding pairs 

and lone pairs 

around the 

central atom

Geometry of 

electron pairs
Molecular shape Example

AX
2

2, 0 Linear X A X
linear

180

BeCl
2
, CO

2

AX
3

3, 0
triangular planar 

(trigonal planar)
A

X

X X

120

triangular planar

BF
3

AX
2
E 2, 1

triangular planar 

(trigonal planar)

A
X X

<120
bent/V-shaped

SO
2

AX
4

4, 0 tetrahedral
A

X

X
X

X

109.5

tetrahedral

CH
4
, CCl

4

AX
3
E 3, 1 tetrahedral

A
X

X
X

<109.5
trigonal pyramidal

NH
3

AX
2
E

2
2, 2 tetrahedral

A
X X

<109.5
bent/V-shaped

H
2
O

�mt�²��q�zm{���o��o���nt��t���ny�z�o�mv�{mn���p|o��mv��{�stomn��

��p�t�o������n�o�q���pn����|n�����|sp{���pst|mn��,
�H�
���
���
�&#	�
��Q&��
�1�%�S����3,��3�!���%��LOLFEl�QFJOK�GFgJQRGOª�xJb�G���GOKLFH

£JQRGO�G��LOLFElª�djLgR�Jf�LOLFEl�	
/��%��;��/�%����%�S����3,��3����'�3���4�3,��;���#��
@,z�@�~���'��,3��'�3	
/����,3��'�3���,��3������!;��	��/�,���!���#�8�.�@�����2��/�3�����,
��@�����2��¡���3�
,��3'�(�@����!����¡���3,��3��=��jLgR�Jf�LOLFEl����3'�3,C���'���,�3)/�4����y�����/�3
�����87��/�3�����
����/�3��,C������!����9������#�8�.

��/����,�3)/���3!����,���)���%�@�����2��/�3
���/����,�3)/���3,
�@�����2��/�3�!����9���/�3
�;������
��������KnGOQJOLGPK�	
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)�7�$3�734����y����/�� LÆGQjLFgR�� FLJ�QRGO�������9�>�$3� KPFFGPOMROEK�!����)�7�������87�/��
���'��3)�3�!/��� )�7��3����� FLJ�QRGO� ������� LOMGQjLFgR�� FLJ�QRGO� ����� %��,
���&��/�3�
%��
�4�3�,
���!���#�8�.�� � ���������������������������������������������������������	��

��	�$�����@

HCOOH + C4H9OH HCOOC4H9 + H2OH2SO4

methanoic acid butanol butyl methanoate

CH3CH2COOH + C3H7OH CH3CH2COOC3H7+ H2OH2SO4

propanoic acid propanol propyl propanoate

-3 2
2 -2

2
2.270 10  × (0.184)[H ]  =  = 0.1423  10

0.054
�

�

O

H H

bent/V-shaped

< 109.5
OH H

PF

F

F
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LOLFEl�FLºPRFLM�QG�IFLJ­���gGf�G��_�_�IGOMK�þ�ÿ�¸�­½�
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*RR+�d_ÿ*E+�ý�·v·*E+���dv·*E+�ý�·_·v*f+�� � �þ�c�����­½�gGfH��
*RRR+�d·_�v_*f+�ý��v·*E+���·dv·*E+�ý��_·v*f+�� � �þ�c���¸��­½�gGfH��

*R£+�·d*EFJnjRQL+�ý��_·*E+�ý��v·*E+���d·_�v_*f+�� � �þ�c�·���­½�gGfH��

*£+�aJ*K+�ý�d*EFJnjRQL+�ý��_·*E+�ý��«·v·*E+���aJ_dv�*K+�� þ�c�����­½�gGfH��

�6��"�Á�2��¡���3,��3�LOQjJfnl��'�!��3���������[����,���/�3��	��/���,����JfGFRgLQLF�����)%�03��2>�$3�
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