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 :�* .��*IJ �%	 � �� 	K 5 .� 	L&= �*� ��	
�	K&"�� �M ?���*� �#� ��*# 	�  
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 � ... �&'<
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��* ( ��	%�5 �� �! A�* �� �3#� 	�1  �2  .	<)� ��#� �% �! �* ��	% E#  F X�	,'% C5 �	%� ��R� *M F:�*
?:�*  

:�* X�	,'% ��	%�5 �� �� ��	% �3 *��.  
C ( ��	%�5 �� �! A�* �� �3#� 	�2  �3  X�	,� C5 �	%� ��R� *M F :�* .	<)� ��#� �% �! �* ��	% �*�@% F

?��*�  
:�* X�	,'% ��	%�5 �� �� ��	% E#  *��.  
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N ( ��	%= �] * F��	� .5 ��	%= �] * 	� ��* �
 F ��	% � #�  V� �� �	� �	
 ��^ �"(&3 �] * E#�L% =*
�
�      *�� F ��#� '"��

	���	�����	����

���
   :�* '"�� .5.  

  
2-��
� ��	� F ��� 67% �	
 ��� �� �� �	
 �)� �� �3#� 	�:  
5 (��&! �<�	@% 1_ �� �� *� C5 �	
 2#)�#% ��&� A�T 	�%.  

 1_ �� �� 	%� .#M � ��*� �T'<� 	%� �� �	
 2#)�#% ��&� A�T 	�%
:�* �*� ��&� A�T 	�% :�* .	<)�.  

C ( *?*M?:�* '"�� 1_ �*�! �� �#3#% C5 ��	%= �]  
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 ��� �� 1 ��� ��*� �	
 �)� �� �3#� 	�.  

  
5 (�� 	%* �>� �% C5 �^ `% �S� *M ��
� a�b#� ?�&! ��  ��#<+% ��R� .#'�� AJ��  

 �	%� �� .���� �*� C5 ��	Z 1_75  �� ��� ��	%= �] * � ��#�  CI3 �'"�� ��	%= �] * �3��
�#� �% �@'&% `% �S� �� �� ��� �	%= *I� ��*�.  

  
C ( �� .5 �	%� ��*>�* �*� ��0 �	%= 	� ��* �
 ��	% ��	%= :��_ �! �� *� �% Y#�<O� �3W� V� ��*� *

:�* .��&! �<�	@% T��)� 	� � �(�	+% *� .#'�� AJ�� � C5 ��	%= :��_ ��-#� A�* 	�.  
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N (?��*� �T'<� �O%*#/ �M �� ��	% ��	%= :��_  
��*� �T'<� �)�>�� :�	Z F ��	% E#  F ��	% �3 ��.  

  
X ( �P�� �	%= 	� �P�� ��	%= :��_ F ��	% �= V� ��	%= :��_ �! ��'�#%5 �
� V�>�� ��)c ( *� ��	% .5

 .#'�� AJ�� � C5 �*� *� :��! A�* �*�@% F �
� �% .	" ��&! �<�	@% �
 	� � C	<Z.  
  

:�* AJ�� �* � ��� C5 �P�� ��	%= :��_.  
  

d (���	�� ��	% V� �P�� 	%= � ��	%= :��_ .	�% �* �7�*�  
 ������ �	
��=  D�E×?G4� #
��"  C=mc                                                 
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1-  �	%� 	� �	M .	)'�* V�℃  90  �	%� 	� �H	�* .���℃ 25  ��*� �*H . ��	%= �] * � 	%� F .	%� :�I= 	�
?*M? �&! �% ���R� �M .5  

��	� �% �
	! .5 ��	%= �] * � 	%� .* H� 
�� I% J
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� �4
K� �� � ?�� ��� � #L�� #
M 	
���

H*A-E #L�� N)O�
)� 7�P)�� �� ��� 8 H� ()� �%
8 #
M H4
��" #L�� 	� H� �� � ��Q(-.  
2- ��&! �%	! *� �� X�	(/ F��#% S
 �� :���	  �]*� .�� \� 	�:  

 �] * �*�@% .5 	� ��* �
 .*#� �% *� 	%=
		�����	�����	

����
  ����   �� X�	,� ���� �� �! :< *
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  ��	3 �] *

�#� �%.  
  

3-  �	%� �� .	<)� a7� � �3 	� *� �&�%� U�� ��* �)� � .	  �* �)�℃ 60 ���T� e  ��. �
 *� 	K 5 =*

 �	%� 	� �7�+% �� .	%�℃ 20  �� *� �#� ��	� �'��� ?�#� �% 	%� �
 \�+% 	� ���� V� �*�! ��
� �*H
��&! ���� 2>&%  

(� 9)�*. ���
*� � 
A4�R. �� �% H-)�� S)� � 	
� T� 	U)� �� V):� 
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�� I% �B�� N4��
-� (� ?

��� HO��� 
% 	� �� ��E�� .��� H� 
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� �� T� �(R� �8 
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N2(g) + 3H2(g)                      2NH3(g)+92kJ 

 
N2H4(g) + H2                         2NH3(g)+183kJ   

  
5 (?��
� a�b#� ?:�* X�	,'% �&!*� �� �� ��� �*�5 �	%= *M  

 �&!*� � ����5� �] * a7� 1f'�* *I� :�* X�	,'% �&!*� �� �� 	
 ��&
� �&!*� ��< 	'� �] * a7�
�
*#� X�	,'% �&!*� �� �� 	
 ��&
� �#�.  

C (?*M ?:�* ��*��	� ��&
� �&!*� �*#% F �&!*� �*�! ��  
 � .]�'�  �&D� 2�* �&!*� �� �] * a7� *I� :�* �*� �&!*� �� �� ����*� �] * a7� F2�* �&!*�

�&'<
 ��*��	� � :�* � A��	� ���  �*�5 �'�! �	%= �! .]����
.  
  

  
    

  
  
  
  
2- :�* ��<!* �� A�! �	= F 	K 5 �%	! A'�#� �&!*� ����*� �! �&'<
 A�! N��#�5 �� Y	��* � :��*=  

-183 kJ 

L��

# 

NH3(g) 

N2(g)+3H2(g) 

L��

# 

NH3(g) 

N2(g)+N2H4(g) 

-92 kJ 
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O2(g)                     CO2 + 393/5kJ  ) +F:��*=s(C 

O2(g)                     CO2 + 395/4kJ  ) +FY	��*s(C 

5 (?:�* Y	��* 2#% V� �* X�	,'% :��*= 2#% V� A'�#� �* �-	Z �	%= �*M  
:�* .	<)� 	
 ����*� �] * a7� � X�	,'% �
 	� Y	��* � :��*= ��< 	'� �] * a7� . :K3 A��
 ��

�#� �
*#� X�	,'% ��� �*�5 �	%= .*>�%.  
C (= 	� :�* ��*��	� Y	��*?*M ?:��*  

 :�* Y	��* �* � A��	� :��*= �h] * a7� *I� ��� �*�5 �� �! �	%= *�� :�* � �*��	� :��*=.  
 

  
  
  
  
  
  

N ( �%	! A'�#� �*g2/7  F :��*=?�#� �% �*�5 	%= 2�] #O�! �&M  

  
3-  �&!*� �� �3#� 	�kJ 484 ) +g (2H2O                        )g (O2 ) +g (2H2   �&!*� �	%= ��&! �&�� ��� F
)l (2H2O                       )g (O2 ) +g (2H2   :�* �*�!)kJ 572- FkJ 572+ FkJ 422- FkJ 422(+?*M ?  

572-  :�* ����*� �)�>�� :�	Z �� �&!*� �� X�	,� F. �� :�* ��	= C5 �* � A��	� ;�	% C5 �] * a7�
�#� �% �*�5 �� ��� �	%= :K3 A��
 .  
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 �	� Q  :%f/ jk� ��! ��*� ���	D% 
 �� *�∆
	 ��&! lS"% ��#% 
 �� *�  
  
  
  
  
  
  

             ��* (��� +�		 → 	���(�)                C (�
�(�) + ��(�) 	→ 	���(�) + 
��(g) + Q 

  ∆
 < 0																																																													∆� > 0																																			                                          

L��

# 

CO2(g) 

C(s,�)6�")+O2 

L��

# 

CO2(g) 

C(s,;
=W)+O2 

-393.5 kJ 
-395.4 kJ 

2H2O(g) 

2H2O(l) 

2H2(g)+O2(g) 

-484kJ -572kJ 

L��

# 
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      N (����(�) + �	 → 		����(�)		                                   X (
��(�) + �	 → 	
��(�)     

∆
 > 0																																																																						∆� > 0																																						    
 V� ���#� �*�  2-  =*

 �	= �* .���*  �	= 2#%
 �� �k�	' 5 F  .P�<!*

 ��*� *kJ  572 
 �k�	' 5 F ��	�  ��*>�*

  �&!*� 

	���	(�) ⇄
	���(�) ��&! C	<Z :"=� :K3 �� � :�� :K3 �� *�.  

.���* ���#�):��(                                 �����	������ = ������ ×
� �!"
#�����

= ##��!"																			  

 .P�<!* ���#�):"=� ( *I� �#� �% 	3 ��	3 ����*� � ��&
� �&!*� �] * a7�-1144Kj    
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 2��3 �	
 ��*� �* ��	,'�* 	�3 ��&! �&�� ��� *� �� �	
 �&!*� �* V� 
 �k�	' 5 F.  
��*) (g (2H ) +g (O                        )g (H2O    

 � #�� �� ��	� C5 j�W#� �	'�	� �� �3#� 	�O-H �#� ��)"� .]����
 � .P�<!* �	K��* � �&)"�.  

 

 

 

 

C) (g (NH3                        )g (H ) +g (NH3 

 

3O2(g) 

2O3(g) 

1144kJ 
-1144kJ 

L��

# 

3O2(g) 

2O3(g) 

L��

# 

� �

2H + O + Q 

+  Q 



 :�* �] * .�� �*�5 	� �*�
 � #�� ��)"� � �#� �% ��)"�

�
� �% .	"  *� ����* .* �� �#3#% ��5 U�!� V� �� �	'�	� 
 . *� 2#)�#% 
 �� �#3#% �O%	/ �	
�=

��
� ��	� ��� 67% �	
 ��� �� �� ��5 �	
 U�!� �	'�	�.  

  

:�* ��	"% U�!� �� �� 	
 ��* �*�D� � E#  . �! ��	(�!� A�&M
�&�#= %�>�* *� � �*� ���	,'% �	
�	'�	� 	%* �*� 	
 .5 �	K��* �*�D� � E# .  

� �&
*#� ���	,'% m*#� �L�'  �� � X�	,'% �O%	/ �	
 ��= U�!� ��:�* . �O%	/ ��= �*�*� ���*
:�* ���
��5 �O%	/ ��= �*�*� �%�� � �&)�5 �O%	/ ��= � ��<!����
.  

��
� a�b#� ? ��&! �% �&�� ��� .	<)� *� 	K 5 �] * �*#'+% 	�5.  
 �#+  �� 	
 ��* �*�D� � E#  � .�>�* :�	n �	"� � 	%� �� U�!� V� �] * �*#'+%

C4H ( �&�� ��� *� �� �D3*% 	� jk� F ��!

  �*� � �*� X�	,� �
 	�670-)=890-+(1560-  
1560-  

- :�*. 
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j�W#� �	
�	'�	� �� �3#� 	�  � #�� V�N-H  :�* �] * .�� �*�5 	� �*�
 � #�� ��)"� � �#� �% ��)"�
∆
 = $�%# 

�
� �% .	"  *� ����* .* �� �#3#% ��5 U�!� V� �� �	'�	� 

��<�#&� *� 	K 5 �	  � ��&! lS"%. 

 �� �3#� 	���
� ��	� ��� 67% �	
 ��� �� �� ��5 �	
 U�!� �	'�	�

��&! �<�	@% T��)� 	� *� 	K 5 �� �	� �	
 ��* E#  � �	��.  
 .]����
–             .P�<!*C6H12O :�* ��	"% U�!� �� �� 	
 ��* �*�D� � E# 

�&�#= %�>�* *� � �*� ���	,'% �	
�	'�	� 	%* �*� 	
 .5 �	K��* �*�D� � E# 

?*M ?:�* .	<)� 	K 5 ��	���� � �)�>�� m*#� 	�5  
� �&
*#� ���	,'% m*#� �L�'  �� � X�	,'% �O%	/ �	
 ��= U�!� ��

:�* ���
��5 �O%	/ ��= �*�*� �%�� � �&)�5 �O%	/ ��= � ��<!����

��
� a�b#� ? ��&! �% �&�� ��� .	<)� *� 	K 5 �] * �*#'+% 	�5

� �*� ���	,'% �	'�	� . �#+  �� 	
 ��* �*�D� � E#  � .�>�* :�	n �	"� � 	%� �� U�!� V� �] * �*#'+%
:�* p#�% >�  	
 .5 ��	���� �	
� #�� E#  � 	
 .5 2	��*.  

 2��3 �� �3#� 	�6  .	��� A'�#� �k�	' 5)C3H8 ( �1- A�#�)H8

��&! ���� *� �#� �&�� ��� �'��� ('D% ��O/ ;�	&%.  
 V� �� �! .	��� � .	�* A'�#� �k�	' 5CH2   �*� � �*� X�	,� �
 	�

 V� �� >�  .	�*CH2  j� � �*� X�	,�2230-)=760-+(1560

 �*� U��� A��
 ��1-  A�#�:�#  .*#� �%:  
                                    648 -)=1410-(-2058 -  

                                      2706-)=648-+ (2058  
 .	��� �*� ('D% ��O/ ;�	&% ��2219.2-  �*� �1-  A�#�2717-
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1-�
� �% .	"  *� ����* .* �� �#3#% ��5 U�!� V� �� �	'�	� 

��<�#&� *� 	K 5 �	  � ��&! lS"%

  
  
 

  
  
  
  
  
  
2-  �� �3#� 	�

5 (��&! �<�	@% T��)� 	� *� 	K 5 �� �	� �	
 ��* E#  � �	��
A�! –  .]����


�&�#= %�>�* *� � �*� ���	,'% �	
�	'�	� 	%* �*� 	
 .5 �	K��* �*�D� � E# 
  

C (?*M ?:�* .	<)� 	K 5 ��	���� � �)�>�� m*#� 	�5
�� – � �&
*#� ���	,'% m*#� �L�'  �� � X�	,'% �O%	/ �	
 ��= U�!� ��

:�* ���
��5 �O%	/ ��= �*�*� �%�� � �&)�5 �O%	/ ��= � ��<!����

N (��
� a�b#� ? ��&! �% �&�� ��� .	<)� *� 	K 5 �] * �*#'+% 	�5

 ��– � �*� ���	,'% �	'�	�
:�* p#�% >�  	
 .5 ��	���� �	
� #�� E#  � 	
 .5 2	��*

  

7
0

  

��
�	%

�	
�� 

*� 
�#

�
  

1-  2��3 �� �3#� 	�
��&! ���� *� �#� �&�� ��� �'��� ('D% ��O/ ;�	&%

 1f'�* V� �� �! .	��� � .	�* A'�#� �k�	' 5
 � .	��� V� �� >�  .	�*

 �*� U��� A��
 ��
                                    

                                      
 .	��� �*� ('D% ��O/ ;�	&% ��



8 

25℃ 

25℃ 

2-  �� 2# 	�* � .	�* �%	! A'�#� �&!*� ���	D% �� �3#� 	���
� ��	� ��� 67% �	
 ���.  
  

2C2H6(g) + 7O2                      4CO2(g) +6H2O(l) + 3120kJ 

   
C2H5OH(g) +3O2(g)                     2CO2(g) + 3H2O(l) + 1368kJ   

  
5 (��&! �<�	@% T��)� 	� � �(�	+% *� V� 
 �'�#� B��*.  

 �*�5 �	%= �#e&% �'�#� B��**I� F:�* �= V� *�* �� ���  

:�* � ��� 2# 	�* �* �	�* �'�#� B��* . 

C ( �3CO2 ��&! �<�	@% T��)� 	� � �(�	+% *� V�
 �* �= V� A'�#� �* �-	Z. 

1 .	�* �=  

  
1 2# 	�* �= 

 A'�#��* �-	Z ��<!* �� A�! �31 :�* .	�* �= V� �* � �! 2# 	�* �=.  
  

N (?��� �% �	�� �� >(� :�#� 2# 	�* *M ��
� a�b#�  
1- �#� �% ���#� �� �! �* � 	SO= �	= � ��&�05 2# 	�* A'�#� �� .*��   A�! F2# 	�* �= V� A'�#� *�* ��

�#� �% �-	Z �'�! ��<!* �� .  
2- �#� �% 1�% �� �! .P�<!*.  
3-  �I� ���L� ;�	&% �! �#� �% ��K� X�^ � �&%� U�� F)"�  �& 	% � 	
	�= �	�	@� �* 2# 	�* .5 � ��f/

�&'<
 .  
  
  

7
3

  

��
�	%

�	
�� 

*� 
�#

�
  

1- ��<!*� .]����
)H2O2 ( ��	%��� �% B�� �� � P�<!* C5 ��	L� �	  	� �! :�* �*.  
��*( �&!*� �k�	' 5 �� ��	����#%� �	
 �&!*� �* ��	,'�* 	�
�(�) + ��(�) → 
���(�) ��&! C	<Z *�  

  

  

 �� � ��#�  j)/� *� ��� �&!*� �  ��<�#  �% *� 2�* �&!*� j
 .# 	H �� �3#� 	�2/1 ��&! �% Cb  
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�(�) + ��(�) → 
���(�)																									∆
 = $#&&!"  
                     

  
  

C ( ��@'<% �&!*� �* ��	% A�* ��K� *M ��
� a�b#�
?:<�  A)�% .P�<!* � .]����
 �	
�	= 

  
 

 

 

 

 

 

 

 

  
 C5 .P�<!* � .]����
 �	
�	= U�!� �* :K3 A��
 �� F:�* � P�<!* C5 �� :(<  ���*��	� U�!� C5

���5 :��� �	= �� A�* U�!� �* *� � P�<!* C5 .*#� ��  � �#� �% �-	Z.  
2- �& 	% ��&�05 �	
�	= �! ��'�#%5 �
� ���� ��NO  �CO � #� �% ��*� �! *#
 �� 	
���#� ��>=* �*. ����

 �Z*[ F '�! �=�&�05 	� � ��*��	� ��	
�	= �� 	
 ��&�05 A�* ���(� �*� *� �� �&!*� �	L * �! *#
 �	
 .*�
� * ��!.  

��&! C	<Z �� ��	����#%� �	
 �&!*� �* ��	,'�* 	� *� 0	� �&!*� �k�	' 5 

  
b �� �� *� 2�* �&!*���&! �% ;�3 ��� �&!*� j)/ 	� � ��&! �% C  

                              ���(�) → ��(�) + ��(�)																																		∆
 = $#&#!"  
  

                                      ���(�) + ���(�) → ����(�) + ��(�)																				∆
 = $ �   
3-:< *� �� �*�#�  q�	7% �� �� �� �&!*� �� �* �* �/#�L% .*#� �% *� :��*= �%	! A'�#� �&!*�  
  
  
  
  
  
  
  
  
  
  
  

+ ½ O2 (g) 

L��

# 

H2O (g) 

H2 (g) 

H2O2 (g) 

-286 kJ 
+ ½ O2 (g) 

+98 kJ 
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5 ( �! �
� �% .	"  �
*#�∆
  ���#� �&!*�)g(CO �! A��D� ��L� B�� �� .*#� ��  *� . .5 :O/ ��	���

��&! #T',=.  
 �	=CO2 ��*��	� �	= �* CO  �� A�! ��*��	� 2#�+% .P�<!* �	= 	� :��*= �&!*� �* :K3 A��
 �� :�*

�#� �% �-	Z ��<!* .  
  

C (∆
  ���#� �&!*�)g(CO ��&! C	<Z .P�<!* �	= � :��*= �* *�.  
j
 .# 	H q([                                              ∆
 = ∆
# + ∆
�  

    $�%�. � = $�&� + ∆
#																		∆
# = $�%�. � + �&� = $##(. �	!"  
  
4-  �� �*�#�  q�	7% .�����
 � .]�'�  �	
�	= �* �	
 B�� �� r	� #%* ��K� �! �&
� �% .	"  ��L� �
*#�

 V�:�* �* �OZ% �� �&!*�.  
  
  
  
  
  
  
  
  
  
5 (?*M ? r	� #%5 	� :�* ��*��	� A��*���
 F .	<)� \�*� ��  

:�* A��*���
 �* ��*��	� r	� #%5 .:�* A��*���
 �* � A��	� .5 �] * �*#'+% *��.  
C (��&! C	<Z *� A���*��
 ���#� �&!*� �k�	' *. 

                                          ��(�) +
�
�(�) → ��
�(�)													∆
 =?											 

 

j
 .# 	H q([                                              ∆
 = ∆
� + ($∆
#)  
                                  ∆* = $%� + +$($#&�), = %#	-.																		  



:�* ��! ��	,'�* �� �7�*� �* ��	= �&!*� V� �k�	' 5 A��D� �*� ��#%* � *� . �7�*� A�* �'��� *�

  
  
  
 

 � :(s% .5 �k�	' * F�#� �% �'<)� 	
� #�� �	�� 2�* �&!*� �� :< *� �&!*� �� ;�3 .*#� �% *� �&!*� 

 :�* ��	%= � �,&% .5 �k�	' * �! F�&�5 �% :��� 	
 ����5� 	
 ��* �	�� �* ��� �&!*� �� .

:�* e  ��#% �&!*� �k�. 

��	 �!��	"!#�� → �����						  

����� → ��	 �����$								  
��	 �!��	"!#�� →   ��اورده	ھ�

 	� � ��#�  C	<Z *� �� ��	����#%� �	
 �&!*� �* V�


       � ≡ �(�) + �
�(�) →                                

∆
 = 0∆
(�≡�) + �  

∆
 = 1(%��) + � × (  

∆
 = 1(& × �#�)2  

				�
�(�) + �� → �
                                            

∆
 = 0�∆
(
$
  

∆
 = 1(� × ��3 

��
� a�b#� ? �
� �% .	"  �&!*� :/� �� *� �O%	/ �M �@  �� ��*#% �* V� 
.  
 ��L&% :�	Z �� *� 	K * F �&�G��� � �'�#= �	
 ����*� X�% � 0#[ ��*�KT  �*��&&! �% ���^  

� �*� �'"�� ��	=� 	% .	%� F � * ��� ��&� �'<� ��! � X	% 1_ �� �! ;�	% �	
 AJ��  
�&! �% �
*� *� AJ�� �	<� �&�*� �	L * :K3 ��0 �] * �# .  

 ......:�* . A�* >R% �* ���� .	%! X	J#� A�*

 �% t� �� ��� :/� 	� �	<� �&�*� *I� :�* ��	� >R% �* '"�� *#
 .P�<!* 	� Y	�� a7� X��	H �= ��

11 

:�* ��! ��	,'�* �� �7�*� �* ��	= �&!*� V� �k�	' 5 A��D� �*� ��#%* � *�
  

 � :(s% .5 �k�	' * F�#� �% �'<)� 	
� #�� �	�� 2�* �&!*� �� :< *� �&!*� �� ;�3 .*#� �% *� �&!*� 

:�* �=	%= . :�* ��	%= � �,&% .5 �k�	' * �! F�&�5 �% :��� 	
 ����5� 	
 ��* �	�� �* ��� �&!*� ��

	' 5 �&!*� �� A�* �k�	' 5 E#�L% A�*�	&�:�* e  ��#% �&!*� �k�

       								∆
# =  �!��	"!#��	���	��	������&	�'��	��	(��)

    							∆
� = $(		 �����$	���	��	������&	�'��	��	(��))   
*∆																��اورده                                                  = 	 ∆
# + ∆
�

                        

F 	
� #�� �k�	' 5 A�T 	�% 2��3 �* ��	,'�* 	�∆
  	� � ��#�  C	<Z *� �� ��	����#%� �	
 �&!*� �* V�

��&! �<�	@% ��� ��*�. 

         ( ) → 
��$�
�(�)																								∆
 = +%#!"
                                    �∆
(
$
)4 $ 1�∆
(�$
) + ∆
(�$�)2
                  (��3) $ 1� × (�%#) + #3�2 = +%(

                         )2 $ 1(3 × �#�) + ��& + ��32 = +�3

                                        �
��(�)																				∆
 = $�&�!"
                                                 ( 
) + ∆
(�=�)4 $ 1�∆
(�$
)2

                                 ��3) + �%�2 $ 1� × �3�2 = $�&�

��
� a�b#� ? �
� �% .	"  �&!*� :/� �� *� �O%	/ �M �@  �� ��*#% �* V� 

 ��L&% :�	Z �� *� 	K * F �&�G��� � �'�#= �	
 ����*� X�% � 0#[ ��*�KT  �*�

�#� �% �! �&!*� :/� 	%� �
	! 	� 	%� �@ .  
� �*� �'"�� ��	=� 	% .	%� F � * ��� ��&� �'<� ��! � X	% 1_ �� �! ;�	% �	
 AJ��

�&! �% �
*� *� AJ�� �	<� �&�*� �	L * :K3 ��0 �] * �# 
.*�= C	'�5 >R% �* ��� ��K� � �IR% ��= X��	H � �'<� F ......

�#� �% ��	� 	
 �!*�#�.  
 �% t� �� ��� :/� 	� �	<� �&�*� *I� :�* ��	� >R% �* '"�� *#
 .P�<!* 	� Y	�� a7� X��	H �= ��

7
5

  

��
�	%

�	
�� 

*� 
�#

�
  

1- :�* ��! ��	,'�* �� �7�*� �* ��	= �&!*� V� �k�	' 5 A��D� �*� ��#%* � *�
��&! ����  

 � :(s% .5 �k�	' * F�#� �% �'<)� 	
� #�� �	�� 2�* �&!*� �� :< *� �&!*� �� ;�3 .*#� �% *� �&!*� 

:�* �=	%=

	' 5 �&!*� �� A�* �k�	' 5 E#�L% A�*�	&�

                         
                       

                                         

                       
2- F 	
� #�� �k�	' 5 A�T 	�% 2��3 �* ��	,'�* 	�

∆
 ��&! �<�	@% ��� ��*�
                     

                                    

                                  

 

                          

  
                                        

                                                 

                                

 

7
7

  

��
�	%

�	
�� 

*� 
�#

�
  

1- ��
� a�b#� ? �
� �% .	"  �&!*� :/� �� *� �O%	/ �M �@  �� ��*#% �* V� 

��* ( ��L&% :�	Z �� *� 	K * F �&�G��� � �'�#= �	
 ����*� X�% � 0#[ ��*�KT  �*�

�#� �% �! �&!*� :/� 	%� �
	! 	� 	%� �@ 
C (� �*� �'"�� ��	=� 	% .	%� F � * ��� ��&� �'<� ��! � X	% 1_ �� �! ;�	% �	
 AJ��

�#  �@  .�&! �% �
*� *� AJ�� �	<� �&�*� �	L * :K3 ��0 �] * �# 
N (.*�= C	'�5 >R% �* ��� ��K� � �IR% ��= X��	H

�#� �% ��	� 	
 �!*�#�
 �% t� �� ��� :/� 	� �	<� �&�*� *I� :�* ��	� >R% �* '"�� *#
 .P�<!* 	� Y	�� a7� X��	H �= ��

�
�.  
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8
1

  

��
�	%

�	
�� 

*� 
�#

�
  

/� �� 1f'�* :O/ F �)� �� �3#� 	� �� ��*#% �* V� 
 ����
� a�b#� *� �&!*� :.  
��* ( �� C5 	� .	<)� \�*� �� ���	'� � ���� ��	�OH �	
>O�

:�* X�	,'% 	
 �&!*� :/� 	%* F �&
� �% �&!*� X�� ��.  
  
  
  
  
  

:�* ���� �* � ��� ���	'� ��I� �&!*�.  ��*>�* ���* ��/ ��*>�* 	� ��	�OH X*>O� ��= �� ��I� �&!*�
��	� �%.  

C ( �OD� t� � `*� *� �&�M 2#<k! �� �#3#% A
5 �= F ��5
 ��� � A
5 �= .�! �S� � .���	� �! ��	Z �� F�&! �%

�#� �% .5 A'�#� U(� F �OD�  
  
  
  
  
  
  

:�* � ��� �&!*� :/� � :�* � ��� 	
 ��&
� �&!*� Y	�� a7� A
5 �= ��.  
  

N (�� ��5 ���* V� 	� X	&T&%� ���	'� u � �,&� 2#O+% 
 2#O+% F .�� �= 	� 	%* 1 �
� �% �&!*� ��&! �� v	�* �	%�

�#� �% u � �� :/� ��.  
  
  
  
  
  
  

 :K3 A��
 �� ��	� �% ��*>�* �&!*� :/� 	%� ��*>�* 	�
�#� �% u � �� � ;��.  

  
X ( .	�
 �! ��	Z �� F ��#� ��  *#
 �� ��� t� � `*� 1	��*

 V� �� ��� t� � `*� A
5 1	��* �*�@% �% .P�<!* �* � A��*
��#�  
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��	� �% ��*>�* �&!*� :/� :eOJ ��*>�* 	�. A��
 �� F
 �&!*� �� ��� :/� 	� l�	� .P�<!* �� A
5 1	��* :K3

�&�	�  �% �	L�* �� ��� �	%= � �#  � �&
� �% .  
  
  

d ( ��� ��>L� ��&! �� v	�* �	%� �� ��<!*� .]����
 2#O+%
 .>�<!* �	= � �#[ �� *� �&!*� :/� F ���� ���	'� 2#O+% �* �7H �� .��>�* �! ��	Z �� F �&! �% ���#�

�
� �% ��*>�* ��T�"M  
  
  
  

    
  
  

 ��*� *� =>��	�	! �@  �! ���� ���	'� ��*>�* 	� :K3 A��
 �� F�
� �% ��*>�* *� �&!*� :/� =>��	�	!
��	� �% ��*>�* .P�<!* �	= w�� :/�.  
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8
3

  

 �
b

	��
 	�

 �
 #

��
  

;Ob 2#[ 	� UD)% �)� �� C#M 2	J� �)� V�cm2 ���T� e  �� F. A�* �LZ
 �*� 2	J� �)�cm

3 8  :Z	<% �! ��	Z �� F�!  �*� .5cm
2 24 :�*)?*M(  

                                                                  3);Ob 2#[ =(UD)% �LZ  
                                            cm

3 8 =2
3

   =UD)% �LZ  
                                            2);Ob 2#[(×6 =�! :Z	<%  
                                            2

cm 24 =2
2

×6 =�! :Z	<%  
  
1-  :��! �*�!) 	� �LZ:Z	<%( *� 2	J� �)� A�* Y	�� a7� F a�b#� ?�
� �% .	"  A'�#� �	T&
 �OD� 	�

��
�.  

�
� �% t� :�* .P�<!* 	� Y	�� �� �! 2	J� a7� �� �&!*�.  
  
2-  � 2	J� �LZ ��&! C	<Z F�#� ��<@� ��7'<% UD)% �� �� � ��#S� B� ;Ob V� \�� �* UD)% A�* =*

?�&! �% ���R� �M .5 Y	�� a7�  
  
  
  
  
   

� �LZJ�&! ��  ���R� 2	. ��	� �% ��*>�* a7� 	%*.  
                                                                 Cm

38)=1×2×2)+(1×2×2=(�LZ  
                                                              Cm

232)=2×2(4)+1×2(8 =:Z	<%  
3-  �� X�	,� :O/ F0	� �	
 ��� �* �#� ��O+� Y	�* � *� .5 �= 	� 2	J� �)� A'�#� �&!*� :/�

��
� a�b#�.  
:�	n �LZ �� 2	J� B� 	�F ��	� �% ��*>�* �LZ �� a7� :(< .  

 �#� �% ��	% m*#� ��Dx� 	� � :�#@� y/	� �LZ �� a7� ��*>�* :��!) # 	  �O/ Y	�* �=P�� A�* �!
:�* (.  
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8
5

  

� *
� �

#�
�

��
�	%

�	
  

1- �)� Y	�* �14 � *� *IJ u � 1�% u&
5 F  �@�H� � 2#% U<Z)mol min
-1 (��&! C	<Z.  

56 = (. (����
��78 = (. (#����789# 

 
2- � ��#%5 � *� �#'+% 2#O+% V� .��03/0  j% 2#%)II ( ��*� �*H ��� j&3 �* �* �R�� F X	,�#�

:�*. �&!*� :�"�� �� �)�)s(Zn  	�)aq(CuSO4  ��� �� .5 �� �3#� 	� F�
� �% .	"  ��	%�5 A�* �� *�
��
� ��	� 	
.  

  
  
  
  
  
  
5 (��&! �<�	@% j% 	� *� ��� >O� ��I� �&!*�. 

 �&!*�:�* � ��� j% �* ��� ��I�  

  
C ( �*�@% .	%� :�I= 	�)aq(Cu

2+  �)s(Cu ?*M ?�&! �% ���R� �M  
 �*�@% .	%� :�I= 	�Cu

2+
(aq)  �*�@% � �
	!Cu(s) ��	� �% ��*>�* . �� 2	D� >O� �! ��� �	
 ��* *��

 �% C#�� � ��#�  CI3 j% �	
 .#� *� 	
 .�')�* A�* � �#� �% 2#O+% ��*� � ��*� :�� �* .�')�* :�*
�#� �% ���>�* �%	3 j% �*�@% �� � ��� �! j% �	
 .#� :eOJ �* *I� �&&!.  

  
N ( �&!*� 
 �* ��� 1�% �	
 2#% �	�� =* :/� F��	� .5 1�% :/� T 	�� .	%� �Z*� �� ��&
�

 1�%)aq(Cu
2+  U<Z � *�mol min

-1 ��&! C	<Z.  

56 = (. (����
�	: × #:

3(�78 = �. � × #(9����.�789# 
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	�
  

�)� q�	7% v	�* �	"� � 	%� �� ���* V�O!����
 2#O+% 	� *� X	&�! ��<O! �&!*� ���T� e  �� ��.  
  
  
  
  
  
  
  

  
�
� �% .	"  ��	%�5 A�* �*� .	%� U<Z � *� �&!*� A�* p#OS% �3 F�� 2��3 . �	
 ��*� �� �3#� 	�

��
� ��	� ��� 67% �	
 ��� �� F 2��3  
  
  
  
  
  
  
  

��* (?� #� �% �'�	! �&!*� p#OS% �3 �* .	%� :�I= 	� *M 

�#� �% w�	� 2#O+% �* ��<!* �� A�! �	= �&!*� 2#[ �� *��.  
  

C (��&! �%	! *� 2��3.  
N (?*M ? �&! �% ���R� �M ��� �*�5 �	= �3 .	%� :�I= 	�  

��	� �% ��*>�* . ����*� ��<!* �� A�! *���#� �% ���#� �&!*� 2#[ �� � :�*.  
X(?*M?��� �% .	�	� �� �&!*� � 	%� �M ��  
50  �* j� �&!*� j� :�* ��)  ���R� 2#O+% �3 �&!*� E�� �* j� �� 	n50  �� 	n ����� .	�	� ��

:�*.  
d(��&! �%	! *� �� 2��3).g44=1molCO2(   
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1-  �&!*� ��)s(CaCO3  	�)aq(HCl  A�*?��*� �#3� ��	% �� A�* 1�% \�#'% :/� A�� �* �7�*� �M F
��<�#&� *� �7�*�. 

 .#M U�bHCl   U�b � ��CaCO3  1�% .*>�% j� :�* V� 1�% .*>�% �*� �� ���* V�O!����

  A�*�	&� � :�* X	&�! ��<O!  

  
2-  �	
 ��&�05 �* �)� �&!*� q�	7% �! :�* ��<!* �� �=#= �	= F�#� �% ����* .*�	� ���#� y/	� �! *#


�#� �% ���#� ��)                  :g(2SO3                )g(O2 ) +g(2SO2   
  

 A�D% \�*� �� =*mol s
-1 01/0)=O2(R

-  F ��	�)SO3(R  �)SO2(R  U<Z � *�mol min
-1 ��&! C	<Z  

  
  
3-  F�
� �% .	"  *� ��&&! ��,� 2#O+% V� 	� �&!*� �� *IJ u � �/#  �	
 2#% ��R� �! �� �*�#�  �� �3#� 	�

��
� ��	� ��� 67% �	
 ��� ��.  
  
  
  
  
  
  
 

 

  
  

��* ( �&!*� �	
 2#% ��&
�)*IJ u � (?*M?�&! �% ���R� �M .	%� :�I= 	� 

��	� �% �
	! .� *IJ u � *����	� �% �
	! .	%� :�I= 	� *I� :�* ��&
� �&!*.  
  

C (2#% �*�#�  U��-?*M ?��*� �'%f/ �M .	%�  
:�* �,&% �*�#�  U�� .��	� �% �
	! .	%� :�I= 	� � :�* ��&
� �&!*� *IJ u � *��.  

N (�#� �% �'�#  �� �7�*� �� �,&% :%f/ *M ��
� a�b#�.  

  56 ; �!��	"!#��< = $ ∆8( �!��	"!#��)
∆=  

�#� �% �'�*I= �,&%  :K3 A��
 �� :�* :(s% �'��! :/� 	%* :�* �,&% ��&
� �&!*� :eOJ X*��R�  	�
�#� ���(� :(s% �� �,&%.  

X ( �@�H� � 2#% U<Z � *� *IJ u � 1�% \�#'% :/���&! C	<Z.  
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 �&+&% F��� ��*� �*�#�  ��A :�* �b� �&!*� �� ����*� �*#% �* �)� �	
 2#% ��R� ��&
� .	"  . ���� 	�
 �&+&% �*�! ��&! lS"%)B  	�C ( .	"  ��&
� �� =>��	�	! .��>�* ��&
� .	"  V� �*�! � �� �*��	� .��>�*

?:�* �&!*� � 	%	�  
  
  
  
  
  
  
  
  

 �*�#� B :�* =>��	�	! .��>�* . ����*� ���#� *I� ��	� �% ��*>�* �&!*� :/� =>��	�	! .��>�* 	� � ��*>�*
 :eOJ �*�#�  U��–  .	%���&� ��	� �%.  

 �*�#� C :�* �� �*��	� .��>�* . �
	! �&!*� :/� �� �*��	� .��>�* 	� � �
	! ����*� ���#� *I� ��	� �%
 :eOJ �*�#�  U��– �#� �% � �! .	%�.  
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	�
  

1-  	� �*� �&�D% � 	%� �'<= �� �� �&!*� ���	D% Y	�* � �&�D% \�*� �� r	� #%5 �	= ���#� \�#'% :/�

mol s
-110

2×4 :�*  .��(�) + �
�(�)→ �>*�(?)															   
��* ( 1�% \�#'% :/�)g(N2  �)g(H2 ��&! C	<Z � 	%� �'<= A�* �� *�. 

   

  
C (��&! ��<@� .5 �'%#�!#'�* U�b �� *� ��&&! :!� 
 1�% 	� ���#� \�#'% :/� . A�* �-	Z �*

?���= �% �* �L�'  �M ��<@� 

:�* �*� ��
 �*� ��<@� �-	Z.  
N ( FC :�<H �� ��<@� �-	Z ��*� �	  �&!*� :/�. 	� ���#� \�#'% :/� �* ��	,'�* 	� �&!*� A�* �*�

��<�#&� *� �&!*� :/� �7�*� F ��&&! :!� �*#% 1�%.  

  
X ( ��� � �*#% ��	���� ���	D% p	(��*��
� a�b#� �D� �+,- �7�*� 	� *� �&!*�.  

  
 ��<@� �* �&!*� \�#'% :/� :/� ��&
� �&!*� 1�% :/� 	� ����*� ���#� �'%#�!#'�* U�b �

�#� �% �-	Z.  
d ( a�b#� ?:�* �*� �&!*� :/� 	� ��	% �*�! \�#'% :/���
�.  

 �&!*� �* ��*>3* �!  :/�
!#'�* �*� �'%#�  U�b
 � �*� :/� 	�  V�

:�* �*� �&!*�.   \�#'%
  

��&= � *#3 �� �#3#%  �&H
 �� �� �&!*� q�	7% )�#'�	% (

�#� �% ���(� >!#O=  

  
 \�*� � :�	n �	%� �� �&!*� A�* �
� �% .	"  *� .5 ��L� �	
 ��*� F �� 2��3 � ��� ���� A�D% . 	�

��
� ��	� �� �	
 ��� �� F ��� ��*� �*�#�  � .5 �� �3#�.  
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�
� �% .	"  *� *IJ �	��� �
	! �*� #T�* �	KM �� 2��3 �� :�*� :�� .#'� . �* � 	�� 
 ��&! lS"%
?��*� � *#� �
 #T�* �*�! 	� {M :�� .#'� �� >(� ���� �-*  

  
  
  
  
  
  
  
  

 


