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(4.4) �����	
  (Chain reactions) ا�	����ت ا�
���� ا����دم   � �.�%43 ھ3/ه ا��-�3,+ت 2 �1,� ھ/ه ا��-�,+ت أ)!� '&%$� �� ا�#�"! � �

=3A E�3+ل �$&��$&3C' �3$$@� وA@3?ات =&3?�� ا�"3?ا=< 2 =�>#3� ا�;:� �3ت ا�#�-�,�39 6378 . ھ3/ه 
33� �933C91 ط?��339 �33� اا�#;#?,�33 �33� ا��-�33,+ت , G33H"= �33� ���&�33ار ا�33/ا=I و'���I��33 ا�#+�$33

 �9333C9C�#ا��-�333,+ت ا�  K,L333= 4333  ھ333/ه ا��-�333,+ت%�. �M333<N' O333� 4333,�-�= ا�;:� �333تchain 
reaction 33"�ف . �33/اQ�33 أM$8 �933C9C�#و�$�33 ا�R9$�33ت ا#Nا� �33� �933C9C( 433C9C�#�33ف ا��-�,433 ا�N�

ا��X9M�3C= I و��3Nد =&?�"�3M ) (L�LTactive intermediateة ا�-K,L= �$��N '��#�)!�ت ا�?1@$� 
. �N'���#ا��-�,+ت ا� �� �Q�A ���Y 4C9C�#ا�"?ا=< . ا��-�,4 ا� K9, ل?�Zإن =&?ن ھ/ه  ]!4 ا�

� ا��L$7Nات ا��^$I8 �$C ا��-�,43 ا�� �!�N� ف�"QRا# �$��O3_�A �3$` a39N;= b3$Z' 43C9C �37?ا
  ا�!C$@�. ا��C,� ��9-�,+ت �LNل

  4 ا�e@?ات ا9C9C�� #H=:�$=d#إن ا��-�,+ت ا�
)I  �39Y�� (ءا�L3!�3ة  أوZا�;3/ور ا� L3�?=(chain initiation)  X3&-�= �39Y�#ھ3/ه ا� I38

��333 ا�333/رات?&� �#M�ا�"333H@�   تا�;:� �333أو  ا�#�333دة ا�#�-�,hG333�' �3339$� ا��333Zارة أو ا�N333TR أو 'L333و
  .Z' K,L=chain carriers?ا�4 ا��9C9C اRو�$� وا�;/ور ا��Zة 

(II)           �� )     ر�H��3�  �9Ychain propagation ا2� L3�LN�39 ��&3?ن ا�Y�#ھ/ه ا� I8 :(
أو ا�33/رات اRو� �33$�O33 ا�#33?اد ��$;�33 ��-�,433 ا�;33/ور ا��33Zة  ا�33ARىا�;33/ور ا��33Zة  أوا�33/رات 

إ�K3  اRو�$�3ا�#�-�,�9 أو �O �?اد أ�Aى ��?اLmة I8 �:�< ا��-�,4 أو =-&lN' X ا�;3/ور ا��3Zة 
  !�ت ��7�Cة .ھ/ه ا�#��9Y ھI ا�1Rع وأ)%� ا�"?ا=< =�&?ن m.�M$8/ور أ�Aى و��)

  )III �9C9C�7ل ا���A lN' I8@?ات ا2���Hر =�&?ن Y?ا�chain transfer  �9C91 4) ا
I8 ھ/ه ا�e@?ات  .X9=.chain transfer steps ا�e@?ات =e' K,L@?ات ا���7ل ا�L�Lm �9C9Cة 

C91 4�ا?Y L�?= �$و�R�9 اC9C4 ا��ا?Y.دة?m?#ف ا�;:� �ت ا��"Qأ lN' O� 4,�-���' ةL�Lm �9  
  (IV)  �93C9Cد ا��#Aإchain inhibition) (r�G3�=  3?ة@eا�"3?ا=<  إزا��3ھ3/ه ا� �'���3:ا�

�O إ,�دة =?�$L ا�&%$� �� اQR"�ف ا�-���N.إA#�د ا��C9C ر'#� �&�L3", 43#�� ��t!3 =�)$3: ا�"�3=< 
33� ا�2�33Zت  أيذو �33u:ى (أھ�33$#).��33$% ( I33833?ات ا��-�,433 ا�@A 33:ال�Aا �33&#��# X33433 وذ�C9C

 L3", �$^�$#$( دة�� O_?'3' 43,�-ء ا��LO$@�3C=  ةL3�?�#�3ة ا�Zا�3/رات أو ا�;3/ور ا� O3� 43,�-�= أن
43C9C و=K,L3 �%43 ھ3/ه ا�#3?اد #�و=#"O ھ/ه ا�#�دة ا�&%$� �� ا��-�,+ت ا�#"-�دة 3A+ل ا��-�,43 ا�

 �333N�) �Z3331�&�scavengers) radical +%333#8 �9;333/ور ا�#333?اد ا أو (inhibitors)'��333#?اد ا�#�
�   O$@�C�NO `�ز$mروL3$Mو�38 وذرات ا��N#3?�� ا�<N�3ة ا�Zا�;3/ور ا� E3�N� O3� 43,�-�� أن
�$;C(وR$"?. وا�4 وا2$C(روL$Mور ا�/mو  

    (v)     �39Y���3ءM��I38 E�3 ھ3/ه ا�#��39Y =&3?ن  chain termination or breaking) ( ا}
��$;� =-�,4 ا�;/ور ا��Zة وا�/رات ��M<N' O  ا�#?اد ا�#�7�Cة �$^�M"ور أوا�/m O� أو �MC-� O� 

  �Yة أ�Aى.
(I)�����	

��ة ��	����ت ا�
   ا����ت ا�

Characteristic features of Chain Reactions    
  �-�ت ا�##$:ة ��9-�,+ت ا�#��9C9C :ا� أد��ه
� A@?ة ا'�Lاء '@$ � -�,4 = أي1-#<�� 4C9C�� ،، �3��N8 �$@313"�ف وQة أL3�?�و I38 L3$-= I3ا��

  �1,� ا'�Lاء A@?ات ا2���Hر.
-2 �9C9C�#ا����دم. �1,� ا��-�,+ت ا� ����� �� �N[?�#ا� �� �$%&' K9,أ  
-3 .�@$C' �C$� �9C9C�#�9-�,+ت ا�� �$&$�  ا�#$&�
-4 38 �3#"$'، �I ا��-�3,+ت I8 أي =-�, �$` 4��4C9C ،ا�I38 �3$��, �,�3C ا�!Lا��3 و= 437�O3 ا�3:�

 L3Y K3�[أ K3إ� O3-=�= ھ�LN'،ا��L!ا� I8 �-Q �,�C�9 ا�C9C�#ا�maximum  �3ا$A�3]� وأ"�= "
 �  ).(5.4. ھ/ا �!$� I8 ا� 4&H�O ا�:�
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 4&H�9. (5.4)ا�C9C�#ا��-�,+ت `$� ا� O� �N��C�9 ا�!@$ � وا�C9C�#ا��-�,+ت ا� �� : ��7ر
)a(  I"Z"#�1#%4 ا� ��ذج ��-�,4 `$� ?#�.4C9C  
)b(  I"Z"#ا". 2ا�Lm O��1 4C9C�� 4,�-= Kإ� �$H� 
)c(  I"Z"#43 '@3 3ا�C9C�� 43,�-= 43%#� ."اL3m � �3�8ة L3N' 2ث  إL3Z= E3� �3,� ا�3�7?ىCا�

33� =��L337ھ� ]!433 ا�"�33�7ن   ز�"��L33m �33$ة '�2,�!�ر.ا��33C,� ا�33�7?ى ا�331#�ت �-��33ة&#�
 '!6ء.

 
-5 �hG�=  �M�  'LHة '��>6u أو ا���)$: �9#�-�,+ت. إ
  (quantum yield)��9-�,+ت ا�#��Y?� ، �9C9C أن �"�?ج ا�&���Y I8 E3 ا�&$#$�ء ا�>?^$�  6-

  ,��Lm Iا".
-7  �33!��u�339  (ا�$AL�331 �9#33?اد ا��CY �33M� ، ر'N= �33#;433 أو =33N?ق )(foreign substances)إ

 (l-e=)�,�Cا� .  
-8 433C9C�#ا��-�,433 ا� I8،"�33$^�$#$( �33$u�= 2 I33�33 ،ا��!��u�33زات ا�u�33  ا�$u� �33!��`،ز�u33:�< ا�#�

  �Y)$�ت ا��-�,4.
��3M ��ا=���3C( �3  ا�#��9C9Cا��-�,+ت 9- = �3��3 ,#?M���درا" ��M ��ا=� 'C$@� أي ،أ L3#�N=.

  ��ا=!T K9, �M&4 ا�?,�ء و�Tوط أ�Aى.
-10 b3Y �3 �3�8ةM� �93C9C�#ا��-�3,+ت ا�(induction period )  43,�-43 ا�3/ا �31,� ا��C9C�#�

 ھ3/ه ا�-��3ة ا�:�"$�3=�@�9 ا�?]� ا�&�I8 إ�LY K ا�O'�3�= a ا��3C,� =;��!$�" أ�I8 �-Q.�M ا�!Lا�� 
  =K,L ��8ة time – lag  .bY ا�!@$ �

  
(II) ا)ط&اد ��(� ��*&+  Steady –State Hypothesis   

  
 أن��CZب �LNل �1,� ا��-�, �;� 4� �8�N�LNل ا�A 4&� �,�C@?ة �� A@?ات ا��-�,4 و'�3# 

'?NQ 4&H= د ا�#�)!�3ت ا�?31@$� ھ/ه?m?� ا���L�L3Hة ا�-��N$�3 و`$�3 ا�#�7�3Cة �X�/3 ا�� )!$�ة 
 ���Zأو =���7 ا� �;��N� �8_$� أو K,L= �Q�A �;��N� �7ة  –��@�9 ا�#?_?ع�C#ا�  

(Steady –State –treatment )  �3 ھ3/ا�ا��K39, �3��7 أن =�)$3: ا�3/رات أو ا�;3/ور و
3#8� ا�##&3� ا,�!�3ره C9C �3�'�h#�ا��Zة ا�#�?�Lة A+ل ا��-�,4 ا� X�/ا و�Lm +$9[ 4 �;� أن �&?ن

  �#%4 ا�#�)� ا�?I@1 ا�-�Nل ACi+ل ا��-�,4 و,"L^/ �&?ن =u$�ه ��Cو�� إ�K ا��-� .�8ذا )�ن 
�)، �8ن  $N#ا� �Zا�/رة أو ا�;/ر ا� )  
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                                                �'�h =  ][Ci  
 / d t = 0 ][Ci d  

(���N-ف ا��"QRأو ا)�#Nف ]�$�ة ا��"QRا K9, 678 �!@� ا2ط�اد ���Y ���7= ھ/ا �.��C-�د �
 43�?Z= 3+ل ا��-�,43 أوA �M31�$[ �'?N3�� �3ا��ا��Y ���7/ف =�N'$� =�)$: ا�#�)!�ت ا�?31@$� 

�ة 43C9C أو =�)$3: ا�#3?اد ا�"�=;�3 ا�#h ��2L' �M#$[�#7�3C?ا'� �LNل ا�e� �,�C@?ات ا��-�,43 ا�
�O$@�C أن � ��H��Nد�� �LNل ا��C,� ��9-�,4 ا� Xذ� K9, "4.#�و'"�ءاC9C  

 (III) (ا2ط�اد ���Y �;��N�) �9C9Cت =-�,+ت ا��$(�Y  
Kinetics of Chain Reactions (Steady – State Treatment)  

�� أي���Y ا2ط�اد #��N;� ط!�7" �Z� أي I8 �'�h ���N-ف ا�?1@$� ا��"Q¤� :$(ا���، .  
  / d t = 0 ] [R  

  
 �YP�4 ا��C9C ا�-�Nل ، R=#%4 ا�#�دة ا�#�-�,a$8،A ، �9 ا��-�,4 ا�#�4C9C ا��Nم   أد��ه  

��=< ا��-�,4 α  I8 4��Z4 ا�![ �أ)%� �� ا�?اLY ا��t$Z ،و�L, 4%#د Y?ا�4 ا��9C9C ا�"�=;� �
  A@?ة ا2���Hر:

                                                             k1 
1- Chain initiation:                   A                         R  
                                                             k2 
2- Chain propagation:             R + A                     P   +  R  
                                                             k3 
3- Chain termination :            R                         destruction        

� �Y�4 ا��C� �9C9C,� ا��?&�  
  

       d [ R]  
                    =  k1 [A]  =  k2 (α – 1) [ R] [A] –  k3 [R]  
          d t  

 Kا2ط�اد  إ� ���Y �;��N#� "�7!طR ،  
                
        d [ R]                                                                                                      
                    =  0  
          d t            

  أو 
      k1 [A]  =  k2 (α – 1) [ R] [A] –  k3 [R]  =  0   

  إذن
                        k1 [A]              
     R =   
                 k2 ( 1- α ) [A] +  k3  

  
� ر'3N� �3#:ى Z�9?ا�4 ا�C9C (termination or destruction)ا��E$@Z ا}A#�د أو إن   

  إ�K ا����دم �Lm Oران اRو,$� ،أو �O ا�;:� �ت ا�ARى I8 ا�@?ر ا��uزي
  =  �h'� ا��C,� ��-�,4 ا�;Lار   kwإذا  
    kg     = .ز�u4 ط?ر ا�,�-�� �,�Cا� �'�h  

                 ،/^L",kg     +kw k3 =   
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       k1 [A]                                                     إذن
                 R =                                                                                     (40.4) 

                                                                   k2 ( 1- α ) [A]  +  kw +  kg      
  

  2ا��C,� ��9-�,4 ا�& I9�N@�ة I8 ا�e@?ة 
                            d x  
                                     =  k2  [R] [A]  
                             d t  

 �#$[ l�?N=[R]  4�Z� ،  
  

            k1 k2  [A] 2                                                                      d x    
                     =                                                                                     (41.4) 

                                                     d t             k2 ( 1- α ) [A]  +  kw +  kg      
  

 �9C9Cط?ل ا�Chain length    : �379تZورات أو ا�L3د ا�L3, a3�G' 43,�-�9� �93C9C�3ف ط3?ل ا�N�
� A@3?ة ا��&3?�� وA@3?ة ا2���3Mء. و��3CY E�3 ب $'�� ���N-ف ا�?1@$� ا��"QRا �M' ك��H= Iا��

 �#$[ �#C7' 4C9C �,�31�LNل �1,� ا��-�,4 ا�& �#$[ K9, I9�L3Nل ��ط?ل ا�R �9C9Cي =-�,4 
  =-�,A 4@?ة 'Lء =?�L ا�;/ور ا��Zة .ر��_$�".

  
  �1,� ا��-�,4 ا�&�$9                                     

 =  �9C9Cط?ل ا�  
  A 4,�-= �,�1@?ة ا�!Lء                                

                                                 k1 k2  [A] 2      
     Chain length  =                 
                                  k1 [A] ( k2 ( 1- α ) [A]  +  kw +  kg )       

  
  
                                                     k2  [A]  
                           =                                                                       (42.4)        

     k2 ( 1- α ) [A]  +  kw +  kg                                
                                        

   9Z=(40.4)$4 ا�#�Nد�� 
 

k1 [A]                                                            
                 [R ] =                                                                                                                               
                                 k2 ( 1- α ) [A]  +  kw +  kg      

  
  ، ,"L", .α   = 1             /^L��      1ا��3��  

               
         k1 [A]                                                                       

                 [R ] =                                                                                           
                                                                          kw +  kg  
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                                                        ��?&= �,�1                           R    
                 [R ] =                                                                                                                               

                                                       Z= �,�1 E$@R   
 �"(�C�9 ا�C9Cت ا�+,�-�' K,L= 4 ھ/ه ا��-�,+ت%�stationary  �#أو `$� ا��!NH  

  non-branched:  
  

أي ،��&?ن أ)%� �3� واL", : (α  < 1  L3Y��   LY . Explosion limits)ود ا2�-;�ر  2ا��3�� 
� Y?ا�4 ا�A I8 �9C9C@?ة ا2���Hر.� 9Cت ا�+,�-�' K,L= %4 ھ/ه ا��-�,+ت��9C �$`  �"(�3Cا�

 non-stationary  �#أو ا��!NH  branched.  
  .=&?ن ا�:��دة )!$�ة Y I8?ا�4 ا�L", �9C9C�� LZ� a critical situationث ا�#?]O ا��Zج 

 
                               k2 ( 1- α ) [A]  +  kw +  kg = 0     

k2 ( 1- α ) [A]  = - ( kw +  kg )                                        
                                         ،/^L",∞    [R ] =                                     

                                                       
  '#� أن ، 

                                     [R ] [A]   = k 4,�-�9� �$9&ا� �,�Cا� 
  ا��C,� ا�&9$� ��9-�,4  = ∞�/ا                                              

�?ا=< ا�-;�ر.'N!�رة أ�Aى ،�&�#43 ا��-�,�3C( I38 43 وھ/ا  �$��, �,�C' 4,�-ا�� �, �H"�، I"N�
2�-;�333را�' K,L333= �333رات;-� exothermalا�!�,�333Z9� �333%ارة ت�333� ا�%��$�333 . �%4333 ھ333/ه ا2

explosions  .  �,�1 �9C9C4 ا���Z� E$@Zا��kw  �9C9C4 ا��ا?Y ر�H��إ�K9, L#�N� ،(R)  K ا
.�$N� 6u_ L", .6 ا�?اط�u<ا� L", �N��1 �M�  ا�;Lران وإ

  
  

 E$@Z= �,�1)R ) = ( رانL;ا� K9,  ��?&= �,�1 R(  
  

,"LZ� 2 ،/^Lث ا�-;�3ر . إ,@�3ء L3Y ا2�-;�3ر ا�3?اط� ،�E3;Y K39, L3#�N ا�#�3دة وو,�3ء 
  ا��-�,4 .
(=437�kg   E$3@Z، '$"#�3 �3:داد  kwإ�K ا�;L3ران ،�3/ا   L",R ازد��د ا�>6u ،  �47 ا���Hر  

R �M$8 I�9 ا��Y�#ا� K6 ازداد '��1#�ار إ�u<زي) .إذا ا��uا�@?ر ا� I8 ت��ا����د �;$��  
( kw +  kg )   K8 � إ��&�k2 ( 1- α ) [A]   ، أي .  

  
  k2 ( 1- α ) [A]  +  kw +  kg = 0     

                                                                  
                                                                       ،/^L",∞    [R ] =         

                              
  /3� X� ولR�3ر ا;-� 31first explosion limit?ف �L3Zث ا2�-;�3ر .�K,L3 ھ3/ا 'L3Z ا2

L^�3C6 ، ا�u<9� ة�#�C� ز��دة O�، kg) ،kw ارL37#43 ) وا�#M� k2 ( 1- α ) [A]  +  kw +  kg 
،38?ق ھ3/ا    LY I@N�،second explosion limit ا2�-;�3ر ا��3%�steadily     Iط�اد�G:داد '

 6u33<ار��33 ا��Zات ا��$hG33ا�� K3333:ى إ�N� b33��%6 ا�u33<ا� L33Y.�$"�ھ���33,� C' 433,�-ث ا��L33Z�،
thermal effects .  

�Q+A ا�7?ل =:داد �31,� ا��-�,43 ا�#�43C9C )9#�3 زاد ,L3د ا�Z?ا��3M$8 43 ، و]L3 =3°دي 
 �$mروL$Mر. 8#%+ ��-�,4 ا��;-��ا�:��دة ا�&!$�ة �Z?ا�4 ا��9C9C إ�LY Kوث ا2$;C(وRوا L",  
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600 ºC 39?غ' L3",و، �$9,�3-�#� ���م ,"L ا�>u?ط ا�?اط �3u9� �3ز���ا�>6u3  .و�C$� ا��-�,4 '�
 I38 �93C9C43 ا��ا?Y �3 ز��3دة;$�� a3�G' �3ر;-�ا�&�u9� I9ز�� �L7ارا �LZ� �"$Nث ا�-;�ر .و�-�3C ا2

  ا��-�,4 . إ��ءأ�I8 a ا�>u?ط ا�?اط � ��E اM�1+ك Y?ا�4 ا�t@1 K9, �9C9C  إذا��-�,4 ،
�#�I ا�>u?ط K,L� 8 ا�>6u ا�/ي �LZث ,"Lه ا2�-;�ر 'LZ ا2�-;�ر اRول .و�N?د ا��-�,4 �"�

 � 'C!� زوال Y?ا�4 ا�hG�' �9C9C$� اL@3Q2ا��ت I8 �#((6.4) ا�c, b  4&Hا��I ="�ظ� ا�"7@�$
I9&6 ا�u<ز�� .وإذا =;�وز ا��uا� ���Zا� I8 ا�;:� �ت أو ا�/رات �  ا�7$#� ا�#"�ظ�ة ا��LZ= Iث '$

 �@7"�c  4&Hا� I8(6.4) .�$��h ر�;-��' �'?Z�� 4,�-ا�� t!��  
  

  
c                       b                            
  

 4&H(6.4)  ا�. �NH�� 4C9C�� 4,�-�� 6u<ا� O� 4,�-�1,� ا�� �$u=  
(IV) : �9C9C�#ا��-�,+ت ا� �  أ��9% ,

� وا�!�وم . I8 ,�م  1-$mروL$Mا� �� (1906)ا��-�,4 ا��Zاري '$$�C�  أL"� �!hي و'?د
Linde and Bodenstein /M� �,�Cأن ا� Iا ا��-�,4 ھ  

  
                              d[HBr]                 k  [H2][Br2]  

½          
                                                                  =    

                             [Br2]      1 + m [HBr] /             d t  
b$Y أن m , k . �'ا?h  

� ]!I8(1920)  4 ,�م � �$=dا �$&$�  Polanyi,Herzfeld and Christiansenا]���Y ا�#$&�
                                                       k1 

1- Chain initiation  :               Br2                   2Br                 (slow)  
                                                        k2  
2- Chain propagation :  Br + H2                  HBr   + H          (slow)  
                                                        k3 
                                      H + Br2                  HBr  + Br           (fast)  
                                                        k4 
3- Chain inhibition :    H + HBr                  H2  + Br  
                                                         k5 
4- Chain termination :   Br + Br                  Br2  



 ١٦٥

 �  =�Cوي  HBrا��C,� ا�&�$9 ��&?�
      
  d[HBr]                                    

(1)                                  =  k2[Br] [H2]  + k3[H][Br2]  - k4 [H]  [HBr]  
                                                                                                           dt 

��)!�ت و���N8 �$@1 ]�$�ة ا�N#� و=X9�# =�ا)$: واط � .�/ا '�}�&�3ن  Hوذرات  Brـ ا�ذرات 
 ���Y م?M-� �$!@=– K9, 4�Z� Eh �$@1?ه ا�#�)!�ت ا�/M� ا2ط�اد  

  
 d[Br]          

      = k1 [Br2]   - k2[Br] [H2] + k3[H][Br2] + k4[H]  [HBr] –k5[Br]2=0 (2)    
    dt  

  
 d[H]  
          = k2[Br] [H2]  - k3[H] [Br2]  - k4 [H]  [HBr] = 0                            (3)  
   dt  

�4�Z  (3)و   (2)�� ا�#�Nد2ت  ،  
     

k1 [Br2]  - k5 [Br] 2 = 0    
  أو

                                ½                     k1 
(4)                                     [Br2]                  =  [Br]  

                                                      k5  
� ا�#�Nد�� �4   (3)�Z�،K9,  

                                                       k2 [Br] [H2]  
                     [H] =                                                                                   (5)  

                                            k3 [Br2]  +  k4 [HBr]  
  

 �#$[ l�?N=[Br]  ��(4)  I8(5)  4�Z�،K9,  
  

                                   k2.( k1/k5)
½. [H2] [Br2] 

½                                         
                     [H] =                                                                                   (6)  

                                            k3 [Br2]  +  k4 [HBr]  
  

� ا�#�Nد��  �(3) ،  
 (7)                           k2 [Br] [H2]  - k3 [H] [Br2]  =  k4 [H]  [HBr]   

 ��4�Z (7)و (1)�، K9,  
  

                            d[HBr]   
          = 2 k3[H] [Br2]                                             (8)  

                               dt  
[ l�?N= �#$[H]  ��(6)  I8(8).  

  
                 



 ١٦٦

                            d[HBr]               2 k3 k2.( k1/k5)
½. [H2] [Br2] ³/²       

       =                                                                      
                              d t                     k3 [Br2]  +  k4 [HBr]                               

  
 

2 k3 k2.( k1/k5)
½. [H2] [Br2] ³/²                       

                                           =   
                                                                             k4 [HBr]    
                                                   k3 [Br2]    1 +   
                                                                               k3 [Br2]  

           
                                                  2 k2.( k1/k5)

½. [H2] [Br2] 
1/ 2 

                                       =                                                                   (9)   
                                                1 +    k4    ( [HBr ] / [Br2] )  
                                                         k3  

  
  .Linde and Bodenstein) �@�'�7 إ�X9= K ا���M$9, 4�Y I (9ا�#�Nد�� 

  
", t<�� L د���N#ا� �H[�"�(9)I9� �� .  

(a)  LZأن ا� �#'[HBr]  �3د��N#�37م ا�� I38(9) :3$(�= I38 ا�:��3دة ، HBr  �,�31 �7"3� 31?ف
 I=د ا�/ا�#A{ا �  .self-inhibitionا��-�,4 ا�&9$� .ھ/ا �%�ل ,

  
(b)  ��L", ا�� ا��-�,4 أيL' I8t = 0           �8ن [HBr] = 0د���N#ا� a$9,(9) و t!�=  

  
2 k2.( k1 / k5 )

½. [H2] [Br2] 
1/2                            =d[HBr] / dt   

  
I ا�#�ا433Y اL�'2ا^33M� �33$/ا ا��-�,433 ، . �33/ا �O$@�33C أن �337?ل 338 1.5أ,@�33 ھ33/ه ا�#�Nد��33 ��=!�33  

  .��1.5-�,4 ا�&�C= I9وي ا��=!� 
-2  . �$mروL$Mا�&9?ر وا� �ت ا�&39?ر '���-&X3 ا�>I^?3 أو ذرا '����3جھ/ا ا��-�,L!�  43أا��-�,4 '$

   د�?م ا�333/ري ا�LاI3338 �3339A �333:�<?ا�&3339?ر وا��333 ا��-&X333 ا��333Zاري أو �333� ا��-�,4333 ��333'$� `�333ز
  ا�#$&��$&$� ا�#I9� �#( �9#�Z:.ا��-�,4

(I) Chain initiation  
    (a)   Cl2    + Na                       NaCl  + Cl   
                                   ∆ 
   (b)             Cl2                     2Cl  
                                  hv 

    ( c)            Cl2                     2Cl                 
(II) Chain propagation 
    (a)      Cl  + H2                          HCl  +  H  
   (b)        H  +  Cl2                        HCl  +  CI     
(III) Chain inhibition  
    (a)     H + HCl                   H2 + Cl   
    (b)    H + Cl                       HCl             



 ١٦٧

(Iv) Chain termination 
      (a)       2H                    H2  
      (b)      2Cl                   Cl2   
-  

-3  X&-=N2O5   
                                    2N2O5                      4NO2 + O2  

 Iا�#-��_� ھ �$&$�  ا�#$&�
    (I)                  N2O5                      NO2 + NO3      

   (II)      NO2 + NO3                      NO2 + NO  + O2  
   (III)      NO + N2O5                     3 NO2  
   (IV)      NO2 + NO3                      N2O5   

.Kو�Rا�#�=!� ا �  ھ/ا ا��-�,4 �
-4  L��M�L9�1+� اري�Z49 ا�Zا��hydrolysis of acetaldehyde   ا/M� �Zا�;/ر ا� �$&$��&$�.

: Iا��-�,4 ھ  
(I) Chain initiation :      CH3CHO                       . CH3  + . CHO   

  m/ور �Yة          .            
(II) Chain propagation : CH3CHO  +  . CH3                 CH4 + CH3 CO   

                                                             ..  

                                          CH3 CO                 CH3  + CO  
                                                             .            .  

(III) Chain termination  CH3  + CH3                  C2H6  
  

 -5  �� ا�-?1;$�?&=formation of phosgene?ھ I9&ا��-�,4 ا� .  
                             CO   +   Cl2                  COCl2 

: I9� �#( �_��-#ا� �$&$�  ا�#$&�
  

   (I) Chain initiation                      Cl2                   2Cl 
   (II) Chain propagation        Cl + CO                   COCl   

                    COCl2 + Cl                                                COCl + Cl2 

(III) Chain termination                2Cl                     Cl2     
  

�3�2 =&3?��  : (2.4)�78لL' I��3�31,� ا��-�,43 ا�� �'�2,�#�د ,K9 8&�ة �3��Y ا2ط�3اد ، ,!3, �3
 .  �$9$h2ا  

                                                                          .             k1 

C2H6                           2CH3     
   .                        k2                    .                               
CH3  + C2H6                  CH4   + C2H5   
      .         k3                           .  
C2H5                         C2H4 + H   

                             k4                       .      . 
 H + C2H6                   H2   + C2H5      
        .           k5   
2 C2H5                       C4H10    



 ١٦٨

: 4Zا�  
d [ CH3 

. ]  
                 = k1 [ C2H6  ] 

2    -  k2  [ CH3 . ] [ C2H6  ] 
     d t  

  -و,"���Y L ا2ط�اد �&?ن :
k1 [ C2H6  ] 

2    -  k2  [ CH3 . ] [ C2H6  ]  = 0   
  
[ CH3 . ]  =  ( k1 / k2 ) [ C2H6  ]                                                                 (1) 

                                                                                                  
  و�#� )�ن                          

d [ C2H5 
. ]  

                 = k2  [ CH3 . ] [ C2H6  ] +  k4 [H .] [ C2H6  ] – k3[ C2H5 
. ]  

     d t  
 [ C2H5 

. ] 2                                                         -  k5   
  -و,"���Y L ا2ط�اد:

k2  [ CH3 . ] [ C2H6  ] +  k4 [H .] [ C2H6  ] – k3[ C2H5 
. ] 

 -  k5[ C2H5 
. ] 2 =   0                                                                      (2)   

 X�/(و  
d [H .]  
               = k3[ C2H5 

. ] - k4 [H .] [ C2H6  ]  =  0                                       (3)  
  d t  

�  -�&?ن : (3)و   (2)و'L�< ا�#�Nد��$
k2  [ CH3 . ] [ C2H6  ] -  k5[ C2H5 

. ] 2 =   0                                               (4)  
  

�I8(4)  :K9, 4�Z ا�#�Nد��  (1)�د�� �� �N=[ CH3 . ]   N?ض ]$#�-  
  

k2.( k1 / k2 ) [ C2H6] [ C2H6]  - k5[ C2H5 
. ] 2   = 0     

k2.( k1 / k2 ) [ C2H6] [ C2H6]  =    k5[ C2H5 
. ] 2    

  
[ C2H5 

. ] = ( k1 / k5 )½   [ C2H6]                                                               (5)   
  :'ـ#� )��� �1,� ا��-�, 4�N@�ة و�

d [ C2H4 ]  
                    =   k3  [ C2H5 

. ]  
     d t   

  �#$[ �, l�?N���'[ C2H5 
� ا�#�Nد��  [ .� (5)   : K9, 4�Z�  

 
d [ C2H4 ]  
                    =   k3 . ( k1 / k5 )½   [ C2H6] = k [ C2H6]                            (6)    

     d t   
                                              ½k = k3 . ( k1 / k5 )إذ 
  

�!C"��' Kو�Rا�#�=!� ا �  �9#�دة ا�#�-�,�9 ا9QR$� وھI ا}�%�ن. وان ا��-�,4 �
  



 ١٦٩

    COCl2=&?ن و=-&X ��دة ا�-?1;$�  : (3.4)�78ل 
  

 ��   K1                        2Cl                 Cl2ا�#$&��$&$� :    �h'� ا�#?از
  

                     ��                     �hK2     Cl + CO               COCl'� ا�#?از
                �,�Cل ا�LN� �'�hk             COCl +   Cl2             COCI2 + Cl  

  
  %��%� ��Cوي :إن �LNل �1,� =&?ن ا�-?1;$� '#?�m ا�#�Nد�� ا�

  
      d [COCl2]  
                         =  k [COCl] [ Cl2]                                                           (1) 

                                                                                                     d t    
  

  [COCl]                                                                             '#� أن    
  K2 =                                      ;  [COCl]  =  k2 [Cl] [CO]                        (2)   

                                                                                      [Cl] [CO]                
 
                [Cl] 2   

 K1 =                            ; [Cl] = ( k1[ Cl2] ) ½  = k1
½ [ Cl2] 

½                  (3)  
               [ Cl2]   

  
 �33#$[ l�?33N�'و[Cl]  �33د��N#ا� �33� E33h و (4)�K339, 433�Z ا�#�Nد�I338(2)  �33 ا�#�Nد�(3)  �33�33�

 �#$[ l�?N=[COCl]  د���N#ا� �  (5)�°دي إ� K��Nد�� =&?ن ا�-?1;$�  I8(1) ا�#�Nد��  (4)�
  

 [COCl]  =  k1
½ k2 [CO] [ Cl2] 

½                                                               (4) 
                                                                                               

d [COCl2]  
                     =   k    [ Cl2] k1

½ k2 [CO] [ Cl2]½                                      ( 5) 
                                                                                                         dt      

                                                                                                     
    : �C$8وي ��Nد�� =-&X ا�-?1;$� إ��

                           
        - d [COCl2]  

                     =   k´ [COCl2] [Cl]                                                                                                                                           
dt                                                                                                           

  
                      =   k´ k1

½ [ Cl2] 
½ [COCl2]   

  
   


