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 �����1 

)2          :  � ا	���د	� ا	��و����� 	
�� ا	���وز�� ● -1 ) 2( )aq aqHNO NO H +− +⇌  

)3:                   ��� ا	���د	� ا	��و����� 	������ك ●          ) 4( )aq aqN NHHH + ++ ⇌ 

2- ������ ا	���د	� �" إ ��ء ا	��و��ن: ���د	� ا	��� "�#$        : 

2( ) 2( )aq aqHNO NO H +− +⇌  

                                                                 3( )aqNH H ++ 4( )aqNH +
⇌   

   
                                                   2( ) 3( ) 2( ) 4( )aq aq aq aqHNO NH NO NH− ++ → +  

  

 �����2 

1- ● ���� :   �" ا	��ء )�� ا'$&���$%���د	� �
(ا	�.دو-��ن ا	��,+*��ن ه��                 )3 2(2 3( /aq aqCH COCH CO H 3 و − ) (( 2 )/aq lH H OO   )آ�1�,ةا	��ء $�,+�  (+

�� ه4��3:                         و ���د	� ا	� 2 ( ) 2 ( ) 3 2( ) 3 ( )aq l aq aqCH CO H H O CH CO H O− ++ → +  

�� $��: أ$���ت ا7آ���6م��3       $=)> أن ه;ا ا	� ( )aqH O  .)�@�� و 	;	% $?�ن ا	�
*�ل ا	���: +

     ●  ����  :ا�����7ك �" ا	��ء���د	� �
(ا	�.دو-��ن ا	��,+*��ن ه��                 )4( 3(/aq aqNHNH 2 و + ) )( (/l aqHOH O 
��آا	��ء $�,+�  (−(  

�� ه4��)3:                         و ���د	� ا	� ) 2 ( ) 4( ) ( )aq l aq aqNH H O NH HO+ −+ → + 

�� $��: أ$���ت ا	�C,روآ�6,��)       $=)> أن ه;ا ا	� )aqHO �,$� و 	;	% $?�ن ا	�
*�ل ا	���: −� . 

2-  

*�ل إ$&���ات ا	��د$�م  �D�E●   -أ�        :( ) 3 2( )( )aq aqNa CH CO+ −+   

      ●�D�E  ل آ*�رور ا�����7م�*
�         :4( ) ( )( )aq aqNH Cl+ −+    


*�ل ا�����7ك ا	;ي�
*�لا	  -ب� "� ����  :  $�?�G ا	�
�,ة(�
*�ل ا�����7ك �  (G�?�$ H "� Hإ ����، و ه� �
*�ل )�� )�� $���4 	�.دو-� أ+�ى�
*�ل  ا	�

�� ه4. ا'$&���$%��3:      و ���د	� ا	� 2 ( ) 3( ) 3 2( ) 4( )aq aq aq aqCH CO H NH CH CO NH− ++ → +  

�� �" ا	�
*�ل ا	;ي $�?�G   -ت��  :إ$&���ات ا	��د$�م�
*�ل ا	�

*�ل )�� $���4 	�.دو-� أ+�ى، و ه� �
*�ل ا�����7م)  ��,ة(�
*�ل ا'$&���ات � "� Hإ ����.      G�?�$ H ا	�

�� ه4��3:                   و ���د	� ا	� 2( ) 4( ) 3 2 ( ) 3( )aq aq aq aqCH CO NH CH CO H NH− ++ → +  

 

 �����3 

1-  G��Kذو �	ت ا�����7م و ���د��M�N �D�Eء��	4 اN: 
��ت●M��3 $�?�ن ه;ا ا	��آP اO� 4��$7 أ$���ت ا	

4( )aqPO )4 و أ$���ت ا�����7م− )aqNH 4  : إذن G�D�E ه4+ 43( )NH PO  
  

2:    و ���د	� ذو4N G��K ا	��ء ه4 3
4 4( ) 4( ) 4( )3( ) 3H O

aq aqsNH PO NH PO+ −→ +  
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2- �Kن أن ا7$���ت ا� ������ )�@4	� ���?	C;ا ا	6��د $�?��C أن ����� QNو �C��K ���N -ي,��  
)4 ا�����7م  أ$�ن )aqNH )4 )�� $���4 	*�.دو-�+ ) 3( )/aq aqNH NH+أ$�ن ����K ،�-*�.دو	ة ����4 ,���ت  �M��   ا	

  2 3
4( ) 4( )/aq aqHPO PO− −� QNو =����� )�@4، إذن $�?O أن $����,ي- � . 

3- ����3:         ���د	� ه;ا ا	� 2
4( ) 4( ) 4( ) 3( )aq aq aq aqPO NH HPO NH− + −+ → +  

 

 �����4 

 :S?� ا	��آ�P ا	�#�$�4 ا	���6�� -1

����	 
��
  أ��� ا

 :رو-���آ����Kت ا	��د$�م 4N ا	��ء���د	� ذو�Kن ه�, -2

2
3( ) ( ) 3( )

H O
s aq aqNaHCO Na HCO+ −→ + 

�,ة ا	��,+*��ن-ا	�.دو-��ن )�� -3� : 

3 ) (( 2 )/aq lH H OO )3 و + )2 2( , ) / aqCO H O HCO −

�����
  

  

 :	� ا	��و����� 	?� �O ا	�.دو-�����O ا	���د -4

                       3 ( ) 2 ( )aq lH O H O H ++ +⇌  

                        3( ) 2( ) 2 ( )aq g lHCO COH H O+− + +⇌ 

5- ,
�� ا	;ي $��)3     : ث 4N ا	,ورق���د	� ا	� ) 3 ( ) 2( ) 2 ( )2aq aq g lHCO H O CO H O− ++ → +  

 .   و ا	�Dز ا	��Q*X ه� 4V��W أآ�6, ا	?��Kن

��ء ا	?�*� -6�+H =زم	4 ا@�
 : Y#(m ا	�
*�ل ا	

�����4 	�1,م ا	�E�	#,ول ا	ا:  
  

  ���د�ــــــــــ� ا�
	��ــــــــــــــــ�
3( ) 3 ( ) 2( ) 2 ( )        2aq aq g lHCO H O CO H O− ++ → +  

  

  ���� ا�������
  

���	
  ���م ا�
  

  

)آ���ت ا���دة )mol  

�����
c   0  وا��  0  ا V⋅  
0n   

���ل
�ل ا�  x   وا��  x   c V x⋅ −  
0n x−   

����� 
  ا
maxx   وا��  

maxx   maxc V x⋅ −
  

0 maxn x−   

  
�� ا	�
, ه�mا+���ء ا	?�*���)3 $��4 أن ا	�� )aqHCO 0 :، إذن− max 0n x− =  ← max 0x n=  


Q1 ا	\�ط$ 4@�
max:   ا	
#Y ا	;ي $��O� G�E 4D ا	�
*�ل ا	 0c V x⋅ − ≥  

��ء ا	?�*�$���6: ا	
#Y ا7د�[�+H =زم	ا m :  max 0c V x⋅ − =   ←   0c V n⋅ =    

                                                                ←   
m

c V
M

⋅ =  ←    
m

V
c M

=
⋅

    

.    ع.ت
1 1

0,50 ( )
0,06 

0,10 ( . ) 84,01 ( . )

g
V L

mol L g mol− −= =
×

V 60أي    mL=  

  

%���K�?	ا ��( 
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  :     )#Y ا	�Dز ا	���: -7

P6(   :2 ا	#,ول آ��� ا	��دة 	*�Dز ا	���: 4N ا	
�	� ا	���V�C ه4 max( )fn CO x=   ←   2( )f

m
n CO

M
=  

)2                                      :و )#�G ه� إذن )f m

m
V CO V

M
= ⋅      

1    .ع.ت
2 1

0,50 ( )
( ) 24,0 ( . ) 0,143 

84,01 ( . )f

g
V CO L mol L

g mol
−

−= × =     

)2أي    ) 143 fV CO mL=  
 

 �����5 

 :رو-���آ��$��ت ا	��د$�م 4N ا	��ء���د	� ذو�Kن ه�, -1

2
4( ) ( ) 4( )

H O
s aq aqNaHSO Na HSO+ −→ + 

�� أ -2�� $�ن ا	�C,رو-���آ��$��ت �" ا	��ء���د	� �

(:    ��ن ه��ا	�.دو-��ن ا	��,+*
2

)4( 4(/a aq qHS SOO − 3 و − ) (( 2 )/aq lH H OO +  

�� ه4��2:        و ���د	� ا	�
4( ) 2 ( ) 4( ) 3 ( )aq l aq aqHSO H O SO H O− − ++ → +  

3ا	��آ�. ا	�4V�C 	�$���ت  -3 ( )aqH O   :4N ��ء ا	��6_ +

�����4 	�1,م ا	�E�	#,ول ا	ا:  
  

2  ���د�ــــــــــ� ا�
	��ــــــــــــــــ�
4( ) 2 ( ) 4( ) 3 ( )           aq l aq aqHSO H O SO H O− − ++ → +  

  

  ���� ا�������
  

���	
  ���م ا�
  

  

)آ���ت ا���دة )mol  

�����
  وا��   0   0  0  ا
0n   

���ل
�ل ا�  x   x   x   وا��  
0n x−   

����� 
  ا
maxx   maxx   maxx   وا��  

0 maxn x−   

  
4HSO	��ء ��ع وا�N إذنا −4	��	�K و ،,
�� ا	���0:  ه� ا	�� max 0n x− =  ← max 0x n=     

3Hو )P6 ا	#,ول آ��� ا	��دة 	�$���ت O 3 :   ا	���#� 4N ا	
�	� ا	���V�C ه4+ max( )fn H O x+ =  

4V�C�	0                    : $���6: ��آ�.ه� ا
3 f

n
H O

V
+  =      

0و �*�� أن 

17,8

100

m
n

M
= ×4	��	�K ن`N       :3

17,8

100f

m
H O

M V
+  = ×  ⋅

  

5.    ع.ت 1
3 1 3

17,8 500( )
1,48.10 .

100 1 10 (20,11( . 5 )) 0f

g
H O mol L

g mol L
+ − −

−
  = × =  × ×
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 �����6 

 :�ات ا	��د$�م 4N ا	��ءإ$&�����د	� ذو�Kن  -1

2
3 2 ( ) ( ) 3 2( )

H O
s aq aqCH CO Na Na CH CO+ −→ + 

2-   
�� ا	
�O�K �E ا	�
*�	�O   -أ     ��  :���د	� ا	�

(:     ا	�.دو-��ن ا	��,+*��ن ه�� )3 2(2 3( /aq aqCH COCH CO H 3 و − ) (( 2 )/aq lH H OO +  

�� ه4��3:        و ���د	� ا	� 2( ) 3 ( ) 3 2 ( ) 2 ( )aq aq aq lCH CO H O CH CO H H O− ++ → +   

�� ا	�
,ا   -     ب����	:  
�����4 	�1,م ا	�E�	#,ول ا	ا:  

  

  ���د�ــــــــــ� ا�
	��ــــــــــــــــ�
3 2( ) 3 ( ) 3 2 ( ) 2 ( )            aq aq aq lCH CO H O CH CO H H O− ++ → +  

  

  ���� ا�������
  

���	
  ���م ا�
  

  

)آ���ت ا���دة )mol  

�����
   0  وا��  0  ا
2 2c V⋅  1 1c V⋅  

���ل
�ل ا�  x   وا��  x   2 2c V x⋅ −  1 1c V x⋅ −  

����� 
  ا
maxx   وا��  

maxx   2 2 maxc V x⋅ −  1 1 maxc V x⋅ −  

  
��V,�	ا �	�
4N               :2 ا	 4

01 1
3

1 2,5.10 25,0 6,25.1010n c V mol−−−= ⋅ = × =×  

                                              2 3
02 2

3
2 2,0.10 75,0 1 5.0 , 101n c V mol− −−= ⋅ = × =×  

� ���M���	=ت ا����	�6و$�ا���V,K ���أ � آ G	 ;ي	ه� ا ,
�� ا	���3$&���اتو ه� أ$�ن ا' .، ا	�� 2CH CO −.  


*�ل �K	��ل   -     ت�*	 4V�C�	ا Pآ���	ا:  
K3�� أن 2CH CO �� ا	�
,، N`ن−��1 : ه� ا	�� 1 max 0c V x⋅ − =  ← 4

max 6,25.10x mol−=  

�$���K 4V�C�	ا Pآ���	���6: ا$maxx#,ول	4 اN �C���1K :  

2 ( )lH O  3 2 ( )aqCH CO H  3 ( )aqH O +  3 2( )aqCH CO −  

  
  وا��

  
46,25.10 mol−

   

  
48,75.10  mol−  

  
0  

  
 

���� �7 

1- �K�4@�( ������ ه� ����,ي -ن أن ه;ا ا	�� O�*���
,$, ا	
�� و ا	�1�,ة ا	��� "�: 

 3( ) 3 ( ) 4( ) 2 ( )g aq aq lNH H O NH H O+ ++ → +     

�� أ$�ن ا7آ���6م��3H+=ل ه;ا ا	� O + ,1Nو�����K  :�CN ��(ا�����7ك �a$.- ����K ،3NH ��6اآ�G : 4CNة,�� .  

4@�( ������ ا	
��E ه� ����,ي_و ا	��  . 

�,ة ا	��,+*��ن-ا	�.دو-��ن )�� -2�  
(:         ا	�.دو-��ن ا	��,+*��ن ه�� (4( 3 )/aq gN NHH 3 و + ) (( 2 )/aq lH H OO +     
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 :آ��� ا	��دة 7$���ت ا7آ���6م -3

3     :آ��� ا	��دة ا	�,��V 7$���ت ا7آ���6م 
0 0 3

3

( )
( )

( )

m HNO
n n HNO

M HNO
= =    

3     : آ�*� )�� ا	���$% ا	�;ا4N �K ا	�
*�ل

60
( )

100 Sm HNO m= ⋅                                                                          

S                                       :آ�*� ا	�
*�ل  em V d Vρ ρ= ⋅ = ⋅ ⋅  

 �6$:��                                      :0
3

60

100 ( )
e d V

n
M HNO

ρ ⋅ ⋅= ⋅     

          . ع.ت
1

4
0 1

60 1000( . ) 1,37 1000( )
1,30.10  

100 63,01( . )

g L L
n mol

g mol

−

−

× ×= × = 

 :)#�c Yز ا�����7ك ا	=زم C�MH=ك -��" أ$���ت ا7آ���6م -4

�����4 	�1,م ا	�E�	#,ول ا	ا:  
  

  ���د�ــــــــــ� ا�
	��ــــــــــــــــ�
3( ) 3 ( ) 4( ) 2 ( )                      g aq aq lNH H O NH H O+ ++ → +  

  

  ���� ا�������
  

���	
  ���م ا�
  

  

)آ���ت ا���دة )mol  

�����
   0  وا��  0  ا
0n  0'n   

���ل
�ل ا�  x   وا��  x   0n x−  0'n x−   

����� 
  ا
maxx   وا��  

maxx   0 maxn x−  0 max'n x−   

  
3H-��" ا7$���ت اC�M=ك O �� ا	�
, ه� $��4 أن +��3Hا	�� O 0 :، إذن+ max 0n x− =  ← max 0x n=  


Q1 ا	\�طآ��� ا	��دة 	�Dز ا�����7ك � :      0 max' 0n x− ≥  


#Y ا7د�[$���6: ا	V ز ا�����7ك�D	 H =زم	ك -��" ا7$���ت ا=C�M3H O + :    

0 max' 0n x− =   ←   0 0'n n=  ←   0
m

V
n

V
=  ←    0 mV n V= ⋅  

4.    ع.ت 1 51,30.10 ( ) 24,0( . ) 3,12.10  V mol L mol L−= × V 3312      أي= m=  

 




