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  . ا�
@�و<� 
3 (���	�

��� آ��� �;,.> 	D
�� ℓmV 100=	P�

g ا�Q
O�� :lmolc ا�
�1Yذ ه� < و��آ�fه	  /01,0=.  


,� ا�,�ازن 	A أن 	
��4106,1 −×=K ا�,�ازن ه� #E� /�	$,أن �@#م ا� �� H@Q� ، ا�,�ازن #E� :4102,1 −×.  
  ا� �
�	��� "! �	�� ا�,�ازن ؟ �	 ا�,�اآ�f ا�$.��� �
\,�> اN<�اع )4

 r,E,ا�pH2��\ا� .  
»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»   

�
	IJا:  
�o ا�
	ء)   1 O��>	P�
�.	د�� �$	�/ �
g ا� :   

                 
--- ----- ----- ----- ----- ----- ----------- ----- ------- ---- ----- --  


,� ا�,�ازن) 2	A ��;.�:  
[ ] [ ]

[ ]HCOOH

OHHCOO
K

+− ×
= 3  

---- ----- ------- ---- ----- ----- ----- ----- ----- ----- ----- ------- 

�	دة )3 ��
آ
)(aq

HCOOH���#;3: ه!  ا� 3
( ) . 0,01 / 100 10 10 1 .o HCOOHn cV mol L L mol m mol− −= = × × = =  

  :  I#ول �@#م ا�,$	�/
  

[ ] [ ]
c

NH

Vc

VNH

n

x

x

x

x

x éqéqéqf
++

=
×

==== 44

1maxmax .
τ

[ ]
o

o

c

NH
7,3037,0

10

1037,0
2

3
4 ==×== −

−+

τ

[ ]
o

o

c

NH
505,0

10.5

10.257,0
3

3
4 =≈== −

−+

τ

[ ]
o

o

c

NH
1212,0

10

10.122,0
3

3
4 =≈== −

−+

τ
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�.	د�� ا�,$	�/         
)(

3
)( aqaq

OHHCOO +− +               
)(

2
)( laq

OHHCOOH+    

   
��	Qا�,@#م ب  ا� :molm.  دة	
  .molm: ب آ
�	ت ا�


�"�ة  0  0  0  ا�Q	�� ا�;#���  on  

   نز�E#ا �,�ا
éqx  éqx  éqx  ة�"�
  

éqo xn −  

�� 31ل I#ول	E�#� ا�,@#م            :  

éqxOHnHCOOn == +− )()( ]:   إذن3 ] [ ]
V

x
OHHCOO éq== +−

3  

:                                  إذن
[ ] [ ]

[ ]
V

x
c

V

x

V

xn
V

x

HCOOH

OHHCOO
K

éq

éq

éqo

éq

−
=

−
=

×
=

+− 2

2

2

3
)(

  

                 ⇔              
2

2

)
.

(
V

x

V

xK
cK éqéq =−      ⇔     0

.
2

=−−
V

x

V

xK
Kc éqéq  

0:����# ا�
@	م
....

2

22

=
−−

V

xxVKVcK éqéq       ⇔                       0.. 22 =−+ KcVxVKx éqéq  

�.	د�� �� ا�#ر�I ا�P	<��وه!  :22 4)( KcVKV +=∆  

mol
cKVKVKV

éqx 4
22424422

1 102,1
2

10.)1,0(10.6,1.4)1,0.10.6,1(1,0.10.6,1

2

.4)( −
−−−−

×≈
++−

=
++−

=  

0
2

.4)( 22

2 <
+−−

=
cKVKVKV

éqx  

O�7
:                                 و
4

3
3

1, 2 10
1, 2 10 /

0,1
éqx

HCOO H O mol L
V

−
− + −×

   = = = = ×     

[ ] lmol
V

x
c

V

x

V

no

V

xn
HCOOH éqéqéqo /108,810.2,110 332 −−− ×=−=−=−=

−
==  

 r,E,�>pH2��\ا� :[ ] 92,2)102,1( 3
3 =×−=−= −+ ogOHogpH ℓℓ  

»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»   
  

888888888888888888888888888888888888888888888888888888888888888888888888888888888  

�� ا� ا���
	ن ا�����    �
��� ا� �
�	ء ا� ,	ب ا�
#ر�! (�DE/ ا� �
�	ء) 

 
 
 
 
 

��   ا<�K ا��Q$M ا�
�ا�  
 
 
 
 

↓  
 

↓  
 

↓  
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↓  
↓  
↓  
↓  
↓  

 

 
--------------------------------------------------------------------------  

:�
	IJا 
. −

22 / NOHNO COOCHCOOHCH− و  33 / :ا�
fدوI,	ن �
g *	�#ة ا�
,#�1,	ن ه
	)  أ  
 ---- -- ---- --- --- ---- --- --- ---- ----- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ------ -- ---- --- --- ---- --- --- ---  

�.	د�� ا�,$	�/ ا�Q	h/)ب:  

    
 -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 

  ج)آ
�� ا�
	دة ا�;#���:  

3

2 3 4 3
( ) . 10 / 20 10 2 10 0,2 10 0, 2 .CH COOHn C V mol L L mol mol m mol− − − −= = × × = × = × =  
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2

2 3 4 3

( )
. 10 / 20 10 2 10 0, 2 10 0, 2 .

NO
n C V mol L L mol mol m mol−

− − − −= = × × = × = × =  

----------------------------------------------------------------------------------------------------------  
 د) I#ول �@#م ا�,$	�/ : 

−+ 23 NOCOOHCH       23 HNOCOOCH +− �.	د�� ا�,$	�/                        

 molm. :                      آ
�	ت ا�
	دة   ب           ا�Q	��  ا�,@#م  
2,0  2,0  0  0  0  ا�Q	�� ا�;#��� 

x−2,0  x−2,0  x  x  x  �	�� ا�,�ازن 

fx−2,0  fx−2,0  fx  fx  fx  ���	DEا� ��	Qا� 
 

--------------------------------------------------------------------------------------------------------  
 هـ) �.;�� �����h ا�\��2: 

 

��Qل <,��w ا��Mد��م (� !�	
�D د ا�	�Qا�(  [ ] [ ]−+ = 2NONa  
����     :  

 !�� 	
:إذن ا�.3*� ا��	
@� �k;M آ  

 
---------------------------------------------------------------------------------------------------------  


,� ا�,�ازن :	A (و 
[ ][ ]
[ ][ ]−

−

=
23

32

.

.

NOCOOHCH

COOCHHNO
K  

 
fNOCOOHCH xnn −== − 2,0

)()(
23

�� 31ل I#ول ا�,@#م أن  [�3>              :  

. [ ] [ ]23 HNOCOOCH =− ] و ] [ ]−= 23 NOCOOHCH : إذن fHNOCOOCH
xnn ==− )()( 23

 �DI ��  :أ�1ى       و

[ ]
[ ]2

2

2

3

−

−

=
NO

COOCH
K 
,� ا�	A إذن           ,!�� 	
:         �ازن �k;M آ  

-- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- 

� ) زK> 	E�#� إذن:   

  

[ ] [ ]−− ×= 23 .2,0 NOCOOCH ZE�و
[ ]

[ ]2

2

2

3210.4
−

−
− =

NO

COOCH
�k;M) 1( إذن  210.4 −=K  o� :  

:�k;M)2(وا�.3*�   

             

  
:و���  

[ ] 3
132

11

122

23

2 /87,0
..1002,13

.1013,1

..10)1,42,02,75(

)10(1013,1

.2,0
32

mmol
molmS

mS

molmS

mS
NO

COOCHNONa

≈
×

×=
××++

×÷×=
++

= −−

−−

−−

−−
−

−−+ λλλ
σ

[ ] [ ] 3
23 /74,187,02,0.2,0 mmolNOCOOCH =×=×= −−  
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 /mol L :   �E.;� �� ا�,�اآ�f ب                  

3 3
2 0,87 / 0,87 10 /NO mol m mol L− −  = = ×   

3
3 1,74 10 /CH COO mol L− −  = ×   

---------------------------------------------------------------------------------------------------------- 
 :��
�� ا����م ا����� ح)! �� 

         
)( 3

−=
COOCHf nx 	E�#ول ا�,@#م    و�#I 31ل ��: 

maxx

x f=τ                         

:   إذن  [ ]
SV

COOCHn
COOCH

)( 3
3

−
− =   :و<.�� أن   

 3 3 4
3 3( ) 1,74 10 / 40 10 0,696 10Sn CH COO CH COO V mol L L mol− − − − − = × = × × × = ×   

 molmolmx 3102,0.2,0max −×==    	E�#و�:  

O
Of

x

x
8,34348,0

102,0

10696,0
3

4

max

≈=
×

×== −

−

τ   !�	,�	
: و  

�� ا� ,	ب ا�
#ر�! �DE/ ا� �
�	ء ���
�  

  

g) أ     Q�� �@"ا�
−:و ه!2HNO ا�@	�#ة ا�

2NO.  
- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ---- -- ---- --- --- ---- --- --- ---- ----  

       )                                    ب
--------------------------------------------------------------------------------------------  

  :g
Q�� ���#;دة ا�	
 ج) آ
�� ا�

2

2 3 4 3
( ) . 10 / 50 10 5 10 0,5 10 0,5 .HNOn C V mol L L mol mol m mol− − − −= = × × = × = × =  

 : %&
 *�ول )��م ا��'
 OHHNO 22 +      +− + OHNO 32 �.	د�� ا�,$	�/                         

 molm. :                               آ
�	ت ا�
	دة   ب  ا�Q	��  ا�,@#م  
5,0 
�"�ة   0  0  0  ا�Q	�� ا�;#��� 

x−5,0 
�"�ة   x  x  x ازن�	�� ا�,�   

fx−5,0 
�"�ة   
fx  fx  fx  ���	DEا� ��	Qا� 

 
3333�yhأ !�	DEأن <�;� ا�,@#م ا� 	

   ��o

o100 نN ود#Q� /�	$� �D" ، !� 
 i�� /�	$,ن ه7ا ا�z" 022 o=τ2@" .  

  
  

05,0#  ا�7ي ه� �
g ا��E,�و ،    Qِ ا� �! ��
,$	�/ ا�ُ
ا1L,$	ء��ا"H  :  اRM*Nا�,@#م 3333 max =− x                                

molmx .5,0max =  

 :!�	DE3333ا�,@#م ا�   
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����      
maxx

x f=τ         إذن  :molmxx f .11,05,022,0max =×=×= τ        

�� 31ل I#ول ا�,@#م �,kV أن3333     :fOH
xn =+ )( 3

  

: إذن
3

33
3 3

( ) 0,11 10
2,2 10 /

50 10
f

S S

n H O x mol
H O mol L

V V L

+ −
+ −

−

×
  = = = = ×  ×

  

 ZE�]: و ] 66,2)102,2( 3
3 ≈×−=−= −+ ogOHogpH ℓℓ  

  :����M ا�
	دة �D> #E	�� ا�,$	�/ 3333

 OHHNO 22 +      +− + OHNO 32 �.	د�� ا                        /�	$,�  

 molm. :                               آ
�	ت ا�
	دة   ب  ا�Q	��  ا�,@#م  
5,0 
�"�ة   0  0  0  ا�Q	�� ا�;#��� 

39,05,0 =− fx 
�"�ة   11,0
fx

 11,0  11,0  ���	DEا� ��	Qا� 
 

[ ]
3

32
2 3

( ) 0,39 10
7,8 10 /

50 10S

n HNO mol
HNO mol L

V L

−
−

−

×= = = ×
×

  

�� ا� ,	ب ا�
#ر�! �DE/ ا� �
�	ء  ���
�  
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 k�QM� �K,>��1اNا ���
 .��i$> R ا��Q$M إن }	ء ا� ه7ا ا�,

  
  

 
SBIRO ABDELKRIM   
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