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� أو ���)1      �:ا#" ! �  

ekpH log−> :�-�ن ,���ل +�*(�� إذا آ�ن )أ                     
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.   ��� . 8=pH ه�  lmolc /10 8−= :ذي ا��4آ�2   ,���ل ��6 ا�-��ر�(ر�= pH �-�ن )ج              
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��� .أآ�G �� آ�EF @�!�4 ا���3�� ا���ا���CD-�ن +�*(ة أ+�ى آ )هـ              
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. ��� ApkpH > ���I إذا آ�ن/�-�ن ا�I�ع ا���93 ��2دو#�  +�*(ة) و             K, 6��  
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. Bc �ه�(روآ�!����ل  Q2�( ا� �د��م ��آ Ak  S4�Ac و@�!3�� �4  Q2���آ HA6�� ة����, �G4�F  
.� @�!�4 ا�4�ازن � ��Gوأ*8اآ4" ,��د�� ��T*. ا������ة ) 1  
                                                  2(Vه WD�-� ا������ة*�ف Q.  
,� ا��:+� ا�94 ��-
 آI* �K4!�4( ا�WD�-4؟) 3                                                    

********************************************************** 
��� � 

laqaqaq
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++++++++++++++++++++++++++++++++++++++++++++ 
)()( −= HOnHAn :*I( ا�WD�-4 �-�ن )2                                          

+++++++++++++++++++++++++++++++++++++++++++++++ 

eBBAA vcvc =                                         3(  
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. Ac  Q2�!����ل ��6 ا�-��ر�(ر�= ��آ Bc  Q2���آ )/( BBH + �����ل +�*(ة ا��2دو#�  Bv   IF\2 ,����ة �\]
�� @�!�4 ا�4�ازن !(^�� @�!944 وأ*8 اآ4" ,��د�� ��T*. ا������ة -1G�� .*�T49 ا�D 
�
 ا��4��)4�  .ا���3�� ���2دو4#

            2 (WD�-4ا� ��CF 2ات�.*�ف �-�WDهQV ا������ة وذآ� !��  
,� ا��:+� ا�94 ��-
 آI* �K4!�4( ا�WD�-4؟) 3             

+++++++++++++++++++++++++++++++++++++ 
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++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
)()( 3

+= OHnBn : ���WD�-4،        9I ا)2  
. pH .� b#�Tا�� ��c4��! WD�-4ا� ��CF 2��4� :  

+++++++++++++++++++++++++++++++++++++++++++++++++++ 
:*:+� ا�9D WD�-4 هQV ا����� �-4" آ�� ��9 ) 3  
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e
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 ��e Ac  Q2����6 ا�-��ر�(ر�= ��آ AS 
 ,���ل , mlvA 20= ، 
��(رو#Kرور ا��ا���ء   آ� g, ���T4� 6�� .��\� ����F*. آ�  

. lmolcB /10 2−= Q2��(روآ��( ا� �د��م ��آK� ل���وف !���,  

 ,���ل ه�(روآ��( ا� �د��م,. mlVBE 8,14=   F� . *�0 ا�I*WD�-4( إ�D�hا��\]

. C°25 
 ه9 �: در#� ��ارة ا������  
  .اآ4" ,��د�� ا��T4*. ا���M. �:ل ا������ة)1                     

,� ��آ�2 ا�����ل ا������؟)2  
***************************************************  
��� � 

:,��د�� ا��T4*. ا���M. �:ل ا������ة) 1          

aqaqaq

OHHOOH 23 2→+ −  

++++++++++++++++++++++++++++++++++++++++++++++++ 
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A

BEB
A /1074,0
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8,14.10. 2
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−
−

×===    ⇐                eBBAA vcvc = 2(  WD�-ا� �+:*:  
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�� ���T4*:ت j����
 اآ4" ا����د^ت ا�-�! ���� ا�-�e ^ت��4��! �Fو�Cوا���ء، ا`���ضا�� ��ا�94 ��!8 ��اآ�2 ا`F�اع  ا��:+� وأ*8 ا���4
�� ا��4�ا#(ة *I( ا�4�اj����.زن !�5!�4 ا���3��ا�-  

aq

CHClCOOHCH3 )                                  ج
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COOHHC 56 ) ب  

*************************************************** 
��� � 

)(
2

)(
3

laq

OHCOOHCH +                            
)(

3
)(

3
aqaq

OHCOOCH +− + )    أ  



 3 

[ ][ ]
[ ]COOHCH

OHCOOCH
kA

3

33 . +−

=  

++++++++++++++++++++++++++++++++++++++++++++++++++ 

)(
2

)(
56

laq

OHCOOHHC +                            
)(

3
)(

56
aqaq

OHCOOHC +− + )    ب  

[ ][ ]
[ ]COOHHC

OHCOOHC
kA

56

356 . +−

=  

+++++++++++++++++++++++++++++++++++++++++++++++++++  

)(
2

)(
3

laq

OHCHClCOOHCH +                 
)(

3
)(

3
aqaq

OHCHClCOOCH +− +       )    ج                                  

[ ][ ]
[ ]CHClCOOHCH

OHCHClCOOCH
kA

3

33 . +−

=  

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

)(
2

)( laq
OHHF+                            

)(
3

)( aqaq
OHF +− +             )  د                                    

[ ][ ]
[ ]HF

OHF
kA

+−

= 3.
 

000000000000000000000000000000000000000000000000000000000000000000000000000000000 

 6 ص 99���� 

HCOOH Tو��6 ا�=�COOHHC �ر, 56 m!Cذا!� ،*�0 ا�4�ا�9، ��6 ا�2IGو�=  و B ، A.����, �@:@ 0�* . �F  

S�TF 2�.9D ا���ء !���4آ COOHHC 52   ا��Gو!�F��= و��6
nDا�ا��S� . pH :أ+�ن آ. ,���ل ، ,��: #�ا!= ، !�ل)أ   

 .*�T� .-� �CDا�ا��. τ 
 �G�F ا�C4(م ا�9j�KI ) ب�*:  
. 4,3 ، 1,3 ،   pH:1,2  

. 125,0 ، 079,0 ، 037,0  :τ  

2,4)/( 6656 =−COOHCCOOHHCpkA 9��F    :  

75,3)/( =−HCOOHCOOHpkA  

9,4)/( 5252 =−COOHCCOOHHCpkA  
++++++++++++++++++++++++++++++++++++++++++ 

��� � 
 .�G9 ا���ء أآD S--T� ة ،.و آ��� آ�ن��cM Apk EFى آ��� آ��6 أ+��أ) آ��� آ�ن ا�  

.�cMأ pH أآ�G.وآ��� آ�ن  [ ]+OH 3    و آ��� آ�ن ا�T4-= اآ�G آ��� آ�ن ��آ�2ا`���Fت
 

�cMأ. pH ��ا  آ��� آ�ن cM Apk إذن آ��� آ�ن   
 o4I�F SI,و:  

4,3  1,3  1,2  PH  
COOHHC 52  COOHHC 56  HCOOH  

 
nDا�ل ا�����ا�� 

9,4  2,4  75,3  
Apk  

)ب  
��ة.cM Apk EFو آ��� آ�.�G9 أآj�KIا� S,)C� �G�F EFى آ��� آ��6 ا+��آ��� آ�ن ا�  

��ةcM. Apk  EFة آ��� آ���Gآτ آ��� آ�EF: إذن    
4,3  1,3  1,2  τ  

HCOOH  COOHHC 56  COOHHC 52  nDا�ل ا�����ا�� 
 

75,3  2,4  9,4  
Apk  
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�� ,g ا���ءj2#. 3NH ��كF�,`ا .*�T4�  

 r�3F [@ ، .�3�r إ��S !�6 +��ات ا��� ا��5Fو mlvB 20=  �K�\� �I�* SI, V��F ، ك��F�,`ل ا����� Bc 2�  �4�(�( ا��4آ

�.5ا��إ�0 أن ��(ث ا���Fف أ��� . lmolcA /10.5 3−= ��,���ل ��6 ا�-��ر�(ر�= ذي ا��4آ�2  �(ر�\  
. mlv EA 12= Fُ [\�ا� �D�hإ )I* WD�-4ا� [���  

. أ*j^ 8�� ا���(ات ا�:ز,� Fu\�ز هQV ا������ة-1  
.اآ4" ,��د�� ��T*. ا������ة– 2  

. Bc 3-2�ا��" ا��4آ  
****************************************************                    ��� � 

 �4����M�,  – 9 - ��,. +����� ,(ر#� –  آ�س -,x�Ic, ك��, – ryن,آ���"��I,  . PH      #�Kز-1
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

:,��د�� ��T*. ا������ة )2                 
++ OHNH 33                           OHNH 24 ++  

+++++++++++++++++++++++++++++++++++++++++++++++++++ 

lmolmlmol
v

vc
c

B

AEA
B /.3/10.3

20

12.10.5. 3
3

==== −
−

⇐ BBAEA vcvc .= 3( WD�-4ل *:+� ا�:� 
,:  
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     . QVه 
����4ف *�0 آ. , lmolc /10 2−=  2��.  ,|TF �K� �T�4} ا��4آ���, 
, S�TF V   ��4�ي ���� آWوس ،*�0 ا��\]
 
�] ا�-Wوس ,+�� g,105 إ�)F9 ا�\(ول ا�9��4 وD oj�4Iون ا� : pH �} الCF ، .�: ا�����  

 ر+] ا�-�س  1 2 3 4 5
12 3,11  6,10  0,7  6,5  pH  

�F`ذا!� أ�( اm! ل���آ. , ����ا+( �] ��3j������4�� 9D ا���ء  اع ا�-�:  
، NaOH 23 ،ه�(روآ��( ا� �د��م NHCH  
�5�. أ,,  ، ClNH4 ��م F�,`رور ا�آ�   ، NaCl   آ��رور ا� �د��م

. 3NH ��ك          F�,`ا  ،  
.� ا��T4*. ا�Vي ��(ث ,g ا���ء *I( آ. ��3��اآ4" ,��د�) 1  

.���ف ,��: #�ا!= *�0 ا�����ل ا���#�د 9D آ. آ�س)2  
**************************************************** 

2آ�س  ⇐   ,���ل ,���(              
)()(

2
aqaq

ClNaOHNaCl −+ +>−−−−−+                 1(  

/////////////////////////////////////////////////////  
⇐ 1آ�س        ,���ل ��93   

)()(
424

aqaq

ClNHOHClNH −+ +>−−−−−+  

��)*�+ .�.��I�)� 0CG @:ث ,���  
 

///////////////////////////////////////////////////// 
:ه�(روآ��( ا� �د��م : !���G�I ل!��] #(ول ا�C4(م  

       −+ +>−−−−−−−−−−− HONaNaOH                       .*�T4د�� ا���, 

 آ���ت ا���دة
 

 ا����� ا�C4(م

cV  0 0 
 

 ��j)Gا�����ا� 

fxcV −  xf xf xf ���KIا� ����ا� 

 
.               آ��� 9D ا���ء T-=+�*(ة +��� �4 ه�(روآ��( ا� �د��م  

      cVx f = : أي 0=− fxcV  ، 
9D ا���ء آ�9  و*���KF )I ا��K--T�.*�T4          !�� أن ا� �دا +�*(ة +��  



 5 

⇐ 5ا�-�س  12=pH ⇐ [ ] 12
2

14

3 10
10

10 −
−

−
+ ==OH 
 �:ل ا�\(اء , 9F��`ء ا����  : [ ] c

V

x

V

HOn
HO f ===

−
− )(

 

///////////////////////////////////////////////////// 
 

�� 9D ا���ءj2# 
.,���ل ,��C� 9j*(ة ���4 −+ +>−−−−−+ HONHCHOHNHCH 43223  

�� 9D ا���ءj2# 
.,���ل ,��C� 9j*(ة ���4 −+ +>−−−−−+ HONHOHNH 423  

PH  9I�� �cMا [ ]+OH 3  2�أآ�G و��آ [ ]−HO 
 +�*(ة أ+�ى ,
 ا�5�. أ,,` �G9 ا���ء اآD �K--T� ن�ك �-��F�, إذن 23 NHCH  
4.اآ�G   و,SI   ا�-�س   

 9D ك��F�,`3  .ا�-�سوا  
 


 ا������ت ,� ��9 :, S CI� 
 ,���{� :هVا ا����4
 
�:�G�I��! 9��F ���2دو4#  

2,9
)/( 34

=+ NHNHA
pk 7,10       و                          

)/3( 233
=+ NHCHNHCHA

PK  

 
 
 

��كF�,`ا 

 +�*(ة أ+�ى ,���ا آ��� آ�EF ا��C*( ة +��� و,SI ا��5�. أ,Gآ. pkA وSF�! [��F آ��� آ�ن   
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. lmolc /10.3 2−= Q2�:��آ HCOOH =��� ���6 ا�T�ر,j�, ^���, �G4�F     

. 65,2=pH  )\ID : C°25 هVا ا�����ل *I( در#� ا���ارة  pH {�CF  
     .4" ,��د�� ا��T4*. ا�Vي ��(ث *I( إذا!� هVا ا���9D 6 ا���ء  اآ-1               
�� �~F�اع ا��4�ا#(ة 9D ا�����ل ا��� . -2                 ��Tا� ��   .�(د ا��4اآ�2 ا����

���2دو#�  ApK وا��5!�4  Ak 3-����� @�!�4 ا���3+ o4I4ا�  
. 5,6=pH  0�* C°25  )I* . �ID 8�ا�|� pH 4-{�CFم ،و�د��ات ا� �F�5�2�Fج ,���ل ��6 ا�T�ر,�= و,���ل ,  

��, 
�
 ���2دو#� +�*(ة*��K9 ا��j����.9D هVا ا�|��8 ��6/: #�ا!= ا�I�ع ا�-  
***********************************************************************************  
:��� � 

)(
2

)( laq
OHHCOOH+                      

)(
3

)( aqaq
OHHCOO +− +    1(  

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 ،.وا���ء

)(aq
HCOOH ،

aq
HO−

)(
3
aq

OH + ،
)(aq

HCOO− :ا`F�اع ا��4�ا#(ة ه9 )2  

[ ] lmolOH pH /10.24,21010 365,2
3

−−−+ === ⇐ 65,2=pH :!�� أن   

[ ] lmolHO /10.47,4
10

10 12
65,2

14
−

−

−
− == : ����ءا`��9Fو,
 �:ل *:+� ا�\(اء    


 �:ل #(ول ا�C4(م,:  

)(
2

)( laq
OHHCOOH+                             

)(
3

)( aqaq
OHHCOO +− +   

cV  ! 0 0��Dة 
 

 ا�C4(م
 

��j)Gا�����ا� 

cV -xf ة�D�! xf xf xf ���KIا� ����ا� 

�I�)�:  

[ ] lmolHCOO /10.24,2 3−− =                   ⇐                 [ ] [ ]
V

x
HCOOOH f== −+

3  

�I�)و�:  
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[ ] [ ] lmolHCOOc
V

x
c

V

xcV
HCOOH ff /10.78,210.776,210.24,210.3 2232 −−−−− ≈=−=−=−=

−
=  

++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
[ ][ ]

[ ]
4

2

23
3 10.8,1

10.78,2

)10.24,2(. −
−

−+−

===
HCOOH

OHHCOO
kA 3(�I�)�  

74,3log =−= AA kpk  
++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

5,6=pH 4( QV9 هD ����ا�:  
 

[ ]
[ ]

pKApH

HCOOH

HCOO −
−

= 10 ⇐ [ ]
[ ]HCOOH

HCOO
pKpH A

−

=− log ⇐ [ ]
[ ]HCOOH

HCOO
pKpH A

−

+= log   �I�)و�:  

. −HCOO 
 ه� ��Kع ا���Iا�   ⇐
[ ]
[ ] 57510 74,35,6 ≈= −

−

HCOOH

HCOO
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.,�آ" أ��9F آ5�� ا�Vو!�ن 9D ا���ء ONaHC 56 �I�^ت ا� �د��مD  
.اآ4" ,��د�� ��T*. ذو!�9D SF ا���ء) 1                         

.,g ا���ء −OHC 56 2 (��)*�C2ة ا��  ������ل ا��� . ، !�����4ل ,��د�� ��T*. ا`��ن*�. ا��
. 3,11=pH I�T� 9j�, ل���,� )\ID ،م�د��ت ا� ^ PH {�CF  

؟.9D هVا ا�����ل −OHCOHHC 5656 / 
 ���2دو#�) أ           ��Kع ا���Iا� �ه �,   

.
[ ]
[ ]OHHC

OHC

56

56
−

ا��" ا��G�I)ب             

10)/( 5656
=−OHCOHHCApK . 9��F    : C°25 �(د +��� @�!�4 ا�4�ازن ا���Cو�F !���د�� هVا ا�I* .*�T4() ج  

. 1410−=ke :     و  
*********************************************************************************** 

→+
)(

2
)(

56
ls

OHONaHC    
)()(

56
aqaq

NaOHC +− + (1 :��� �     

إذن أ��ن اFu�^ت �TF S} ��اص ا��C*(ة �-�SF ���ر ا���Fت OHOHC 256 +−                       −+ HOOHHC 56      2(  
, S�*�T� )I* )��(روآ�Kا�gا���ء .  

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  
:�(��I)       أ  

[ ][ ]
[ ]OHHC

OHOHC
kA

56

356 . +−

= OHCOHHC− :  ه9 5656 /  ��F] أن @�!�4 ا���3�� ���2دو#�

 

10
)/( 5656

=−OHCOHHC
pK pH=3,11 و  g,           

[ ]
[ ]OHHC

OHC
pKpH A

56

56log
−

+= :إذن            

[ ]
[ ] 1

56

56 >
−

OHHC

OHC
⇐

[ ]
[ ] 0log

56

56 >
−

OHHC

OHC
⇐

[ ]
[ ] AA pk

OHHC

OHC
pK >+

−

56

56log ⇐ APKpH > :              إذن   

. −OHC 56 
 ه� ا��C*(ة    ��Kع ا���Iا�     [ ] [ ]COOHCHCOOCH 33 >−         ⇐  
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

[ ]
[ ]

ApkpH

OHHC

OHC −
−

= 10
56

56
⇐  

[ ]
[ ]OHHC

OHC
pKpH A

56

56log
−

=− ⇐
[ ]
[ ]OHHC

OHC
pKpH A

56

56log
−

+= )     ب  


 ��آ�2 ا���6 ��ا�9 , �Gة أآ)*�C2 ا��⇐       .,�ة��20آ     
[ ]
[ ] 2095,191010 3,1103,11

56

56 ≈=== −
−

OHHC

OHC
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
OHOHC 256 +−                           −+ HOOHHC 56 )        ج   

  : C°25  �! �Fو�Cازن ا����4 ا�4!�@)I* .*�T4ا ا�Vد�� ه��  

 
101010 −− == Apk

Ak ⇐ 10=ApK �I�)و�          : 1410−=ke  �I�)� :  

4
10

14

10
10

10 −
−

−

==K :إذن   
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ا����2ة !���5!�4  )/( 2
442

−− HPOPOH @9j�I ه�(رو#�I� D���Tت / أ��ن ه�(رو#�I�D���Tت : أ�( h�ا!8 ا�(م ه� ا��2دو#�  
. 4,7 ا�(م ه�  pH �-�ن . C°37 I* 82,6=Apk( در#� ا���ارة   

 9Dا�(م.  

[ ]
[ ]−

−

2
4

42

HPO

POH
 1 ( �G�Iا��" ا�:  

[ ] lmolHPO /275,02
4 =− إذا آ�ن  [ ]−

42 POH 2 (o4I4ا�  

 ا�(م , �4� .-� �G�I��!. 363 OHC  6�� 
,=�ا��آ4 mol085,0 3 (.*�T� o4I�  

. −2
4HPO  .*�T46  اآ4" ,��د�� ا��� 
�  وا`���Fتا��آ4�=ا�Vي ��(ث !

 �G��+ S4��+ ��ا�(م �  pH  ���
 أن +, nC�� [@ ، −2
4HPO و −

42 POH 4(
!��4Dاض أن هVا ا��T4*. آ�9 ، �(د ��آ�2 آ. ,  
. 2,7 
,  

***********************************************************************************  
:��� � 

1 (�I�)�:  

[ ]
[ ]

58,082,64,7

42

2
4 101010 === −−

−

−
ApkpH

POH

HPO
       ⇐

[ ]
[ ]−

−

+=
42

2
4log

POH

HPO
pKpH A  

[ ]
[ ] 263,0

10

1
58,02

4

42 ==−

−

HPO

POH
⇐  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++  
[ ] [ ] lmolHPOPOH /0723,0275,0263,0263,0 4

2
42 =×=×= −− 2(  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
−+ 2

4363 HPOOHC                 −− + 42353 POHOHC  3(  
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

4( )� �I� :2 ��6 ا���:آ4�=��آ  

[ ] lmol
mol

OHC /085,0
1

085,0
363 ==

ℓ
 

.*�T4م ا�)C� ل #(ول:� 
, 
−+ 2

4363 HPOOHC                              −− + 42353 POHOHC   

085,0  0,275 0 0 
 

 ا�C4(م
 

��j)Gا�����ا� 

0,085-x 0,275-x x x x ل��ا�4 ���� 

0 085,0275,0 −  0,085 0,085 0,085 ���KIا� 
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     [ ] lmolPOH /085,02
42 =− :    و  [ ] lmolHPO /19,02

4 =− : ��4 وا�( ,
 ا�(م �-�ن : !���G�I ل   

[ ]
[ ] 2,7169,7

085,0

19,0
log82,6log

42

2
4 ≈=+=+= −

−

POH

HPO
pKpH A  

……………………………………………………………………………………………………. 

 
����9T����  
^���, �G4�FS ر�(ر�= ذي�6 ا�-���� ��j�, 7,1=pH.  

  .S  ��آ�2 هVا ا�����ل Acا��"  )1       


 ا�����ل 310cm إ�0 إS4D�hا�Vي �\"    ,� �\] ا���ء)2,S ل���ل *�0 ,� ���1S Q2�                            ��آ

 lmolc /10.2 3
1

−=                                 .  

3   (��
 ه�(روآ��( ا� �د��م 9D ا���ء ا�|��� ID� �VFg4 0�* ." آ�,l4 ل���, 
,2S.  2�                     ا��" ا��4آ
 2c  ل������2S ���+ o4I4وا�،pHل���ا ا��Vه.  

3�r ا��\] )  4F3
1 100cmv 
 ا�����ل =, 1S 03 إ�

2 20cmv 
 ا�����ل =, 2S.  

                    4-1 : o��Iل ا����ا�� ���Gx �,ا!=؟�# .�*.  
4-2 : 2��� ا��4�ا#(ة 9D ا�|��8 @] اا`F�اعا��" ��اآj�������   ا�-+ o4I4�pHo��Iل ا����ا��. 

molgNaOHM      وKe=−1410 ����ء ا`��9��F9F ا�\(اء  /40)( = 
:إ#�!�  

:�ا����د�� ا���4�آ��� 9D ا���ء وT4� nD-= ��6 ا�-��ر�(ر�= ) 1  
. ا��T4*. آ�9  −+ +→+ ClOHOHHCl 32  

−+ +→+ ClOHOHHCl 32   

VcA.  ! 0 0��Dة 
 

 ا�C4(م
 

�� ا�����j)Gا� 

VcA. -xf =0 ة�D�! xf xf xf ل��ا�4 ���� 

V

x
c f

A = ⇐ [ ] 0
.

=−=
−

=
V

x
c

V

xVc
HCl f

A
fA   .*�T4ا� ���KF )I*:  

[ ] AcOH =+
3 ⇐ [ ]

V

x
OH f=+

3  =�Vآ �I�)� م)C4ل #(ول ا�:� 
:و,  

:#�K أ��ى ��F] أن 
 و, [ ] lmolOH pH /10.21010 27,1
3

−−−+ ≈==  

�9D r هQV ا�����    )2T|41)(: �-4" آ�� ��9 *:+� ا� Vevcvc AAA +=SI,و   :  

3
3

3332

1

1 9009,0
10.2

10.10.10.210.10.10.2.
cml

c

vcvc
Ve AAA ==−=

−
= −

−−−−

  

3( lmol
lg

g

VNaOHM

NaOHm

V

NaOHM

NaOHm

c
SS

/025,0
4.40

4

.)(

)()(

)(

2 ==
×

==  

  :آ��� 9D ا���ء وذ�= وnD ا����د�� ا���4���T4-= !�� أن ه�(روآ��( ا� �د��م 

)()()(
2

)( aqaqls
HONaOHNaOH −+ +→+  

 �I�)� م)C4ل #(ول ا�:� 
,:  

)()()(
2

)( aqaqls
HONaOHNaOH −+ +→+  .*�T4د�� ا���, 

 ا����� ا�C4(م    

22 .vc  ! 0 0 0��Dة 
 

��j)Gا�����ا� 

22 .vc -xf =0 ة�D�! xf xf xf ل��ا�4 ���� 
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2
2 v

x
c f= ⇐ [ ] 0

.

2
2

2

22 =−=
−

=
v

x
c

v

xvc
NaOH ff :!�I أن ا��T4*. آ�9    

]:                      و,
 �:ل #(ول ا�C4(م  ]
2v

x
HO f=−  ⇐   [ ] 2cHO =−  

� 
]: :ل *:+� ا�\(اء ا`��9Fو, ][ ] 14
3 10. −+− =OHHO  ⇐[ ]

2

14

3

10

c
OH

−
+   pH: و!�����4ل *:+� ال=

4-1(�I�)�  
 

.

10.210.1010.2)( 432
3 molvcOHn AA

−−−+ === 

molvcOHn 433
22 10.510.20.10.25)( −−−− === 

)()(:إذن 3
+− > OHnOHn  4��!ل +�*(ي�و���9 ا���  

lmol                            ا���4. #(ول ا�C4(م )4-2 /10.5,2 3−[ ]=−OH  

[ ] lmolOH /10.4 12
3

−+ =  

 
 
 

��و اGو^د��! ���:Tا� ���F�5ا�-��] ا� )G*- ����� 9�ا�آ�د�� !3� �I�), ��!�cا����-� ا��  
 ����� ) g��\��- n�D�4وا� و�9 ا� .  

☻ 

[ ] 4,12025,0log14log14
10

loglog 2
2

14

3 ≈+=+=−=−=
−

+ c
c

OHpH


