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Acid - Base Chemistry 

���� ���	:������� 	
��
 �
�� � 
��
���� ����:������� ������
 ���� � 

 ������
 �� ��� CH3COOH!��
 "# ����$� 	%  �%�&' ,)*+�,- !��
 .&/'� : 
CH3 COOH  + H2O    ��⇀↽��      CH3 COO-  + H3O

+ 

  ACId      base                  acetate     hydroninm  

1��
�2*�3                �����4 ��'4                  )*+�5      ��          
     �2�,�  ��      �
2�,�  )*+�5 

6� 7�&' 
�� �8NH3 9:;� 
<# =$>4 ?�%+� !��
 7  ����$� @���-
A )*+�5  !��
�
B%�CDE� .�&' F� � 
.+�G��
 $H
: 

             NH3      +  H2O      ��⇀↽��          NH4
+   + OH- 

        )*+�5                    ��                     )*+�5          ��                    

�  ���' �4 .�  �� !��
 �4 ICJ' ���+�������� �����  �4 �K,��/L �GM�
 ND3� ; � # 

E� �4 )*+�5F� �  PQ�' R������ S+ =$T>�
 ?�T%/�
 UT  �V�T/�  �
4amphiprotic 

speues �4 ompbalyte .  ?�%/�
 7  *'*/�
 *W�' X- Y��
 .T+�G��
� �GM�
 ND3 D>��
!��
� ������
 �� .�  �&Z
 U � 

H2O + CH3 COOH   ��⇀↽��     CH3COO- + OH3
+ 

    Q�[ )2�M� \��'�) 
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CH3 COOH     ��⇀↽��        CH3COO- + H+ 

 !��
 V�W��]1�^G  :� H������� _ 2 , 1��
�2*�`
 �+�&a� P*`
 �3� H3O
+ 

' X- �
_�b
 c��d \��' ��&- eW�2*�`
 ��'4 _�-$� �4 V*+�f � 

@��- $H
:��g�'_�G�
 !��&���
 A�����4 � ��D-  �
hi c��d7'���
 !X�� 8 j�'�
 .k�Z

!X�� 9�
 @�����l�m&, *'_  ��i�.�MG��
 7  � 

 �'�,�
 n���
 ��D-– ,�
 ��'�,�
 *+
 
b
 c��d ���o
 )2�M��� \��' �4 7�&' .+�G� p� �
_��.+�G��: 

                                      aA  + bB     ��⇀↽��  cC   + ND 

                               K = 
[ ] [ ]
[ ] [ ]

.

.

C

a b

dC D

A B
  

 

                             K=  

      

�M��� �4)2 

  K  (H2O) =   

    

8H2O9K
<# ����d  
                      Ka =  
                       

 
!X�� 7'���
 .k�C ��D-� 

                       H2O ≡  H+   +   CH- 

   

q COO-  [H3O
+][CH3 

qH2OqrCH3COOH+r 

   

q CH3 COO-qrH3o
+r 

 

qCH3COOHr 

   

qH3O+qrCH3COO-r 
 

q CH3COOHr 
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                 K=  

 
                                      c��d  K[H2O]  = [H+][OH-]        �4  
 
                                         Kw = [H+] [CH-] 

 R������10-14  = Kw 
  V�st�qH+r  �4[CH] 

 
                          [H+] =                 +[OH-] =  
 

����: 

 \�C
qH+r � *%+ qOH- = r1.0 , 1.0×  7−10 ,14−10 ×1��  
!X�� j�'�
 .k�Z
 � J+ 7 � 

[H+] =  

 

[H+] =                               = 1 × 10-14 M 

 

*%+� ���� �  [OH-] = 17−10×1 
[H+] =                            =  1× 10-7 

*%+����� � q OH- = r14−10 × 1 
[H+] =                            =  1.0M 

   

qOH-qrH+r 
 

qH2Or 

 

  

 Kw  
[OH-]  

 

 

  

 Kw  
[H+]  

 

 

 

  

 Kw  
[OH-]  

 
   

 10-14 × 1 

1.0 
 

 

 

  

 10-14 × 1 
10-7 ×1 

 

  

 10-14 × 1 
10-14 ×1 
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����: �&�5 \�C
 qH+ r �� ���x yPH = 4.76 
              PH = −log H+ 

 4.7 = −log H+ 

  0.3 – 5.0 = − lgH+ 

z���
 V�E   (0.3- 5.0) = H+ 

Antilag 0.3 – (antilog-5.0) = H+ 

2×10-5M = [H+] 

 j�'�
 .k�Z
 �4� �V�/�  !��
 �4 {�+ 
<#� =14−10×1 

<#F: 

Kw = 1× 10-14 = 
7 7

OH OH

=10 10

− +

− −

        

 

Kw = 14 = 7 + 7 
PH + POH = 14 

������Wא���ض�א �

����� ���� :U�| �3�'�E/�
 :] n���
 , ���  Hcel }�C  �
# 
<# !�T�
 y *W�
 ����$� ���^�� Y~/' �.+�G��
 y�:  

(.'�� .��) Hcl + H2O              H3O
+   + CL- 

( 8Q�[  HCl ��⇀↽��H+  + Cl- 

 c��d�7'���
 
Ka =                                    = 100% 

   

qCl-qrH+r 
 

qHClr 
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 � 4� ���%��� c��d ����i �G�/E�
 n��6�7'���
 : 

Ka =                                       = 1.8 × 10-5 

 *W�'���/�% eW�2*T�`
 ��'� � �T 4� ,:T���
 UT�%�
 �T3 �'2��-�2*T�`
 �T&Ki 
 ��G��
�l�/� �^i !X�� 

����i: 
[H+] = (H+) from HCl  + (H+) From H2O 

�4 p4: 
[H+] = [Cl] + (H+) from H2O 

[H+] = CH Cl + (H+) from H2O 

���'�: 
8H+ 9  !��
 7 q =-OH � r<#F
: 

[ ]-H   CHCl  CH+  = +   
 [OH-] = Kw / [H+]  

[H+]=CHCL+
[ ]

KW
+Η

 

 ,��+��2 ��V�/  ��/� ��V�/�
 ND3��D��^�C .^��
 7  ���  U��T���
 @2�T,��
 �T,'$�� 
3Y1
*���b
 y .^��
 � 

\'$,� ���i : 
CHCl= [H+]  

j���
 \'$,��
: 
[H+]'' = CH Cl  +                   

   

 

q H+qrCH3COO-r 
 

 

qCH3COOHr 

 

  

 Kw  
[H+]'  
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}����
 \'$,��
�: 

[H+]''' = CHCl  +  

����: \�C
 PH }�C ���K� CHCl  = M  1� 0 
���
 \'$,��
: 

H + = CHCl = 1× 10-1M 

j���
 \'$,��
: 

[H+]'' = CHCl +  

 

= 1 × 10-1  +                       = 1 × 10-1  

[ H+ ]'  = [ H+ ]'' 

�<#: 
 ���'$,��
 ��~;��
 ���� ���+� *5P*`
 c~+4�<# F
: 

PH = - Lg [H+] = - log 10-1 = 1.0 

����: \�C
 PH ���K� 1 ×10-7  �&Z �� HCl 
���
 \'$,��
: 

[H+]' = 1× 10-7 M 

�
j���
 \'$,�: 
[H+]'' = 1 ×10-7  +                       = 2.×10-7  

 

}����
 \'$,��
: 
[H+]''' = 1 ×10-7  +                     = 1.5 ×10-7  

 

  

 Kw  
[H+]''  

 

 

 

  

 Kw  
[H+]'  

 

  

  

1×10-14 
1×10-1 

 

  

1×10-14 
q1×10-7r 

 

  

1×10-14 
2×10-7 



 45

U�
$�
 \'$,��
:  
[H+]'''' = 1 ×10-7  +                     = 1.7 ×10-7  

� ��
 \'$,��
: 
[H+]''''' = 1. ×10-7  +                     = 1.6 ×10-7  

 

 ICJ' ��C$  *%+ ���'$,��
 � J/�
 7  
T�2�,�  U�
$�
 \'$,���� �T�
 UT  , ��T��� 
 ���'$,��
 �,'$~�
4 *5P*`
 c~+, _�-$� ���'� qH+ re� �  �3:  

×1.6 10-7 � 1.7 × 10-7 

 ��+��$�
 AbV�/�
 .�� 1�+ .C  *W�' �b�4 ��V�/�
 �*/� }�CF .���
 y .Z
 "#: 
a × 2  + b × + C = O 

 �� $�
�a,b,c , c�
�d � _ $�
X��^� �4 :;�  � 
2

2

b b a c

a

µ− ± −
Χ = 

 }�C��#%�� c��� ������
 ���Wt
 �����i , : 
2 4

2

b b ac

a

− + −
Χ = 

H+= CHCl  +  
 [H+]2 = CHCl [H+] + Kw  

[H+]2 − CHCl [H+] - Kw = 0 

a = 1 

b = − CHCl  = -1×10-7 M 

C = Kw = -1 ×10-14 M, x =[ H+ ] 
 

8 y�%�
 ����
�59  

 

  

1×10-14 
1.5×10-7 

 

  

10-14 
1.7×10-7 

 

  

 Kw  
[H+]  
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[H+] =  
 

      

  =   

 [H+] = 1.6 × 10-7 

∴PH = - log [H+] = - log 1.6 × 10-7 = 6.8 

�Wא���
���א����� �

 ,!��
 y �'�5 )*+�5 ��/' *��-�2*�`
 ��'4i��K& A��-$�
 ��� .�LIOH , KOH, 

NaOH  Y3 ��G�� )*+�,�
 �'�5 .���xNaCH ��'$,� !��
 y  ���G�F ����� 
Na OH ��⇀↽��  Na+  + OH- 

 Ab�&�� .��K��
 _�-$� �2*�` ��� 1�'V�M�
 *��- =C    NaOH 
 1�'V�M�
 *��-�2*�` ��G��
 ��/�NaOH !��
 y  � X-%d
 *W�'� 7  ��
_�b
X^   �

��: 
Na OH ��⇀↽��  Na+  + OH-   7'���
 1�� 
 H2O ��⇀↽��  H+  + OH-   7'���
 l�/� 

���
 .+�G��� *C
�� *C
� pQ%/�
 V��b
 \���� 
C NaCH  = [Na+] 

[Na+]=[OH-]  →    NaOH 

 *��-�2*�`
 ��'4 �+�&� U�%� ��+�
 *W�' X-y 7  ,���K�
 NaOH8 ����+ 9�
���
 ��

 !��
 7 8�EG�%  �4 �G�/�9,<# F
: 

[OH-] = [OH-]from NaOH+[OH-]From H2O 

   

CH Cl + [CHCl – 4 (-Kw) 
1

2  

2 
   

1×10-7 + [(1×10–7)2 +4 × 10-14] 
1

2  

2 

7  
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= [Na+]+[OH-]form H2O 

= CNaOH+rOH-qform H2O 

!��
 ��G�� *C
� "# *C
� pQ%/�
 V��b
 \����� 

[OH-]form H2O = [H+] 

        [OH] = C  NaCH + [H+] 

        Kw  = [H+][OH-] 
 

                                             H+ =     
 
 

                             [OH -] = C NaOH  +  

 ��V�/�
 ND3E'4F �J^� ��� �^�C� .���
 ��+��2F��D�� ,$,��
 �,'$~� ��� X- .�  \'
U�����
� 

���
 \'$,��
: 
[OH]' = C NaCH 

j���
 \'$,��
: 
[OH]'' = C NaOH   +  

 
}����
 \'$,��
: 

[OH]''' = C NaOH   +  

U�
$�
 \'$,��
: 
[OH]'''' = C NaOH   +  


D�3�� 

 

  

 Kw  
[OH-]  

 
 

  

 Kw  
[OH-]  

 

 

 

  

 Kw  
[OH-]'  

 

 

  

 Kw  
[OH-]''  

 

 
 

  

 Kw  
[OH-]'''  

 

 



 48

����: \�C
 PH }�C ���K� 0.1M = CNaOH 
���
 \'$,��
: 

[OH-]'  = C NaOH 

[OH-]' = 1 ×10-1 

j���
 \'$,��
: 
[OH-]'' = CNaOH +  

 

[OH-]'' = 1. ×10-1 +                      = 1 ×  10-1 

 

[OH+]' = [OH-]'' <#F
:                                                                  

 \'$,��
� *5 ���' *g*%+����� @��~�
 n$G�
 "# .k�:  
POH = - leg [OH-] = -leg 10-1 =1 
POH  + PH = 14 
PH = 14 -1 = 13 

����: \�C
 PH_�-$� ��K��  N 7−10× 1NaOH   
���
 \'$,��
: 

[OH-]' = 1 × 10-7  C NaOH  

j���
 \'$,��
: 
[OH-]'' = CNaOH +  

 

 

[OH-]''= 1 ×10-7 +                       = 2   ×  10-7 

 

 

  

 Kw  
[OH-]'  

 

 
 

  

 10-14 
1− 10×1 

 

 

  

 Kw  
[OH-]'  

 

 
 

  

10-14 
1×10-7 
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}����
 \'$,��
: 
[OH-]''' = 1 × 10-7 +                    = 1.7 × 10-7 

U�
$�
 \'$,��
: 
[OH-]'''' = 1 × 10-7 +                        = 1.6 ×10-7 

<#F
: [OH-]'''  = [OH-]''''  
 e� �  )*+�,�
 _�-$� ���'�1.6× 10-7  ,10-7  × 1.7 

��D��1
*���
 7�&'  )*'*+ A��'$,� ��+��2 )*C
� ��V�/&�: 
 

[OH-] = CNaOH  +  
 

[OH-]2 = CNaOH [OH]  + Kw 
2

NaOH[OH ]  C [OH ]  Kw  0− −= − =   
 

[OH-] =  

 
 

[OH-] = 

 

[OH-] = 1.6  ×  10-7 M 

 ����� 
POH = 6.8 
PH = 14 – 6.8 = 7.2 

�����: 

1−  _�-$� \�C
qOH+ r }�CqOH- = r1 ×10-4 M 
[H+] = 10-14 / 10-4 = 10-10 M 

 

  

10-14 
2×10-7 

 

  

  

10-14 
1.7×10-14 

 

 

 

  

 Kw  
[OH-]  

 

 

   

CNaOH + [C2 CNaOH – 4 (-Kw) 1
2  

2 
   

1×10-7 + [(1.0810-7)2+(4× 10-14)] 1
2

 

2 
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2− \�C
 PH }�C ���x y qH+ = r1×10-8 , 1×10-3M 

                                  PH = - log   1 ×  10-3  = 3 
                    PH = log     1 ×  10-8  = 8 

3−  {�5 \�C
qH+ r �4 {�+ 
<#PH = 5 , 4.3 , 12.8  

5 = log [H+]  = 1 ×10-5  
4.3 = - log [H+]  = 5.01 × 10-5 

12.8 = - log [H+]  = 1.58 × 10-13 
4−  \�C
PH  ���K&�� 1×10-5  M, 1×10-3 M 1��������
 *��-�2*�3 y   

 PH=log 10-3  3=    

∴PoH=14-3=11 
PH= - Log1×10-5=5 
∴POH=14-5 =9 

5−  \�C
PH ��
<h� �C ���K� 0.2%�
 �� 7  1
$W � lG> {d !��
 y �'�
 ��C500 ����   

b�4F :%�
 �� _�-$� @��C� �'�CHNO3  
 

%�
 �� Ab�  V*+� �'�              =                =  3−10× 3.2 ��   
 

 {aZ
 y �&Z
 _�-$�    =                                    3−10× 6.4��   
 \'$,��
 y 4*�%�� : 

 \'$,��
���
: 
[H+]'=CHNO3 = 6.4×10-3M 

 \'$,��
j���
: 
14

3 3

3

10
[ ]'' 6.4 10 6.4 10

6.4 10

−
+ − −

−
Η = × + = ×

×
 

 

  

 0.2 
63.01 

 
 

  

3−10× 3.2   
 

L1−10×500 
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<#F :j���
 7  @2�,�  ���
 \'$,��
� 
���'� 

pH = log 6.4 × 10-3 = 2.194 

6−  \�C
PH l�G��' �C ���K� 10 7  ����  M0.09 1�'V�k *��-�2*�3  
 "#500.0���� � 

b�4F : @��CCNaOH   
$-D�  , �4 pQ%/�
 V��b
 7: 
M1 V1  = M2  V2 

M2 =                                = 1.9 × 10-3 M 

\'$,��
 4*�%�� 
9 8���
 \'$,��
  [OH-]' = CNaOH = 1.9 × 10-3 M 

9  8 \'$,��
j���
 [OH-]'' = CNaOH  +  

 

= 1.9 × 10-3  +                        = 1.9 × 10-3 

 

                  [OH-]'  = [OH-]'' 

���  ���
 \'$,��
 �4 ICJ'�j���� � 

<#F: 

                                   PoH = - log 1.9 × 10-3 = 2.72 

                                   PH = 14- 2.72             = 11.28 

�Wא���ض�א���د���א������ �
�4 1��/�
 7 : 

CH3 COOH  + H2O  ��⇀↽��   H3O
+ + CH3COO- 

CH3 COOH  ��⇀↽��    H+   + CH3 COO- 

   

10.0× 0.094   
500 

 

 

  

 Kw  
[OH-]'  

 

 
 

  

 10-14 
3−10×1.9  
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Ka  =                                          = 1.8 × 10-5 
 
 

H+ = Ka =                         

�4 
H + = Ka    

�4 c&�+ 
<#�: 
HA ��⇀↽��  A-  + H+ 

 _�-��
 
HA = CHA    

HA = CHA  - [A-] 

CHA =  �&K�� �� .�� ����� _�-��
HA���K&�� P�E�
 � _T�-��
 YT~/' 
D3 
 �&K�� :]��G��
� 
CA = ���K�
 "# P�E�
 A�%��6� �� .�� ����� _�-��
, !_�
 S+ ��bV Y~/' �3 

����
 "# ��G��
� 
�
 ��V�/�
� ):> ��V�/  Y3 �
_��
 .���
� 

� *W���T
_��
 �%K�T�
 �T�V�/&� P$T/� =$T>4 ��V�/ , ��T&� ST+ �+�T��  YT3� 
 ����
 y ������
 A�%K��
 ��&� p���� Y��
� ���K�
 y ��W��
 A�%K��
 

��W��
 �%K��
        ������
 �%K��
 
                       OH-                                                                                  H+ 

         A- 

   H+ =  [OH-] + [A-] 

   [A-] = [H+] – [OH-] 

   

[H+] [CH3COO-] 
 

[CH3 COOH] 
 

 

  

[H+]  [A-] 

[HA] 
 

  

  

[HA] 

[A-] 
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��V�/�
 $-D�%��: 
   [HA] = CHA    - [A] 
   [HA] = CHA  - [H+] + [OH] 

[H+] = Ka  
−

ΗΑ
Α

 

 

  [H+] = Ka                                                  �'�/���� 

    Kw = [H+] [OH-] 
    [OH-] = Kw [H+] 

      <#F
: 

 

                    [H+] = Ka   

 

�,i *C
� :;�  *W�' R������, eW�2*'�
 ��'4 �3� [H+]  ��V�/�
 ND3 .Z� , \Ts
$i�� Y3� A���~�  )*+: 

Kw / [H+]  = [OH-] 

����
 y�4 p4 �&Z
 : 
[H+] >> [OH-] 

<#F
:  
                     [H+]  =  

   

CCHA – [H+] + [OH-] 

H+  - [OH-]  
 

   

CHA – [H+] +  

          [H+]   - 
 

 

 

  

 Kw  
[H+] 

 

 
 

  

 Kw  
[H+] 

 

 

   

CHA – [H+] +  
[ ]

Kw
+Η

 

          [H+]   - kw / [H+] 
 

 



 54

��B��"# ��V�/�
 :  
                [H+]  = ka 
 
                [H+]2 = ka (CHA – [H+]) 

 ��+��$�
 ��V�/�
 ND3 *%+ l,%���
.&/� 1�, eT�&�5 S+ .MK%� ���'$,� A���&+ )*+ 
 eW�2*'�
 ��'�qH+r,�&�,�
 y e�2�,� � ,<# F
: ):>�
 ��V�/�
 7  ��/����
� 

                       [H+] = ka  (CHA – [H+]) 1
2  

���
 \'$,��
: 
[H+]' = KaCHA  

�4 n�G
 �&^�
 :M,���:                             CHA >>H+     

�
j���
 \'$,�: 
[H+]'' = [Ka (CHA – [H+]')] 1

2  

���
 \'$,��
}�: 
[H+]''' = [Ka (CHA – [H]'') 1

2  

����: �4 {�+ �� : 
CHA = 1 × 10-2 M    ,     ka = 1  × 10-5 

 \�C
PH: 
���
 \'$,��
: 

[H+]' = KaCHA   = 5 21 10 1 10−× ×+ ×-  
= 3.2 × 10-4M 

 j���
 \'$,��
: 
 

 [H+]'' = [Ka CHA – [H+]'] 1
2
 

   

 (CHA – [H+] ) 

[H+] 

 



 55

= 5 2 4(1 10 )(1 10 ) 3.2 10− − −× × − ×  

= 3.1 ×10-4 

}����
 \'$,��
:  
[H+]''' = 3.1 ×10-4M 

�
� j���
 \'$,��
 �4 ICJ'���2�,�  }���� 
����:�4 �� : 

CHA = 1 ×  10-5 M   ,   ka = 1×10-5 

���
 \'$,��
: 
[H+]'' = KaCHA  = 5 510 10− −×  

= 10-5 

j���
 \'$,��
: 
[H+]" = 5 5510 10 10 OM− −− × − =  

�C���,  :] {5$�
 }� 
��+��$�
 ��V�/�
 D>4 \s ���+�: 

[H+] = KaCHA H +−  

[H+]2= kaCHA – Ka[H+] 

[H+]2 + ka[H+] – ka[CHA= O 

[H+] = 
12 2[ 4 ]

2

Ka ka CHA ka+ −  

= 
5 2 55 51.0 10 (1.0 10 ) 4(1.0 10 )(1 10 )

2

− −− −− × + × + × ×  

= 6.2  × 10-6M 

 �����PH<# F
: pH = - log 0.2 × 10-6 = 5.21 



 56

���د��������Wא�#و!�ن�א���ض�א�������א� �

�&Z
 	�  U  l�/� �� ���� ,{H%�
 ���K�
 �� �*TW {T^  {H%�
 
D3�� y 

Z
 A���&/�
 y� �����K��
 . �/�
��'�� 

����:XH%  n�G
 F�C  _ $�
 D>��� ������
 �� 7  qHACr, ������ ���%���� 
 1�'V�M�
NaAc� 

i���4 � 1�'V�M�
 *��-�2*�3 l–p�5 	�  − �T&Z
 UT  .T+�G�' �T
hi {H%T�
 "# 
HAcS+4 "# Y%�W�2*'�
 {5$�
 	G�$' R������ ,� 

OH- + HAC ��⇀↽��AC-+H2O 

 y :;� ICJ' �
hi ,!��
 "# �'�,�
 )*+�,�
 cG��4 ���PH "# p�5  �� l��4 ��� ,
hi ,{H%�
 ���K�
 .+�G� ICJ' �
AC-U  Y%�W�2*'�
 {5$�
 :;�' �E'4� ,������
 F� 

C C−+Η +Α ΗΑ��⇀
↽�� 

 , !��
 "# l��4 �� ��D-� y :;� ICJ'PH� 
l�/E�
 �&K�� ��d�� ��V�/�
 ��� D>�%�: 

H+= Ka
−

ΗΑ 
 Α 

 

 7  ���K&� �C {H%�
 �4 ���HA  �K� � MaAJ
 , �� $�
 ��� V�W� IC� 
CHA =  �&Z
 _�-$�HA� 
CHA  =  Ab�  V*+HA���K&�� ����� �i�E�
 � 

CA =  	��
 _�-$�A� 
CA = �� Ab��
 V*+� 1�'V�M�
 ���NaH���K�
 7  �� .�� �i�E�
 � 

 \���HA , A- 7  .- 7  X^%'��� 7�&' HA , A-����i : 
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CHA + CA- 
��⇀
↽�� [HA]+ [A] 

 ):>�
 ��V�/�
� Y3 �T
_��
 �%K�T�
 �T�V�/  �T���- 7T�&' �o
� ,�T
_��
 .���
 ��V�/ 
R����-: 

��W��
 A�
�'�
          ������
 A�
�'�
 
         Na+                                                                                   A- 

                                         H+                                                                                                                                                                                                                    OH- 

                          [Na+]  + [H+] = [A-] + [OH] 
            CA- = [Na+] 
   CA- + [H+] = [A-] + [OH-] 
    [A-] ≡  CA- + [H+] – [OH-] 

 V�st ��V�/�
 ND3[A-]� 
 �o
�*�/
�
_��
 .���
 ��V�/  \��$� f' X- : 

[HA] = CHA + CA-  - [A
-] 

[HA] = CHA + CA-  – (CA- + [H+] – [OH-]) 

[HA] = CHA – [H+] + [OH+] 

� ��V�/�
 �
*���b��qA- r ��V�/�
�qHA r����g$�
 ��V�/�
 y���' : 
[H+] = ka 

[ ]
[ ]

−

ΗΑ
Α

 

[H+] = Ka   
[ ] [ ]

[ ]
+

C [ ]

C
−

−+−

ΗΑ− Η + ΟΗ

Α + Η − ΟΗ
 

��V�/�
 ND3��
 y %���,�^�C \/M�
 7  7��� ���'$,� A���&+ D>4 \s 
D�� ,R����- : 
CHA >> (-H+ + KW/H+) 

CA-  >> ( H+  - KW/H+) 
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<#F
: 

[H+]' = ka 
[ ]
[ ]C

C −

ΗΑ
Α

    

;e�/��
 {�'� {H%�
 � # ��p*+�5 14 : 
                                       [H+][OH-] = kw  

[OH-]  = kw/[H+] 
                                    [H+]- < [OH-] �4 [H+] > [OH-] �4 ��i 

                             ��                           p*+�5          
                 ,��
   j���
 \'$               j���
 \'$,��
         

[H+]'' = ka ( /[ ] '

/[ ] '

C kw

C kw

+

− +

ΗΑ+ Η
Α − Η

) , = ka ( [ ]'

[ ] '

C

C

+

− +

ΗΑ− Η
Α + Η

) 

���
 \'$,��
                  }�}����
 \'$,��
                                 
 2
*,�
 D>�'�"qH+ r�
*���b�� {d� 

 �4 ���H+ = [OH-]R���
 .����
 D>�
 , : 
 j���
 \'$,��
          j���
 \'$,��
 

                      [H+]'' = ka (
[ ]

[ ] '

[ ] /
[ ]'

kw
C

kw
C

+
+

− +
+

ΗΑ− Η +
Η

Α + Η
Η

)  

}����
 \'$,��
: 

                     [H+]''' = ka ( [ ]'' / [ ] ''

[ ] '' / [ ]''

C kw

C kw

+ +

− + +

ΗΑ− Η + Η
Α + Η − Η

)  


 7�&' X-������
 ��V�/�
 ��,��,y {3�
 Y3�  D>�%� �&H%�
 .���K�
 ��,��b
R���
 : 
                              [H+]' = ka 

C −

ΗΑ
Α

    

Log [H+]' = log ka + logC
C −

ΗΑ
Α
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- log [H+]' = - log ka + log C
C

−Α
ΗΑ

 

PH = pka  + log  CA- /CHA 

�
 ND3 ���2*%3 ��V�/&� P$/� ��V�/–���3 ����� 
Henderson – Hasselbalch 

����: \�C
 PH 7  �x {H%  ���K� 0.01M�&Z  HA, M0.1 7  NaH y 
c
�-� , !�  ��  ka = 10-5 ×1 

���
 \'$,��
:  

[H+] = KaC
C −

ΗΑ
Α

  = 1 × 10-5 × 
2

1

1 10

1 10

−

−

×
×

 

= 1 × 10-6 M 

[OH-] = Kw/[H+]=  
14

6

1 10

10

−

−

×   = 1 × 10-8 M  

[H+]'' > [OH-] 

j���
 \'$,��
: 

[H+]'' = ka [ ]'

[ ] '

C

C

+

− +

ΗΑ− Η
Α − Η

 

[H+]'' = 10-5 
2 6

1 6

1 10 1 10

1 10 1 10

− −
−

− −

× ×
× + ×

 

= 1 × 10-6 M 
[H+]'=[H+]'' 
PH = - log ( 1×10-6) = 6.0 

����: 
C� �� *C
� �_�-$� ������
 �� 7 : 0.12b�  − 4����� 

 PH = 4.74 ��� X�+ ka = 1.8 × 10-5   
 \�C
H+  7 PH� 
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      � �&+PH = 4.74 
����: ���K�
 0.1�4 e�� 2b�  : 

CHAC  + CAC- = 0.1 M 
4.74 = - log [H+] 
[H+] = 1.82 ×10-5 

���� �: 

[H+]' = 10-4.74 = 1.82 × 10-5 = ka C
C c−
ΗΑ
Α

 

C c

C c−
ΗΑ
Α

 = [ ]'

Ka

+Η   

C c

C c−
ΗΑ
Α

 = 
5

5

1.8 10
1

1.8 10

−

−

×
=

×
 

CHAc = CAc- 

!"��: 

CHAc + CAc- = 0.1 

S+ .MK
 �^%  p4 7+ �'�/�����: 
CAc-= 0.05 M � C HAc = 0.05 M 

� \���' {H%�
 
D3 
<#*C�  _�-$F
 _T�-�� )*T+�,�
� �T&Z
 7  0.05   , \�T��'�
PH=4.74 �  }�C l�/E�
 �&K�� ������
 pV�C�
 �4 ICJ
 �4 {^�
 7 �PH = 

PKa ,  CAc-� 

����
 {H%�
 "# l��4 ����$>� !�  �� *C
� ,G> p4 l .T�� _T�-��
 	�MT' }�C , 
 	��
� �&Z
 7 M0.025 �E'4� , PHy n�T+ �T���d 3 �T�V�/  %��T�2*, ��DT-� 

 �4 ICJ
�PH = PKa 
 � *%+� @
D'�  p4	Ti ,l�/ET�
 �&K�� �i��# �'4 ��*� !��
 y l�/� �&Z  �h


� �V�/��
 ��C$  7+ 
*�/� ����� DB%�C ���K�F�T��GMT�
 p*T+�5 ��T���
 ���� 
 $TH

��V�/�
: 
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Ac- +  H2O  ��⇀↽��  HAC   + OH- 

 
D3 P$T/' .�K��
 c��d� ,!��
 �J;
�� P$/' .�K��
TT�8Khy 9 �TK%�
 ST+ ��T���
R���
: 

Khy = [ ][ ]

[ ]

c

c

−

−

ΟΗ ΗΑ
Α

 

 ����d �&�5 @��Z �������
 .�K��8Khy 9 @�
Khy  *C
��  

[ ]
1

[ ]

+

+

Η
=

Η
  

[ ][ ][ ]

[ ][ ]

c
khy

c

−+

−+

Η ΟΗ ΗΑ
=

Η Α
 

Kw = [H+] [OH-] 

[ ][ ]

[ ]

c
ka

c

+ −Η Α
=

ΗΑ
 

Khy = kw/ka = [ ][ ]

[ ]

c

c

−

−

ΟΗ ΗΑ
Α

 

   @��ZqOHr: 
[ ]

[ ]
[ ]

kw c

ka c

−
− Α

ΟΗ =
ΗΑ

 

J- �&�5�F 7  q−AC r ,qHAC r��
 AbV�/&� X^%��/� \s%K�
_��
 �����
� �, Y��
� 
 �4 \s�b�4 \��F: 

.���
 �
_�
 
CAc-   = [Ac-]    +   [ HAc] 
HAc = CAc-  - Ac- 
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                     \��� ��'4                                                 \W�  ��'4  
Na+                                                         Ac- 

H+                                                        OH-     
A�%K��
 �
_�
 

Na+  +  [H+]  = [Ac-] + [OH-] 
CAc- = Na+ 

CAc- + [H+] = [Ac-] + [OH-] 

 [Ac-] = CAc- + [H+] − [OH-] 

 �4 7'$-D�: 
     HAc = CAc- − [AC-] 

 7+ �,����
 ��V�/�
 y �
*���b��[AC-] 
[HAc] = CAc-  − (CAc-  + [H+]  − [OH-]) 

[HAc] = [OH-]   − [H+] 

�
 !
_W�
 �
*���
��V�/�
 y )*'*: 

[OH-] =
kw AC

ka cΗΑ  

[OH-] =
[ ] [ ]

[ ] [ ]

kw C c

ka

−− +

− +

Α + Η − ΟΗ
ΟΗ − Η  

[OH-] =

[ ]
[ ]

[ ]
[ ]

kw
C c

kw

kwka

−−
−

−
−

Α + − ΟΗ
ΟΗ

ΟΗ −
ΟΗ

 

� ):>�
 ��V�/�
 :;�)J^T� ��� �^�C� ,F�b�4 A�T�'$,��
 �T/� .T&+ 7T  *T�b� F 
����'*+�5 ���K�
 ���, 
D3� �4 Y%/' :  

OH- >> kw
−ΟΗ
 �4 OH->>OH+  
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<#F: 

[OH-] = 
[ ]

[ ]

kw C c

ka

− −

−

Α − ΟΗ
ΟΗ  

[OH-]2 = ( [ ])
kw

C c
ka

− −Α − ΟΗ  

 

[OH-] = ( [ ])
kw

C c
ka

−−Α − ΟΗ  

A��'$,��
 �/� .&/� �4 ��+��$�
 ��V�/��� �^�C 7�&' ):>�
 ��V�/�
�f' X- : 
���
 \'$,��
: 

[OH-] = 
kw

C c
ka

−Α  

 j���
 \'$,��
: 

[OH-] = ( [ ])'
kw

C c
ka

−−Α − ΟΗ  

}����
 \'$,��
 : 

[OH-]''' = ( [ ]) ''
kw

C c
ka

−−Α − ΟΗ  

����: 5+10 ×1.6�
 �T&Z 7'�T��
 cT��d �&�5 Y3  ����T� � \�TC
PH  ��T�K� 
 N_�-$�M0.1 y 41�'V�M�
 ������ 

���
 \'$,��
: 

[OH-] = 
kw

C c
ka

−Α  
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           =  
41

5

10
.0.1

1.8 10

−

−×
 =7.4 × 10-6 M                                                  

 j���
 \'$,��
: 

= 

14
6 1

25

10
(0.1 7.4 10 )

1.8 10

−
−

−

 − × ×   

                 = 7.4 × 10-6M 

                [OH-]'  = [OH-]'' ICJ
 �%3� :                

POH = log 7.4 × 10-6 = 5.13 
PH = 14 - 5.13 = 8.87 

�Wدوאل�א�&�ز�$ �

��Z
 c5��
 y ���5 .^��
 7  ,PH – @�~54� �� 4 ��^W �~�
��  � � �&+� �T
hi
���,�
 ���&+ y ����
 .�5P�$H�
 �/� <��
 \s ,� 

1− l�/� ��� 
2−  ��%'�
� �&Z
 7  .- _�-$� =CA 

3−  _�-
$� ��&�b
b
 .�� �
_� �
_� =CA 

qHA + A- = rCA �4 p2���
 7  ���� CA = CA- , b� CA = CHA� 

 ��< */�/e: 

[ ] [ ]
0

[ ] [ ]

H

C
α

−

Α ΗΑ
= =
ΗΑ + Α Α 

��D-�: 
[ ] [ ]

1
[ ] [ ] C

α
−−

−

Α Α
= =
ΗΑ + Α Α 

 V�s#�qHA r ,qA- r �� 7�&�
 7 1 0، ،Cα α Α ��/  �� 
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[ ]' 0

[ ] 1

C

C

α
α−

ΗΑ = Α

Α = Α
 

 �E'4�1 0،α α !
_W�
 y �^%+ :�/��
 7�&'  qH+r ,qka r e� ��/  
[ ]

0
[ ] [ ]

α
−

ΗΑ
=
ΗΑ + Α

 
 ���%���� T� HA 

HA = H+ + A- 

[ ][ ][ ] [ ]
,

[ ] [ ]

ka
ka

+ −
−

++

Η Α ΗΑ
= Α =

Η Η  

           Or 
[ ] [ ]

0
[ ]

[ ] [ ](1 )
[ ]

ka ka
α

+ +

ΗΑ ΗΑ
= =

ΗΑ
ΗΑ + ΗΑ +

Η Η

 

1
0

1
ka ka

α
+

+

+

Η
= =

Η ++
Η

 

 7+�1α 

[ ][ ] [ ][ ]
1 ,

[ ] [ ] ka
α

− +

−

Α Η Α−
= ΗΑ =
ΗΑ + Α  

[ ]
1

[ ][ ] [ ] [ ]

ka

ka

Ka

α
−

+ − − +

Α
= =
Η Α + Α Η +  

����: �'�_%��
 ��  C6H5COOH8 HB2 9– ��  7'�� c��dKa 
  =5−10 × 6.3 �  \�C
 7  .- {�5HB2  ,B2 _�-$� ���x yN�  
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                   M0.1, PH = 4.0  
                               *%+PH = 4.0                                

                           H+ = 1 × 10-4 M 
   CB2 = 0.1 M 

   HB2 = 20 Cα Β  

[ ]
0

[ ] ka
α

+

+

Η
=
Η +

 

4

4 5

1 10
1 0.61

1 10 6.3 10
α

−

− −

×
= =
× + ×  

2 2[ ] 0 CαΗΒ = × Β    

0.61 0.1= ×  

0.061=  

2 2[ ] .1Cα−Β = Β  
6

4 5

6.3 10
1 0.39

[ ] 1 10 6.3 10

ka

ka
α

−

− −+

×
= = =
Η + × + ×

 

2 0.39 0.1 0.039Β = × = Μ  

 ICb �4: 

      0 1 1.6α α+ = 
                                                2 2 20.1 C−ΗΒ +Β = = Β 

�����:  

1−  7'�� c��d �� �'$�����
 ��51.48 10ka −= × �  \�TC
PHN_T�-$� ��T�K�  

M0.001 � 
x��
 ���'$,��
 �$~�
 ����/��5�:  

 



 67

1
3 45 2[ ]' [(1.48 10 )(1. 10 ) 1.2 10kaC u M+ − −−Η = ΗΒ = × × = × 

3 451 1
2 2[ ]'' ( [ ] [(1.48 10 )(1 10 1.2 10 )ukaC+ − −+ −Η = ΗΒ − Η = × × − × 

41.1 10 M−= × 
3 451 1

2 2[ ]''' ( [ ]'' [(1.48 10 ) (1 10 1.1 10 )ukaC+ − −+ −Η = ΗΒ − Η = × × − × 

   [ ]'' [ ]'''+ +Η = Η  
4(1.1 10 ) 3.94log −∴ΡΗ = − × =  

2−  ���T�%�
 ��HNO2  7'�T� cT��d �T�ka=5.1×10-4   \�TC
 ,PH��T�K�  

1×10-4
 y ����%�
 ��� 

���
 \'$,��
: 
4 4 41 12 2 2[ ]' ( ) [(5.1 10 )(1 10 ) 2.2 10 )kaC NO −+ −−Η = Η = × × = × 

4 45 1
2

4 4 1
2

[ ]'' [(5.1 10 )(1. 10 ) 2.2 10 )

[(5.1 10 )( 1.2 10 )]

−+ −−

− −

Η = × × = ×

= × − ×
 

 ��/' Y/����
 2D�
 
D3�������T%3 �T�~� b \T5�/��
 \'$,��
 �,'$� �%3�  � 1*���T��
��+��$�
 ��V�/�
: 

    2 12 2[ ] ( ( [ ])ka CHNO ++Η = − Η 
2 2[ ] ( [ ])ka CHNO ++Η = − Η 

      2
2[ ] 0ka kaC+Η + Η − ΗΝΟ = 

2
2( 4

2

ka ka kaC− + + ΗΝΟΗ+ = 
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2
1

44 44
25.1 10 [(5.1 10 ) 4(5.1 10 )(1 10 )]

2

− − −−− × × + × ×
=

58.6 10

4.06

+ −Η = × Μ

ΡΗ =
 

3−  \�C
PH�
 �� 7  ���K�  �3 �����M0.03 _�-$�� ,  4����� 1�'V�MT�
 
0.02M 7'���
 c��d� , Ka=1.8×10-5  

���
 \'$,��
: 
2

55
2

3 10
[ ]' 1.8 10 2.7 10

2 10

C c
ka

C c

−
+ −−

− −

ΗΑ ×
Η = − × = × Μ

Α ×
 

 
52

5
52

[ ]' 3 10 2.7 10
[ ]'' ( ) 1.8 10 ( )

[ ]' 2 10 2.7 10

C c
ka

C c

+ −−+ −−
− + −−

ΗΑ − Η × ×
Η = = ×

Α + Η × + × 
52.7 10 −= × Μ 

<#                       F
:                 [ ]' [ ]''++Η = Η 

ICJ'�4  �C ����
 �:  
52.7 10 4.57−ΡΗ = × =  

4−  \�C
PH �����
 7  �K�
 83 9 D>�� 7��� ,200 {d .  �G�G� "# 500.  � 
��
 ��
�5 $-D�%�l�G�: 

                   1 1 2 2n v n v× = ×  

   �&K��          2200 0.03 500 n× = × 
 	�&��2200 0.02 500 n× = × 

 �����
 y �,����
 ���%��� X^%  .�� _�-��
 ���'�83 9,  ���+� 7'�T��
 cT��d :T;�' b �
��hK
 ��� �  S+ {� �  !
$WM�G
 S+ . �a��%�
����� �%3 : 
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5[ ] 2.7 10 4.53+ −Η = × = 
5−  \�C
PH {aZ 200 ����&�� .  83 9 �i��# */�10-4× 1  *��-�2*�3 7  �� 

\�M�
,:;�' � {aZ
 �4 ���G  F� 
 �4 \s �%3�
�
_�b
 @��C U  pQ%/�
 V��b
 ��$� 

  �*C �3 �%3 .+�G���i .+�G� p��,�
 e�8Na OH 9Z
 e���&8 CH3COOH 9
��V�/�
 ���� �/��: 

2c C c−ΗΑ + Η Η Ο+Α��⇀
↽�� 

 .+�G��
 �4 n�G
� *5�'�^%�
 "# .k� 
 Ab�  V*+-OH �i�E�
  = �i�T�t
 *T/� �T
����
 ����T��
 Ab�T  V*+ = 1×10-4  

��  
 2����
 y �&Z
 Ab�  V*+ +�
 Ab�  V*+ �����AC-�
����
   

3 14 24 10 (1 10 ) (2 10 2 10 )− −− −× = × + × × × �� = 
 

                         CAc- =                                = 
3

2
1

4. 10
2. 10

2 10

−
−

−

×
= × Μ

×
 

�� {H%�
 ���K�
 �4 *a
 R�������E'4  
2

5 5

2

3. 10
[ ]" 1.8 10 2.7 10

2 10

C c
ka

C c

−
− −+

− −

ΗΑ ×
Η = = × = × Μ

Α ×
 

�E'4 � �C ����
 �4 ICJ'��
 \'$,��
 7 � �j�: 

3 5
53

53

[ ]'
[ ]'' ( )

[ ]'

3. 10 2 10
1.8 10 ( ) 2.7 10

2 10 2.7 10

C c
ka

CAc

+
+

+−

− −
−−

−−

ΗΑ − Η
Η =

+ Η

× − ×
= × = ×

× + ×

 

 Ab�  V*+AC-  
f��
 ���K�
 {aC 
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<#F
: ICJ
 4 \'$,��
 � j���
��� ���6� ,����� : 
PH = 4.57 

6− C� N_�-$� �� �0.05�
 �� 7  2b�   , ����T�PH = 6 i , V*T+ ��T�' {T�
����
 �� 7  Ab��
��4� �':�����~�
 1�'V�M�
 ��� ?���x .&/� ka=1.48×10-5 

£&K��� 
���� : _�-��
0.05�4 Y%/� : 

0.05C c Cc
−ΗΑ + Ρ = Μ 

 @��C[H+]' 7  PH  
PH =5  

[H+]' =
55.010 1.48 10
C c

C c

−−
−

ΗΑ
= ×

Α
 

5.0

5

1 10

1.48 10

C c

C c

−

−−

× ΗΑ
=

× Α 

� }�C#�: 0.05C c C c−ΗΑ + Α = 
�hi:   0.05C c C c −ΗΑ = − Α 

��V�/�
 y �'�/����: 
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7  ��,���
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 ��&��
       4 ''ΗΡΟ    

2 2 2
2 4 ' 1 10 0.5 10 0.5 10− − −Η ΡΟ = × − × = × 
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<#F 
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 )*+�,�
 7  )V�'_�
 ND3 ,���K�
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 y ���
 \'$,��
 1*���
 �  ����] )V�/�
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 ���'�10
0.05

200
CA −= =�� &��� 

D>�
�: 
14 1

2 6
5

10
[ ] 0.05 7.07 10

10

5.15

8.85

kw
CA

ka

−
− −

−
−

 ΟΗ = = × = × Μ  
ΡΟΗ =

ΡΗ =

 

 ��C$�
 ND3 *%+�b �'�^%�
 �~,
 "# z��K
 7.0J�  F� 
� *%+125 1�'V�M�
 *��-�2*�3 7   �p�T�,�
 7T  )V�T'�  �*TC ITCJ', �T�V�/ � 

 pQ%/�
 V��b
Y3: 

2
− −ΗΑ+ΟΗ Α +Η Ο��⇀
↽�� 

�'�^%�
 �~,
 */� 	��' 
D3�����'� :  
��
 V*+�& 7  ��qOH-r−  )V�'_�
 =���
 V*+T&�� 7T  qOH-r �i�ET�
�  )V�T'_�
 �T,i

�%/&� 
2.5 0.1 25 [ ]−= × = ΟΗ��  &)*+�,�
 7  ��� 

qOH-r                                                      = =2 2.5
10 1.11

225
− × = �� &*��-�2*�`
 7  �� 

 �,~%�
 ND3 �4 ICJ'� c~� *5��C$ {H%�
 ���K�
 � 
�−  *%+150� �4 ICJ' ΡΟΗ Y3 �,~%�
 ��� *%+=12.30  , �GTk� 7�&' �%K%�
�

=$>4 AbV�/  �4 �����
 ��� .��, 
 .���
 $H
84�9 

 
 .��84 9+�'2�M�
 *��-�2*�3 .��,  ������
 �� ��1�'V, :;�� PH {aZ
 .��, � 

���
 V*+& 7  ��qOH- r_�
)V�' 
f��
 ���K�
 



 114

+� �'2�'*+ �� ���  ���' ,l�/� ��*�'�5 )*+�5 .��,  ������
 � 
Titration of weak, willbehave Polyprotic acids with strong bases 

 �&+F�  �hi+ y 1*����
 ��^�
�T����
 )*T'*+ �G�/ET�
 n�T��
 �'2��TG
 �T3 ��� 
�'�,�
 )*+�,�
 U  ������
 �'V�C�
 �G�/E�
 n��6� 1*����
� 

 STT+ p�TT�� �TT'2��/�
 !�TT
# �4 n�TTG
�100 N_TT�-$� ��TT�K� .TT  0.1 7TT  ��TT  
4 71 2 2( 10 , 10 )k K− −= = Η Β _T�-$� .T��, 0.1*��TT-�2*�`
 7T  2b�TT  � �TT��C YTGi 


� �'2��+ *W�� ,l�/E�
 �&K�� ������
 pV�C4 �TK%�
 ST+ *��-�2*�`
 U  �,i *C
��V�/&�� R���
: 

'− −ΗΑ+ΟΗ Α +ΗΟ��⇀
↽�� 

 7  �*����
 �3 �,i ����$� *C
� }�CHA 7��� ,�� 7��T�� ��T����
 Yg�%�� ���%�
2Η Β *W�' =$>4 ��C�
 7 � ,
������
 7  ��%d,.+�G��
 y ��-���
 ��� �� *T%+ Y%/'  

.+�G��
 7  ��
���
 ��C$�
 4*�� "��
 ��C$�
 �4 ���
 .+�G��
 Y^�%' �K%�
 
D3 S+: 
81   92 2

−Η Β+ΟΗ ΗΒ−+Η Ο��⇀
↽�� 

829 2''− −ΗΒ +ΟΗ Β +Η Ο��⇀
↽�� 

 *%+ Y%/' 
D3�
j�T��
 .+�G��
 !�^�
, *T%+��   1�T©t �T�i�- *��T-�2*�`
 �T�&- ��T��
��
 e��C$�
 y .+�G��
 "# �&Z
 ���� ��
���
� "''Β� 

 */��� �&�5 y ��G�2b
  *� ��C$�
 ��'ΡΗ ,����$� V�W� 1*+ "# V�/' 
D3�, !
�T� 
  7  2Η Β�4−ΗΒy� *��-�2*�`
 �+�&� U  .+�G��� , 3 *TW�� .T+�G��
 7T  �T��Z
 ND

�'2��/�
 .�� 7+ m�%��� ��5�%�
� ��
2*�� ��g��&�- Ab�C c�� 
���?�3� 2�: UT  .T+�G�' Y�� �'2��/�
 !�
# "# �i�E  1�'V�k *��-�2*�3 *W�' b }�C 

b
 �&Z
Yg
*��2Η Β� 
2������ 2����: %K%  y �,~%�
 U  .+�G�'�� �~,
 ��4 .�5 �'2��/�
 �% U  .+�G��
 ���'� ,�'�^

 �'�,�
 )*+�,�
[ ]−ΟΗ�3� ������
 Yg�%��
 l�/E�
 �&Z
� : 



 115

2 2
− −Η Β+ΟΗ ΗΒ +Η Ο��⇀
↽�� 

 �~,%�
 ��� *%+ �
_�b
 ��C$ ���
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4 −   *%+0.00 7  �i��# [ ]−ΟΗh�
"��
 ���Z
 ��a� 
35 1

2[ ] (1.8 10 0.1) 1.3 10kaCH c
−+ −Η = × × = × ΜΑ 
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@− *%+ 20.   7  �i��#  [ ]−ΟΗ ���
���
 ���Z
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 7  ��&���
 V*+AC
−  �����
  = 7  ��&���
 V*+[ ]

−ΟΗP�E�
  
=2.0 0.1 20= ×��&��  � 

 ���'� 
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 V*+��&���
 7  HAC  ��,���
  = V*+��&���
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*��b
 – V*T+ ��T&���
 
 7  �����
C −Α� 
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A� 
$W V*+HAC 
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 ����
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b�   V*+A HAC 

A
�����
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0.1 
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  7  �
����
 −  AC�����
 

���K�
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�����
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CHAC                                                              =                                            =       
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[ ]+Η: 
5

5
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[ ] ' 1.8 10
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C c vo
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−

Η
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Α
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����
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 V*+ �E'4[ ]C
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− 
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 V*+AC '  �4 p4 �
����
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2.5 25 0.1 0.1 50 C= × − × = ΗΑ ��&�� � 
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�sh��V [ ]+Η<# F
: 
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2.5/ /.
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' 2.5/ /
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ΗΑ
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Α

ΡΗ=
 

 �4 ICJ
 �%3�       kaΡ = ΡΗ 
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 7   

3.0 
 

70. 

��
  V*+ 7  �
����
 AbAC− 
���K�
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�����
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 Ab��
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−
− −

−
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×
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22 10 1.7
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��D-�: 
 � = *%+100 �E'4 ���� *��-�2*�`
 7  .  POH =1.48���C �� Y3� �2*%+ �/W
 

' 14 1.48 12.52ΡΟΗ = − = 
�−  �%�+ �
��0.5 1
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 ��&��                      PH 
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 A�
����
 ND3 '�'$,� ��4 1
*����� �&K�� YBF�� 
.+�G��
 
D3 D>�%� : 

2' 'ΗΑ+ΟΗ Α +Η Ο��⇀
↽�� 

�V�/��
 �~,
 *%+� 
 Ab�  V*+HA = Ab�  V*+NaOH�i�E�
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 ����
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 ����
' �&K�� YB = 
 
 

                                                                   ==122.11
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t��sV ka\'$,� ����  � �4 ICb20.47��   ��E��� Y3 ��l/� 40.94����  � 
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'

C
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C

+ ΗΑ
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Α
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$W V*+HA 
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 ����
' YBHA 

����� �� NaOH 
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$W V*+HA)(1000( 

 7  A
�����
 V*+NaOH ×_�
 ����
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�1000�	0�5	 
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 �&Z
 ���' �V�/��
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+
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−
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ΡΗ =

∴− Η = ΡΗ
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 �&Z
 7  A$'�+ 1�'V�M�
 *��-�2*�3 U  0.1��  � 
`
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@ − �i���
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 �'�� �~,
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 ��4 e� �  �i���
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�
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�� 
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4 −  ' ��/ 7  ���  {H%  ���x H3PO4  ,H2PO'4 ،R������:  
 

3 4 2

3 4 3
1
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C C

C
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C

+ −

Η ΡΟ = Η ΡΟ

Η ΡΟ
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Η ΡΟ
ΡΗ =
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���'�: 
13 61 2 2

5

[ ]' (7.1 10 )(6.2 10 )

2.1 10
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k k+ − −

−

Η = = × ×

= × Μ

ΡΗ =

  

z− {H%  ���x *W�' �%37   24 '' 4 '،ΗΡΟ Η ΡΟ 
e'����  _�-��
�: 

2 4 ' 4 ''C C=Η ΡΟ ΗΡΟ 
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2 8
2
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C
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C

−+ Η ΡΟ
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ΗΡΟ
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k k −+ − −Η = = × × = × Μ

ΡΗ =
 

T3− 7  �-4 ����
� 7 ,  �4� HPO4''   

 �4�13 34.4 10 k−× =��� ��  7+ ��E� $�-4 U�~�H2O ; }�C 1410kw −=  �i��#
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~
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§− �%  D>4 ��^� l�/� �� $'�+ 0.36581
$W , y \T'<4� 50.2 7T  �T���  
$'�+� ,!� A{'V�MT�
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*��T���� 
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 ��*�
 � *���  , \�C
 k1,k2�&K�� � 
OH' �� �                             �    PH 
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36.83  �'�� �~,
 ��4 4.26 

35.24    5.66   

75.66  ��d  �'�� �~,
   8.5− 
*%+�~,
 ��4  �V�/��.+�G��
 
D3 : 

2 2
−−Η Β+ΟΗ ΗΒ +Η Ο��⇀
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 V*+ H2B =  7  Ab��
 V*+NaOH 

  
                                                 =                                     ×MNaOH 

 
 
 

 ����
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' YBH2B  = 
 

                    =                                                              = 1041
$W ��� � 
 

 V�stK ���
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 D>m'  � �4 ICb18.42��  �.+�G� ��4 lM
 �3 �� 
2

2
1 1

3
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'
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C C

C
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C

،

k

−

+

+ + −

−

Η Β = ΗΒ

Η Β
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ΗΒ
ΡΗ =
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∴ = ×
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_�
 ����
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���
 V*+�7  A
� NaOH 
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5
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 �%� �
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ο
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eW�2*�`
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−Z ��&���
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from 100 souraces H2PO4 and NaOH neacts with added OH  

 

 
 .��89 9+��'2��'2�G��G�
 ��  

 ��&���
 V*+8H3PO4 9_�
 ����
' �� YB 
1000��&��   ���  

 ��&���
 V*+8NaH2PO4 9_�
 ����
' �� YB 
1000&��  �� ���  
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=
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C

kb
kw

−
−

−
−

Β− ΟΗ +
ΟΗΟΗ =

ΟΗ −
ΟΗ

 

 c
�- 
<#�: 
− +ΟΗ 〉〉Η ����i

[ ]

kw
−

ΟΗ 〉〉
ΟΗ

  
��V�/�
 	�M��: 

[ ]
[ ]

[ ]

C
kb

−
−

−

Β− ΟΗ
ΟΗ =

ΟΗ
 

 @� */� =$>4 )$  ��V�/�
 	�M��[ ]−ΟΗy$� y ��V�/�
 :  
2[ ] ( [ ])kb C− −ΟΗ = Β− ΟΗ 

7�&'�,A��'$,��
 �/� .&+ */� ��V�/�
 ND3 .C  ��+��$�
 ��V�/��� �4� 
���
 \'$,��
 : 

[ ] ' k Cb
−ΟΗ = Β 

 �4 n$G�[ ]C
−〉〉 ΟΗΒ  ;)$'�/�
 �'
*� y p4� 
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j���
 \'$,��
: 
1

2[ ]'' [ ( [ ]')]kb C
− −ΟΗ = − ΟΗΒ 

}����
 \'$,��
: 
1

2[ ]''' [( ( [ ] '')]kb C
− −ΟΗ = − ΟΗΒ 

�+«� \'$,��
 :;� 
<#�,�i*3 "# .k� *5 ���' \'$,��
 �hi � 
����: 

��- 
<#: 
21 10C −Β = × ,51 10kb −= × 
���
 \'$,��
 D>�%�: 

5 2 41
2[ ]' [1 10 10 ] 3.16 10k C

b
− −− −ΟΗ = = × × = × Μ

Β 
j���
 \'$,��
: 

5 41 2 1
2 2

4

[ ] '' [ ( [[ ])] [10 (10 3.16 10 )]

3.11 10

k C
b

− − − −−

−

ΟΗ = − ΟΗ = − ×
Β

= × Μ
 

�4 ICJ' �%3 \'$,��
�: 
4log(3.11 10 ) 3.51

10.49

−ΡΟΗ = − × =

ΡΗ =
 

����א9������8א
��א����������د���א�����-�א� �
(Buffers of weak monoacidic Bases)W� �

i�& :;�� � ��,  �&H%  .���x ��/� ���
��
�-� ��E&Z
 �'V�C�
 *+
�,�
 ����PH. 

����: 
  7  {H%�
 ���K�
 :E� 7�&'NH3  , U  .+�G�� �'�5 )*+�5 p� 1��
� �
 *'2��-�

NH4
+� 

3 24+ −ΝΗ +ΟΗ ΝΗ +Η Ο��⇀
↽�� 
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��� p4  U  .+�G�' p�5NH3     
3 4

++ΝΗ +Η ΝΗ��⇀
↽�� 

X- �%3 ��,��b
��
�  �3 � � �� �TK%�
 ST+ ��T����
 �T'V�C�
 n�T��
 y N·
$TW# {

R���: 

[ ]
[ ]

kb
−

+

Β
ΟΗ =

ΒΗ 

.���
 �
_�
: 

[ ] [ ]CC ++Β+ ΒΗ = Β + ΒΗ 
��%K��
 �
_�
: 

[ ] [ ] [ ] [ ]Cl
− − + +ΟΗ + = ΒΗ + Η 

 V�st�qBH+r 

C Cl −+ΒΗ =  

��M���
 �
_�
 ��V�/  y �
*���b���: 

[ ] [ ] [ ]

[ ] [ ] [ ]

C

C

+ +− +

−+ ++

ΟΗ + ΒΗ = ΒΗ + Η

ΒΗ = ΒΗ + ΟΗ − Η 

)V�+h����
 �
_�
 ��V�/  U'��� .�: 

[ ] [ ] [ ]C + +Β = Β + ΒΗ + Η 
�'�/���� {d: 

[ ] [ ] [ ] [ ]C CC
++ − +Β = Β + ΒΗ + ΟΗ − Η − ΒΗ 
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<#F
:  
[ ] [ ] [ ]

[ ] [ ] [ ]

C

C

− +

− +

Β = Β + ΟΗ − Η

Β = Β− ΟΗ + Η
 

���b �&�5 7+ �
*���qBH+r S+ .MK
 �,����
 ��V�/�
 y :  
[ ] [ ]

[ ] ( )
[ ] [ ]

Ckb
C

− +
−

+−+

Β− ΟΗ + Η
ΟΗ =

+ ΟΗ − ΗΒΗ
 

             ���'�[ ]
kw+

−Η =
ΟΗ

        
∴ 7+ �'�/���� [ ]+Η: 

[ ]
[ ]

[ ] ( )
[ ]

[ ]

kw
C

kb
kw

C

−

−
−

−+
−

Β− ΟΗ +
ΟΗ

ΟΗ =
+ ΟΗ +ΒΗ ΟΗ

 

\'$,��
 y 4*�%�� � @��C n
�i���[ ]−ΟΗ �4: 

[ ]
[ ]

[ ]
[ ]

kw
C

kwC

−
−

−+
−

〉〉 − ΟΗ +Β ΟΗ

〉〉 ΟΗ −ΒΗ ΟΗ

  

���
 \'$,��
: 

[ ]'
C

kb
C

−
+

Β
ΟΗ =

ΒΗ
 

 \s �%3�_��&��
p*+�5 ����
 .3 � �C 14 ? 
�4 ��i: 

[ ]' [ ]' [ ] [ ]'،+− − +ΟΗ 〉〉 Η ΟΗ 〈〈 Η 
� �Cp*+�5          
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j���
 \'$,��
: 

p*+�5:                     
[ ]

[ ]'' ( )
[ ]

C
kb

C

−
−

+ −

Β− ΟΗ
ΟΗ =

ΒΗ + ΟΗ
 

� �C:            [ ]
[ ] '' ( )

[ ]

C
kb

C

+
−

+ +

Β+ ΟΗ
ΟΗ =

ΒΗ − Η
 

}����
 \'$,��
: 
[ ] ''

[ ] ''' ( )
[ ] ''

[ ]
[ ] ''' ( )

[ ] ''

C
kb

C

C
kb

C

−
−

+ −

+
−

+ +

Β − ΟΗ
ΟΗ =

ΒΗ + ΟΗ

Β+ Η
ΟΗ =

ΒΗ − Η

 

����: 
Y%�W�2*�`
 {5$�
 \�C
 PH  7T  �Tx {H%  ���K�0.01 \T-$� ��T  B ,0.1 

 \TTT-$� ��TTT BHCL  7'�TTT��
 cTTT��d �4 {TTT�+ 
<# ,!�TTT  �TTT� *TTTC
� y @
DTTT�

51 10kb −= ×� 

���
 \'$,��
 1
*�����: 
65 0.01

[ ] 10 10
0.1

6 8

C
kb

C

،

− −−

+

Β
ΟΗ = = × =

ΒΗ
ΡΟΗ = ΡΗ =

 

∴p*+�5 ����
� 
j���
 \'$,��
 7 �: 

6
65

6

[ ]'
[ ] ''

[ ] '

0.01 10
1 10 10

0.1 10

C
kb

C

−
−

−
+

−
−−

−

− ΟΗΒ
ΟΗ =

+ ΟΗΒΗ
−

= × = Μ
+

 

<#F���  ���
 \'$,��
 
��� �
 \'$,�j��,�3� 610 −,@��~�
 �3� � 
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<#F
:  6 8،ΡΟΗ = ΡΗ = 
��ن�א�#و!�ن����8א
��א�������א�;�! �

� �C 1��
� �
 *'2��- ���x �4 1��/�
 7 ,��
 V�/'� \� ��D�  1��
� �
 ��'4 �4
NH4

+ ��E �Z
 l�/�� 

��V�/�
�: 34 2 3
+ +ΝΗ +Η Ο ΝΗ +Η Ο��⇀

↽�� 
�~����
 ��V�/����: 

34
+ +ΝΗ ΝΗ +Η��⇀
↽�� 

 �4 n�G%��BHCL )*+�,�� 	�  7+ )2��+ B<4 ,c�'!�  y  � �hTi �T��+�PH 
DT` 
 {�T,�
 {�T�,�� �T^%�/� 7�&' ���K�
CBH ,kw،kb�T ��/  ��T�� ��T� � .T+�G�� 

+ΒΗ S+ 
D3�K%�
: 
R���
 �K%�
 S+ l�/E�
 �&Z
 .��K�� .�����: 

[ ][ ]

[ ]
khy

+

+

Η Β
=

ΒΗ 

 {��,���Khy   1�,
�T3� *TC
� 2
*T,  �JT> :�/��
 @�� [ ]−ΟΗ �T �, � �~�T�  
*K�� : 

[ ][ ][ ]

[ ][ ]

[ ][ ]

[ ]

khy

kw
khy

kb

kw

kb

− +

− +

+

+

ΟΗ Η Β
=

ΟΗ ΒΗ

=

Η Β
=

ΒΗ

 

�%���%� 
<#�kw,kb,CBH+ {��,�� V�s# 7�&�
 7&i ,qH+r 
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[ ] [ ]
kw

kb

+
+ ΒΗ

Η =
Β

 

 �4 n�G%��qBH+ r �B�3 S+� �i�E BHCl��V�/�
 ����i ,R����- : 
C + +ΒΗ = ΒΗ +Β 

�.���
 �
_�
 D>�%�: 
[ ] [ ] [ ] [ ]Cl

+ −+ −ΒΗ + Η = + ΟΗ 
 �
*�������4 {�+ 
<# ��V�/�
 ND3:  

[ ]C Cl+ −ΒΗ = 
.MK
 �%
hiS+ : 

[ ] [ ] [ ]C+ −+ +ΒΗ + Η = ΒΗ + ΟΗ 
��V�/�
 ND` U'����
 )V�+h��, �&�5 z
$>#� qBH+ [<#F
: 

[ ] [ ] [ ]C+ −+ ++ΒΗ = ΒΗ − Η + ΟΗ 
 e�/���qB r��V�/�
 7 : 

[ ] [ ]C + ++ΒΗ = ΒΗ + Β 
 �
*���b��� �
4 p4 7+qB r��V�/�
 S+ .MK
: 

[ ]

( [ ] [ ])

[ ]

C

C C

++

−+ +

−+

Β = ΒΗ − ΒΗ

Β = ΒΗ − ΒΗ − Η + ΟΗ

Β = Η −ΟΗ
 

<#F��V�/�
 D>�%� 
: 

 

[ ]
[ ]

kw

kb

+
+ ΒΗ

Η =
Β 
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��
�/ 7+ �'�q+BHr ,qBr K%�MS+ .:  

)
][][

][][
(][

−ΟΗ−+Η+Β
−ΟΗ++Η−+ΒΗ

=+Η
C

C

kb

kw
 

%��/P$ 
<# =$>4 )$   ��-'*+�5 ����
�� 14 ��E �C��%/&� : 
2[ ]

[ ] [ ] [ ( [ ]]
[ ]

Ckw kw C

kb kb

++
++ + +

+

ΒΗ − Η
Η = Η = ΒΗ − Η

Η
 

 �TK%�
 ST+ @2�T,��
 ���T�� �~T�
�� �4 �T�+��2 �,'$~� �^�C �%%�&' ):>�
 ��V�/�
�
R���
: 

1
2[ ] [ ( [ ])]

kw C

kb

++ +Η = ΒΗ − Η 

���
 \'$,��
: 
1

2[ ]' ( . )
kw

C
kb

++Η = ΒΗ 

j���
 \'$,��
: 
1

2[ ] [ ( [ ]')]
kw C

kb

+ + +Η = ΒΗ − Η 

}����
 \'$,��
: 
1

2[ ] ( [ ]'')
kw C

kb

+ + + Η = ΒΗ − Η  
 


D�3���� 

����: 
 {�+ 
<# �4 	��
ClΒΗ _�-$� M0.1  �3 )*+�,�� 7'���
 c��d �4� 51 10k

−= ×  
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14
1 5

25

114 2 55

5

10
[ ]' [ 0.1] 10

10

10
[ ]'' (0.1 10 ) 10

10

kw C

kb

−
+ + −

−

−
−+ −

−

Η = ΒΗ = =

 Η = − =  

 

<#F���  ���
 \'$,��
 
����� j,����� : 
5log10 5.0.−ΡΗ = = 

�4�5������2��
–���
�5�����*�W� �

�G�/ET�
 *T+
�,�
 �T'2��/� �'�,�
 n���
 1
*���
 7�',T%K%  lTk�� �T'2��/�
 � 
 .^� �G�/E�
 )*+�,�������� {�T5 eT�/� �T��C YGi ΡΗ ,�T,i �G�/ET�
 *T+
�,��  �hTi

 {H%�
 ���K�
'���
 Y~/��,i �
���$� A�
��, $'*T,��� �/���
 Y3 �&Z
 7  )V�'_�
�� 
 �4 n�G%��100 _T�-$� ����  0.1 �G�/T� )*T+�5 7T  2b�T  qB r5( 1 10 )kb −= ×  

−  .��,  A$'�+0.1�'2��-�2*�`
 �� 7  2b�  , �%K% �  �3 X- �'2��/�
  y 1�T�$
 .���
8109����Z
 ND3 y� Ab�C U�24 S+ �%K%�
 lk�' � 

 
 .��810 9�5 �� U  �'V�C4 �G�/� )*+�5 �'2��+p 

?�3� 2����:l��4 �4 ����
 y �� *W�' b }�C � ND3 YGi  �T���
 ��T�' ���Z

�,i �'*+�5, �-��
�<# _F��T�' }T�C :T;�' �� c��d 
: 0.1 0.0C C،− +Β = Μ ΒΗ = Μ 

�����:   

3.0 11.0،ΡΟΗ = ΡΟΗ =  

P
H
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2������ 2����: 

)*+�,�
 "# l��4 �&Z
 ���x 7  �/� 2*,��� ��i�- ��� 7���YG�' pD�
  .+�G��� 
 7  ����
 .- U qB r "#qBH+�r 

+ +Η +Β→ΗΒ 
�
V�W�  ��J- � �&+�,{H%  ���x ����
� � 

C C، +Β〉Ο ΒΗ 〉Ο 
 ��TT�' XTT�2eTT� ��TT���
  10% ,90  %)*TT+�,�
 �TT���, @��TTC ���TT%�
 �TT%+V� PH 

���K&�� �i��# *%+ 50 _�-$� 7  .  M0.1 ��&K��  

7  ��&���
 V*+ +ΒΗ�����
 =  P�E�
 �&Z
 7  ��&���
 V*+ 
5.0 0.1 50= ×��&��  

C +ΒΗ =                                                                  5.0

150
= 

 7  ��&���
 V*+�[ ]Β ��,���
  = 7  ��&���
 V*+[ ]Β ��g
*��b
− 7  ��&���
 V*+ +ΒΗ 
��,���
� 

5.0 0.1 50= × =��&��   
 �����: 

C= Β =                                                                       5

150
 

<#F
:  

55 / / .
[ ]' 1 10 5 10

5 / / .

C vo
kb

C vo

− −
+

Β
ΟΗ = = × − × =

ΒΗ
 

<#F
: 
5log10 5 , 9−ΡΟΗ = − = ΡΗ = 

 7  ��&���
 V*+B��,���
  
 7  �����
 V*+���K�
 

 7  ��&���
 V*+B��,���
  
���K�
 7  �����
 V*+ 
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2������ 2����: 

,
 S+ ��MZ
�� �T�i�- ���� ��'$,�� �'2��/�� � ���
 �V�/��
 �~K)*T+�,�
 .T- .T'�"#  
+ΒΗ , ���'�0CΒ = ��3 £�����
 \'$,��
�: 

[ ]'
kw

C
kb

+ +Η = ΒΗ 
 ���'�7  ��&���
 V*+[ ]+ΒΗ �����
 = 7T  ��T&���
 V*+ �T&Z
ClΗ P�ET�
 

J �- ��4 p4 
 =10 0.1 100= ×��  &��� 

�����: 
2 10

5 10
200

C− +× = = ΒΗ��   ��� 
14

2 61
2

5

10
[ ] 5 10 7.07 10

10

kw
C

kb

−
+ −+ −

−

 Η = ΒΗ = × × = × Μ  
 

2�+���� 2���� : ��� �%3�B  "#+ΒΗ ���&- 2
*,&� �&Z
 7  )V�'� V�W�T�
 �E P�
���' ���Z
 ND3 y�:  

*+V���
 &P�E�
 �&Z
 7  ��  =���
 V*+& 7  ��BCl P�E�
 −���
 V*+ & 7  ��
qB r��g
*��b
� 

5.0 0.1 100 0.1 150= × − × =�� &�� 
�����:  

[ ]+Η ==                                                   5 5
2 10

250
−×   NOل=

  

�E �C ����
 ���' ���Z
 ND3 y���� 

���
 V*+& 7  ��HCL P�E�
 
���K�
 7  A
�����
 *+ 
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 ���/$7%: 'E �T�dJ��
� �T�g�%��
� �T'V�C�
 n�T��
 �/�T� 7'���
 c��d ��*�
 {
�&^�
 �G�/E�
 ��+��$�
�� 

 
 ��*W U���879 
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�����: 

1− ��*W $H

 88 9 {�,�8Kb9: 
 \�CPH �G�/T� )*T+�5 pV�C4 �&Z , ���K� 
}�C 44 10kb −= ×_�-$�� M0.18 Goopyl amine9� 
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 ��*W889 
7'���
 {�,� )2����
 {�,�
 �/� 

  

−� $� 1
*����',���5�/��
 A��'$,��
 : 
4 3

4[ ]' 4 10 0.1 6.3 10kb CG − −ΟΗ− = = × × = ×  
4 3 1

24

3

4 13
24

3

[ ]'' [ ]' [4 10 0.1 6.3 10 ]

6.1 10

[ ]''' [ ]'' [4 10 0.1) 6. 10 ]

6.1 10

k CGb

k CGb

− − −

−

− − −

−

ΟΗ = − ΟΗ = × × − ×

= ×

ΟΗ = − ΟΗ = × × − ×

= ×

  

∴j���
 \'$,��
���   �}����� , P*`
 �3��<# F
: 
3log 6.1 10 2.21−ΡΟΗ = × = 

2−  \�C
PH      ���K�41 10 −× ��  – �����
 \-$� 819� 
− 1
*����� ���'$,��
 �$~�
:  

44 4

44 4

[ ]' 4. 10 10 2 10

[ ]'' [ ] 4 10 10 2 10

kbC pGu

kbC pGu

−− − −

− −− − −

ΟΗ = = × × = × Μ

ΟΗ = − ΟΗ = × × − × Μ
 

 �3�2D�
 c� Yg�� b V*+,���� ��/' �4 � ,�.TZ �T�+��$�
 ��V�/�
 D>m� ���+� �T�� 
{�,�
R����- : 
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2

2

[ ] [ ]

[ ] [ ]. 0

kbC uG P
kb kbC uG P

− −

−−

ΟΗ = − ΟΗ

ΟΗ + ΟΗ = 

�4 p4                                       :2 1
2[ 4 ]

[ ]
2

kb k b k Cb uG P− − + +
ΟΗ = 

{�,�
 ��� 7+ �'�/���� {d: 
58.3 10−= × Μ 

<# �����F
: 
5log8.3 10 4.08 9.92،−ΡΟΗ = − × = ΡΗ = 

 \�C
PH  ���K�_�-$�N 0.001 2b�  y NH3  ،0.002 2b�T    QRO NH4Cl ، 

c
�- 
<# 51.8 10kb −= ×��
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���'$,��
 �$~���: 
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6
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C
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−
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−

ΟΗ = = × × = × Μ
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ΒΗ ×

 

p*+�5 ����
� 

3

4

6
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6
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C
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C
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−
−

−+

−
− −

−

ΟΗ 〉〉 Η

− ΟΗ
ΟΗ =

+ ΟΗ

− ××
= × = × Μ

+ ×

 

 �4 ICJ' \'$,��
���  j���
���6� ,��� �<# �F
:   
69 10 5.84, 8.96log −ΡΟΗ = − × = ΡΗ = 

1−  \�C
ΡΗ 7  �x ���K� 20  7  ���� HCl _�-$� 0.1 � 2b�  50 ����  
� �
 7 
� �0.12b�  � 
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 7  ��&���
 V*+4NH +  �����
  = �i��# 7  ��&���
 V*+HCl  
7  ��&���
 V*+3NH Y,���
  = 7  ��&���
 V*+3NH��g
*��b
  − 

 7  ��&���
 V*+4NH +�����
 � 

<#F: 

2.0 0.1 20= × ��&��  HCl 
_�-$� ���'� 

4
2.0

70
CNH +=
����
 �� 

4
3.0

70
CNH +=��,���
 � 

}�C ,{H%�
 ���K��� P$/� ���%�
 ND3� 3 40; 0NH NHC C
+〉 〉 

���
 \'$,��
 D>�%�: 
3 55

4

3.0 / .
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kb
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− −−
+ΟΗ = = × × = × Μ 

   p*+�5 {H�
 ���K�
 
D3�� 
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5

5

5

2
4 3

[ ] ' 3.0 / . 2.7 10
[ ] '' ( ) 1.8 10 ( )
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