
  

   ا�����ت ا����و�� �������ت ��� ���ة 
� �	��ل ����

  :آ�	��	�ا	��ء ُ���� ��د	� ����� �� 
NH

��ة؟ ��� ��ا��� .  

ا	*&��   �C=0,1mol.L-1(&�ك �'آ&%$ ا	#�"� 

.  

  .ا/.�(�ت ا	���ا��ة ��	�,��ل�'اآ&%

*&�س ا	��ا��7 إذا آ�(4 3���� ا	�2&� ا	��1���� ه� 9��  =�د  &�� ا	��ا��7 ا	�� >;*'ؤه� 

123 ..10.4,7
4

−−=+ molmS
NH

λ             
122 ..10.0,2 −−=− molmS

OH
λ  

1mmol  (�.� و�&?�	ا @�= A2mmol 
�.�)�?.Bا @�= A.  

��ة�  A&%دو���	ا/A&���  .=�@ ا	����

  .K=10.�ن اB.?�(�ات ه� أ

�.�)�?.B(�ات و =�@ ا�&?�	ات و أ.�ت ا�)�?.B(�.� و أ.�ن ا�&?�	ا @�=  �;�

  

ا�����ت ا����و�� �������ت ��� ���ة 
� �	��ل ����
 ��� ���	��ل!��ر�
��  


&%��ء !�رودا�"  

  
  

��د	� ����� �� J�ز H�.� ا	Gو��ن �� ا	��ء،  ����ُ
OHNH aq 2)(3 +       

−+ + )()(4 aqaq OHNH  

K;7 $L���ة؟ ��� ��ا�� أو=�@  إ	9ا/�(&�ك  ������د ا	���د	� ا	�&�&�"&� أ� 

pH  در�� ='ارة �;�25°C  ,��ل�	ا/�(&�ك �'آ&%$ ا	#�"� 

.ه�ا=�1 �'اآ&%و  ة ��	�,��لا/(�اع ا	�&�&�"&� ا	���ا��

�'اآ&%.�ن ا/وآ�1(&�م أ�م �� � أ�&A أ(� .��A إه��ل �'آ&% 

  .ا	�,��لهGا 

*&�س ا	��ا��7 إذا آ�(4 3���� ا	�2&� ا	��1���� ه� 9��=�د  &�� ا	��ا��7 ا	�� >;*'ؤه� 
.  

�� ا/�(&�ك P ا	��ء��� ����3. 

25°�;� در�� ا	,'ارة C  
            Ke =10-14 

 ��Q= ل��,��9  �� ا	,�	� ا	#�"&� V=100mL.,��ي  1mmol
1A أ.�ن اB.?�(�ات و mmol  (�ات�&?�	أ.�ت ا AA =�@ ا?.B�1mmol �.�)و 

�.�)�?.B9 ���ن =�@ ا,; �� ����Q�	ر ا�S��.  
��ة ا,�د .�ن اB.?�(�اتأاآ�� ��د	� ����� =�@ ا	�&?�(��.� و �  A&%دو���	ا

9T /م ا�*�	د  &�� ا�م و =�*�	ول ا�� �?.  

���� أن 3�� �"�U;	م ا�*�	&�� ا  �أو��=  ��أ�@ ا	�&?�(��.� و � ���

 A=�@ ا	�&?�(�.� و أ.�ن اB.?�(�ات و أ.�ت ا	�&?�(�ات و =�@ اB.?�(�.�ا=�1 �'اآ&% آ� 

 

ا�����ت ا����و�� �������ت ��� ���ة 
� �	��ل ����

1  

J�ز H�.� ا	Gو��ن �� ا	��ء،  NH3ا/�(&�ك 

 K;7 $L�����د ا	���د	� ا	�&�&�"&� أ��
  

�S�.pH  &�س  
pH=11,2 .  

  

ا/(�اع ا	�&�&�"&� ا	���ا��ا�'د 
  

�&A أ(� .��A إه��ل �'آ&% 
  

 �&�7�هGا ا=�1 
  

*&�س ا	��ا��7 إذا آ�(4 3���� ا	�2&� ا	��1���� ه� 9��=�د  &�� ا	��ا��7 ا	�� >;*'ؤه� 
 k=1,0.10-2m.

�� ا/�(&�ك P ا	��ءأو��  &�� ��� ����3
  
�;� در�� ا	,'ارة : ا��)'&�ت

2 
 ��Q= ل��,.,��ي 
A أ.�ن اB.?�(�ات و 

�.�)�?.B9 ���ن =�@ ا,; �� ����Q�	ر ا�S��
اآ�� ��د	� ����� =�@ ا	�&?�(��.� و 

  

9T /م ا�*�	د  &�� ا�م و =�*�	ول ا�� �?
 

���� أن 3�� �"�U;	م ا�*�	&�� ا  �أو�
  

 Aا=�1 �'اآ&% آ� 
�&"�U;	ا �	�,	ا.  
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3  
,��ل �"� �Q�ري  .,��يS0 �.'�;	ا @�,	،  �&�Q,	آ���� اρ=1,4g/cm3  9�� ،35g  A

 V	�2	,�@ ا	اHNO3  �� 100آ�g ,��ل�	ا اGه A.  
  .C0=7,78 mol.L-1ه�  A&�S0 أن �'آ&% ا	�,��ل 

 

 '&W,� �.')10L  �"�,��ل  AS1  $%&آ'�C1=5.10-2 mol.L-1  %'آ�	,��ل ا�	ا A � LS)ا
S0.  

A ا	�,��ل  V0ا=�1 ا	,XQ ا	Lزم S0 �&���	ا $Gز ه�Q)B.  
 

اآ�� ��د	� و  A أن =�@ ا	;�'.� =�@  �ي، �& pH=1,3ا	*&��  S1ا	�,��ل  �S�.pH  &�س 
  .����� �� ا	��ء

 

,��ل  9��A ا	�,��ل  10mL(�'غ  S2	��T,ل S1  9��A ا	��ء  ��90mL =���� �,��ي 
S*�	اZ&�2	ك ا',) X3 ،'. 

  .S2ا	�,��ل  pHو ا=�1 �'آ&% 

4  
 �&"� [��, 'W,)S  @�,	AH  $%&آ'�C=10-2mol.L-1   . س�&  �S�.pH  �;�ا	�,��ل ، 

  .pH=3,4، ا	*&�� C°25در�� ا	,'ارة 
  .=�@ \�&K و اآ�� ��د	� ����� �� ا	��ء A&�AH أن 

 

 �&W�,	ا ����ا=�1 3KA  دو��%��	AH/A - .  
 

A&� A ا/=��ض ا	��	&� ا	,�@  A&�AH  ة�  �ول أ>��� =�1 �%ا.�Q	�� ر����	ض ا�و ر�� ا/=�
  .ا	,�@

  
 CH3COOH HCOOH C6H5COOH C3H7COOH  7&^� ا	,�@
 �&W�,	ا ����3KA 1,65.10-5 1,78.10-4 6,31.10-5 1,32.10-5 

  

5  
 [��, '#��)S1  �.�)�?.آ��روإ @�,	(ClCH2COOH)  [��,	,�@ ;3�S2   �"و 

  .  C=10mmol.L-1	�U� (�_ ا	�'آ&%  (HCCl2COOH)آ��روإ.?�(�.� 
��9 ا	��ا	�  �S�) A&	��,�	�7&�� ا�S1  و S2 :σ1= 0,167m.S-1        ،σ2= 0,33m.S-1  

  .اآ�� ��د	� ����� آ� =�@ P ا	��ء
 

  .أو�� �'اآ&% ا/.�(�ت ا	���ا��ة �� آ� ,��ل
  

A&��  .ا>�;�` (1#� ا	�*�م ا	;U� �"	U�ذ.A ا	���
 

A&��A ه�ذ.A ا	��� ��  .ا=�1 3���� ا	����� ا	2��7 ��� ���
 

A&� [ ازن أم��	ا ����?� a���� �"�U;	م ا�*�	(4 (1#� ا�إذا آ ��&�. 
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  ا0/���

  
  

  
1  

�#�رة ���H+  A� أن ا/�(&�ك .���1 �'و��(�  ��b)و'� K.'�� �1= �U� ء إذن��	ا P ���Lcل ���
��ة �.  
  

  
  

OHOHOHNHNH: ا/(�اع ا	�&�&�"&� ا	���ا��ة ��	�,��ل 2343 ;;;; +−+  

[ ] 1122,11

3 .10.31,61010 −−−−+ === LmolOH pH  
 

[ ] [ ]
13

12

14

3

.10.58,1
10.31,6

10 −−
−

−

+
− === Lmol

OH

K
OH e  

[ ] [ ] 13

4 .10.58,1 −−−+ == LmolOHNH  

[ ] 123

43 .10.84,910.58,11,0][ −−−+ =−=−= LmolNHCNH  
 

d=L) H3O أن �'آ&% أ.�(�ت ا/وآ�1(&�م 
ا/c'ى، و  �� \�&�� *�ر(� P �� � ا	�'اآ&% +

�U�  .��	��	� .��A إه��	U� أ
  

  :.�(�ت ا/وآ�1(&�م، (��� ��7&� ا	�,��ل آ�	��	�أ�fه��ل 
  

[ ] [ ] [ ]−
−++=−

−++
+= 








OH.OHλ

4NH
λOH.OHλ4NH.

4NH
λσ  

  :ت ع
1223 .10.33,458,1).10.0,210.4,7( −−−− =+= mSσ  

 
 �;.�	:  

G=k.σ = 1,0.10-2.4,33.10-2=4,33.10-4S 
 

�;.�	:  
[ ] [ ]

[ ]
eq

eqeq

NH

OHNH
K

3

4

−+

=  

  :ت ع

( ) 5

2

23

10.53,2
10.84,9

10.58,1 −
−

−

==K  
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2 
  

−+ )(3)( aqaq COOCHHCOOH              )(3)( aqaq COOHCHHCOO +−  

  :ا	�%دو���ن ا	��������ن
HCOOH/HCOO–       و       CH3COOH/CH3COO– 

 

  
+ ا����د�� ا��������� )(3 aqCOOHCH  −

)(aqHCOO

  

−
)(3 aqCOOCH+  )(aqHCOOH  

  x ا���م  ا	,�	�

mmol 

 mmol)(آ�&� ا	��دة    
  1  2  1  1 0  ا	,�	� ا	#�"&�
 Lc  x 1+x 1+x 2-x 1-xل ا	�,�ل
�&"�U;	ا �	�,	ا  

fx  fx+1  
fx+1  

fx−2  
fx−1  
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=⇒=−

mmolxx

mmolxx

202
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2max2max

1max1max  

2max1maxو ��� أن  xx   : إذن >
mmolxx 11maxmax ==  

 
  

�;.�	:  

]][[

]][[

3

3
−

−

=
COOCHHCOOH

COOHCHHCOO
K  

)2)(1(

)1(
10
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ff
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xx
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K

−−
+

==  

  :إذن
019329)1()2)(1(10 22 =+−⇒+=−− fffff xxxxx  

  
  :	����د	� =Lن










=+=

=−=

mmolx

mmolx

f

f

80,2
9

8516

753,0
9

8516

2

1

 

X��)maxxx أن  f ≤  

max2و ��� أن   xx f mmolxxإذن .#*9 ا	,� ا	�=&� ه�  < ff 75,01 ==  
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121

3 .10.75,1.5,17
1,0

75,11
][][ −−−− ===

+
== LmolLmmol

V

x
COOHCHHCOO f

eqeq     

1.5,2
1,0

75,011
][ −=−=

−
= Lmmol

V

x
HCOOH f

eq  

121

3 .10.25,1.5,12
1,0

75,022
][ −−−− ==−=

−
= LmolLmmol

V

x
COOCH f

eq  

3  
  

 ��Q= '#��)V  ري آ�����Q�	,��ل ا�	ا Am:  
  

)(100
35

).(100
.35

).(100
35

).(

)()(

3

0

333

33
0

HNOM
C

VHNOM

V

VHNOM

m

VHNOM

HNOm

V

HNOn
C

ρ

ρ

=

====
 

  :ت ع

1

3

33

0 .78,7
10.3,6

10.49

63.100

10.4,1.35 −=== LmolC  

 

�;.�	 :�Tc�"�U;	,��ل ا�	ا V" K&�2�	ا �&��� ��� :C1=5.10-2 mol.L-1  ;  V1=10L.  
  :ا	�Gا�� �� ا	�,��ل �;,�d أ3;�ء ���&� ا	�X��)HNO3 K&�2 أن آ�&� �دة 

11003130 )()( VCVCHNOnHNOn =⇒=  
  :إذن

0

11
0 C

VC
V =  

  :ت ع

mLLV 27,6406427,0
78,7

10.10.5 2

0 ===
−

 

  
  

123,1

3 .10.51010][ −−−−+ === LmolOH pH  

13 :و ��� أن ][ COH �#�رة �A =�@  �ي HNO3إذن ا	,�@  +=.  
   :ا	���د	� ا	�&�&�"&�

−+ +→+ )(3)(323 aqaq NOOHOHHNO  
 

K&�2�	ا �&���  :	�.;� أ3;�ء 

13

1

22

2

11
22211 .10.5

10

10.10.5 −−
−

−−

===⇒= Lmol
V

VC
CVCVC  

13 :و ��� أن ا	,�@  �ي �fن

23 .10.5][ −−+ == LmolCOH �	��	�� و:  
pH=-log([H3O

+]=3-log(5)=2,3 

.1.3 

.2.3 

.3.3 

.4.3 

.4.2 



 

 

4  
  

144,3

3 .10.98,31010][ −−−−+ === LmolOH pH  

��COH� أن  <+ ][   .=�@ \�&AH Kإذن ا	,�@  3
  :ا	���د	� ا	�&�&�"&�

OHAH aq 2)( +        +− + )(3)( aqaq OHA  
 

�;.�	:  
14

3 .10.98,3][][ −−+− == LmolOHA eqeq  
1342 .10.6,910.98,310][][ −−−−− =−=−= LmolACAH eq  

  :إذن

5

3

24
3 10.65,1

10.6,9
)10.98,3(

][

][][ −
−

−+−

===
eq

eqeq

A AH

OHA
K  

 

/ن 3���� ?.CH3COOH  ��&W�=�B �.�)ه� =�@ ا ا	��روس Q�ول أن هGا ا	,�@(�1;�` A ا	
  .5-1�1,65.10�وي 

، و ه�Gا .��A �'�&� هG$ ا/=��ض �(��X أ(� آ��� آ�(4 3���� ا	,�W&� آ#&'ة آ��� آ�ن ا	,�@  �.
  :=�1 �%ا.�  �ة ا	,�@ آ�	��	�

C3H7COOH< CH3COOH< C6H5COOH< HCOOH 
  
  
  

5  
  

OHCOOHClCH 22 +          +− + OHCOOClCH 32   

OHCOOHHCCl 22 +           +− + OHCOOHCCl 32  
  

�S1 eqeq�	;1#� 	��,��ل  	�.;� OHCOOClCH ][][ 32

+− =:  

eqOHCOOClCHOHCOOClCH
OHOHCOOClCH ]).[(].[].[ 3321

3232

++−
+−+− +=+= λλλλσ  

  :إذن

+− +
== +−

OHCOOClCH

eqeq OHCOOClCH
32

1
32 ][][

λλ
σ

 

  :ت ع
13

3332 .26,4.26,4
10.3510.22,4

167,0
][][ −−

−−
+− ==

+
== LmmolmmolOHCOOClCH eqeq  

  :(Q� �S2;�_ ا	S'.*� ��	;1#� 	��,��ل 
1

32 .5,8][][ −+− == LmmolOHCOOHCCl eqeq  

  
  
  

.1.4 

.2.4 

.2.5 

.3.4 

.1.5 

;,9 �%ا.�  �ة ا	,�@ 



 

  
  
	��;.:  

426,0
10

26,4][ 2

1max

1

1 ====
−

C

COOClCH

x

x eqfτ  

85,0
10

5,8][ 2

2max

2

2 ====
−

C

COOHCCl

x

x eqfτ  

 

3

32

23

2

32

1 10.16,3
10.26,410
)10.26,4(

][

][][ −
−−

−+−

=
−

==
eq

eqeq

COOHClCH

OHCOOClCH
K  

3

32

23

2

32

2 10.16,84
10.5,810
)10.5,8(

][

][][ −
−−

−+−

=
−

==
eq

eqeq

COOHHCCl

OHCOOHCCl
K  

، إذن �;1#� ا	�*�م ا	;U�a���� �" �?���� ا	��ازن ��	;1#� 	;�_ ا	�'آ&%،  K2>K1و  d=L)τ2>τ1 أن  
  .U�"� آ#&'ةآ#&'ة آ��� آ�(4 (1#� ا	�*�م ا	; ����� آ�(4  3���� ا	��ازن
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