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%��&' ��(� : 'u 5�� & r� � = $i�� SH $	�Z� & �= 4.R &'�4��� &� *�4'! V ,$	� ��
 ,*SBl ��, �4���� E �� ,��k+�G@A� 5� �=�% 
)��*: 12��@l a� S4){ & Z� $�46� �4;@+�� ,�  "� �4;@=12

C% 
S�:i�l43� i�� "� S4){ �	6.023  ×10

23Bl�75� <+� 12�@l @= #;�4% 
��)�� 4(6�� "� #4�i4��� ��	4�=� &�?�� 5�k� �; <��?O ���: pk?6�: 

3 3AgNo Nacl Agcl NaNo+ → + 
                                                            I!�	  

 <��?)�� $	4u &;�)= ,+���4(6�� "� #�@s�; �� U4��;��)�� : 
     U4� �:��  +      U4� �:��                     U4� �:��    +U4� �:�� 

        &�3 5�k���	4�=u 4#4�i           &�3 ��	4�=  #4�i4u 5�k� 
  1    1           1      1U4��;             

169.87    58.44      143.32              84.99#�@s�;  

              228.31��@l  a�                  ≡                 228.31     ��@la� 
��+$�: 

 <'��?O ��E &�'?�� �'�	4�= ,'� �4'+)O o)�� 5���@s� i�� �=2.0� %�'��@l��� ,'� 
��� ��	4�=4?&�?�� 5�k� ,� $�3� & �=� #4�i 

 �� pk?�χ <��?O ,� &��6�� &�?�� ��	4�= 5���@l i�� 2.0 ���@l�� ��	4�= ,� 
���4#4�i% 
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                           =                                                              
 

�Ea &� / �[ ]χ o. &�?�� ��	4�+� : �3@m�� ��;V�m!4��  : 
  4.9��@l 5�&�?�� ��	4�= ,� % 

 $i��� ,� 5Q4�� i�� �4+� ��)��;��] �+�5���@s� ,� Q�; % 
 �� pk?6� : 

 

 i�� $i��� ,� 5Q4��A  =   
 

 =                ;&�?�� ��	4�+� &C�6�� 
 
 

                      =         ��	4�+� &C�6��;#4�i4��� 
 

 "� <�(� ��)��;�1�?� 	��Z��&�?�� ��	4�= ,� &�4+)�� 5���@s�; & �+�� ,� , o.� 
4.9��@l �5% 

 U4��; �4+��                 =           =    0.0342 C�@ZO U4�a �,�&�?�� ��	4�= % 
 

                                     =  0.0342�C�@ZO U4� a,� #4�i4��� ��	4�= % 
 

& �4�� &C�6��; &Z Z� <��� �-.�% 
��+$� : 

 "� S4){ &6 �0.2905G@'A� $i�� 8� ~���?O ��u@�� � �=� ,� #�@l , ~'m��3 
0.3819,� #�@l ��u@�� 5�)�`=  %&6 ��� *�Z� ��% 

χ&�?�� ��	4�= ,� #�@l  
 

2.0#4�i4��� ��	4�= ,� ����@l  
143.2&�?�� ��	4�= ,� ���@l a 

 

58.44#4�i4��� ��	4�= ,� ���@l a 

s� i�� ,� 5���@A 
 

 $i��� o7�Bs� ��4�� 5���@s� i��A  
X 

 

143.32 
2.0 

58.44 

4.9 

143.32 

2 

58.44 
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Pb3O4                 3Pb SO4 

                           (1)                   (3)                         U4��;  
                                685.57              909.75                    #�@s�; 

 �� pk?��χ� ��u@�� � �=� 5���@l i�� �	�'/ �C '!@O ~'m�� o')�� &'6 ��� Va: 
0.3719��u@�� 5�)�`= ,� #�@l % 

 

 

=                                                                                  
 

 om�)� �m!4�� V �3@m�� ��; =0.2878#�@l , 1 3 o.� �χ�%  
 

∴i�?6�� &C��=                                                                  =                          ×   100=  99.07% 
 

��W:�)�89א�7א��6*�5 �

��)�� U�M�� -A�� � �4)��: 
 ~m��3 ~��{ &6 �CaO , CaCo3  ,S4){ ��� 5�l��"�  % 50#4 ���= $�:�  

& ��� %?#4 ���+�� 5��4;@=� #4 ���+�� � �=� &C�� o. �3 
�� pkZ6�: 

χ–#4 ���+�� � �=� 5���@l i�� o.  % 
y–#4 ���+�� 5��4;@= 5���@l i�� o. % 

 ���%1.0 yχ= +    

�χ ���u@�� � �=� ,� #�@l 
0.3819��u@�� 5�)�`= ,� #�@l  

685.57��u@�� � �=� #�@l  
989.75��u	 5�)�`= #�@l  

��u@�� � �=� 5���@l i�� 
 

��� &6 ��� ���# 
0.2878 

 

0.2905 
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 5���@l5��4;@+�� ,� #4 ���+�� 
 

40.08 

y  
 

100.09 

 :�� ��4]h i4l�,  G@A� &�i��� DE ��)(� ��)��;�C/<� U��6O < % �-'. i�'���
��{ ~m�� &6 ��� �� @=-)6� ,G@AH� &�i����a 5��4;@= i�4� �� � �=�� #4 ���+��#4 ���+ %

 �����:�� ���@la a − �M�− 1; 50  %#4 ���+�� ,�% 
�Ea�: 

�@l #4 ���+�� � �=H #4 ���+�� 5�� +� #4 ���+�� 5���@l #4 �'��+�� 5�'�4;@+ =
0.5gZ3 #4 ���= #�@l  % 

 ¡ :�E "� S4){ Q &�i���� ��χ ,y� <'= "'� S4)¢ S-��� ,#�)�� gmJ�� @W66�3 ,
,��χ ,y� : 

 

                                                                      =           

 

=                                                                                  
 

 

                                                                                     = 
 

                                                                =                
 

∴(� 5��4;@+�� �� � �=H� ,� #4 ���+�� 5���@l i��� �)Z;���� �)�i���� ,�� <
"�:  

 

                      χ +                                 y =  0.5 #�@l  ,�&6 ���%  
 

& ��M�� &�i���� `)�O &�i���� �-.�,&;4�m�� o.� % 

#4 ���+�� � �=H #4 ���+�� 5���@l 
46.08 

#4 ���+�� � �=�  5���@l 
56.08 

� �=H� ,� #4 ���+�� 5���@l 
40.08 

χ 
 

56.08 
5��4;@+�� ,� #4 ���+�� 5���@s� i�� 

 

40.08 
#4 ���+�� 5��4;@= 5���@l 

100.9 

40.08 
 

56.08 

 

40.08   
100.09 
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E ¡ :�  �+ yχ = 1  

 i���� ,� S�χ ,y ������ V U��C)!Q�; "� <�(6� &�i: 
1.0y χ= −��          1.0 yχ = −  &�i���� "� <�(6� : 

 
0.5  =                     (1-y)  +                       y 

 

�� 
                                   

0.5  =                    χ  +                                        (1- χ  ) 

 &� / "� <�()��χ�: 
0.32gχ =  

 �4+���y� 
y =1- 0.32   = 0.68g. 

 

-.�� ,�'��w &'6 ��� V &�47�� &C�6�� <��w �V ��'��; 100'! �d632 % ,68 % "'�
��4)��% 

���,�����א��$��=.�א���.�2���و0*ل� �
:(Solutions and coupled chemical reactions) 

U���5���?O & �4� "� ��4�� or� � +�� a: ,Ui��)�� �J)��I !k��� ,e ?% ,��)O� 
 X�' /� ,&';4�m�� o'. #4'd� 5�'!� / �C��x� ,&�@��ZO & ;��: 5��4��� 5� ����� �-.a

& � �{ 5�;�lE i��� �]6 ; g;@�� I� ���= ��4��� ,&�)+��a, T'�O <' K�4'�H� g�;�� 
e ?J)�� 4. 5�!� Z��% 

-��*:�+¢ S-�� e ?J)�� �4��/ ,�/ `)�� &:�n 4.�  $i��� *�ZC�� �4�% 
 [6��; ������ & r��);Q� 5Q4�� i��£&��]6�� V ��-�� 5Q4� i��� % 

40.08 
100.09 

40.08 

56.08 

40.08 
 

100.09 
40.08

  

56.08 
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¤ 5Q4�� i�� ���1 = � 5Q4�� i���2¥� 
-� ,� #4��� �d: V ��-�� 5Q4� i�� i�����I −I�@Z)�� �-. #�J)�� : 

 
 5Q4�� i��                                        =          � 5�k��� i��%� 

 
��� � �)�¦�§ �¦ ,U4��; ~��= 4� �=                                     U4�� CmO ,+�� #�@s�;¨©� :  
 

 i����¦�§ �¦U4  =                                            i�� 5�k� ���§ ¦% 
 

 5���@s� i��                             =                    5�k��� i��  
e ?J)�� �4��/ V�% 

 5Q4�� i���1 = � 5Q4�� i���2%� 
 i�����§ ¦ 5Q4�¦� 1 =� i�����§ ¦ 5Q4�¦ �2%� 

 �� 
M1                            %     �d�V1 = M2                            �d�V2 

                          ��M1 V1  = M2 V2 

��+$�: 

 ��{ ,+�� e =250�� §  B =@O U4�(� k�6.0 U4� �U4� ªk� � T'�k� y'} ,'�
 B =@O U4�(�15.0 U4� � U4� ªk� �y�� ,�1�?� ? 

                           V2× M1 = M2 × V1  
                                 15.0 M/L  M1 = 

                                   6.0 M/L  M2 = 
                           250 ml. liter  V2 = 

5Q4�� i�� 

k� 

1 
 

1000 
 

5Q4�� i�� 

k��� 

U4�� 

k��� 
 

U4�� 

k��� 
 

5���@s� i�� 

k��� 
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                                   15 × V1 = 6 ×250      

V1 = 100 ml      

�Ea -A«� �100<�  � T�k6�� y} U4�q ,�S B =k�� 15.0Q4� a, �	�i V 1��� �� 
 1)�!250 <�,@mZ�� *���; <�+� ��  &����� [): % 

./�01
:�d: y�� ���� �� Q�� X�= V *��� ,� *Bl ���� a�d(; , DE <'Z6� �'� 
&����� [): 1 �� *��� I��� ,�	����;)� Q [): ��e' ?d)�� $	�@'(; �	��'�� ��'l� @, 

�Z�� �d: �R) 3	;$	��6� �d� & !� / $	�	�/ ��H  C°25; ��lB�� i�w ��¢ Q [):% 
��+$� : 

��{ ,+�� e = 500  ��§�B =@O U4�(� k� 0.10 Q4�a U4'�q ,� &�?�� 5�k� ,� 
�q 50��@l a� ª ?���� &�?�� 5�k6� k�a 

M1=? 

V1=? 

      M2  =  0.1 M/L 
      V2  =  50 ml.L 

Q��a: i��E I� / &� M1  ,o.�: 
 

 U4��                         =                 =        =       0.294 U4�  ªk� 
 

�Eae ?J)�� �4��/ V y�4�)��; �,4.� : 
V2        × M2  = V1× M1   

 500 ×  V1= 0.1× 0.294 
4. �-A� #���� �d� �4+� 170  ��§ ¦k�% 

-A«� 170 �¦�§ B =k�� ,� k� 0.297 U4�� 50 ��@la� ªk� �&�?�� 5�k� ,�, <'Z6�� 
& !� / $	�	�/ V�! �]) 500<� ,�� *��� ���� �� Z [): @m�&����� <�% 

5���@s� 
o7�Bs� ��4�� 

50 
 

169.7 
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��2:B=@�� U4�(�� <Z� & ��� <C/ , U4'�(�� 8�� ¬��� �� $���/ �� y} ,� *�4! 
�d: <Z6� �� � / �x X�= VX� Z�� �	���� �� $	�	�Z�� DE � , �� <�R� *�'��; X�+�� 

@mZ��,�� ����� �R	���� DE U4� 5�@� $�� ���= B =k�� <Z6� [):,  DE <�6� B' =k��
#�)��; �4�m��% 

 ��+$� : 

 ��{ ,+�� e =500B =k� k� <�  OM% 2  T )�`= y}�e_�+−'CO	 & y'} 
�� ��� ��E ?T )�`=: o7�Bs� ��4�� 98.08#�@l  ªU4� % &' ��4�� &C�'6��94.0  �� &'3�M+

1.831#�@l ªk� <�% 
M1=  ?   ,  V1=?  , M2= 2.oMiL,V2 = 50ml. L 

 
��Qa  � �O M1                                           =                       =   0.94 
 

 
                                                                                                                                 =% 
 

                                                                          =  1.721 #�@l  ªk� <� 
 

                                                                              = 
 

 =1.721 T )�`= y} #�@l  ªU4�q k�% 
 

 
M1  =                                                                                                                                         

 

T )�`+�� y} 5���@l i�� 
5���@lU4�(��  

T )�`+�� y� 5���@s� i�� 
 

U4�(�� ,� k� <� 
0.940T )�`+�� y} #�@l  

 

U4�(�� 5���@l 
1.831U4�(��� #�@l  

U4�(�� ,� k� <� 
1.721T )�`= y} #�@l  

 

U4�(��� k� �� 
1000k� ��  

 

1k�  

1720#�@l T )�`= y}  
 

U4�q k�  

T )�`= y� U4� �:�� 
 

98.08T )�`= y} ���@l a 
% 
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M1 = 17.55 U4�  ªk� 
V1 = M2 V2×M1  

 
                                         =                                    =   V2 

    

= 56.98 ≅ 57 ml 

 -A��57  DE e?® �� B=@�� T )�`+�� y} ,� <�  500@mZ�� *���; <� % 

�
��: 

i4l4�� T )�`+�� y� 5�73�+�� i�� �4+� �=$ V 2.0?T )�`+�� y} ,� U4�  

 «3�+)�� i�� = 5Q4�� i�� % 5�'�4O�`�� i�'�&'(���� &C�')+�� ��  =2.0 × 2=4.0 
3�+�¯% 

�
��:  

 &�	� ��� o. ��3N4 B =@O U4�(� 1.8?T )�`+�� y� U4�  

 &�	� ���3N4= &�	Q4�� M &C�')+�� �� &'(���� 5��4O�`�� i�� V  =1.8×  2 = 3.6  
S	� �% 

U�M� : 

 #4 !�O4C�� 5�6d6�`� ¯3�+�� i�� ��KMnO4 V $i4l4�� 0.01?5�6d6�@; U4�  
�6<��?)�� e�O &�i��� I)+�  $��=�– �U�B)A�? 

24 25 8 4MnO e H Mn H O− + ++ + +��⇀
↽�� 

500 × 2.0 
 

17.55 
M2 V2 
M1 
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 &�	� ��� = &�	Q4���M � × � e�6�� <��?O V &�A���� 5���k+��� i��� $��'=H�− 
U�B)AQ�%� 

 =0.01 × 5 = 0.05¯3�+� % 

�
��: 

o. �� � B =@O U4�q &�	�� 0.01667,�   K2 Cr2 O7 ? 

 $��=H� &�i��� ¡ :–o. U�B)AQ� : 
CrO

2-
7 + 6e-  + 14H+    ��⇀↽��     2Cr3+ + 7H2O 

 &�	�C��� = &�	Q4���M � ×���k+��� i���5 <��?)�� V &�A���� � $��=�– �U�B)A%� 

 =0.01667 × 6 = 0.100¯3�+�  ªk�% 
�
��: 

 V $i4l4�� #4 ���+�� 5�«3�+O i�� ��0.025  ?#4 ���+�� ��	4�= ,� U4� 
i�� 5�«3�+)��  = 5Q4�� i�� ×�4�H� "� & �4�H� &6(\�� 

 =0.025 × 2 = 0.05¯3�+� % 
�
��: 

− � o. �� 	�� U4�(� #4 ���+�� &0.032?#4 ���+�� ��	4�= ,� U4�  
 &�	Q4���M � ×�4�H� "� & �4�H� &6(\��% 

 =0.032 × 2 =  0.064¯3�+�  ªk�% 
− "� *�6; e ?J)�� �4��/ 4. ��a?&Z;���� TO�*�@/  

 U�H� U4�(�� V 5�73�+�� i��  = 0�M�� U4�(�� V 5�73�+�� i�� 
− ��� i�� i��E ,+�� e = ?�d� #4��� U4�q V ��-� ¯3�+� 
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�4��Z��;% 5�73�+�� i��  =                                      ×    5�k��� i��% 
 

�
��: ��{ ,+�� e = 300�  U4�(� k� �4.0 ,'� T�	4�=�	�' 9� y} ,� U4� 
 U4�q12.0?1O�� y�(�� U4�  

��)�� 4(6�� "� e ?J)�� �4��/ ,�: 
@=-)6�                   :V2 ×V1 = M2×M1  

�4��Z�� V y�4�)��;� 
                         4.0 ×300 =  12×V1 

                                                                 V1  = 100 ml 

 -A«�100 @mZ��'; o/�'C�� e?® �� T�	4�=�	� 9� y} ,� ,<�'� ['): DE  300 
k� ���,� I�e ?J)�� �4��/ V �C! ��M� @�-()�� % 
�
��: 

 ��{ ,+�� e =200 �B =@O U4�(� k� ��� 2.0 T' )�`+�� y'} ,� S	� � 4.0 
1O�� y�(�� U4�% 

��/ ,� e ?J)�� �4M1×V1 = M2×V2                

y�4�)��;�: 
-��*:��� � �O I�  °� �= &�	Q4�� ,� &�	�: 

 &�	� ��� = &�	Q4���M �× &(���� �� &C�)+�� 5��4O�`�� i��  
 =4.0 × 2 = 8.0 ¯3�+�  ªk� 

y�4�)��; ��: 
ML 50                           =                    =    V1 

¯3�+�� i�� 
 

k� 

200×2.0 
8.0 
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�Ea�: -A«� 50 T )�`+�� y} ,� <� 4.0U4� , [): e?® �� 200 @'mZ�� *���; <� 
y�� T���6O �6� @�-()�� 8C)O 8�% 

��+$�: 

 �.B =@O &�?�� 5�k� ,� 5�k� ��� i�� �=M 0.1 I '!k� &;4�m�� 4.0 ,'� #�@'l 
#4�i4��� ��	4�= 

AgNo3  +   NaCl                  Ag CL    +  NaNo3 
 

  Ag
+
      +    Cl

-
                   Ag CL                    

&�?�� 5�k6� 5Q4�� ��               #4�i4��� ��	4�+� 5Q4�� i�� 
1 1 
2 2 

3 3 
� 

 #4����� ��	4�+� 5Q4�� i�� = 
 

 #4�i4��� ��	4�= 5Q4� i��  = 
 
 

 ,+)���χ = �&�?�� 5�k� 5Q4� 
 &�?�� 5�k6� 5Q4� i��� =χ<� �  �100% 0 �               �  1                          �   × 

                         

         �                          = �                   
 

  ∴ χ  =               .                = 684.462 ml . liter 
 

&�?�� ��	4�+� 5Q4�� i�� 

U4� 
 

k� 

k� 
 

1000ml 

0.100 
 

1000 
4.0 

 

58.44 

4 
 

58.44 
1000 

 

0.10 

 
4��� ��	4�+� #�@l 4#4�i 

 

58.44#4�i4��� ��	4�+� #�@l  
#4�i4��� ��	4�= 5Q4� 
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�+$��: 
5�k� ,� 5�k� ��� i�� �=  &�?��¡' :  �'.B =@O0.1U4'� ,';4�m� & <'= I '!k� 

 V � ��`��2.0  U4�?#4�	�C�� � ��`� 
 

2 AgNO3 + BaBr2           2AgBr   + Ba(NO3)2 
 

2Ag
+
 + 2Br                     2AgBr 

Ag
+
 + Br                         AgBr   

BaBr2 + /H2O                 Ba
2+
 + 2Br

- 

#4�	�C�� � ��@; 5Q4� i��              &�?�� 5�k� 5Q4� i��                      
      2          1 
      4          2 
      6                3 

 

� 5�k� 5Q4� i�� &�?�� =2 � #4�	�C�� � ��@; 5Q4� i�� 
 

 

 #4�	�C�� � ��@; 5Q4� i�� = 
 
 

 &�?�� 5�k� 5Q4� i��� =χk� ��� � 0.1                � �                                    �  
 

�Ea ��χ                    � �        � = � 2       � �    �                
 

 �� S�χ  � =                 � % �                     = �             135k� ��  

 

U4� 
k� 

 

1k�  
1000k� ��  

 

0.100 
 

1000  

 

2.6 
 

297.16 
 

�2.0� �2� 
�297.16�  

 

1000 
 

0.01  

2.0 #�@l �#4�	�C�� � ��` 
16.297   #�@l#4�	�C�� � ��@;  

#4�	�C�� � ��@; 5Q4�                   
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��+$�: 

�'�� �'�	4�= ,'� ±4'�J� &'6 � V �'�	4�+�� <'= I '!k� �4�m��4 �'�	4�=� #4�i
4�= &7 . "� #4 ���+��&�?�� ��	%  e �� 16% &'6 ��� <'+� &�'?�� 5�k'6� $i��� 	Q4� 

=�)� I !k�� �% 4. &�?�� 5�k� U4�q B =@O ��=� 0.30 U4�  ª k� % &6 ��� ����0.70 
#�@l,�E �+3 a & �+�� � ���O �� I� o)��&�?�� 5�k� ,�? 

56-: 

#4�i4u ��	4�= &7 . "� �]�= &6 ��� �� pk?� 
AgNO3 + NaCl            AgCl    +  Na NO3 

�&�?�� 5�k6� $i��� ���; 
 &�?�� 5�k� 5Q4� i�� =#4�i4��� ��	4�= 5Q4� i��% 
  &�?�� 5�k� $i��� �6��10% 

 &�?�� 5�k� 5Q4� i��� =4��� ��	4�= 5Q4� i��i#4�� �1.1� 
 

 #4�i4��� ��	4�= 5Q4� i�� = 
 
 

 pk?��χ = ��� &�?�� 5�k� ,� 5�k� 
 &�?�� 5�k� 5Q4� i���� =χ<�� �0.30                                        � �    � 

 

�χ� �0.30 �    �        � = �         1.1� �                             � 
 

1000 0.76
44 ( ) ( ) (1.1)

0.30 58.44
χ= = ∴k� �� % 

 

U4� 
k� 

 

1k�  
1000<�  

 

1 
 

1000 

 

0.76 
 

58.44 

 

0.70 #4�i4u ��	4�= #�@l  
58.44i4��� ��	4�= #�@l #4� 

#4�i4��� ��	4�= 5Q4� 
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��+$�: 

 ��E , T )�`+�� y� U4�q B =@O 4. ���'�� �� 25.0@��'�� &';4�m�� o'. k'� �� $ 
38.08��  B =k��  #4�i4��� � �=�	� . ,� k� 0.1286?	Q4�  

H2 So4  + 2Na OH   ��⇀↽��  Na2SO4 + 2H2O 

 � �=�	� . 5Q4� i��T )�`+�� y} 5Q4� i��               #4�i4��� 
2          1 
4          2   
6          3 

 #4�i4��� � �=�	� . 5Q4� i��� =2� � T )�`+�� y} 5Q4� i��� 
 #4�i4��� � �=�	� . 5Q4� i�� � =36.08<�  � �%12860     � �                �                    

 pk?��χ� = T )�`+�� y} B =@O% 
 T )�`+�� y} 5Q4� i��� =χ�                 �25<� �                            � � 

 

�36.08        � �          = �           � 2 � � χ �  �                        � 
 

χ∴                       =                   =        0.0928 U4�  ªk� 
 

��+$�: 

 �.	�/ &6 �0.8512 ,� #�@l KHp −  8'� 5@�4�42.16 � �'=�	� . ,'� k'� �� 
��� U4]h #4�i4��� &�	�,� o. �3  	� . U4�q &�	��?#4����� � �= 

�76)�: 
KHP = potassium hudrogen phthalate  

    Or    pot. b: phthalate. 

 

U4� 
k� 

 

1k�  
1000<�  

 

0.1286 
 

1000  

 

25 
        

1000  
 

36.08 × 0.1286 
�2� �25.0� 

 

U4� 
k� 

 

1k�  
1000<�  
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&�i����: 
 

                                + Na OH →←                                   + H2O 

 
 

 
 5Q4� i��NaoH =  5Q4� i��KHP  

 

 5Q4� i��KHP  =  
 

 �� pk?��χ �� #4�i4��� � �=�	� . &�	�% 
 

∴  #4�i4��� � �=�	� . 5Q4� i��� =χ         � �                 42.16                           � 
 

                                                                          �          �                 
�� S�: 

 

�χ    � �                    � = �                             �  
 

�χ = �0.09886U4�  ªk�% 
��+$�: 

 &�� �.	�/ &6 ��0.6'C��x S4){ #�@l a � "'�'��= 5�'�4;@= �4+ � �'�� � �'=�� #4 �
	4�=�	� 9� y} V #4 ���+�� 5��4;@= ~C���� <�����T,#4 �'��+�� I'!	 �� , "'� 

 &7 .� 5Q��= #4 �'��+�� 5Q��=� ~��� #4 ���=CaC2O4  �4'+O� H2C2O4 y'} 
T ���=� % y�� �-.@�4� 8�  5�'6d6�@; #4 '!�O4C��0.03 ~�'u� ,	Q4'�  DE &'mZ�

 ��; &��]6��35�  ,� <5�6d6�@; o. �3 , #4 !�O4C�� ��7�� &C�64?&6 ��� V #4 ���+�� &� 

COOK 

COOH 

COOK 

COONa 

 

0.8512 
 

204.23 

 

U4� 
k� 

 

k� �� 

 

k� �:�� 
1000<� 

 

42.16 
 

1000 

 

0.8512 
 

204.23 
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 #4 ���+�� 5Q4� i�� =5

2

 
 
 

�  5Q4� i�� 5�6d6�@;#4 !�O4C��� 

 �� pk?��χ = �#4 ���+�� 5���@l i�� 
 

 #4 ���+�� 5Q4� i�� = 
 
�5�6d6�`�� 5Q4� i��� = �355�6d6�`�� <� � �0.03       �                      
 

                     �                                                 � 
 
 �� S�                           =5

2

 
 
 

� 35.0� �0.03 � × �                   � 
 

χ∴ = 5

2

 
 
 

� 35� �0.03  �                          ×  40.08 
= 0.1052#4 ���= #�@l  
∴  #4 ���+�� &�47�� &C�6��          =              ×                       100 % = 17.53 

��+$�: 

1−  ,'� ²)'6O �� ,'+�� o')�� #4�	�C�� 5�)�`+� 5���@s� i�� o. ��1.354 #�@'l 
#4�	�C�� ��	4 �=,i���� $?#4�i4��� 5�)�`= ,�  

 
             Bacl2         +    Na2So4               BaSo4    + Nacl 

U4��; 1     1   1      1 

#�@s�;  208.25         142.04                    233.4       116.88 
pk?��� � χ � ,+�� ,#4�	�C�� 5�)�`= 5���@l i��E &m'!�4; �]l�)�1.354 #�@'l 

#4�	�C�� ��	4�= ,�% 

 

5�6d6�@; U4� 
k� 

 

k� 
1000<� 

 

χ 
 

40.08 

 

1 
 

1000 
 

1 
 

1000 

 

0.1052#4 ���=  
0.600&6 � #�@l  

 

�χ�#4 ���= #�@l  
40.08#4 ���= #�@l  

#4 ���= 5Q4� 
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=                                               
 

χ∴ = 1.518#4�	�; 5�)�`= #�@l % 
<:@At : 

Bacl2   + Na2So4                 BaSo4    + Na2So4 
 

#4�	�C�� ��	4�= 5Q4� i��                i��5Q4� #4�	�C�� 5�)�`=  
1 1   
2 2 

3 3 

 #4�	�C�� 5�)�`= 5Q4� i��  =#4�	�C�� ��	4�= 5Q4� i�� 
 

 #4�	�C�� ��	4�= 5Q4� i�� = 
 

 #4�	�C�� 5�)�`= 5Q4� i�� = 
( )χ ∴ = 1.518`= #�@l #4�	�; 5�)�. 
2− �BO &6 � 0.25&�'3 �'�	4�= &'7 . "'� I'!	 �� , ��	4�= �| #�@l , ��� ��'=� 

 I!�@��0.7476#�@l %?&6 ��� V 	4�+�� &C�� o. �3  
���)�� I !k�� <��?O @W�: 

Ag
+
    +  Cl

-
                 agcl 

U4��;                               1            1                     1 

#�@s�;                        107.87        35.453            143.32 

 

�χ �#4�	�; 5�)�`= #�@l 
1.354#4�	�; ��	4�= #�@l  

 

233.4#4�	�; 5�)�`= #�@l  
208.25#4�	�; ��	4�= #�@l  

 

1.354 
 

208.25 
 

( )χ 
233.4 
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���a��'= K4'� S� ,'� ��	4�+�� 	��� DE ��)(� Q �6��; )�4% �'�	4�+�� &C�'� o'. �'3 
&�47��? 

 ��	4+�� �4�� =         ×    100 

�� pk?�� χ  = � ²)6O o)�� 	4�+�� 5���@l i��0.7476 "� &�?�� ��	4�+� #�@l 
I!�	 &7 .% 

                  =                                                

∴�χ�  =0.1849	4�= #�@l  
@At <:: 

��	4�+�� 5Q4� i    &�?�� ��	4�= 5Q4� i�� 
1 1   
2 2 

3 3 

 	4�+�� 5Q4� i�� =&�?�� ��	4�= 5Q4� i��. 

	4�+�� 5Q4� i��=                      =&�?�� ��	4�= 5Q4� i�� 

                      = 

�Ea�:� χ = �0.1849#�@l . 

 &6 ��� V &�47�� &C�6�� =                              ×100 = 73.96% 

3− �BO� #4 !�O4; "� S4){ &6 � 0.5742 #�@l  % �4'3 &'7 . "� #4 !�O4C�� I!	
 5�	4�+��Kclo4  % #�@s�; &C!k�� &�B�� ~��=�0.424% #4 '!�O4C�� &�47�� &C�6�� o. �3 

&6 ��� V% 

 

 ��	4�+�� #�@l�U4]d��� 
#�@s�; &6 ��� 

 

�χ ���	4�= #�@l 
0.7476&�3 ��	4�= #�@l  

 

35.453��	4�= #�@l  
143.32&�3 ��	4�= #�@l  

 

�χ� 
35.453 

 

0.7476 
 

143.32 

 

0.1849 
 

0.250 
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 ��)�� <��?)�� -A�6�: 
                             K

+
     +   Clo

-
4                  Kclo4 

U4��;                       1              1                    1 

#�@s�;                 39.1          99.45          138.55 
	4�+�� 	��� DE ��)(� Q ���� 

�Ea�: #4 !�O4C��                            = %                        ×      100 

 �� pk?��χ � ²)6O o)�� 5���@s� i��0.42405�	4�+�� �43 ,� #�@l  
�Ea�: 

                                                       = 

∴�χ = �0.1196#4 !�O4; #�@l % 

�Ea�: &6 ��� V #4 !�O4C�� &�47�� &C�6�� =                                          ×   100 = 20.83% 

 <:t@A: 
#4 !�O4C�� 5Q4�� i��      5�	4�+�� 5Q4� i�� 

1 1   
2 2 

3 3 
 #4 !�O4C�� 5Q4� i�� = 5�	4�+�� 5Q4� i���Kclo4%� 

 �� pk?� �χ = �&6 ��� V #4 !�O4C�� 5Q4� i�� 
 

 #4 !�O4C�� 5Q4� i��= 

 5�	4�+�� 5Q4� i�� = 

 

 #4 !�O4C�� 5���@l�U4]h� 
 &6 ��� 5���@l�&�4���� 

 

�X �#4 !�O4C�� 5���@l 
0.4245�	4�+�� �43 5���@l  

 

39.1#4 !�O4; #�@l  
138.585�	4�+�� �43 #�@l  

 

0.1196 
 

0.5742 

 

0.424 
 

138.58 

 

�X� 
39.1 
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�Ea�:� χ = �0.1196#4 !�O4; #�@l   

 &6 ��� V &�47�� &C�6��             =                 × 100  = 20.83%  

4−�� � �O ,+�� � "� #4 �6x� &7 .� ~'! 5�?'!43 #4' �4�� #4 �6x 5�'7�Bl *�'�
MgNH4PO4 . 6H26  ,� o'm� � 1/@: �O S-��� 5�?'!43��; #4 �'6xMg2P2O7 

�� 5�?!43 ��;�#4 �6x% om�)� &6 ��� ~��� 0.6004� �'| o)�� #�@l �#4 �'6x,  �-'.�
; ,� om�)� &Z;���� &Z�@m��; ~s4� &6 ������ 5�?!43�� #4 �6x0.4250@l #� % o. �3

�� &C���&6 ��� V #4 �6x? 
&�i���� ,� 

  2Mg                  Mg2P2O7 

                       U4��;            1                           1 
                      #�@s�;       48.62                     229.57 

 �� pk?6�( )χ  =��� 5���@s� i�� ²)6O o)�� #4 �6x0.425 
�C�                           ��� 5�?!43�#4 �6x 

 

                                                          = 

 

( )χ                                     =                      =  0.09284#�@l  

 &6 ��� V &�47�� &C�6��                  =            ×   100  = 15.46% 

5− ,� 5���@s� i�� �= Fe2O3 ,+�� o)��  ,� �.��{ 1.0 � �'=� I'=@� #�@'l 
����³ ��6R�� T��d�=H� 	��� i��: Q ��k?� , % 

 

0.11960 
 

0.5742 

 

( )χ#4 �6x�� #�@l  
0.425 ,� #�@l Mg2P2O7 

 

48.62#4 �6x��� ,� #�@l  
229.57 ,� #�@l Mg2P2O7 

 

0.425 × 48.62 
229.57 

 

0.09284 
 

0.6004 
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pk?��� : 
2Fe3 O4              3Fe2 O3 

U4��;              2                       3 
     #�@s�;        463.08               479.09 

 �� pk?�( )χ  = ���� � �=H 5���@s� i�� Fe2 O3 ,� o)�� ,'� �.��'{ ,'+�
1.0���� � �=H #�@l � ³ ��6R�� TFe3O4  

 

                                    =                                          
 

∴( )χ =                                                           1.0345 ,� #�@l Fe2O3 

 <:�2� 
2Fe3 O3             3Fe3O4 

 5���@l i��Fe2 O3  =   5���@l i��Fe3 O4 

3         2 
6        4 
9        6 

 5Q4� i��Fe2O3          � =      �  5Q4� i������� � �=�³ ��6R�� T  
 

 5Q4� i�� �4+O�Fe2O3  =  

 

 5Q4� i�� �4+O�Fe2O4     =  

���)�G3@m�� ���BO�� <����� �´ �6� �     �                                   �       =  

 

( )χ µ���� � �=H #�@l Fe2O3 

1 ,� #�@l Fe3O4 

 

479.07 ,� Fe2 O3 

463.08 ,� Fe3 O4 

 

1 × 479.07 

463.08 

 

3 
 

2 

 

χ 
 

159.69 

 

1 
 

231.54 

 

3 
 

2 

 

χ 

159.69 

 

1.00 
 

234.54 
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∴ �χ � =1.0345 ,� Fe2O3 

6 – �BO &6 �  0.117#�@l ,gZ3 S4){  "�   NaCl , Kcl%"'� �'�	4�+�� I'!	  
&7 . Agll    ��� om� �0.25#�@l , &C�� o. �3 NaCl KCl&6 ��� V ? 

 �� pk?��χ =��= #�@l#4�i4��� ��	4, Y  = #4 !�O4C�� ��	4�= #�@l 
 ���Y + χ = 0.117��4]d�; &�i��� % 

 #4�i4�'�� ��	4�= ,� &�?�� ��	4�= #�@l ��� + �'�	4�= ,'� &�'?�� �'�	4�= #�@'l
 #4 !�O4C�� =0.25#�@l % 

 

 �� �;�=                                                                                = 
 

                                                             @=-6��               = 
                                                                                                        

∴ #�@lAgcl ,�Nalc �=                         � �     χ� 

8�(
��: 

 #�@lAgcl ,� KCl                         =        �     Y� 

�4(6�� "� �) ;��� �)�i���� -A�;: 

                              �   χ  + �                             �Y = �0.25 ��� #�@l Agcl  

D�H� &''�i���� ,''� &''6 ��� �� �''�� ��E� ,''�  o''. #4 ''!�O4C��� #4�i4�''�� �''�	4=:  
 0.1170 Yχ= + 

 

#4�i4��� ��	4�= ,� &�?�� ��	4�= #�@l 

143.32 

 

#4�i4��� ��	4�= #�@l 

58.44 

 

( )χ#4�i4��� ��	4�=  

58.44 

 

 #�@lAgcl ,� Nacl 

143.32 

 

143.32 
 

58.44 

Bs� ��4���7o 
Bs� ��4��� o7

 

143.32 
 

74.56 

Bs� ��4��� o7Agcl 

Bs� ��4��� o7KCl 

 

143.32 
 

58.44 

 

143.32 
 

74.56 
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�Ea ��Y� = �χ0.1170  -� 
 ,� -A�6�χ  �� YQ�;� °� �= U��C)!: 

 

                           ( χ )   +                         (0.117- χ ) = 0.25 grame 

 

 <¢� &� / "� <�(� &�i����χ = 0.0473� Nacl� 

                               1 3�  Y = 0.0473−0.117 = 0.0697 C�� ��	4�= ,�4#4 !�O% 

���+ &�47�� &C�6�� i��E ,=               ×                      100  = 40.43 % #4�i4u ��	4�= 

                                                 100−40.43  =     59.57 % #4 !�O4; ��	4�=% 

7−{ 8 m)�� e =  ��250 y} ,� <� HCl B =@O 12 �C� � U4� 1.0U4� ? 
e ?J)�� �4��/ ,� 

M1V1       = M2V2 

M1 = 12 M1L , M2= 1.0M1L , V2= 250 ML, V1=? 

 

V1=                       = 21ml 

 -A«� ��)��;�21 U4�q ,� <� 12y�� U4� , U4'u4�� ['): @mZ� *�� ���� �� 
 / �	��� &����� DE X�250<� % 

8− ��'{ ,+�� e = 100 <'�  ,'�n6 ��  #�@'d ª ,'� #4�i4'u �'�	4�= k'�50 
��#�@d  ª#4�i4u ��	4�= k� 

M1 V1   =  M2  V2 

100× 1.0V1 = ×50 

 

143.32 
 

74.56 

 

143.32 
 

58.44 

 

0.0473 
 

0.117 

 

250 × 1 

12 
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V1  =                     = 2.0 mel∴ 
9− ��{ ,+�� e = I�:� 500   B =@O k� <�0.1�= ,� U4�  ,'� #4�	�'C�� �'�	4

 S4)¢ U4�q42.0���� c?6� #�@l % 
Q��a: B =k�� i��E ,� �;Q �M1 �#4�	�C�� ��	4�+� 

 

 #4�	�C�� ��	4�= U4�                           =                   =             =                     0.26 

e ?J)�� �4��/ V y�4�)��;: 
M1 × V1  = M2 ×V2 

 

 

 V1 =                             =                                   = 250 me 

 -A«�250 B =k�� <� 0.2 [): e?® �� 500 B =k�� <� 0.1 M 
10− ��{ ,+�� e = 250 U4�(� <� 1000 #�@d ��  ª ,� #4�i4u V k�Macl 

?*�� V I�u 
Q��a: ���� �#�J)�4�i4��� ��	4�=  U4�q <��� #1000  �� k'� <'+� #�@d �� �1.0 

#�@lªk�−#4�i4u  �4O ?l��C!� $�� �: 
 �−  &��� T�O V 1��� ,+��� o?� z6� #4�i4��� ����% 
 �−  *��� 8� $�\; <��?)� #4�i4��� ����% 
 �−  � *�Z��#4�i4��� ��	4�= ��<�� 1 �� U4�� <]��� ,� % 

 U4�Nacl =  U4�Na 
 5Q4� i��Nacl =  

 

100 × 1 

50 

 

 5���@l i��Bacl2 

Bs� ��4��� o7Bacl2 

 

42 
 

208.25 

 

 V2×M2  
M1 

 

�500��0.1� 
0.2 

 

X 
 

58.44 
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� #4�i4��� 5Q4 =                                                               V $�4A��� & �+��   1000<�  

 

∴�χ                                 = �                   =  0.6355  #�@l#4�i4u ��	4�= 

�Ea�: � -A«0.6355 DE e?® �� #4�i4u ��	4�= #�@l 250!� / $	�	�Z� <�   *�'��; &
&����� [): @mZ��% 

11− S	�� T�	4?!43 y} H3PO4   ; , & ��� &C�6 %85 � &3�M=1.689#�@l  ªk� %
 ��{ ,+�� e =1000 - =k��; k� �� 1.0y�� c?� ,� U4�% 

e ?J)�� &�i��� ,� : 
 

M1        V1            = M2  V2 

 

 =0.85 

 

       =      0.85 × 1.689� &3�M+��� 
 

       =      1.44 #�@l  × 

            =1440 #�@l H3PO4  ªk� 

  =                                         1440 #�@l                             ×            =      14.7 U4�  ªk� 
 

M1 = 14.7 , V1 = ?  , M2= 1.0 , V2 = 1000 

 

58.44×0.25 
22.9898 

 

0.2500 
 

22.9898 

 

 5���@l i��H3PO4 

 U4�(�� 5���@l  

 

 

 5���@lH3PO4 

 U4�(�� #�@l 

 

1000<�  

k� 

 

H3PO4 1  U4�   
H3PO4 98.0 #�@l  
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�Ea�: 

                                 V1 =                     = 68.mL 

 -A«�68 y�� ,� <� H3PO4   [): e?® �� S	�d)��1000 V @'mZ�� *�'��; <� 
&����� [): & !� / $	�	�/% 

12− ��{ ,+�� e = 100 T ���=H� y} ,� <� 0.12 ,� U4� 0.5U4� ? ��� 
�4O�`�� or�6� T ���=H� y} ��;% 

���  &�	��N� = � &�	Q4��M � × &(���� �� &C�)+�� 5��4O�`�� i�� 
Equiu.1L1.0 =(2)×N=(0.5) 

N1 =1,  V1 = ?  , N2 = 0.12 , V2 = 100 mL  
 

                                                     V1=                             = 12 mL 

 -A«�12� y�� ,� <� S B =k�� M0.5, [): e?® �� 100@mZ� *�� <� % 
��2 :#�! T ���=H� y} % 
13− k'� k'� -A«O o)�� 5�k� ��� i�� �= 0.1#4�i4�'�� 5�')�`= U4'� , &';4�m�� 

�� <= I !k�C V #4�	�0.22 5�k� &6 �� #�@l ;�	�� 5�)�`= DE #4�	�#4% 
Ba (No3)2 + Na2So4                Baso4   + 2NaNo3 

#4�	�C�� 5�)�`= 5Q4� i��                              #4�i4��� 5�)�`= 5Q4� i�� 
1 1 
2 2 

3 3 

5Q4� i��  Na2So4   =#4�	�C�� 5�)�`= 5Q4� i�� 

 

1000 × 1  

14.7 

 

100×0.12  
 

1 
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 �� pk?� �χ = ��� 5�)�`= 5Q4� i��&;4�m�� #4�i4� 
 #4�i4��� 5�)�`= 5Q4� i��� =χ� �k� ��� �0.1U4�  ªk��  �  �                           

 

 #4�	�C�� 5Q4� i��                               = 

 

�Ea�: �χ� �0.1 �                ×           =          

�Ea� :� χ = �8.4k� ���  
14− ,� 5�k� ��� i�� �= 60#�@l  ª 5�k6� U4�q k��� <'= I '!k� &;4�m�� &�?

 V i4 ��0.126 ,� &6 �� #�@l KI &7 . "� Agi 

AgNo3 + KI      ��⇀↽��      AgI     + KNO3 

Ag
+
   + I −                       AgI 

 &�?�� 5�k� 5Q4� i��    5Q4� i���#4 !�O4C�� ��i4 

1 1 
2 2 

3 3 

   &�?�� 5�k� 5Q4� i�� = 5Q4� i���#4 !�O�C�� ��i4 
 �� pk?��χ = � &;4�m�� &�?�� 5�k6� 5�k� ��� i�� 

 

Q4� i�� &�?�� 5�k� 5� =χ � k� ��                            ×               ×  

 

 

k� 
 

<�1000  

 

0.22 
263.30 

 

#4�	�; 5�k� #�@l 
#4�	�C�� 5�k� 5Q4� 

#  

1 
 

1000 

 

0.22 
 

261.38 

 

5Q4�� i�� 

k� 

 

k� 

1000<�  
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                                                                                                      =0.35U4�  ª                                k� 

 

 &�?�� 5�k� 5Q4� i��� =χ �k� ��%  0.35 ×        ×                 

 

 5Q4� i��� #4 !�O4C�� ��i4= 

 

�χ� �0.35 �  ×                    =  

 

∴  χ                                           =                      = 7.1<�  %k�% 

15− � �d: $i�� ���� ���, &���= ~C��� ��� &6 � ~��= ��E� �: DE ~'�4Fe
2+  % �'�

��4 U4�q &m!�4; 5@K2Cr2O7  , �B'O o')�� &6 ��� V ���� &C�� o. �30.5285 
 #�@l % ~C�mO &6 ��� ¡ :26.89 ,� 5���@=B =@O #4 !�O4C�� �. 0.01524 U4'� 

?Ui��)�� &mZ� DE U4u4�� <C/ 

 

 ���(�� &�47�� &C�6��                                        =                     ×   100= 

 

Cr2O7
2-
 + 6Fe

2+
 + 14 H

+
               2Cr

3+
   +  6Fe

3+
   + 7H2O 

   

0.4126#�@l KI  
 

166.01#�@l KI  ª U4�KI 

 

60 
169.87 

 

 #�@l ªk� 

 #�@l ªU4�  

 

U4� 
 

k� 

 

k� 
 

1000<�  

 

1 
 

1000 

 

0.4126 
 

166.01 

   

0.4126 × 1000  
0.35 × 166.01 

   

 ���� #�@l�U4]d��� 
 

&6 ��� 
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���� 5Q4� i��                =  @= 0�� 5Q4� i�� ��#4 !�O4C�� 5� 

      6            1   
      12            2 
      18            3 

 ���(�� 5Q4�� i��� =6 � 5Q4� i��K2Cr2O7 

 �� pk?��χ = �&6 ��� V ���� 5���@l i�� 
 

 ���� 5Q4� i��   =                 =                                                 

 

 5Q4� i��K2Cr2O7  =26.87 × 0.01524 ×  
 

∴            =               6� 26.87� �0.01524 � × 

∴ χ  =0.1372  Fe 

��E : &6 ��� V ���� &C��                  =          ×   100 = 25.96% 

16−  5���?O &m!�4; X�(6�� ���� l��i�1%� �~��4� �� X�(� S4){ &6 � ~C� 
i4 �� ,� $i��B; 

4 I −    + 2Cu
2+
              2CuI+I2              

�4� �O@ ,� � / U4�(� ������ i4 �� �4  5�)�`= 
I2 + 2S2 O3

2-
            SO4

2-
  + 2I

- 

   

���(�� 5���@s� i�� 
 ���� 5���@l i��Bs� ��4��� o7 ªk� 

 

  

1 
 

1000<�  
 

  

χ  

55.897 
 

 

  

1 
 

1000  

 

  

0.1372 
 

0.5285 
 

   

( )χ#�@l 
55.847ª    

    

        

����  
    

��� 
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�� o. �3C �B'O o')�� &'6 ��� V X�'(6�� &0.7627~'C��� o')�� #�@'l , 5@�4'� o')��� 
40.740 ,� <� � B =k��; #4�i4��� 5�)�`=4 0.1034� U4% 

                                 4I 
-
 + 2Cn

2+
                 2CnI + I2 

   I2 + 2S2O3
2- 
                    S2O6

2-
   + 2I

-
 

  X�(6�� 5Q4� i�� =�� 5Q4� i��M 4 5�)�`=S2O3
2- �� pk?� �χ = � i��

&6 ��� V X�(6�� 5���@l  

4� i�� X�(6�� 5Q = 

  

�� 5Q4� i��M 5�)�`= 4 � =1.1034� �0.1034 �  × 
 

 ∴                        �  =   0.1034� �40.74�   

∴ χ = 0.2677 

∴��� V X�(6�� &C�� &6 =              ×                     100  = 35.10 % 

   

5���@s� i�� 
 

 5���@s� i��63.54 #�@l  
 

  

1 
 

1000  

 

  

0.2677 
 

0.7627 

χ 

 
 

63.54 

 

  

1 
 

1000  
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