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ก�"�� 
)�$ก�6� 

    1.  ��+����+,0�
���Gก 
    2.  ��+��
� 

 
1  cm3 
1  cm3 
2  cm3 

 
2  ��+� 

3  +"� 

 
2.  ��!�ก	����)* 
        2.1  1���
����

  CuSO4  �,1���+����+,0�
���Gก  2  ��+� F  ��  5  �
� 

     2.2  ���	�#2
ก�"��  15  �
�  �,1���+����  1  �0
�
����"#,.������+�'��
����
��� 
     2.3  �
��
����

  HCI  6  mol/dm3  �,1���+����+,���  2  �����
����+	
ก"��0
�
���
����

�'���
���  �"��%ก-� 
     2.4  �
��#2
ก�"���,1��
����

1�0�+  3  �����
����+	ก"��0
�
���
����

  
�'���
���  �"��%ก-� 

  2.5  �2
ก
����+,D#2
ก"��
�1���+����	+�ก��"#,�
	0�+  2.3 f 2.4   �",�ก� 
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......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

ก
��'���
��'�, 
2�)�������*    

ก
��
�ก��.h8����+��ก�����
,�2
ก
����+,  ����2
���
��
	��	"����",   
�	��+ก��.h8����+��ก/�ก-����",+
��2
1���ก��ก
����

���+,.��  ����2
���
��
	��	"����", 
 
)<�$�	�ก�)
ก	����)*  
3�&)�
�
-	
ก�&��ก��ก	����)*  ��*
�  

ก
��",�ก�ก
��'���
���0+,�
����

1���+����  1   
�	��+���	�
����

  HCl  ���	�#2
+
�.	��"����  �",�"#��%,��+, 
�'��
����
�ก"���0+,�
����

  CuSO4   
1��#2
�
ก��+����  1  ��ก��"#,   
 
3.  �	�	*��
�"ก+�ก	����)* 

 

��)����)* �	���&
��� ��&*��&��*
ก�,�� 

1 CuSO4  +  H2O ::::::::::::: 

2 CuSO4  +  H2O  +  HCl :::::::::::::. 

3 CuSO4  +  H2O  + HCl  + H2O ::::::::::::: 

 
 
4.  ก	���
��	���+�ก	����)* 
 
 
 
 
 
 
5.  ���$+�ก	����)* 

 
 
 

)��	�����
�"ก+�ก	�

���)*
��O� 
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......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

......................................................................................................................................................

 

          3.  2� 
)!��	�����*2�)���$  (Explanation) 

 
�-	�� ��*      �
กก
����+,����+,'9�ก���

�����
,�
����

  CuSO4  ����
����

  HCl   

     1���"ก���
� %ก&
�"�����#+�
���  1  �����+��2
/
	��+.'��# 
 
1.  �	��+���	�#2
ก�"���,.'1���+����+,���  1  ���  2  ���ก��+�.�0%#����
�����1� 
 
 
 
 
2.  ��",�
ก�
�ก��.h8����+��ก�,1���+����+,���  2  �ก��+�.�0%#� ���
�����1� 
 
 
 
 
3.  �	��+���	�#2
ก�"���,.'+�ก��"#,��%�,  �2
.	��0+,�
����

�
����

�+'�'+�!  (II)  D"��M�  1� 
     ก
����+,��#  /%,�'���
�ก�"�.'ก�"�	
.�� 
 
 
 
 
4.  1���"ก���
��0�
��	ก
����,���,����ก��0%#�1���+����+,���  1  ,  2  ���  3 
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.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

               4.  2� 
2�	���	����  (Elaboration) 

        

 

�-	�� ��*       �
ก��
	������.���"��
กก
����+,0�
,���  1���"ก���
� %ก&
�"�����#+�
������  1   
    ก
��'���
��'�,���-"�ก�"�.��  ก�+�'9��"��ก��ก��	1������+.' 
 

1.  ก
��'���
��'�,����ก��0%#�1�����1���+.'��# ����1�	�ก
��'���
��'�,���-"�ก�"�.��  1�3
�� 
     ���ก2
���1��             
 ก.  ก
��-
-�%ก0+,�+'�'+�!  (II)  D"��M�1���+����'P����� 
      
 
 

0.  '�+�1���+�!	+	���+�! 
 
 
 

�.  /��
�ก��1���#2
�0G,�"#,��#,.��1���+, 
 
 
 
 ,.  ก
��-
8�����D�
	�'+�!�	,ก
���1�/��
ก�����#+, 
 
 
 

�.  1�0���#2
+"��	���
",.	�.���'P�4
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����
9��ก��ก��� 

 

�����&  1  
��&)*  ก	�
$��&�
�$�*��&+�
ก���,�� 

 1.  2� 
���	*��	��
:�  (Engagement)    �
�ก	��)��-	;	���*
�  

    

 

  

  

 


���ก	�6� 
,��
ก��ก	�


$��&�
�$�* 


ก��ก	�
$��&�
�$�* 
���+� 

 �	*ก	�<	3 �	*
��� 

 
ก
��"���G� 

� - - .	�	�ก
��ก���
�1�	�0%#� 

 
ก
��-
/�
� 

- - � 
	�ก
��ก��'9�ก���

��	�  ��+ก
�
�-
.�	� ���	��
�1�	��ก��0%#� 

 
�	���	�+

� 

- - � 

	�ก
��ก��'9�ก���

��	��ก��0%#�
��+	�M+,�กN��ก��0%#� ���	�

�
�1�	��ก��0%#� 

 
�+'�'P��"���'7���#� 

- � - 
�ก��ก
��'���
��'�,�
,
ก

3
� ��#��+'�'P����2
 

 
��'��ก�����	 

- - � 

	�ก
��ก��'9�ก���

��	�0%#� 	�
���	���Gก�ก
�+
��ก"���'� 

17 



. 

 

. 

 

 

 

 

 

 

 

2.  2� 
�-	��������
�	  (Exploration)     �
�ก	��)��-	;	���*
�  

  

3.  �	�	*��
�"ก+�ก	����)* 

��)����)* �	���&
��� ��&*��&��*
ก�,�� 

1 CuSO4  +  H2O �
����

��Mm
 

2 CuSO4  +  H2O  +  HCl �
����

���0�
��ก	����+, 

3 CuSO4  +  H2O  +  HCl  +  H2O �
����

��Mm
 

 

4.  ก	���
��	���+�ก	����)* 

 
                      �	��+���	ก��.h8����+��ก �
����

  CuSO4  ��Mm
���'���
��'7����0�
� 
           �ก	����+,����	��+�#2
�,.'��ก�"��'7���Mm
  ���
��'7�'9�ก���

���-"�ก�"�.�� 
 
5.  ���$+�ก	����)* 

 

�	��+�
��
����

  HCl  �,1��
����

  CuSO4  D%�,	���Mm
  .���
����

 
���0�
��ก	����+,�ก��0%#�  ����+,�
ก  Cl-  �
ก  HCl  �0�
.'������  H2O  1�  [Cu(H2O)4]

2+   
�ก���'7�  [CuCl4]

2-  D%�,	�������+,  ����
กก
����+,��.���
����

���0�
��ก	����+,   
D%�,�'7���-�	�����
,��Mm
0+,  Cu2+(aq)  ก"�������+,0+,  [CuCl4]

2-  �	��+�
��2
�,.'1� 
�
����

���0�
��ก	����+,  �
����

���'���
�ก�"��'7���Mm
��	�+����	  ���,��
8	��ก�� 
0+,  H2O  �0�
.'������  Cl-  �ก���'7�  [Cu(H2O)4]

2+ก
��'���
��'�,0+,  [Cu(H2O)4]
2+  

�	��+���	ก��  HCl  �'7�'9�ก���

.'0�
,���
.��  [CuCl4]
2-  D%�,	�������+,  �	��+���	  H2O  �,.' 

'9�ก���

���ก��
�+�ก�"�.��  [Cu(H2O)4]
2+  D%�,	���Mm
ก�"����	
  '9�ก���

�����
,  [Cu(H2O)4]

2+    
ก"�  HCl  ����#2
  �%,�'7�'9�ก���

-"�ก�"�.�� 
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. 

 

. 

 

 

. 

 

 

 

. 

 

 

 

 

3.  2� 
)!��	�����*2�)���$  (Explanation)     �
�ก	��)��-	;	���*
�  

 

�-	�)�2�)  1  .���
����

��Mm
  ����+,�
ก�	��+  CuSO4  ���

�#2
���ก��ก
���ก�"��'7�.+++�    
        D%�,  Cu2+  ��/�ก8	��ก��0+,�#2
��+	�+�ก�

�'7�  [Cu(H2O)4]

2+  D%�,�'7��
����

���	���Mm
 
 
�-	�)�2�)  2  .���
����

���0�
��ก	����+,�ก��0%#�  ����+,�
ก  Cl-  �
ก  HCl  �0�
.'������   
  H2O  1�  [Cu(H2O)4]

2+  �ก���'7�  [CuCl4]
2-  D%�,	�������+,  ����
กก
����+,��.���
����

 

  ���0�
��ก	����+,  D%�,�'7���-�	�����
,��Mm
0+,  Cu2+(aq)  ก"�������+,0+,  [CuCl4]
2- 

 
 
�-	�)�2�)  3  �	��+�
��#2
�,.'1��
����

���0�
��ก	����+,  �
����

���'���
�ก�"��'7���Mm


��	�+����	  ���,��
8	��ก��0+,  H2O  �0�
.'������  Cl-  �ก���'7�  [Cu(H2O)4]
2+   

ก
��'���
��'�,0+,  [Cu(H2O)4]
2+  �	��+���	ก��  HCl  �'7�'9�ก���

.'0�
,���
.��  [CuCl4]

2-   
D%�,	�������+,  �	��+���	  H2O  �,.''9�ก���

���ก��
�+�ก�"�.��  [Cu(H2O)4]

2+  D%�,	���Mm
ก�"����	
  
'9�ก���

�����
,  [Cu(H2O)4]

2+   ก"�  HCl  ����#2
  �%,�'7�'9�ก���

-"�ก�"�.�� 
 

�-	�)�2�)  4   �	ก
�0+,'9�ก���

1���+����+,���  1   
Cu2+   +  H2O        [Cu(H2O)4]

2+ 
      �	ก
�0+,'9�ก���

1���+����+,���  2   

[Cu(H2O)4]
2+  +  4Cl-      [CuCl4]

2-  +  H2O 
         �	ก
�0+,'9�ก���

1���+����+,���  3 

[CuCl4]
2-  +  H2O      [Cu(H2O)4]

2+  +  4Cl-                    
 
 

 

 

 

��� Q  
��O� 
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. 

 

. 

 

. 

 

. 

 

 

 

 

 

. 

 

 

 

 

4.  2� 
2�	���	����  (Elaboration)    �
�ก	��)��-	;	���*
�  

 

�-	�)�2�)  1  ��*
�  

 ก.  ก
��-
-�%ก�+'�'+�!(II)D"��M�  1���+����'P������'7�ก
��'���
��'�,���-"�ก�"�.�� 
 CuSO4.5H2O      CuSO4  +  5H2O 
       ���#2
�,��      ��0
� (���������) 

�	��+1����
	��+�ก�"�-�%ก0+,�+'�'+�!(II)D"��M�  D%�,	����#2
�,��  �#2
��/�ก�%,++ก 
�
ก-�%ก.���'7�  CuSO4  ���+���������D%�,	���0
�  �	��+�
��1����
	��+�  �#2
����	�"� 
ก"�  CuSO4  ก�"�	
ก�

�'7�  CuSO4.5H2O  D%�,	����#2
�,�� 

 
 0.  '�+�1���+�!	+	���+�!  �'7�ก
��'���
��'�,���-"�ก�"�.��  ก
�ก�

�'7�.+0+,'�+�   
 ���ก
����.+0+,'�+��'���
�ก�"�	
�'7�0+,�����"#�  ��+ก
��'���
��'�,�/
�����-"�ก�"�.�� 
 

�.  /��
�ก��1���#2
�0G,�"#,��#,.��1���+,  �'7�ก
��'���
��'�,���-"�ก�"�.	�.��  �#2
�0G,�����

 
 1��#2
  .	�	�ก
��'���
��'�,ก�"�	
�'7�0+,�0G,.�� 
 
,.   ก
��-
8�����D�
	�'+�!�	,ก
���1�/��
ก�����#+,  �'7�'9�ก���

-"�ก�"�.	�.��                        

KMnO4                 MnO2  +  O2  ���
�  O2  ������++ก.'���+
ก
  
 

�.  1�0���#2
+"��	���
",.	��'P�4
  �'7�ก
��'���
��'�,���-"�ก�"�.��  �#2
�"#�����	+
��ก"��กN�  CO2 
�'7�ก���
�!�+��ก  H2CO3  D%�,�กN�  CO2  ��#�
,���������++ก.'1������
,����+���"��#2
+"��	
1�0��  ����กN�  CO2  �
,����กG�����

ก�"��,	
1��#2
+"��	+�ก 

       H2CO3 (aq)     H2O(l)  +  CO2(g)          
ก���
�!�+��ก                     �กN��
�!�+�.�++ก.D�! 
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����

� )�	 

 

 

�����&  1  
��&)*  ก	�
$��&�
�$�*��&+�
ก���,�� 
 
       ก	�
$��&�
�$�*��&+�
ก���,�� 

          ก
��'���
��'�,�
,+
�
,�ก��0%#�����  �
	
�/
�+�ก�"�����3
�����	.��   
�",�"�+
�
,ก
����0+,�����'���
��/
���'7�.+  ���.+กG�������ก�"�	
�'7�0+,����
+
�
,���	  ก
�����#2
ก�

�'7�.+�#2
�	��+.���"���
	��+�  ���.+�#2
ก�"���"�ก�"�	
�'7��#2
  

�	��++�C�3�	����,  ��#�'7�ก
��'���
��'�,���-"�ก�"�.��  D%�,��
+
����0�
����,ก
��'���
��'�,.���",��# 
H2O(l)                H2O(g)   (ก
��'���
��'�,.'0�
,���
) 
H2O(g)                H2O(l)       (ก
��'���
��'�,
�+�ก�"�)   

D%�,�
	
�/�0�
���ก �.'ก�"� ( ) ���,ก
��'���
��'�,.���",��# 
H2O(g)      H2O(l) 

 
     $R�ก����	+�
ก���,��               ก
��ก��'9�ก���

���,++ก�'7�  2  '���3�  ��+ 
 

ก.  $R�ก����	
ก�������6�  (Irreversible  reaction)  '9�ก���

�ก���	���C!  �	

/%,  '9�ก���

��� 
�
��"#,����2
'9�ก���

ก"����	�  �ก��-���3"CO!+
�
,�	���C!'9�ก���

��
����	��+�
��"#,����
�1��
���%�,
�	�����'7�'9�ก���

���.	�
�+�ก�"�  

2.  $R�ก����	
ก��,�������6�  (Reversible  reaction)  '9�ก���

�ก��.	��	���C!  �	

/%,  '9�ก���

 
����
��"#,����2
'9�ก���

ก"�  .��-���3"CO!���1�0C����
�ก"�  -���3"CO!����ก��0%#��
,�����2
'9�ก���

ก"�
ก�"��'7��
��"#,���1�	�  �2
1��'9�ก���

�ก��.	��	���C!  .	���
��1�����
�
����
1�กG�
	  3

1�����

",�,	��"#,�
��"#,�����ก��������+���-���3"CO!�ก��0%#���ก����  ���������	�
�"#,ก
��ก��'9�ก���

.'0�
,���
  ���'9�ก���


�+�ก�"�  ���
ก'9�ก���

'���3���# 
��
'9�ก���

-"�ก�"�.��  (Reversible  reaction)  

ก
��'���
��'�,0+,�������-"�ก�"�.��  .	��2
�'7���+,�'7��������	� 
ก
��ก��'9�ก���

���
�"#�  +
����'7�ก
����

�'7��
����

  ���+  ก
��'���
�
�/
��0+,�
�  �",�"#�ก
��'���
��'�,0+,�
����-"�ก�"�.���
	
�/���,�'7�  
3  '���3��",��# 
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H2O 

K+(aq)  +  NO3
-(aq) H2O KNO3(s)                                                                                                                          

1.  ก	����	�
$S
�	����	� 

            ก
����

�'7��
����

  8�
�"��.'�'7�ก
����

���	��/
���'7�0+,�0G,  0+,��������กN�1� 
�"��2
���

�'7�0+,����  �ก���
����

  ����  ก
����

  KNO3  1��#2
�'7��
����

  KNO3

   �",��# 
       KNO3(s)                                                                                                                                                      
�'7�ก
��'���
��'�,.'0�
,���
���/�
���

��+.'��+��	�"�  	�  KNO3  ����+   
���	�ก
���	�"�0+,  K+  ก"�  NO3

-  �'7�  KNO3  '9�ก���

��-"�ก�"�.���",��# 
 

ก
��'���
��'�,
�+�ก�"��	��+�2
	
�0�
���	 F  ก"����'7�ก
��'���
��'�, 
���-"�ก�"�.��  ��+       KNO3(s)        K+(aq)  +  NO3

-(aq) 
2.  ก	�
$��&�
�;	
�2)*�	� 
             ก
��'���
��/
��0+,�
�  �
���
, F  ��ก�����
	
�/�'���
��/
��1���'7�0+,�0G, 0+,����  
���+  �กN�.��8�
�ก��
�0�+,ก"���",,
�  .	��'7���������
	��+�  กG�'7�����

��
	��+� ����   

ก
��'���
��/
��0+,�
�����'7�0+,�0G,�'7��กN�  �",��#ก
��'���
��'�, 
0"#�  1  ,  2  ���  4  �'7���������
	��+� ����ก
��'���
��'�,1� 
0"#����  3  ,  5 ���  6  �'7�ก
��

��
	��+��"�+
�
,ก
��'���
��'�,�/
��
0+,�#2
�0G,�'7��#2
  �",��# 

H2O(s)                  H2O(l)    ก
��'���
��'�,.'0�
,���
 
���0C����
�ก"�  �#2
��������'7��#2
�0G,  '9�ก���

��-"�ก�"�.��  �",��# 

H2O(l)                  H2O(s)             ก
��'���
��'�,
�+�ก�"� 
�	��+�2
	
�0�
���	ก"����'7�ก
��'���
��'�,���-"�ก�"�.��  ��+ 

H2O(l)         H2O(s) 
3.  ก	�
ก��$R�ก����	
��� 
           ก
��ก��'9�ก���

��	�  �'7�ก
��'���
��'�,����ก���
�1�	����	��	�"����ก��
,�
ก�
����	  '9�ก���

��	�
	��"#,����.	�-"�ก�"����'9�ก���

���-"�ก�"�.��  ���� 

ก.  '9�ก���

-"�ก�"�.	�.��  '9�ก���

�����
,  Cu2+  ก"�  Mg  �ก��  Cu  ���  Mg2+  �",��#   
(��#,.���
�	
ก)  �ก��'9�ก���

�	���C! 

Cu2+(aq)  +  Mg(s)                      Cu(s)  +  Mg2+(aq) 
      0.  '9�ก���

-"�ก�"�.��  '9�ก���

�����
,  Fe3+  ก"�  I-  �ก��  Fe2+  ���  I2   �",��# 

2Fe3+(aq)  +  2I-(aq)                 2Fe2+(aq)  +  I2(aq)        �'7�'9�ก���

.'0�
,���
 
���1�0C����
�ก"�  Fe2+  ก"�  I2  �ก��'9�ก���


�+�ก�"�.��  Fe3+  ���  I-  �",��#  
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