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B�I ( )��	
�HÅ 9 M N �ÛÜ Ý Þ 2 D ß O P � à �8 9 D ß 
S�

D ß 
 á â � ã ä � D ß ��	 ã ä � q [ x F G 3  

a�I ( ) NaClO 
�HÅ 9 M N �ÛÜ Ý Þ 2 D ß O P � à �8 9 D ß 
S�

D ß 
 á â � ã ä � D ß NaClO ã ä � q [ x F G 3  

v�I ( ) Fe(NO3)3
�HÅ 9 M N �ÛÜ Ý Þ 2 D ß O P � à � 8 9 D ß 


S� D ß 
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    RSHAl →  Al3�

î3e�     z   Zn → Zn2�

î2e�  

    ï SHH2O2î2e�→  2OH�  

ð O P HZn îH2O2  →�Zn2�  î  2OH�   ì! Zn y ñ í  

 

ìaíINaClO 
�  

    RSHAl →  Al3�

î3e�     z   Zn → Zn2�

î2e�  

    ï SHClO�

îH2Oî2e�  → Cl�î2OH�  

ð O P HClO�  îH2O îZn →�Cl�î2OH�

îZn2�   ì! Zn y ñ í  

 

ìvíIFe(NO3)3
�  

    RSHAl →  Al3�

î3e�     z   Zn → Zn2�

î2e�  

    ï SHFe3�

î e�  →  Fe2�  

ð O P H2Fe3�

îZn →��Fe2�

î  Zn2�    ì! Zn y ñ í  
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��������� � � �� � � �� � � �� � � �  
ìBíI~ �L M N O P  

1.  � Al ô!úö � �ø 
 � � 3  

2.  � � ã ä KNO3(1M�0.1M�0.01M)�H2SO4(1M�0.1M�0.01M)�

NaOH(1M�0.1M�0.01M)2 H2O2 ~ � � 30%�20%�10%�5d  

3.  � 30%KNO3(1M�0.1M�0.01M)vw H2 O2	~ � � 100ml� � � � f

D ß 100ml J K L3  

4.  � ò ó ô � f H2O2	~ �L�)y ï SÔAl ô)y RS�aS � �

1cm� � � � SN � 
 � y 6�12�18cm2� � � � m 
 X �
 W q � « �

ë )v� �  ! 3  

5.  �   ¡ 1." Al ôÕ # y Zn ô�Mg $� % &   ¡ 1.~4.3  

6.  � ��� 30%H2O2	~ � Õ # y 20%�10% % & !ç   ¡ 3  
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7.  � 
á â KNO3 Õ # y H2SO4ì1M�0.1M�0.01MíÔNaOHì1M�0.1M�

0.01Mí % & !ç   ¡ 3  

8.  � � ��� y NaClO � Fe(NO3)3 % ' ! ç   ¡ 3  

 

ìaíIÛÜ Ý Þ  

1.  ~ �L M N O P # $ � ( D ß ) * �
á �����~ �2 + , �- é

D ß ) * 
S U V 
 . � (
W *
X ) x Z" ~ ��� 100ml. � f 100ml

J K A L3  

2.  � 1M KNO3	~ � 100ml. � f 100ml J K B L� q ( ) 1M KNO3Û

Ü ( M û 1cm)� � J K A / J K B 9ÛÜ 0 N 3  

3.  � j ôì ï Sí � f J K A L� ) * ôìRSí � f J K B L3 � �

� } D ß + , 
�
 W �
 X q 1 « � ë )v� �  ! 3  

 

ìvíI 
 ' M N O P  

1.  ~ �L M N O P # $ � ( D ß ) * �
á �����~ �2 + , L�-

é D ß ) * 
SU V 
 . � (
W *
 X ) x Z" ~ �3  

2.  !�ôõ öì2cm29cmíþ ª - é 2 ~ �� � j ôì ï Sí� ) * ôìR

Sí� � 3 õ ö3 � � � } D ß + , 
 ' 
�
 W �
 X q 1 « � ë )

v� �  ! 3  

 

ì�íI 
 ' Ý Þ O P  

1.  ~ �L M N O P # $ � ( D ß ) * �
á �����~ �2 + , L�-

é D ß ) * 
SU V 
 . � (
W *
 X ) x Z" ~ �3  

2.  !�ôõ öì2cm29cmí þ ª - é 2 ~ �� Ã Ä ��ôõ ö� þ ª 1M 

KNO3	~ �� � j ôì ï Sí� ) * ôìRSí� � 3 õ ö3 � � � }
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 ' 
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 X q 1 « � ë )v� �  ! 3  
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ìaíI~ �L 8 9ÛÜ Ý Þ O P � 
 ' 
� ( )H  

¬ ~ �L M N O P F G ì ª « Bí���- é x C D × ìH2O2  10d�H2SO4  

1.0M�U V 2
 X �
 W x � í� ( )ÛÜ Ý Þ 
�� 
 ' 
�Ô ß E

8 9 D ß ��	 ã ä �[ x M N O P 2 Á Â 3 F G o ì ø BíH  

ø BHH2O2
�D ß O P c à [ x ø                  [� $ � ' ( ) 18cm2\  

 

1.  F G F G "J K L M N O P � ! � _ � Q Z2
 X � � 0 1 Ù q

D o ÛÜ Ý Þ 3  

2.  ! H2SO4 y 
 á â �Mg y 
S� !U V Y Z2
 W �
 X � H �

8 9 õ ö b c �� Õ  � I 2.15V�1121mA3  

3.  M N O P � 
 ' M N O P �Ú ) * 0 1 Ù - : �"��	L 7 U V J

K�H � Mg 
S�� L U V 
 X �
 W Z�� � D 0 1 3Zn ø A 2 x C �

M N [\ ] L O 1 2 Al 
S P � 0 1 3  

� $  9 :  � � � � 9
:  

2 3 4 5  W X � � 9 :  W X 4 5 9 :  

�  10]  10]  20]  30]  10]  10]  20]  30]  
� % &
�  

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

V 1.04 1.44 1.45  1.25 1.05 0.95 0.63 0.64 

mA 112 2.82 3.97  2.02 59.2 95.7  81.8  69.7 

Al 

^ _  9 : ` a �
$ b c d e
) f!b c d
g h i  

j k �� $ l e ) f  9 : m � $ b
c d e ) f��
N n o p A m
q j k i  

j k �� $ l e ) f  

�  10]  10]  20]  30]  10]  10]  20]  30]  

� % &
�  

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

V 1.59 1.40  1.61  1.63 1.53 1.54  1.51  1.53 
mA 301 2.13  4.50  4.61 604 621  912  1102 

Zn 

^ _  � $ b e )
f!b g h i 

j k �� $ l e ) f  9 : m � $ b
c d e ) f��
N n o p A m
q j k i  

j k �� $ l e ) f  

�  10]  10]  20]  30]  10]  10]  20]  30]  
� % &
�  

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

H2 SO4  
1.0M 

V 2.1 2.10  2.10 2.12 2.15 2.18  2.24  2.23 
mA 353 5.91  6.11  6.89 1121 781  992  991 

Mg 

^ _  � $ b e )
f!, H2 SO4
r � % & b
s d g h i  

j k �� $ l e ) fi  9 : m � $ b
c d e ) f��
N n o p A m
q j k i  

j k �� $ l e ) f  
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4.  M N O P � 
 ' M N O P �
 á â H2SO46vw ) * 
S» Q �[8

9 KNO3 | } . � » 2Z� R S � �� ) * U V T J 2 U O P � Î ) * 


S V W x X 3  

5.  ÛÜÝ Þ � 
 ' Ý Þ O P � ) * Mg�Zn 
SD � H2SO4 M N N � �

Y � J K Z [ �? Í \ � ] �
X �
 W 0 1 330d��	 U V 2
 X �


 W Y Z�� M N O P F G D ß Ô6 Al 
S» Q �H2O2 ã ä ; � 
 W �


 X 4 A ; Ì �� M N O P � ß � å L 10^ Y Z3 o 8	_�_B3  
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J t �H2 O2 � � � u �W X 4 5 � N         J t v �H2O2 � � � u �W X 4 5 � S  

 

����������������� �� �� �� �����% & ' ( # $% & ' ( # $% & ' ( # $% & ' ( # $  
ìBíI~ �L M N O P H F G o ª « a3  

1.  ����
��RS y Al�Zn�Mg�B ` - : ����ã ä ; � �

T U V 2
 X �
 W 4 A x � 2 5 × � a b RS y Mg�
á â y

NaOH�����ã ä ; Z�T U V 2
 X �
 W 4 A x : 2 5 × 3

" � ß ����~ ��
 á â ã ä 8�
X �
 W [ x Mg9Al9

Zn3  

2.  � ã ä H2SO4 y 
 á â � c d [ ���� � á � U V � J 3 D e ,

)y 
�3  

3.  6
á â - : �
á â KNO3�H2SO4 ã ä ; � 
 X �
 W 4 A ; Z�

� � NaOH ã ä ! 0.1M T U V 
 X �
 W �[ 1.0M�0.01M Z3"

� ß �����
á â ã ä 8�
 X �
 W [ x NaOH9KNO39

H2SO43D e 
 á â � f G [ x Á 3  

4.  [x D ß 
 á â 1M ���� ã ä 6
X �
 W ¦ A �o 8	_a�

	_v3   
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J t w�NaClO L M � � 9 :� N O� P Q   J t x�NaClO L M � � 9 :� S O� P Q  

 

ìaí8 9ÛÜÝ Þ 
� 
 ' 
� ( )H  

  ¬ ~ �L M N O P F G ì ª « aí���- é x C D × ì! NaOH�KNO3

y 
 á â í ( )ÛÜ Ý Þ 
�� 
 ' 
�3 F G o 8ìø aíH  

ø aHNaClO 
� D ß O P c à [ x ø                 [� $ � ' ( ) 18cm2\  

1.  ! NaClO y ����Mg y 
S�KNO3 y 
 á �� 
 ' M N O P T

4 A 
 X �
 W ì1.94V�254mAíY Z� � � 0 1 Ù å L D o 


' Ý Þ O P ì1.98V�206mAí3  

� $  9 :  
 � � � � 9 :    2 3 4 5  W X � � 9 :  W X 4 5 9 :  

�  1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 

� % &
�  

KNO3  
1.0M 

NaOH 
0.1M 

KNO3  
1.0M 

NaOH 
0.1M 

KNO3  
1.0M 

NaOH 
0.1M 

KNO3  
1.0M 

NaOH 
0.1M 

V   1.43   1.57 1.30 1.33   1.58   1.55   1.55   1.61 

mA   168 174 1.05 3.25   101   67.2   33.5   32.9 

Al 

^ _  � $ b c d e )
fi  

y j k �� $ l e )
fi  

9 : m � $ b e )
fi  

y j k �� $ l e )
fi  

�  1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 

� % &
�  

KNO3  
0.1M 

NaOH 
1.0M 

KNO3  
0.1M 

NaOH 
1.0M 

KNO3  
0.1M 

NaOH 
1.0M 

KNO3  
0.1M 

NaOH 
1.0M 

V 0.63   1.02 1.12 1.23 1.24   1.22   1.36 1.25 
mA   59.6   94.7 3.14 3.78  36.8   79.5   61.2   64.7 

Zn 

^ _  � $ b s d e )
fi  

y j k �� $ l e )
fi  

9 : m � $ b e )
fi  

y j k �� $ l e )
fi  

�  1.0M 0.25M 1.0M 0.25M 1.0M 0.25M 1.0M 0.25M 
� % &
�  

KNO3  
1.0M 

NaOH 
0.1M 

KNO3  
1.0M 

NaOH 
0.1M 

KNO3  
1.0M 

NaOH 
0.1M 

KNO3  
1.0M 

NaOH 
0.1M 

V 1.53 1.82 1.81 1.43   1.94   1.95   1.98   1.94 
mA   196   224 6.48 4.25   254   207   206   134 

Mg 

^ _  � $ l e ) fi  y j k �� $ l e )
fi  

9 : m � $ l e )
fi  

y j k �� $ l e )
fi  
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2.  [x 
S Al � Zn� 4 A 2
 X �
 W � M N O P Al 
Sx C �

Ý Þ O P ! Zn 
Sx ` 3  

 





��������� � 
�� 
�� 
�� 
����)'*"+,#$)'*"+,#$)'*"+,#$)'*"+,#$  
ìBíI~ � L M N O P H F G o ª « v3  

1.  "� ß 
 á â ã ä 8� 6 v w D ß R S�
 X �
 W Zn9Mg9Al3  

2.  � ß 2
S� D ß 
 á â T 4 A 2
 W �
 X �H2SO49KNO39

NaOH3D e 
 á â� f G [ x Á3  

3.  ! NaOH y
á â�� ß 
S2 D × 8�NaOH ã ä ; � � T U V 2


 X �
 W ; Ì3  

4.  ! Fe(NO3)3y� � � �T U V 2
 X �
 W �B ` ¯ » [ H2O2�NaClO

y� � � Z { g3  

5.  [x D ß 
 á â 1M � � � � ã ä 6 
X �
 W ¦ A � o 8	 _��

	 _�3   

��������� � � �� 	 �
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�� 
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� � � �
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� �


� � 



� �
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 � � 
 � � � 
 


� ���������

�
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�
�

� ���

� � � ��

�� ��

� � � � �

 
Jtz� Fe(NO3 )3 L M � � 9 : � N �  P Q   JtK�Fe(NO3 )3 L M � � 9 : � S �  P Q  

 

ìaíI Û Ü Ý Þ � 
 ' 
� ( ) H  

           ¬~ � L M N O P F G ì ª « ví�� � - é x C D × ì! H2SO4�

KNO3y
á âí ( ) Û Ü Ý Þ 
�� 
 ' 
�3 F G o ì ø víH  
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ø vHFe(NO3)3
�D ß O P c à [ x ø                 [ � $ � ' ( ) 18cm2\ 

     

 

1.  M N O P T U V 2
 W �
 X �" J K L [ 
 ' ( ) » � Z �� ç

� # $ F G � O 3! Zn y
S�H2SO4(1M)y
á â�
W �
 X

Õ � I 1.61V�3511mA3�
S � \ � ]�8
�D 0 1 3  

2.  M N O P U V 2
 X �
 W { D 0 1 �
 X ( Z - Ì � � 3  

3.  M N O P �Al 
SD c � \ � ]�
X � L Ì�� � [ � � � 
S  

0 1 3  

4.  Ý Þ O P � � h Ñ 
� 0 1 Ù �
S > Í \ � ]�� � 
 X �
 W

å L i j 8k3  

5.  Ý Þ O P �! H2SO4(1M)y
á â�Zn�Mg � 
S 7 � � 
 W �


 X 2 4 A 3  

 

� $  9 :  
 � � � � 9 :    2 3 4 5  W X � � 9 :  W X 4 5 9 :  

�   1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 

� % &
�   

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

V 0.54 0.84   1.84   1.73   0.51   0.71   0.98   0.73 

mA 101 179   5.54   5.83   39.2   127   36.2   12.3 

Al 

^ _  � $ l e ) fi  y j k � � $ l e )
fi  

9 : m � $ l e )
fi � N n o � A �
{ j k i  

y j k � � $ l e )
fi  

�   1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 

� % &
�   

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

V 1.44 1.61 1.94   1.99   1.40   1.61   1.46   1.26 
mA 2105 3511   6.00   6.53   624   2331   528   1385 

Zn 

^ _  � $ b e ) fi  y j k � � $ l e )
fi  

9 : m � $ b e )
fi � N � A |  
}� ~ � j k i  

y j k � � $ l e )
fi  

�   1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 1.0M 
� % &
�   

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

KNO3  
1M 

H2 SO4  
1M 

V 1.71 1.81   2.55 2.60   1.81 1.75   2.01   1.94 
mA 1366 2704   7.23   9.00   496   2709   598   1425 

Mg 

^ _  � $ b e ) fi  y j k � � $ l e )
fi  

9 : m � $ b e )
fi � N � A |  
}� ~ � j k i  

y j k � � $ l e )
fi  
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��������- . / 0 1- . / 0 1- . / 0 1- . / 0 1  
  ¬!ç F G � � � � l m n o } p ' ë ) �
� q � Ì�
/ f 7 � �q

* 0 1 Ù � 2
�3 � � � r s t 
á â u p ]� � � 
á â þ ª = â! ^ � 0

1 Ù � F G o ø �Ô v 6 H2O2
��� � � r � H2O2 � � þ ª s g h i � � �

F G o ø �H  

ø �� b c � ( )                                 [ � $ � ' ( ) 9cm2\  
��  � �  � � �  � �  	 
 � �  

� 
 � � �  

� � � �  

� � 0.1cm �  � � 0.4cm �  

V 1.39 1.39 

mA 

 

79.2 68.9 

 
  KNO3 

j k �  ������

�  

� 	 
 � � 
 � �

�� � � � � � �

� � � � 
 � �  

� 	 
 � � 
 � ��� �

� � � �� � � � � 
 �

�  

V 1.51 1.50 
mA 

 
387 298 

H2O2 

30�  
Zn 

  H2SO4 

j k �  ������

�  
� 	 
 � � 
 � �

�� � � � � � �

� � � � 
 � �  

� 	 
 � � 
 � ��� �

� � � �� � � � � 
 �

�  

V 1.86 1.84 

mA 

 

 128 298 

KNO3  

j k �  ������

�  
� 	 
 � � 
 � �

���� � � ��

� � � � 
 � �  

� 	 
 � � 
 � ����

� � � �� � � � � 
 �

�  

V 1.83 1.83 

mA 

 

97.2 71.0 

NaClO Mg 

NaOH 

j k �  ������

�  
� 	 
 � � 
 � �

���� � � ��

� � � � 
 � �  

� 	 
 � � 
 � ����

� � � �� � � � � 
 �

�  

V 1.61 1.53 1.53 

mA 230 114 79.3 

Fe(NO3)3 KNO3  
 

j k �  � 	 
 � � ��

��� � �  

� 	 
 � � 
 � �

���� � � ��

� � � � 
 � �  

� 	 
 � � 
 � ����

� � � �� � � � � 
 �

�  

V 1.65 1.55 1.53 

mA 284 129 89.0 

j k �  � 	 
 � � ��

��� � �  

� 	 
 � � 
 � �

���� � � ��

� � � � 
 � �  

� 	 
 � � 
 � ����

� � � �� � � � � 
 �

�  

Fe(NO3)3/C 

Zn 

KNO3  
 

Fe(NO3 )3 /  KNO3 /C� & d 7 2�1� 1 

 

1.  89 k � þ ª � � � ~ � � � L 
 X �
 W [ x Ì�� � 
�[ x 0 1 3  

2.  
�0 1 Ù H2O2[ NaClO � Fe(NO3)3`{ g�U V 2
 X ?[ x Z 3e
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, ) Õ w x 2 b c � � � 3  

3.  j k e f 
 á â � 0 1 f G �q ^ y 
X 3  

4.  
�b c � �NaClO � Fe(NO3)3 � � � � �� L Å 9 ö z �k � þ ª 
 á

â Ý Þ � S� � h Ñ 0 1 Ù �� � 
 X �
 W å L i j 8k3  

 

å ç è F G � � � O y H2O2 � # � ) 
� { `2 � � � �Àp Å 9  ! þ

ª � � 	 � � �* 0 1 2 = â g h i �¹ B   ( ) b c 2 H2O2 
��F G ø �H 

ø �HH2O2 b c � 2 ¹ B   � �                 [ � $ � ' ( ) 9cm 2\  
� � � �  

��  � �  � � �  � 
 � � �  

� � � �  � � 	 
 � � �
��  

V 1.38 1.41  Zn 
mA 625 420  

V 2.11  1.83  Mg 
mA 711 520 

H2O230�
/  ! "  

 

� $ �H2 SO4!
1.5M 
� $ � � �
KNO3! � � �  
 

# $ %  �� � ������

� 
  !� � � 	�"

# $ % & � �'� 	 


( ) '  

��� * � + , - .

� 	 � � � / � � �

�' � 	'  

V 1.36 1.37  Zn 

mA 610 489  

V 2.13 1.99  Mg 

mA 721 543  

H2O230�
/  ! " /
& �  

 

� $ �H2 SO4!
1.5M 
� $ � � �
KNO3! � � � !
� �  
 

# $ %  �� � 0 1 2 3 � �"

1 2 4 5 6 7 8 9

:�; < = > � 1 2 #

? . @ A �� 	 
 ( )  

�� � 0 1 2 3 � �

� B C � 	  

V 1.34 1.36  Zn 

mA 603 458  

V 2.10 1.96  Mg 

mA 689 516  

H2O230�
/  ! " /
& � /'
( ) [�
1\  

 

� $ �H2 SO4!
1.5M 
� $ � � �
KNO3! � � � !
� � [� 2\  
 

# $ %  D E F � � 6 7 8 �

	 
 �G H � B � 	 


)'  

D E F � � 6 7 8 �

	 
 � . I % & �

�� 5 � B J K �

	'  

 

� �� 1. � $ �H2 O230]� H2 SO41.5M � � M 20ml� � � � 0.5 �� � � � 7 �� � � 0.05

�i   2. � $ �KNO3 � � L M 20ml� � � � 6 �� � � 0.05 �i  
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1.  ¬ H2O230� *  ! " +, - . / +0 * 1 & � +2 3 0 * 1 4 5 # $ H2O 2 6 7

8 ' ( ) + 9 : ; < = > � ? @ A � A # $ 8 � ? B  

2.  ! ZnCKNO3DCD  ! " E 1.5M H2SO4DCD' ( ) D  ! " CH2O230�
�

- : 1.36V�458mA� * { | 0 1 Ô } ! Mg y
S 1.96V�516mA3  

 

  
JtR� > ? � Y Z                        Jt T �H2 O2 > ? � � � � - � �  

 

  
Jt U �H2 O2 > ? � � � � - A � �         Jt V �H2 O2 > ? � � � � � � � �  

 

��������� � � �� � � �� � � �� � � �  
 

������������ 2 3  ! "#$2 3  ! "#$2 3  ! "#$2 3  ! "#$  
ìBíI ~ � # $ T 8 9 2 ) * y Zn�Al / Mg3"B ` + � 8�Zn�Al�

Mg c U V Zn(OH)2 ( s)�Al(OH)3( s)/ Mg(OH)2 ( s )�� � ) * ô � � 
 � �

6 
X U V � � �
 X ( Z � � � Ì- ? 0 1 3  
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ìaíI
 á â KNO3 ã ä ; � �8 ~ � L � Z m � � � ¶ ��
X x Z 3  

ìvíI� � 	 " � Ù + � 8�� � 7 / x . ��! H2SO4y
á â�
W 


X Y Z Ô O " �! NaOH y
á â�
 W 
 X x Ì3  

ì�íI" J K L M N O P �! H2SO4y
á â� ) * ø 
 U V 2 \ � c Ð �

[ � � �Àp x D c � � 
 X �8
X x 0 1 Ô! NaOH y
 á â�

Al y � Ù ) * �Al � � �c U V E � � Al(OH)4
-
(a q)�
S \ � ]S

l�
X x 0 1 �Mg�Zn � c U V Zn(OH)2 ( s)/ Mg(OH)2( s ) \ � ��

À \ � ] c ¬ ) * ø 
 � � �D c � � 
X 0 1 ä 3  

ì�íI" J K L M N O P � � � 	 
 X 
 W H10%920%�30%� 5%�Ày

� ã ä � � 	 U V J K � \ � 2� � 4 g�U V 
SS � A � �
 W


 X O - ÌÔ : ã ä � � 	 O P � � 4 j �
W 
 X Ì�� 10%yY

C ã ä 3  

ìBíIÛ Ü Ý Þ � 
 ' Ý Þ O P �� H2O2!Û Ü Ý Þ z þ ª s õ ö � �


á â Ý Þ � ( s H2O2 D c � ) * 
SM N N � U V ) 9 ì J K � \ �

]í�Àp
 X �
 W � Q 0 1 3  

ì�íIÛ Ü Ý Þ � 
 ' Ý Þ O P � ( s H2O2 D c � ) * 
S M N N � U V

) 9 �Àp H2O2 ã ä ; Z �
 X �
 W ø A ; Z �H2O2  30dY C 3  

 

������������ 2 3 % & ' ( #$2 3 % & ' ( #$2 3 % & ' ( #$2 3 % & ' ( #$  
ìBíI NaClO "� Ù + � 8�U V HClO � � �8 ClO�

�l�U V x Ì

2
 X �
 W 3  

ìaíI M N O P �
S Mg O P 4 5 Í \ � ]� D � � 
SO P �
 X

4 A x Z ÔZn 
S� Z m \ � U V �
 X � Ì* D 0 1 � D o Al


SZ 3� � Ý Þ O P �D c � \ � "
Sç �Zn 
S[ Al U V Õ

Z 2
 X 3  

ìvíI 
 ' O P � 
 ' Ý Þ �ß D × 8 NaClO U V 2
 X D o Fe(NO3)3

� H2O2�O P � � � Ñ B C �
� 0 1 Ù �  �[ Fe(NO3)3`��

[ H2O2Á3  

 





�������� 2 3 )'*#$2 3 )'*#$2 3 )'*#$2 3 )'*#$  
ìBíIM N O P U V 2
 X �
 W Zn9Mg9Al��0 1 Ù y Al Y `�Ày
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Zn�Mg ø 
 7 c U V � ¾ Fe(OH)2� s� ª r �8
 X 8k U V D 0 1

A � 3  

ìaíIM N O P ! NaOH y
 á â� c U V Fe(OH)3� s� \ � �8 Fe3 + ã ä 8

k�
W 
 X � Ì3  

ìvíI 
 ' O P � 
 ' Ý Þ �� L Fe(NO3)3 !U V � 2
 W �
 X �� O

P � � � � � d [ 
�0 1 Ù D C 3  

 

������������ 2 3 - . /2 3 - . /2 3 - . /2 3 - . /  
ìBíI H2O2�� NaClO 
��8 9 x â � = â2 � ö z �k � �� L Î


X �l�� � ^ � Ñ 0 1 Ù �Î
 X D N s � F 8k3  

ìaíI Fe(NO3)3
� Ý Þ O P �� Ñ 8 9 � ö � �k � Ä �� Fe(NO3)3�

KNO3�j k ! D ß [ ñ � , �Fe(NO3)3[ñ Z �
 W 
 X � C b 2

^ y �e j k Î
 X 2 | } ? s0 1 3  

ìvíI " H2O2 L e f g h i � 1M H2SO4y
 á â8 [ � D 2 5 × 8�

 ¸ e 
� 0 1 Ù � } Ý Þ � � �
 X �
 W Sy 0 1 3  

ì�íI " H2O2 L e f g h i � j k � 1M H2SO4y
á â�D � 0 1 Ù

^ � � Õ Î
 X �
 W � Z � } Ý Þ � � �
 X �
 W Sy 0 1 3  

ì�íI " H2O2 L e f g h i � j k �H2O2 ã ä 30d[ 20d�10d U V

Õ Z 2
 X � F G �" J K L M N O P D ß �Ày8 9 g h i þ ª

H2O2 � � �Î H2O2 � � 0 1 � } �* D c Àò ó ô - 8 H2O2 � á 3 

ìBíI e l m n � �  !Î H2O2 � � Õ 0 1 �� L 
X C b �Ì�� �

8
� { | 0 1 3  

ì�íI H2O2 b c � 
�
SN � 
 � 9cm2�! Zn y
S !I _

1.36V�458mA�Ì � I �   
X  I _ 116mA�[x t u 3 ¡ 
��

1.57V�2000mA� 6 Ì � I �   
 X y 134mA3 } ¸ e 
S N � 


� �� � � 2 m �H2O2 b c � 
�� D r s t u 
�3  

 

��������� �� �� �� �  
 
    t 
�� ¢ £ ¤
g¥�� � ´ _ { g� � Ñ 6 
�Õ ¦ f Ñ á Ä � 4 5 L


 6 { g § � � ¨ 4 © ª 2 � ¥ � O « ¬ ­ �# ® 
 6 § � q á ¯ § � � � � B
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{ `2 £ $ 3¬ # $ 2 ° ± � � Ú ² r + , 2 ³ m ´ µ � 6  7 8 9 : ; < =

>�? @ A _ Ñ B C D E # $ F G � � � � !82F ¥ H  

B�I 
S N � 
 � Z �� ) * ) 9 
 � / j ô � ¶ 
 � ¸ e �8
 W 


X ¸ Z 3
 á â ã ä ; � �
�2
X �
 W ; Z 3  

a�I Û Ü Ý Þ O P � Û Ü 8
 � ¸ e ��
X 8k��À ) * ô D M N

� � � � U V O P �
W 
 X x 0 1 3H � ! 
 ' Ý Þ 
 � Ì 7 U

V x Z 2
 X 
 W � - * 0 1 3  

v�I � � 	 
�� J K L M N O P H! 10% � � 	 �1M H2SO4y
á

â�Zn Q R S T U V 2
 W 
 X Y Z � 0 1 Ù � C �[\ ] ^ _

2 Al 
S`3� � 
S 7 c � \ � ] U V � D Å 
�2 0 1 Ù �

Î \ � ] D @ V � % � Æ � 3  

��I Ý Þ � S 8 ) * S2 \ � ]�l M N Y � �!p � h � � 	 


�� Z ¶ ^ y 
�0 1 Ù 3  

��I � � 	 
� M N O P U V 2
 X �
 W H2O210d920d930dÔ

�� Ý Þ O P � Ñ Al 
SÄ �Zn�Mg 
SU V 2
 X �
 W

H2O230d920d910d3  

B�I � � 	 
� b c � �H2O230dL e f g h i �j k �l m n � � �

Ày89 g h i þ ª H2O2 � � �Î H2O2 � � 0 1 � } �n � �  

! 0 1 H2O2 � � �D c À ò ó ô - 8 H2O2 � á 3 U V Z * 0 1

2
 X �
 W 3 o p ( ) 2
��qD r s t u 
�3  

��I � � � � 
�H! NaClO 1.0M�
á â NaOH 0.1M�Mg Q R S

T U V 2
 W 
 X Y Z �?[ x 0 1 � H � Ý Þ 
 ' 
�3  

·�I � � � 
�H! Fe(NO3)3 1.0M�
á â H2SO4 1.0M�Mg Q R S

T U V 2
 W 
 X Y Z � � M N O P 
S � Z m \ � ]�
�S

yD 0 1 ÔÝ Þ O P  ! � h pA � �- * b c �  � Fe(NO3) 3� 

KNO3�C v ¸ q � , �0 1 Ù Z ¶ ^ y 3  

¤�I v w 
�2[ x �! H2O2 Y y 0 1 � - * g h i þ ª � � b c �

��! Zn z Mg y
S ! U V { Z 2 | } 
 X 3NaClO �

Fe(NO3)3 	 ~ � �ClO�
� Fe3�

Í ¥ 8 9 ö z zg h i 7 D ' þ ª

3�8O P � � � � �
� � � � 
 W �
 X �� D � { 0 1 3À

p H2O2 � #  ! @ � y . / + , 
�3  
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_�I ¬ ~ �� L � � � ¹ º � � 	 
�� } � Al�Zn�Mg 
S Õ � [

H2 /C 
S��l c � B
 { `2 ¼ >
�� » � � � ¼ ½ � � 3  

 

 

	 
 � �	 
 � �	 
 � �	 
 � �  
¾ ¿ À £ Á � � Â L ´ � ´ ì8í� Ã Ä � Å Æ �1Ç32 È�20043  

É Ê Ë Á r � � ´ � Ã Ä � Ì Í �611 ÈÇ640 È   789 ÈÇ805 È�20043  

http://www.sciencedaily.com/releases/1999/12/991215072333.htm 
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 L M NH 2 O 2 � B O �  
P Q          30R            2 0R             1 0R            5R  
S <    6 cm   12 cm   18 cm   6 cm   12 cm   18 cm   6 cm   12 cm   18 cm   6 cm   12 cm   18 cm 

T

J

U

�

J  

� *

V �

�  

V A V A V A V A V A V A V A V A V A V A V A V A 

KN O 3  

1 M 
0.35  

0 .31  
0 .36  

0 .47  
0 .36  

0 .74  
0 . .55   

6 .62  
0 .55  

7 .06  
0 .57  

7 .40  
0 .56  

6 .87  
0 .57  

14 .0  
0.62  

33 .0  
0.50  

5 .72  
0 .50  

9 .11  
0 .51  

13 .2  
KN O 3  

0.1 M 
0.54  

0 .14  
0 .54  

0 .15  
0 .54  

0 .15  
0 .54  

7 .03  
0 .55  

7 .47  
0 .56  

8 .44  
0 .55  

7 .04  
0 .57  

12 .0  
0 .63  

32 .0  
0 .47  

5 .04  
0 .47  

8 .00  
0 .47  

11 .2  
KN O 3  

0.01 M 
0.50  

0 .14  
0 .50  

0 .15  
0 .51  

0 .13  
0 .53  

5 .22  
0 .53  

6 .23  
0 .55  

6 .83  
0 .54  

5 .37  
0 .55  

8 .74  
0 .55  

18 .9  
0 .43  

4 .58  
0 .44  

6 .78  
0 .44  

9 .38  
H 2 SO 4  

1 M 
0.71  

14 .3  
0 .72  

27 .0  
0 .72  

48 .9  
1 .01  

41 .0  
1 .01  

71 .0  
1 .04  

98 .2  
1 .01  

42 .6  
1 .04  

80 .5  
1.04  

112 
0.91  

46 .7  
0 .91  

65 .2  
0 .92  

79 .3  
H 2 SO 4  

0.1 M 
0.66  

10 .0  
0 .66  

20 .1  
0 .68  

38 .2  
0 .85  

14 .0  
0 .87  

24 .3  
0 .88  

42 .5  
0 .90  

26 .8  
0 .90  

49 .9  
0 .92  

86 .0  
0 .84  

32 .0  
0 .84  

45 .1  
0 .84  

59 .7  
H 2 SO 4  

0.01 M 
0.60  

6 .44  
0 .61  

10 .7  
0 .60  

18 .2  
0 .68  

8 .9  
0 .68   

17 .5  
0 .68  

36 .0  
0 .71  

11 .7  
0 .72  

24 .5  
0 .72  

50 .1  
0 .65  

20 .1  
0 .65  

25 .6  
0 .66  

44 .4  
Na O H 
1 M 

0.46  
3 .85  

0 .47  
4 .63  

0 .47  
5 .16  

0 .43  
3 .34  

0 .43  
3 .93  

0 .43  
4 .20  

0 .40  
2 .74  

0 .40  
3 .37  

0 .41  
3 .85  

0 .38  
1 .92  

0 .39  
2 .21  

0 .39  
2 .96  

Na O H 
0.1 M 

0.53  
4 .28  

0 .53  
5 .34  

0 .54  
6 .00  

0 .44  
3 .63  

0 .45  
4 .16  

0 .45  
4 .63  

0 .40  
3 .77  

0 .40  
4 .57  

0 .40  
5 .01  

0 .39  
3 .25  

0 .39  
4 .09  

0 .39  
4 .73  

Al  

Na O H 
0.01 M 

0.53  
4 .63  

0 .53  
5 .55  

0 .54  
6 .33  

0 .51  
3 .74  

0 .51  
4 .67  

0 .52  
5 .41  

0 .47  
3 .89  

0 .47  
4 .83  

0 .47  
5 .36  

0 .45  
3 .68  

0 .45  
3 .94  

0 .45  
4 .99  

KN O 3  

1 M 
0.93  

56 .4  
1 .00  

71 .1  
1 .02 
 

 
76 .2  

0 .90  
65 .8  

0 .90  
77 .7  

0 .91  
86 .2  

0 .80  
76 .0  

0 .80  
90 .1  

0.80  
98 .6  

0.71  
60 .2  

0 .72  
72 .3  

0 .72  
80 .6  

KN O 3  

0.1 M 
0.85  

25 .6  
0 .85  

28 .9  
0 .85  

39 .8  
0 .82  

26 .5  
0 .81  

30 .9  
0 .82  

44 .6  
0 .74  

36 .7  
0 .81  

46 .3  
0 .81  

55 .0  
0 .70  

32 .5  
0 .71  

47 .6  
0 .71  

56 .3  
KN O 3  

0.01 M 
0.76  

14 .4  
0 .77  

19 .5  
0 .77  

28 .9  
0 .74  

23 .5  
0 .74  

28 .7  
0 .74  

37 .1  
0 .69  

31 .5  
0 .70  

39 .8  
0 .70  

44 .4  
0 .68  

21 .2  
0 .68  

33 .3  
0 .68  

40 .9  
H 2 SO 4  

1 M 
1.50  

150 
1 .49  

170 
1 .49  

190 
1 .54  

176 
1 .54  

210 
1 .55  

264 
1 .58  

222 
1 .59  

289 
1.59  

301 
1.49  

163 
1 .50  

174 
1 .50  

185 
H 2 SO 4  

0.1 M 
1.40  

86 .2  
1 .40  

109 
1 .40  

112 
1 .44  

103 
1 .44  

115 
1 .44  

123 
1 .47  

185 
1 .47  

203 
1 .47  

233 
1 .45  

134 
1 .46  

158 
1 .46  

173 
H 2 SO 4  

0.01 M 
1.23  

58 .4  
1 .24  

64 .6  
1 .24  

72 .1  
1 .32  

64 .5  
1 .32  

74 .0  
1 .32  

78 .8  
1 .39  

85 .4  
1 .38  

89 .8  
1 .39  

99 .8  
1 .37  

72 .2  
1 .38  

86 .1  
1 .38  

92 .4  
Na O H 
1 M 

0.73  
23 .7  

0 .74  
28 .0  

0 .74  
34 .1  

0 .70  
20 .8  

0 .72  
26 .6  

0 .72  
30 .3  

0 .68  
17 .7  

0 .69  
21 .5  

0 .69  
27 .5  

0 .65  
8 .02  

0 .65  
10 .2  

0 .65  
11 .1  

Na O H 
0.1 M 

0.72  
17 .4  

0 .72  
20 .5  

0 .72  
24 .7  

0 .70  
15 .0  

0 .70  
17 .8  

0 .71  
21 .8  

0 .68  
10 .2  

0 .68  
13 .4  

0 .68  
17 .4  

0 .63  
3 .58  

0 .63  
4 .88  

0 .64  
5 .14  

Zn 

Na O H 
0.01 M 

0.68  
14 .5  

0 .68  
17 .3  

0 .68  
21 .8  

0 .65  
11 .4  

0 .65  
15 .2  

0 .65  
19 .6  

0 .60  
6 .75  

0 .61  
8 .91  

0 .61  
11 .0  

0 .58  
2 .87  

0 .58  
3 .58  

0 .58  
4 .39  

KN O 3  

1 M 
1.82  

77 .4  
1 .83  

82 .5  
1 .83  

93 .8  
1 .81  

90 .7  
1 .81  

98 .8  
1 .81  

111 
1 .80  

104 
1 .80  

129 
1.80  

147 
1.76  

73 .7  
1 .79  

87 .5  
1 .79  

92 .8  
KN O 3  

0.1 M 
1.82  

64 .6  
1 .82  

70 .6  
1 .82  

78 .4  
1 .81  

69 .7  
1 .81  

78 .2  
1 .81  

85 .1  
1 .81  

81 .4  
1 .81  

87 .0  
1 .81  

92 .1  
1 .75  

65 .8  
1 .75  

72 .4  
1 .75  

85 .5  
KN O 3  

0.01 M 
1.79  

43 .7  
1 .79  

48 .7  
1 .79  

54 .1  
1 .76  

45 .8  
1 .76  

49 .7  
1 .76  

55 .2  
1 .76  

53 .6  
1 .76  

58 .0  
1 .76  

65 .6  
1 .73  

43 .7  
1 .73  

46 .4  
1 .73  

59 .7  
H 2 SO 4  

1 M 
2.37  

187 
2 .41  

210 
2 .43  

245 
2 .17  

203 
2 .22  

245 
2 .23  

297 
2 .00  

225 
2 .05  

314 
2.11  

353 
1.84  

189 
1 .84  

221 
1 .85  

234 
H 2 SO 4  

0.1 M 
2.11  

100 
2 .15  

121 
2 .15  

145 
2 .07  

115 
2 .08  

143 
2 .11  

167 
1 .98  

135 
1 .89  

164 
2 .01  

189 
1 .68  

101 
1 .72  

122 
1 .76  

129 
H 2 SO 4  

0.01 M 
1.90  

78 .2  
1 .89  

96 .0  
1 .90  

104 
1 .74  

77 .7  
1 .75  

99 .1  
1 .79  

116 
1 .55  

86 .4  
1 .55  

110 
1 .58  

132 
1 .42  

74 .7  
1 .43  

93 .1  
1 .50  

108 
Na O H 
1 M 

0.91  
22 .5  

0 .94  
28 .8  

1 .0   
32 .7  

0 .72  
19 .2  

0 .72  
23 .0  

0 .73  
27 .7  

0 .70  
14 .1  

0 .72  
19 .6  

0 .72  
23 .4  

0 .69  
7 .18  

0 .69  
9 .67  

0 .69  
11 .2  

Na O H 
0.1 M 

1.24  
25 .4  

1 .26  
3 .62  

1 .26  
40 .8  

0 .93  
20 .1  

0 .94  
24 .8  

0 .94  
32 .1  

0 .65  
16 .4  

0 .65  
20 .8  

0 .66  
25 .2  

0 .54  
9 .44  

0 .54  
11 .5  

0 .54  
13 .6  

Mg 

Na O H 
0.01 M 

1.11  
23 .5  

1 .14  
30 .8  

1 .17  
38 .0  

0 .90  
18 .4  

0 .91  
21 .3  

0 .91  
30 .8  

0 .67  
13 .5  

0 .67  
18 .6  

0 .67  
22 .8  

0 .54  
5 .37  

0 .54  
8 .56  

0 .55  
10 .0  
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 L M NN a ClO � B O �  
P Q         1 .0 M           0 .7 5 M           0 .5 0 M           0 .2 5 M 
S <    6 cm   12 cm   18 cm   6 cm   12 cm   18 cm   6 cm   12 cm   18 cm   6 cm   12 cm   18 cm 

T

J

U

�

J  

� *

V �

�  

V A V A V A V A V A V A V A V A V A V A V A V A 

KN O 3  

1 M 
1.42  

142 
1 .43  

155 
1.43  

168 
1.40  

109 
1 .41  

136 
1 .41  

146 
1 .31  

77 .4  
1 .33  

94 .2  
1 .33  

99 .1  
1 .21  

50 .0  
1 .21  

52 .3  
1 .21  

58 .8  
KN O 3  

0.1 M 
1.37  

125 
1 .37  

154 
1 .37  

165 
1 .32  

101 
1 .33  

109 
1 .33  

128 
1 .24  

72 .3  
1 .24  

86 .4  
1 .25  

91 .6  
1 .15  

44 .5  
1 .16  

51 .7  
1 .16  

54 .1  
KN O 3  

0.01 M 
1.08  

119 
1 .09  

124 
1 .09  

143 
1 .00  

84 .1  
1 .01  

98 .0  
1 .01  

105 
0 .94  

69 .4  
0 .93  

73 .4  
0 .94  

79 .2  
0 .86  

34 .6  
0 .86  

38 .7  
0 .86  

42 .8  
H 2 SO 4  

1 M 
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W  
:  

W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
H 2 SO 4  

0.1 M 
1.55  

67 .2  
1 .57  

69 .2  
1 .57  

78 .6  
1 .44  

58 .3  
1 .45  

63 .2  
1 .48  

70 .0  
1 .35  

50 .3  
1 .38  

56 .2  
1 .38  

63 .9  
1 .21  

42 .3  
1 .22  

46 .4  
1 .22  

49 .7  
H 2 SO 4  

0.01 M 
1.54  

54 .4  
1 .58  

58 .1  
1 .61  

82 .4  
1 .39  

48 .0  
1 .39  

53 .7  
1 .40  

70 .8  
1 .25  

40 .3  
1 .25  

48 .2  
1 .26  

52 .5  
1 .18  

33 .4  
1 .18  

43 .4  
1 .20  

60 .7  
Na O H 
1 M 

1.73  
129 

1 .73  
136 

1 .73  
152 

1 .56  
120 

1 .57  
124 

1 .57  
148 

1 .50  
92 .5  

1 .50  
97 .4  

1 .50  
101 

1 .48  
83 .6  

1 .49  
85 .4  

1 .50  
94 .1  

Na O H 
0.1 M 

1.57  
133 

1 .57  
156 

1.57  
174 

1.50  
128 

1 .51  
132 

1 .51  
145 

1 .43  
109 

1 .43  
112 

1 .43  
120 

1 .37  
92 .2  

1 .38  
95 .5  

1 .38  
95 .9  

Na O H 
0.01 M 

1.21  
121 

1 .22  
128 

1 .23  
134 

1 .13  
112 

1 .13  
118 

1 .14  
127 

1 .05  
99 .7  

1 .05  
106 

1 .05  
110 

0 .95  
84 .6  

0 .95  
88 .8  

0 .95  
91 .4  

Al  

0  1 .41   
118 

1 .41  
129 

1 .41  
152 

1 .32  
82 .3  

1 .32  
99 .8  

1 .32  
104 

1 .23  
63  

1 .24  
80 .0  

1 .25  
93 .2  

1 .13  
48 .2  

1 .13  
58 .6  

1 .13  
69 .7  

KN O 3  

1 M 
0.92  

12 .5  
0 .92  

20 .3  
0 .92  

25 .4  
0 .85  

11 .7  
0 .85  

18 .8  
0 .86  

46 .4  
0 .80  

21 .3  
0 .80  

31 .7  
0 .80  

51 .4  
0 .73  

20 .9  
0 .74  

22 .8  
0 .75  

48 .9  
KN O 3  

0.1 M 
0.61  

14 .2  
0 .62  

22 .7  
0.63  

59 .6  
0.58  

14 .4  
0 .58  

24 .8  
0 .58  

58 .0  
0 .54  

12 .8  
0 .54  

22 .1  
0 .55  

46 .7  
0 .49  

9 .09  
0 .49  

14 .5  
0 .50  

33 .7  
KN O 3  

0.01 M 
0.54  

12 .3  
0 .54  

22 .3  
0 .54  

59 .0  
0 .51  

13 .7  
0 .51  

20 .8  
0 .52  

44 .6  
0 .46  

8 .34  
0 .46  

11 .2  
0 .47  

27 .8  
0 .42  

6 .51  
0 .42  

10 .8  
0 .42  

21 .6  
H 2 SO 4  

1 M 
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W  
:  

W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
H 2 SO 4  

0.1 M 
1.14  

32 .1  
1 .16  

40 .6  
1 .18  

50 .3  
1 .00  

29 .8  
1 .02  

36 .8  
1 .03  

42 .0  
0 .94  

28 .7  
0 .95  

33 .5  
0 .95  

40 .8  
0 .87  

28 .6  
0 .88  

32 .1  
0 .88  

38 .9  
H 2 SO 4  

0.01 M 
1.23  

20 .4  
1 .24  

24 .2  
1 .25  

49 .7  
0 .94  

18 .6  
0 .94  

22 .1  
0 .94  

44 .0  
0 .86  

23 .4  
0 .87  

29 .5  
0 .87  

45 .1  
0 .86  

26 .9  
0 .86  

30 .8  
0 .86  

40 .2  
Na O H 
1 M 

1.02  
73 .2  

1 .02  
78 .0  

1.02  
94 .7  

1.05  
69 .7  

1 .05  
75 . 

1 .05   
89 .7  

1 .21  
68 .1  

1 .21  
74 .8  

1 .21  
85 .3  

1 .32  
71 .5  

1 .32  
72 .5  

1 .32  
84 .4  

Na O H 
0.1 M 

1.07  
30 .3  

1 .08  
41 .7  

1 .08  
78 .1  

1 .08  
32 .8  

1 .08  
44 .7  

1 .09  
69 .2  

1 .10  
32 .0  

1 .11  
46 .9  

1 .12  
71 .4  

1 .16  
40 .7  

1 .17  
52 .5  

1 .17  
65 .6  

Zn 

Na O H 
0.01 M 

0.82  
19 .6  

0 .82  
23 .7  

0 .82  
38 .3  

0 .79  
15 .6  

0 .79  
19 .6  

0 .80  
29 .5  

0 .70  
14 .1  

0 .71  
16 .0  

0 .72  
24 .8  

0 .58  
8 .04  

0 .58  
9 .44  

0 .59  
11 .1  

 0  1 .05   
23 .3  

1 .07  
83 .6  

1 .09  
103 

0 .82  
19 .6  

0 .83  
29 .9  

0 .83  
48 .7  

0 .70  
17 .1  

0 .71  
25 .6  

0 .71  
40 .5  

0 .69  
17 .5  

0 .69  
25 .3  

0 .70  
33 .2  

KN O 3  

1 M 
1.52  

157 
1 .53  

176 
1.53  

196 
1.42  

122 
1 .42  

131 
1 .42  

146 
1 .33  

65 .0  
1 .34  

82 .2  
1 .34  

100 
1 .03  

30 .4  
1 .03  

37 .5  
1 .03  

46 .6  
KN O 3  

0.1 M 
1.52  

152 
1 .52  

173 
1 .52  

196 
1 .40  

103 
1 .40  

112 
1 .40  

121 
1 .30  

52 .3  
1 .30  

70 .7  
1 .31  

92 .4  
1 .01  

26 .3  
1 .01  

32 .2  
1 .01  

40 .8  
KN O 3  

0.01 M 
1.49  

130 
1 .49  

168 
1 .50  

194 
1 .38  

94  
1 .38  

101 
1 .36  

109 
1 .25  

44 .6  
1 .25  

59 .9  
1 .29  

81 .3  
1 .01  

21 .7  
1 .01  

26 .0  
1 .01  

31 .6  
H 2 SO 4  

1 M 
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W  
:  

W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
W

:  
H 2 SO 4  

0.1 M 
1.69  

53 .8  
1 .71  

66 .4  
1 .72  

69 .3  
1 .85  

58 .6  
1 .85  

67 .3  
1 .89  

77 .0  
1 .94  

63 .2  
1 .98  

77 .3  
1 .98  

79 .4  
2 .01  

36 .0  
2 .02  

38 .5  
2 .02  

49 .5  
H 2 SO 4  

0.01 M 
1.38  

56 .4  
1 .39  

67 .1  
1 .40  

82 .8  
1 .81  

124 
1 .82  

159 
1 .82  

178 
1 .86  

81 .4  
1 .86  

94 .7  
1 .86  

113 
2 .11  

47 .8  
2 .11  

65 .7  
2 .12  

82 .6  
Na O H 
1 M 

1.83  
23 .5  

1 .83  
33 .5  

1 .84  
44 .0  

1 .80  
11 .5  

1 .80  
17 .6  

1 .81  
28 .7  

1 .99  
11 .4  

2 .01  
16 .6  

2 .05  
26 .2  

2 .11  
7 .07  

2 .12  
9 .01  

2 .14  
12 .3  

Na O H 
0.1 M 

1.42  
121 

1 .43  
133 

1 .43  
143 

1 .58  
146 

1 .59  
163 

1 .60  
175 

1 .72  
164 

1 .72  
179 

1 .73  
196 

1 .81  
189 

1 .82  
200 

1.82  
224 

Na O H 
0.01 M 

1.41  
104 

1 .41  
113 

1 .41  
122 

1 .47  
112 

1 .47  
118 

1 .47  
126 

1 .53  
112 

1 .53  
120 

1 .54  
132 

1 .58  
117 

1 .59  
125 

1 .60  
142 

Mg 

0  1 .68   
74 .0  

1 .68  
92 .8  

1 .69  
127 

1 .51  
68 .3  

1 .52  
90 .1  

1 .52  
121 

1 .51  
52 .7  

1 .51  
81 .5  

1 .51  
101 

1 .49  
44 .8  

1 .50  
67 .3  

1 .50  
92  
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 L M N F e(N O 3 )3 � B O �  

P Q         1 .0 M           0 .7 5 M           0 .5 0 M           0 .2 5 M 
S <    6 cm   12 cm   18 cm   6 cm   12 cm   18 cm   6 cm   12 cm   18 cm   6 cm   12 cm   18 cm 

T

J

U

�

J  

� *

V �

�  

V A V A V A V A V A V A V A V A V A V A V A V A 

KN O 3  

1 M 
0.52  

36 .1  
0 .53  

67 .2  
0.54  

101 
0.50  

22 .7  
0 .51  

49 .1  
0 .52  

68 .5  
0 .49  

25 .4  
0 .49 
 

 
38 .2  

0 .50   
53 .1  

0 .36  
16 .8  

0 .37  
29 .9  

0 .37  
45 .3

KN O 3  

0.1 M 
0.48  

34 .2  
0 .48  

57 .7  
0 .49  

84 .4  
0 .45  

22 .1  
0 .45  

44 .1  
0 .46  

60 .1  
0 .42  

20 .2  
0 .43  

34 .3  
0 .43  

50 .7  
0 .33  

16 .5  
0 .33  

25 .7  
0 .35  

33 .3
KN O 3  

0.01 M 
0.46  

28 .2  
0 .46  

43 .3  
0 .46  

59 .5  
0 .45  

25 .3  
0 .45  

3 .88  
0 .45  

54 .7  
0 .39  

21 .2  
0 .40  

32 .2  
0 .40  

47 .5  
0 .33  

14 .8  
0 .33  

22 .7  
0 .34  

26 .7
H 2 SO 4  

1 M 
0.83  

88 .5  
0 .84  

135 
0.84  

179 
0.82  

71 .2  
0 .82  

108 
0 .83  

144 
0 .81  

64 .2  
0 .81  

84 .2  
0 .82  

114 
0 .81  

45 .4  
0 .81  

77 .1  
0 .81  

99 .2
H 2 SO 4  

0.1 M 
0.83  

79 .3  
0 .83  

122 
0 .84  

167 
0 .80  

65 .2  
0 .81  

90 .4  
0 .81  

133 
0 .80  

54 .5  
0 .80  

82 .7  
0 .80  

103 
0 .78  

41 .5  
0 .79  

69 .4  
0 .79  

91 .4
H 2 SO 4  

0.01 M 
0.80  

58 .4  
0 .81  

76 .3  
0 .81  

102 
0 .78  

45 .4  
0 .78  

75 .5  
0 .78  

94 .9  
0 .74  

44 .4  
0 .74  

71 .2  
0 .75  

99 .3  
0 .74  

43 .1  
0 .74  

67 .7  
0 .74  

84 .4
Na O H 
1 M 

0.73  
24 .2  

0 .73  
37 .8  

0 .73  
58 .1  

0 .74  
21 .4  

0 .74  
33 .8  

0 .75  
50 .7  

0 .72  
22 .1  

0 .72  
35 .2  

0 .72  
49 .1  

0 .71  
10 .3  

0 .71  
13 .9  

0 .72  
24 .5

Na O H 
0.1 M 

0.82  
45 .3  

0 .82  
59 .7  

0 .82  
87 .1  

0 .81  
45 .7  

0 .82  
63 .1  

0 .82  
81 .2  

0 .78  
43 .4  

0 .78  
62 .4  

0 .78  
82 .2  

0 .76  
32 .4  

0 .76  
46 .7  

0 .77  
62 .2

Na O H 
0.01 M 

0.82  
45 .1  

0 .82  
61 .2  

0 .83  
92 .3  

0 .81  
48 .1  

0 .81 
 

 
69 .0  

0 .82  
99 .4  

0 .79  
44 .4  

0 .80  
66 .4  

0 .80  
84 .3  

0 .77  
40 .7  

0 .77  
60 .9  

0 .77  
75 .0

Al  

0  0 .53   
24 .3  

0 .53  
36 .4  

0 .53  
53 .3  

0 .53  
19 .2  

0 .54  
37 .6  

0 .54  
56 .1  

0 .52  
14 .9  

0 .52  
30 .5  

0 .53  
58 .5  

0 .53  
11 .8  

0 .53  
29 .6  

0 .53  
54 .2

KN O 3  

1 M 
1.44  

1404 
1 .44  

1812 
1.44  

2105 
1.41  

1009 
1 .42  

1561 
1 .42  

1919 
1 .42  

834 
1 .42  

1050 
1 .42  

1458 
1 .43  

651 
1 .43  

899 
1 .43  

1356
KN O 3  

0.1 M 
1.43  

960 
1 .43  

1450 
1 .43  

1880 
1 .42  

795 
1 .42  

1321 
1 .42  

1584 
1 .42  

710 
1 .42  

947 
1 .42  

1181 
1 .41  

563 
1 .42  

748 
1 .42  

991 
KN O 3  

0.01 M 
1.43  

952 
1 .43  

1380 
1 .43  

1796 
1 .41  

727 
1 .41  

1109 
1 .42  

1241 
1 .41  

636 
1 .41  

813 
1 .42  

1143 
1 .41  

485 
1 .41  

687 
1 .41  

794 
H 2 SO 4  

1 M 
1.61  

1941 
1 .61  

2303 
1.61  

3511 
1.42  

1712 
1 .42  

2211 
1 .42  

2713 
1 .38  

1342 
1 .38  

1634 
1 .38  

2156 
1 .37  

1080 
1 .37  

1133 
1 .37  

2070
H 2 SO 4  

0.1 M 
1.56  

1353 
1 .56  

1624 
1 .56  

2251 
1 .41  

1228 
1 .41  

1640 
1 .42  

2337 
1 .36  

1054 
1 .36  

1454 
1 .36  

1998 
1 .36  

977 
1 .36  

1234 
1 .36  

1823
H 2 SO 4  

0.01 M 
1.45  

1122 
1 .45  

1429 
1 .45  

2047 
1 .40  

1045 
1 .40  

1423 
1 .40  

2018 
1 .38  

942 
1 .38  

1212 
1 .38  

1777 
1 .36  

857 
1 .36  

975 
1 .36  

1374
Na O H 
1 M 

1.44  
1020 

1 .45  
1422 

1 .45  
1733 

1 .44  
739 

1 .44  
972 

1 .44  
1213 

1 .43  
430 

1 .43  
587 

1 .44  
1074 

1 .18  
153 

1 .18  
197 

1 .18  
353 

Na O H 
0.1 M 

1.46  
1052 

1 .46  
1523 

1 .46  
1946 

1 .44  
858 

1 .44  
1074 

1 .44  
1321 

1 .42  
562 

1 .42  
811 

1 .43  
1014 

1 .31  
252 

1 .31  
317 

1 .32  
413 

Zn 

Na O H 
0.01 M 

1.47  
1145 

1 .48  
1620 

1 .48  
2102 

1 .45  
916 

1 .44  
1111 

1 .45  
1491 

1 .36  
486 

1 .36  
770 

1 .37  
984 

1 .30  
218 

1 .31  
265 

1 .31  
324 

 0  1 .49   
451 

1 .49  
542 

1 .50  
734 

1 .48  
446 

1 .48  
584 

1 .49  
730 

1 .48  
297 

1 .48  
336 

1 .49  
547 

1 .47  
268 

1 .47  
359 

1 .48  
501 

KN O 3  

1 M 
1.70  

821 
1 .71  

1103 
1.71  

1366 
1.67  

744 
1 .67  

986 
1 .67  

1221 
1 .65  

738 
1 .65  

877 
1 .66  

1031 
1 .67  

624 
1 .67  

864 
1 .68  

1018
KN O 3  

0.1 M 
1.62  

761 
1 .62  

891 
1 .62  

1162 
1 .60  

687 
1 .67  

855 
160  

1059 
1 .60  

630 
1 .59  

826 
1 .59  

964 
1 .57  

574 
1 .57  

785 
1 .58  

973 
KN O 3  

0.01 M 
1.59  

759 
1 .60  

902 
1 .60  

1132 
1 .57  

672 
1 .58  

856 
1 .58  

1062 
1 .56  

551 
1 .56  

742 
1 .56  

937 
1 .57  

514 
1 .57  

718 
1 .57  

887 
H 2 SO 4  

1 M 
1.80  

1324 
1 .81  

1978 
1.81  

2704 
1.76  

1155 
1 .77  

1787 
1 .77  

2201 
1 .75  

915 
1 .75  

1326 
1 .76  

1692 
1 .72  

803 
1 .73  

1253 
1 .74  

1911
H 2 SO 4  

0.1 M 
1.75  

1106 
1 .75  

1683 
1 .76  

2343 
1 .76  

1038 
1 .76  

1646 
1 .76  

2015 
1 .74  

889 
1 .74  

1253 
1 .74  

1707 
1 .71  

766 
1 .71  

971 
1 .71  

1621
H 2 SO 4  

0.01 M 
1.71  

1016 
1 .71  

1547 
1 .71  

1980 
1 .69  

933 
1 .69  

1244 
1 .70  

1658 
1 .66  

824 
1 .67  

991 
1 .67  

1344 
1 .61  

747 
1 .61  

841 
1 .61  

995 
Na O H 
1 M 

1.82  
693 

1 .83  
952 

1 .84  
1258 

1 .80  
421 

1 .80  
687 

1 .81  
810 

1 .79  
395 

1 .79  
576 

1 .79  
792 

1 .67  
91  

1 .68  
158 

1 .69  
210 

Na O H 
0.1 M 

1.82  
725 

1 .82  
994 

1 .83  
1347 

1 .79  
443 

1 .80  
700 

1 .81  
927 

1 .76  
393 

1 .77  
591 

1 .77  
874 

1 .70  
116 

1 .70  
167 

1 .71  
243 

Na O H 
0.01 M 

1.80  
771 

1 .81  
914 

1 .81  
1363 

1 .80  
452 

1 .80  
696 

1 .80  
938 

1 .75  
362 

1 .75  
545 

1 .75  
746 

1 .69  
102 

1 .70  
143 

1 .70  
193 

Mg 

0  1 .73   
242 

1 .73  
361 

1 .73  
510 

1 .73  
240 

1 .73  
359 

1 .73  
503 

1 .72  
198 

1 .72  
285 

1 .72  
426 

1 .71  
159 

1 .72  
244 

1 .72  
349 
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評    語 

040209  雙氧水電池與氧化劑水溶液電池研究 

本件作品在改良電池的製作方法，包括了化學成份、種類、 

添加物與電極等變項的探討。作者也嘗試讓電池微型化以改 

善實驗室的電池操作。所以本件作品對於電池的改良具有明 

顯的貢獻。 

但是本研究中對於電池的電量酸鹼性的影響等的說明及其 

實驗的原因須加以說明，才使得本作品具有完整性。 
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