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&./����î�?úì�àáÒOP÷
78OP÷�ä?ãO��

ö�Â
��ä?ãO��ö�ÂÜÝrÞ?ãO��ö�%

U4D ö�./�
ÜÝ�åHI�
�	J�çè�78

MnO4
�
���KL	AJ��
�ÂCr2O7

2�
? Fe(CN)6

3�
�KL
�

ª
i MnO4
�
��
��)*~�î�6*�­����AÂSCN�

�A


��)*î�MN�~�A%6*Ú:B

g4OP÷Ò��î��
Cr2O7
2�
��A�MN�ù CrO4

2�
��A�
�

)* Ag�
�~MN�­ Ag2 CrO4� s���A%MNÚ:B

Cr2O7
2�

� a q��2OH�
� a q� 2 CrO4

2�
� a q��H2O� l�

CrO4
2�

� a q��2Ag�
� a q� Ag2 CrO4� s�

�4Fe(CN)6
3�
)* Fe2�

�� HI��ù!A Fe3"Fe(CN)6# 2$KL%

MNÚ:B

3 Fe2�
� a q��2 Fe(CN)6

3�
� a q� Fe3"Fe(CN)6# 2� s�

�4 SCN�
�? Fe3�

6*
�ù Fe SCN2�
%�A&HI
'KL�~J�

(H%MNÚ:B

SCN�
� a q��Fe3�

� a q� Fe SCN2�
� a q�

§4D ö�./�
OP H2O4KCl4KBr4KI

g4DOP�

éêBH2O 1/2O2� g��2H�
� a q��2e�

ëêB2H2O�2e� H2� g��2OH�
� a q�

�4D OP KCl

éêB2Cl� � a g� Cl2� g��2e�

ëêB2H2O�2e� H2� g��2OH�
� a q�

éê)Û�­ Cl2
*Ñ Cl2mn�:MN
�ùì�B

Cl2� g��H2O Cl� � a g��ClO�
� a q��2H�

� a q�

�4D OP KBr
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éêB2Br�
� a g� Br2� l��2e�

ëêB2H2O �2e� H2� g��2OH�
� a q�

éê)Û�­ Br2
*Ñ Br2mn�:MN
�ùì�B

Br2� l�� H2O Br�
� a g��BrO�

� a q��2H�
� a q�

¢4OP KI

éêB2I�
� a g� I2� s��2e�

ëêB2H2O�2e� H2� g��2OH�
� a q�

éê�­ I2
 I2+,mn�:MN
�ù�-A� I3
�
B

I2� s�� I�
� a g� I3

�
� a q�

.4D OQ�ï6

g4D ðñOQ

éê�åê�BCu2�
� a q��2e� Cu� s�

ëê�&ê�BZn� s� Zn2�
� a q��2e�

/MN0BCu2�
� a q��Zn� s� Cu� s��Zn2�

� a q�

�4D í�OQ

éê�åê�B2MnO2�2H2O�2e� 2Mn(OH)2�2OH�

ëê�&ê�BZn� s��2OH� ZnO�H2O�2e�

/MN0B2MnO2�Zn�H2O ZnO�2Mn(OH)2

��������������������������������

C4qr?1�

NaOHÂH2SO4ÂKMnO4ÂK2Cr2O7ÂK3Fe(CN)6ÂKSCNÂAgNO3

FeSO4ÂFe2(SO4)3ÂKClÂKBrÂKIÂñ2Âð2ÂCuSO4� ZnSO4� KNO3�

MnO2Â�ý
Â32Â 45Ç6�!�Â789:;Â<= (50ml4250ml )Â

U �>ÂO]?N1Â@IÂãAÂ4BCÂ4B2ÂDE1ÂFGgHÂ

Iï
�JÂ 
� (A1� A2� A3 � B1 � B2 � B 3 rÞ )Â�*OKÂLMÂN6Â

OPÂóô�=Q�ê��ÂIïRST>ÂUPÂ�V� (S )%
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0.5cm 0.5cm3cm

0
.5

cm
U4./ ¡

g4./g
OP÷�
�	�ãO�ø¤

�g� D WX

1. �ÜÝrÞ
�
ÀÁrÞYZ A
[ÀÁrÞYZ B
Uù 4cm 4

5cm4 6cm%*FGF�\G] 0.5cm4^_ 0.5cm �`
Úag%

b�âÑcd> 3 cm44 cm45 cm �
�efDEMg*%

2. h��ä 0.005M
0.01M
0.025M
0.05M
0.075M i 0.1M � H2SO4

? NaOH%�ÃàáãOä
ýC�àá	]ä 0.5cm
(H 3cm%

�ag�
�	ÃpãOä%

��� D ./

1. jO]?N1klm 12 n@^�O
�ãAop�*OK�qr

s�é�
ãA\êtl4BC%

2. u 0.005M � NaOH �àávwx 30ml � 50ml <=	
�@Ij

A1rÞ 3cm 
�ew<=	yô
�~z{%

3. ��
�tl4BOê|O
Ã�O�%�}~%

4. d� ¡ 243
ÜÝ
�Ãp��
�~��Å%

5. VÎ
��ä
d� ¡ 1 m ¡ 4%

6. VÎ
�rÞd� ¡ 1 m ¡ 5
ÃpãOä%

7. �ØVÎ NaOH �àá�ä
d��l ¡%

8. j NaOH Vù H2SO4�àá
d��l ¡%

�4./�
ÜÝ�åHI��	J�çè�78

�g�WX
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0.5cm 0.5cm3cm
0.

5c
m

�a���
�lKLHIJ�%

j	w�UP�g<��i\��FGb] 0.5cm�� 4cm
\ê(H 3cm

�
� (A1,A2, A3,B1,B2,B3)Ñ��w=e�DE�g*%Úa�%

���./

�4KL KMnO4J�./B

1. � A1�
������Twx 0.5ml KMnO4%

2. *@I��
�g�
j�g�yô 0.1M NaOH àá
�� KMnO4

t� NaOH àá
g NaOH �àát���A
��
�
�yô�

g�%KMnO4���6*
j�	���Aß�%

3. *@I�� KMnO4����f%�4BCtl
�\�� 12v ^�

O|O 15 Ñ�%

4. 15 Ñ�â
ÃpHIh��(H
�}~%d� (1)~(5) ¡
Ã 3 �

���(H%

5. ÑcÃ A2,A3,B1,B2,B3%

6. jOPáVÒ 0.1M H2SO4àá
d� (1)~(5) ¡%

�4KL K2Cr2O7J�./B

1. Ý./� ¡ 1 m 3
j KMnO4VÒ K2Cr2O7%

2. |O ù��V�¡ 0.1M ¢ì£àá
�
�l�}'�¤g:


��&�AÜ_KL�*Ñd>��A
�)KLÃp K2Cr2O7J�

(H%d��l ¡Ãp 3 ����Å%

3. ÑcÃp A2, A3,B1,B2,B3%d��l ¡%

4. jOPáVÒ 0.1M úì�àá
d��l ¡%
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0.5cm 0.5cm3cm

0
.5

cm

¥4KL K3Fe(CN)6J�./B

1. Ý./� ¡ 1 m 3
j KMnO4VÒ¦%§ K3Fe(CN)6%

2. |O ù��V�¡ 1M úì� àá
�
�l�}'�¤g:


��&�AÜ_KL�*Ñd>!A Fe3Fe(CN)6
�)Ãp Fe(CN)3 -
6

HIJ�(H%d��l ¡Ãp 3 ����Å%

3. ÑcÃp A2, A3,B1,B2,B3%d��l ¡%

4. jOPáVÒ 0.1M úì�àá
d��l ¡%

¨4KL KSCN J�./B (�A )

1. Ý./� ¡ 1 m ¡ 2
j KMnO4VÒ KSCN%

2. ��V�¡úì (Fe2(SO4)3)�àá
���ß�©ª
�ù%�A


«�ú¬î­�®É�f%

3. �4BCOêtl
�\� 12v ^�O
|O 15 Ñ�â%��V�

¡úì (Fe2(SO4)3)�àá�
�l�}'�¤g:
�ù FeSCN2 +

�A
�)KLÃp SCN-HIJ�(H%

4. ÑcÃp A2,B1,B2,B3%d��l ¡%

5. jOPáVÒ 0.1M úì�àá
d��l ¡%

�4./�BOP H2O4KCl4KBr4KI

./ ¡B

�a���
�lOP+Ï%

1. �
� (A2)3cm
�kFG�1.0mm��\G 0.5cm �fF�¯`
Ú

a�
ywx 30ml NaOH(0.1M)àá	
�@I��
*R�¡78

9:;°�
�l
KLÎî
|^�O 12 n@OPx 10 Ñ�
K
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L\ê�AÎî?¯`ª±�­¯�%

2. d� ¡ 1
jOPáVÒ H2SO4(0.1M)�àá%

3. d� ¡ 1
jOPá�ØVÒ KCl�0.1M�4KBr�0.1M�4KI�0.1M�

R�àá%OP1T�45Ç6ÃÇ&êìí�%

¢4./¢Bï6ðñOQ?í�OQ

./ ¡B

�g�ðñOQ

1. 
� (A2)²ù�³´³�µÒ 3cm³1cm³0.4cm �2

Ñc� CuSO4

�1.0M�4ZnSO4�1.0M�y{
�ñ2?ð2Ñc?
�¶l%Úa¢%

t|OK
ÑcÃpO�?Oò%

2. ��g·ÝÊ¸
�2
� KNO3�1.0M�y{
e��$\
�2	w


¹6§¯
�Ãp~O�?Oò%

3. d� ¡ 142 ��
�Ãp 4cm245cm246cm247cm248cm2RÜÝt�

�º
�%78O�?Oò%

4. �»oO��ðñOQmn 2 H43 H4 4 H�op
ÑcÃpO�?O

ò�Îî
Ý�tlóô
KLóôª±=õ%

5. ��<= 250ml
Ñc¼ 200ml CuSO4�1.0M�4ZnSO4�1.0M�ï6 KNO3

�1.0M�§¯
tlð4ñ\ê
78O�?Oò%

���í�OQ

1.ï6éëOê�Úa£�
j MnO2? C �ÜÝ7½z{
¾�méê4B

2l
��
�z{ÜÝ�ä� NaOH�0.5M m 3.0M�
¿léê
�ÀG

ëêð2Á
ÃpOò?O�%

�

����������� �a¢�ðñOQ

�

�
����������
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�

����������� (a£ )í�OQ+Ï

����������������	
��	
��	
��	
��

�'(�T
qÂÜÝ
�mngÃ�÷�78
ÄKg	��Å�ÜÝr

Þ
�
Æ�gÇÈÉ%Ê<Ë&ÃpÌÍi)�6Ò�:./�Ñ�?§¨%

�Kg�B
��÷�Ë&Ãp

��

	 gw/cm3


��
�����

	mA


�����
�

	
 cm3/�� cm3
��

�� �� ��

A1 0.180 1.1 0.11

A2 0.174 0.9 0.12

A3 0.455 0.1 0.02

B1 0.219 0.2 0.18

B2 0.175 0.1 0.17

B3 0.187 0.0 0.12

��� �����	
��


&./�Ã�
ÄÌÍ	�K�4K����=>�:+$B

g4D�·Ý�ä��î�?úì�àá
ãO�úì�àáo���î��

àáÂ�ª�
�	�ãO�
��î��àá³o�úì�àá%

�4DOP÷�äÎ�
�
�	�ãO�Î�Âs
�ÎÏãO�Îo%

�4D� NaOH ÒOP÷
ãO�»��ª A2rÞ%� H2SO4ÒOP÷
ã

O�»��ª A1rÞ%� 3cm Ò½Úa£h:%

¢4
�yôOPá�i¯ô�­
�úì�àá78a%

��

�MnO2NaOH

��
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�K��BNaOH �àá?ÜÝ
��ß NaOH �àá�ãOä

0.005M 0.010M 0.025M 0.050M 0.075M 0.100M
��

��

�� �� �� �� �� �� �� 

NaOH 
�� 9.0 25.2 40.0 69.5 105.0 137.3

A1 3.0 3.2 4.0 7.5 12.5 13.9

A2 2.6 3.5 5.0 10.2 14.5 17.0

A3 0.5 0.6 0.7 1.0 1.1 1.2

B1 1.2 2.2 4.5 5.5 9.5 10.0

B2 2.0 3.0 4.5 7.5 10.1 12.4

3

!

"

B3 1.6 2.5 4.0 5.5 7.5 10.0

A1 1.5 2.4 3.0 6.8 7.8 11.5

A2 2.0 2.6 4.5 7.5 11.0 12.1

A3 0.4 0.5 0.5 0.7 0.8 1.0

B1 1.5 1.8 3.0 5.0 7.2 9.9

B2 1.9 2.4 3.5 5.4 7.6 9.8

4

!

"

B3 1.5 1.9 4.0 5.5 6.3 7.2

A1 1.7 1.9 2.5 5.5 8.0 10.0

A2 2.0 2.5 3.5 6.5 11.5 12.5

A3 0.3 0.4 0.4 0.5 0.6 0.7

B1 1.4 1.6 3.0 4.5 6.2 7.5

B2 1.5 2.0 3.0 5.0 6.1 6.6

5

!

"

B3 1.0 1.2 2.5 3.5 4.2 6.0

�K��BH2SO4�àá?ÜÝ
��ß H2SO4�àá�ãOä

0.005M 0.010M 0.025M 0.050M 0.075M 0.100M
��

��

�� �� �� �� �� �� �� 

H2 SO4 
�� 20.0 38.2 67.3 114.0 184.5 220.7

A1 2.5 2.7 3.1 3.5 4.0 5.5

A2 2.5 2.6 2.8 2.9 3.3 4.5

A3 0.5 0.6 0.6 0.8 0.9 1.2

B1 1.5 1.7 2.0 2.3 2.5 3.5

3

!

"

B2 1.5 1.6 1.9 2.1 2.5 3.7
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B3 1.0 1.3 1.5 2.0 2.5 3.0

A1 2.5 2.6 3.0 3.5 3.9 5.5

A2 2.0 2.1 2.2 2.3 2.5 2.9

A3 0.3 0.4 0.4 0.6 0.7 0.8

B1 1.5 1.6 1.8 2.0 2.3 2.5

B2 1.0 1.1 1.2 1.4 1.6 2.5

4

!

"

B3 1.0 1.0 1.2 1.5 1.7 2.0

A1 2.0 2.1 2.3 2.5 3.0 3.5

A2 1.5 1.6 1.7 1.9 2.2 2.8

A3 0.2 0.3 0.4 0.6 0.6 0.7

B1 1.0 1.1 1.3 1.5 1.7 2.0

B2 1.0 1.0 1.3 1.4 1.7 2.5

5

!

"

B3 0.5 0.6 0.7 0.8 1.0 1.3

�

�

�

�

�

��

��

��

��

��

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

������

���������

���������

���������

�����������

�����������

�����������

�a¦�3cm ÜÝ
�ãOä78

��� ������������������

&./|O�w 15 Ñ�%�ÐÑwO�jÒ�w'tk
�ÐqÃp 15

Ñ�����O�
ÚK¢%A14A24B2'(+$ÚK£%+$Ú:B

g4D ��O��ok
ÓÔ./g�ok�Ø%� NaOH ÒOPá
A2ã
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Oä»�Â� H2SO4ÒOPá
A1ãOä»�%

�4D � NaOH ÒOPá
A2ãOä»�
·ÝåHI�
�	J�çè


yªÚÐÂÜÝåHI�
�	�J�çè� Fe(CN)6
3�
� A2	»Õ%

�4D � H2SO4ÒOPá
åHIJ�çè78
iÊÖ�%SCN�
�J�ç

è
M'7� NaOH ÒOPá�
�	Õ
J�çè»Õ�ª SCN�
�

B2	%ÚK£h:%

¢4D ×Ç;xÜ_KL�åHI�A
�)KL
jÚMN��=­
Úa

ØmaÙÚ%

�K¢�B��O��Ã��mA/15min�

0 " 5 " 10 " 15 "
��

#$

�%& �� �� �� ��
'��

A1 13.9 12.0 12.0 11.0 12.2

A2 17.0 15.0 14.8 14.5 15.4

A3 1.2 1.0 0.8 0.7 0.9

B1 10.0 9.2 8.0 8.0 8.8

B2 12.4 11.0 9.3 7.5 10.0

B3

NaOH� a q �

0.1M

10.0 9.0 8.5 8.5 9.0

A1 5.5 4.1 4.0 3.5 4.3

A2 4.5 4.0 3.6 3.5 3.9

A3 1.2 1.0 0.7 0.5 0.9

B1 3.5 2.5 1.7 1.7 2.4

B2 3.7 3.3 3.0 2.5 3.1

B3

H2 SO4 � aq �

0.1M

3.0 2.5 2.1 2.0 2.4

�K£�BHIJ�çä�mm/15min�

MnO4
�

� a q � Cr2O7
2 �

� a q � Fe(CN)6
3 �

� aq � SCN�
� aq �

��
()*

�%& �� �� �� ��

A1 7.3 6.2 7.0 3.6

A2 10.0 8.3 11.5 5.3

A3 1.1 0.7 1.4 0.2

B1

NaOH� a q �

0.1M

7.5 4.2 4.4 2.5
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B2 7.0 7.0 4.8 4.6

B3 7.1 7.0 2.5 3.8

+,
-./0)*

1 CrO4
2 �

A1 7.0 6.3 6.2 7.0

A2 4.0 5.1 7.4 7.2

A3 1.0 0.8 0.8 0.4

B1 2.6 2.3 4.1 7.0

B2 7.0 6.1 5.2 7.7

B3

H2 SO4 � aq �

0.1M

2.5 4.0 1.3 6.0

����

����

����

����

����

��������

��������

��������

� � � �
� � 	


 �

� � � �
� � 	


 �

� � � �
� � 	


 �

� � � �
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������� KMnO4 �	
��
�� �������MnO4
�
����������

����������� MnO4
�
��!"

#$�

���!���� K2Cr2 O7 �	
��%�

&'( NaOH%)*� K2 Cr2O7 �(+�

K2CrO4�

���,���� CrO4
2 �
+�������

��

���-�����./0
1 AgNO3 /

2'%345677!8%�9 Ag2CrO4 :
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���B���� K3 Fe(CN)6 �	
��� ���C���� Fe(CN)6
3 �
+�����

����

���D���E./0
1 FeSO4 /2'

3456778%�9 Fe3F Fe(CN)6G 2 H

�<�=>?@A�

���I���� KSCN (J�%./0


1 Fe2(SO4)3 /2'K��LM7N%O�

Fe SCN2�P;�$Q%.RS���KSCNT
��

�������� SCN�
UV=>WX���� �������E./0
1 Fe2(SO4 )3 /

2'%345677!8%O� FeSCN2 �
P

;�$Q%<�=>?@A�
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�� �����
�����

$Q&�RS'T.�/*+,HU,"��#

�$�'501V�2W�'X�F�'Y2WL3Z@A[\�'Y	

45�
���P]�W��67>��8��P$>

�9�'T9:'XFW�'Y�F>��;>, 8cm2@A[\'T�

9:<='T,�+,I^.H_>��P=>

9Q&�`�'T

�$�$>?@�'(2Aa2b'Y�'X2W����Q�P9�

PP�'XBCD� 1.7 � 1.8 Ec�d�'YB� 7mA � 19mA

e�F=,�+3^.H_��P��P��GH MnO2 � MnO2 /

C 23	 2#1 �IJ"N?'Y"K>

�9�MnO2 / C 23	LMN'X�'Y�Wf>

��8�#RS'T

3cm2 4 cm2 5 cm2 6 cm2 7 cm2 8 cm2

�zYZ
����

@AYZ �� �� �� �� �� ��

�
��V� 1.1 1.1 1.1 1.1 1.1 1.1
 ¡�z�/2'�

�¢�mA� 3.0 3.5 3.5 4.0 5.0 5.5

�
��V� 1.1 1.1 1.1 1.1 1.1 1.1
�)£¤¥�	
�

�¢�mA� 23.0 40.2 46.0 51.6 57.0 65.1

�
��V� 1.1 1.1 1.1 1.1 1.1 1.1
)£¤¥�	
�

�¢�mA� 19.7 35.2 42.9 47.0 50.2 55.5

��;�#RS'T�9:�8 cm2�

�¦§¨ !© ,© -© B©

�
��V� 1.1 2.2 3.2 4.3

�¢�mA� 65.1 65.1 64.9 64.4

ªb«¬ ¬ « « «
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����`�'T

MnO2 / C [A­
NaOH

YZ
0.5M 1.0M 1.5M 2.0M 2.5M 3.0M

® S � ¯ � V� 1.35 1.35 1.40 1.70 1.80 1.90
° MnO2

®S�¢�mA� 10.0 12.5 12.5 10.5 8.0 4.5

® S � ¯ � V� 1.75 1.75 1.75 1.75 1.80 1.8 5MnO2 / C [A­

4±1 ®S�¢�mA� 12.0 15.0 16.5 12.5 12.0 12.0

® S � ¯ � V� 1.80 1.80 1.80 1.80 1.80 1.85MnO2 / C [A­

2±1 ®S�¢�mA� 11.0 14.5 14.5 15.5 16.5 18.0

® S � ¯ � V� 1.70 1.70 1.75 1.80 1.80 1.80MnO2 / C [A­

1±1 ®S�¢�mA� 10.0 15.0 17.0 17.0 18.0 19.0

® S � ¯ � V� 1.70 1.70 1.75 1.75 1.80 1.80MnO2 / C [A­

1±2 ®S�¢�mA� 8.0 11.0 12.5 13.0 14.0 15.5

® S � ¯ � V� 1.60 1.65 1.70 1.75 1.80 1.80MnO2 / C [A­

1±4 ®S�¢�mA� 7.0 10.5 11.5 12.0 13.5 14.5
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��-D�µ©���¦%�¶ªb´«� ��-I�§¨·©���¦%)ªb´«�
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��� �������	�����������

$Q% P�Aa�gQ" H2SO4)hi�j'a	 NaOH )hiW>G7�

@A*k	
f>l!0m��@A*RGn3oM�-��M�gQ*

�/ CO2	:�ST�@A*UV�����3 H2SO4)hij'�K

W>

9Q% �
*HU�@A�XaQ'(2�AapLMNj'a�Wf>@

AXa2X�����Y�2XUZ2W�3j'aFfLhiAa2W�

q�j'���2r�j'�2s>

PQ% j'aWf�@A�[a�t)�uG&�j'a	
s� A1QA2Q
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B2�[a\� 0.174 � 0.180gw/cm3ve>j'a]f� A3�[a 0.455

gw/cm3]W�[��@A3����wef��x����>yF^:

�t)3]f�z_���3n�j'af>

������� �!"#$%&'()*+�,-

$Q% `{@A�z��������|�'(2�j'�2s�NaOH �

� H2SO4��z���85����2a>G7�SCN�

�@A*����

��N?, H2SO41'(ia�+�7 SCN�

��23Pb	 SO4
2�

f�

	 OH�

W�3 SCN�

�������� H2SO4*Pb	
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9Q% xZ��FBNO�Gx����}c�
�~�����>

PQ% ��
��\��3@A�de�O�f�
���$��>gh�

\�i�3��vz���t�'(2;<*���MN|3���jk

�>

����������	 H2O�KCl�KBr�KI

$Q% @A* NaOH �j'�	 H2SO4s�'(), NaOH 1'(2�NO

	
�	�<5�/	::�+�	.�3q�	
�	:�
lu+Z

m���>

9Q% '()n�3Z NaOH � H2SO41'(2�xZopqrs��'(

;<*CDE���85�45M`��F?�DE

����NO�

�>

PQ% '(�?�45NO�'()��/�	�tU`�NO>'( KCl�

85�/ Cl2	:M�NOL'( KBr��/ Br2����E�M�NOL

'( KI�85�/ I3
�

uB�M��U�vw>����H/�NO$�>
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����3Z}c'T*����Y��3'YKW>
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�NaOH Aa� 1.5M � 3.0M
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W�'Y�d��

'X>Aa�f�z�'Xf�d�'Yf�n�I^.H_>H MnO2
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評 語 

030213 國中組化學科 第二名 

百變粉筆—粉筆在國中理化實驗課程中的運用 

將粉筆用於數種不同的實驗上，設計上有相當的創意，亦具綠色化學

之特色。 

 




