
中華民國第四十四屆中小學科學展覽會 

作者說明書 

高中組化學科 

040216 

臺北市立第一女子高級中學 

指導老師姓名 

張永佶 

作者姓名 

呂佩軒 

陳玟均 



����

����

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

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

����

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

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

� � � �� � � �� � � �� � � � ����� � � �� � � �� � � �� � � �     � ! " � � # $� ! " � � # $� ! " � � # $� ! " � � # $ ����

%%%% &&&& ''''����# (# (# (# ( ))))* + �* + �* + �* + � )))), - � ., - � ., - � ., - � .  

////    0000���� 

 
 
 
 

 
����



�������� 

 

��� � �        1 

��� � � 	 
        1 

��� � � � 
        2 

��� � � � � �� �        2 

��� � � � � �� �  

��� � � � �        2 

��� � � �         3 

!�� "#$ % & '        4 

(�� ) * � + & '        5 

,�� "#- ". /        8 

0�� 1 2  

��� � � �3"4 56 7 8 "#9 : ;       9 

��� � � �3< = > ? "4 @ A 58 "#9 : ;       10 

!�� � � !3B C D E F 8 "#9 : ;       12 

(�� � � (3G HI JKL M N O I "#      13 

,�� � � ,3P Q R 5JKL M N O I "#      16 

S�� � � S3T U V W X "#- ". /       18 

Y�� ' Z       19 

[�� 1 Z       21 

\�� �] ^ _       21 

 

` a  � � b c       22 

 

 
 
 
 
 



 �1� 

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

 

������������ � �� �� �� �  

O I "#9 d e L M f � g h 1.100 ijk� l m n o p � � qr � s ) $ t u 6 7

v) * w x qy z O I "#
 {| } ~ q� � � � � � � 
 "#"� � � � d e L M f �

"g k 

� � � � � � � � � 
 � � � � q�) $ "4 @ 6 7 �� � < = 
 "4 @ �� �B C

D E F vw x B C �% � q� | ) * � � qy � "� k� s � � 1 2 h) * � � q� � v

� � "#k 

� � � "#� � 
 "� �� � 1.5 ijq� < �   
 ¡ ¢ X q�£ 	 n ¤ U "� 9 ¥

¦ § ¨ z © (ª «s ¬ q­ ® � � ¯ n z 7 � � E k 

 

 

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

� ° ± ® ² O I "#
 �  «q³ ´ �� C 8 µ � � 
 - "�  ¶ ·¸ ¹ qº 8 µ "

#» � ¼ ½ ¾ � ¿ À Á ·"Â ¶ ·n � Ã Ä q% Å y z Æ � Ç � � ) * O I "#
 È Ä k 

 

� 18 É Ê 
 Ë Ì Í "#ÎDaniell’s gravity cellÏÐ Ñ Ò � � qO I "#Ó Ô m n Õ p

Ö × Ø qº Ù ¨ Ú Ð y | Û Ü hÝ Þ � � 
 "#9 �k� l 
 ß Þ � � à qn á 8 y z O

I "#
 {| } ~ Ü ' Z q� â ã ä � å æ à � t u 6 7 
 ç è vw x 
 ) * qé n ê �

� ë ì í î ï ð í ñ ò w x ó Ü "#
���
q� ô "õ ö ÷ ø z ùú � � û ü ý ñ ò w x

���
q

þ Ù � � �� 2 � 
 � �kú � "� � C qé n � � � � j � � � qç z I O t u 6 7 .

	 s y � "� 
 � �
���
q� � 2 n 
 k� � � � � � 
 "#"� � � � d e L M f � "g

1.100 ijk� � s 
 
 ' Z q8 ô "õ 
 � � o n � � q� 8 "� 
 y � � � � n � � k

"� ø � 
 "#q � �� � � � � q� � < �   
 ¡ ¢ X q � � £ 	 � p n ¤ U "� 
 "

� � � q � ¥ ¦ § qLED……�q� � â � � E � � � � k 

 

"#9 � � � � n !3"? �"4 @ A 5v  ! B C qâ à q�& ' 
 $ % < " # �

t u 6 7 �w x ) * k³ ´ $ Ä % � � � < = 
 "4 5v� � & q� "� v{| } ~ À '

y ( q� $ Ä À � "� "Â {| ) * U k� Ù ³ ´ + � �� , D � � % � - ³ . / � ] q

� � 0 Á � � 
 �  � � q � ú ó 1 | À Á ) z ��2 3 � 4 ª 5 "� � � "� 6 7 
 "

#k 

 



 �2� 

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

��� � � � � �0 Á 
 � � � �q�Î1Ïç è "4 @ 6 7 �Î2Ï) $ > ? 
 "4 @ �Î3Ï

� �B C D E F �Î4ÏB C 
 ç è �kR 8 9 � y � "� 
 ¨ �� À k 

��� s � � 1 2 h) * � � q + � , D � � � � O I "#q. / : ; ) * � � 
 < = q

� > � � ? Ú "� k 

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

��� � �  

 

 

 

 

 

 

 

 

 
��� @ �  

 

 

 

 

 

 

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

��� � � � � 3 

O I "# A > � � �� X 3 

                                  E0 (Volt) 

B ?     Cu2� C 2e� D Cu�S	              C0.337  
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w x  [KNO3]Ü0.1M 

� V W "� v"Â  [Zn2+]Ü0.1M [Zn2+]Ü0.5M [Zn2+]Ü1.0M 

[Cu2+]Ü0.1M 1.042 V  0.43 mA 1.043 V  0.94 mA 1.041 V  0.93 mA 

[Cu2+]Ü0.5M 1.046 V  0.96 mA 1.063 V  0.94 mA 1.068 V  0.95 mA 

[Cu2+]Ü1.0M 1.057 V  0.89 mA 1.031 V  0.97 mA 1.018 V  0.96 mA 

w x  [KNO3]Ü0.5M 

� V W "� v"Â  [Zn2+]Ü0.1M [Zn2+]Ü0.5M [Zn2+]Ü1.0M 

[Cu2+]Ü0.1M 1.048 V  2.04 mA 1.044 V  2.10 mA 1.046V  2.12 mA 

[Cu2+]Ü0.5M 1.059V  2.08 mA 1.056 V  2.14 mA 1.050V  2.05 mA 

[Cu2+]Ü1.0M 1.069V  2.04 mA 1.067 V  2.18 mA 1.063V  2.19 mA 

w x  [KNO3]Ü1.0M 

� V W "� v"Â  [Zn2+]Ü0.1M [Zn2+]Ü0.5M [Zn2+]Ü1.0M 

[Cu2+]Ü0.1M 1.049 V  2.30 mA 1.045 V  2.25 mA 1.047 V  2.13 mA 
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w x  [KNO3]Ü1.0Mù> ? hmHN A 5 

� V W "� v"Â  [KNO3]Ü0.1M [KNO3]Ü0.5M [KNO3]Ü1.0M 

[Cu2+]Ü0.1M 0.823 V  2.18 mA 0.841 V  2.35 mA 0.835 V  2.32 mA 

[Cu2+]Ü0.5M 0.833 V  1.95 mA 0.860 V  2.42 mA 0.876 V  2.76 mA 

[Cu2+]Ü1.0M 0.912 V  2.41 mA 0.912 V  2.68 mA 0.895 V  2.70 mA 

w x  [KNO3]Ü1.0Mù> ? hmH^ A 5 

� V W "� v"Â  [NaNO3]Ü0.1M [NaNO3]Ü0.5M [NaNO3]Ü1.0M 

[Cu2+]Ü0.1M 0.851 V  2.18 mA 0.821 V  2.25 mA 0.855 V  2.35 mA 

[Cu2+]Ü0.5M 0.913 V  2.32 mA 0.869 V  2.28 mA 0.861V  2.33 mA 

[Cu2+]Ü1.0M 0.903 V  2.46 mA 0.925 V  2.62 mA 0.886V  2.61 mA 

w x  [KNO3]Ü1.0Mù> ? hG HN A 5 

� V W "� v"Â  [K2SO4]Ü0.1M [K2SO4]Ü0.5M [K2SO4]Ü1.0M 

[Cu2+]Ü0.1M 0.946 V  2.67 mA 0.940 V  2.87 mA 0.941 V  2.88 mA 

[Cu2+]Ü0.5M 0.965 V  2.74 mA 0.968 V  3.00 mA 0.969 V  2.89 mA 

[Cu2+]Ü1.0M 1.009 V  2.86 mA 1.001 V  3.02 mA 0.998 V  3.06 mA 

w x  [KNO3]Ü1.0Mù> ? hG H^ A 5 

� V W "� v"Â  [Na2SO4]Ü0.1M [Na2SO4]Ü0.5M [Na2SO4]Ü1.0M 

[Cu2+]Ü0.1M 0.972 V  2.96 mA 0.967 V  2.93 mA 0.941 V  2.67 mA 

[Cu2+]Ü0.5M 0.973 V  3.07 mA 0.968 V  2.76 mA 0.950 V  3.02 mA 

[Cu2+]Ü1.0M 0.978 V  3.11 mA 0.970 V  3.19 mA 0.961 V  2.91 mA 
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w x  [KNO3]Ü1.0Mù> ? hG H � A 5 

� V W "� v"Â  [(NH4)2SO4] 

Ü0.1M 

[(NH4)2SO4] 

Ü0.5M 

[(NH4)2SO4] 

Ü1.0M 

[Cu2+]Ü0.1M 0.848 V  2.38 mA 1.014 V  2.99 mA 1.029 V  3.01 mA 

[Cu2+]Ü0.5M 0.855 V  2.43 mA 1.016 V  3.07 mA 1.013 V  3.04 mA 

[Cu2+]Ü1.0M 0.871 V  2.61 mA 1.004 V  3.05 mA 1.049 V  3.09 mA 

w x  [KNO3]Ü1.0Mù> ? h � M N A 5 

� V W "� v"Â  [KCl]Ü0.1M [KCl]Ü0.5M [KCl]Ü1.0M 

[Cu2+]Ü0.1M 0.897 V  2.89 mA 0.937 V  3.14 mA 0.939 V  3.15 mA 

[Cu2+]Ü0.5M 0.905 V  2.94 mA 1.064 V  3.28 mA 1.069 V  3.32 mA 

[Cu2+]Ü1.0M 0.910 V  3.05 mA 1.073 V  3.45 mA 1.083 V  3.43 mA 

w x  [KNO3]Ü1.0Mù> ? h � M ^ A 5 

� V W "� v"Â  [NaCl]Ü0.1M [NaCl]Ü0.5M [NaCl]Ü1.0M 

[Cu2+]Ü0.1M 0.919 V  3.09 mA 0.917 V  3.29 mA 0.920 V  3.37 mA 

[Cu2+]Ü0.5M 1.001 V  3.31 mA 1.016 V  3.30 mA 0.926 V  3.35 mA 

[Cu2+]Ü1.0M 1.013 V  3.39 mA 0.996 V  3.39 mA 1.005 V  3.48 mA 

w x  [KNO3]Ü1.0Mù> ? h � M � A 5 

� V W "� v"Â  [NH4Cl]Ü0.1M [NH4Cl]Ü0.5M [NH4Cl]Ü1.0M 

[Cu2+]Ü0.1M 1.057 V  3.51 mA 1.053 V  3.43 mA 1.055 V  3.42 mA 

[Cu2+]Ü0.5M 1.054 V  3.59 mA 1.067 V  3.63 mA 1.059 V  3.63 mA 

[Cu2+]Ü1.0M 1.004 V  3.39 mA 0.939 V  3.49 mA 0.915 V  3.56 mA 



 �12� 

Î(Ï�< = 6 7 9 ¼ X A 5k� � n Á 1 2 � X [ 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� � �1 2 3 

1. > ? � � KL M & «q"� � "Â � / z q� � â Ý � � 
 1 2 k 

2. � � mHw «q"� Þ ­ � � k 

3. > ? A 5
 > t u ; � ) $ 8 "� � n ­ ß 
 : ; k 

 

 

!�� � � !3B C D E F 8 "#9 : ;  

� � n Á 1 2 � X [ � ® 3 

 

 

 

 

 

 

 

 

 

 

 

1 2 3"� ¥ 6 7 X � q"Â þ à � Ê ( k 

w x  [KNO3]Ü1.0Mù> ? hKL M N A 5 

� V W "� v"Â  [KOH]Ü0.1M [KOH]Ü0.5M [KOH]Ü1.0M 

[Cu2+]Ü0.1M 1.243 V  4.01 mA 1.262 V  4.43 mA 1.485 V  5.72 mA 

[Cu2+]Ü0.5M 1.310 V  4.19 mA 1.420 V  5.01 mA 1.479 V  5.66 mA 

[Cu2+]Ü1.0M 1.353 V  3.89 mA 1.447 V  4.95 mA 1.493 V  5.76 mA 

w x  [KNO3]Ü1.0Mù> ? hKL M ^ A 5 

� V W "� v"Â  [NaOH]Ü0.1M [NaOH]Ü0.5M [NaOH]Ü1.0M 

[Cu2+]Ü0.1M 1.106 V  3.03 mA 1.362 V  3.39 mA 1.469 V  5.40 mA 

[Cu2+]Ü0.5M 1.213 V  3.14 mA 1.405 V  4.94 mA 1.471 V  5.51 mA 

[Cu2+]Ü1.0M 1.350 V  5.06 mA 1.441 V  5.28 mA 1.480 V  5.55 mA 

� a b 6 7  � V W "� v"Â  

0¡ 1.028V        3.24mA 

25¡ 0.995V        1.72mA 

50¡ 0.990V        2.02mA 

c d e 6 7  � V W "� v"Â  

0¡ 1.017V       3.16mA 

25¡ 0.976V       2.32mA 

50¡ 0.973V       3.23mA 
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n Á Ã �  n Á 1 2  

� V W "�  1.630 V 

� V W "Â  1.62 A 

Ò ¬ ª � � 9 {| "Â  

Î2.2V, 0.25AÏ 
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170 mA 
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Î¤ U "� 1.5Vq̈ á â Á
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¬ 30�Ç  
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� Â û ü ý �  

n Á 1 2        "#�   

 

n Á Ã �  à � } ~ À � KNO3(aq) 

à � } ~  

À � KNO3(aq) 

C100¡� a b  

� V W "�  1.611 V 1.708 V 

� V W "Â  2.03 A 1.58 A 

Ò ¬ ª � � 9 {| "Â  175 mA 166 mA 

£ 	 ¥ ¦ § « �  ¬ 1 ª « ¬ 4 ª « 

 

 

( Â û ü ý �  

n Á 1 2        "#�   

 

n Á Ã �  à � } ~ À � KNO3(aq) 

à � } ~  

À � KNO3(aq) 

C100¡� a b  

� V W "�  1.613 V 1.709 V 

� V W "Â  1.74 A 1.42 A 

Ò ¬ ª � � 9 {| "Â  170 mA 158 mA 

£ 	 ¥ ¦ § « �  ¬ 2 ª « ¬ 4 ª « 
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E À n R 9 1 2 � X 3 

 

n Á Ã �  n Á 1 2  

� V W "�  1.308 V 

� V W "Â  0.67 A 

Ò ¬ ª � � 9 {| "Â  
¼ î � �  

137 mA 

£ 	 ¥ ¦ § « �  � � É 	 a â ä  

 

1 2 3"#à � � ¸ ë & , � q� � � £ 	 a â ä k 

 

 

 

 

 

           � � 
 �  

 

� � � � � � � � �  

� V W "� v"Â  

1M KOH 1.252 Volt    4.33mA 

5M KOH 1.199 Volt    4.62mA 

10M KOH 1.121 Volt    5.19mA 
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Zn�S	 C Cu2� D Zn2� C Cu�S	    E0Ü1.100 Volt 

+ � À ñ j � � � ÎNernst equationÏq8 O I "# 3 

EÜE0J
2

0592.0
log

 ][Cu 
 ][Zn 

2

2

+

+

 

ò B ? h 1.0M G H I q> ? h 0.1M G H O qþ3 

EÜ1.100J
2

0592.0
 log 

0.1
 .10 
Ü1.130 Volt 

� Z ú ó q�I O t u 6 7 . h 10 ô 
 ¡ ¢ X q"� $ M " 0.030 Voltk 

ú � � « q�5 õ 
 V ö à n Á ¼ ª 
 "g $ M q¶ ÷ · A 5Â 	 q� u � 	 … …
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Zn2�C 4NH4
� � D Zn(NH3)4

2� C 4H�    KÜ4.12×10�28 
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� C H2O � D NH3 C H3O
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