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ABSTRACT� This study aimed to analyze the evolution of general ideas concerning the element and the

atom. In the scientific viewpoint, the modern idea of the element has been variously revised by the ancient Greeks,

Boyle-Lavoisier, and Dalton. The definition of the atom was confused with that of the element from the ancient

Greecian era to Lavoisier's era. The definition was also changed by Dalton and Rutherford. An analysis of the def-

initions of element and atom as presented in science textbooks for secondary school students and in general chem-

istry textbooks revealed that these definitions from diverse eras are confusing and inadequately explicated. The

definition presented in one textbook was contradictory to the definitions in other textbooks. This tendency has

been sustained in the textbooks from the 4th to 6th science curriculum. Therefore, we need to clarify the def-

initions of element and atom in order to help the students gain a better understanding of these scientific concepts.
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%a/� Kotz � 1 U7 de'fgh 1992
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É� ¦þ”� 9�� �� ��� b�&+ ) � W&.

�OY � µb ¦þ	 !�V� �7 B3� ;`�<

q� ·�Y 
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Table 4. ��� 6� ���� �� ���y�i DBy M8 �i

��� �z X� eW

6M1, 6M2, 6M5,
6M6, 6M8

DB{ 	
| :B} ~
 ��E �� /�E ����� � 
. �� ��� |
� � �� ��
 �� "@� �8�.

6M3, 6M4, 6M7
�B| :B} ~
 ��8 /� x/�� T �� �� r 
.i �� ��� |� 
� �� 8��i �� ��� DB�> 8�.

Table 5. ��� 4�, 5� ���� �� ���i DBy M8 �i

���� ��� �z X� eW

4� 4M1 1�} ~
 � 
. @��� �� 8 �zi (�8 ��.

5�

5M1 �B, :B, <B, � ?� ~
 � 
. @��� �� ��i �� "@.
5M2 �B| :B} ~
 ��� 1"F� ��
 �� "@.
5M4 1�| �	?� ~
 /��
| (��� 
�� �� "@.
5M5 � 
. @��� �� 8 �z� � (�8 ��.
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{/CD WÈ  etl � W>&.

M�� 2�î 	� �	(� ¦- ���($ �@

ÿ��( 
� ;`�� ��
 ,»� 9��t ��

��
 {/Y�L º
#+ �� ���($ 
G�

�� ��  ì�Y � �� ��
 �K {/C6 Z

#¼È  Ù � W&. ,¥&w 9�� �'� �� �

�  ����	��( q?¹Lm R/� +N���

^d�$ ��� ��
 Ý46$6 et#g 2/&

(Table 6). 
 * M��� 4[q6Y 4a01 6a �

�	�:6� �� �	(< !"#g /��t ��

L \]2/&.

Table 6�( 2w ^_fL {4a ��	�� � �

	(¤
 9��t �'t ;`�� ��Y ��� �

�  {/#¼+, ,  � {5a� {6a ��	��

Table 6. >?�� 4�, 5�, 6� ���� /� ���i DBy M8 �i

���� ����z X�eW

4�
/�I

4H1 �i ��

4H2 Dd ��� ~	 8 �� Dd��� 
��� ��

4H3
��� 1"F� ��E� "@, b i /�E ����� � 
. ¡
¢8 ��� £¤ � �� "@.

/�II 4H4, 4H5, 4H6 �i ��

5�

��IIF

5H1
��� 1"F� ��E "@��, b i /�E ����� � 
. 
£¤ � �� "@� ¥8�.

5H2 ��� 
�� ��E� "@

5H6 ��� 
�� �� "@. 8�� Dd��� 
��� ��(¦DB)

5H3, 5H4, 5H5 �i ��. DB _�§q P 

/�

5H8
��� 1"F� ��E "@��, b i /�E ����� � 
. 
£¤ � �� "@� ¥8�.

5H9
b i /�E ����� � 
. £¤ � �� ��� 1"F� ��
E� "@

5H10 b� ¡¢8 ��� @�¨ � �� ��. 

5H11 b i /�E ����� � 
. £¤ � �� "@

5H12, 5H13 �i ��

6�

/�I

6H1
DB{ ��� 
�> ©� ��E� "@��, b i /�E ���
� � ¡¢8 ��� |� � �� (�8 "@
�.

6H2 <B, �B, :B} ~
 � 
. @��� �� ��� DB�> 8�.

6H3
DB� ��� 1"F� �� "@��, b i /�E ����� � 

. ¡¢8 ��� £t��� ���.

6H4
DB{ b i /�E ����� � 
. |� � �� 8 �� �z
i (�8 ��
�.

/�II

6H10
��� 1"F� ����, b i /�E ����� � 
. £¤ � 
�� "@� DB�> 8�. 

6H11 S.i ª« ��� 1"F� ��"@

6H12 �B} :B~
, ��� 1"F� �� "@� DB�> 8�. 

6H13
��� 1"F� ��"@��, b i /�E ����� � 
. ¡
¢8 ��� £t�� ���.

6H14 dNjy ¬6F� ª« ��	 DB�� ��"@�� 1"�� ©�. 

6H15 ��� 
�� ��E� "@� DB�> 8�.
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�

�	(�($ 9�� �'
 �K {/C6 Ü/&. ,

-+ g�R 	³� gG �� ��
 AP� ]«�(

��C+ W>&. `R ¦þ2&$ `!
Z `þ� �

�  �v� ,-. /�� ��q �66 Ü+ {/C

D W>&. 
G� '� M��� gG 	� �	(�

�d a�#&. M�� 	� �	(� ^d�$ 9��

t ��� ��
 5® {/C@ �
4$ 
| *z�

��� 9�� ��q {/C@ DÄn � W&+ bÿ

l � W6¤, +N��� �� �	(�( 
� 9�

�t �� 
v< 2d$ ��L º
#+ 
< @;Y

� 9��t �'� �� ��q {/C6 Ü� '�

z{'
4+ ) � W&.

����( ��#+ W$ 3O�� �P�($ ��

� ��< D½f {/#+ W$6 !"#¼&(Table 7).

Table 7�( !"� ��� 3O�� �P 7Ê qÑ

� ÿ #Z� ^d(U1)¤
 9�� �'XY ��< �

�#¼&. ,GZ 
 ^d�L QR� 30!�($ �

/ 23	 4056�� �'
 A�CD W>&. ,G

Z ��� 3O�� �P� ^d +� ,-.� ��t

`!� ��� M��Z +N�� �	(� Ý- �K

Z[Z6 Ü/&. ,-+ �0!� �P�($ “H 


] !Kl � �&”$ 23	 4056�� �'XY

{/CD W>&. c4( ��� 3O�� �P� ��

$ 2~�XY 23	 4056� /�� �'� c¦

G W&+ l � W&.

�
� ��� �� ��
 � . +� ,-. /�

01 ��� �� ��� 
� ª`CD W>X�, 


G� ��� ·��t ¦þ�  ª`#$ @;q C>

&. 
� �ÖC$ ¦þ�� ÃY �b�t ¦þ�
&.

�b�t ¦þ��$ ��� ��
 ,»CD W6 Z

#&. @�� 4û@^ 5-.ì��.$ “¦þ� �b

�t %
D( ��R H ð� ·�Y ��D Zx �

W&”$ �b�t ¦þ�  {/#¼&. �~, ,-.

� ��� �´d,.(Leukippos, B.C. 500~428)� �

�6-ì.(Democritus, B.C. 470~380)$ ‘¦þ  °b

K( ��D Zqw ÞÊ�XY ��� 
?+ ��$

H 
] �� � �&’$ ��Q  ��#¼&. ,GZ


V
 ��� ��Q� �d ���t %
>@ *z

� 17û@ 
� 23 N� 	��V� �K ·���

(corpuscular philosophy)
 &/ N�#@ �:6$ 	

�� }Ý� # @g< #6 Z#¼&.44 c4( ]ãR

´e @æ B� �b�t ¦þ�
 ¦þ� �� 
K�

�Õ< 
�>&+ ) � W&.

18û@� VD(w( �� Of� ��� &;� �

$�t �� �¡� ��
 4056� N ¢� 	��

V� �K 
�DóX�, 
G� �$�t �� �¡Y

01 ·��� ¦þ�XY(� ��Q
 78� �K

Ç°�XY �-C>&.45 78� ,� �( �� ��

� �û°(A New System of Chemical Philosophy,

1808)�(, ��$ , ÊÕq ¢+, 6@� �fq (Y

&?�, ¦þ4& ÿ¯ 0g ã VDW$ ��� �$

�7 &?&39+ ��#¼&. 
G� 78� ��$ ´

3h 	��V
 
K#$ ��� ��	$ �d &?

6¤, Þ;Y �$�t �� S	Y01 ·��� ¦þ

�  �"#¼&$ '� WD( �d Mp� �'� �

�4+ l � W&.

, � 1903î ij(Thomson)
 ÈkË ���( �

�� %P< §R+, 
< ß³Y ;XY #�� ·�

� ��q (Y llR mK W$ no �;� �� �

ª
 {�C>&. F� 1911î GH,J(Rutherford)$

��Ë ��XY ��$ ;�#< p ��q
 qÑ�

� vr#f W+, , �¯< ��q 7+ W$ �� �

ª  {�#¼&. 
¥f }Ý� ��� ��� ‘H 


] �� � �$ ¦þ� @r ·�’4$ 78� ���

Table 7. M�� %a /� �6y�i DB �i

�6 �z X � e W

U1 ªT ~	 Dd��p ­� Dd� 
��� ��.
U2 ��E ®	 /�E ��y i� � 
. ¡¢8 ��� @�¨ � �� ��.
U3 DB� ¯
| r 
.i (�8 ��� |� � �� �oi 8 �� �z
�.
U4 /�E� x/��� °± � ¡¢8 /���� @��� �� ��

U5
DB�> F� ²	  .E� /�E ®	 ��E ����� � 
. b� ¡¢8 ��� @�
³ � �� ��� ¥8�.

U6 DB�	 Dd�> �´� Hr�, µN¶E�, �p � ��, ·¸�� �� ¹º
� �� ©�
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	$ �d &?&+ l � W&. 9�� �'� ��$

;`�, M`�, �� N H @r�t ·�VY 
`�

·�
�, c4( ��� 
BXY tK 
CXY �l

�L W+ q�s  ÁK &U ��Y ��� �L W

@ *z
&. ´3h �"�� }ç  ÁK ;`�, M

`�, ��L H 
] @r�t ·�q 5t
 §Kó6

¤, M, +N�� ��
Z 3O�� �à�($ 
G�

�"� ��
 2~�XY &�D66 Ü@ *z� 


ôz�($ ;`�, M`�, �� 
#� @r ·�� �

�  ,»� ��� ��� ô�#6 Ü+� �&.

�-K 2w, ���XY +FK ) * ��� ��

$ 6f 3U� �� 	�  =>&+ l � W&. ÒG

$ +� ,-. ���� ���t �'XY, “H 
]

�� � �$ ¦þ� @r”XY(� ��
&. HG$

78� ��Y ��Z ��¦  
`#$ 
Ç�t ¦

þY(� ·�
&. 
 ���$ ��$	 ÿ¯ 0g

ã !,#$ �� N� �� 
Ç�t ��
 ,»CD

W&. 78� ��� c?w ��$ H 
] ��66

ÜX�, ���$ 
!C$ ¦þ
&. IG$ 9��t

�'XY ;`�� M`�, ��Y 
`� �@�XY

M`t ÿ¯ ·�� ��
&. c4(, 9��t �'

� �#w ;`�, M`�, �� N� ·�Y 
`� �

�$ ‘H 
] ��66 Ü$’ @r ·�$ 5�&. 


< Fig. 4� �-#g {/#¼&.

!" #!$� �
 '� ��. Table 8� {4a �

�	��(01 {6a ��	�:6� 	� �	(�

{/� ��� ��< !"#g {/#¼&. �0!�

M�� 	� �	( �� ���($ 78� ��QY

��< ��#+ W&. ��	�� ���L º
#+

�� 	� �	(�( 78 /�� �� ��$ �K

��C6 Ü/&.

Table 8�( 6M1 	� �	($ 78� ��Q	$

&� &U ��< #+ W&. ,u� 
 ��$ Î( !

"� �� ��� 3q6 �'� ÖáD ) * D¬ �

'�L �eR v6 Ü$&. w
 
 ��< Z5@ ¯

#g 
 �
�( !"� �'  ��/x&w, 78

/�� �'	 9�� �' qÑ� � �'XY !Õl

� W  %
&. , 
|$ ‘¦þ� ``  q66 Ü

Xw( H 
] Z5D66 Ü$ q� ð� ·�’4$


 ���$ !�� ��
 ,»CD W@ *z
&.

0 52qJY� �'XY !Õ�&w, ¦þ� `` 

q6$ q� ð� ·�$ ‘!�’
+, c4( !�q �

�²( ��q Cw H 
] , ¦þ� ``  q66

Üf �&$ '�( ��� ��� ‘¦þ� ``  q

66 Ü$&’$ ��  ,»� %
4+ ) � W&.

,GZ 
G� ��� 9�� �'� �� ���$

É6 Ü&. <­#w, ��� �¿z  yw ,�Y K

"l ^d, ��$ ‘¦þ� ``  q66 Ü$ ·�’Y

��C@ *z
&. 9�� ¦þ��( ¦þ� ��$

‘0g� þ$  q6$ %’ 46, Ú� ‘0g< a6#+ z

T�XY 6Tl � W$ %,47XY ) � W&. 0 {

XY etl � W$ 6@� 0gZ þ$
 5�+ �

d ð� 0g� þ$  q� %
4 #H4L, 0g� þ

$
 W&$ ��¤ etCw ¦þY !Õl � W&. 


G� '� WD( ÿ|XY %P#$ ��Z ��L ¦

Fig. 4. Dd tui vw x/.

Table 8. ��� 4�, 5�, 6� ���� �� ���y�i Dd �i

���� ����z  X�eW

4� 4M1 mni DdX	 r 
. £¤ � �� �» ¼	 ½dp Dd�> F¾�.

5�
5M1, 5M2, 
5M4, 5M5

mni DdX, � 
. £¤ � �� �» ¼	 ½d

6�

6M2, 6M3, 
6M4, 6M6, 
6M7, 6M8

gª¿�ÀÁi Dd, mni DdX� X�Â.

6M1 ��i Ã"� ��� ��Ä� � 
. |Å��� �� �» ¼	 ½d
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���
�

þ� Kã�&+ r&. F� 
V� �g( 
�$ `

þ	$ &?6¤ |��XY %Pl ^d�L +|�

`þ  q�&+ ) � W&. c4( �� ¦þ� OJ

/ H 
]� ��q S�� !�� ª«Y 
`CD�

¦þ� ``  Z[�$ %
 5�8Y 
G� ��$

9�� �'� Kã�&+ ) � �&.

Table 9�$ B3� �î� M�� 	� �	( ��

{/� ¦- ��	 @¿s×� �	(� {/� ��

� ��  �-#g {/#¼&. ^_fL É� �hV


 2df C$ ��� ��
 �� ���( {/#$

��� �� 0, 78� ��Q	$ �d Ý}X�, �

0! 9�� �'XY {/CD W>&.

	�� &U ��	 @¿s×� �	(� �¿ �� N

� ÖáD ) *, M�� �� ���(L 
{$ 78�

��Q2&$ 9�� �'� �� ��  {/#$ %


�j� �~� �° ±w�( [ãl %
4+ hT�&.

Table 10�$ +N�� �� �	(� {/� ���

��< �-#g {/#¼&.

Table 9. ��� 2�� �� ���i �� +Æ� �7Ç:; ���i Dd �i

��� �z  X� eW

6M4, 6M6, 
6M7, 6M8

��� 
�> ©� Dd� �^gy + È�p É> ©� DdÊ� r _Ëy - È�p É> 
©� Èd�� 1"�� ©�.

6M2
��d� Ì[� Í Dd ªWy iFÄ Dd� Î°^ DdÊ� �Ï�� FY 1t �� 
r 
.i �Ð^ Èd� r ¯Ñp m> ©� 1H� 1".

6TS1
ª« ��	 � Ò	 Dd� 1"�� ©�Ó 
� Dd� ÔÈ�p Õ DdÊ� r _Ëp 
mÄ� �È�p Õ Èd� 1"�� ©�.

Table 10. >?�� 4�, 5�, 6� ���� �� ���y�i Dd �i

���� ����z X�eW

4�
/� I

4H1 gª¿�ÀÁ Dd, mni DdX

4H2 mni DdX, CME� Dd ªW

4H3
gª¿�ÀÁ Dd, mni DdX, Dd��} DB�� ~�, Dd
� +ÈFp Õ �Ï ½d} -ÈFp Õ Èd� 1"

/� II 4H4, 4H5, 4H6 �i ��

5�

��IIF

5H1, 5H2 gª¿�ÀÁ Dd, mni DdX

5H4, 5H5, 5H6 ���E DdX, mni DdX

5H3 Dd 1H P 

5H7 mnDdX, Ö×, Ø�ÙÚi Dd ªW

/�

5H8, 5H9, 5H10, 
5H13

mni DdX

5H11 DBp 
�� �� ½d. DBi �z�Û ©�. mni DdX

5H12 DBi ��
 �� �» ¼	 ¢Ë ½d.

6�

/� I

6H6 gª¿�ÀÁ Dd, ��� 1"F� �� ½d.

6H2, 6H3, 6H7 gª¿�ÀÁi Dd, mni DdX� X�Â.

6H4, 6H8
gª¿�ÀÁi Dd, mni DdX, Ö×i DdªW, Ø�ÜÚi 
Dd ªW, b�i DdªW, CME Dd ªW� 
V�� Dd t
ui �ÝÞp ¥Â.

/� II

6H8, 6H9, 6H10

gª¿�ÀÁi Dd, mni DdX� X�Â.6H11, 6H12, 6H13, 
6H14
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^_fL 
� 
C
Z ��, ;`�, M`� N�

·� ��
 L·� �ò�L º
#+ ��� �� �

Ç$ 9��t �'XY ReR {/#6 Ü+ W>&.

9��t �'� �� ��$ { 4a ��	��( 2

�(4H2, 4H3), { 5a ��	��( 1�(5H7), ,-+

{ 6a ��	��( 2�(6H4, 6H8)� �	(� º	

#¼&. Zc6 �	(�($ ��� �� �Ç$ �+,

ÿ6 ��� ;`�, M`� NXY 
`� ��� 


vq ,�XY¤ {/CD W>&. ,-+ �¿� ��

$ 78� �� ��q 2~�
>&.


� ��� @r ·�t ��, M`�, ;`� N�

��
 L·CD W$ +N���( 78� ��Q


{/C$ 
|$ 54L 	��� L·� ��� �	

*z3 %
&. ,GZ 
G� �	< z��&+ #H

4L, +N���($ 	��� L·� 46J� Re

#f 9�� �'� �� ��< ,»#$ %
 H [

ã#&+ r&.

Table 11� {/� ��� 3O�� �P� �� �

�$ 2~�XY 9��t �'
>&. ¦� 78� �

� ��< ��6 Ü+ �¿�&$ '� +N�� ��

�	(� ^d� |�#&. ,GZ 46J� 9�� �

'XY� ��< !RR 2g�+ W&.

�� � ��

	���t �'�( 6µ:6 +F� ��� ��

� ‘¦þ
 5õ `þ
Z `!’XY(� +� ,-.

/� ��, ‘!Kl � �$ @r ¦þ’Y(� 23	

4056� /� ��, ‘B3� ��VY 
�D� ¦

þ’Y(� 78 /� ��, ,-+ 46JXY, ‘B3�

;`� �< L$ ·�Y 
�D� ¦þ’Y(� 9��

�� N 4q6 |ªXY 
!l � W&. F� ���

��� ‘H 
] �� � �$ ¦þ� @r’XY(� +

� ,-. /� ��, ‘��Z ��¦  
`#$ 
Ç

�t ¦þ’Y(� 78 /� ��, ,-+ ‘;`�� M

`�, ��Y 
`� �@�XY M`t ÿ¯ ·�’Y

(� 9�� �� N 3q6 |ªXY 
!l � W&.


G� ��� ��� ��$ (Y |"�XY }Ý

#¼&@ 2&$ (Y �r� ]Í ��`  q6� }

Ý#g E&. -< VD ‘!Kl � �$ @r ¦þ’


4$ 23	 4056� /�� �� ��$ ‘H 
]

�� � �$ ¦þ� @r’
4$ +� ,-. /��

�� ��� �d |�#&. 
 7 /�� ��� ��

��� |�`� 7 ��� Re� 
!
 , ã/�


�D66 Ü/È  /��&. 78 /�� �(� �

�� ��� ��$ ��#f 
!C@ /ð#¼$�,

‘B3� ��VY 
�D� ¦þ’Y ��< ��»XY

À ¦þ� @r ÿ¯$ ��q 5õ ��Y 
!C>&.

F� 	�� }ÝY ��q H @rÿ¯t ;`�, �

�, M`� NXY 
`� ·�ò
 §K6w(, ��

� ��$ ‘B3� ;`� �< L$ ·�Y 
�D�

¦þ’Y ��q ��C>&.

c4( 9�� 
5Vg6+ W$ ��� ��� �

�� 	³� B3� �DY ��C>  ��	$ �d

&?&+ l � W&. ,GZ 5®:6 B3� �D4

$ 
| *z� 
G� �� ���t A�
 �	(

�� ,�Y �5 W&$ '
 
U �
�( JG\&.


G� A�� ��	�
 ��#gL �	( �� ,

�Y %P#$ %XY Z[\X�, ^d� c4($ ´

RÄ 	³� ��	�� ß³� �	(�( 2& 9�

� �'
 {/C+, ��� ��	�� ß³� �	(

�($ 
G� �'
 &/ �4²!-$ ^dL Z[

Table 11. M�� %a /�y�i Dd �i

�6 �z X�eW

U1 Ddß�� X�, mni DdXi ��� ��F� ��� �i, Ö×i àá�� Èdi �â �
�� Ø�ÙÚi àá� Bt

U2 ãmni Ddßä
�� ¢D� �V. Ö×i àá�  8 Èd �â, Millikani àá, Rutherfordi 
àá X�

U4 ãmni Ddßä
�� ¢D� �V. Ö× àá� Millikani �å�æ àá�� Èdp X�
U5 DBi \B ½d. Ö× àá�  8 Dd X�
U6 DB >ei "�� beF> ©� \Bi DB ½d.
U7 Dd{ /�açy èY³ � ©� DBi �» ¼	 ½d. Ö×i àá, Rutherfordàá, 
éy ê

� _�§qp X�
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