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1 
H 

1.0 
                

2 
He 
4.0 

3 
Li 
6.9 

4 
Be 
9.0 

          
5 
B 

10.8 

6 
C 

12.0 

7 
N 

14.0 

8 
O 

16.0 

9 
F 

19.0 

10 
Ne 

20.2 

11 
Na 

23.0 

12 
Mg 
24.3 

          
13 
Al 

27.0 

14 
Si 

28.1 

15 
P 

31.0 

16 
S 

32.1 

17 
Cl 

35.5 

18 
Ar 

40.0 

19 
K 

39.1 

20 
Ca 

40.1 

21 
Sc 

45.0 

22 
Ti 

47.9 

23 
V 

50.9 

24 
Cr 

52.0 

25 
Mn 
54.9 

26 
Fe 

55.8 

27 
Co 

58.9 

28 
Ni 

58.7 

29 
Cu 

63.5 

30 
Zn 

65.4 

31 
Ga 

69.7 

32 
Ge 

72.6 

33 
As 

74.9 

34 
Se 

79.0 

35 
Br 

79.9 

36 
Kr 

83.8 

 3 46587-9+:8;+<
 -1-1molK  atm L  0.0820R = -1-1molK  J  8.31=  

 = ')>-?+@8A+B-C�D+E pH F
 >-?+@8G+H  A+B-C�D pH F  IKJ-L

 4.8-6.0 M-N-O-P8Q+R
 6.0-7.6 Q+S

  8.2-10.0 
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30% g  h�i jlk

1 m 10 n oqprnts"u+v�w�xry{z-|}sr~ oq���8�����-�}� ��s{��n����r���� � p�n������ 3 � o����r��� 1/3 n�� o������{� o��r�}�$������� �  
 

1 . �� �¡r¢-£ ¤¦¥�§�¨©¥�ª¬«�­�®}¯-°�±�²{³�´�µ ¶¶ ¶¶  
(A) ·  >  ¸  >  ¹©¸   
(B) ¹º¸  >  ¸  >  ·   
(C) ¸  >  ·  >  ¹©¸  
(D) · >  ¹º¸  >  ¸   
 

2 .  »½¼{¾ 1 . 0  ¿{À}Á Ba (OH) 2 Â Na OH Â Ba SO 4  Ã Na 2 SO 4 Ä-Å ÆÈÇ{É½Ê�Ë 1 . 0 ÌrÁ-Í$Î ÏÐ}Ñ+Ò�Ó�Ô�Õ�Ö{×�Ø�Ù�Ú�Û�Ü Ý
 

 (A) Ba (OH) 2  (B) Na OH (C) Ba SO 4  (D) Na 2 SO 4  
 

3 .  Þ{ß�à�á{ârã-ä�å$Î Æçæ Ó�Ô ß�è�å{érê Æçë{ì Ô�Û�í�î Á+á{è�å Æðï�æ Ó�Ô á{è�åérê Æòñ�ë{ì Ô�Û�í�î Áóß�è�å Ï Ð}Ñ æ Ó�Ô ß�è�å{érê Û�í�î Á-ß�è�å�ô ë�õ Ô Ý  
(A) 6  (B) 8  (C) 10  (D) 12   
 

4 .  ë Ó{ö{÷ à{ø½ù Æ¦ú�û{ü½ý{þ�ÿ���� 9 ÌrÁ�����à�� Ã 10 ÌrÁóÍ Ø�Ù Æ
	�����
�� ¾� à�ø�ù Û ë���� Á Ç å�� Ý  
(A) C 7 H1 6  (B) C 8 H1 8   (C) C 9 H2 0  (D) C 1 0 H2 2   

 
5 .  ��� 1

×������ Æ���� ¾ 0 . 50 � Ç Ï! 25 " Æ Ó�#�Ù�Ú�$ Æ&%')(�*��)�+�),�*+-/.�0/1 Î�Á Ù Å ¾32 Ù Æ&4{Å35 ¾ 5 6Ì Æ � $�(�73����� Î ×�8�9�Ü�:�; ¾ 14 � Ç Ï=<�>�2 Ù �?A@CB�D{Ù Å Æ&E Þ 7+*GF ��H�I�Ë Ó�J�8 ÆLK�M Û�N�(�78�9�Ü�:�; ¾ 24 � Ç Ï Ð}Ñ � $ 2 Ù Á Å�5 ¾�O�P 6 Ì Ý   
(A)  2 . 9  (B)  3 . 5  
(C)  4 . 5  (D)  4 . 9  

 

 

 

 

 

 

6 .  ë Ó+Q�Q�RTSVU 100 6 Ì}Á8Í Æ Q�Q�R ÎXW ë Ó�Y�Z�[ å Æ S]\ ë 40 ^�ß�à�_ Ï K+`$�a ¾ `�b�c�d Q�Q�R ÆeK�4 Î ×�Y�Z�[�f�g Æih Í�j�ß�à�_�k�ø Ï % ' ß�à�_rÁ Õl�m ¾ −82 . 8  kJ / m ol Æ�ï ÍrÁon m ¾ 4 . 20  Jg - 1 K - 1 Ï&<�>�ß�à�_�Á�n m�p�q ��r�s�t Æï ß�à�_ Õ�l�u�v�w Á m�x Æ)ú�û/y 100 6 ÌrÁ-Í u�z�{ ÏLO�ÞG|C}�~ , Æ�� w8Ó�Ô 5" Á Q�Q�R d F K+` Æ Ð}ÑX��Q�Q�R ÁC� :�Û�Ü � Ì�� õ " Ý  
(A)  36  (B)  51  (C)  76  (D)  91  
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7 .  % '��{Ù N 2 O Ç l ��� N 2 � O 2 ¾ Ó3��� ô Æ&4)����� ¾ t Ï!O�» 8
#�Ù�Ú Á N 2 O Ê  ÓÄX��Å�5�Ã � : ÁC �¡tÎ Æ Ð}ÑX¢�£ t

$31 þ Æ ��¤�¥ ×�¦�Ú b�§ ¾ õ #�Ù�Ú Ý  
(A)  4  (B)  8  (C)  10  (D)  12  

 
8 .  ¨�©�ª�å�« HA Æ Þ�¬ @ no­ × [A – ] / [HA] Í Õ�Ö Î Á pH ® ��� 2

u�¯ Æ�	 � « × K a ®{¾
 Ý  
(A)  5 ° 10 – 6  (B)  2 ° 10 – 5  (C)  2 ° 10 – 4  (D)  5 ° 10 – 4   

 

 

9 . Ç å���¾ C 4 H8 Áóà�ø�ù�± ë�²)³ @ Ç�´Cµ ù Æ
¶ J ´oµ ù ����·  ��� Ò�J�÷ É ¶¶ ¶¶  
(A) 
ö�÷ Â!¸ ÷  (B) ¸ ÷ Â!¹ ÷  (C) ¹ ÷ Â ö�÷  (D) º�» ÷ Â ö�÷   

 

10. ��� Ò�Ô à�ø�ù Æ Þ pH 4
× Í$Î Á Õ�l�: Æ!¼C½ Ü  4 Þ�Î]¾ × Í$Î Á Õ�l�: Ý  

(A) Ba F 2  (B)  PbSO 4  (C)  AgI  (D)  Hg 2 Cl 2  

 ¿ ÀÂÁÄÃ Å Æ Ç È
52% É  ÊÌË Í�Î

11 Ï 23 Ð ÑÓÒ)Ð�Ô�Õ 5 Ö/×)Ø Ñ&ÙÛÚ]Ï/Ü�ÕAÝVÖAÞ3ß�àÛá ÑL×ãâ�ß�àä×)Ø Ñåçæ�èäéçêCë�ì í ×�î+Ð éTê)ïçðòñ ó Ô+×)Ø�ôÌõ�ö/÷ ÑiÒ é)ø ÝVÖ/×+Ø Ñúùû
1/5 ÐT÷ Ñ&ü�ý é)ø�û 4 ÷ ÑeÒ é�þ ÝCÖ+ÿ�� 1/5 Ðç÷ ����� é�� Ñ
	���÷
��	

�ç÷ ó  
 

11 . ����ë������ Á���� 
������ Ý  

(A) ����� y ¸�� ¸�� ø ï��  
(B) ��Á���à�ù ��r� ¾�!�"�#�$ Å Á�% �  
(C) &�'�(�j�(�) � ��Á @+* ´�,�Å Æ &�'�(�±�-�.{â µ¬ï (�)�±�/0.{â µ  
(D) 1�2�3�4�5�6�7�8�9�:�;�<>=+?  
(E ) @�A�B�CED�F�G�A�H�I�J�K�L�9NM�H�O�P�Q�9�B�C  
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12 -14 [�3�[�\  

 ]_^�`�a�b�c�d�e�f 9Ng�h�i�j�kEl�m npo a�q C�r�s0t�u�v�w�9�x�y npz�{�9�|�}~ [�����l�K������ �
�E����������� b��+� I�� np�������0�
��v�����������6�7
� �������03 P 2 O 5 � n¡ �������¢�v���£�607 n¡¤���¥0I�¦¨§_©�;N? �  

 
12 . £�ª�r�«�������9N¬�­
� n¡®E¯���°�±�°0²�³�D�=+´�9¶µ  

(A)N 2 O 5  (B)  P 2 O 5  (C)NH4 Cl  (D)P 4  (E )N 2 H4  
 

13 . £�ª�r�«�������¬�­�9�·�¸ nº¹�»�¼�½ µ  
(A) �����0��¢�w�9+¾�¿�£�6�7 nÀO���;�?�3 P 4 O 6  
(B) P 4 O 6 Á�Â�Ã �ÅÄ�����Æ  
(C) P 2 O 5 ��Ç�È�É�Ê0Ë�Ì  
(D) K 2 HPO 4 � NH4 Cl � n¡������906�7�Í�Î �  
(E) �Ï��Ì 3d Ð�Ñ�Ò���Ó�: nÀ����Ô�¢��  

 
14 . g�h�i�j f Õ N 2 ( g )  +  3  H2 ( g )   2  NH3 ( g )  +  92  kJ  Ö�y
� nºÌ�×�7�Ê Fe 2 O 3 ��Ø 500 Ù
£�Ú�Û�Ö�y �Ür�«�Ý�I�Ö�y n¡£�ª�·�¸�¹�»�¼�½ µ  
(A) Ö�y
� nÞ×�7�Ê�ß�Ë
à+á�Ö�y�9�Ö�y�â�ã�ä�å  
(B) Ö�y
� nÞ×�7�Ê�ß�Ë
à+æ�Ö�y�9�Ö�y�â�ã�ä�å  
(C) Ö�y
� nÞ×E7�Ê�ß�Ë
àçá�è�à+æ�Ö�y�9�é�7�ê�ë�ì+í  
(D) ��î�±�Ö�y�90ï�ðòñó9�D�3�Ë�ô�õ�à+á�ö�÷  
(E) Ö�y�ø�ô�õ�³ n¡å�î�²�ù�ß�Ë�ô�õ�àçá�ö�÷  

 
15 . ú�û�ü X O�ý�Q�9�þ�¦���?�7�ÿ�¬ n ��°0±�°�²�³ n � 24 . 5 � 9�����è�� ��O�4 X 9��

������t
	���I �  

�TI  

7�ÿ�¬  ��� ( � )  4 X 9���������t (%)  

 60  80  �
 44  82  �
 44  27  �
 30  80  �
 16  75  

 �
Â���� W�� 9�����è��Ï����90:�� n X 9 ��� ��r���¦��0ê n � ~ X 9 ��� ����ê

3�¹ µ  
(A) 3  (B)  6  (C)  8  (D)  12  (E )  16  
 

16 . £�ª�r�« Ã 9�·�¸0¹�»�¼�½ µ  
(A) Ì
!�7�"�Ú�Û�z�#�$ n¡D��+3���:�P��
%�9�;�?�Î
&  
(B) � 0 Ù0³ n =ç´�9�'
(�u�)�´�9+í nÀD��+3�*�Ó�9�«,+  
(C) - ��.
/
021 ��Ì Â
3EÃ�4 7  
(D) 4�r
5 - � è
6 - � 9 Ã�7 3�8E³
9 Ã  
(E) I�J�$ Ã 9 pH :E3 7  
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17 . F 1 . 0 G�H�IKJ�L�M�N 10 O�P�I�Q�RTS U VXWZY2[�M�\]S_^2`�a�b B�c�d�e Y f  
(A) CH3 COOH (B)  CH3 COOD  (C)  D 2 O (D)  H2 O (E )  HOD 

 

18 . g2h C 3 H8 ( g ) i CO 2 ( g ) j H2 O ( l ) k�l�m G�H�n�o�p�q�r�s  t 23 i t 94 uvt 68 w�x U y�z{�|�}
~������ f  
(A) ��G�H������
����������� 5 G�H2�
�  
(B) ��� k
l�m G�H�����p�s  � 94 w�x  
(C) � � k�l�m G�H�����p�s  t 34 w�x  
(D) ��� k
l�m G�H�����p�s  t 531 w�x  
(E ) � ������� k G�H�����p��X�  

 

19 . z { `�� ;�� {�������� ���� �¡
21 ¢ 30 £¥¤�¦�I |�}
~������ f  

(A) §�¨�©�ª  
(B) §2« j�¬�­ L�®�¯
°�n � �  
(C) §�`�±�²�³�´�µX�K� B�¶ k
·�¸ B�c�d  
(D) ¹ 4s º�»�¼ `�½�¾    
(E ) ¿
Q
§�¿�R�À  

 

20 .  Á�Â A i B i C s�Ã�²�Ä�Å���Æ U Y �2Ç�È�É�Ê S U [�Ã
²���Æ
Y 25 Ë�Ì kÎÍ�Ï�Ð uÑ�Ò Ï�Ð
Ó2Ô�Õ�Ö ×  
Õ�Ö  

B�c�d  A  B C  

Í�Ï�Ð  (m ol / L)  0 . 1  0 . 2  0  Ñ�Ò Ï�Ð  (m ol / L)  0 . 05  0 . 05  0 . 1  

 
VXW,z {�|�}
~������ f  
(A) Ø ` 1 G�H A � 3 G�H B �
��Ù�Ú U y�Û
n�o 2 G�H C 
(B) Ø Ñ Ò Ù Ú ÜÝs 1 / 2A +  3 / 2B  C U y ¹ Y 25 Ë k
Ï�Ð Ñ�Ò�Þ ¶ s 40  
(C) [ � Ù�Ú Ñ�Ò Ì U B ��Æ k q�ß�s A k 3 à  
(D) [ � Ù�Ú Ñ�Ò Ì U ��Æ C k G�H�q�á�s 1 / 3  
(E ) [ � Ù�Ú Ñ�Ò Ì Uãâ�ä k
å ß�æ�s 4 . 9  À
��ß  

 

21 . z { `�� ��  I |�} U ~������ f  
(A) ç ��  Y�è�é�Ì�I�¾  �ê é U `Xë,ì�í�î�ï�¾    
(B) ð ��  I ;���ñ�ò «�¿
ó ��  I ;���ñ�ò «
ô  
(C) õ�I �� �ö
÷ ¿
ø�I �� �ö
÷�ù

 
(D) ú ��  I�¾�û Ð ¿
ü ��  IK¾�û Ð À  
(E ) ý ��  I d º�» SZ`�þ�ì�¾    
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22. � 3 S {���� � b����
	���¯�I�
�� Ê�� u���� U z {�|�}
~������ f  

(A) ��L���I l�m M�\�µ�Û
³�¯�����
������ e  
(B) � ¸ I���� Ô � ��! U#" [ ��$�% I $ ¶ s 24 . 50 O�P  
(C)

��� I'&�( ��� Ô ÿ)��!
 

(D) *�+ M�\�, Ð Ì U ³�, Ð�- ��.�/�0 � ¹�132 U ��. *�+ $�% ¹ , Ð  
(E ) > !�4�5)6�7 ¯,N NaOH ï CH3 COOH I L�8 � ¸  

 

 

 

 

 

 

 

 

 

 

 

 

 

23 . � 4 s�9�q   k ��: ;   

� 4 

 

z { `���<�q   k |�}
~2����� f  
(A) [�q  �= `Xë,ì�>�è�L  
(B) [�q   �
��R�?�@�Û�AXë ²�>�è�L  
(C) [�q   `�B�ì ç �� �C sp 2 D o º�»  
(D) [�q   `�Ã
²�E�«�è�Û
³ j Ã�F�>�G�o ��H  
(E ) [ � ��! s � ì�Ã�I�q    
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P QSR T U V W
18% X  Y[Z \^]`_ba ced fhg fhikjmlbn�_po c

1,2, q j r�s3a
tbuwv�x y{z}|�~��S����z �
����� _ ��������Z)_wo �hz�|��
uwv�������� � �
�����w�3� ���w��_`� �
�w  �b��¡�¢ �¤£�¥pz�|��3¦¨§�©�ª�«�¬��   �

 
 � i ` 2 . 0  ­b" Ba O ( s ) u Ca O ( s )

� ê o�I D c�d U F ¹�� N 1 . 5  P�I��TS U�, Ð s 2 7 . 0 Ë U® �]S = ` 760  O�¯�°�±�ß�æ�I Ö � B�ç ��Æ ×³² D c�d �
��Ù�Ú k @ U n�o Ba CO 3 ( s )

u Ca CO 3 ( s ) Uh�]S Ö � B�ç ��Æ�I�ß�æ�´�s 380  O�¯�°�± × VXW ;  
1 . Ö � B�ç ����I�G�H ¶ × �

2 q £  
2 .
��µ < D c�d S Ba O ( s ) k Q +�¶ q�¿�s ~ f �

2 q £  
(
��  + ; Ba  =  137)  

 

Ö i � 5 ¨`8�ú�·�¸]S ¾�?�ú B�¹ R�M�\�I � ² ��� !�º � ;  
 

  

»½¼�¾¿�À À)Á
A

ÂÄÃ�Å ÆÇÃ�Å
È�É�Ê�Ë�Ì�Í

Ã�Î
� 5  

 
1 . Ï � Y � ¾�Ð�Ñ�n�I Ñ�Ò�ö Ù�Ú�Ü × �

2 q £  
2 . ¾�?�Ò S ÿ ¾�Ð ��Ó °�n�I���Æ A s ~ f ¾�?�@ U ÿ ¾�Ð3Ô'Õ k R�M�\�^�Ö�×�L�¤Ø 8�¤ f �

2 q £  
3 . ��Æ A k R�M�\�Û�G�o�Ù[Ú R U¤Ï � ¹ Ñ�Ò B�C Ù�Ú�Ü × �

2 q £  

 
Ã i Y�M�\�Û�Ü�Ý�z3Þ�I * ¸ ���]S Uhß2¯ ��à3á � ² ®�M 4 Uãâ�q�o�Ã ê�ä�å ��� ×
��� ¶�æ Ô�Õ Ã ��! ;  

Õ Ã  ê r  B�c�d  ç % Q +  
à3á ��Q +  M�\�ÛwÜ�Ý  ;�� ê

 è  1 . 92 ­  100 ­  3 . 4 Ë  ; Ö ê  é�ê  1 . 52 ­  100 ­  4 . 4 Ë  ; Ã ê  ë  1 . 91 ­  100 ­  4 . 9 Ë  � q   + ; à3á �  84 ìhè  128 ìíé�ê  152 ìãë  254  
à3á ��IÎ¿
Q�s  0 . 78 £  

V�î æ�ï b���� ¶�æ�ð)ñ z { W)ò ×  
1 . ó � è M�\�I�Q + G�H Ï�Ð × �

2 q £  
2 . ô�¯
´ } Ã ê ��� ¶�æ Uíõ � 7 ²�-�ö�÷�ø ùûú�ü�ý�þ ùíÿ�����������	 ù�
����� ��	 ù�
������������������ ��� 2 �!  
3 . "�#%$ � ù&	�'�(�)�*,+��.-�/�021.34�65�7 ù98�:�(�ü�
�����;�<>=?� 2 �@  
4 . A (�)�*.+B�60�1.3�CBDE/�F K f  =G� 2 �!  


