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 Q1  
        

 
 

Q1

  Q2  .  Q3   10  Q4   Q5 

 Q2    Q5  
 

9.4  107  

Q2

Q3

Q4

Q5

 



H 1.00  
C 12.0 N 14.0 O 16.0 Na 23.0 S 32.0 Cl 35.5 Fe 56.0 Cu 64.0
I 127.0 (25 )Kw 1.0 10-14 mol2/L2 

F 9.65 104 C/mol  QQ1    QQ44  
 

A  

 
3.0 L 3.2 g 3

 
 

1  
  Q1  Cl  Q2  Cl2  Q3  e  

  Q4  H2O     Q5  e    Q6  H2     Q7  OH  
 

80 W 100 V
0.80 A 3 180

2  
   Q8  .  QQ9  10  QQ10  mol 

 
1.5 L

0.80 A 3 180 1.5 
L HClO 2
98 HClO  

Cl2 H2O HCl HClO  
 

 Q11  .  QQ12  10  QQ13  mol/L 
 

1.5 L 1.6 g
25 pH

   Q14  
1 2 2 3 3 4  
4 5   10 11         11 12  
12 13         13 14  
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3 180
1.6 g 2

80 W  
 

 Q15  .  QQ16  V 

 

 
 

1  
 

 
HClO    Q17  e    Q18  H+  Cl     Q19  H2O  

 

   Q20  
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B 2013  
20,000 9,500  

3 1  
 X  

1934 1935

 

X Y
X Y  

2NaI  2CuSO4  2FeSO4  2CuI  X( )  Y( )  
2CuI  O2  2CuO  I2  

1960  

   Q21     Q22  

 
 

   Q21   Q22  
 

4 3 2 1 +1  
2 3 4 5 +6  

 
a c

 
a F2 < Cl2 < Br2 < I2    Q23  
b HF > HCl > HBr > HI   

 Q24  
c HF < HCl < HBr < HI    Q25  

 
X  Q26   QQ27   QQ28  
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1 L 100 mg 1.27 m3

g
 Q29  

20.0 g 40.0 g 60.0 g 80.0 g 160 g  
 

I2( ) I2(aq) I (aq)
I3 (aq)

 
 

I2( )  aq  I2(aq)   
K1  [I2(aq)]  1.0 10 3 mol/L  

 
I2(aq)  I (aq) I3 (aq)  

K2  1.5 103 (mol/L) 1  
0.10 mol/L 1.0 L 0.20 mol I2

 
[K+]  [I (aq)]  [I3 (aq)]  

[I (aq)] [I3 (aq)]  
[I (aq)]    Q30  .  QQ31  10  QQ32  mol/L 
[I3 (aq)]    Q33  .  QQ34  10  QQ35  mol/L 

x (mol)
 

3[I3 (aq)] 1.0 L  [I (aq)] 1.0 L  2[I2(aq)] 1.0 L  2x  
   Q36  QQ37   QQ38  mol  

x  
x    Q39  .  QQ40  10  QQ41  mol 

 

 
 

   Q30     Q41   
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C B
I3

I I2 [I(I2)n]
 

 
 

(CH3)4NI
(CH3)4N+[I(I2)n]

n  
10.0 mL 0.250 

g 0.825 g 80 5
 

0.250 g 8.00 g 25.0 mL
50 mL

5.00 mL 25.0 mL 2.00 mL 2.00 × 
10 2 mol/L

   Q42   
 

   Q42  
 

 
7.22 mL

n 2  
n    Q43  Q44  
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)   Q8 

N  Q9 

 Q9  

 

 Q6  Q8   

Nr Nr2 r 0 

 Q9   

0 1/4 1/2 1 2 –1/4 –1/2 –1 –2  

r 0.153 nm N = 100

 Q10  ~  Q17  

0  

 Q10   Q11  .  Q12   Q13  nm 

 Q14   Q15  .  Q16   Q17  nm 
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cos
  Q19   Q20 ( )  

   2 cos 1 cos1 cos  ( ) 

 

N ( ) (  )

  Q21    0 (T)

120 (G) 240 (G’) T G G’

T G G’

 (0 <  < 1) T  Q22 cos cos  Q23  Q21 coscos    Q23  

  Q21  

c C

 

 

 

U

 

 

 Q19  Q20   cos cos cos cos cos  cos cos   

 Q21 
 

 11  ( ) 
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 1 cos1 cos   
1 cos1 cos   2 cos1 cos  

 
2 cos1 cos   

cos 2 cos1 cos   1 2 cos1 cos  

 Q22  Q23  

 
11 2   

11 2   1 2  

 
11 2   

11   1  

 
21   

11    

c

 Q24  

 

 

 

C = 7.00 N = 100

 Q25  ~  Q28  

r 0.153 nm

0  

 Q25   Q26  .  Q27   Q28  nm 

 

S (

 ( ) ( ) )

3 (

) M ( N ) /
3   

( )  Q29 

  

 Q29  Q30 

    

( ) DNA    
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 / M (a)1.0 (b)0.60 (c)0.50 

 

 Q29  Q30 
 

 

 

 Q31   

0 1/4 1/2 1 2 –1/4 –1/2 –1 –2  

    

(a) (b) (c)  Q32  

: (a) : (b) : (c) : (a) : (c) : (b) : (b) : (a) : (c) 

: (b) : (c) : (a) : (c) : (a) : (b) : (c) : (b) : (a) 

 

 

 ( ( ) | |)  ( ( ) | |) 
 ( )  | || | cos  

 ( )  

 
 

J. P. Cotton et al., Macromolecules 7, 863 (1974); Y. Kashiwagi et al., Macromolecules 14, 

1220 (1981)   
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B
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 Q1    Q49  
 

C = 12.0 O = 16.0 Na = 23.0 Al = 27.0 Si = 28.1 

 6.02 × 1023 mol 1 3 1.73 
 

14 4

1

 

SiO2

C 2000 

SiO2  

 

Si–Si m 1

a = 5.43 10 10 m  

 Q1  Q2   Q3 10 10 m  

 

90% SiO2 1.00 t t

t

 

0  Q4   Q5  t  

0  Q6   Q7  t  

 

 

SiO2 98%

A  

Si + 3HCl   A  + H2  

A 99.999999%

 

m V 1 a

NA 6.02214076 1023 mol 1

9  

 

3 

 

1  
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A  Q8  

     

  

 

A 1 1/100 99%

A 99.999999%

 Q9  

 1  2  3  4  5  6  

 

NA 

M  

 Q10  

 4MV/(ma3)  4Ma3/(mV)  4mV/(Ma3)  4ma3/(MV)  8MV/(ma3)  

 8Ma3/(mV)  8mV/(Ma3)  8ma3/(MV)  

 

 

SiO2

SiO2

Si–Si Si–O–Si

2

Si–O–Si  Q11  Q12  Q13  g 

cm 3  

Si–O–Si

 Q11 3 3

Si–O–Si 3

  Q14  

Si–O–Si

 

 

 Q11 

 

 90  109  120  150  

 180  

 

 Q12  Q14 

2 1 7.13 10 8 cm

 

 

 

 

2  

 
3  

– 16 –



 

 Q15  

 Q16 Si–O–Si  

 Q17  

 Q18  

 

 Q19  

 

                                                                 

 

 

Si–O–Si

 Q20 
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 Q21  

Si–O–Si

 Q22  Q23 

 Q23 

 Q24 

 

 

 Q20  

      

 

 Q21  Q24 

 

 Q21       

 Q22       

 Q23       

 Q24       
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SiO4

4

4(a) SiO4
4

YAG

SiO4
4 4(b) SiO4 2

Si2O7
6  

SiO4 4(c)

Na+ Al3+

 Na Q25 Al Q26 Si Q27 O6  

4(c) 4(d)

 [Si4O11]n
6n  

 

4(d)

4(e) Mg Q28 Si4O Q29   Q30 (OH)2 

 

4(f) 6 6

Be2+ Al3+  Be Q31 Al Q32 Si Q33 O Q34   Q35   

 
4(a) (f)

[AlxSiyO2x+2y]x

4(g) 3 4(g)

 

 

 
4  
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4(d) (e) (f) (g)

 

4(d)  Q36 4(e)  Q37  

4(f)  Q38 4(g)  Q39  
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4(c) 4(d) 2

5 I-beam

124°

56°

 Q40  

 

5  

 

 

 

 

 

 

 

 

12.5%

3.0 10 3 mol L 1 1.0 L

g 100%

 

 Q41  Q42  g 

 

 

Si–O–Si Si -CH3

silicone polysiloxane silicon

 

6

6

6 Si–O–Si
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3 Si–O

C–C 100 kJ mol 1  

 

 

6  
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2
2

 

 

 

 

 

2.  
 

(CH2=CH2) (C=C ) C=C

2 3
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2 p 1

 

 

 

 

 

 

3.  
 

3 p

2  

4 
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H H

= C OHH C
H
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H
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H

H

H
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=
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H Cl
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(Br2)

(H2) C-Br C-H

Br2 4
(Br ) Br

Br
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CH3

CH3

Br Br
Br

Br Br Br
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H

CH3
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Br Br

Br

Br

Br

Br
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Pt C C

H H
H H

H H

H2C CH2
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Br C C
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H

H

H
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Br Br
+

CH2 CH2CH2 CH2

H H
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1,3- (CH2=CH-CH=CH2) 1,3-

2

5
1,3- 1,2- (A) 1,4- (B)

C (C1) C (C2)

A C4

B

 

 

 

 

 

 

5. 1,3- 1,2- (A) 1,4- (B)  
 

2
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Br
Br

Br Br Br Br Br Br

Br

Br Br Br

Br

Br Br

Br

Br

Br Br

Br Br Br

Br
Br Br

Br

Br BrBr

+ Br2
Br

Q5+

Br

+ Br2

Br

Q6+

Br

Br

Br
Br

Br

Br
Br
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C1

C2

C3
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Br+ C1
C2 (A)
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p 3
6 2 p

1 6(A) 2

p

2 6(A)

1 2  

 

 

 

 

 

 

 

 

 

 

 

6. (A) (B) 1,3-  
(B) 1

 

 

2 6

2 1

1 HOMO

2 LUMO

HOMO LUMO  

1,3- 4 p

p

6(B) 4 ( 1 2 3 4) 1,3-

4 1 2  

 

1,3- HOMO  Q8 LUMO  Q9 

1  

1 2 3 4 

  

CH2 CH CH CH2

1

2

1

3

4

2

CH2 CH2

HOMO

LUMO

0

1

2

3

0

1

C1 C2 C3 C4

(A) (B)

1

3

4

2
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1

1,3- 6(B) 2 1 3

 

7 1,3- C=C

C1 C4 1,3-

7  

 

 

 

 

7. 1,3-  
 

8(A)

2 p

C1 C4 p C1 C4

8(B)

3 p

8(A)

 

 

 

 

 

 

 

 

 

8. (A) (B) 1,3-  
 

  

C1
C4

C2 C3

C1 C4

C2 C3

1,3-

2 3

C1 C4

(A)

C1 C4

C2 C3

C1 C4

C2 C3

C1 C4

(B)
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2,4- 9(A) 2,4-

1,3- 2

trans-3,4- 9(B)
 

 

 

 

 

 

 

 

 

 

9. (A) (B) 2,4-  
 

2,4-

 

 

 

 

 

 

 

 

 

(a) (b) (c) (d)  

(a) (b) (b) (c)  

(a) (c) (d) (e)  

 

(a) 

 

 

(b) (c) (d) (e) 

 

  

CH3H3CH3C CH3H3C CH3 CH3H3C CH3H3C

CH3

CH3 Q12

CH3

CH3 Q11

Q10CH3H3C

CH3

CH3

H3C

CH3H3C

CH3H3C

H3C

CH3H3C
(A) (B)

CH3H3C

CH3H3C
CH3H3C

CH3H3C
trans-3,4-2,4-

2 3 

Q10
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1 1,3,5-

10 1,3-

1,3,5- 6 6 ( '1 '6)

'3 C1 C6 p

C1 C6 '4
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10. (A) (B) 1,3,5-  

10 '2 p

 Q13  
 

 
  

 
 

  

 

1

 

 

 

 

(a) (b) (c) (d)  

(a) (b) (b) (c)  

(a) (c) (d) (e)  

 

(a) 

 

(b) (c) (d) (e) 

  CH3H3C CH3H3C H3C CH3

CH3H3C
Q14

CH3
CH3 Q15

H3C CH3 H3C CH3

'1

'3

'4

'2

CH2 CH CH CH CH CH2

'6

'5

C3 C4

C1

C5

'3

'4
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C1 C2 C3 C4 C5 C6

C2

C6

C1 C6

1,3,5-

C5 C2

Q13

0

1

2

4

5

3
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Diels-Alder C=C

Diels-Alder

1,3- 11(A)
 

 

 

 

 

11. Diels-Alder (A) (B) 
 

Diels-Alder 11(B)
11(B)

4 Ha Hd  

1,3-

12 HOMO LUMO

HOMO LUMO

2 2 p

1,3- C1 C4

 

 

 

 

 

 

 

 

 

12. 1,3- Diels-Alder  
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+
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3

4

2

CH2 CH2

C1 C2 C3 C4
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CH2=CH-CH=CH2 2
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