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10n 10×10×…×10 100…0 n  
n   0 n  

10 n 1/10n 

10m×10n 10(m n) 

10m/10n 10(m n) 

10 2.5 10 (2 0.5) 10 2×10 0.5 

10 (3 0.5) 10 3×100.5 

a1/2  

101/2 10
( 100.5) 

10 a log10a n

log10a  log a   
log1010 x  x log1010 x ( x) x

log10(a×b) log10a log10b log10(a/b) log10a log10b 

log10(2.0×10 5) (log1010 5 log102.0) ( 5) log102.0 5 log102.0
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25 
[A] A mol L 1

Q1    Q50 

A  

H2O  H+ + OH (1) 

25  

[H+][OH ] = Kw = 1.0 10 14 mol2 L 2 (2) 

Kw

[H+]  pH =  log10[H+] 

 pH  Q1 pH  Q1  

HCl  H+ + Cl (3) 

1.0 10 2 mol L 1 pH  Q2 

1.00 10 8 mol L 1 pH (1)
H+

(1) (3)  [H+] =  Q3  (3)  

[Cl ] = 1.00 10 8 mol L 1 [Cl ] (2) [H+]

[H+] = 1.05 10 7 mol L 1 pH = 6.98  

Q1 Q2 

Q3 

[OH ] [Cl ] [OH ] + [Cl ] [OH ]  [Cl ] [OH ] [Cl ]

[OH ]/[Cl ] [Cl ]/[OH ]

CH3COOH  CH3COO  + H+ (4) 

(4)  

 (5)

C1

C1 =  Q4  

CH COO H
CH COOH  

1 
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 [H+] = Q5  (5) [H+] [OH ]

 (6) 
(4) C1 [H+] pKa =  log10Ka 

pH =  Q6   

Q4  Q5  

 [OH ]  [CH3COO ]  [CH3COOH]  [OH ] + [CH3COO ]

 [OH ] + [CH3COOH]  [CH3COO ] + [CH3COOH]

 [OH ] + [CH3COOH] + [CH3COO ]  

Q6  

 p log  p log  p log p log  

 p log  p log  p log
 p log

0.10 mol L 1 20 mL 0.10 mol 

L 1 

1 (a)

CH3COONa  

CH3COONa  CH3COO  + Na+ (7) 

CH3COO  

CH3COO  + H2O  CH3COOH + OH (8) 

(a)

C2

(7) (8)

 C2 = [Na+] =  Q7  

 [Na+] + [H+] =  Q8  

[OH ] [H+]

C2 [OH ] (8) Kb  

 (9) 
Kb =  Q9  (9) [H+] Ka Kw

pH =  Q10 

1 (b)

  Q11  Q12 10  Q13  mol   Q14  Q15  

10  Q16  mol 1 (b) (5)  

[H ]
H ]

 

1 0.10 mol L 1 

20 mL 0.10 mol L 1 

CH COOH OH
CH COO

[OH ]
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(10) 
pKa pH

1 pH

Q17  CH3COONa CH3COO  

1 (b) pH = pKa pKa = 4.76  

Q7  Q8  

 [OH ]  [CH3COO ]  [CH3COOH]  [OH ] + [CH3COO ]

 [OH ] + [CH3COOH]  [CH3COO ] + [CH3COOH]

 [OH ] + [CH3COOH] + [CH3COO ]  

Q9  

 Ka  Kw  Ka + Kw  Ka  Kw   Ka + Kw  Ka Kw  Ka/Kw

 Kw/Ka  

Q10  

 14 p log  14 p log  14 p log14 p log  7 p log  7 p log
 7 p log  7 p log

Q11 Q16 

Q17 

    

pH p +log
[CH COO
CH COOH  
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B  

(4)

C1  C1 =  Q4  (5)

[CH3COO ] C1 = [CH3COOH]( Q18 ) 

 

 

[H+] pH Ka

pH 2

 

 

 

 Q18   

 H  H  1 H  1 H  1 H  1 H  

 

2  Q19  Q20  2

1 pKa = 4.76  

 

 

1 2 H2A

 

H2A + NaOH  NaHA + H2O (11) 

NaHA + NaOH  Na2A + H2O  (12) 

2

3 3 (b) pH

(11) NaHA

Na+ HA HA  

HA   H+ + A2 (13) 

HA  + H2O  H2A + OH (14) 

(13) (14)

NaHA C3

 C3 = [Na+] =  Q21 

[Na+] +  Q22  [H+] =  Q23  [HA ] +  Q24  [A2 ] +  Q25  [OH ]  

(13) HA  

H2A  H+ + HA (15)  

 
3 2 H2A 0.10 mol L 1 

H2A 10 mL 0.10 mol L 1 

 

  
2 pH

 

H
H

 
H

 

H A
HA  
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Ka1Ka2[HA ] Ka1Kw [HA ] Ka1

3 (b) pH  

H2A pKa1 = 1.89 pKa2 = 6.91 3 (b) pH  Q26 Q27 

3 (a) (c) pH 1   Q28 Q29 Q30 Q31 

Q21  

 [HA ]  [H2A]  [A2 ]  [HA ] + [H2A]  [HA ] + [A2 ]

 [H2A] + [A2 ]  [HA ] + [H2A] + [A2 ]

Q22 Q31 

2 H2A

H2A HA A2  pH

4 4 (e)

3  Q32 4 (f)

3  Q33  

Q32 Q33  

 (a)  (b)  (c)  (d)  4 2 H2A

pH  

H HA
H A  [H

HA
HA  

[H  

pH 12 p 12 p  
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C  

pH An+

Bm AmBn 5

[An+] [Bm ]  

[An+]m[Bm ]n = Ksp (16) 

Ksp

AgCl x Ksp

  Q34  x  Q35  Ag2CrO4

9.6 10 5 mol L 1 Ksp   

 Q36  Q37 10  Q38   Q39   
Mn+  

Mn+ + n H2O  M(OH)n + n H+ (17) 

M(OH)n (17) pH

M(OH)n

Mn+ OH M(OH)n pH

pH  

M(OH)n  

M(OH)n  Mn+ + nOH (18) 

Ksp = [Mn+][OH ]n [Mn+] [OH ] M(OH)n

Mn+ OH pKsp =  log10Ksp pM =  log10[Mn+]

Kw = [H+][OH ] = 1.0 10 14 mol2 L 2  

pM = n pH + (pKsp 14 n) (19) 

Mn+ pM pH 6

M(OH)n  

1.0 10 2 mol L 1 Al3+ pH = 3 pM = 2 Al(OH)3

6 pH pH = 4.1 Al(OH)3

Al(OH)3 pH pH   Q40  pM = 

 
5 AmBn  

 
6 Mn+ pH  
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2 +  Q41  =  Q42  Mn+ 1/1000 99.9% Al3+ Al(OH)3

1.0 10 2 mol L 1 Al3+ 1.0 L pH 6.0

2   Q43 Q44 10  Q45  mol Al(OH)3

Q34 Q45  Q36  Q38 1

6

1.0 L pH pM 6

Q46 1.0 10 3 mol L 1 Al3+ 1.0 10 4 mol L 1 Cr3+ pH = 3.0 pH

5.0 Al(OH)3 Cr(OH)3  

Q47 1.0 10 2 mol L 1 Cu2+ pH = 3.0 pH 6.0 1.0 10 2 mol

Cu(OH)2  

Q48 1.0 10 2 mol L 1 Al3+ 1.0 10 2 mol L 1 Cr3+ pH = 3.0

pH 99.9%

Q49 1.0 10 2 mol L 1 Al3+ 1.0 10 2 mol L 1 Zn2+ pH = 3.0

pH 99.9%

Q50 1.0 10 1 mol L 1 Cu2+ 1.0 10 2 mol L 1 Zn2+ pH = 3.0

pH 99.9%
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 Q1    Q28  

 

A  

X t1 t2 (t2 > t1) XX X X (1)  | X X  | | X  |                                                                                        1  

 X X X X

N2O5

N2O5 1 2 7 N2O5

 

 

N2O5 N2O5

 / min 0 1 2 3 4 5 6 7 8 

[N2O5] / mol L-1 1.000 0.914 0.835 0.763 0.698 0.638 0.583 0.533 0.487 

  .  10       mol L-1 min-1   
 

 

(R1)

 

aA +bB + cC   xX + yY + zZ   (R1) 

(R1) v (2)  1 A  1 B  1 C  1 X 1 Y 1 Z           2  

 

(2) d

v

(A, B, C ) v

(3)  A B C                                                                                                           3  
 

k (R1)

(3)

2 
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(R2) (a) (c)

(a) (c)  

X + Y  Z                    (R2) 

(a) X Y [X] [Y] v

(b) (a) X 2 2v

(c) (a) Y 2 v

(a) X 1/4 Y 4

(a) (c)

Q4  /4 /2 2 4  

(3)

1 (R3) (R4)

k3 k4

NO + O3  NO2 + O2 k3 (R3) 

NO2 + O3  NO3 + O2 k4 (R4) 

(R3) (R4) NO2 NO2

(4)  NO2 3 NO23 NO2     4  

NO2 (R3) (R4) NO2 (5)

NO2 NO O3 NO2 O3     5  

(R3) (R4) NO NO3 (6) (7)

0  NO  Q5   Q6  6  
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NO3  Q7   Q8  7  

NO O3 NO2 O2 NO2 O3 NO3 O2 0

(R3) (R4) O3 [O3]

(5) (7)

t k3 k4 (8) (10)

NO NO O3     8  NO2 NO O3 O3    9  

NO3 NO 1 1 O3 1 1 O3      10  

NO NO (NO ) NO2 NO3

0 (8) (10) O3 O3
e (e = 2.71828…) x1  (a ) 1
a  

a = 0.1 
a = 0.2 
a = 0.8 

a = 0.1 
a = 0.2 
a = 0.8 

 1  a 

(8) (10) (R3) (R4)  

 k3  k4 (  )  

 Q9  

  k3 [NO]  

  k3  k4 [NO2]  

 NO2  NO3  0  

 [NO] + [NO2] + [NO3] [NO]0  

 [NO3] [NO2]  
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(R4) NO3

NO2 N2O5 (R5) (R5)

k’  

NO3 + NO2  N2O5 k’ (R5) 

(R5) (R6) (R9)

(R6) (R9) k6 k9  

NO3 + NO2  N2O5* k6 (R6) 

N2O5*  NO3 + NO2 k7 (R7) 

N2O5* + M  N2O5 + M* k8 (R8) 

M*  M k9 (R9) 

* (R8)

(R9) M

(R5) M

 ( )

(R6) (R8) N2O5*

N2O5* 0     11  

(11) (11)

[N2O5
*] (12)  N2O5*   M   12  

(12)  

 Q10   Q12  
 1 0 

Q13
[NO3] [NO2] [M] [NO3][NO2] [NO2][M] [M][NO3] 1
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(R5) (R8) (12) (R5) k’

(13)     MM   13  

[M] [NO2] [NO3] ([M] >> [NO2], [NO3]) [M]  

(R5) (12)  k’  

(13)   

 Q14   Q16  
  

    

(13) a = Q15 [M] b = Q16 k’ a b

Q17
Q18
Q19

a  b (a << b) k’ 反  

a  b (a >> b) k’  

a  b (a = b) k’  

B  

(R10) (R13)

k10 k13  

O2 + h   2O k10 (R10) 
O + O2 + M  O3 + M k11 (R11) 

O3 + h   O + O2 k12 (R12) 
O + O3  2O2 k13 (R13) 

(R10) (R12) (h )

( [O]+[O3] ) (14)

O O3 O O      14  

(14)  
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Q20 , Q21  2 2 OO M M O 2 O O 2 O  

 

 

(R11) (R12) (R10) (R13)

(R10) (R13)  

(

(11) )  

 

(15)  OO3  
 Q23

                                                                                        15  

 

(15)  

Q22 , Q23  2 2 OO M M O 2 O O 2 O  

 

 

(14) O O3 (R11) (R12)

[O]+[O3] (14) (15) [O3]

(16) (16)

 

O3     O2  M                            16  

 

Q24 , Q25  

 

 

 

Q26 Q28  

1 2 3 4 1/4 1/2 3/4 3/2 0  
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H 1.00
C 12.0 O 16.0 S 32.0 Cl 35.5 Ni 58.7 Cd 112.4 La 139 21.41 3 1.73 1 mol 22.4 L
6.02 1023 /mol 9.65 104 C/mol  

 QQ1    QQ35  
 

A  

 

Ni3S2

S
 

 

1890
60 Ni(CO)4

43 220 

 
 

28 2
 

   Li K(2) L(1)  Ni K(2) L( QQ1 ) M( QQ2   QQ3 ) N(2)  
 

Ni Ni3S2

1
 
Ni Cl2 NiCl2  
Ni3S2  QQ4  Cl2  QQ5  NiCl2  QQ6  S  
 

1.0 kg 0.20 kg
1.0 kg Ni Ni3S2

kg 2
 

3 
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Ni 0.  QQ7   QQ8  kg Ni3S2 0.  QQ9   QQ10  kg  
 

1.0 kg
L

2
 QQ11   QQ12  ×10  QQ13 L  

 
B  

 

  

(II)  

 

 QQ14  QQ15  
   

400 450 500 550 600 650 700 750 800 nm
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1 cm  

c

A  

c mol/L  A 
0 0 

1.0 10 2 0.050 
3.0 10 2 0.14 
5.0 10 2 0.23 
7.0 10 2 0.33 
9.0 10 2 0.39 
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nm  
 QQ16 nm ,  QQ17 nm 

 360  400  500  580  650  730  
 

c mol/L

A

L/mol cm

L cm 1 cm  

A = cL 

(II)

 QQ18  
 0.15  0.30  0.45  1.5  3.0  4.5  

 
1.2 kg

30 L 10 mL
100 mL

0.27 %

 QQ19  

 76  80  84  88  92  96  
 

C  
NiO(OH)

Cd

 

 

e M
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MH  

MH  OH   M  H2O  e  

M

A

B

A B C

 

 

0.100 A 24 g
2    QQ20   QQ21  g        

 
0.100 A 24 g

2   QQ22   QQ23  ×10  QQ24 g        
 

A C
 

A  QQ25 B  QQ26 C  QQ27  
 H2  O2  H2O  NiO  Ni(OH)2  MH  

  

La Ni  
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   QQ28   QQ29     QQ30   QQ31        
 

a 5.0 10 8 cm

b 4.0 10 8 cm 2

 

  QQ32   QQ33  g/cm3       
 

1 m3 92 kg

2    QQ34   QQ35   
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H = 1.00 C 

= 12.0 Cl = 35.5 Pd = 106.4  

 Q1   Q25  

 

C H

C H

 

 

 

 

 

 

 

 

 

 Q1  

(a)  

(b)  

(c)  

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

 

  

(a) (IV)   Q2  

 (IV)     

  

(b) 

   Q3  

     

  

(c)    Q4  

      

   

  

C C
H

CH2

H

H2C
H2C CH2

H C
H

C
H

H
C
H

OH
H

H
OH= =

CH3H3C
=

H

H3C H

CH3
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( )PdCl2 ( )CuCl2

(1)  

 

(1) 

 

PdCl2 CuCl2

3  

 

 

 

 

 

(3), (4)  Q5   Q10 
1  

 1  2  3  4  5  6  7  8  9 

 

(2) O2

(2) PdCl2 Pd

CuCl2 (3) PdCl2

PdCl2 (4) CuCl CuCl2

CuCl2  

(2) 1 mol

PdCl2 1 mol (3) (4) PdCl2

PdCl2 0.1 mol (2)~(4) 1 PdCl2 10

1 mol  

 

PdCl2 1.77 kg 2,800 kg

(2)~(4) 1 PdCl2

  Q11  

 

 100  500  1,000  6,000 

 10,000  20,000  100,000  200,000 

 

  

CH2 CH2 2  CH3CHO+  O2
PdCl2, CuCl2

2

CH2 CH2 CH3CHO  +  Pd  + 2 HCl+  PdCl2  +  H2O

Pd  + CuCl2 PdCl2  + CuClQ5 Q6

CuCl  + H2OQ10Q7 HCl  +         O2 CuCl2  +Q8 Q92
1

(2)

(3)

(4)
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(organocatalyst)

2021

 

 

(5)  

 

 

(5) 

 

 

 

 >C=O -

 

 

 

(5)

 Q12  

 

                                                       

 

 

                                                        

 

 

  

C
O

CH3
C
O

C
O

CH3
C

H

O

CH3
C

H3C

O

C
H3C

O

C
H

O

H
C

CH2

O OH
C

H

O
C

H

O
+ +  H2O

H
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2

L-  

 

 

 

L-             D-  

 

 

2 L-

 Q13  

 

 

                                                         

 

 

 

                                                          

 

 

(6)

 

 

(6) 

 

 

(6) (7)  

 

          (7) 

 

 

 

(7) H2O (8)  

 

(8) 

 

 

  

C
O

N

N
H

COOH

H
C
O

N

N
H

COOH

H
C
O

N

N
H

COOH

H

C
N

O

N
H

COOH
C

N

O

N
H

COOH
C

N

O

N
H

COOH

N COOH

C
H3C CH2

C
H

O
N COOH

C
H3C

O

+

N COOH

C
H3C

O

+   H2O
N COOH
H

+

C
H3C

HO

O

N COOH
H

N
H

COOH

N COOH
H

H3C
C

CH3

O
N COOH
C

H3C CH2

+   H2O+
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(6) (8) (9)

(9) 

 Q14 
Q15 

               

               

(9)

(9) 2 (R)-

1 (S)-1 86 : 14  

(9) 2  

(enantio-excess)  

               

28 % ee 2

Q16   Q17 1  Q16  Q18 
Q16   Q17   Q18   Q19 

 1  2  3  4  5  6  7  8  9  0 

+Q14 Q15 C
H3C

OH

OH

O

H
C

H3C

O

CH3
C

H3C

O
C

H3C

O
OH

C
H3C

O
CH3

OH

H3C
C

CH3

O
C

H

O
N COOH
H OH

C
O

H3C
+

C
H

O

C
CH3

O
C
O

OH C
O

OH

CH3

86 14 72%ee
100

C
H3C

O OH
C

H3C

O OH

(R)-1 (S)-1
86 : 14
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(7)

4

(a) (d)

(10)  

COOH  

(10) 

(a) (d) (R)-1
Q20 
 (a), (b)  (a), (c)  (a), (d)  (b), (c)  (b), (d)  (c), (d) 

–COOH

–CH3 –

C6H5

(9) L-  D- (S)-1
(S)-1

(a) (d)  Q21  

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

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

H2C
C

CH3

N

C
O

H

H2C
C

CH3

N

CH2
C

H3C

N

CH2
C

H3C

N

C
O

H

C
O

H C
O

H

H2C
C

R2

N

C
O

H
R1

H2C
C

R2

NCH
O

R1
H2C

C
R2

OCH

OH

R1

R2
CC

H

OOH

R1

=
R1

C
R2

OOH
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(BA) (IA) (PA)  

 

(9) (BA) (IA)

(PA)

 Q22  

 BA > IA > PA   BA > PA > IA  IA > BA > PA 

 IA > PA > BA   PA > BA > IA  PA > IA > BA 

 

Prelactone B

Prelactone B  

 

 

 

 

Prelactone B  

 

 

 

Prelactone B  

 

 

Prelactone B 2

 Q23 
 Q24    Q23   Q24  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

H
C
O

CH3

CH3
CH3

C
H

O
C

H

O

CH3

CH3

BA IA PA

H
C

R

O O

O

Si(CH3)3

C(CH3)3
R

OH
COOH+

1. BF3

2. HCl

O
C
O

OH

H
C
O

H
C
O

H
C
O

H
C
O

H
C
O

H
C
O

OH

H
C
O

OH H
C
OOH
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Prelactone B
 Q25  

 L-  

 D-  

 L- D-  

 L- D-  
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