
[I]

1 Na2CO3À 2Na+ + CO3
2 [Na+]

2

3

4

5 (2)

NaOH + HCl NaCl + H2O (A)

Na2CO3 +HCl NaHCO3 +NaCl (B)

NaHCO3 +HCl CO2 +H2O+ NaCl (C)

(C) (11.5 10.3) mL = 1.2 mL (B) (A)

(10.3 1.2) mL = 9.1 mL NaOH Na2CO3
9.1 : 1.2 NaOH x mol/L

0.100 mol/L× 9.1 mL× 1 = x mol/L× 10.0 mL× 1
x mol/L = 0.091 mol/L

Na2CO3 0.012 mol/L

0.091 mol/L 0.012 mol/L

6 H2CO3 CO2 pH

A NaOH CO2 B NaOH Na2CO3
2 3 pH 1

b pH 4.7 H2CO3 HCO3 CO3
2

(A) (C) b (A) (C)



7 c pH 8.4 HCO3 H2CO3 CO3
2

(A) (B)

NaCl NaHCO3

8 5 A

mol/L

2NaOH + CO2 Na2CO3 + H2O

0.115 0.012 0

0.024 0.012 +0.012 +0.012

0.091 0 0.012

(3) (4) HCl CH3COOH 0.100 mol/L×10.0 mL = 1.00 mmol
a b c a mL b mL c mL 6 7

1.00 mmol× 1 = 0.115 mol/L× a mL× 1 , a mL = 8.7 mL

1.00 mmol× 1 = 0.091 mol/L× b mL× 1 + 0.012 mol/L× b mL× 2 , b mL = 8.7 mL

1.00 mmol× 1 = 0.091 mol/L× c mL× 1 + 0.012 mol/L× c mL× 1 , c mL = 9.7 mL

CH3COOH 0.100 mol/L× 10.0 mL = 1.00 mmol d pH 8.3

HCO3 H2CO3 CO3
2 d

NaOH + CH3COOH CH3COONa + H2O (D)

Na2CO3 + CH3COOH CH3COONa + NaHCO3 (E)

d d mL (D)

e mL

1.00 mmol× 1 = 0.091 mol/L× d mL× 1 + 0.012 mol/L× d mL× 1 , d mL = 9.7 mL

1.00 mmol× 1 = 0.115 mol/L× e mL× 1 , e mL = 8.7 mL

[II]

1

2

P = 1.00× 105 Pa T = 300 K Vm
0 R0

R0 =
PVm

0

T
=
1.00× 105 Pa× 33.0 L/mol

300 K
= 1.1× 104 Pa · L/(K ·mol) · · ·

3

PV = nRT = n0R0T

n0 =
R

R0
n [mol] · · ·

4 Vm

Vm =
RT

P
=
8.30× 103 Pa · L/(K ·mol)× 300 K

1.00× 105 Pa = 24.9 L/mol

Vm
0 = 33.0 L/mol NA

0

NA
0 =

Vm
0

Vm
NA =

33.0 L/mol

24.9 L/mol
× 6.00× 1023/mol = 8.0× 1023/mol · · ·

5

12.0× 33.0 L/mol

24.9 L/mol
= 16 · · ·



[III]

1 1 1- -1- C2H5CH2OH

C2H5CHO C2H5COOH

2 2 2- -2- C2H5CH(OH)CH3
C2H5COCH3

2-

3 C2H5CH2OH Cr2O7
2

C2H5CH2OH C2H5CHO+ 2H
+ + 2 e

Cr2O7
2 + 14H+ + 6 e 2Cr3+ + 7H2O

3C2H5CH2OH+ Cr2O7
2 + 8H+ 3C2H5CHO+ 2Cr

3+ + 7H2O

2K+ 4 SO4
2

3C2H5CH2OH+K2Cr2O7 + 4H2SO4 3C2H5CHO+ Cr2(SO4)3 +K2SO4 + 7H2O · · · (a)

4 C2H5CHO C2H5COOH 3

C2H5CHO+ H2O C2H5COOH + 2H
+ + 2 e

Cr2O7
2 + 14H+ + 6 e 2Cr3+ + 7H2O

3C2H5CHO+ Cr2O7
2 + 8H+ 3C2H5COOH + 2Cr

3+ + 4H2O

3C2H5CHO+K2Cr2O7 + 4H2SO4 3C2H5COOH + Cr2(SO4)3 +K2SO4 + 4H2O (b)

(a) (b)

3C2H5CH2OH+ 2K2Cr2O7 + 8H2SO4 3C2H5COOH + 2Cr2(SO4)3 + 2K2SO4 + 11H2O (c)

3 mol A (c)

K2Cr2O7 H2SO4 2 CH2OH 2

2 1 CH2OH 2

5 B HOOC(CH2)4COOH A 2 1,6-

-1,6-

HO CH2 CH2 CH2 CH2 CH2 CH2 OH

6

[IV]

1 130 140 C 160 170 C

2 1° 2° 2

(a)

(b)

C Cl 3 (b)

A B

C6H5Cl C6H5ONa

(a)

1 2

3

C6H5 1



3 2- 1- 2-

2-

4 2 2

CH3 CH2 O CH2 CH3 CH3 O CH3

5

6 3
18.0 mg

360 g/mol
= 0.0500 mmol CO2

44.0 mg

44.0 g/mol
= 1.00 mmol H2O

10.8 mg

18.0 g/mol
= 0.600 mmol 3 C20H24On

n

12.0× 20 + 1.00× 24 + 16.0n = 360
n = 6

3 C20H24O6 1 C6H6O2 2 C4H8OCl2
3 OH Cl

3 (crown)

(crown ether)

C20H24O6

7 O

3

O

3 K+

MnO4 K+

K+ MnO4



[I] NaOH CO2
pH 8

[II] [III]

[IV] 2 7

80 %


