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7 MnO4 H2C2O4

MnO4 + 8H+ + 5 e Mn2+ + 4H2O

H2C2O4 2CO2 + 2H
+ + 2 e

2MnO4 + 6H+ + 5H2C2O4 2Mn2+ + 8H2O+ 10CO2

2KMnO4 + 3H2SO4 + 5H2C2O4 2MnSO4 + 8H2O+ 10CO2 +K2SO4

2 3 5H2C2O4 2 8 10 K2SO4

8 H2A HA A2

K1 =
[H+][HA ]

[H2A]
[HA ] =

K1[H2A]

[H+]
(1)

K2 =
[H+][A2 ]

[HA ]
(2)

Kw = [H
+][OH ] [OH ] =

Kw

[H+]
(3)

[H+] = [HA ] + 2 [A2 ] + [OH ] (4)

A

C = [H2A] + [HA ] + [A2 ] (5)

(1) (2)

K1K2 =
[H+]2[A2 ]

[H2A]
[A2 ] =

K1K2[H2A]

[H+]2
(6)

(1) (6) (5)

C = [H2A] +
K1[H2A]

[H+]
+

K1K2[H2A]

[H+]2
= [H2A]

µ
1 +

K1

[H+]
+

K1K2

[H+]2

¶

C[H+]2 = [H2A]
¡
[H+]2 +K1[H

+] +K1K2

¢
(7)

(1) (3) (6) (4)

[H+] =
K1[H2A]

[H+]
+
2K1K2[H2A]

[H+]2
+

Kw

[H+]

[H+]2 Kw[H
+] = [H2A]

¡
K1[H

+] + 2K1K2

¢
(8)

(7) (8)

C[H+]2

[H+]2 Kw[H+]
=
[H+]2 +K1[H

+] +K1K2

K1[H+] + 2K1K2

[H+]4 +K1[H
+]3 + (K1K2 CK1 Kw) [H

+]2 K1 (2CK2 +Kw) [H
+] K1K2Kw = 0 (9)

K1 K1K2 CK1 Kw K1 (2CK2 +Kw) K1K2Kw

(9) Kw H2O 3

K1 À K2 K2 2 [H+]¿ C

K1[H
+] [H+] = C ×K1

9 (1) (2)

[HA ]

[H2A]
=

K1

[H+]
=
5.5× 10 2 mol/L

10 5.0 mol/L
= 5.5× 103

[A2 ]

[HA ]
=

K2

[H+]
=
5.2× 10 5 mol/L

10 5.0 mol/L
= 5.2

[H2A] : [HA ] : [A2 ] =
1

5.5× 103 : 1 : 5.2 A2 H2A

[A2 ]

[H2A] + [HA ] + [A2 ]
; 5.2

1 + 5.2
× 100 % = 83.9 %

83.9 %

2

1

(C) (A) (U)

G C C U U A DNA

G C A T U RNA DNA T 6

mRNA 30TTAUAT50

50AATATA30 AAT ATA

Asn Ile T U

AsnIle

2

3 50AGTCCG30 6 30TCAGGC50 1° 4° A G C T

3° 2° 2° 1° 3° 4°
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4 ATP 3

5 NAD

5 (1)

(2) (5) (4) (7) (12) (8) (10)

(1) (3) (6) (9) (11)

3

1 Na2CO3 NaOH (70 50) mL = 20 mL (50 20) mL = 30 mL

NaOH 1

0.20 mol/L 0.30 mol/L

2 a. 4 × 1.0 cm3

(4.0× 10 8 cm)3
= 6.3× 1022

b.
27.0 g/mol× 4

6.0× 1023 /mol× (4.0× 10 8 cm)3
= 2.8 g/cm3

a. 6.3× 1022 b. 2.8

3 2Cl Cl2 + 2 e Cu2+ + 2 e Cu

21.3 g

71.0 g/mol
× 2× 1

2
× 63.5 g/mol = 19.1 g · · ·

4

2C + 3H2 +O2 = C2H5OH + 278 kJ

CO2 H2O O2 0 kJ C x kJ/mol

2x+ 3× 286 + 0 = 1368 + 278
x kJ/mol = 394 kJ/mol · · ·

5 a.

CH4 + 2O2 CO2 + 2H2O

C3H8 + 5O2 3CO2 + 4H2O

a mol b mol

16.0 g/mol× a mol + 44.0 g/mol× b mol = 124 g

(a+ 3b) mol : (2a+ 4b) mol = 4 : 7

a mol = 5.00 mol, b mol = 1.00 mol

5 : 1

b. a. CO2

(5.00 + 3× 1.00) mol× 44.0 g/mol = 352 g · · ·

6

8.8 g

44 g/mol
× 8.31× 103 Pa · L/(K ·mol)× 300 K

1.5 L
= 3.3× 105 Pa · · ·

7 H2 I2

6.0 mol 4.0 mol× 1

2
= 4.0 mol, 3.0 mol 4.0 mol× 1

2
= 1.0 mol

[HI]2

[H2][I2]
=

µ
4.0 mol

5.0 L

¶2

4.0 mol

5.0 L
× 1.0 mol

5.0 L

= 4.0 · · ·



4

1

1° Zn Zn2+ + 2 e

2° Cu2+ + 2 e Cu

3° 2H2O O2 + 4H
+ + 4 e

4° Ag+ + e Ag

4°
1° 2°

2 e

0.54 g

108 g/mol
× 1

1
= 5.0× 10 3 mol

5.0× 10 3 mol× 9.65× 104 C/mol = 483 C · · ·

3 2°

4

5.0× 10 3 mol× 1

2
× 63.5 g/mol = 0.159 g · · ·

5 3°
(O2)

5.0× 10 3 mol× 1

4
× 22.4 L/mol = 2.8× 10 2 L · · ·

1 4

1

8 4 YMS

2

YMS ATP

3 4 1

4 12 YMS

3 4 1 2 7 85 %

YMS


