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1

I.

1 2 3 4 5

6 7 C H 8 CO™ 9

01 02 03 04 05

06 07 08 09 10

11 12 13 14

01

02

03
Fe O™

04

1540æ 1080æ

Fe™O£ Fe£O¢

05

78%

N

06

N™

NH£ NO£—

N™

07
C

H
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08

N™+3H™ 1⁄ 2NH£

NH£

09

10

18 19

20

11

12

13

900

1300æ

300 550æ

14
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2

1 2 3 4

5

6 7

01 02 03 04 5_10‡

05 06

07 08 09

10 11 12 13 14

15 16 17 18 19

01

02

03
1 2 1

2

2

04
1 200 pm 1 cm

1 cm÷200 pm=5_10‡

05
2

06

1 5

07
2

H™O™

08

2

NaCl

09
A B

C

10
2

2

11
3 1

3

12
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Fe™O£ NH£

13

H Li F K Ca

14
CO™

1 1 2

CO™ 2

15

1 2

16

17
H™O

18
12

C§H¡™O§

6

6

19
1 3 24
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3

1 2 3 4 5 40

58 6 3 7 1 8 3_6.02_10€ ‹ 9 10

3.01_10€ ‹ 22 g 11.2 L 11 11.2 L

01 02 03 2.64_10—€ ‹ g 04

05 a b 06 07

08 09 10 11

12 13 ;1¡2; 14 15 16

17 18 19 20

01
12

1

6 12

02
C 4 X 3 X 1

16 X 7 Y 4 Y 1

28 YX™ 60

03
3 4 1

2.64_10—€ ‹ g

04
1

1 ;1¡2;

05

06

Cl =35_;1¶0∞0;+37_;1™0∞0;=35.5

07

Cu =63_ +65_ =63.55

y=100-x x=72.5 y=27.5

08

1

H™O CO™

H™O 18 CO™ 44

C§H¡™O§ 180

09
NO™ 46

CH¢ 16

CO™ 44

H™O 18

NH£ 17

10
XY 30 XY™ 46

Y 46-30=16 X 14

11
O™ H™O CO™ 1 g

12
O™ 128 g 4

Fe™O£ 1.5 3

4.5 7.5

C¡™H™™O¡¡ 1 22

0.1 2.2

y
100

x
100
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< <

13
12 C

12 g 1 1 g

;1¡2;

14
60 kg

C

A B

B D D 60 kg

15
16 g 0.5

1 1 H™O 9 g

0.5 9 g 0.5

1 2

CO™ 0.25 0.5

0æ 1 N™ 22.4 L 1

1 1

16
0æ 1

22.4 L

0æ 1 22.4 L 1

5.6 L

0.25

1

17
0æ 1

22.4 L 1 0æ 1

22.4 L

1 =2.68 g/L_22.4 L=60.032 g

60

18
0æ 1

22.4 L 1 3

0.5

19
3

0.5 2.0

0.5

4 17

20

=2 3
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4

1 2 3 42 4

5 6 H™O 7 CO™ 8 C H

9 10 30 11 C§H§ 12 3 13 24

01 02 03 04 05

06 07 08 09 10

11 12 13 14 15

01

02

03
C™H¢O™ C H O 1 2 1

2

CH™O

CH¢O C H O=1 4 1

C™H§O C H O=2 6 1

C§H¡™O§ 6

04
Fe™O£ Fe™O£

05
N™O¢ NO™ 14+16_2=46

CO 12+16=28

N™O 14_2+16=44

H™O 1_2+16=18

C™H™ CH 12+1=13

06
NO™ 14+16_2=46

2 NO™ ™=N™O¢

NO 14+16=30

NO™ NO™ 46

N™O N™O 44

N™O∞ N™O∞ 108

07
C§H¡™O§ CH™O

12_6+1_12+16_6=180

C H O 3

C 6 H 12 O 6

CH™O C H O=1 2 1

08
X C 40% H 6.7%

O 53.3% C H O

3.33 6.7 3.33=1 2 1 X

CH™O X HCHO

CH£OH CH¢O

C™H∞OH C™H§O

C™H∞CHO C£H§O

HCOOH CH™O™

09
C H X C 36 mg H

6 mg C H ;1#2̂; ;1̂;=1 2

X CH™ 1.25 g/L

1 1.25 g/L_22.4 L=28 g X

28 C™H¢

CH™ 1 14 g

C£H§ 1 42 g

C¢H• 1 56 g

C§H§ 1 78 g

10
CaCl™ H™O NaOH CO™

C 132_;4!4@;=36 mg H

54_;1™8;=6 mg O 90-36-6=48 mg

53.3
16

6.7
1

40
12
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C H O ;1#2^; ;1^ ;1$6*;=1 2 1

CH™O

11

X amg C 66_;4!4@;=18 mg

H 27_;1™8;=3 mg C H

amg 18+3=21 mg

X C H ;1!2*; ;1#;=1

2 CH™

12
X C 90.0% H 10.0%

C 80_;1ª0º0;=72 mg H 80_;1¡0º0;=8 mg

C H ;1&2@; ;1*;=3 4

13
C£H¢ 40

C£H¢

C£H§ CH™ 42

C£H• C£H• 44

C¢H• CH™ 56

C§H• C£H¢ 80

14
CH™O 8

C™H¢O™

C %

15
X C H

CH™ C H 1 2

14 42

5

1 2 3 4

NaHCO£ Na™CO£ H™O CO™ 5

N™ g +3H™ g 1⁄ 2NH£ g 6 0.5 7 6 g 8 0.25

9 11.2 L 10 30 mL 11 a=2 b=2 a=4 b=2

12 44.8 L 13 132 g 14 a=2 b=1 c=1 15

16 0.2 17 22 g 18 0.5

01 02 03 04 05

06 07 08 09 10

11 12 13 14 15

16 17 18 19

01

NH£

s l g aq

02
O™ H™O 1 2 1 2

H™ H™O 1 1 H™ 1

H™O 1

H™ O™ 2 1 2 g 1

O™ 0.5

03

04

a=2 b=2 a b

CH¢ CO™ 1 1 CH¢ 1

CO™ 1
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05

2Mg+O™ 1⁄ 2MgO

Fe™O£+3CO 1⁄ 2Fe+3CO™

2Na+2H™O 1⁄ 2NaOH+H™

C§H¡™O§+6O™ 1⁄ 6CO™+6H™O

06
2H™O™ 1⁄ 2H™O+O™

5

07
H™O O™ 2 1 O™ 8 g

0.25 H™O 0.5 H™O

0.5 9 g

08
Na H™O

1 1 Na 23 g Na 1

H™O 1 1 H™O 18 g

Na 23 g Na 1 Na

H™ 2 1 Na 1 H™ 0.5

Na NaOH H™ 2 2 1

Na 23 g Na 1

Na 1 NaOH 1 H™ 0.5

NaOH 1 40 g H™ 0.5 1 g

40 1

09
CO CO™ 1 1

CO™ 11.2 L 0.5

0.5 CO™ CO 0.5 CO 0.5

14 g

10
B C 1 2

1 2 B 1.5 C 3

0 ˘C 1 C 3 3_22.4 L=67.2 L

11

2Fe™O£+3C 1⁄ 4Fe+3CO™ a=3 b=3

12

C£H• g +5O™ g 1⁄

3CO™ g+4H™O g

C£H• 0.1 CO™ 0.3 0.3

CO™ 0.3 _44 g/ =13.2 g

C£H• 4.4 g =0.1

O™ 0.5 0˘C 1 O™ 0.5

0.5 _22.4 L/ =11.2 L

a=5 b=3 c=4 a<b+c

13
X 2 Y 1

X™Y

7 5

X™ 4 Y™ 2 X™Y

4

2X™ g+Y™ g 1⁄ 2X™Y g

14
A H™

Mg+2HCl 1⁄ MgCl™+H™ a b

=2 1

Mg 36 g 1.5 Mg H™

1 1 H™ 1.5 0 ˘C 1 H™

1.5 33.6 L

15

A -

=8-2=6 B 3-0=3

C 6

A B C=6 3 6=2 1 2

2A g +B g 1⁄ 2C g a+b+c=5

16

CaCO£ 2 g ;10@0;=0.02

CaCO£ CO™ 1 1 CaCO£ 0.02

0.02 CO™ CO™ 0.02

0.02 _22.4 L =0.448 L

CaCO£

CaCO£ s+2HCl aq 1⁄ CaCl™ aq+H™O l+CO™ g

4.4
44
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a=2

17
A g+2B g 1⁄ C g C

10 mL B 20 mL

18

O™ 0.5 H™O 0.2

H™O 0.2 0.2 _22.4 L/ =4.48 L

C™H™ 13 g ;2!6#;=0.5 C™H™ 0.5

CO™ 1

19

Zn

Zn H™=1 1 H™ _22.4 L
2.0
x

2.0
x

01 02 03 04 05

06 07 08 09 10

11 12 13 14 15

16 17 18 19 20

21 22 23 24

01

1

02
1 2

C Fe

03
A 1

B

2

C 2

1

04

75 % 12

1

CO™

44

05
0æ 1 A 11.2 L 0.5 0.5 16 g

1 32 g A 32

B 11 g 0.25 0.25

22.4 L/ _0.25 =5.6 L

06
CH¢ 8 g 0.5 CH¢ 1 4

CH¢ 0.5 2
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H™ 11.2 L 0.5

H™O 11.2 L 0.5 H™O 1 1

H™O 0.5 0.5

CO™ 3.01_10€ ‹ 0.5 CO™ 1 1

CO™ 0.5 0.5

C§H¡™O§ 180 15 g ;1¡2; 1

O 6 15 g 0.5

07
5.6 L 0.25 x 44 g/ _0.25

=11 g

A 5.6 L 0.25 0.25 12 g 1

=48 g/ A 48

12+16_2=44 A

A

08
H™ 1 g 0.5 H™ 0.5

H™ 1 2

1 He 2 g 0.5 He

0.5 1 0.5

0.5

09
11.2 L 0.5 15 g 1

30 g AB 30

5.6 L 0.25 11 g 1 44 g

A™B 44

A+B=30 2A+B=44

A 14 B 16

A™ 1 28 g A™ 15 g

;2!8%; 0.5 0.5

11.2 L

AB 14+16=30 A™B 14_2+16=

44 1 g AB ;3¡0; A™B

;4¡4;

12 g

0.25

10

2

2

=1 2 1

=4 2=2 1

=26_1 32_2=13 32 2

11
M H™=1 1 H™

=0.1 M 0.1

0.1 2.4 g 1 24 g

M 24

12
1 3

1 3

1

13

C H=;1*2); :™1º:=
1 3 X CH£

2 C™H§

14

B C H=;1!2@;

;1!;=1 1 B CH

2 B C™H™

A

C H=;1!2@; ;1@;=1 2 A CH™

2.24 L
22.4 L/
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A 14 B 13

A 2 A

C™H¢ 1 A

6 B 4

15
a=3 C™H¢ O™ 1 3 0.5

O™ 1.5

32 g/ _1.5 =48 g

a=3 b=2

CO™ H™O 1 1 CO™ 11.2 L 0.5

H™O 0.5

16
X™ Y™ X™Y

2X™ g +Y™ g 1⁄ 2X™Y g

X™ Y™ X™Y=30 mL 15 mL

30 mL=2 1 2 X™Y 30 mL

17
H™O H

H™O _;1™8;=27_;1™8;=3 mg

X C X - H

+O 45-(3+24)=18 mg C

NaOH CO™ C

w_;4!4@;=18 mg w=66

C H O=;1!2*; ;1#; ;1@6$;=1 2 1

X CH™O

18
a=6 b=6

a+b=12 CO™ 22.4 L 1 1 CO™

;6!; 1

180 g 30 g

19

30 æ 1 H™ O™ 2 1 O™ 100 L

=4 H™ 8 H™

2 g/ _8 =16 g

20
A 6 g

C 44.8 L 2

A C=3 2 A 3 A 3

6 g 1 2 g A 2

A 3 B 1

3+1=4

2

21
3

C H O =;1!2@; ;1@; ;1!6^;=1 2 1

CH™O

C H O

U

U

U

C 44 mg_;4!4@;=12 mg

O 16 mg

22
2KMnO¢ aq +16HCl aq

1⁄ 2KCl aq +2MnCl™ aq +8H™O l +5Cl™ g

KMnO¢ HCl 2

KMnO¢ 1 158 g

3.16 g =0.02

2 5

0.05 1

22.4 L 0.05

1.12 L

3.16 g
158 g/

100 L
25 L/
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1
3H™ g +N™ g 1⁄ 2NH£ g

20

2

3

NaCl

Na± Cl—

4

5

6.6 g_;4!4@;=1.8 g

2.7 g_;1™8;=0.3 g

- + .5-(1.8+0.3)=2.4 g

C H O= =1 2 1

CH™O

60 30 2

C™H¢O™

6
2H™ g +O™ g 1⁄ 2H™O l

2 1

4.48 L 2.24 L

2.4
16

0.3
1

1.8
12

23

1.5

C™H¢ C£H§=28 _3

42 _2 =84 84=1 1

1 C™H¢

C£H§=6 9=2 3 C™H¢

C£H§=3 2 C™H¢

C£H§=2_3 3_2=1 1 1 g

C™H¢ C£H§=;2¡8;_6 ;4¡2;_9=1 1

24

CåH∫ g +{a+ }O™ g 1⁄ aCO™ g + H™O l

CO™ =a_CaHb 50 mL=a_10 mL

a=5

= -35 mL

+ = CåH∫ + +

-35 mL x

50 mL+x=10 mL+10{5+ } mL+x-35 mL

b=10

2C∞H¡º g +15O™ g 1⁄ 10CO™ g +10H™O l

b
4

b
2

b
4



CO CO™ Fe™O£ 3

C O™ Fe 3

O™ CO CO™ 3

1
CH¢ CO™ H™O 3

O™ 1

O™

CO™ H™O 3

A

14 B 16 C 19

65 35 46

1 B 2

2
CH™O CH™O™ CH™O

60 46 180

1 2

C≈H¥+ x+ O™1⁄ xCO™+ H™O

2 3

2 3 x¡ 3.6 g x™ 6.6

g 1 2

1 2 x =1 2 y=4x

CH¢ x+y=5

3
2

C™H≈+ 2+ O™1⁄ 2CO™+ H™O

C≈H¥+ x+ O™1⁄ xCO™+ H™O
y
2

y
4

x
2

x
4

y
2

y
2

y
4
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1 2

3 4

1 2

3 4

1

2

3

CO™ 0.2 n=0.1

H™O 0.2 C≈H¥

0.1 H™O 0.05y 0.05y =0.2

y=4 C≈H¥ y=4 C

C≈H¢ CH¢ C™H¢ C£H¢

C™H≈

C™H¢ x=2 x y=2 4=1 2

C™H™+;2%;O™ 1⁄ 2CO™+H™O

H™O 0.1 x¡=1.8 g

C™H¢+3O™1⁄ 2CO™+2H™O CO™

0.2 x™=8.8 g x¡+x™=1.8+8.8

=10.6 g

A g x

g 6 B g 1 g 2 C g c 1 2 3

c 2

A g +2B g 1⁄ 2C g

c 2 x 14 c_x=28

4
A 0.1 C 0.2

0.3 B 0.1

x 0.1

B 0.3 C 0.2

0.3 A

0.1 y 0.1

A B 28 2 C

17

4

A

5

2

0

0

0

B

g

1

4

7

8

10

B

0

0

2

4

8

c C

1 2 3

1

4

6

6

6

2

8

12

12

12

3

12

12

12

12
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05
a

a

+

a

06
a +

-

07

08
=

3 3 =3

+4=7

09

⁄¡H

1

10—› 10—fi

10
+ =16-8=8 =17-

9=8 =12+12=24

1

1 2 3 4 + 5

6 7 8 9 11

12 11 10

01 02 03 04 05

06 07 08 09

10 8 8 24 11 A C 12 B 13

14 15 16 17 ⁄ª· X 18

19 20 21

01
⁄¡H

02

+ -

03

⁄¡H 1

- +

04

II.
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11
A C

12
B

-

A C D

13
=

‹¡fi¶C ‹¡‡¶Cl = =17

35 ‹¡fi¶Cl 18

37 ‹¡‡¶Cl 20

14
Cl™ 35+35=70

35+37=72 37+37=74 3

15
⁄ ›¶N ⁄ ›§C + 14

⁄¶› N 7 ⁄§› C 6

⁄ ›¶N 7 ⁄⁄ ›§C 8

16
A B C

A C

+1

:1 + <2

A

C

17
9 9 X 9

9+10=19 X

⁄ ·ªX

18

+

1 1

=1+1 1+2=2 3

19
€¡‡£X‹ ± €¡‡£X 3

€¡‡£X‹ ± =13 =10 =14

€¡‡£X 13 13

27 14

20
2 2

3 4 1

21
M

= =20 20

39 20

19

20

3.2_10—⁄ ° C

1.6_10—⁄ · C
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2

1 2 3 4

5 6 7 8 9

H 10 11 Fe 12

U 13 14 15

01 02 03

04 05 06

07 08 09

10 11 12

13 14 15

16 17

01

02

-4 2

-4 3

03

B A

2 3

04

05

A B C

X 1 1

06
A B

B +

07
›™He ›™He ⁄§€ C

fi™fl§Fe fi™fl§Fe €€ ‹ª°™U

08
A B A B

A 3 B 4

4.003 B

B A

09

=;1#;=3

10
A ⁄¡H

B C ⁄ €§C
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1

C 2 2

17
= Z 70

1.5

›™He

>1

B C ⁄ €§C

11
‹¡H 1

+ -

‹¡H -4 ›™He

12
€ €•€§Rn

13

14
b A e— a B

›™He€ ±

⁄ ›§C € ›ª⁄∞Am

⁄ ›¶N 7 ⁄ ›§C 8

⁄ ›¶N 7 € ›ª⁄∞Am

95 146 ⁄ ›¶N

15
X 6 Y 7 Y>X

X Y X Y

X 8 Y 7 X

Y 14

16
A B C

B C A

A B
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3

1 2 3 K n=1 4 M n=3 5

6 7 8 9

10 K n=1 11 12 13

14 8 15

01 02 03 04 05

06 07 08 09

10 275.5 kJ 11 12 13

14 15 16 17

01
næ4 n=3

n=¶ n=1

02

03
K n=1

n=1

04
n=4 6

6

05
n=3 n=2

06
n

E«=- kJ/mol n=1 2 3 4

N n=4 K n=1

M n=3

M n=3

07

1312

n€

n=1

n=2

n=3

n=4

n=÷

næ2 n=1

n=3 4 5 6 n=2

næ7 n=2

næ4 n=3
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08
A

D

M n=3 L n=2

E«=- kJ mol

n 1 ;4!; ;9!;
n

09
a n=5 n=2 b n=4 n=2 c n=3 n=2

a b {;4!;-;2¡5;} {;4!;-;1¡6;}=28 25

c - =1312_;3∞6; kJ/mol

b c {;4!;-;1¡6;} {;4!;-;9!;}=108 80=

27 20 b c

20 27

10
C n=5 n=2

- =1312_;1™0¡0;=275.5 kJ/mol

11

B C D=;9*; ;1™0¡0; ;2¡2§5;
B C=189 800

A

B C D=;9*; ;1™0¡0; ;2¡2§5;
B D=225 18

C n=5 n=2

12

= =;9$;

K<L<M<N

-;9!;

-;4!;
M

L

1312

25

1312

4

1312

9

1312

4

1312

n€

K n=1

K

M K

13
næ2 n=1 næ3

n=2 næ4 n=3

n=1

14
næ3 n=2

C næ¶ n=2 B n=4 n=2

A n=3 n=2

A næ3 n=2

{;4!;-;9!;}k=;3∞6; k
n=6 n=2

B N n=4 L n=2

15
A B C

B C A

A C a

B a

A C

16
A B C

A C

A C

B

17
K 2 M 8

12 ¡™Mg K 2 L 8 M 2
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4

1 2 3 M 4 3 5 6

2s 2p 7 16 32 8 9 3 10 11

12 13 14 ¡ºNe 15

01 02 03 04 05

06 07 08 09 10

11 12 13 14 15

16 17 18

01

p

02
M 3d N

4s

8

n n

2n€ M 3 3s 3p 3d

N 4€ =16

03

04
90 %

1

1s

90 %

1s

05
n n

2

np 3 ns

1 np ns

3

np >ns

n n€

2n€

06
A 1 2

B C

=;7%;

07
¡¢Si n=3

3s€ 3p⁄x3p⁄y ¡¢Si 4

1+1+3+1+2=8

¡¢Si 2

08
M 3s L 2px

1s<2s=2px<3s

3s 1s 2

09
3p 3

¡∞P 5 ¡∞P 3s 3p

s

10
X 1s€ 2s€ 2pfl 3s€ 3p›

X 6 X 2 X€ —

1s€ 2s€ 2pfl 3s€ 3p›

6

X 2

B

C
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X 16 16

1+1+3+1+3=9

11
A A± 1 A 1

B B€ — 2 6

A 1 B 2

A 3 B 2

12
2

NaX X X— X—

13
A B

B 6 2

B€ —

A 5 B 6

14
A C

C A

C 7 C 1 1s€ 2s€ 2pfl

C—

B 1 D

3 B D

15
13 A B

A B B A

A 7 B 8

16
K<L<M K 2 L

8 ¡¡Na

K 2 L 8 M 1

17
A C

A L 4

A C 1 2

A B 2

B 2 C 1

18
A 8 B C

A 2 B 1 C 0

A B B A 1

A B
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1 2 3 4 4 5

6 7 4 8 9 18 10

01 02 03 04 05

06 07 08

09 10 11 12 13

14 15 16 C 17 18

19 20

01
=

02

03
Si Ge

Mg Ca O Ar

04

05

X

06
13 3

=

07

08
X 6 16

L n=2 2

6 A€ —

2p 4 2

09
1

1 Li Na 1

Li L Na M

15 N P 5

10
1

1 1 n

ns⁄ 1 +1

¡¡Na M 3

11
4

+4

n=3 3

4 14 3 3

12
A B

A B

5
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13
18

17

A 1 Li Na

1 2 13 17

4 2 K 2 L 8 M 8

N 2 20

17 ns€ npfi

1

14
3 16 K 2 L 8 M 6

16 16

M 6

15

D<G

1 B E 1

2 17 D

4 G

15 3

16
ns€ np› 6

16 C

17
A 2 B C 3 D 4

C 1 -1 D 1

+1 C D

1s€ 2s€ 2pfl 3s€ 3pfl

A 4 B 2 A B

18
A B C D E
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07

H™SO¢+2NaOH 1⁄ 2H™O+2Na±+SO¢€ —

2Cu s+O™ g

1⁄ 2CuO s

2H™O 1⁄

2H™+O™

H™ g+Cl™ g 1⁄ 2HCl g

2C¢H¡º+13O™1⁄ 8CO™+10H™O

08

09
aFe™O£ s +bCO g 1⁄ cFe l +dCO™ g

Fe™O£ s +3CO g 1⁄ 2Fe l +3CO™ g a=1 b=3

c=2 d=3 a d 9

10

11
2Cu+O™ 1⁄ 2CuO

2CuO+C1⁄ 2Cu+CO™

12
aH™O 1⁄ bH™+cO™ 2H™O 1⁄ 2H™+O™

13

2Cu+O™ 1⁄

2CuO

CuO+H™1⁄ Cu+H™O

14
Fe™O£ s +3CO g 1⁄

2Fe l+3CO™ g

Cu™S+O™1⁄ 2Cu+SO™ B

CuS

Cu

15
C CaCO£ CaCO£ 1⁄

CaO+CO™

CaO+SiO™

1⁄ CaSiO£
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2

1 2 3 Mg Al Zn Fe Cu Ag 4

5 6 7 7 8 9

10

01 02 03 04 05

06 07 08 09 10

11 12

01

2HCl aq+Mg s 1⁄ Mg€ ± aq +2Cl— aq+H™ g

02

2Ag±+2NO£—+Cu1⁄ Cu€ ±+2NO£—+2Ag

1

+2

03
Fe Fe™O£ C O™

H™O CO™

3

04
A

SO¢€ — A

A

B

A>Cu>B B

A 2C+O™ 1⁄ 2CO
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05
2Na±+2Br—+Cl™ 1⁄ 2Na±+2Cl—+Br™

Cl™

06

07
C A

B

08
A

A

A

09

3Ag™S+2Al1⁄ 6Ag+Al™S£ a+b<c+d

10

X>Y Z>Y

X

X F Y Br Z Cl

2Cl—+F™ Cl™+2F—

X F Y Br

X 2 Z 3 Z X

Z

Y

11

3CuCl™ aq+2Al s 1⁄ 2AlCl£ aq+3Cu s

12

2Ag±+2NO£—+Cu1⁄ Cu€ ±+2NO£—+2Ag

2Ag± aq+Cu s 1⁄ Cu€ ± aq+2Ag s
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0

04
F -1

+1

AF™ A=+2 BF£ B=+3 CH¢ C=-4 DH£

D=-3 H™E E=-2 A E

-4

05
B +1 3 1

A -2 2

16

A B

A 16 6

A -2 2

B 1

06
B A

A

A H™A +1

A -2

A B AB™

A 2

07
a=1 2SO™+O™ 1⁄ 2SO£

-2

+4

1

4

08
0 +1

-1

LiH 1 +1 -1

3

1 1 +1 1 -1 2 3 4 0

0 0 0 5 +1 -1 6 -4 +1 0 7 +4 -2

-2 8 +1 +1 +1 -1 -1 9 -2

-2 -2 -1 +2 10 2 2 11

+2 -2 12 0 +1 -3 +4 +1 13 Cl

O O F N

01 02 03 04 05

06 07 08 09 10

11 12 13 14 15

16 17

01

LiH -1 +1

-1

HF H=+1 F=-1 H™O

H=+1 O=-2 LiF Li=+1 F=-1 OF™

O=+2 F=-1 -2

F

+2

02
0

≤CH¢=-4

NaO≤H=+1 ≤Mg€ ±=+2 H™≤CO£=+4 ≤NH£=-3

03
H™O™ H™O O™

0

+1

-1 -2
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NH£ H™O HF CH¢ +1

09
B 2 2 16 A B

17

A

BA™ A -1 B +2

A

10
XH£ X 5 15

X 3

HXO£ +1 O -2

1+X+ -2_3=0 X +5 XH£ X

-3 8

11
SO™ +4 SO£ +6 H™SO£ +4

H™S -2 S 0

S

12
HNO£ H=+1 N=+5 O=-2

H™SO¢ H=+1 S=+6 O=-2 NH£ N=-3 H=+1

CaCl™ Ca=+2 Cl=-1 CO£€ — C=+4 O=-2

H™SO¢

13
H™ ≤O H=+1 O=-2 H™ ≤S H=+1 S=-2 ≤BF£
B=+3 F=-1 Ca≤CO£ Ca=+2 C=+4 O=-2 ≤NH£
N=-3 H=+1

≤NH£

14
1 2 A D A H B

1 Li C 5

N D

1 F

A B LiH A -1

B Li 1

C 5 D 7 D

15
-31⁄+2

+1

+1

0 1⁄ +1

H™

16
A

B 7 1 -1

2A+B™1⁄ 2AB

17
X +4 4 C Z -1

F

X 4 +4

Y 3 15

W 3 13 B W Y

Y B VXY X

-4

YV£ 3 1
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4

1 2 3 4

5 6 7

01 02 03 04 05

06 07 08 09 10

11 12 13

01

02

03

NaOH

04

CaCO£ s+2HCl aq 2⁄ CaCl™ aq+H™O l+CO™ g

1 1 1

Zn s+2H± aq+2Cl— aq ⁄ Zn€ ± aq+2Cl— aq+H™ g

05
NH£ g+HCl g 1⁄ NH¢Cl s

06

NH£ g+H™O l 1⁄ NH¢± aq+OH— aq

07

Mg s+2H± aq 1⁄Mg€ ± aq+H™ g

08

Ca OH ™ aq+CO™ g 1⁄ CaCO£ s+H™O l

09
X -

Zn s+2H± aq 1⁄ Zn€ ± aq+H™ g

+

10
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11
H±

12
BF£

120˘

109.5˘

B

13
0

5

1 2 3 4 = OH— 5

6 7 1 1 8 9

10 11

01 02 03 04 05

06 07 08 09 10

11 12 13 14 15

16 17

01
pH

02
pH pH=-log H±

pH 1 10

pH=5

pH=7 100

03

04

NaOH aq 20 mL NaOH aq 10 mL

NaOH aq

NaOH aq

NaOH aq 30 mL NaOH aq
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20 mL 2

05
H±+Cl—+Na±+OH— 1⁄ H™O+Na±+

Cl— Na± Cl— -

Cl—

OH—

H±

NaOH

Na±

06

b

= =

=

a

2a

07
HCl aq NaOH aq

NaOH aq OH—

20 mL

a

NaOH aq 20 mL 10 mL

NaOH aq

a b=1 2

08

B 6 mL

E 2 mL

B 3

09
B 10 mL 3

3

+1

10 mL 3

1 2

10

11

NaOH aq 2

Cl— Cl—

1 1

12
HA A— NaOH

OH— BH

B—

3 B—

H± 3 H± OH—

Na± H±=3 2

A—

10 mL 4

OH— NaOH aq 20 mL Na±

3 2 H± OH—

H3N
+ COOH

R

H

C H3N
+ COO_

R

H

C H2N COO_

R

H

C
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30 mL 6

10 mL 2

H±

H± H±

pH pH

13
HA HB

HB HB 1⁄ H±+B—

HB

Fe s +2H± aq 1⁄ Fe€ ± aq +

H™ g

HA HB HA HB

HA

HB

14
H±

Na±

Na±

= <

Na± OH—

< =

15

pH

K± aq KOH

1 1

H± aq

16

pH

1 mL 1 L 10‹ pH

3 5

pH 12 10

pH pH 11

1 2 1 1

pH

17
A E 20 mL

1 1 C
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6

1 2 3

4 + 5 6 7 8 9

10 11 12

13 14

15 16 17 3 18

19 3 20 21

_ CH2=P

OH

OH

__
_

OO

OH

_

O N

01 02 03 04 05

06 07 08 09 10

11 12

01

1 DNA

2 2 1 1

5

02
DNA

1 1

DNA

5 5

03

HNH 107˘ 109.5˘

5

-

04

4

1 2

1

-1

05

DNA

06

-

07
DNA

RNA

5 5

DNA

08
4 DNA 1 1 1

4

DNA
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09
4 2

8 5 1

2 7

DNA

10
A

B

1 1

11

3

12

107˘ 109.5˘

01 02 03 04 05

06 07 08 09 10

11 12 13 14 15

16 17 18 19 20

21

01

4

02
-4

+4

+4 0

+2

03
A +1

1

+1

A +1 B -1

1 1 AB

2A+B™1⁄ 2AB A

B™

04
Cl—

a

H™SO¢ aq



60

NaOH aq

a

05

OH—

06
KClO£ +5 KCl

-1 6

Ca

2KClO£ 1⁄ 2KCl+3O™ Ca HCO£ ™

1⁄ CaCO£+H™O+CO™ X 2 Y 3

07

pH

2H± aq+Mg s 1⁄ Mg€ ± aq+H™ g

08
A A A aq 1⁄ A€ ±+2e—

B±

A B

A C€ ±

C>A>B

A C C A

A

C€ ± A€ ±

C C s +A€ ± aq 1⁄

C€ ± aq +A s A€ ±

C€ ±

09
Cl™+H™O1⁄ HCl+HClO HCl Cl

-1 HClO Cl +1

HCl

01⁄-1

10
A 2 3 2

B 2 2

16

2A+B™1⁄ 2AB A

C 1 2 17

B C C

-1

AB

11
- 2H±+2e—1⁄ H™ g

12
Z™ X— Y—

Z>Y>X

Z=Cl

X— Y—

2

Z—

2a X Y

Z™ Z—

2N

13

=+1 =+2

=+3 1 3

Z

Y

X<Y<Z X

Z

14
A C

B

B

A
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A C pH A

A

B

15
NH£ H™CO£

NH¢± NH£+H± 1⁄ NH¢±

+1

0 +1_3=+3

-3

N™ 0

0 -3

NH¢ ™CO£ 0

NH¢± +1

-2 +2+X + -

2_3 =0 +4 NH™ ™CO

2

4

+4

+4 +4

16
Br™ Mg

Br™+Mg1⁄ 2Br—+Mg€ ±

Br—

0 +2

X™

Br™

X™+2Br—1⁄ 2X—+Br™

X<Br

X™

X™

17

18
=X±

3 =Y‹ ± =Z€ ±

Y +3 Z +2

Y Z

Y‹ ±

Y>Z>X

19
c H± 2N a 2N

a A± 2N c N b

b B€ ±

B A

H<B<A

pH

A B=1 2

20
c b

c

2

Q=cm t =1Q 2Q

2

a

21
4 CH¢ 2

2 H™O

NH£ F HF

O F O +2 F -1

CH¢

-4

2

H™O

-2

2

NH£

-3

3

HF

-1

1



62

1

107˘ 109.5˘

2
Fe>Cu>A A

A

Fe+Cu€ ± 1⁄ Fe€ ±+Cu

C O™ CO™

CuO H™

1

Mg s 1⁄Mg€ ± aq +2e—

2H± aq +2e—1⁄ H™ g

Mg

CaCO£ 0

Ca=+2 C=+4 O=-2 +2 + +4 + -2_3

=0 HCl H=+1 Cl=-1

CaCl™ Ca=+2 Cl=-1

0 NH£ +1

3 -3

NO™ -2 2

+4 N™O -2 1

2 +1 HNO£

+1 -2 3

+5

2
NO N™

+2 0

N™

F™ 0

F -1

0 -1

NO

1 2

3 4

1 2

3 4

1

2
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H±

OH—

-NH™ -

COOH

5

-OH

H±

3
5

-NH™

DNA

DNA

DNA

-OH

KOH

KOH s 1⁄ K± aq +OH— aq

CH£COOH

CH£COOH l +H™O l 1⁄ CH£COO— aq +H£O± aq

NH£ g +HCl g 1⁄ NH¢Cl s H±

H±

4

CH£COO—

4

3
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