
 化學平衡及其特性

 平衡常數

 勒沙特列原理

 溶解平衡
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1

1-1

1-1

1-1

H2O(l)    H2O(g) 

dynamic equilibrium

1

    

H2O(l) H2O(g) H2O(l) H2O(g)

6



closed system

1-2

H2O(l)    H (aq) + OH (aq)  

N2O4

NO2

1-2

1-2

1-2 NO2 N2O4

N2O4    
     N2O4

NO2

N2O4
NO2     

NO2

N2O4

N2O4

NO2   
N2O4  

 
N2O4 NO2   

CH 1 7



N2O4 NO2 NO2 N2O4

1-3

reversible reaction

N2O4(g) + 57.2 kJ    2NO2(g) 

N2O4 NO2 N2O4

NO2 N2O4

NO2

1-3

chemical equilibrium

N2O4 N2O4

NO2
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1-4

N2(g) + 3H2(g)    2NH3(g) + 91.5 kJ 

1 N2 3 H2 NH3

1-4 N2 H2

NH3 1 N2

3 H2 2 NH3 H2

N2 3 NH3 N2 H2

1 N2 3 H2

H2

NH3

N2

1-4 2 NH3

1-4

1-4
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1-5 Br2

BrO 1-5  

    

1-5

Br2(aq) + H2O(l)    Br (aq) + HBrO(aq) + H (aq) 

Br2

Br2

  

  

  

NaOH(aq)

HCl(aq)
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1 (A) 0.40 mol N2O4 (B) 0.40 

mol NO2 (C) 0.10 mol N2O4 0.60 mol NO2 (D) 0.20 mol N2O4 0.20 mol NO2 (E) 0.20 

mol N2O4 0.40 mol NO2

(1) 

(2) 

(3) 

  (1) N2O4 (g)    2NO2(g)
 (2) (A)(C)(E)
 (3)  N2O4 0.40 M

X(g)  Y(g) 

X Y (A) (B) (C) (D) (E)

(1)

(2)

(3)

(A) (B) (C) (D) (E)

CH 1 11



(1) 2 1 X 1 Y

(2)  3 6

3 6 5 4 5 4

(3)  

(4)  1 1 1 1 2

 (1) (4)

(1)  

(2) 

(3) A B

(4)  (3) 3

6

5

4

3

2

1

1 2 3 4 5 6

6

5

4

3

2

1

1 2 3 4 5 6
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2

homogeneous equilibrium

heterogeneous equilibrium

1-6

CaCO3(s)    CaO(s) + CO2(g) 

CaCO3 CaO

1-6 A B

PCO2

CaCO3 CaO

 

CaCO3

CaO
CO2 PCO

2

CO2

PCO
2

CaCO3＋CaO CaCO3＋CaO
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BaCrO4(s)

Ba(NO3)2(aq)

K2CrO4(aq)

CaCO3 PCO2

CaO

CaCO3 CaO

1-7

1-7

Ba2 (aq) + CrO4
2 (aq)    BaCrO4(s) 

[Ba2 ]

[CrO4
2 ]
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20 

100.0 mL 4.00 10 5 M Ag Cl

1.80 10 6 mol AgCl [Ag ]

[Cl ] M

  
 4.00  10 5 mol L  0.1000 L 4.00 10 6 mol

Ag (aq) Cl (aq) AgCl(s)
4.00 10 6 4.00 10 6 0
2.20 10 6 2.20 10 6 1.80 10 6

[Ag ]
2.20 10 6

0.2000
1.10 10 5 M

Ag Cl 1.10 10 5 M 1
1.10 10 5 mol 1.10 10 5 M

1-2 Ag Cl 1.00 10 5 M

2CrO4
2 (aq) 2H (aq)  Cr2O7

2 (aq) H2O(l)

 

  

 

 

+H+(aq)

+OH (aq)
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1

1-1

N2O4  

2NO2

[NO2]
2

[N2O4]
1-1

1-8

K [NO2]
2

[N2O4]
 

2

[NO2]
2

[N2O4][N2O4] [NO2] [N2O4] [NO2]

1 0.0000 0.0200 0.00140 0.0172 0.211

2 0.0000 0.0300 0.00280 0.0243 0.211

3 0.0000 0.0400 0.00452 0.0310 0.213

4 0.0200 0.0000 0.00452 0.0310 0.213

100 N2O4(g)

16



1-8 K

equilibrium constant

Kc

Kc

Kc 1-9

aA + bB    gG + hH

Kc

[G]g [H]h

[A]a [B]b  

A B

(1) 

 (A) 5A2 + 6B  4A2B + A2 + 2B

 (B) A2 + B  A2B

 (C) A + B2  AB2

 (D) 5A2 + 6B  4A2B

 (E) 6A2 + 5B  4A2B + 2A2 + B

(2) 

 (A)      (B) A2 B A2B

 (C)   (D) 

 (E) 

(3) 

(4) 1 1 mol 1 1

  (1) (B) (2) (B)(C)(E) (3) Kc

[A2B]
[A2][B]

 (4) Kc

4
1

1
1

2
1

2 1
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(1) (4)

(1) 2SO2(g) + O2(g)  2SO3(g)    (2) H2(g) + I2(g)  2HI(g)

(3) Ag (aq) + 2NH3(aq)  Ag(NH3)2 (aq)  (4) SO3(g)  SO2(g) + 
1

2
O2(g)

kf kr

N2O4(g)    2NO2(g)

(1) 

(2) 

(3) K kf kr

1-8

1-10 1-11 Kc1 Kc2

2NOBr(g)    2NO(g) + Br2(g)

Kc1

[NO]2[Br2]
[NOBr]2 0.014 

Br2(g) + Cl2(g)    2BrCl(g)

Kc2

[BrCl]2

[Br2][Cl2] 7.2 

1-12
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2NOBr(g) + Cl2(g)    2NO(g) + 2BrCl(g) Kc3 

Kc3 Kc1  Kc2

Kc3
[NO]2[BrCl]2

[NOBr]2[Cl2]
[NO]2[Br2]

[NOBr]2   
[BrCl]2

[Br2][Cl2]

Kc3 Kc1  Kc2 0.014 7.2 0.10

2

2

N2(g) + O2(g)  2NO(g) Kc

(1)  Kc

K'c

(2)  Kc 6.4 10 9 NO(g)  
1

2
N2(g) + 

1

2
O2(g)

  (1) Kc
[NO]2

[N2][O2]
K'c

[N2][O2]
[NO]2

=
1
Kc

 (2) 2 K1 Kc

  K1
1
Kc

1
6.4 10 9

1
8.0 10 5

1.3 104

 

HF(aq)  H (aq) + F (aq)     Kc1 6.8 10 4

H2C2O4(aq)  2H (aq) + C2O4
2 (aq)  Kc2 3.8 10 6

2HF(aq) + C2O4
2 (aq)  2F (aq) + H2C2O4(aq)

CH 1 19



2

acid base Ka Kb

K sp

K sp

Ka Kb

K K
PCl5 PCl3 Cl2 1-13

PCl5(g)    PCl3(g) + Cl2(g) 

Kc

[PCl3][Cl2]
[PCl5]

Kc

1-13

Kp

PPCl3
PCl2

PPCl5

PPCl3
PCl2

PPCl5
PCl3 Cl2

PCl5 Kp

1-14

PV nRT 

P n
V RT CMRT 
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n
V

P

CM RT Kp Kc

Kp
PPCl3

PCl2

PPCl5

[PCl3]RT [Cl2]RT
[PCl5]RT

  
[PCl3][Cl2]

[PCl5]
RT 1

Kp Kc RT 1

aA(g) + bB(g)    gG(g) + hH(g)
Kp Kc RT �n �n g + h a + b  

�n

�n 0 Kp Kc

N2(g) + 

3H2(g)  2NH3(g) 300 Kc 9.60 Kp

R 0.0821 L atm mol 1 K 1

  Kp  Kc RT n 
n  
  2 1 3 2

 Kp Kc RT n 9.60  0.0821 573 2

 Kp  4.34  10 3

SO2(g) O2(g) 1000 K

0.669 atm SO2(g) 0.395 atm O2(g) 0.851 atm SO3(g)

(1)   (2) Kp Kc

atm Pa

Kp

Kc RT n R 

atm M

R

 0.0821 L atm  

mol 1 K 1

CH 1 21



1-16

CaCO3(s)    CaO(s) + CO2(g) 

K'c
[CaO][CO2]

[CaCO3]

CaO CaCO3

K'c

[CaO]
[CaCO3]

  [CO2]   [CO2]

Kc

K'c [CO2]

Kp Kp PCO2

CO2 CaCO3 CaO

HA

1-17

HA(aq) + H2O(l)    H3O (aq) + A (aq) 

1-18

Kc
[H3O ][A ]
[HA][H2O]  
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55.56 M

1-19

Ka Kc[H2O] [H3O ][A ]
[HA]  

Ka

( ) N2(g) + O2(g)  2NO(g)    ( ) CaCO3(s)  CaO(s) + CO2(g)

( ) Ni(CO)4(g)  Ni(s) + 4CO(g)  ( ) C(s) + 2H2(g)  CH4(g)

( ) N2(g) + 3 H2(g)  2NH3(g) 

(1) Kp Kc

(2) 

 (A) Kp

[NO]2

[N2][O2]
  (B) Kc

[CaO][CO2]

[CaCO3]
  (C) Kc

[CO]4

[Ni(CO)4]

 (D) Kp

PCH4

PH2
2

   (E) Kc

[N2][H2]
3

[NH3]
2

 

[H2O]

C2H5OH(l)  CH3COOH(l)  CH3COOC2H5(l)  H2O(l)

Kc

[CH3COOC2H5][H2O]

[CH3COOH][C2H5OH] 

1.000 1000

[H2O] 1000 g 18.0 g 1 1.000 L 55.56 M

CH 1 23



3

100 COCl2 phosgene

1-20

CO(g) + Cl2(g)    COCl2(g) 

Kc
[COCl2]

[CO][Cl2]
4.56  109 

COCl2

CO Cl2

  (1)  Kp Kc RT n Kp Kc RT n n ( ) n 4 1

 (2) (C)(D)

(1) (2) Kc (3) Kp

(1) CO2(aq) + H2O(l)  HCO3 (aq) + H (aq)

(2) Cr(s) + 3Ag (aq)  Cr3 (aq) + 3Ag(s)

(3) 3Fe(s) + 4H2O(g)  Fe3O4(s) + 4H2(g)
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25 N2 O2 NO

1-21

N2(g) + O2(g)    2NO(g) 

Kc
[NO]2

[N2][O2]
4.56  10 31 

25 

NO N2 O2

1-8 K 1 K 1

K

25 K 4.1 108

K
1-8

K  1 K 1 K � 1 1-8

K 1 K 1

CH 1 25



472 

1-22 Kc 0.105 t

[N2]t 2.00 M [H2]t 2.00 M

[NH3]t 1.00 M

Qc reaction quotient

N2(g) + 3H2(g)    2NH3(g) 

Qc
[NH3]t

2

[N2]t[H3]t
3

[1.00]t
2

[2.00]t[2.00]t
3 0.0625

Qc Kc Kc

Qc

Kc Qc

1-9

Qc Kc

Qc

Kc

Qc

Kc

Qc

Kc

Qc Kc

Qc Kc

Qc Kc

26



1-9

  Qc Kc

Qc Qc Kc

  Qc Kc

Qc Qc Kc

  Qc Kc

0.0625 Kc 0.105

N2O4(g) 2NO2(g) 2 

Kc 2.0 1.0

1 1 1 

mol NO2 N2O4

(1) 

(2) 

(3) Kc Kp RT

(4) (A)

2

(A) (B) (C) (D) (E)

CH 1 27



  (1) (B)
 (2) (A)(C)(E)
 (3) Kc Kp RT 1

 (4) (A)

  [N2O4]
4.0
1.0

4.0 M [NO2]
8.0
1.0

 8.0 M

  Qc

[NO2]
2

[N2O4]
(8.0)2

(4.0)
16

   Qc 16 Kc 2.0 Qc

N2O4 N2O4 x

N2O4(g) 2NO2(g)
4.0 8.0

4..0 + x 8.0 2x

Kc

[NO2]
2

[N2O4]
(8.0 2x)2

(4.0 + x)
2 2x2 17x 28 0

x
17 ( 17)2 4 2 28

2 2 2.2  6.27 [N2O4] 6.2 M [NO2] 3.6 M

SO2Cl2(g)  SO2(g) + Cl2(g) 373 K Kc 0.10

(A) [SO2Cl2] 1.0 M [SO2] 2.0 M [Cl2] 2.0 M

(B) [SO2Cl2] 0.20 M [SO2] 1.0 M [Cl2] 1.0 M

(C) [SO2Cl2] 10 M [SO2] [Cl2] 1.0 M

(D) [SO2Cl2] 1.0 M [SO2] 0.10 M [Cl2] 0.50 M

(E) [SO2Cl2] 0.0 M [SO2] 1.0 M [Cl2] 1.0 M

(1) 

(2) Qc Kc  

(3) Kp Kc

(4) (E)
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800 CO H2

C(s) + H2O(g)  CO(g) + H2(g)

(1)  800 Kp 1.429 103 20.00 atm

H2O(g) 1.00 L H2O CO H2

 R 0.0821 L atm mol 1 K 1

(2) 

(3) 

(4) 800 Kc

  (1) CO H2 x atm

C(s) H2O(g) CO(g) + H2(g)
20.00 0 0

20.00 x x x

  Kp=
PCOPH2

PH2O

x x
20.00 x

1429

  x2 + 1429x 28580 0 x 19.73 atm
  PCO PH2

19.73 atm PH2O 0.27 atm
 (2)  CO

    n
PV
RT

19.73 atm 1.00 L

0.0821
L atm
mol K

1073 K

0.224 mol

 (3) P PH2O  PCO  PH2
0.27 atm  19.73 atm  19.73 atm 39.73 atm

 (4) Kp Kc RT 1

  Kc

Kp

RT
1429

0.0821 1073
16.22

0.50 mol I2(g) 2.5 L I2(g)  2I(g)

[I2] [I] M

(1) 600 K Kc 2.94 10 10

(2) 2000 K Kc 0.209

CH 1 29



CoCl2 6H2O

1-23

[Co(H2O)6]
2 (aq) + 4Cl (aq)    [CoCl4]

2 (aq) + 6H2O(l) H 0

 

1-10

[Co(H2O)6]
2

[CoCl4]
2

[CoCl4]
2 1-10

[Co(H2O)6]
2 1-10

H. L. Le 

Châtelier 1850 1936

Le Châtelier's principle

3
30



[Co(H2O)6]
2 (aq) + 4Cl (aq) +   [CoCl4]

2 (aq) + 6H2O(l)

[CoCl4]
2

[Co(H2O)6]
2

[CoCl4]
2

[Co(H2O)6]
2

[CoCl4]
2

[Co(H2O)6]
2

CH 1 31



N2

NH3

H2

H2

r ' 

r r

r ' r ' 

r ' 

H2

1

H2

H2 N2

r r' 1-11

1-11 H2

N2

NH3

NH3 H2 N2

1-11 H2

NH3 N2

H2 H2

Kc Qc

H2 [NH3] [N2]

[H2] Qc Kc

Qc=
[NH3]t

2

[N2]t[H3]t
3 Kc

Qc

H2

NH3
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2

1-24

I2(g)    2I(g) 

1-12

1-12

I2(g)  2I(g)

I2 (g) I (g)

I2 (g) 2I (g)

CH 1 33



Qc

Qc

Qc
(2[I])2

(2[I2]) 2Kc Kc

Qc Kc Qc

  

  

  

1-25   

1-13  

r1 r1' r2 r2' 2

1-13

H2(g) + I2(g)    2HI(g) 

H2(g) I2(g) 2HI(g) 
 r1 r1' r2 r2'
 2

r1 r1'

r2 r2'

[HI]

[I2]

[H2]
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2

Qc

Qc
(2[HI])2

(2[H2])(2[I2])
([HI])2

([H2])([I2])
Kc

Qc Kc

N2O4(g)  2NO2(g)

1-14

1-15

He

He

He

P' P

P PN2O4
+PNO2

PN2O4
PNO2

P' PN2O4
PNO2

PHe

NO2

N2O4

He

He

P' P

P PN2O4
+PNO2

PN2O4
PNO2

P' P'N2O4
P'NO2

PHe

CH 1 35



1-26

2PbO2(s)    2PbO(s) + O2(g) 

1-25

N2O4 NO2

  

    

(A) 2PbO2(s)  2PbO(s) + O2(g)

(B) CCl4(g)  C(s) + 2Cl2(g)

(C) H2(g) + I2(g)  2HI(g)

(D) 2NO(g) + Br2(g)  2NOBr(g)

(E) H2(g) + S(s)  H2S(g)

(1)  

 

(2) 

(3)  1 2 L 5.0 g PbO2 (A)

5.0 g PbO2
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  (1)  (D) (D)

 (2)  (C)(E)
(C) (E)

 (3)  PbO2

PbO

2HBr(g)  H2(g) + Br2(g)

(A) HBr (B) Br2 (C) He (D) He (E)

(1) [Br2]

(2) Br2

(3) (E)

(4) (C)

3

Kc

N2(g) + 3H2(g)  2NH3(g) + 

1-16

300 K Kc 2.6 108 500 K Kc 1.7 102

1-17

NH3

20.3 MPa 550 50.6 MPa 400 

8.8% 60.6%

CH 1 37



H 0

H 0

  

  

Kc

%

 (K)

log Kc

(K) Kc

38.7

27.4

18.9

8.8

47.8

35.9

26.0

12.9

54.9

42.9

32.2

16.9
20.8

37.8
48.8

60.6

400

450

500

550

20.3

30.4

40.5

50.6
MPa
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a A(g) + b B(s)  d D(g) + e E(s) + Q kJ

D

(1) 

 (A) a b d e Q 0

 (B) a d Q 0

 (C) a b d e Q 0

 (D) a d Q 0

 (E) a b d e Q 0

(2) 

 (A) Kc

 (B) Kc

 (C) 

 (D)  

 (E) Kc Kp

(3) 

(4) 

  (1)  D D

D
a d

   D
Q 0 (D)

 (2) (B)(C)(E)

 (3) Kc=
[D]d

[A]a

 (4)  [A]
[D] Kc

CH 1 39



4

1-18  

r1 r1'

r2 r2' 1-18  

Ef Er

r1 r1' r2 r2'

4NH3(g) + 5O2(g)  4NO(g) + 6H2O(g) � H 904 kJ

(1) 

 (A)     (B)      (C) 

 (D)      (E) He(g)

(2) He(g)

(3) 
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1-27

2SO2(g) + O2(g)    2SO3(g) 

1.7 1026

SO3 SO2 SO3

V2O5

1-28

N2(g) + O2(g)    2NO(g) 

25 4.6 10 31

400 500 

1-16

Kc NH3

NH3

400 500 

CH 1 41



  H2 N2   
500    

 

NH3

1-19 NH3

1-19 N2 H2

NH3 N2

H2

42 III



4

1-20 0.1 M

NaCl NH4NO3 10 4  M

AgCl BaSO4

10 4 10 1 M CaSO4 MgCO3

1-2

10 4 M

10 1 M

CH 1 43



  NO3 CH3COO

  SO4
2

BaSO4 SrSO4 PbSO4

CaSO4

  S2

1 2

NH4 K2S BaS

IA NH4

NO3 CH3COO
CH3COO Ag

Cl Br I
 Ag Pb2 Hg2

2 Cu
Tl

SO4
2 Ca2

Sr2 Ba2 Pb2

CrO4
2 Ba2 Pb2 Ag

S2  IA NH4

IIA

OH
 IA NH4

Sr2 Ba2

Ca2

CO3
2 C2O4

2 IA NH4

Mg2

SO3
2 PO4

3 IA NH4
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1-2

Ag Pb2 H2SO4

HCl K2CrO4 AgCl

Ag2CrO4 1-21

K2CrO4

Ag2CrO4 HCl AgCl

1-2 1-2

(1) Ba(NO)3

 (A) NaOH (B) K2SO4 (C) NH4NO3 (D) KBr (E) NaCl

(2) 

 (A) CaSO3  (B) BaCrO4 (C) Cu(OH)2

 (D) K2CrO4 (E) HgCl2

(3) SO4
2 Cl

  (1) (B) (2) (A)(B)(C)
 (3)  Ba(NO3)2 AgNO3 Ba(NO3)2 Ba2 SO4

2

Cl AgNO3 Ag Cl
SO4

2

Ag
Pb2  

H2SO4(aq)

HCI(aq)

K2CrO4(aq)
PbSO4

AgCl Ag2CrO4

CH 1 45



2

solubility equilibrium BaSO4

1-29

BaSO4(s)    Ba2 (aq) + SO4
2 (aq) 

1-29

1-30

K sp [Ba2 ][SO4
2 ] 

Ag Ba2 Cu2 1-2 A B

C

Ag

Ba2

Cu2  

KCl(aq) Na2S(aq) H2SO4(aq)

46 III



K sp solubility product constant

1-29

[Ba2 ] [SO4
2 ]

1-21  K2CrO4 AgNO3

Ag2CrO4 1-21 

 1-31

Ag2CrO4(s)    2Ag (aq) + CrO4
2 (aq) 

1-31

K sp [Ag ]2[CrO4
2 ]

K sp

K sp

1-32 1-33

AxBy    xAy  + yBx  
K sp [Ay ]x[Bx ]y  

CH 1 47



K sp

1

K sp

K sp K sp

3

1-34

CaF2(s)    Ca2 (aq) + 2F (aq) 

Q

Q [Ca2 ]t [F ]t
2

K sp [F ]t

Q K sp

common 

ion effect 1-23 CaF2

10 4 M F

CaF2 y
CaF2

25 

3

4

5

6

7

8

9

0 0.05
NaF (M)

0.10 0.15 0.20

CaF2

log
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K sp

K sp K sp

K sp

25 Ag2CrO4 Ksp 1.10 10 12

(1) s mol L Ksp s

 (A) Ksp s2 (B) Ksp 4s2 (C) Ksp s3 (D) Ksp 2s3 (E) Ksp 4s3

(2) Ksp s

 (A) (B) (C) (D) (E) 

(3) M

(4)  50 mL [Ag ] 2.00 10 4 M [CrO4
2 ] 2.00 10 3 M

  (1) Ag2CrO4(s)    2Ag (aq) + CrO4
2 (aq) s mol L

 
  Ksp [Ag ]2[CrO4

2 ] 2s 2  s  4s3 (E)
 (2) (B)(D)
 (3) Ksp 4s3 1.10 10 12 4s3 s 6.50  10 5 M

 (4) Qc [Ag ]t
2[CrO4

2 ]t (
2.00 10 4

2
)2(

2.00 10 3

2
) 1.00 10 11

   Qc Ksp Qc Ksp 

25 Ag2CrO4 6.50 10 5 M

2s s

  

Na NaCl  

Cl NaCl  

Na Cl

CH 1 49



X

BaSO4 X Ba2

Ba2

Na2SO4 Ba2

(1) 

(2)  0.10 M Na2SO4 BaSO4

M

 BaSO4 Ksp 1.1 10 10

  (1) BaSO4(s)    Ba2 (aq) +  SO4
2 (aq)

 
  Ksp [Ba2 ][SO4

2 ] s s s2

  1.1 10 10 s2 & s 1.0 10 5 M

 (2) BaSO4(s)    Ba2 (aq) SO4
2 (aq)

  Ksp [Ba2 ][SO4
2 ] s 0.10 s 0.10 s

  1.1 10 10 0.10 s & s 1.1 10 9 M

CaF2 Ksp 4.0 10 11

(1) 

 (A) (B) 0.010 M Ca(NO3)2  

(2) 0.010 0.025 0.050 0.10 0.20 M NaF CaF2  

 mol L 1-23

s s

s 0.10 + s

50 III



0.15 M

Ksp 2.3 10 9

  (1) x
  CaC2O4(s)    Ca2 (aq) C2O4

2 (aq)
 
  Ksp [Ca2 ] [C2O4

2 ]

  2.3  10 9 x2 & x  4.8 10 5 M

 (2) 0.15 M y
  CaCl2(aq)    Ca2 (aq) 2Cl (aq)

  CaC2O4(s)    Ca2 (aq) C2O4
2 (aq)

  
0.15 0

0.15 + y y

  Ksp [Ca2 ][C2O4
2 ] 2.3  10 9 0.15 y  y

  0.15 y  0.15 y 1.5  10 8 M

  3000
4.8 10 5

1.5 10 8
3000

 

1.8 10 10 1.2 10 12

(1) M

(2)  10 mL 10 mL 0.010 M

x x

0.15 0.30

CH 1 51



(Ca10(PO4)6(OH)2)

Ca10(PO4)6(OH)2(s) + 8H (aq)  10Ca2 (aq) + 6HPO4
2 (aq) + 2H2O(l)

Ca10(PO4)6(OH)2(s) + 2F (aq)    Ca10(PO4)6F2(s) + 2OH (aq)

Ca2 HPO4
2

Ca10(PO4)6F2 OH

F

52



  

  Ca10(PO4)6(OH)2  

Ca10(PO4)6(OH)2(s)  10Ca2 (aq) + 6PO4
3 (aq) + 2OH (aq) 

Ca10(PO4)6F2

  Ca10(PO4)6(OH)2 Ca10(PO4)6F2 Ksp 6.8 10 27 1.0 10 60 2

F OH

1 mg L 1 ppm

NaF Na2SiF6

0.1%

NaF Na2PO3F

SiF6
2 (aq) + 2H2O(l)  6F (aq) + 4H (aq)+ SiO2(s)
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KEY POINT

Kc Kp Ksp Ka Kb

Kp Kc RT �

Ksp

AxBy Ksp

Ksp [Ay ]x[Bx ]y
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KEY POINT

  

  

  

  aA + bB    gG + hH

Kc

[G]g[H]h

[A]a[B]b Kc

  

  

Kc Kp

Kp Kc RT �n

�n

  

  

  

  Qc Kc

Qc Kc

Qc Kc

Qc Kc

  

  

  

  

Ksp

 AxBy(s)    xAy (aq) + yBx (aq)

 Ksp [Ay ]x[Bx ]y
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Exercise

  A X  A(g) X(g)    AX(g)

A X 1

1 1 mol

   

 1

 AX A 4   

 [A] [X]    

 

  

  

  

    

 

 

  2SO2(g) + O2(g)    2SO3(g) 8
18O

8
18O  

 O2  O2 SO2  O2 SO3  SO2 SO3  O2 SO2 SO3

  ( ) ( )

 N2O4 NO NO2

  N2O4(g)    2NO2(g)  N2(g) + O2(g)    2NO(g)
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  N2(g) + 3H2(g)    2NH3(g)

 

 

 

 

 1 3 2

 3 1 2

  

 CO(g) + NO2(g)    CO2(g) + NO(g)

 2

 10 CO2 0.01 NO

 0.1 CO2 0.2 NO

 0.4 CO 0.6 NO2

 0.1 CO 0.2 NO2 0.3 NO

 0.3 CO2 0.5 CO

23500

  S8(s) +24F2(g) 8SF6(g)

 

 

 Kc=
[SF6]

8

[S8][F2]
24

 K'c=
[F2]

24

[SF6]
8

 S8
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  Kp Kc

 Kc
25
8

Kp

 Kc Kp 
1

RT

 Kc Kp 
1

RT
17   

 Kc Kp RT 16

 Kp Kc RT 17

   

 MgCO3(s)    MgO(s) + O2(g)   

 N2O4(g)    2NO2(g)

 CO2(g) + H2(g)    CO(g) + H2O(l)  

 H2O(l)    H2O(g)

 H2O2(aq)    H2O(l) + O2(g)

  Ag3PO4

 [Ag][PO4]

 [Ag ][PO4
3 ]

 [Ag ] 3 [PO4
3 ]

 [Ag ][PO4
3 ]3

 [Ag ] 3 [PO4
3 ]3
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  60 A B C

A B C

M
A B C

0 1.60 1.40 0.00

10 1.40 1.00 0.20

20 1.24 0.68 0.36

30 1.22 0.64 0.38

40 1.20 0.60 0.40

50 1.20 0.60 0.40

60 1.20 0.60 0.40

 2A(g) + 2B(g)    C(g)   Kc 0.93 

 Kp
PC

PAPB
2       Kp Kc RT 2 

 

  aA(s) + bB(g)    cC(g) + dD(g) + Kc Kp

 a b c d Kc Kp

  Kc Kp

 Kp Kc RT c d b

  Kc
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  1.0

1160 K

 C(s) + 

CO2(g)    2CO(g) 

CO2 CO

 CO2 CO  1 2

  CO2 CO  0.088

 CO 6.74 atm

 Kp 27.9

 0.0200 CO2 Kp

  PbF2 PbCrO4 Ksp 3.2 10 8 1.7 10 14

PbF2 PbF2

PbF2

 KCrO4(aq)  NaNO3(aq)  Pb(NO3)2(aq)  NaF(aq)  PbF2(s)

  AgCl 0.10 M AgNO3 1.6 10 9 M Ag(NH3)2 4.0 10 8 M

 AgCl Ksp  1.6 10 10

 AgCl 1.3 10 5

 Ag(NH3)2  
1

4.0 10 8  

 AgCl 1.0 M NH3(aq) 0.056 M 

  AgCl 1.0 M NH3(aq) AgCl

0.0
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00

2.0

5.00

6.26

7.09
7.75

8.37 8.37

4.0 6.0 8.0 10.0

(atm)
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25 10

1 mol 1 L

10st 20s 30s 40s 50s

A(g) + B(g) AB(g)

A

B

10st 20s 30s 40s 50s

X(g) + Y(g) XY(g)

X

Y

  

  

 AB 20 s  XY 20 s

 AB 30 s

  

 AB  XY 1

  [A] 3 M  AB Kp Kc RT

  [X] [Y]

  60 s

  XY 25 Kc
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CaCO3(s)

CaO(s) CO2(g)

  

  

  

  

  

 
  

CaCO3＝

CaO＝
CO2＝
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  0.6 5 mL isopropyl alcohol ipa 0.5 

M

  1 2 3 1 mL  

 

  1  

   2

  [CoCl4]
2 (ipa) [Co(H2O)6]

2 (ipa)

  

  

  

  
 1
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