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?  

 ?   

N2O4(g) ? 2 NO2(g)

2 CrO4
2 (aq) 2 H (aq) 

                                  ? Cr2O7
2 (aq) H2O(l)

2 p.6

 1.  

 

 

 

 2. 
  

CH.

1



III

 N2O4(g) ? 2 NO2(g)

 PCl5(g) ? PCl3(g) Cl2(g)

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

2 (aq) H2O(l) pH

 AgCl(s) ? Ag (aq) Cl (aq)

 

 

 

 N2O4(g) ? 2 NO2(g)

1 2

1

H2(g) I2(g) ? 2 HI(g)

 

 

  

   

 1.



1

  

 

 

 

 

  

2

N2O4(g) ? 2 NO2(g)

 

 NO2

  

    NO2  
 

 
 

 CO(g) NO2(g) ? CO2(g) NO(g)  

 

 

 

CO NO  

CO CO2

  

 2. 9.

 NO2

 CO NO  CO CO2



III

3

2 A(g) ? B(g) C(g) A P0

B C 0

PA PB PC  

      

    

  

    PA PB  PA PB

 PA PB

 A ? B 1 5.0 mol A

 

      

 

    

  

 6. 8. 10.
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 3. 
 

   

2 NO2(g) ? N2O4(g) 

PCl5(g) ? PCl3(g) Cl2(g) 

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

2 (aq) H2O(l)

 

   

CaCO3(s) ? CaO(s) CO2(g) 

H2O(l) ? H2O(g)

 4. 
 

 

 K
25 1 atm PCl5(g) ? PCl3(g) Cl2(g)

A B
C

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

0 1.0 1.0 1.0 0 0 0.5 0.5 0.5

0.29 0.29 0.29 0.71 0.71 0.71 0.21 0.21 0.21

0.29 0.71 0.71 0.29 0.71 0.71 0.29 0.71 0.71
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4

 

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

3

[NH3] M [N2] M [H2] M

0.3 0.1 0.3

0.25 0.15 0.45

0.1 0.2 0.6

0.4 0.1 0.1

0.34 0.08 0.24

  

    

[NH3] M [N2] M [H2] M

0.5 0 0

0.55 0 0

0.5 0 0

0.467 0.067 0

0.5 0 0

 

 2 AB3(g) ? A2(g) 3 B2(g) AB3

40 0.2 mol A2 0.6 mol B2

 

  A2 mol  

  AB3 A2 B2

   0.08  3 1 3

 5. 7.

 
2AB3  ?    A2    3B2 

   0.2    0.6 
   0.4     0    0 

40 0.16  0.08  0.24 
   0.24   0.08   0.24

AB3 A2 B2 0.24 0.08 0.24 3 1 3
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 1. 

 

 

 

 

 

 2. N2(g) 3 H2(g) ? 2 NH3(g)

 

 

 

1 3 2  

 

 3. A B C [A] 0.5 M [B] 0.6 M [C] 0 M

[A] 0.2 M [B] 0.4 M [C] 0.3 M

 

 2 A 4 B ? 3 C 

 5 A 6 B ? 3 C 

 3 A 2 B ? 3 C 

 A B ? C  

 2 A 3 B ? 3 C

 4. PCl5 PCl3 Cl2 1 mol PCl5(g) ? PCl3(g) Cl2(g)

 

 1  2  

 3  4  

 5

 1. 

 2. 

 3.  
[A] 0.2 0.5 0.3 
[B] 0.4 0.6 0.2 

[C] 0.3 0 0.3 
[A] [B] [C] 3 2 3 

3 A 2 B ? 3 C 

 4.  
PCl5 PCl3 Cl2

1
2
3
4
5

5



III

 5. 2 A(g) B(g) ? 3 C(g)

2 mol A 2 mol B A X M

A X M  

 2 mol C  

 1 mol A 1 mol B  

 1 mol B 1 mol C  

 2 mol A 1 mol B 3 mol C  

 1 mol A 1.5 mol B 1.5 mol C

 6. 10.0 H2(g) I2(g) 1.00 H2(g) I2(g) 
? 2 HI(g) R t  

 
   

 

  

 7. 2 HI(g) ? H2(g) I2(g)

M

[HI] [H2] [I2]

0.05 0.15 0.15

0 0.1 0.1

0.2 0 0

0.1 0.05 0.05

 5. 2 mol A 2 mol B
A V mL 
A(g) B(g) C(g)

4
3  2

3 0

1 1 0
2
3

4
3 0

4 2 0
2 2 0

 6. 

[HI]
H2(g) I2(g) 1.00

[H2]
[I2] [HI] 1 1 2

 7. [HI]
 0.35  0.2  0.2

 0.2



1

 8. X2 Y2 X2(g) 3 Y2(g) ? 2 XY3(g) 

X2 XY3

 
   

 

  

 9.  

 CaCO3(s) ? CaO(s) CO2(g)  

 N2O4(g) ? 2 NO2(g)  

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

2 (aq) H2O(l)  

 2 HI(g) ? H2(g) I2(g)  

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

10. CO(g) NO2(g) ? CO2(g) NO(g)

 

 1 mol CO 2 mol CO2 

 2 mol CO2 1 mol NO 

 1 mol CO 1 mol NO2 1 mol NO 

 3 mol CO 

 1 mol NO2 1 mol CO2 1 mol NO 

 8. 
X2 XY3 1 2

9. 

10. 

NO2

NO
NO2
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1 p.16

 1.  

 

a A(aq) b B(aq) ? c C(aq) d D(aq) a A(g) b B(g) ? c C(g) d D(g) 

Kc
[C]c[D]d

[A]a[B]b  

Kp
PC

c PD
d

PA
a PB

b

a A(aq) b B(aq) ? c C(aq) d D(aq) r [A]x[B]y x
y a b

1

 2 A(g) B(g) ? 2 C(g)

A 2 mol B 3 mol C 4 mol

Kc

  8
3

       2 A  B    ?  2 C 

2 2 M 3 2 M    4 2 M 

Kc
[C]2

[A]2[B]
 ( 2 )2

( 1 )2 ( 1.5 )
8
3

 N2O4(g) ? 2 NO2(g) Kp

P Kp P

  P2

Kp

 1.

Kp
PNO2

2

PN2O4
N2O4

P2

Kp
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 2. Kc Kp  

a A(g) b B(g) ? c C(g) d D(g)  

Kc
[C]c[D]d

[A]a[B]b Kp
PC

c PD
d

PA
a PB

b  

PV nRT P n
V RT CMRT  

PA [A]RT PB [B]RT PC [C]RT PD [D]RT  

Kp Kp
PC

c PD
d

PA
a PB

b
([C]RT)c ([D]RT)d

([A]RT)a ([B]RT)b    

   [C]c[D]d

[A]a[B]b RT c d a b [C]c[D]d

[A]a[B]b RT n  

Kp Kc RT n  

n c d a b

 3. Kc Kp

 Kc M n

 Kp atm n mmHg n

 n 0 Kp Kc

2

2 CO(g) O2(g) ? 2 CO2(g) Kc Kp  

 Kp RT Kc  Kp Kc RT  Kp

RT Kc  

 Kp Kc RT 2  Kc Kp RT 2

  

   Kp Kc RT n n 1 Kp Kc RT 1 Kc Kp RT

 Kc Kp  

 CaCO3(s) ? CaO(s) CO2(g)  H2(g) I2(g) ? 2 HI(g) 

 N2O4(g) ? 2 NO2(g)   PCl5(g) ? PCl3(g) Cl2(g) 

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

K c K p  2. 5.

Kp Kc RT n n 0 0 Kc Kp



III

2 p.17

1. 

Fe3 (aq) SCN (aq) ? FeSCN2 (aq) Kc
[FeSCN2 ]

[Fe3 ] [SCN ]

H2(g) I2(g) ? 2 HI(g) Kp
PHI

2

PH2 PI2

 2. 

CaCO3(s) ? CaO(s) CO2(g) Kp PCO2

BaSO4(s) ? Ba2 (aq) SO4
2 (aq) Kc [Ba2 ][SO4

2 ]

 3. 

CH3COOH(aq) H2O(l) ? CH3COO (aq) H3O (aq) Kc
[CH3COO ][H3O ]

[CH3COOH]

NH3(aq) H2O(l) ? NH4 (aq) OH (aq) Kc
[NH4 ][OH ]

[NH3]

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

2 (aq) H2O(l) Kc
[Cr2O7

2 ]
[H ]2[CrO4

2 ]2

 4. 

CH3COOH(l) C2H5OH(l) ? CH3COOC2H5(l) H2O(l) Kc
[CH3COOC2H5][H2O]
[CH3COOH][C2H5OH]

(g) (aq)
(l)

3

  Cu(NH3)4
2 (aq) ? Cu2 (aq) 4 NH3(aq)   

  Cu(s) 2 Ag (aq) ? Cu2 (aq) 2 Ag(s)

  PbI2(s) ? Pb2 (aq) 2 I (aq)

  2 CO(g) O2(g) ? 2 CO2(g)

   [Cu2 ][NH3]
4

[Cu(NH3)4
2 ]  [Cu2 ]

[Ag ]2 [Pb2 ][I ]2  [CO2]
2

[CO]2[O2]

 4.



1

  

  PCl5(g) ? PCl3(g) Cl2(g)   Mg(OH)2(s) ? Mg2 (aq) 2 OH (aq)

   
[PCl3][Cl2]

[PCl5]
[Mg2 ][OH ]2

3 p.23

K

1
Kc

a A(aq) b B(aq) ? c C(aq) d D(aq) Kc
[C]c[D]d

[A]a[B]b

c C(aq) d D(aq) ? a A(aq) b B(aq) Kc'
[A]a[B]b

[C]c[D]d
1
Kc

n
Kc

n
a A(aq) b B(aq) ? c C(aq) d D(aq) Kc

[C]c[D]d

[A]a[B]b

na A(aq) nb B(aq) ? nc C(aq) nd D(aq) Kc'
[C]cn[D]dn

[A]an[B]bn Kc
n

Kc

a A(aq) b B(aq) ? c C(aq) d D(aq) Kc1
[C]c[D]d

[A]a[B]b

c C(aq) d D(aq) ? e E(aq) f F(aq) Kc2
[E]e[F]f

[C]c[D]d 

a A(aq) b B(aq) ? c C(aq) d D(aq)

c C(aq) d D(aq) ? e E(aq) f F(aq)

a A(aq) b B(aq) ? e E(aq) f F(aq)

Kc3
[E]e[F]f

[A]a[B]b 
[C]c[D]d

[A]a[B]b
[E]e[F]f

[C]c[D]d Kc1 Kc2

H Kc

H H' Kc Kc'

H 1
Kc

n n H Kc
n

H1 H2 Kc1 Kc2

H1 H2

Kc1

Kc2

n  
 K n
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4

 H2S(aq) ? HS (aq) H (aq) K1

 HS (aq) ? S2 (aq) H (aq) K2

 H2O(l) ? H (aq) OH (aq) K3

S2 (aq) H2O(l) ? OH (aq) HS (aq)  

 K3

K1
 K1K2

K3
 K3

K2
 K1 K2  K2 K3

  

   K3

K2

  

 AgCl(s) ? Ag (aq) Cl (aq) Kc 1.0 10 10 

 Ag(NH3)2 (aq) ? Ag (aq) 2 NH3(aq) Kc 1.0 10 8 

AgCl(s) 2 NH3(aq) ? Ag(NH3)2 (aq) Cl (aq) Kc

 

 1.0 10 6  1.0 10 2  1  1.0 102  1.0 106

  

4 p.25

 1. 
 Ag (aq) 2 NH3(aq) ? Ag(NH3)2 (aq) K 1.0 108

 2. 

 AgI(s) ? Ag (aq) I (aq) K 8.3 10 17

 3. 

 4. 
  25 2 H2(g) O2(g) ? 2 H2O(g) Kp 5 1042 H2(g) O2(g)

 9. 12.

 1.0 10 2



1

5

Zn Mg Fe Cu2

 

Zn(s) Cu2 (aq) ?  Cu(s) Zn2 (aq) Kc 2 1087 

Mg(s) Cu2 (aq) ? Cu(s) Mg2 (aq) Kc 6 1090 

Fe(s) Cu2 (aq) ? Cu(s) Fe2 (aq)  Kc 3 1026  

 Zn Mg Fe  Fe Zn Mg  Mg Zn Fe  

 Mg Fe Zn  Zn Fe Mg

  

   Kc Kc  Mg Zn Fe

 K  

 

 

k  

 

  

5 p.27

 1.  

Q a A(aq) b B(aq) ? c C(aq) d D(aq)

Qc
[C]c[D]d

[A]a[B]b QP
PC

c PD
d

PA
a PB

b [ ]

PX

 2. 

Qc Kc

Qc Kc

Qc Kc



III

6

2 CO(g) O2(g) ? 2 CO2(g) Kc 10 2

3 mol CO(g) 2 mol O2(g) 1 mol CO2(g)

  1
9

   Qc
[CO2]

2

[CO]2[O2]
(1 2)2

(3 2)2(2 2)
1
9 Kc

 500 K A(g) 3 B(g) ? 2 C(g) Kc 1.00 102 0.15 mol A

0.4 mol B 1.6 mol C 2.0 L

 

 Q 3.6 101  Q 5.3 101  

 Q 2.5 102  Q 1.06 103  

 Q 2.5 102

  

6 p.18

 1.  

a A(aq) b B(aq) ? c C(aq) d D(aq)

k1 k 1 r1 k1[A]a[B]b

r 1 k 1[C]c[D]d r1  

r 1
k1

k 1

[C]c[D]d

[A]a[B]b Kc

 2.  

 
 

 11.

Q (1.6 2 )2

( 0.15 2 ) ( 0.4 2 )3 1066 K  



1

7 p.25

 1. 
 
 
 

 Kc M Kp mmHg
atm

 500 Kc 0.01
500 1.2 mol

 2 HCl(g)  ? H2(g)     Cl2(g)

 1.2 M 0    0

 2x x  x

 1.2 2x    x   x

 Kc
[H2][Cl2]
[HCl]2

x2

1.2 2x 2 0.01

  x
1.2 2x 0.1

 x 0.1 [HCl] 1 M [H2] [Cl2] 0.1 M

7

X(aq) 2 Y(aq) ? 3 Z(aq)

  0.8 M X 1 M Y 0.6 M Z

Kc

  1.5 M Y 0.9 M Z X  

 0.3 M  0.6 M  0.9 M  1.2 M  1.5 M

  1

   P.175

 COCl2 CO Cl2 COCl2(g) ? CO(g) Cl2(g)  

4 mol L

x mol L

16 mol L y mol L x y  

 4  2  1  0.5  0.25
  

 6. 7. 8. 16.

CO Cl2 COCl2

[CO] [Cl2]

CO x  
   COCl2(g) ? CO(g) Cl2(g)  

   4 M  x M  x M 
 16 M  y M  y M 

Kc
[CO][Cl2]
[COCl2]

x2

4
y2

16 2x y



III

 2. K  

K 104 K 10 4

 

 Cu2 (aq) 4 NH3(aq) ? Cu(NH3)4
2 (aq) Kc 1 1014

0.2 M 1.2 M

[Cu2 ]  

Cu2 (aq) 4 NH3(aq) ? Cu(NH3)4
2 (aq) KC 1 1014 

     0.1                 0.6                  0 

  x              4x              x 

0.1 x      0.6 4x           x 

Kc 1 1014 [Cu(NH3)4
2 ]

[Cu2 ][NH3]
4

x
0.1 x 0.6 4x 2  

Cu2 NH3

  K M  

  Cu2 (aq) 4 NH3(aq) ? Cu(NH3)4
2 (aq) Kc 1 1014 

 0.1  0.6  0 

0.1  0.4 0.1  

 0         0.2      0.1

 Cu2 0

M  

Cu2 (aq) 4 NH3(aq) ? Cu(NH3)4
2 (aq) Kc 1 1014 

     0                    0.2                    0.1 

x               4x                    x 

     x              0.2 4x             0.1 x 

    x                 0.2                  0.1     
& x 0.2 4x  

0.2 0.1 x 0.1  

Kc 1 1014 [Cu(NH3)4
2 ]

[Cu2 ][NH3]
4

0.1
x 0.2 4 x [Cu2 ] 6.25 10 13

 

K K 104

 

K K 10 4

 

 



1

8

Ag (aq) 2 CN (aq) ? Ag(CN)2 (aq) Kc 1.0 1021 100  

0.2 M AgNO3 100 1.0 M NaCN [Ag ]  

 1.1 10 21  3.2 10 22  2.1 10 22  3.7 10 23  5.8 10 23

 

   [Ag ] 0.1 M [CN ] 0.5 M 

Ag (aq) 2 CN (aq)  ? Ag(CN)2 (aq) Kc 1.0 1021 

0.1 0.1 M  0.5 0.2 M  0.1 M 

          0 M                       0.3 M      0.1 M 

     x M                   2x M          x M 

          x M                 0.3 2x M        0.1 x M 

Kc 1.0 1021 ( 0.1 x )
x ( 0.3 2x )2 x Kc 1.0 1021

( 0.1 )
x ( 0.3 )2 x 1.1 10 21 M

 HCN(aq) ? H (aq) CN (aq) Kc 1.0 10 10 0.01 M

HCN CN M
  1.0 10 6 M

 3. 
 

 

 CaCO3(s) ? CaO(s) CO2(g) Kp PCO2

 CaCO3 CO2 PCO2

Kp CaO PCO2 Kp CaCO3

PCO2 Kp

 

 Kc Kp

 

 CO2 CO2

CO2 Kp CO2

PV nRT CO2

K  14. 17. 18.

   HCN(aq)  ?  H (aq) CN (aq) Kc 1.0 10 10 
 0.01 M  0 M   0 M 

    x M x M  x M 
0.01  x M  x M   x M 

Kc 1.0 10 10 x2

( 0.01 x ) x  

Kc 1.0 10 10 x2

0.01 x 1.0 10 6 M
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CaCO3(s) CaO(s) CO2(g)

CaCO3(s) ? CaO(s) CO2(g) 800 Kp 0.25 atm

  1 mol 10 800 

  1.1 atm

  0.1 mol CaO

CaCO3 CO2

  0.01 mol 10 800 

   0.25 atm  1.35 atm  0.088 atm

   PV nRT 0.25 10 n 0.082  

800 273 n 0.0284 mol 1 mol  

CaCO3 0.0284 mol CO2  

CO2 0.25 atm  

Kp PCO2 0.25 atm  

Kp PCO2 0.25 atm PAr 1.1 atm 1.1 0.25 1.35 atm  

Kp PCO2 0.25 atm CaO  

PV nRT P 10 0.01 0.082 800 273 P 0.088 atm  

0.25 atm

  

NH4Cl(s) ? HCl(g) NH3(g) Kp 0.01 atm2  

2 L

 

  atm  

  1 L atm
   0.2 atm  0.2 atm

 3. 10. 15. 20.

CaCO3(s) 
? CaO(s) CO2(g)

CO2 Kp

  Kp PNH3 PHCl 0.01 NH4Cl(s) ? HCl(g) NH3(g) 
NH3 HCl PNH3 PHCl 0.1 atm

0.2 atm
  

0.2 atm



1

1-2

 1. 1200 K Kc 4.00 CO(g) 3 H2(g) ? CH4(g)

H2O(g) CO(g) H2(g) H2O(g) 0.20 M 0.10 M 0.020 

M CH4 M  

 0.20  0.10  0.040  0.020  0.010

 2. A2(g) 3 B2(g) ? 2 AB3(g) 727 Kp

Kc  

 Kc Kp  Kc
1
Kp

 Kc 1000 R Kp  

 Kc 1000 R 2Kp  Kp Kc 1000R

 3. CaCO3(s) ? CaO(s) CO2(g) 1000 K 190 mmHg 10

10.0 1000 K

CaCO3 100  

 70  50  30  

 10  5 

 4. Kc  

 CaCO3(s) ? CaO(s) CO2(g) Kc
[CaO][CO2]

[CaCO3]
 

 N2(g) 3 H2(g) ? 2 NH3(g) Kc
[NH3]

2

[N2][H2]
3  

 Pb(s) Cu2 (aq) ? Pb2 (aq) Cu(s) Kc
[Pb2 ][Cu]
[Pb][Cu2 ]  

 MgF2(s) ? Mg2 (aq) 2 F (aq) Kc [Mg2 ][F ]

 5. Kc Kp  

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

 N2O4(g) ? 2 NO2(g)   C(s) H2O(g) ? CO(g) H2(g) 

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

 1. Kc
[CH4][H2O]
[CO][H2]

3 4.00 [CH4] ( 0.02 ) 
( 0.20 )( 0.10 )3   [CH4] 0.040 M

 2. Kp Kc ( RT ) n n n 2 4 2 Kp Kc ( RT ) 2

Kc Kp ( RT )2 T 727 273 1000   Kc Kp ( 1000 R )2

 3. P PCO2 190 mmHg 0.25 atm 
 

190
760 10  nCO2 0.082 1000  

nCO2 0.03 mol WCaCO3 0.03 100 3 g

 4.  Kc [CO2]  

 Kc
[Pb2 ]
[Cu2 ]  

 Kc [Mg2 ] [F ]2  

 5. n 0 Kp Kc



III

 6. 1 X2(g) 1 Y2(g) 10

0.5 X2Y(g) 2 X2(g) Y2(g) ? 2 X2Y(g) 

Kc  

 3
4   4

3  40
3  

 80
3  2

 7. X(aq) 2 Y(aq) ? Z(aq) 2.5 M X 2 M Y

0.5 M Z 1 M X 0.8 M Z

Y  

 4 M  6 M  

 12 M  18 M  

 24 M 

 8. A(aq) B(aq) ? C(aq) 2 D(s) 2 A B

nA 1.2 mol nB 3.6 mol nD 0.8 mol

Kc  

 5
16  1

4  1
20  

 1
10  5

32   

 9.  

 Ag2CO3(s) ? 2 Ag (aq) CO3
2 (aq) Kc a 

 [Ag(NH3)2] (aq) ? Ag (aq) 2 NH3(aq) Kc b 

Ag2CO3(s) 4 NH3(aq) ? 2 [Ag(NH3)2] (aq) CO3
2 (aq) Kc  

 ab2  a b  a b2  b a2  b2 a 

10. 800 CaCO3(s) ? CaO(s) CO2(g) Kp 190 mmHg 8.8

800 190 mmHg

Ca 40.0 0.082 1073 88  

 1 CaCO3 0.44 CO2  4.4 CO2 5.6 CaO  

 4.4 CO2 0.56 CaO   3 CaCO3  

 3 CaCO3 5.6 CaO 

 6.           2 X2(g)           Y2(g)  ? 2 X2Y(g) 

     1
10            1

10    0 

1
10

0.5
10

1
10

0.5
20   0.5

10   

Kc
( 0.05 )2

( 0.05 )2 ( 0.075 )
40
3

 7. Kc
[Z]

[X][Y]2
0.5

2 12
1
4  

  X      2Y ?  Z  
  1          a  0 

      0.8       1.6   0.8  
       0.2 a    1.6   0.8 

Kc
1
4

0.8
0.2 a 1.6 2   

a 1.6 2 16 a 1.6 4 
 a 5.6 M

 8.    A(aq) B(aq) ? C(aq) 2 D(s) 
     1.2    3.6  0     0 

0.4   0.4  0.4  0.8 
 0.8    3.2   0.4       0.8 

Kc
[C]

[A][B]

0.4
2

0.8
2

3.2
2

5
16 2 2  

 9. 2   Kc a b2

10. Kp PCO2 190 mmHg PV nRT  190
760 8.8 n 0.082 1073 n 0.025 mol

0.025 mol P 190 mmHg

nCO2  1
100

0.44
44 0.02 0.1 mol CaO CO2

nCO2 0.025 
mol PCO2 190 
mmHg 0.01 mol

CaO 0.1 mol

CO2 nCO2 0.09 mol
 3 CaCO3 mol 0.03 0.025 nCO2

0.025 mol PCO2 190 mmHg  3 CaCO3 mol
0.03 0.025 nCO2 0.025 mol PCO2

190 mmHg CaO



1

11. 600 10 2 SO2(g) O2(g) ? 2 SO3(g) Kc

625  

 4 mol SO3  

 2 mol SO2 2 mol O2 2 mol SO3  

 2 mol SO2 0.01 mol O2 3 mol SO3  

 0.01 mol SO2 1 mol O2 0.1 mol SO3  

 2 mol SO2 3 mol O2 

12.  A2(g) 2 B2(g) ? A2B4(g) H1 K1  

 1
2 A2(g) B2(g) ? AB2(g) H2 K2

AB2(g) ? 1
2 A2B4(g) H K  

 K K1

1
2 K2 H H1 2 H2  

 K K1

1
2

K2
 H 1

2 H1 H2  

 K K2
2

K1
    

13. A B C 27 

 

A B C

mol L 0.1 0.2 0

mol L 0.05 0.05 0.1

 

 

A C  

4.92  

B A  

C 1
3  

A Kp  

11. Q [SO3]
2

[SO2]
2[O2]

   

Q K  

 Q ( 2 10 )2

( 2 10 )2 ( 2 10 ) K  

 Q ( 3 10 )2

( 2 10 )2 ( 0.01 10 ) K  

 Q ( 0.1 10 )2

( 0.01 10 )2 ( 1 10 ) K  

 Q 0 K

12. AB2 ? 1
2 A2 B2 H2

1
K2

  

1
2 A2 B2 ? 1

2 A2B4
1
2 H1 K1

1
2   

AB2 ? 1
2 A2B4 H 1

2 H1 H2 K  K1

1
2

K2

13. 
0.05 0.15 0.1 1 3 2  

A 3 B ? 2 C  

 A C 1
2  

0.05 0.05 0.1
0.2 M P CM R T

0.2 0.082 300 4.92 atm  
 A 0.05 M B 0.05 M A

B  

 C 0.1
0.05 0.05 0.1

1
2  

Kp



III

14. CO(g) Cl2(g) ? COCl2(g) 25 Kc 5 109 10

1 mol CO 2 mol Cl2 CO

2 10 10 M

15. 727 CaCO3(s) ? CaO(s) CO2(g) Kc 6 10 3 0.100 mol CaCO3

10 727 

  Kp atm

  CO2

  CaCO3

 0.492 atm  6 10 2 mol  0.04 mol

16. CH3COOH 60 C2H5OH 46

CH3COOC2H5 58.7 12

  

  

  

  CH3COOH(l) C2H5OH(l)  CH3COOC2H5(l) H2O(l)  
 66.7  4

17. 25 2 Cl(g) ? Cl2(g) Kc 1 1038 [Cl] 1 M Cl2

 

 0.1 M  0.5 M  

 1 M     10 38 M

14.              CO(g)                Cl2(g)        ?   COCl2(g) Kc 5 109 
0.1 0.1 M 0.2 0.1 M   0.1 M 

            0 M              0.1 M         0.1 M 
       x M            x M     x M 

            x M          0.1 x M    0.1 x M 

Kc
( 0.1 x )

x ( 0.1 x ) x 0.1 x 0.1 M 0.1 x 0.1 M 

x 1
5 109 2 10 10 [CO] 2 10 10 M

15.  Kp Kc RT n 6 10 3 0.082 1000 1 0.492 atm 
 Kc [CO2] 6 10 3 M 6 10 3 M 10 L 6 10 2 mol  

CaCO3(s) ?   CaO(s)   CO2(g) 
     0.1 mol   

0.06 mol    0.06 mol 0.06 mol 
 0.04 mol     0.06 mol      0.06 mol

16. 60
60 1 mol 46

46 1 mol 

12
18

2
3

 mol

2
3
1

100 66.7  

 Kc
[CH3COOC2H5][H2O]
[CH3COOH][C2H5OH]

( 2
3  ) ( 2

3  )

( 1
3  ) ( 1

3  )
4

17.     2 Cl(g)    ?      Cl2(g)    Kc 1 1038 
1 1 M 0.5 M  

        0 M          0.5 M  
 2x M        x M  
      2x M     0.5 x M  

Kc
( 0.5 x )

4x2 x 0.5 x 0.5 [Cl2]  0.5 M  



1

18. Pu4 F [PuF]3  ? Pu4 F K 1.6 10 7  

1.0 10 3 M Pu4 F 0.10 M Pu4

M  

 1.6 10 3  1.6 10 7  1.6 10 6  1.6 10 4  1.6 10 9

19. 27 24.6 N2O4 NO2 2.0 atm x

N2O4 NO2  

27 N2O4(g) ?  2 NO2(g) Kp 1.0  

 x    1.0  1.0 x    0.70  0.70 x    0.40  0.40 x

20. 164 500 K

NH4Cl(s) ? NH3(g) HCl(g) 0.060

0.10

 

 0.15    0.14  

 0.090  0.065  

 0.033 

21 1.32 g CO2 0.24 g 727 1.64

18 727 CO2(g) C(s) ? 2 CO(g)

Kp

Kp 1

18. K [Pu4 ] 1 10 3 M [PuF3 ]
[F ] 0.1 M [PuF3 ] ? Pu4 F K 1.6  

10 7 Kc
[Pu4 ][F ]

[PuF3 ]
[Pu4 ] ( 0.1 )
( 1.0 10 3 ) 1.6 10 7 [Pu4 ] 1.6 10 9

19. PV nRT 2 24.6 n 0.082 300  n 2 mol N2O4 x mol NO2 2 x mol

Kc
[( 2 x ) 24.6]2

[x 24.6] Kp RT 1
24.6 x2 5x 4 0 x 1

20. Kp PNH3 PHCl
0.06

2
0.06

2 9 10 4 

PNH3

0.1 0.082 500
164 0.025 

 NH4Cl(s) ?       NH3(g)    HCl(g) 
 0.03 0.025  0.03  

 x           x   
   0.055 x        0.03 x 

0.055 x 0.03 x 9 10 4 x 0.01  
Pt 0.045 0.02 0.065

21. nCO2

1.32
44 0.03 nC

0.24
12 0.02 CO2 CO

18 2 36 CO2 x CO
1 x 44x 28 1 x 36 x 0.5

CO2 0.03 mol  
CO2(g) C(s)  ? 2 CO(g) 

0.03  x mol   2x mol 
x 0.01 mol CO CO2 0.02 mol 0.04 mol 

727 P P 1.64 0.04 0.082 1000  P  

2 atm PCO PCO2 1 atm Kp
PCO

2

PCO2
1 atm
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1 p.27

 1.  

a A(aq) b B(aq) ? c C(aq) d D(aq) a A(g) bB(g) ? c C(g) d D(g) 

Kc
[C]c[D]d

[A]a[B]b Kp
PC

c PD
d

PA
a PB

b  

Qc
[C]c[D]d

[A]a[B]b Qp
PC

c PD
d

PA
a PB

b [ ]

PX
x

Qc Kc

Qc  Kc

 r r Qc Kc

 r r Qc Kc

 2. 
 Q K

Qc  Kc

 Qc Kc
k1

k 1

Qc  Kc

2 p.30

H. L. Le Châtelier, 1850 1936 1884

 1.  

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

2 (aq) H2O(l) K2CrO4

CrO4
2

 2. Qc

 Qc Kc

 Qc Kc

 Qc Kc



1

3 p.33

 1. 
 

 

 

 AgCl(s) ? Ag (aq) Cl (aq) AgCl(s)

 

 Fe3 (aq) SCN (aq) ? FeSCN2 (aq)

 

  Cu(s) 2 Ag (aq) ? Cu2 (aq) 2 Ag(s) NaCl [Ag ]

 2. 
 Fe3 (aq) SCN (aq) ? FeSCN2 (aq)

FeCl3 Fe3 SCN FeSCN2

a b c 1 1 1

Qc Qc
[FeSCN2 ]

[Fe3 ][SCN ]

[Fe3 ]

  

  

r r Qc Kc

*

Kc
[FeSCN2 ]

[Fe3 ][SCN ] [FeSCN2 ] [SCN ] Kc

[Fe3 ] K



III

NaOH Fe3 SCN FeSCN2

a b c 1 1 1

*

Qc Qc
[FeSCN2 ]

[Fe3 ][SCN ]

[Fe3 ]

  

  

r r Qc Kc

*

Fe3 (aq) 3 OH (aq)  Fe(OH)3(s)

 K [FeSCN2 ]
[Fe3 ][SCN ] [FeSCN2 ] [SCN ] K

[Fe3 ] K

1

Fe3 (aq) SCN (aq) ? FeSCN2 (aq)

 

[Fe3 ] [FeSCN2 ]  

 Fe3

  

   P.175

 Fe3 (aq) SCN (aq) ? FeSCN2 (aq) FeCl3(aq)

 

[FeSCN2 ]  

[SCN ] [Fe3 ]
  

 8.

Fe3 [Fe3 ] [SCN ] [FeSCN2 ]
Q



1

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

BaCrO4 Ba2 CrO4
2

Qc Qc [Ba2 ][CrO4
2 ]

  

 

r r Qc Kc

* *

HCl BaCrO4 Ba2 CrO4
2

a b 1 1

*

Qc Qc [Ba2 ][CrO4
2 ]

 

  

 

r r Qc Kc

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

2 (aq) H2O(l)
Cr2O7

2 (aq) 2 OH (aq) ? 2 CrO4
2 (aq) H2O(l)

K [Ba2 ][CrO4
2 ] [Ba2 ] [CrO4

2 ]



III

2

AgCl(s) ? Ag (aq) Cl (aq) NaCl(s)

 

[Ag ]  

[Cl ] K

  

   Ag Cl [Ag ]

K [Ag ][Cl ] K [Ag ] [Cl ]

 Mg(OH)2(s) ? Mg2 (aq) 2 OH (aq)

 

 NaOH(s)  HCl(aq)  Mg(OH)2(s)  FeCl3(s) 
  

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

2 (aq) H2O(l)

 

K2Cr2O7(s) HCl(g) NaOH(s) Pb(NO3)2(s)
  

4 p.35

 1. 
 

 

 

 2 HI(g) ? H2(g) I2(g)

 

 

 15. 19.

OH  Mg(OH)2 K
Fe3 OH

NaOH
H Pb2 CrO4

2



1

 2.  

N2O4(g) ? 2 NO2(g)

N2O4 NO2

a b 1 2

Qc Qc
PNO2

2

PN2O4

  

 

r r Qc Kc

*

N2O4 NO2

a b 1 2

Qc Qc
PNO2

2

PN2O4

  

 

r r Qc Kc

*

NO2 Kc N2O4 NO2

Kc

NO2 K N2O4

NO2 Kc



III

  

N2 He

3

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

 

 

 

NH3  

 

  

    

NH3  

 

PN2
 

PN2
 

 2 HCl(g) ? H2(g) Cl2(g)  

 

NH3(g)  

 

 

  

 1. 3.

HCl  NH3 HCl



1

 C1

C2 C2 C1 1 C2 C1 2  

 H2O(l) ?  H2O(g) 

 H2(g) I2(g) ?  2 HI(g) 

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

 PCl5(g) ?  PCl3(g) Cl2(g) 

 CaCO3(s) ? CaO(s)   CO2(g)
  

5 p.39

 1.  

k k

Kc
k
k

k

k

Kc
k
k

Q __ Kc

 2. 
 

 

K [H2O] C2 C1 1  
C2 C1 2  

H2 

1 C2 C1 2  
PCl3 

1 C2 C1 2  
K [CO2] C2 C1 1  



III

N2O4(g) ? 2 NO2(g) H 0

N2O4 NO2

M)

PN2O4

PNO2

a b 1 2
Kc

Kc
k
k

 
r 

r r

r ' r ' 

r 

Qc

Qc Kc

Qc Kc

N2O4 NO2

M)

PN2O4

PNO2

a b 1 2
Kc

Kc
k
k

 
r 

r r

r ' r ' 

r 

Qc

Qc Kc

Qc Kc



1

4

a A(g) ? b B(g)

 

a b a b a b

a b a b

  

   r r r r

r r

r r

 a A(g) b B(g) ? c C(g) d D(g) C 200 

300 C  

 a b c d H 0  a b c d H 0  

 a b c d H 0  a b c d H 0
  

6 p.42

 1. 
 K
 

 2.  

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

r r

r ' r ' 

Fe

 4. 6. 9. 10.

C 200 H
0 C a b c d

PN2

PH2

PNH3



III

7 p.43

 1. N2(g) 3 H2(g) ? 2 NH3(g) H 92 kJ

 2. 

200  600 atm

400 

Fe

K2O Al2O3 Fe2O3

 

5

N2(g) 3 H2(g) ? 2 NH3(g) H 92 kJ Fe2O3

500  

NH3

NH3

He NH3

  

   

He

 3 H2(g) N2(g) ? 2 NH3(g) 92 kJ

 

 NH3  N2

  

 2. 16. 17.

 
 NH3  



1

6

 

 I3 (aq) ? I (aq) I2(aq)

 CaCO3(s) ? CaO(s) CO2(g) CaO

 Ag (aq) Cl (aq) ? AgCl(s) AgNO3

 [Fe(SCN)]2 (aq) ? Fe3 (aq) SCN (aq) NaOH

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

  

   I2 CaO Kc

OH Fe3

 

CaCO3(s) ? CaO(s) CO2(g) CO2(g)

H2(g) Br2(g) ? 2 HBr(g) [H2]

HF(aq) ? H (aq) F (aq) [F ]

PbI2(s) ? Pb2 (aq) 2 I (aq)
Pb(NO3)2(s)

[I ]

H2O(l) ? H2O(g) [H2O(g)]

  

 7. 12. 13. 14.

CO2 CO2(g) [CO2(g)]  
[H2]

[F ] Pb(NO3)2(s) [Pb2 ] [I ]



III

1-3

 1.  

 CaO(s) CO2(g) ? CaCO3(s)  NH4Cl(s) ? NH3(g) HCl(g)  

 2 O3(g) ? 3 O2(g)   Fe(s) H2O(g) ? FeO(s) H2(g)  

 2 NOBr(g) ? 2 NO(g) Br2(g)

 2. N2(g) 3 H2(g) ? 2 NH3(g)  

 

 

 

He(g)  

He(g) 

 3. CaCO3(s) ? CaO(s) CO2(g) CaCO3(s) CaO(s)

CO2(g) P V t0
1
2 V

1
2 V  

    

  

 4. m X(g) ? n Y(s) p Z(g) Z

 

p m p m  

p m p m  

 1. 1  0 0  2 2  3
1  1 2  3

 2.  [NH3] 
 [N2]  [H2] 

 3. Kp Kp PCO2

 4. Z m p 
Z H 0



1

 5. A(g) ? B(g) C(g) k1 k2

200 kJ mol 100 kJ mol k1 k1'

k2 k2'  

 k1' k1 k2' k2  k1' k1 k2' k2  k1

k2

k1'
k2'

 

 k1'
k2'

 k1

k2
  k1'k2 k1k2'

 6. r1 r'1 r2 r'2
 

  

 N2(g) 3 H2(g) ? 2 NH3(g) 92 kJ  

 2 C(s) 3 H2(g) ? C2H6(g) H 80 kJ  

 H2(g) I2(g) ? 2 HI(g) H 26 kJ  

 N2(g) 2 O2(g) ? N2O4(g) H 75.7 kJ  

 N2O4(g) ? N2(g) 2 O2(g) 75.7 kJ

 7. C1 mol L

C2 mol L C2

C1
2  

 H2O(l) ? H2O(g)  

 H2(g) I2(g) ? 2 HI(g)  

 N2O4(g) ? 2 NO2(g)  

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

 CaCO3(s) ? CaO(s) CO2(g) CaO

 8. 2 CrO4
2 (aq) 2 H (aq) ? Cr2O7

2 (aq) H2O(l)

 

HCl  

NaOH  

CrO4
2

 5. H 200 100 100 
kJ mol 0

k1' k1 k2' k2

k1'
k2'

 k1

k2

 6. 
r' r'

 

r' r'
 

 7.  

H2O(g) [H2O(g)]   C2

C1
1  

 C2

C1
2  

1 C2

C1
2  

 
 

C2

C1
2 PCO2

C2

C1
1

 8.  Ba2 CrO4
2 Ba2 CrO4

2   BaCrO4 
[CrO4

2 ] OH H [H ] 



III

 9. 2 NH3(g) ? 3 H2(g) N2(g)

 

t1 t2

H2 NH3

H2

He(g)

NH3

N2 NH3

10. 2 SO2(g) O2(g) ? 2 SO3(g) 180 kJ SO2

 
 100

200
300

SO2

P

 300
200
100

SO2

P

 
300
200
100

SO2

P

 

 SO2

P
300
200
100

 SO2

P

300
200
100

 

11. H2(g) I2(g) ? 2 HI(g) 42 kJ  

a b  

 

H2  

 

12. N2O4(g) ? 2 NO2(g)  

  NO2(g)  

Ar  

NH3

N2

H2

t1 t2

 9. t1 [H2] [NH3] [N2]
[H2] [N2] [NH3]

t1

H2 t2 [NH3]
[H2] [N2]
NH3

10. SO2  
SO2

11.  
H2

12. N2O4 ? 2 NO2

[NO2]
 [NO2] [NO2]

[NO2] 
[NO2]

 



1

13. 

 

 NH4Cl(s) ? NH3(g) HCl(g)  

 PCl5(g) ? PCl3(g) Cl2(g) Cl2   

 CaCO3(s) ? CaO(s) CO2(g)  

 HF(aq) ? H (aq) F (aq)  

 N2(g) 3 H2(g) ? 2 NH3(g) Ne  

14.  

 

300 K 600 K

Kp Kc  

 PCl5(g) ? PCl3(g) Cl2(g)  

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

 2 HI(g) ? H2(g) I2(g) 

 CaCO3(s) ? CaO(s) CO2(g)  

 C2H4(g) H2(g) ? C2H6(g) 

15. BaCrO4(s) ? Ba2 (aq) CrO4
2 (aq)  

NaOH(s) BaCrO4(s)  

HCl(g) BaCrO4(s)  

K2CrO4(s) [Ba2 ]  

BaCrO4(s)  

Na2SO4(s)  

16. N2(g) 3 H2(g) ? 2 NH3(g) 22 kcal

 

 

 

He(g) 

 

HCl(g) 

 

 

 

 

 

13.  NH4Cl(s)

 Kc [CO2]

Ne

14. 

 
300 K  600 K 

Kp Kc RT n  Kp

Kc
RT n ? T n 

2 600
300

n 

n 1
1  

15. H 2 CrO4
2 (aq)  

2 H (aq) ? Cr2O7
2 (aq) H2O(l)

BaCrO4

CrO4
2 Cr2O7

2 CrO4
2

BaCrO4

K2CrO4(s) CrO4
2

Na2SO4

SO4
2 Ba2 Ba2

16. 

He
 HCl NH3 NH3



III

17. N2(g) 3 H2(g) ? 2 NH3(g) 92 kJ

K

N2 H2 NH3 [N2] [H2] [NH3] Kc

N2

H2

Ar

HCl

18. SO2Cl2 173 

100 0.03 SO2Cl2 2.0 1.0

KP 3.0  

 

Kc 0.082  

SO2Cl2 0.003 M  

SO2Cl2  

SO2 Cl2  
18. SO2Cl2(g)  SO2(g) Cl2(g)  

SO2  
 Kp Kc RT n n 1 Kp Kc RT  3 Kc 0.082 446 Kc 0.082  

 [SO2Cl2]
0.03
100 3 10 4 M  

 Q [SO2][Cl2]
[SO2Cl2]

( 0.02 ) ( 0.01 )
0.0003

2
3 Kc  



1

19. PbI2(s) Ksp 7.1 10 9 0.1  

Pb2 (aq) I (aq)

T

0.1 1.0 M NaI(aq)

T [Pb2 ]  [I ] 

 

   

 

  

20. 20 L  

Cu2O ZnO  

CO(g) 2 H2(g) ? CH3OH(g)  

  K

  500 M min

  E 1
2

 

 

K  

  0.04 M min  

19. NaI  [I ] 
Qsp Ksp [I ]  [Pb2 ] 

2 1  [I ]2 [Pb2 ]
Ksp

(min)0

5

4
(mol) D

C

10 20

E

500

300

20. K  

 10 CH3OH 4 mol H2 8 mol  rH2

8 20
10 0.04 M min  

   
  
  
 



III

1-4

1 p.45

 1. 
 

 

 

 2. 
 

 

 100

 20 100 37 37 g 100 g

 

 

 10 1 M

 10 1 M 10 4 M

 10 4 M
112 III 46  



1

2 p.48

 1. Ksp

 Ksp AmBn(s)  

AmBn(s) ? mAn (aq) nBm (aq) K

Ksp [An ]m [Bm ]n

 Ksp

Ksp

AB AB(s) ? A (aq) B (aq) Ksp [A ] [B ] AgCl BaSO4

AB2

A2B
AB2(s) ? A2 (aq) 2 B (aq)

A2B(s) ? 2 A (aq) B2 (aq)
Ksp [A2 ] [B ]2

Ksp [A ]2 [B2 ]

PbCl2

Ag2CrO4

Hg2Cl2*

AB3

A3B
AB3(s) ? A3 (aq) 3 B (aq)

A3B(s) ? 3 A (aq) B3 (aq)
Ksp [A3 ] [B ]3

Ksp [A ]3 [B3 ]

Al(OH)3

Ag3PO4

A2B3

A3B2

A2B3(s) ? 2 A3 (aq) 3 B2 (aq)

A3B2(s) ? 3A2 (aq) 2 B3 (aq)
Ksp [A3 ]2 [B2 ]3

Ksp [A2 ]3 [B3 ]2 Ca3(PO4)2

Ksp

Hg2Cl2(s)  Hg2
2 (aq) 2 Cl (aq) Ksp [Hg2

2 ][Cl ]2

MgNH4PO4(s)  Mg2 (aq) NH4 (aq) PO4
3 (aq) Ksp [Mg2 ][NH4 ][PO4

3 ]

 Ksp AmBn(s) s  

AmBn(s) ? mAn (aq)   nBm (aq) 

s    ms       ns 

Ksp [An ]m [Bm ]n ms m ns n

Ksp s Ksp

AB Ksp [A ] [B ] s2

AB2

A2B
Ksp [A2 ] [B ]2

Ksp [A ]2 [B2 ]
4s3

AB3

A3B
Ksp [A3 ] [B ]3

Ksp [A ]3 [B3 ]
27s4

A2B3

A3B2

Ksp [A3 ]2 [B2 ]3

Ksp [A2 ]3 [B3 ]2 108s5



III

 Ksp

 Ksp

 Ksp

 Ksp

 Ksp Ksp

 

AgCl AgBr AgI

Ksp s2 1.8 10 10 2.0 10 13 8.3 10 17

s 1.3 10 5 4.5 10 7 9.1 10 9

 Ksp AgCl AgBr AgI AgCl AgBr AgI

 Ksp

 

AgCl Ag2CrO4

Ksp 1.8 10 10 4.0 10 12

Ksp s2 Ksp 4s3

1.3 10 5 1.0 10 4

1

[Ag ]  

 Ksp

4
3  2 Ksp

4
3  1

2
Ksp

4
3  Ksp

3

  

   s [Ag ] 2s [CrO4
2 ] s Ksp 4s3  

s Ksp

4
3 [Ag ] 2s 2 Ksp

4
3

 Ksp  

 MgNH4PO4 Ksp [Mg2 ]3  Hg2Cl2 Ksp [Cl ]4  

 CaCO3 Ksp [CO3
2 ]2     PbCl2 Ksp 4 [Pb2 ]3

  

K sp  1. 12.

Hg2Cl2(s) ? Hg2
2 (aq) 2 Cl (aq) Ksp [Hg2

2 ][Cl ]2 1
2 [Cl ]3



1

2

Hg2Cl2 Ksp 3.2 10 17

  Hg2Cl2 M

  100 mL Hg2Cl2 Hg 200

   2 10 6 M  8 10 5 g

   s Hg2Cl2(s) ? Hg2
2 (aq) 2 Cl (aq) Ksp [Hg2

2 ][Cl ]2 4s3  

3.2 10 17 s 2 10 6  

 Hg2
2 [Hg2

2 ] V 2 10 6 0.1 2 10 7 mol  

2 10 7 400 800 10 7 g 8 10 5 g

  

 NiS Ksp 3 10 21  MgF2 Ksp 7 10 9  

 Ag3AsO4 Ksp 1 10 22  Ca3(PO4)2 Ksp 1.3 10 32

  

 2. 
 

Q  

AmBn(s) ? mAn (aq) nBm (aq) Q
 [An ]m [Bm ]n [ ] An Bm

 Q Ksp

 Q Ksp Q Ksp

 Q Ksp

 Q Ksp Q Ksp

3

PbCl2 Ksp 1.2 10 5 AgCl Ksp 1.0 10 10

  150 mL 0.10 M Pb(NO3)2 100 mL 0.2 M NaCl

  1 mL 0.001 M AgNO3 1 mL 0.01 M NaCl 1 L

  

    [Pb2 ] 0.1 150
250 0.06 M [Cl ] 0.2 100

250 0.08 M  

Q 0.06 0.082 3.84 10 4 Ksp  

 [Ag ] 0.001 1
1000 1 10 6 M [Cl ] 0.01 1

1000 1 10 5 M  

Q 1 10 6 1 10 5 1 10 11 M Ksp

K sp  2. 8. 10. 14.

 Ksp s2  s 5.5 10 11  Ksp 4s3  s 1.2 10 3  
 Ksp 27s4  s 1.2 10 6  Ksp 108s5  s 1.6 10 7

 11.



III

 BaSO4 Ksp 1.0 10 10 10 3 M BaCl2

Na2SO4 [SO4
2 ]

  10 7 M

3 p.50

 1.  

AgCl(s) ? Ag (aq) Cl (aq) NaCl

AgCl

Cl [Cl ] [Ag ] [Cl ]

Ksp

 2.  

AgCl(s) ? Ag (aq) Cl (aq) Ksp 1 10 10

 

 AgCl(s) ? Ag (aq)    Cl (aq)

 s        s                s

 Ksp s2 1 10 10 s 1 10 5

 0.1 M NaCl Cl 0.1 s' M

0.1 s' [Cl ]  0.1 M

     AgCl(s)    ? Ag (aq)      Cl (aq)

                       0 M                  0.1 M

   s'            s'                s'

                        s' M         0.1 s' M

 Ksp 0.1 s' s' 1 10 10

 0.1 s' 0.1s' 1 10 10 s' 1 10 9

 s' s

[Ba2 ][SO4
2 ] Ksp 10 3 [SO4

2 ] 10 10  
[SO4

2 ] 10 7



1

4

PbI2 Ksp 8 10 9 PbI2

 0.1 M Pb(NO3)2  0.1 M NaI

   1.2 10 3 M  1.4 10 4 M  8 10 7 M

   Ksp 4s3 s 1.2 10 3 M 

              PbI2(s) ? Pb2 (aq) 2 I (aq) 

                       0.1 M        0 

s              s       2s 

                     0.1 s         2s 

Ksp 0.1 s 2s 2 0.1 s s 1.4 10 4 

               PbI2(s) ? Pb2 (aq) 2 I (aq) 

                         0 M         0.1 M 

  s             s           2s 

                              s        0.1 2s 

Ksp s 0.1 2s 2 0.1  2s s 8 10 7

 1.0 M NaCl 2.0 AgCl AgCl Ksp 1.8 10 10 Ag 108

Cl 35.5  

 1.2 10 8  5.2 10 8  2.6 10 8  2.4 10 8

  

 PbCl2 0.01 M Pb(NO3)2 s PbCl2 Ksp  

 4s3  0.04s2  0.01s3  0.04s2 4s3

  

 SrF2 0.1 M KF 7.9 10 8 M M  

 7.9 10 6  5.8 10 4  7.3 10 4  7.3 10 3

  

 3. 4. 5. 15.

             AgCl(s) ? Ag (aq) Cl (aq) 
                       0 M           1 M 

s            s            s 
                           s            1 s 

Ksp s 1 s 1  s s 1.8 10 10 
[Ag ] 1.8 10 10 M 1.8 10 10 2 3.6 10 10 mol  

143.5 3.6 10 10 5.2 10 8 g

               PbCl2(s) ? Pb2 (aq) 2CI (aq) 
                      0.01 M           0 

s             s           2s 
                    0.01 s           2s 

Ksp 0.01 s 2s 2 Ksp 0.04s2 4s3

SrF2 0.1 M KF  
               SrF2(s) ? Sr2 (aq) 2F (aq) 

                       0 M          0.1 M 
 s           s            2s 
                           s         0.1 2s 

Ksp s 0.1 2s 2 s 7.9 10 8  
0.1  s Ksp s 0.1 2 7.9 10 10  

Ksp 4s3 s 5.8 10 4



III

4
 1.  

Ksp

Cl CrO4
2 AgCl

Ag2CrO4 Ksp 1.6 10 10 1.6 10 12 AgNO3

Cl CrO4
2

Ksp

0.1 M Cl 0.1 M CrO4
2

 [Ag ][Cl ]  1.6 10 10 [Ag ]  1.6 10 9  
Q Ksp AgCl

 [Ag ]2[CrO4
2 ]  1.6 10 12  

[Ag ]  4 10 6 Q Ksp Ag2CrO4

 4 10 6  [Ag ]  1.6 10 9  
AgCl Ag2CrO4  

Cl CrO4
2

5

0.10 M Cl 0.10 M CrO4
2 AgNO3

AgCl Ksp 3 10 10 Ag2CrO4 Ksp 3.6 10 12

  AgCl Ag2CrO4

  Ag2CrO4

  [Cl ] 5.0 10 5 M [CrO4
2 ]

   AgCl  5 10 5  0.1 M

  P.175

 CuCl AgCl 1.2 10 6 1.8 10 10 0.10 M Cu

0.10 M Ag Cu Ag Cl

 

 [Cl ] 1.8 10 10  1.2 10 6 [Cl ] 1.8 10 10  

 1.2 10 5 [Cl ] 1.8 10 9   [Cl ] 1.2 10 5

  

AgCl
Ag2CrO4

[Ag+]

[Ag+]=4×10-6

4×10-61.6×10-9

Ag2CrO4

[Ag+]=1.6×10-9

AgCl

 7. 9. 13. 16. 18.

Ksp AgCl AgCl CuCl  
 [Ag ][Cl ] AgCl Ksp 1.8 10 10 [Cl ] 1.8 10 9 M 
 [Cu ][Cl ] CuCl Ksp 1.2 10 6 [Cl ] 1.2 10 5 M



1

1-4

 1.  

 CH3COOAg(s) Ksp [Ag ]2  

 Mg(OH)2(g) Ksp
1
2 [OH ]3  

 MgNH4PO4 Ksp [Mg2 ]3  

 Hg2Cl2(s) Ksp [Cl ]4

 2. 5.0 M 278 100 mL 4.6

 

 1.1 10 5    1.96 10 4  

 7.84 10 4  4.5 10 3 

 8.2 10 3

 3. Mg(OH)2 Ksp 9 10 12 Mg(OH)2 0.01 M MgCl2

M  

 1.5 10 5  3 10 5  3 10 6 9 10 10  3 10 10

 4. MgF2  

 0.1 M  0.1 M  

 0.1 M  0.1 M

 5. MnF2 Ksp 3.7 10 8 0.01 M NaF MnF2

M  

 5.7 10 6 M  

 1.5 10 3 M  

 3.7 10 4 M  

 9.3 10 5 M 

 6.7 10 5 M

 1.  Ksp [Hg2
2 ][Cl ]2 1

2 [Cl ]3

 2. s ( 5 4.6
278  )

0.1
1.4 10 2  

Ksp 4 1.4 10 2 3 1.1 10 5

 3. Mg(OH)2(s) ? Mg2 (aq) 2 OH (aq) 
                             0.01 M            0 M 
    s               s             2s 
                           0.01 s            2s 

Ksp 0.01 s 2s 2 0.01  s 0.01 s 0.01 M s 1.5 10 5  

 4. MgF2(s) ? Mg2 (aq) 2 F (aq) 
F
AgF

 5. MnF2(s) ? Mn2 (aq) 2 F (aq) 
                          0 M            0.01 M 

s               s              2s 
                              s           0.01 2s 

Ksp s 0.01 2s 2 0.01  2s 0.01 2s 0.01 M
s 3.7 10 4



III

 6. 50 mL 3 10 6 M AgNO3(aq) 50 mL 3 10 6 M

NaCl(aq) 5 10 8 mol AgCl AgCl Ksp  

 2.25 10 12  

 9 10 12  

 10 14  

 4 10 13  

 10 12

 7. CaSO4 Ag2SO4 PbSO4

0.01 M

Ksp CaSO4 2.4 10 5 Ag2SO4 1.5 10 5

PbSO4 6.3 10 7  

 CaSO4 Ag2SO4 PbSO4  

 CaSO4 PbSO4 Ag2SO4  

 Ag2SO4 CaSO4 PbSO4  

 Ag2SO4 PbSO4 CaSO4 

 PbSO4 CaSO4 Ag2SO4

 8.  

 NiCO3 Ksp 1 10 7  

 MgF2 Ksp 7 10 9  

 Ag3AsO4 Ksp 1 10 22  

 Pb3(PO4)2 Ksp 8 10 43  

 9. 0.10 M Ca2 0.10 M Ba2

Na2SO4(s) CaSO4  Ksp 2.4 10 5 BaSO4 Ksp

1.1 10 10  

 BaSO4  

[SO4
2 ] 1.1 10 9 M  

[Ba2 ] 0.10 M  

 CaSO4 [Ba2 ] 4.6 10 6 M  

 CaSO4 BaSO4  

 6.  
   AgCl  ?     Ag      Cl  

3 10 6 0.05  3 10 6 0.05 
5 10 8        5 10 8     5 10 8 
                          10 7 mol         10 7 mol 

[Ag ] 10 7

0.05 0.05 10 6 M [Cl ] 10 7

0.05 0.05 10 6 M  

Ksp [Ag ] [Cl ] 10 6 2 10 12 M 

 7. CaSO4 [Ca2 ][SO4
2 ] Ksp 2.4 10 5

[SO4
2 ] 0.01 s [Ca2 ] 2.4 10 3 M  
Ag2SO4 [Ag ]2[SO4

2 ] Ksp 1.5 10 5

[SO4
2 ] 0.01 [Ag ]2 1.5 10 3 [Ag ] s

3.9 10 2 M  
PbSO4 [Pb2 ][SO4

2 ] Ksp 6.3 10 7

[SO4
2 ] 0.01 s [Pb2 ] 6.3 10 5 M  

 8.  
 Ksp s2  s 3.2 10 4  
 Ksp 4s3  s 1.2 10 3  
 Ksp 27s4  s 1.4 10 6  
 Ksp 108s5  s 1.5 10 9  

 9. Ksp BaSO4 BaSO4 CaSO4  
 [Ba2 ][SO4

2 ] BaSO4 Ksp 1.1 10 10 [SO4
2 ] 1.1 10 9 M  

 [Ca2 ][SO4
2 ] CaSO4 Ksp 2.4 10 5 [SO4

2 ] 2.4 10 4 M BaSO4 Ksp

1.1 10 10 CaSO4  
[SO4

2 ] 2.4 10 4 M [Ba2 ] 4.6 10 7 M



1

10. AB A2B AB2 A2B2 Ksp s1 s2 s3 s4

s mol L  

 s1 s2 s3 s4  s1 s2 s3 s4  

 s2 s3   s4 2s1  

 s4 s3 s2 s1 

11. BaSO4 Ksp 1.5 10 9 a 1.2 10 4 M Na2SO4(aq) b

6.0 10 5 M BaCl2(aq) a b  

 3 1  1 1  2 3  5 2  2 1 

12. S mol L Ksp 4S3  

 Ag2CO3  

 CaC2O4  

 Hg2Cl2  

 Fe(OH)3  

 MgNH4PO4 

13. AgCl Ksp 1 10 10 AgSCN Ksp 1 10 12

AgNO3(aq) 0.01 M Cl (aq) 0.01 M SCN (aq)

AgNO3(aq)  

[Ag ] 1 10 12 M AgSCN  

[Ag ] 1 10 9 M AgCl  

[Ag ] 1 10 8 M AgSCN  

[Ag ] 1 10 5 M  

AgSCN AgCl [Cl ] [SCN ] 100 1 

14. CaF2 0.1 M NaF 4 10 7 M CaF2

ppm Ca 40 F 19

78 ppm

10. s1 Ksp s2
Ksp

4
3 s3

Ksp

4
3 s4

Ksp

16
4  

Ksp  1  
s4 s2 s3 s1

11. P.175

12.  CaC2O4 ? Ca2 (aq) C2O4
2 (aq) Ksp s2 

 Fe(OH)3 ? Fe3 (aq) 3 OH (aq) Ksp 27s4 
 MgNH4PO4 ? Mg2 (aq) NH4 (aq) PO4

3 (aq) Ksp s3

13. Cl  [Ag ] 1 10 10

0.01 1 10 8 M 

SCN  [Ag ] 1 10 12

0.01 1 10 10 M 

[Ag ] 1 10 12 M AgCl AgSCN  
[Ag ] 1 10 9 M AgSCN AgCl  
[Ag ] 1 10 8 M AgSCN AgCl  

 Cl [Ag ] 1 10 8 M [SCN ] 1 10 12

1 10 8 1 10 4 M  

[Cl ] [SCN ] 0.01 1 10 4 100 1

14. CaF2 (s) ? Ca2 (aq)    2 F (aq) 
                         0 M              0.1 M 

s             s               2s 
                            s             0.1 2s 

Ksp s 0.1 2s 2 0.1  2s 0.1 2s 0.1 M Ksp 0.01s 4 10 9  
x 4x3 4 10 9 x 1 10 3 M CaF2 78 1 10 3 78 0.078 g L

78 mg L 78 ppm



III

15. MgF2 Ksp 3.2 10 8

 MgF2(s)

  MgF2 62 g L

  MgF2(s) 0.20 M Mg(NO3)2

  MgF2(s) 0.20 M NaF

 2 10 3  0.124 g L  2 10 4 M  8 10 7 M

16. A(OH)3 B(OH)2 Ksp 8.0 10 14 1.0 10 13 

0.01 M A3 0.1 M B2 pH

pH  

 8.5 pH 9.5  6.5 pH 7.5  4.5 pH 5.5  

 2.5 pH 3.5  1.5 pH 2.5

17. AgCl Ksp 1.7 10 10 Ag(NH3)2 ?Ag (aq) 2 NH3(aq)  

K 6 10 8 0.1 M NH3 AgCl M  

 4.8 10 3  2.8 10 3  4.8 10 2  2.8 10 2  1.4 10 2

18. AgCl AgBr AgI Ksp 2 10 10 1 10 12 2 10 16

[Cl ] 10 4 M [Br ] 10 3 M [I ] 10 2 M

AgNO3(s) [Ag ] 10 6 M  

[Cl ] [Br ] [I ]  

Cl Br I  

Cl Br I  

 

 Cl

15. P.175

16.  A(OH)3 0.01 [OH ]3 8.0 10 14 [OH ] 2 10 4  
 B(OH)2 0.1 [OH ]2 1.0 10 13 [OH ] 1 10 6  

1 10 6 [OH ] 2 10 4 3.7 pOH 6 8 pH 10.3

17. AgCl(s) ?  Ag (aq)    Cl (aq)                   Ksp 1.7 10 10 

Ag (aq) 2 NH3(aq) ?  Ag(NH3)2 (aq)           1
K

1
6 10 8   

AgCl(s) 2 NH3(aq) ? Ag(NH3)2 (aq) Cl (aq) 
                     0.1 M            0 M                     0 M 
  s        2s              s                      s 
                   0.1 2s             s                           s 

Kc Ksp
1
K

1.7 10 10

6 10 8
s2

( 0.1 2s )2 s 4.8 10 3 M

18. Ksp AgCl AgBr AgI AgI AgBr AgCl  
[Ag ][Cl ] 10 6 10 4 1 10 10 Ksp AgCl  
[Ag ][I ] 10 6 10 2 1 10 8 Ksp AgI  

[Ag ][I ] 2 10 16 [I ] 2 10 10 M 
[Ag ][Br ] 10 6 10 3 1 10 9 Ksp AgBr  

[Ag ][Br ] 1 10 12 [Br ] 1 10 6 M 
[Cl ] [Br ] [I ] [Cl ] [Br ] [I ] [Cl ]

[Br ] [I ] 
 AgBr AgI



1
 1. 

(III) SCN (III)

 2. 
(III) SCN

(III) E1-1

Fe3 (aq) + SCN (aq)  FeSCN2 (aq) 

(III)

E1-2

K  [FeSCN2 ]
[Fe3 ][SCN ]  

[FeSCN2 ] Fe3  SCN  

FeSCN2  

FeSCN2  

C1 C2 h1 h2

E1-3

C1h1 C2h2 

E1-3

SCN  Fe3  SCN  

SCN  FeSCN2  

[FeSCN2 ]

1



III

 3. 

8 50 mL 5

100 mL 1 2

1

15 cm 1

1 25 mL 1

25 mL 1

  

 



1

 4. 

0.0025 M 25 mL 0.25 M 25 mL

10.10  Fe(NO3)3 9 H2O 6 M 10 mL 100 mL

 5. 

5 1
5

0.0025 M KSCN 5.0

1

0.25 M

5

KSCN(aq) 2

25 mL 1 5  
2 5 5.0 mL 1  

Fe(NO3)3

1 0.25 M Fe(NO3)3 10.0 mL

2 (1) 10.0 mL

3 (2) 10.0 mL

4 (3) 10.0 mL

5 (4) 10.0 mL

2

0.0025 M KSCN(aq) 5 mL

0.25 M，Fe(NO3)3(aq) 5 mL，



III

1 2

1 2 1

50

40

30

10

20

3 1 3 1 4 1 5  

 6.  

 (III) 



1

 7. 
 2 5 Fe3  

 

 

  FeSCN2

 8. 
 

   

1  

 

  K
 2 5 1 FeSCN2

  

[Fe3 ] M

1 0.25 M 10
25 0.10 M

2 0.10 M 10
25 0.04 M

3 0.04 M 10
25 0.016 M

4 0.016 M 10
25 0.0064 M

5 0.0064 M 10
25 0.00256 M



III

1

1. 4.

Fe3 (aq) SCN (aq) ? FeSCN2 (aq)

0.2 M Fe(NO3)3 0.002 M KSCN

 1.  

 Fe3 SCN  FeSCN2  Fe2  CN  

 2. 5.0 mL 5.0 mL [FeSCN2 ] 

 

 0.1 M  0.01 M  0.02 M  0.001 M  0.002 M 

 3. 0.08 M 5.0 mL 5.0 mL

7.0 cm 6.1 cm  [FeSCN2 ]

 

 0.01 M  0.002 M  8.7 10 4 M  7.0 10 5 M  2.1 10 6 M

 4. 3.  

 171  12.2  81  42  12

 5. 0.16 M Fe(NO3)2 5.0 0.002 M KSCN

[FeSCN2 ] 10 3 M h h

3 10  

 5.3  3.2  5.3 10 2  3 10 4

 1. Fe3 SCN   FeSCN2  
FeSCN2

 2.  [Fe3 ]  [SCN ] SCN  

 [FeSCN2 ]  [SCN ] 0.002 5
5 5 0.001 M

 3. C1h1 C2h2  

 [FeSCN2 ] C2 C1
h1

h2
0.001 6.1

7 8.7 10 4 M

 4.      Fe3    SCN        ?  FeSCN2  
    0.04             0.001                        0 
8.7 10 4 8.7 10 4      8.7 10 4 

 0.0391             1.3 10 4           8.7 10 4 

K 8.7 10 4

0.0391 1.3 10 4 1.71 102

 5. C1h1 C2h2 3 10 3 10 x  x 3 10 4 M 

 Kc
[FeSCN2 ]

[Fe3 ][SCN ]
3 10 4

0.08 3 10 4 0.001 3 10 4 5.38



1

6. 8.

 98.
1. 5 5 0.002 M KSCN 1

5

2. 20 0.25 M

3. 10 25

4. 3

5. 5 1

6. 5 5 2 5

7. 2 5 1 1

1 1

 6. 

 Fe3 (aq) SCN (aq) ? FeSCN2 (aq)

 7. Fe3

 0.016 M

 8. 1 4 1

4 1 4

 2.5 10 4 M

 7.  [Fe3 ] 0.25 10
25 0.1 M  

 [Fe3 ] 0.1 10
25 0.04 M  

 [Fe3 ] 0.04 10
25 0.016 M

 8. [FeSCN2 ] [SCN ] 0.001 M  
1 4 C1h1 C4h4 1 1 10 3 C2 4 

4 [FeSCN2 ] C2 2.5 10 4 M



III

 1. 

 2. 

E2-1

2NO2(g)   N2O4(g) +  

NO2

 3. 

25 mL
3 500 mL 2

 

3 1

1 1

1 500 mL 1

1 1

1 1

 4. 

NaOH 6 M 100 mL HNO3 5 mL

Cu 0.5 g

2



1

 5. 
 

0.5

5

NO2 NO2

NO2

  10 NO2

10 5 10 NO2

  NO2

 

NO2

   

 

  

  A   

50

40

30

10

20



III

    

    

1 2

 

        

        

 

1     

          

 



1

 6.  

 7. 
 

  Cu(s) 4 HNO3(aq)  Cu(NO3)2(aq) 2 NO2(g) 2 H2O(l)

 

  NO2(g)

 8. 
 

   2 NO2(g) ? N2O4(g) H 59.0 kJ

  

 A C B

  A C B

A C A 2 NO2(g) ? N2O4(g)

 

  2 NO2(g) ? N2O4(g) [NO2]



III

2

1. 4.

2 NO2(g) ? N2O4(g) Q

NO2

 1. 

 

           

NaOH

  

NaOH

  

NaOH

  

NaOH

 2. 

 

 NO2 NaNO2 NaNO3

 3. 

NO2 N2O4

 

 

NO2 N2O4

He

He

 4.  

 

 1. NO2

 2. NO2 2 NO2(g) 2 OH (aq)  NO2 (aq) NO3 (aq) H2O(l) NO2 (aq)
NO3 (aq) Na NaNO2 NaNO3

 3. He

 4. 



1

 5. NO2 CO2 A

B

 

A NO2 B CO2  

A B  

A B  

A

 6. 2 NO2(g) ? N2O4(g)  

A C

B

 

A NO2 B  

A B A B  

 

A  

A C A  

A C

 5. 2 NO2 ? N2O4 NO2 CO2 A
VA VB A NO2 N2O4

VA VB

A

B

C

 6. A 2 NO2 ? N2O4  A B
A NO2 N2O4 NO2 N2O4

NO2 A
[NO2] A

[NO2] [N2O4] [NO2] 



III

 1.  

 

 

 

 

 2.  

 

 3. 4 H2(g) CS2(g) ? CH4(g) 2 H2S(g) Kc Kp

 

 Kc
5
3 Kp  Kc Kp

1
RT

1
2  Kc Kp

1
RT

2  Kc Kp RT 2

 4. CaCO3(s) CaO(s) CO2(g) CaCO3(s) ? CaO(s)

CO2 (g) 827  Kp 1.1 atm

1.0 CaCO3(s) 8.2

827 0.05 mol 

CO2 CO2 atm  

 11  10.45  1.1  0.55  0.11

 5.  

 NH4Cl(s) ? NH3(g) HCl(g) NH4Cl(s)  

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

2 (aq) H2O NaOH(aq)  

 2 N2O(g) ? 2 N2(g) O2(g) O2  

 CH3COOH(aq) ? CH3COO (aq) H (aq)

CH.1

 1. 

K

 2. 
CaCO3(s) 

? CaO(s) CO2(g)

 3. Kp Kc RT n  Kp Kc RT 2 Kc Kp
1

RT
2

 4. Kp PCO2 1.1 atm PV nRT  n 1.1 8.2
0.082 827 273 0.1 mol 0.1 mol 

CO2 0.05 mol CO2 CaCO3 1 mol CaCO3 PCO2 1.1 atm KP CO2

1.1 atm

 5. Cr2O7
2

O2 O2



1

 6. N2(g) 3 H2(g) ? 2 NH3(g) 92 kJ

 

 7. C1

C2 1 C2

C1
2  

 CaCO3(s) ? CaO(s) CO2(g)  

 PCl5(g) ? PCl3(g) Cl2(g)  

 H2(g) Cl2(g) ? 2 HCl(g)  

 2 NO(g) O2(g) ? 2 NO2(g)  

 CO(g) NO2(g) ? CO2(g) NO(g)

 8. a A(g) b B(g) ? c C(g) Q  

C  

 

 a b c Q 0  a b c Q 0  

 a b c Q 0  a b c Q 0  

 a b c Q 0

 9. H2(g) I2(g) ? 2 HI(g) t0

 
 

t0

[HI]

[H2]＝[I2][H2]＝[I2]  [H2]

[HI]

[I2]

 

[HI]

[H2]＝[I2][H2]＝[I2]

 

 [HI]

[H2]＝[I2][H2]＝[I2]
 

[H2]

[HI]

[I2]

 6. 

 7. 

1 C2

C1
2  

 Kc [CO2]
C2

C1
1 1 C2

C1
2  

C2

C1
2 C2

C1
2  

C2

C1
2

[C]
%

700
500

300

0

 8. [C]
a b c

[C] Q Q 0

 9. 
2



III

10. BaSO4 Ksp 1.0 10 10 BaSO4  

 0.5 10 10 M  0.5 10 5 M  5.0 10 5 M  

 1.0 10 5 M   5 10 4 M 

11. 25 0.1 M NaCl(aq) 10 AgCl(s) AgCl Ksp

1.8 10 10 Cl 35.5 Ag 108  

 5.17 10 8  

 5.17 10 6  

 3.22 10 8  

 2.58 10 3  

 8.39 10 7 

12. SrF2(s) 0.1 M KF 4 10 10 M SrF2(s)

M  

 10 4  1.26 10 2  4 10 4  5.04 10 2   8 10 6 

13. 900 K 2 (g) (g) ? 3 (g) 2 (g)

 

[ ] 2 M 4 M 3 M 4 M 1 M

[ ] 1 M 2 M 1.5 M 2 M 0.5 M

[ ] 3 M 0 M 1.5 M 1 M 4.5 M

[ ] 2 M 1 M 1 M 0 M 3 M

14. X2 H2(g) X2(g) ? 2 HX(g)  

25 1 1000 10 mol 1 s 1

H2 X2 HX  

1.0 H2 X2 1 6  

 

H2 X2 4000  

1.0 H2 X2 10.0 HX [HX]2

[H2][X2]
 

100  

1.0 H2 1.0 X2 2.0 HX H2 X2  

 

H2 X2  

10. Ksp s2 1 10 10 s 1 10 5

11. P.176

12. SrF2(s) ? Sr2 (aq)         2 F (aq) 
                      0 M                  0.1 M 
                    4 10 10    8 10 10 
                         4 10 10     0.1 8 10 10 

Ksp 4 10 10 0.1 8 10 10 2 0.1  
 8 10 10 0.1 8 10 10 0.1 M  

Ksp 0.01 4 10 10 4 10 12  
Ksp 4 10 12  4s3 s 10 4 M

13. P.176

14. Kc
k
k

1000
10 100  k  Qc

( 2.0 )2

( 1.0 ) ( 1.0 ) 4 Kc

 Kc



1

15. N2O4(g) ? 2 NO2(g)  

Ne

N2O4(g) 

16. A(s) b B(g) ? c C(g)  

P1 P2 x y

B  

 

 b c  b c  

 

17. 

  [Cu(NH3)4]
2 (aq) ? Cu2 (aq) 4 NH3(aq)

  Cu(s) 2 Ag (aq) ? Cu2 (aq) 2 Ag(s)

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

  CO2(g) C(s) ? 2 CO(g)

 Kc
[Cu2 ][NH3]

4

[Cu(NH3)4
2 ]  Kc

[Cu2 ]
[Ag ]2  Ksp [Ca2 ][F ]2  Kp

( PCO )2

PCO2

18. 100 0.1 M Cl 0.1 M CrO4
2

AgCl Ag2CrO4 Ksp 1.8 10 10 2.5 10 12

  

  [Cl ]

 AgCl  3.6 10 5 M

15. NO2

NO2 NO2

NO2 NO2

N2O4

NO2

P1

P2

y

x0

16. P1 B P2 P1 P2

b c B

18. AgCl [Ag ][0.1] 1.8 10 10  [Ag ] 1.8 10 9  
Ag2CrO4 [Ag ]2[0.1] 2.5 10 12  [Ag ] 5 10 6 AgCl  

Ag2CrO4 [Ag ] 5 10 6 AgCl Ksp  
5 10 6 [Cl ] 1.8 10 10  [Cl ] 3.6 10 5



III

 1. a A(g) b B(g) ? c C(g) d D(g) Kc

Kp  

a b c d Kc Kp  

 

 

Kc Kp  

 106.
 2. X Y Z  

m X(g) ? n Y(g) p Z(g) H q kJ mol  

m n p X Y Z

Kc Kp Kc Kp

 104.  

q 0  

m n p  

 

Ar(g)  

Y Z  

 3. H2(g) I2(g) 
? 2 HI(g) Ar(g)

 

Ar(g)  

Ar(g) HI(g)  

 

 

 Ar(g)  100.

CH.1

 1.  Kp Kc RT n Kc RT c d a b Kc RT 0 Kc  
Kc Kp Kc

Kp Kc Kp

 2. 
 

T Kc H 0 q 0  Kp Kc RT n Kc Kp  
n 0  m n p

Ar(g) Kp Y Y
Kp Z Y

 3. Ar

 Ar



1

 4. 1.0 1160 K

 

C(s) CO2(g) ? 2 CO(g)  

 

CO2 CO  

 

CO2 CO 1 2 

CO2 CO 0.053  

CO 3.37 atm  

Kp 27.9  

0.0263 CO2 CO  

CO2  105.
 5. PbF2 Ksp 3.2 10 8

HF Ka 6.8 10 4 PbF2

PbF2

PbF2  107.  

 HNO3(aq)  NaNO3(aq)  Pb(NO3)2(aq) 

 NaF(aq)     PbF2(s)

  6. 1.92 HI 1.0 732 K  

2 HI(g) ? H2(g) I2(g) Kp 0.16 

0.90 HI(g)

HI 128  107.  

 0.20  0.25  0.40  0.50  0.80

 4. P.176

 5. P.176

 6. PV nRT P atm 1 L 1.92
128 mol 0.082 732 K  

 PHI 0.90 atm  
 

 2 HI             H2    I2 
 0.90      0 0 

2x    x x  
0.90 2x     x  x 

Kp

PH2 PI2

PHI
2 0.16 x2

0.90 2x 2 0.40 x
0.90 2x  

 x 0.20 PHI 0.90 2x 0.50 atm



III

 7. N2O4 35 

45   

 

 

 

 

 93.

 8. 25 Ksp  

BaC2O4(s) ? Ba2 (aq) C2O4
2 (aq) Ksp 1.0 10 6 

CaC2O4 Ksp 1.0 10 9  101.  

 H2O  Ba2  C2O4
2  H  Ca2

 9. Ksp 2.5 10 5  

1.7 10 10   96.  

5.0 10 3 M 

0.10 M 2.5 10 4 M  

0.01 M  

50 0.01 M 50 0.01 M  

 

0.05 M 100 mL 0.01 M 0.01 M  

 

 7.  N2O4 ? 2 NO2

 8. BaC2O4(s) ? Ba2 (aq) C2O4
2 (aq) 

[Ba2 ] [C2O4
2 ] Ba2

[Ba2 ] C2O4
2

H H (aq) C2O4
2 (aq) ? HC2O4 (aq) [C2O4

2 ]
Ca2 Ca2 (aq) C2O4

2 (aq) ? CaC2O4(s) [C2O4
2 ]

 9.  CaSO4 Ksp S2 2.5 10 5 S 5 10 3 M  

 CaSO4(s) ?     Ca2     SO4
2

   x           0.1 x         x 0.1 x x 2.5 10 5 x 2.5 10 4 M  

 
BaSO4  ?        Ba2       SO4

2

0.01 M BaCl2  S1   0.01 S1 S1

          S2    S2

 

0.01 S1 S1 1.7 10 10 S1 1.7 10 8 M S2
2 1.7 10 10 S2 1.3 10 5 S1

S2
1.3 10 5  

[Ba2 ] [SO4
2 ] 0.005 M Q 0.005 0.005 2.5 10 5 1.7 10 10  

 [Ba2 ] [Ca2 ] 0.01 M BaSO4 Ksp



1

10. 11.

1

2

2 NO(g) O2(g) 2 NO2(g) 1

2 NO2(g) ? N2O4(g) 2

10. 1  

[NO]0 [O2]0 NO2

 

NO 1 

O2 1 

 7000 109.  

[NO]0 0.030 M [O2]0 0.010 M NO2 6.3 10 2  

M s 

NO2

11. 2 Kc 16

 109.  

Kc
[N2O4]
[NO2]

2  

NO2  

 

 

 

NO2(g) ? 1
2 N2O4(g) Kc 8.0 

1
2 N2O4(g) ? NO2(g) Kc 0.25

[NO]0

M

[O2]0

M

NO2

M s

1 0.010 0.020 1.4 10 2

2 0.020 0.020 5.6 102

3 0.010 0.040 2.8 10 2

10. 1 2 [NO]0 2 rNO2 4 NO 2 1 3 [O2]0 2
rNO2 2 O2 1 rNO2 kNO2[NO]2[O2] 1 kNO2 1.4 10 2

kNO2 0.010 2 0.020 & kNO2 7000 M 2 s 1  rNO2 7000 0.030 2 0.010 6.3 10 2 M
s NO2 N2

11.  Kc
[N2O4]
[NO2]

2 16 NO2 V

1
2 P Kc 2 1

2

NO2(g) ? 1
2

N2O4(g) 3 Kc'
[N2O4]
[NO2]

[N2O4]
[NO2]

2 Kc 16 4.0

3 1
2 N2O4(g) ? NO2(g) Kc''

[NO2]
[N2O4]

1
Kc'

1
4.0 0.25



III

12. CaCO3(s) CaO(s) CO2(g) CaCO3(s) ? CaO(s) CO2(g)

850 Kp 1.21 atm

  1.0 CaCO3(s) 10.0

850 

atm  96.
  850 5.0 1.35 atm

atm

  850 0.1 CaO(s)

CaCO3(s) CO2(g)

 1.21  2.56  

13. Ksp 0.20 M 0.20 M

10.0 mL

10.00 mL 0.050 M KSCN

10.00 mL KSCN  

 100.
  SCN

  

  

  Ksp

 Fe3   0.05 M  2.5 10 3

12.   PV nRT 1.21 10 n 0.082 1123 n 0.13 1
1.21 ( atm ) CO2 n 1

  Kp 5
CO2 1.21 ( atm ) 1.35 ( atm ) 2.56 ( atm )

 CaO

13.  Fe3 SCN  ? FeSCN2 FeSCN2  

 Ag SCN  ? AgSCN(s) nAg 0.05 10 0.5 mmol [Ag ] 0.5
10 0.05 M [CH3COO ]  

 Ksp [Ag ] [CH3COO ] [Ag ]2 2.5 10 3



1heme  

hemoglobin

Hb

1.34

Hb O2 ? HbO2 K1

Fe2

Fe2

Fe2 Hb

CO ? HbCO K2 K2 K1 200

 1. 150 mg L

 

 5 10 7  8 10 6  2 10 5  4 10 4  7 10 3

 2. 

 

HbO2 CO ? HbCO O2 

 

200

 3. 

 

 4.  

CH.1
H3C CH3

CH3

CH2

CH3 C

CH

C H

H2C
C

CH2

H2C

COOH

C

H

H

C

C

N

N

C

N

Fe

N

C
C C

C

C
C

C

C C
C

C

C

C
C

CH2

CH2

COOH H

H

 1. 150 mg 0.15
0.15 1.34 0.201 mL 2.01 10 4 L  

2.01 10 4 L 2.01 10 4

24.5 8.2 10 6 mol

 2. K K2

K1
 200

 3. HbO2 CO ? HbCO O2

HbO2

 4. CO CO(g)
HbO2 CO ? HbCO O2

HbO2
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