
01

02

03
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A + C + D r [A] [B]

s-1

M-2s-1

M-(n-1)s-1

1

3

n

8007006005004003002001000
0.00

0.01

0.02

0.03

O2

NO2

N2O5

[NO2] = 0.0022 M

[NO2] = 0.0037 M

[N2O5] = -0.0019 M

[O2] = 0.0009 M

t  = 100 s

t  = 100 s

t  = 100 s

t  = 100 s

(S)

    2N2O5 2  +   4NO2

N2O5
2O5]

t
or

d[N2O5]

dt

O2
2]

t
or

d[O2]

dt

NO2
2]

t
or

d[NO2]

dt

r =
d[O2]

dt
 ×  1

1

=
d[NO2]

dt
 × 1

4

 =
-d[N2O5]

dt
×  1

2
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BrO3 Br H 1.0M

Br

BrO3 ( ) + 5Br ( ) + 6H+( 2( ) + 3H2O( )

BrO3 mol/L Br mol/L H mol/L
BrO3

mol/L·s

1 0.10 0.10 0.10 8.0 × 10-4

2 0.20 0.10 0.10 1.6 × 10-3

3 0.20 0.20 0.10 3.2 × 10-3

4 0.10 0.10 0.20 3.2 × 10-3

A B C 1.0M A

A mol/L B mol/L C mol/L
D

mol/L·s

1 0.20 0.20 0.20 2.4 × 10-6

2 0.40 0.30 0.20 9.6 × 10-6

3 0.20 0.30 0.20 2.4 × 10-6

4 0.20 0.40 0.60 7.2 × 10-6

d[D]

dt
= k[A] [B]m[C]n

d[D]

dt
= k[A]2[B]0[C]1 = k[A]2[C]

1 k = 3.0 × 10 4 M 2s 1

[A] = [B] = [C] = 1.0M

D = 
d[D]

dt
 = 3.0 × 10 4 × 12  × 1 = 3.0 × 10 4 M/s

A = 
d[A]

dt
 = 

d[D]

dt
 × 2 = 6.0 × 10 4 M/s

d[BrO3 ]

dt
= k[BrO3 ] Br m[H+]n 1 4

d[BrO3 ]

dt
= k[BrO3 ]1[Br ]1 [H+]2

1 k = 8.0 M 3s 1

[BrO3 ] = Br = [H+] = 1.0M

BrO3 =
d[BrO3 ]

dt
= 8.0 × 1 × 1 × 12 = 8.0M/s

Br = d Br
dt

 =
d[BrO3 ]

dt
× 5 = 4.0 × 10 M/s
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d[A]
dt

= k[A]m (m = 0 1  2)

t 1
2

1
2

d[A]
dt

= k[A]

d[A]
dt

= k[A]2

1
[A]

= kt
1

[A]0

2

t 1
2

1
k[A]0

kt= = 
[A]

= kt
[A] [A]

kt= = ktktkt= kt= kt
[A][A][A][A]

= kt= ktktktkt= = ktkt
[A] [A][A][A]

[A]
t 1

1
1ttttttt

k[A][A][A][A][A]
1

[A][A]
1

k[A][A]
11

k

t

[A]

[A]
0

t 2t
t

[A]
0

2

[A]
0

4

1
[A]

t 3t

[A][A][A][A][A][A][A][A][A][A][A][A][A][A][A][A][A][A][A]
d

d[A]
dd

d[A]d[A] [A]k[A]d[A] =d[A]d[A]d[A]d[A]d[A] [A][A]d[A]d[A]d[A]d[A] = k
d

kk[A][A]
d

d[A]d[A] [A]=d[A]d[A]d[A]d[A]d[A] [A][A][A][A]kd[A]
d

d[A] = kk[A][A][A][A][A][A][A][A][A]d[A]

2222222[A][A][A][A][A][A][A]k[A][A]
td

d[A]
dd

d[A]d[A]
d

[A]k[A]=d[A]d[A] =d[A] [A]d[A] kd[A]d[A]d[A] [A][A][A]d[A]d[A]d[A]d[A]d[A] = k
d

k[A][A][A]2

dddd
d[A]d[A] [A]=d[A] kd[A]d[A]d[A] [A]2[A]k[A]d[A]

d
d[A] = k[A][A][A][A][A][A][A][A][A][A]

k

ln[A]

t

[A]

[A]
0

t
t 2t

[A]
0

2
[A]

0

4

ln[A] = k t + ln[A]0 1

t 1
2

ln2
k

 + ln[A] + ln[A] + ln[A] + ln[A] + ln[A] + ln[A]] = ] = kk  + ln[A]] = ] = ln[A] =  + ln[A]] = ] = A] = A  + ln[A]] =  + ln[A]kk] = ] =  + ln[A]t + ln[A]A  + ln[A] + ln[A]] =  + ln[A]A  + ln[A] + ln[A]ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[ln[A  + ln[A]] = k t + ln[A] + ln[A]] =  + ln[A] + ln[A]] = ] = k] = ] = ] = ] = A t] = ] = kA  + ln[A]k t + ln[A] + ln[A]A  + ln[A]k] = A  + ln[A] + ln[A] + ln[A] + ln[A] + ln[A]t + ln[A] + ln[A]A] = ] = k t + ln[A] + ln[A]A  + ln[A] + ln[A] + ln[A] + ln[A] + ln[A] + ln[A] + ln[A] + ln[A] + ln[A] + ln[A]ln[AAAAAA] = 

1
a

t 1
a

lna
k

n
1

(n+1)



143

CHAPTER 5   

d[A]
dt

= k

[A] = kt +[A]0 0

t 1
2

[A]0

2k

 +[A] +[A] +[A] +[A] +[A][A] =[A] =[A] =[A] =[A] =  +[A][A] =  +[A][A] =  +[A]kt +[A]kt +[A]kt[A] =  +[A][A] =  +[A][A] =[A] =[A] =  +[A][A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] = kt +[A]kt[A] =  +[A] +[A][A] =[A] =[A] =[A] =[A] =[A] = kt[A] =  +[A]kt +[A] +[A][A] =  +[A]kt[A] =[A] =  +[A] +[A] +[A]kt +[A] +[A][A] =[A] = kt +[A]kt +[A][A] =  +[A] +[A] +[A] +[A] +[A] +[A] +[A] +[A] +[A] +[A][A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =[A] =

0000000000[A][A][A][A]
2

t 1
2

[A][A][A]
1

[A][A][A][A][A][A]
tttttttt 1

22
[A]
2k

[A]0

k
1

[A][A][A]
1

[A][A]00[A]
2

1
[A]
2

[A][A][A][A][A]
11

k

[A]

[A]
0

t 0.5t
t

[A]
0

2
[A]

0

4

t 1.5t

0 [A] =  + [A]0 t 1
2

= 
[A]0

2

1 ln ln[A] =  + ln[A]0 t 1
2

 = 
ln2

2
1

[A]
 =  + 

1
[A]0

t 1
2
 =

1
[A]0

kkkkkkkkkkkkkk
dddttddd

=d[A]d[A]d[A]d[A]d[A]d[A]d[A]
dt

== k
ddd

d[A]d[A]d[A]d[A]d[A] kkk=d[A]d[A]
d

=== k

(s) [A]

0 10

10 8

20

6  0

6.4  1

 2

1  0

2  1

4  2
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 A B A A

A

1
[A]

 = kt +
1

[A]0

= k[A]0

[A] = kt + [A]0

= k
[A]0

ln[A] = kt + ln[A]0

k

1

[A]0

[A]

t0

[A]
[A]0

t0

1

[A]0

[A]

t0

ln

A B A t 1
2

A A 0

A

t 1
2

= [A]0

2k 1 
2k

t 1
2

= 
1 

k[A]0

= k

t 1
2

= 
ln2 
k

= 0

[A]0
0

1
2

t1

[A]0
0

1
2

t

[A]0
0

1
2

t

A A

A

A M 2 1 0.5

s 0 10 20

A M 2 1 0.5

s 0 10 30

A M 2 1 0.5

s 0 10 15

t 1
2

=
ln2 
k

 k =
ln2 
10

s 1

t 1
2

=
1 

k[A]0

k =
1 

10 × 2
= 0.05M 1s 1

t 1
2

= 
[A]0

2k
k

2 
2 × 10

= 0.1Ms 1
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T

T ln2 = 0.7

2 1

2 4 2

2

t 1
2

= 
ln2 

k
= 2min    k  = 

ln2 

2
= 0.35min 1

t 1
2

= 
1 

k [P]0

= 2min    k  = 
1 

2
= 0.5M 1min 1

= 
0.35 × 0.5

0.5 × (0.5)2
= 1.4

6

  1             0
7 
8

7 
4

1 

8

7 

4

7 

4
M

  1             0
3 
4

3 
4

1 

4

3 

4

3 

4
M

2.0M

2min

1min

2
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SO2Cl2

SO2Cl2(g 2(g) + Cl2(g)

1.0M SO2Cl2

Cl2

(min) [Cl2] (mol/L)
0 0

1 0.33
2 0.50

3 0.60
4 0.66
5 0.72

6 0.75
7 0.78

SO2Cl2

[Cl2] = 0.5M 0.75M [SO2Cl2] = 0.5M 0.25M

1.0M 2min 4min

2

6

6 [SO2Cl2] = 0.25M
1 

4
1 

42
=

1 

16

0 6 SO2Cl2 6

t 1 
2

1 

k[SO2Cl2]0

2
1 

k × 1
k = 0.5M 1min 1

6 k[SO2Cl2]2 = 0.5 × (0.25)2 =
1 

32
M/min 

     0~6
[SO2Cl2]

t
 = 

0.75 

6
=

1 

8
M/min 

4

14 SO2

2min 4min 8min 14 3

[SO2Cl2] = 
1 

8
M SO2Cl2

7 

8
M

SO2

7 

8
M
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A B B A C C

A B C 1 2 B

C

1 B A C 2
kB                  kC

300K 400K A B C

A

A 0 M

B

M/s

C

M/s

A

300K 1.0 1.0 × 10 4 6.0 × 10 3

300K 2.0 2.0 × 10 4 1.2 × 10 2

400K 1.0 1.0 × 10 2 6.0 × 10 2

1 2

A 2 B C

2 1 2  1

B kB A

C kC A

A kB A kC A kB kC A

 A ln2
kB+ kC

1
kB+ kC

A

ln2 0.7

400K A

kB 1.0 × 10 2 s 1

kC  6.0 × 10 2 s 1

t 1
2

ln2
kB+ kC

0.7
7.0 × 10 2s 1

10s

B B A m

C C A n

A B A m
C A n

B

C

A

2B

C

A

A
1
2 B A m

C A n
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A(g)  +  B(g) C(g)

1

0.5

1.0

(min)

[B]0 >> [A]0

[A]
(mmol/L)

2 3 1

1

(min)

[A]0 >> [B]0

[B]
(L/mmol)

1

2

2

3

3

4

B 0 A 0 B 0 

 r k B n A m r k B 0
n A m

k A m

d[A]
dt

A

t 1
2

ln2
k

ln2
k[B]0

n
1min

k
ln2

[B]0
n × 1min

B 0 BBBBBBBBBBBBBBBBBBBBBB 0 A00B 0 AAB ABBBBBBBBBBBB AAAA 0000BBB AB 0 AAAAAABBBBBBB

A B 0 A 0

r k A m B n

k A 0
m B n

k B n

d[B]
dt

k B 2

1
[B]

1
[B]0

k A 0
m t 1

[B]0

A 0AAAAAAAAAAAAAAAAAAA BBAAAAAAAAAA BB 0AAAAAAA BBBBBBAAAAAAAAA

d[A]
dt

k A m B n

B  0

[A]0 << [B]0

B

     B A
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A B C

A B A

ln
[A]0

[A]
 = k[B]0t

 A 1

   B 1

[A]0

[A]
= k[B]2

0 [A]0 t + 1

 A 2

   B 2

t

ln
[A]0

[A] [A]0  << [B]0  

[B] = 2[B]0  

[B] = [B]0  

t

   
[A]0

[A]
[A]0  << [B]0  

[B] = 2[B]0  

[B] = [B]0  

t

[A]

[A]0 << [B]0  

[B] = 2[B]0  

[B] = [B]0  

A t 1

2
=

ln2
k[B]0

 A 1

   B 1

t

   
1

[A]
(L/mol)

t1
t

   
1

[B]
(L/mol)

t1

A(g)  +  B(g) C(g)

A B 0 A B

r k A m B n r k A m+n k B m+n

A B m n

if) A B 1 2
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A B

2A + B   k
d[C]

dt
 = k[A]m[B]n

m n B

1M 2M A

ln2 0.7

5×10-4

3×10-4

1×10-4

0 100

[B]0=1M

[B]0=2M

sec

[A](M)

m n

d[A]
dt

d[C]
dt

× 2 = 2k[A]m[B]n  [B]0 >> [A]0 [B]0 

d[A]
dt

2k[B]n
0[A]m m = 0

A 0 [A] = 2k[B]n
0 t + [A]0

[B]0 2 2 n = 1 m = 0 n = 1

A B 1M A

[B]0= 1M = 2k = 2 × 10 4

100
k = 10 6s 1  

d[A]
dt

= 2k[B]0 = 2 10 6 M/s 

A B 1M C

C 1
2

× A = 10 6 M/s

 [A]0 = 10 5M [B]0 = 1M A

d[A]
dt

= 2k[B]0 t 1
2

=
[A]0

2 × 2k[B]0

= 
10 5

4 × 10 6
= 2.5s

[A]0 = 1M [B]0 = 10 5M B

d[B]
dt

= k[B] t 1
2

=
ln2

k
=

7 × 10 1

10 6
= 7 × 105s 
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H2   + I2 2HI

2I(1) I2

H2I(2) I      + H2

2HI(3) H2I  + I

K
kf

kr

K
k f

kr

fffffkkfffffffffKKKKKKKKKKKKKKK f

k
KKKKKKKKK fKKKKKKKK

A 2 B 2  r = k[A][A] = k[A]2

A B  r = k

1

2

3
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H2

H2  + I2

H2I
+ 2I

2HI

+ I
Ea1

Ea3

Ea2

Ea

H2I
+ 2I

 or

k Ea

r r1

r = r1 = k1 NO2
2 k = k1

CO 0

NO2 2
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r1 = r 1

k1[NO][Br2] = k 1[NOBr2]

[NOBr2]
k1

k 1

 [NO][Br2]

r = r2 = k2[NOBr2][NO]

= k1·k2

k 1

[NO]2 [Br2] 

r1 = r 1

k1[I2] = k 1[I]2

r2 = r 2

k2[I][H2] = k 2[H2I]

k1[I2] = k 1[I]2

k2[I][H2]   = k 2[H2I]

k1k2[I2][I][H2]  = k 1 k 2[I]2[H2I]

k1k2[I2][H2]  = k 1 k 2[I][H2I]

r = r3 = k3[H2I][I] =
k 1 · k 2·  k 3 

k 1 · k 2

[I2][H2]

k =
k3 · k 2 · k1

k 2 · k 1

I2 1

H2 1

d[Br2]
dt

= k1·k2

k 1

[NO]2 [Br2] 

d[NO]
dt

= d[NOBr]
dt

= 2 × k1·k2

k 1

[NO]2 [Br2] 
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A B P

a kJ/mol a kJ/mo

1 A + A    A 2 20 10

2 A2 + B    C 100 70

3 B + C    P 10 20

1 3

Ea 110

20 10

100 70

10 20 110kJ/mol

r = r2 = k2[A2][B]

r1 = r 1

k1[A]2 = k 1[A2]

[A2] = 
k 1

k 1

 [A]2

r = 
k 1k 2

k 1

 [A]2[B]

(1)   NO  +  NO N2O2

(2)   O2   +  N2O2 NO2 + NO2

2NO  +  O2 2NO2

k
2

k
1

k
-1

NO2 = 2k2[O2][N2O2]

N2O2 

N2O2 = N2O2

  k1[NO]2 = k 1[N2O2] + k2[O2][N2O2]

[N2O2] = 
k1[NO]2

k 1  + k 2[O2]

NO2 = 2k2[O2][N2O2] =
2k1k2[NO]2[O2]

k 1  + k 2[O2]
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(a)

Cl Cl

I-

I-

(b)

ClI- ClI-

(c)

ClI- I Cl-
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A ---- B ---- C

AB + C

A + BC

Ea

E

Ea1 Ea2
Ea

T2

T2T1
T1>T2T2TT2TT2T2TTT2T T1T1T1TT1T1

Ea

T

EEEEEEEEEEEEEEEE

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

CHEMISTORY03
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Z

A B A B

p

p = p 

f

f = f 

f Ea

T

Ea f 

T  f

A B Z A B

Z A B × p

Z A B × p × f

r A B × Z × p × f k A B

k Z  ×  p  ×  f 

k = A · e
Ea

RT
E

A · A ·  ·  =  = k = k = AA =  = RT = e
EaEE

AAAAAk A
aE

kkkkkkkkkkkkkkk A · e RT
a

RT =  · AA = AA =  =  · AAk eek = k A · eA = RTRTRTkkkk =  =  =  =  =  =  =  = T
k

Ea

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

aaEaaEEEaEEEEEEEEEEEEEEEEEEEEaaEEEEEEEEEaEaE
kkkkkkkkkkkkkkkkkkkkkkkk

k = A · e
Ea

RT

lnk = 
Ea

R
 ( 1

T
) + lnA

r = k[A][B]

       = [A][B] × Z × p × f

k = Z  ×  p  × f
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 T k lnk

1
T

Ea

R

Ea
1

> Ea
2

T1  T2 Ea

k1 10   20 Ea1

k2 100   120 Ea2

Ea

Ea k

lnk

1
T

k  T k k  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T  T k k k k  T k  T k k k k  T  T 

kEaE kkkEEEEEEEE kkkkkk

=   -2.00 × 104 K

1
T

ln k  Ea

R

Ea = 2.00 × 104K × R

ln       =         
k

1
  

k
2
  

R  

E
a
  1

T
2

1
T

1

ln       =  
RRR

ln       =  ln       =  ln       =  
k

ln       =  ln       =  aln       =  ln       =  ln       =  aln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  
RRR

ln       =  ln       =  ln       =  ln       =  ln       =  aln       =  aln       =  ln       =  
R

ln       =  ln       =  ln       =  ln       =  
RR

ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  ln       =  
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A B A A t

 kJ/mol·K

(M-1)

8

400K

200K

7
6
5
4
3
2
1

0 10 20 t (s)

1
[A]

(M)

0.8

400K

200K

0.4

0.2
0.1

0 10 20 t (s)

[A]

30 40

0                       2                     4                      6 (min)

4

3

2

1

1
[A]

(M-1)
200K

400K
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Ea

k

K E H S G 

E

Ea

Ea

E

<

Ea

Ea' Ea

Ea

E

Ea

Ea


