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ÉæÚßæéóëÖä°:  é÷ÂêóÿÂöćãèÂòÛ îòÖäóÂóäÿÂõÕÜÐõÂõäõãó 
ĀæñÜòÉÉòãØöćâöÝæÖ¬îîòÖäó

ÜòÉÉòãØöćâöÝæÖ¬îîòÖäó
ÅèóâÿÃ­âÃ­ÚÃîÈÖòèØČóÜÐõÂõäõãó  
îùÔìáúâõ
ëáóèñÃîÈÜÐõÂõäõãó
Âóäé÷ÂêóÂæăÂÃîÈÜÐõÂõäõãó
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ÉæÚéóëÖä°ĀÛ¬ÈÜÐõÂõäõãóîîÂÿÜĆÚ 2ÜäñÿáØ 

ÜÐõÂõäõãóĀÛÛÿîÂßòÚÙ°
(homogeneous reaction)

ÜÐõÂõäõãóĀÛÛèõäõÙßòÚÙ°
(heterogeneous reaction)

ÜÐõÂõäõãóÿÂõÕÃ÷ĈÚÿàëÿÕöãè 
(ÖòèØČóÜÐõÂõäõãóØùÂÖòèÉñÿÜĆÚ
ÿÚøĈîÿÕöãèÂòÚ)

ÿÂõÕÃ÷ĈÚäñìè¬óÈëîÈÿàë ìäøî
âóÂÂè¬ó ëîÈÿàë (ÖòèØČó
ÜÐõÂõäõãóăâ¬ÿÜĆÚÿÚøĈîÿÕöãèÂòÚ)
Öòèîã¬óÈ
-ÂóäæñæóãĂÚÂäÕ
-ÂóäëòÚÕóÜÃîÈîÚùáóÅ
ÃîÈĀÃĆÈ ÿË¬Ú ĀÂä°ăàÖ°
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ÅèóâìâóãÃîÈîòÖäó (Definition of reaction)
Úõãóâ îòÖäó Åøî ÂóäÿÜæöćãÚĀÜæÈÅèóâÿÃ­âÃ­ÚÃîÈëóä Ö¬îìÚ¬èãÿèæó

îòÖäó = ÂóäÿÜæöćãÚĀÜæÈÅèóâÿÃ­âÃ­ÚÃîÈëóä

ÿèæó

ÅèóâÿÃ­âÃ­ÚÿèæóìÚ¬èãîòÖäó
ëóäæñæóãmol/l

mol/cm3
s mol l-1s-1

Ms-1

ĀÂ®ë mol/cm3, 
molecules/cm3,
P (atm,
Pascal)

s mol cm-3s-1

molecules cm-3s-1

P s-1

Öòèîã¬óÈìÚ¬èãîòÖäó
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îòÖäóÂóäÿÂõÕÜÐõÂõäõãó (reaction rate ,r)

ÂóäÿÜæöćãÚĀÜæÈÅèóâÿÃ­âÃ­ÚÃîÈëóäÖòĈÈÖ­ÚìäøîÝæõÖáòÔÒ°Öóâÿèæó
ØöćÿÜæöćãÚăÜ

ëóäÖòĈÈÖ­Ú ÝæõÖáòÔÒ°

ÂóäÕČóÿÚõÚăÜÃîÈÜÐõÂõäõãó
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îòÖäóÂóäÿÂõÕÜÐõÂõäõãó

îòÖäóÂóäÿÂõÕÜÐõÂõäõãó : ÂóäÿÜæöćãÚĀÜæÈÖóâÅèóâÿÃ­âÃ­ÚÃîÈëóäÖòĈÈÖ­Ú 
ìäøîÝæõÖáòÔÒ°Ö¬îÿèæóØöćÿÜæöćãÚăÜ

îòÖäóÜÐõÂõäõãó=ÂóäÿÜæö
ćãÚĀÜæÈÅèóâÿÃ­âÃ­ÚÃîÈA
Ë¬èÈÿèæóØöćÿÜæöćãÚăÜ

[A]2-[A]1

t2-t1

-D[A]

Dt

ëóäÖòĈÈÖ­Ú
A B

ÝæõÖáòÔÒ°

ÿèæóÿäõćâÖ­Ú =   t1 , ÅèóâÿÃ­âÃ­Ú[A]1 [B]1
ÿèæóÝ¬óÚăÜ)  =   t2 , ÅèóâÿÃ­âÃ­Ú[A]2 [B]2

îòÖäóÜÐõÂõäõãó=ÂóäÿÜæö
ćãÚĀÜæÈÅèóâÿÃ­âÃ­ÚÃîÈB
Ë¬èÈÿèæóØöćÿÜæöćãÚăÜ

= =

[B]2-[B]1

t2-t1

D[B]

Dt
= =

[B]2 > [B]1

[A]2 < [A]1
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Öòèîã¬óÈ 1ÉÈÿÃöãÚîòÖäóÜÐõÂõäõãóÖ¬îăÜÚöĈĂÚäúÜÃîÈÂóäæÕÅèóâ
ÿÃ­âÃ­ÚÃîÈëóäÖòĈÈÖ­Ú ĀæñÂóäÿßõćâÅèóâÿÃ­âÃ­ÚÃîÈÝæõÖáòÔÒ°

Â) )aq(OI)aq(Cl)aq(OCl)aq(I ---- +­+

Ã) )g(O2)g(O3 32 ­

Å) )g(OH6)g(NO4)g(O5)g(NH4 223 +­+

t

]OI[

t

]Cl[

t

]OCl[

t

]I[
r

D

D
=

D

D
=

D

D
-=

D

D
-=

----

t

]O[

2

1

t

]O[

3

1
r 32

D

D
=

D

D
-=

t

]OH[

6

1

t

]NO[

4

1

t

]O[

5

1

t

]NH[

4

1
r 223

D

D
=

D

D
=

D

D
-=

D

D
-=
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îòÖäóÂóäĂÚäúÜÕõàÿàîÿäÚÿËöãæ

îòÖäó (r)= -d [A]

dt

d [B]

dt
=

- d [A]

dt

- d [B]

dt

d [C]

dt

d [D]

dt
= = =

ëóäÖòĈÈÖ­Ú
A B

ÝæõÖáòÔÒ°

ëóäÖòĈÈÖ­Ú
A +   B C  +   D

ÝæõÖáòÔÒ°

îòÖäó (r)=
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îòÖäóÂóäÿÂõÕÜÐõÂõäõãóÂòÛÜäõâóÔëòâßòÚÙ°

îòÖäó (r) =

ëóäÖòĈÈÖ­Ú
aA bB

ÝæõÖáòÔÒ°

ëóäÖòĈÈÖ­Ú
aA  +   bB cC  +   dD

ÝæõÖáòÔÒ°

îòÖäó (r) =

dt

]B[d

b

1

dt

]A[d

a

1
=-

dt

d[D]

d

1

dt

d[C]

c

1

dt

d[B]

b

1

dt

d[A]

a

1
==-=-

îòÖäóëóäÖòĈÈÖ­ÚØöćìóãăÜ îòÖäóÝæõÖáòÔÒ°ØöćÿÂõÕÃ÷ĈÚ 12



Öòèîã¬óÈ 2ÉÈÿÃöãÚîòÖäóÜÐõÂõäãóÖ¬îăÜÚöĈĂÚäúÜĂÚäúÜÕõàÿàîÿäÚÿËöãæ
ÃîÈÂóäæÕÅèóâÿÃ­âÃ­ÚÃîÈëóäÖòĈÈÖ­Ú ĀæñÂóäÿßõćâÅèóâÿÃ­âÃ­ÚÃîÈ
ÝæõÖáòÔÒ°
Â) )aq(OI)aq(Cl)aq(OCl)aq(I ---- +­+

Ã) )g(O2)g(O3 32 ­

Å) )g(OH6)g(NO4)g(O5)g(NH4 223 +­+

dt

]OI[d

dt

]Cl[d

dt

]OCl[d

dt

]I[d
r

----

==-=-=

dt

]O[d

2

1

dt

]O[d

3

1
r 32 =-=

dt

]OH[d

6

1

dt

]NO[d

4

1

dt

]O[d

5

1

dt

]NH[d

4

1
r 223 ==-=-=
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Öòèîã¬óÈ 3ÜÐõÂõäõãóäñìè¬óÈāÛäâöÚÂòÛÂäÕàîä°âõÂ ĂÚ
ëóäæñæóãØöćâöÚČĈóÿÜĆÚÖòèØČóæñæóã
Br2(aq)  + HCOOH(aq) 2Br- (aq)  + 2H+(aq) + CO2(g)

îòÖäóÿÊæöćãÃîÈÜÐõÂõäõãó= 
[Br2]finalï[Br2]initial

tfinal - tinitial

-D[Br2]
Dt=

ÿèæó (s) [Br2] (M) îòÖäóÿÊæöćã (M/s)
0.0
50.0
100.0
150.0
200.0
250.0
300.0
350.0
400.0

0.0120
0.0101
0.00846
0.00710
0.00596
0.00500
0.00420
0.00353
0.00296

3.80
3.28
2.72
2.28
1.92
1.60
1.34
1.14

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

îòÖäóÿÊæöćã
-D[Br2]
Dt=

- [0.0101-0.0120] M
50 s=

=   3.80 x 10-5 Ms-1
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îòÖäóËòćèÃÔñ (instantaneous rate):  ÂóäÜäñâóÔÅ¬óîòÖäóÂóä
ÿÂõÕÜÐõÂõäõãóØöćÿèæóĂÕÿèæóìÚ÷ćÈ ìóăÕ­ÉóÂÂóä
ÅČóÚèÔîòÖäóÿÊæöćãÃîÈÜÐõÂõäõãóĂÚË¬èÈÿèæóØöćëòĈÚæÈą ÿäøćîãą
ÂóäÿÃöãÚÂäóàäñìè¬óÈÅèóâÿÃ­âÃ­ÚÂòÛÿèæóĀæ­èæóÂÿë­ÚëòâÝòëÿë­ÚÂäóà 
Ô ÿèæóØöćÖ­îÈÂóä ÅèóâËòÚÃîÈÿë­ÚÖäÈÅøî ²²îòÖäó³³

slope of

tangent
slope of

tangent
slope of

tangent

Br2 (aq) + HCOOH (aq) 2Br- (aq) + 2H+ (aq) + CO2 (g)

time

15



ìâóãÿìÖùîòÖäóËòćèÃÔñ ÉñÅÈÿÕõâÿëâî×­óÅèóâÿÃ­âÃ­ÚÃîÈëóäÖòĈÈ
Ö­Úăâ¬ÿÜæöćãÚĀÜæÈ ÉñÿäöãÂîòÖäóËòćèÃÔñè¬ó îòÖäóÖæîÕÂóä
ëîÚ 

ÿèæó (s) [Br2] (M) îòÖäó (M/s)

0.0
50.0
100.0
150.0
200.0
250.0
300.0
350.0
400.0

0.0120
0.0101
0.00846
0.00710
0.00596
0.00500
0.00420
0.00353
0.00296

4.20
3.52
2.96
2.49
2.09
1.75
1.48
1.23
1.04

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

x  10-5

3.50
3.49
3.50
3.51
3.51
3.50
3.52
3.48
3.51

x  10-3

x  10-3

x  10-3

x  10-3

x  10-3

x  10-3

x  10-3

x  10-3

x  10-3

îòÖäóÂóäÿÂõÕÜÐõÂõäõãóäñìè¬óÈāÜäâöÚÂòÛÂäÕàîä°âõÂ Øöć 25 oC

k =
îòÖäós-1

[Br2]
k =Å¬óÅÈØöćîòÖäó
ÃîÈÜÐõÂõäõãó
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Âäóàäñìè¬óÈîòÖäóÂòÛ ÅèóâÿÃ­âÃ­ÚÃîÈāÛäâöÚĂÚÜÐõÂõäõãó
äñìè¬óÈāÛäâöÚ ÂòÛ ÂäÕàîä°âõÂ

k =Å¬óÅÈØöćîòÖäó
ÃîÈÜÐõÂõäõãó

0.00200 0.00600 0.0100 0.0140

1.00 x 10-5

0

2.00 x 10-5

3.00 x 10-5

4.00 x 10-5

5.00 x 10-5

Rate (r)

[Br2]

][ 2Brr´

][ 2Brkr=

][ 2Br

r
k=
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ÂÏîòÖäóÕõàÿàîÿäÚÿËöãæÿËõÈîÚùßòÚÙ° (differential rate law)
ÿÜĆÚëâÂóäÅÔõÖéóëÖä°ØöćĀëÕÈÂóäÃ÷ĈÚÂòÛÂóäÿÜæöćãÚĀÜæÈÅèóâÿÃ­âÃ­Ú
ÃîÈÜÐõÂõäõãó

ÉóÂ ÂÏîòÖäó  = ......
dt

d[D]1

dt

d[C]1

dt

d[B]1

dt

d[A]1
===-=-

dcba

îòÚÕòÛÃîÈÜÐõÂõäõãó : ÅøîÿæÃËöĈÂČóæòÈÃîÈÅèóâÿÃ­âÃ­ÚÃîÈëóäĂÚÜÐõÂõäõãó
x, yÿÜĆÚÿæÃËöĈÂČóæòÈÃîÈÅèóâÿÃ­âÃ­Ú AĀæñ BÖóâæČóÕòÛ
ÿäöãÂÿæÃËöĈÂČóæòÈ xè¬óîòÚÕòÛÜÐõÂõäõãóÿØöãÛÂòÛ A

ÿæÃËöĈÂČóæòÈ yè¬óîòÚÕòÛÜÐõÂõäõãóÿØöãÛÂòÛ B
îòÚÕòÛäèâÃîÈÜÐõÂõäõãó = x + y

aA   + bB cC  + dD  + é.

=  k[A]x[B]y k =Å¬óÅÈØöćîòÖäóÃîÈÜÐõÂõäõãó
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ÂÏîòÖäóÿËõÈîÚùßòÚÙ° (Ö¬î)

a A + b B Ÿ g G + h H é.

yx ]B[]A[kr=

ëâÂóäÂÐîòÖäó

ëòâÜäñëõØÙõċÃîÈëâÂóäØöćÕùæĀæ­è ăâ¬ëóâóä×ÚČóâóÿÃöãÚÿÜĆÚ
îòÚÕòÛÃîÈÜÐõÂõäõãóăÕ­āÕãÖäÈ  îòÚÕòÛÃîÈÜÐõÂõäõãóÖ­îÈìó
ÉóÂÂóäØÕæîÈÿØ¬óÚòĈÚ Ì÷ćÈîóÉÉñÿØ¬óÂòÛëòâÜäñëõØÙõċÃîÈ
ëâÂóäØöćÕùæĀæ­èìäøîăâ¬ÂĆăÕ­

îòÚÕòÛÜÐõÂõäõãó
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Öòèîã¬óÈ4ÉÈÅČóÚèÔÂÏîòÖäóĀæñÅ¬óÅÈØöćîòÖäóØöć 25oCÃîÈ
ÜÐõÂõäõãóÕòÈĀëÕÈ
āÕãĂË­Ã­îâúæØöćÂóäé÷ÂêóØóÈÉæÚéóëÖä°ØöćÂČóìÚÕĂì­

ÂóäØÕæîÈØöć
ÅèóâÿÃ­âÃ­ÚÿäõćâÖ­Ú (M) îòÖäóÿäõćâÖ­Ú 

(M/s)[A] [B]
1
2
3
4
5

0.100
0.200
0.400
0.100
0.100

0.100
0.100
0.100
0.300
0.600

5.50
2.20
8.80
1.65
3.30

x 10-6
x 10-5
x 10-5
x 10-5
x 10-5

ÂÏîòÖäó(r)= k [A]x[B]y 

CB2A ­+
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ìóîòÖäóë¬èÚäñìè¬óÈîòÖäóÂóäÿÂõÕÜÐõÂõäõãó ëČóìäòÛÂóäØÕæîÈ
Øöć 1Āæñ2 ÕòÈÚöĈ

4

1

s/M1020.2

s/1050.5

r

r
5

6

2

1 =
³

M³
=

-

-

yx

yx

2

1

)M100.0()M200.0(k

)M100.0()100.0(k

4

1

r

r M
==

xx

2

1

M200.0

M100.0

4

1
ö
÷

õ
æ
ç

å
=ö

÷

õ
æ
ç

å
=

2x=

ìóîòÖäóë¬èÚäñìè¬óÈ  r1 Āæñ  r2ÅøîÝæìóäÃîÈÂÏîòÖäóëČóìäòÛÂóä
ØÕæîÈ Øöć 1Āæñ2 

ÕòÈÚòĈÚÉñăÕ­è¬óÜÐõÂõäõãóÿÜĆÚîòÚÕòÛëîÈÿâøćîÅõÕëóä AÿÜĆÚìæòÂ

ÂÏîòÖäó(r)= k [A]x[B]y 
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ØČóÚîÈÿÕöãèÂòÚìóîòÖäóë¬èÚäñìè¬óÈîòÖäóÂóäÿÂõÕÜÐõÂõäõãó ëČóìäòÛÂóä
ØÕæîÈØöć 4Āæñ5 ÕòÈÚöĈ

ĀæñÉóÂÂÐîòÖäóÉñăÕ­

ÂäÔöÚöĈÉñăÕ­è¬óÜÐõÂõäõãóÿÜĆÚîòÚÕòÛìÚ÷ćÈÿâøćîÅõÕëóä B  ÿÜĆÚìæòÂ

2

1

s/M1030.3

s/1065.1

r

r
5

5

5

4 =
³

M³
=

-

-

yx

yx

5

4

M6000M1000k

M30001000k

2

1

r

r

).().(

).().( M
==

yy

2

1

M600.0

M300.0

2

1
ö
÷

õ
æ
ç

å
=ö

÷

õ
æ
ç

å
=

1y=
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x = 2 (ÜÐõÂõäõãóæČóÕòÛëîÈÿâøćîÿØöãÛÂòÛ A)
y = 1 (ÜÐõÂõäõãóæČóÕòÛìÚ÷ćÈÿâøćîÿØöãÛÂòÛ B)
îòÚÕòÛäèâÃîÈÜÐõÂõäõãó Åøî  x + y = 2 + 1  =  3

ìóÅ¬óÅÈØöćÉóÂÃ­îâúæÂóäØÕæîÈ (ËùÕĂÕËùÕìÚ÷ćÈ)

ÂÏîòÖäó               r  = k[A]2[B]

]B[]A[

r
k

2
=

ÉóÂÃ­îâúæËùÕØöćìÚ÷ćÈ

)M100.0()M100.0(

s/M1050.5
k

2

6-³
= sM/1050.5 23-³=

123 sM1050.5k ---³=
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ëòÈÿÂÖÉóÂāÉØã° ëâÂóäÉñÿÜĆÚ  

ÂÏîòÖäóØöćăÕ­ Åøî 

ÉñÿìĆÚè¬óîòÚÕòÛÜÐõÂõäõãóăâ¬ëóâóä×ÿÕóÉóÂëâÂóäĀëÕÈÜÐõÂõäõãó
ÿäóÉñÖ­îÈìóîòÚÕòÛÜÐõÂõäõãóÉóÂÂóäØÕæîÈÿØ¬óÚòĈÚ

][][ BAkr 2=

CB2A ­+
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Öòèîã¬óÈ5ÉÈÅČóÚèÔìóîòÚÕòÛäèâÃîÈÜÐõÂõäõãó

ÂóäØÕæîÈØöć
ÅèóâÿÃ­âÃ­ÚÿäõćâÖ­Ú
ÃîÈëóäÖòĈÈÖ­Ú(mol/L) îòÖäóÿäõćâÖ­Ú

(mol L-1s-1)

1

2

3

4

5

3.21x10-3

28.8x10-3

O2

1.10x10-2

1.10x10-2

2.20x10-2

1.10x10-2

3.30x10-2

NO

1.30x10-2

3.90x10-2

1.30x10-2

2.60x10-2

1.30x10-2

6.40x10-3

12.8x10-3

9.60x10-3

)()()( gNO2gOgNO2 22 ­+
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Öòèîã¬óÈ5(Ö¬î)

îòÖäó = k [NO]x[O2]y 

ìóîòÖäóë¬èÚäñìè¬óÈ  r1 Āæñ  r2ÅøîÝæìóäÃîÈÂÏîòÖäóëČóìäòÛÂóä
ØÕæîÈ Øöć 1Āæñ2 

2
sLmol1021.3

sLmol1040.6

r

r
113

113

1

2 =
ÖÖ³

ÖÖ³
=

---

---

y13x13

y13x13

1

2

)Lmol1010.1()Lmol1030.1(

)Lmol1020.2()Lmol1030.1(
2

r

r
----

----

Ö³Ö³

Ö³Ö³
==

ìóîòÖäóë¬èÚäñìè¬óÈîòÖäóÂóäÿÂõÕÜÐõÂõäõãó ëČóìäòÛÂóäØÕæîÈ
Øöć 1Āæñ2 ÕòÈÚöĈ

1y22 y =\=

)()()( gNO2gOgNO2 22 ­+
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Öòèîã¬óÈ5(Ö¬î)

25.2
sLmol108.12

sLmol108.28

r

r
113

113

3

5 =
ÖÖ³

ÖÖ³
=

---

---

y13x13

y13x13

3

5

)Lmol1010.1()Lmol1060.2(

)Lmol1010.1()Lmol1090.3(
25.2

r

r
----

----

Ö³Ö³

Ö³Ö³
==

ìóîòÖäóë¬èÚäñìè¬óÈîòÖäóÂóäÿÂõÕÜÐõÂõäõãó ëČóìäòÛÂóäØÕæîÈ
Øöć 3Āæñ5 ÕòÈÚöĈ

x5.125.2 =

2x
2

3

4

9
x

=\ö
÷

õ
æ
ç

å
= îòÖäó = k [NO]2[O2]
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ìóÅ¬óÅÈØöćÉóÂÃ­îâúæÂóäØÕæîÈ (ËùÕĂÕËùÕìÚ÷ćÈ)

]O[]ON[

r
k

2

2
=

ÉóÂÃ­îâúæËùÕØöćìÚ÷ćÈ

r = k [NO]2[O2]

)M1010.1()M1030.1(

s/M1021.3
k

222

3

--

-

³³

³
=

123 sM1073.1 --³=
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rate = k[NO2]
x[CO]y

Experiment Initial Rate(mol/L*s) Initial [NO2] (mol/L) Initial [CO] (mol/L)

1

2

3

0.0050

0.080

0.0050

0.10

0.10

0.40

0.10

0.10

0.20

Öòèîã¬óÈ6ÉÈÅČóÚèÔìóîòÚÕòÛäèâÃîÈÜÐõÂõäõãóāÕãĂË­îòÖäóÿäõćâÖ­Ú

ËùÕĀäÂ  ÅøîÂóäØÕæîÈØöć  1Āæñ2 ĂË­ìóîòÚÕòÛÜÐõÂõäõãóÿØöãÛÂòÛNO2

ËùÕëîÈ  ÅøîÂóäØÕæîÈØöć  1Āæñ3 ĂË­ìóîòÚÕòÛÜÐõÂõäõãóÿØöãÛÂòÛCO

)()()()( gCOgNOgCOgNO 22 +­+
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rate = k [NO2]
2[CO]0 = k [NO2]
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ìóÅ¬óÅÈØöćÉóÂÃ­îâúæÂóäØÕæîÈ (ËùÕĂÕËùÕìÚ÷ćÈ)

2

2]ON[

r
k=

ÉóÂÃ­îâúæËùÕØöćìÚ÷ćÈ

rate = k [NO2]
2

11

2
sM05.0

)M10.0(

s/M0050.0
k --==
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îòÖäóĀæñ Å¬óÅÈØöćîòÖäóÉñâöìÚ¬èãÿÕöãèÂòÚăÕ­ÚòĈÚÖ­îÈÿÜĆÚ
ÜÐõÂõäõãóîòÚÕòÛéúÚã°ÿØ¬óÚòĈÚ

ÅèóâĀÖÂÖ¬óÈäñìè¬óÈîòÖäó(rate)ÂòÛÅ¬óÅÈØöćîòÖäó(rate constant, k)

Å¬óÅÈØöćîòÖäóÅøî Å¬óÅÈØöćìóăÕ­ÉóÂÂóäÿÜæöćãÚĀÜæÈÜÐõÂõäõãó 
ÿË¬ÚìóăÕ­ÉóÂÂóäæÕæÈÃîÈÅèóâÿÃ­âÃ­ÚÃîÈëóäÖòĈÈÖ­Ú

ÜÐõÂõäõãóØöćîòÚÕòÛ >éúÚã°
îòÖäóĀæñ Å¬óÅÈØöć îòÖäóÉñÿÜĆÚÅ¬óÜäñâóÔØöćìóăÕ­ÉóÂÂóä
ØÕæîÈÿØ¬óÚòĈÚ ÿâøćîÅèóâÿÃ­âÃ­ÚÃîÈëóäÖòĈÈÖ­ÚØòĈÈìâÕÿÜĆÚ 1 M
ìÚ¬èãÃîÈîòÖäóĀæñ Å¬óÅÈØöćîòÖäóÂĆÉñÖ¬óÈÂòÚ

0AkRate ][=
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ÜòÉÉòãØöćâöÝæÖ¬îîòÖäóÃîÈÜÐõÂõäõãó

1) ÖòèØČóÜÐõÂõäõãó
-ÙóÖùïóāæÿÉÚè¬îÈăèÖ¬îÜÐõÂõäõãóâóÂ
-ÙóÖùăÚāÖäÿÉÚÿÊøćîãËóăâ¬Å¬îãâöÜÐõÂõäõãóÂòÛëóäĂÕ
-ÿâøćîÿÖõâ Mg æÈăÜĂÚHCl(aq)ÉñÿÂõÕ H2 îã¬óÈäèÕÿäĆè
-ÿâøćîÿÖõâFeæÈăÜĂÚHCl(aq)ÉñÿÂõÕ H2 îã¬óÈË­óą

2) ÅèóâÿÃ­âÃ­ÚÃîÈÖòèØČóÜÐõÂõäõãó
ÿâøćîÿßõćâÅèóâÿÃ­âÃ­ÚÖòèØČóÜÐõÂõäõãó ÜÐõÂõäõãóÉñÿÂõÕÿäĆè
Ã÷ĈÚ 
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3) îùÔìáúâõ

ÂóäÿßõćâîùÔìáúâõØČóĂì­ÜÐõÂõäõãóÿäĆèÃ÷ĈÚ

4) Öòèÿä¬ÈÜÐõÂõäõãó

Öòèÿä¬ÈÜÐõÂõäõãó Åøî ëóäÿßõćâîòÖäóÂóäÿÂõÕÜÐõÂõäõãó āÕã
ÖòèÿîÈăâ¬ÿÜæöćãÚĀÜæÈ(ØóÈÿÅâöĀæñÜäõâóÔ)ÿâøćîëõĈÚëùÕ
ÜÐõÂõäõãó ÅèóâÿÃ­âÃ­ÚÃîÈÖòèØČóÜÐõÂõäõãóîóÉÉñÿÜæöćãÚ 
ĀÖ¬ÅèóâÿÃ­âÃ­ÚÖòèÿä¬ÈÜÐõÂõäõãóÅÈÿÕõâ

5) ßøĈÚØöćÝõèÃîÈÖòèØČóÜÐõÂõäõãó (ÂäÔöÿÜĆÚÜÐõÂõäõãóèõäõÙßòÚÙ° 
ÿÚøćîÈÉóÂÜÐõÂõäõãóÉñÿÂõÕØöćßøĈÚØöćÝõè)

ÜòÉÉòãØöćâöÝæÖ¬îîòÖäóÃîÈÜÐõÂõäõãó (Ö¬î)
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ëäùÜÅèóâëòâßòÚÙ°îòÚÕòÛÜÐõÂõäõãóĀæñÅèóâÿÃ­âÃ­Ú
ÿâøćîÿßõćâÅèóâÿÃ­âÃ­ÚÿÜĆÚëîÈÿØ¬óÃîÈÅèóâÿÃ­âÃ­ÚÿäõćâÖ­Ú

ÜÐõÂõäõãóîòÚÕòÛìÚ÷ćÈ 
(first order reaction) îòÖäóÿßõćâÿÜĆÚëîÈÿØ¬ó

îòÖäóÿßõćâÿÜĆÚëöćÿØ¬ó

ăâ¬âöÝæÖ¬îîòÖäó

ÜÐõÂõäõãóîòÚÕòÛëîÈ
(second order reaction)

ÜÐõÂõäõãóîòÚÕòÛéúÚã° 
(zero order reaction)

ÜÐõÂõäõãóîòÚÕòÛìÚ÷ćÈ ÿØöãâ
(pseudo-first order reaction) îòÖäó¦¦¦¦
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ÝæÃîÈîùÔìáúâõØöćâöÝæÖ¬îîòÖäó
îóä°ÿäÿÚöãë ăÕ­ĀëÕÈëâÂóäÅèóâëòâßòÚÙ° 
äñìè¬óÈÅ¬óÅÈØöćîòÖäóÂòÛîùÔìáúâõÕòÈÚöĈ

Svante August Arrhenius 
Swedishscientist
(1859 ·1927)

RTEaAek
-

=

k = Å¬óÅÈØöćîòÖäó (kinetic rate constant at T)
A = îóä°ÿäÿÚöãëĀàÂÿÖîä° (ĀëÕÈÅèóâ×öćÂóäËÚîóÉÉñÿäöãÂ ĀàÂÿÖîä°
Åèóâ×öć)

Ea= ßæòÈÈóÚÂäñÖù­Úìäøî ßæòÈÈóÚÂ¬îÂòââòÚÖ°(activated energy)âö
Å¬óÅÈØöćëČóìäòÛÜÐõÂõäõãóìÚ÷ćÈą (kJ/mol)

R =Å¬óÅÈØöćĀÂ®ë= 8.314 (J K-1mol-1)
T= îùÔìáúâõëòâÛúäÔ° (K)

ëâÂóäîóä°ÿäÿÚöãë
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RTEaAek
-

=
ÉóÂëâÂóäîóä°ÿäÿÚöãë
-Å¬óÅÈØöćîòÖäó     A (Åèóâ×öćÂóäËÚ)
-ÿÅäøćîÈìâóãæÛÃîÈÿØîâ  -Ea /RT

Å¬óÅÈØöćîòÖäóæÕæÈÿâøćîßæòÈÈóÚÂäñÖù­Ú
âöÅ¬óëúÈÃ÷ĈÚ ĀæñÿâøćîîùÔìáúâõëúÈÃ÷ĈÚ
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×­óìóÂØäóÛÅ¬ó k ØöćîùÔìáúâõÖ¬óÈÂòÚÿßöãÈëîÈîùÔìáúâõ ÿË¬Ú Øöć T1 ĀæñT2ÂĆîóÉÉñ
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Öòèîã¬óÈ 11 ÉóÂÜÐõÂõäõãóÂóäëæóãÃîÈ HI ĀëÕÈÕòÈÖ¬îăÜÚöĈ

āÕãâöÅ¬óÅÈØöćîòÖäóÿØ¬óÂòÛ  9.51x10-9  L mol-1s-1Øöć500 K ĀæñÿØ¬óÂòÛ
1.10x10-5 L mol-1s-1Øöć600 K  ÉÈìóÅ¬óEa

ìó EaÉóÂëâÂóäîóä°äöÿÚöãëÿÚøćîÈÉóÂØäóÛÅ¬ó k ØöćîùÔìáúâõÖ¬óÈÂòÚÿßöãÈ
ëîÈîùÔìáúâõ ÿË¬Ú Øöć T1= 500 K ĀæñT2= 600 K

Ea= 1.76x105 J mol-1 = 176 kJ mol-1
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Öòèîã¬óÈ 12ëČóìäòÛÜÐõÂõäõãóîòÚÕòÛìÚ÷ćÈâößæòÈÈóÚÂäñÖù­Ú  50.2 kJ/mol 
ĀæñâöÅ¬óÅÈØöćîòÖäóÿØ¬óÂòÛ 3.46 x 10-2s-1Øöć 298 ˁÅ¬óÅÈØöćîòÖäó ÉñÿÜĆÚ
ÿØ¬óĂÕØöć  350 ɼ
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ßæòÈÈóÚÂäñÖù­Ú (Ea)
ßæòÈÈóÚØöćÚ­îãØöćëùÕØöćĂË­ĂÚÂóäÿÂõÕÜÐõÂõäõãó

Ⱥa
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ëóäÖòĈÈÖ­Ú

ëóäë×óÚñØäóÚÌõËòÚ

Ea

ÝæõÖáòÔÒ°
ëóäÖòĈÈÖ­Ú

Ea

ÝæõÖáòÔÒ°

ëóäë×óÚñØäóÚÌõËòÚ

ÜÐõÂõäõãóÅóãÅèóâä­îÚ 
(exothermic reaction)

ÜÐõÂõäõãóÕúÕÅèóâä­îÚ
(endothermic reaction)

E E

ɲHÃîÈÜÐõÂõäõãó ɲHÃîÈÜÐõÂõäõãó

ÂóäÕČóÿÚõÚăÜÃîÈÜÐõÂõäõãóÂóäÕČóÿÚõÚăÜÃîÈÜÐõÂõäõãó
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Energy-level diagram for a reaction

ëóäÖòĈÈÖ­Ú

ÝæõÖáòÔÒ°

ëóäë×óÚñØäóÚÌõËòÚ

C
o
lli

s
io

n
 E

n
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rg

y

C
o
lli

s
io

n
 E

n
e
rg

y

Ea (reverse)

Öòèîã¬óÈÜÐõÂõäõãóăÜÃ­óÈìÚ­óÿÜĆÚ ÜÐõÂõäõãóÅóãÅèóâä­îÚÿßäóñ
ëóäÖòĈÈÖ­ÚâößæòÈÈóÚëúÈÂè¬óÝæõÖáòÔÒ°

Ea (forward)
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The effect of temperature on the distribution of collision energies

ÝæÃîÈîùÔìáúâõÖ¬îÂóäÂäñÉóãßæòÈÈóÚÃîÈÂóäËÚ
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æČóÕòÛĂÚÂóäìóÅ¬óÖ¬óÈąØóÈ ÉæÚéóëÖä°ëČóìäòÛÜÐõÂõäõãó
ßæîÖÅèóâÿÃ­âÃ­Ú
Ö¬óÈą ÂòÛÿèæó

ìóÅ¬ókØöćÅ¬óT
Ö¬óÈą

ìóÅèóâËòÚÂäóàØöć
ÿèæóÿäõćâÖ­Ú (t0)

ÃîÈĀÖ¬æñËùÕÃ­îâúæ
ÿÜäöãÛÿØöãÛîòÖäóÿâøćî
[A]ÿÜæöćãÚĀÖ¬[B]

ÅÈØöćĀæ­èÂäñØČó
ĂÚØóÈÂæòÛÂòÚ

ĀØÚØöćîòÚÖäóÿäõćâÖ­Ú îòÚÕòÛ
ÜÐõÂõäõãó ĀæñÅèóâÿÃ­âÃ­Ú 
ĂÚäúÜÂÏîòÖäóØòćèăÜ Åøî
rate = k [A]m[B]n

ĂË­ÅèóâÿÃ­âÃ­ÚāÕãÖäÈ ìäøî 
ĀÛÛlnìäøîĀÛÛØöćÿÜĆÚë¬èÚ
ÂæòÛ Āæ­èìóîòÚÕòÛ

ÉòÕĂì­îãú¬ĂÚäúÜ
ëâÂóäÿë­ÚÖäÈ
Āæñ ßæîÖÂäóà

ìóÅ¬ókØöćÅ¬ó
TÖ¬óÈą

îòÚÕòÛÜÐõÂõäõãó
îòÖäóÿäõćâÖ­Ú

ßæòÈÈóÚ
ÂäñÖù­Ú(Ea)

ßæîÖÂäóàÅèóâ
ÿÃ­âÃ­Ú ÂòÛÿèæó

ÂÏîòÖäó
îõÚØõÿÂäÖ
ĀæñÅä÷ćÈËöèõÖ

(t1/2)

Å¬óÅÈØöćîòÖäó Āæñ
îòÚÕòÛÜÐõÂõäõãó

Å¬óÅÈØöćîòÖäó (k)

ĀæñÂÐîòÖäóÉäõÈ
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Âóäÿä¬ÈÜÐõÂõäõãó (catalysis)
Öòèÿä¬ÈÜÐõÂõäõãó (catalyst):   ëóäØöćëóâóä×ÿßõćâîòÖäóÂóä
ÿÂõÕÜÐõÂõäõãó ĀæñÖòèÿä¬ÈÜÐõÂõäõãóÿîÈÉñăâ¬âöÂóäÿÜæöćãÚĀÜæÈ
ØóÈÿÅâöĂÕą ÿâøćîëõĈÚëùÕÜÐõÂõäõãó
MāÕãÂóäØöćăÜæÕßæòÈÈóÚÂäñÖù­ÚĂÚÂóäÿÂõÕÜÐõÂõäõãóĂì­
ÖČćóæÈ

MāÕãÂóäÿÜæöćãÚÿÿÜæÈÂæăÂÜÐõÂõäõãóÿëöãĂìâ¬

Öòèÿä¬ÈÜÐõÂõäõãóĀÛ¬ÈîîÂÿÜĆÚ 2ÜäñÿáØ
1) Öòèÿä¬ÈÿÚøĈîÿÕöãè 
2) Öòèÿä¬ÈÿÚøĈîÝëâ ÂòÛÂæăÂÂóäÿÂõÕÜÐõÂõäõãóØöćÿäöãÂè¬ó contact 

catalyst
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ÂóäÕČóÿÚõÚăÜÃîÈÜÐõÂõäõãó

ÿÜäöãÛÿØöãÛăÕîñĀÂäâÂóäÕČóÿÚõÚăÜÃîÈÜÐõÂõäõãóÃîÈÂäñÛèÚÂóäØöćâö
Öòèÿä¬ÈÜÐõÂõäõãó ĀæñÂäñÛèÚÂóäăâ¬âöÖòèÿä¬ÈÜÐõÂõäõãó

47



Öòèîã¬óÈ 15Öòèÿä¬ÈÜÐõÂõäõãóÿÚøĈîÿÕöãè 

2H2O2(aq)            2H2O(l) + O2(g)   

Br2(g) + H2O2(aq)                           2Br-(aq) + 2H+(aq) + O2(g)   

2Br-(aq) + H2O2(aq) + 2H+(aq)              Br2(g) + 2H2O(l) 

ĂË­Öòèÿä¬ÈÜÐõÂõäõãó Åøî  Br2

Rxn äèâ : ¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦.
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Öòèÿä¬ÈÜÐõÂõäõãóÿÚøĈîÝëâ âöØóÈÿÕöãè Åøî Öòèÿä¬ÈÉñăÜÿßõćâîòÖäóÿäĆèĂÚÂóä
ÿÂõÕÜÐõÂõäõãó āÕãÂóäÉòÛã÷ÕëóäÖòĈÈÖ­Úâóăè­Õ­èãÂòÚ ĀæñÿÜĆÚÖòèØöćË¬èãØČó
Ăì­ßòÚÙñĀÖÂăÕ­È¬óãÃ÷ĈÚ

(1)

(2)

(3)
(4)

Öòèîã¬óÈÖòèÿä¬ÈÜÐõÂõäõãóÿÚøĈîÝëâ
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ÿîÚăÌâ°(Enzymes)
1) ÿîÚăÌâ°ÿÜĆÚÖòèÖòèÿä¬ÈÜÐõÂõäõãóĂÚØóÈËöèèõØãó
2) ëóäÖòĈÈÖ­ÚÉñÉòÛßîÕöÂòÛë¬èÚØöćÿäöãÂè¬ó active site ÃîÈÿîÚăÌâ°Ì÷ćÈÿÜĆÚ
ë¬èÚØöćÉČóÿßóñ âöæòÂêÔñÅæ­óãæúÂÂùÎĀÉÂòÛĀâ¬ÂùÎĀÉ 

ëóäÖòĈÈÖ­Ú

ÿîÚăÌâ°

ÝæõÖáòÔÒ°

ÿîÚăÌâ°ÿîÚăÌâ°-ÌòÛëÿÖäÖ
ÅîâÿßæĆÂÌ°
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Öòèîã¬óÈāÉØã°
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Öòèîã¬óÈāÉØã° (ÿßõćâÿÖõâ)



69



70



71


