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A        B [A] 0.1 mol L-1 0.083 mol L-1 

10.6  
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NH3 0.024 mol L-1 s-1 
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N2(g) + 3H2(g)         2NH3 (g) 
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r  

r  

Slope = d[A] 
dt 
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[CH3I]  
(M) 

[OH-]  
(M) 

Initial rate 
(M/s) 

1.35 0.10 8.78 x 10-6 

0.85 0.10 5.53 x 10-6 

0.85 0.15 8.29 x 10-6 

reversible reaction 

autocatalysis 

 



(Rate law) 

 

aA + bB       pP + qQ 

  r = k [A]x[B]y 

k (rate constant) 
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(Differential Rate Law) 
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2NO + O2      2NO2    r= k[NO]2[O2] 

 

2N2O5       4NO2 + O2   r= k[NO2] 

 

 N2O5        NO2 + NO3  

  NO2 + NO3        NO2 + NO + O2  

 N2O5 + NO       3NO2  

Elementary steps 
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 A + B        C 
A [A]0 [B]0  

B [B]0 [A]0  

 



 

nitramide  

 NH2NO2(aq)        N2O(g) + H2O(l) 

rate law  

NH2NO2

(M) (M s-1) 

0.400 1.88 x 10-5 

0.200 9.32 x 10-6 

0.100 4.76 x 10-6 

r = k[NH2NO2]
x  

 

 

 2I-(aq) + 2VO2
+(aq) +4H+(aq)           I2(aq) + 2VO2

+(aq) +2H2O(l) 

I- (M) VO2
+ (M) H+ (M) Initial rate  

(M s-1) 

0.002 0.010 0.100 2.60 x 10-8 

0.004 0.010 0.100 5.21 x 10-8 

0.002 0.020 0.100 5.19 x 10-8 

0.002 0.010 0.050 2.60 x 10-8 

r = k[I-]x[VO2
+]y[H+]z 

 



 

[NO] (mol/dm3) [H2] (mol/dm3) 

(mol/dm3.s) 

1.00 1.00 3.5 x 10-5 

1.20 1.20 5.0 x 10-5 

0.80 0.80 1.8 x 10-5 

1.00 2.00 7.0 x 10-5 

2.00 1.00 1.4 x 10-4 

2NO(g) + H2(g)  H2O(g) + N2O(g) 
  

 

)(2)()(2)(2 22
)( gCOgNgCOgNO sPt

 

1. 

 

2. 

 

3. 

 

4. 

)(2)()(2 3
)(

22 gSOgOgSO gNO

)(3)(2 2
)(

3 gOgO gNO

 NH2NO2(aq)        N2O(g) + H2O(l) 



(Integrated Rate Law) 

 
 

 

 

integrated rate raw 
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N2O5    azo compounds amines C2H5Br 
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aA + bB  product 
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Ex  

NO(g) + O3(g)  NO2(g) + O2(g) 
25oC 1.20 x 1010 cm3 mol-1s-1 

  NO O3 0.10 mol L-1 

1.0 s O3  

 NO O3 1.0 g L-1 10-5 s 

O2 N =14, O = 16)  



 

(Third-order reaction) 

2A  +  B    product 

A B x 

t 

[A]  =  [A]0  -  2x 

[B]  =  [B]0  -  x 

 = k3([A]0  2x)2 ([B]0  x) 

x = 0 x t = 0 t  

t  
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0 0 0 00 0

(2[B] - [A] )2x [B] ([A] - 2x)1
 + ln  = k t

[A] ([A] - 2x) [A] ([B] - x)(2[B] - [A] )
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Determination of Order of Reaction 

1. differential method 

2. Half-life method 

3. Initial rate method 

4. Isolation or flooding method 



 

1 (Differential method) 

 

n  

=  = kn[A]n 

 = log kn + n log [A]                               (1) 
 

1 2  

n =  

 

2 (Half-life method) 

 1 

1  

t1/2 = 

      t1/2 =                                (2) 
 

f n kn (2)  

log t1/2 = log f + (1  n) log [A]0 



 

log t1/2 = log f + (1  n) log [A]0 

plot log t1/2 log [A]0  
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3 (Initial rate method) 

mA + nB  product 

(R) = k  
 A B  

     
2 A  

(R1/R2) = ([A1]0/[A2]0)
m 

m =   Hoff equation 



 

4 Isolation Flooding (Isolation of Flooding method) 

 

A) 

  product 
 

 = k[A] [B]0 [C]0  

 

       = A]  

   [B]0 [C]0  

 

 

Ex  

% HI  

0 4.58 

5 4.07 

10 3.71 

15 3.37 

20 2.95 

 

 = log kn + n log [A]  



 

Ex A    B  
A 0.502 mol dm-3 1.007 mol dm-3 

51 s 26 s 25oC 

 

 

(Rate Laws and Reaction Mechanism) 

 

2NO + O2   2NO2 

 

 1  NO + O2     NO3 

 2  NO + NO3  N2O4 

 3  N2O4    2NO2  

(elementary reaction) 

3 2NO + O2   2NO2   

NO3 N2O4 = intermediate 



 

 

1. (unimolecular rection) 

N2O4  2NO2 

O3  O2 + O 
2. (bimolecular reaction) 

NO + O2  NO3 

CH3COCH3 + I2  CH3COCH2I + HI 

Cl + CH4  CH3 + HCl 
3. (termolecular reaction) 

2NO + Cl2  2NOCl2 

O + O2 + N2  O3 + N2 

 

NO O2  

1 = k1[NO][O2] 

2 = k2[NO][NO3] 

3 = k3[N2O4] 

 

 

 1  NO + O2     NO3 

 2  NO + NO3  N2O4 

 3  N2O4    2NO2  

1-3 mechanism 

 



 

 

N2 + 3H2  2NH3 

 

1  3H2  6H    

2  N2  2N    

3  2N + 6H  2NH3  
 

2 (rate determining 

step) 
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2NO + H2  N2O + H2O 
 

= k[NO]2[H2] 

 

 

 

1  2NO            N2O2   (  

2 N2O2 + H2  N2O + H2O (  
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k-1 
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2 2 2
2 2 2 2

d[N O] -d[N O ]
 =  = k [N O ][H ]

dt dt
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(k) = (k-1) 

 

2NO             N2O2 
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k1[NO]2 = k 1[N2O2] 21
2 2

-1

2
2 2

1
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k
[N O ]  =  [NO]

k

[N O ] = K[NO]

k
K=

k

[N2O2] 2  

 
22

2 2

d[N O]
 = k K[NO] [H ]

dt

 



 

2NO + O2   2NO2  

=  k[NO]2[O2] 

 1 :  NO + O2                       NO3 fast equilibrium  K

 2 :  NO3 + NO                    2NO2 slow equilibrium  k1

Zero  order  First  order  Second  order  

 

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

 [A] = -kt + [A]0 ln[A] = -kt + ln[A]0 1/[A] = kt + 1/[A]0 

 t1/2 = [A]0/2k t1/2 = 0.693/k  t1/2 = 1/k[A]0 
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 (rapid equilibrium) 
  

 (rapid equilibrium) 
  

 (slow) 
  

 

d[NH4
+]/dt [NH4
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2NO + H2  N2O + H2O 
 

= k[NO]2[H2] 

2  

1 

1  2NO            N2O2   (  

2 N2O2 + H2  N2O + H2O (  
 

2 

1  NO  +  H2               NO H2   (  

2  NO H2  + NO   N2O + H2O (  
 

k1 

k-1 

k1 
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NO H2 
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(the steady-state approximation) 

 



 

(the steady-state approximation) 

 

=  

= 0 

 

 

2NO + H2  N2O + H2O 
 

1  2NO            N2O2   (  

2 N2O2 + H2  N2O + H2O (  
 

 

k1 

k-1 

 

 N2O2  

N2O2  

k1[NO]2  k-1[N2O2]  k2[N2O2][H2] = 0 

 

[N2O2](k-1 + k2[H2]) = k1[NO]2 

 

[N2O2] =       ;  

 

   

 



 

Temperature Dependence of Reaction Rate 

 

 

 

 

35oC  1.82 25oC 

 4.13   

 

 

CH3CHO  CO(CH2COOH)2 

 

T / K k2 / s
-1 M-1 T / K k1 / 10-5 s-1 

703 0.011 273 2.46 

733 0.035 283 10.80 

759 0.105 293 47.50 

791 0.343 303 163.00 

811 0.790 313 576.00 

836 2.140 323 1850.00 

865 4.950 333 5480.00 



 

(NO) (O2) 

(Cl2) (Br2) 

 

 

T / K 80.1 90.1 143.1 163.1 228.1 293.1 323.6 363.1 

k3 / 109 cm6 mol-2 s-1 41.8 40.1 20.2 16.6 10.1 7.38 6.62 4.51 

 

1889 S.Arrhenius 

 

-E /RTak = A e (1) Arrhenius equation 

A (frequency factor) k 

R (gas constant)  

T  

Ea (activation energy)  

(1)  

aln k = ln  - 
E

A
RT

(2) 



 

2 ln k 1/T 

slope = Ea/R  

 y = ln A  

Arrhenius plot 

 

2  

a
2

Ed ln k
 = 

dT RT
(3) 

3 k1 k2 T1 T2  

a 2 12

1 1 2

E (T  - T )k
ln   =  

k RT T
(4) 

1 2 2
a

2 1 1

RT T k
E   =   ln 

(T - T ) k
(5) 



955 25oC 126 

40oC 



2 

2 

1 

-
-2 5 2

2 5 2

-d[C H NO ]-d[OH ]
  =    =  k[OH ][C H NO ]

dt dt
0oC C2H5NO2

NaOH 0.01 mol dm-3 150 s 

25oC 5.90 dm3 mol-1 s-1



 

 k 0oC 25oC k2, 273 k2, 298  

0oC k 
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  (Collision Theory)

 (Transition State Theory Activated complex theory) 

 

 



 

(Collision Theory)  

: 

: 

-  

-  

-  

-  

 



 

 (Transition State Theory)  

 

 

 

(activated complex)   

 

 

 

activated complex 

activated complex 

transition 

Ea 



 

 (Activated Energy; Ea)  

 

Ea  

 

 

 

(Reversible Reaction) 

(foeward rxn) 

(reverse rxn) 

 

A  + B   AB  



 

 

(exothermic reaction)  

 

(endothermic reaction) 

 (Catalyst) 

 

 

 

 

 

-  (Homogeneous catalysis) 

 

-  (Heterogeneous catalysis) 
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(Intermediate)  
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22 22   1 NOONOstep
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 NH2NO2(aq)        N2O(g) + H2O(l) 



 

 

% HI 

 

0 4.58 

5 4.07 

10 3.71 

15 3.37 

20 2.95 

 

 

 A    B 
A 0.502 mol dm-3 1.007 mol dm-3 

51 s 26 s 25oC 

 



 

 

1 (SO2Cl2)  

SO2Cl2(g)    SO2(g)  +  Cl2(g) 
 

 

 

 

   

 

2. HgO  

2HgO(s)    2Hg(l)  +  O2(g) 
1 

6.02 x 10-4 s-1 HgO 1.00 

10.0 mL STP (

Hg = 200.6, O = 16) 

t / 104 s 0 1 2 3 4 5 

P / mmHg 300 362 406 442 475 501 

 

3. 

0.07 mol L-1 

30% 10 

 

 

 

90%  


