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Chemical Kinetics(dynamic) is the study of the rate(speeds) and
mechanisms of chemical reaction.
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Rate of Reaction(V)Js Wil & yu Jia ;¥ g

The rate of chemical reaction Is a measure of how concentration
Involved substances changes with time. Analysis of reaction rate Is
Important for several applications ,such as chemical equilibrium study
In soils.
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Changes in concentration

Rate of Reaction (V) = dC/dt = -
Time

D94 aa Aleldial 4\\9&\%}@&&3\%&}\@&m}\kﬂdmwdﬁu\gﬁ
.8 gl

For General reaction

K1
A+B — AB

In function of time (A t), the concentration of reactants [A] or[B]

—AlA —_
ill decreased | ], AlB]
At At

, While the concentration of product

Will increased .

A[AB]
Rate = ——m
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(RATE R ) Ul ie yu

aA + bB—wcC +dD

1 dl4] __1d[B]_ 1d[C]_ 1d[D]
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CH,(g) +20,(8) — CO; (g) + 2H,0 (g)

dCHyJ _ 1 d0y _ dCOy _
at 2 & at

2H3 + 0” 2H20

__ldiH)__dlo]_ 1d[HO]
2 dt dt 2 dt

(Concentration) (time)! Jelilll dc jusaa
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In the General ,the reaction rate depends on (s JeUill ds yu Jira Ay

1. Reactant concentrations, which usually make the reaction happen at
faster rate If raised.
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2.Activation energy, which is defined as the amount energy required to
make the reaction start and carry on spontaneously. Higher activation
energy implies that reaction will be harder to start and therefore slower
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Catalysts are substance which increase the speed of reaction by
lowering the activation energy.
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Catalysts s not destroy or change during reaction so It can be used
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Time Scales of Soil Chemical Processes
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lon Association reactions include ion pairing, inner-and outer —sphere
complexation, and chelation in soil.

Gas water reactions involve gaseous exchange across the air-liquid
interface.

lon exchange reactions occur when cations and anions are adsorbed and
desorbed from soil surfaces via electrostatics attractive forces. lon exchange
reactions are reversible and stoichiometric.

Sorption reactions can involve physical sorption, outer-sphere
complexation, inner-sphere complexation, and surface precipitation.

Mineral-Solution reactions include precipitation/dissolution of minerals,
and coprecipitation.

Mineral crystallization reaction small constituents become a part of
mineral structures.
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Rate = K1[A]'[B]°
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Example 1

Calculate the rate constant for the following reaction

N20Os(g)

From the following data

> NyOyg + 1/204(,

Experiment Initial concentration Initial rate of the
Of N,Os (mol/l) reaction(mol/l)
1 2.4x10" 4.02 x 10°
2 4.8x10* 8.04 x 107
3 7.2x10" 1.21 x 107
4 9.6 x 10 1.61 x 10°




Solution: -
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Rate= k[N,O,]"
Experiment 1,2
Rate ,, = (rate),/ (rate), =8.04 x 10%4.02 x 10° = 2
Cy1= [N,Os]/[N,Os] = 4.8 x 10/ 2.4X10 = 2
R21 = (Coa)*
2=(2)°



a=1 First order reaction
Rate = k[N205]

To calculate k. we take the values of the rate and concentration
of [N,Os] from ant experiment.

K= Rate/[N,0s] = 4.02 x 10 mol/l X sec/2.4 x 10° mole/l ¥ & sl
K =0.0168 Sec”




Calculate the rate constant of the general reaction at a given temperature

nA +mB+kC ——> D+ E

, [A] | [B] | [C] Rate
Experiment Mole/L Mole/L_.Sec

1 0.001 0.04 0.008 0.02

2 0.002 0.04 0.008 0.04

3 0.004 0.04 0.008 0.08

4 0.001 0.08 0.008 0.08

5 0.001 0.16 0.008 0.32

6 0.001 0.04 0.016 0.16

7 0.001 0.04 0.032 1.28
Solution :-

To calculate a, from experiment 1,2

R> 1= (Cz,l)a

R, .= (rate),/(rate); = 0.04/0.02 =2
C.,1=[A]./[A]1,= 0.02/0.001=2

2= (2)?

a=1 first order reaction

Rate = K[AJP[B]°[C]°



to calculate b, from the experiment 4,1
R41=(Cs1)°
= (rate),/(rate), = 0.08/0.02 =4
C41 = [B]4/[B]. = 0.08/0.04 = 2
4=(2)"

b=2 Second order reaction
To calculate C, from the experiment 6 ,1
Re1= (Ce1)"

(rate)¢/(rate),; = 0.16/0.02
Ce1=[C]s/ [C].=0.016/0.008 = 2
8 =(2)°

C= 3 Third order reaction




Rate = k[A][B][CT’

To calculate rate constant k, we substitute the value in any
experiment . from experiment 1

K= Rate/ [A][BI[C]’
0.02 (mole/L. sec)/[0.00 1mole/L][0.004 mole/L]*[0.008 mole/L]’
K=9.77 x 10° L"*/mole” sec

Overall order a +h+ ¢= 1+2+3 =6




Example 3
Calculate the rate constant for the following reaction

A+B CcC+D

From the following data

Experiment [A] IB] Rate(mole/L_.sec)
1 0.01 0.3 4 x107°
2 0.04 0.3 0.16
3 0.06 0.3 0.24
4 0.01 0.9 4 x107°
5 0.01 1.5 4 x107°
Solution :-

To calculate the order of reaction, from experiment 1,2
R>1 = (Cz21)”
= (rate),/(rate); = 0.16/4 x10% =4
C.1= [Al2/ [A]L, = 0.04/0.01 = 4
4= (4)°

a=1 First order reaction



To calculate b, from the experiment 4,1 where [A] Is constant
R41=(C41)b
= (rate)/(rate), = 4 x10%/4 x 10 =1
C41=[B]s/[B]:=0.9/0.3=3
1= (3)°
b=0 Zero order reaction
Rate = k[A][B]’
Rate= k[A]

The overall order of the reaction =a + b= 1+0=1



Awg

?
NS
estLD
UV




