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. The speed or the rate of a chemical reaction can be
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Chemical Kinetics

. Chemical kinetics is the branch of Chemistry which be same as the stoichiometric coefficient of the
deals with the study of reaction rates and their reacting species in a balanced chemical equation. It
mechanisms. cannot be decided from the balanced chemical

equation, i.e. theoretically. It has to be determined
experimentally.

. The sum of the powers of the concentration of the
reactants in the rate law expression is called the order

defined as the change in concentration of reactants or 7
products in unit time.

. The average rate of reaction is the appearance of of that chemical reaction.
product or disappearance of reactants over a period of It can be zero or have fractional value but molecularity
time interval. of a reaction cannot be zero or a non-integer.
__AR]__ AP It is always an integer and cannot be more than three.
av
At At 8. The number of reacting species (atoms, ions or
. Reaction rate, at a particular moment of time is called molecules) taking part in an elementary reaction which
instantaneous rate of the reaction. must collide simultaneously in order to bring about a
—d[R] d[P] chemical reaction is called molecularity of a reaction.
st gt o 9. Rate constant (k) is the rate of chemical reaction
As, At — 0 when concentration of each reactant is unity.
Average rate approaches to instantaneous rate. The rate constant is also called the specific reaction
Unit of the rate of reaction rate.
-1 .
Rate of reaction = 2X =MoL For nth order of reﬁc}l(%n,. B
at s Units of k =(mol L")~ (time)”" , where, n = order of
. Rate of a chemical reaction depends upon the reaction.
experimental condmpns, like concentration of one or more 10. Half-life (t,,) is the time in which the concentration of a
reactants (pressure in case of gases), temperature, /
catalyst and surface area of the reactants. reactant is reduced to one half of its initial
. Rate law is the expression in which the reaction rate is concentration. For first order reaction, ty,, = 0.693/k.
given in terms of molar concentratior_] of reactants with 11. Given table summarises the mathematical features of
each term raised to some power, which may or may not integrated laws of zero and first order reactions.

Integrated Rate Laws for the Reactions of Zero and First Order

- Differential Integrated ; : . .
Order Reaction type rate law rate law Straight line plot Half-life Units of k
0 R—P d[R]/dt = -k kt =[R]y—[R] [R]vst [Rlg/2k Conc. time™"
ormol L™'s ™
1 RSP dRY/dt = KRl [R]=[R]ye ™ or In [R]vs t (with negative slope) |, o = 9693 time™" or s~

kt = In {[R]y/[R]} Iog% vst (with positive slope)

The reactions which are not actually of first order but behave, so due to changed conditions are called pseudo first order
reactions. For example, hydrolysis of ethyl acetate, as in this case concentration of water is not considered in calculation
pecause its concentration does not get changed much with time.

* Rate constants k, and k, at two different temperatures

. . G o
For a chemical reaction with rise in temperature by 10°, T, and T, repectively can written as,

the rate constant is nearly doubled.

Temperature coefficient is the ratio of rate constant at |ng£ = Ea rMT
temperature (T + 10) K to the rate constant at ky 2303R | Ty-T,
temperature T (K). 15. Activation energy (E,) is the extra energy required by
Temperature coefficient = Rate constant (k) at (T +10) K the reactant molecules that results into effective collision

Rate constant (k) at T K between them to form the products.
The temperature dependence of rate for a chemical 16. Threshold energy is the minimum energy which the
reaction is expressed by Arrhenius equation. colliding molecules must have for effective collisions.

k = A~ Ea/RT (Collisions which lead to the formation of product

molecules).
Where, A is the Arrhenius factor or the frequency factor, )

also called pre-exponential factor. 17. According to collision theory, rate collisions which lead

to the formation of product molecules

-E
— a _
In k_ﬁﬂn A =7,5€ E/AT where, Z 5 = collision frequency of the

e The plot of In k vs 1/T gives a straight line with slope reactants A and B.

e ~5/AT = fraction of molecules with energies equal to or

E
=-—2 and intercept =In A
R greater than £.





