S gal) dzala
Chemical Kinatics 8 yual) gl A 1) 205

QQA.A,SS\ e.u.é




The First Lecture

Chemical Kinatics
Third grade

Dr.Noor Al-Taee



 Scope of Chemical Kinetics

« Chemical Kinetics deals with the rates of chemical reactions and
with how the rates depend on factors such as concentration and
temperature. Such studies are important in providing essential
evidence as to the mechanisms of chemical processes

 Why study kinetics?

1) To develop a mechanism.

2) To determine steps in a chemical reaction.

3) Ultimately to learn how to make a reaction go faster or slower.
4) To figure out how and why a reaction occurs.



e Chemical Kinetics

The branch of chemistry that is concerned with the rates (or speed) of
change in the concentration of reactants with time in a chemical
reaction.

The reaction always occur in one main step so we can say that the
reaction has a mono or bi molecularity.

« Kinetics versus Thermodynamics

Thermodynamics tells us which direction a reaction will go (e.g. at room
temperature and standard pressure, carbon is stable in a form of
graphite)




« Kinetics can tell us e.g. A diamond will
not convert to graphite during your lifetime

« Types of Chemical Reactions

Chemical reaction are divide into two parts according to the state of
material.

1) Homogenous reactions

All of the ingredients in this type of reaction are in one case or one
phase, as in gaseous and liquid.

Example: reaction of hydrogen gas with nitrogen gas to form the
ammonia

Ny g +3Hz2q) 2 2NHj;



Heterogeneous re

components are common in this type of reaction which exist in two
phase or more, and in this case the reaction occur on the surface
between the phases.

Examples:

« Stoichiometry & Molecularty

Chemical reaction written in the form of the Stoichiometry equations,
which give the ratio between the number of molecules of reactant and
product, therefore this statement is a quantitative relationship between
reactants and products.



* It not necessary 10 chanism of reaction
For examples the Stoichiometry equation to produce the ammonia

N2 ) + 3H; g 2 2NH; )

« Sometimes Stoichiometry equation refers to the reaction is more
simple than of which exists in truth

Examples:

Pyrolysis of nitrozo oxide

2N,O - 2N, + O,

This reaction involves two step

* First: convert the compound to the oxygen radical and nitrogen atom

N,O = O: + N,

e Second: involves reaction of oxygen radical with nitrogen give N, & O,

O:+N, 2 N,+ O,



Reaction Molecu

This term can be defined "The number of molecules of starting material
or material that participate in the main step of reaction which always
form from one or two molecules and sometimes three (the latter is very
rare).

e *Chemical Kinetics:

The study of the factors affecting the rate of chemical reaction and the
elucidation of the mechanism by which a reaction occurs.




Rate of Reaction:

the change in the concentration (conc.) of one of the compounds
(reactant or Product) with time.

* *because the rate is continually changing, it must be expressed as a
first derivative with respect to time for areaction in which one of the
reacting species, A decrease with time.

A+B ——> C+D

. _dlAl_ d[B]
the rate Is: e

For one of the product species C, the rate increase with time.
ac) , dio]

the rate is: + e + —
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« QOrder of Chemica

the sum, of the exponent of the Cone. of the reacting species in the
observal rate Law.

« *the order can not be predicate from the over all stoichiometry and
must be determind experimentally.

* *the general rate equation can be written as
R= K [Cone. ] : n = order of reaction
K = rate of coefficient rate of constant




« Example: to fin
A+ 2B — 3C+D

Reactants products

- A+2B 3C+D
d[A]  1d[B]  1d[C] d{D]

Cn TR TR T

it . le/Lit =
Rate — unit of conc __mo e/Liter = mole/L.S 1

unite of time sec.

K[conc.]* : first order reaction

K[ Conc. R]? : second order reaction.
K[R]° : Zero order reaction.
K
K

R]**? :one half order reaction.

R
R
R
R
R= K[R]?'? : three_half order reaction.




» For the reaction:

- A+tB —> C+D reaction equation

« R=K[A][B] rate equation

* the reaction is first order with respect to [A]

* the reaction is first order with respect to [B]

« and second order of the over all reaction for the reaction:

- 2A+B —_— C

« R=K[A]?[B]

« The reaction is the second order with respect to [A] and First order
with respect to [B] and third order for The over all reaction:

e D K[A]1/2[B]

« the reaction is one_half order with respect to [A] and first order with
respect to [B] and three half order for the over all reaction.



The order of reaction and can only
determined experimentally.

U For an elementary process the order molecularity are idenical.

U The determination of a mechanism of a reaction can not be
described briefly because many type of chemical ideas are involved.

« Kinetic data are one of must useful types of information for
determination mechanism.

* The mechanism must Yield the observerate Law.




First order reaction.

Only one substance affect the value for reaction
Ex: H,O0, MnO, H,0+7%20,

t=0 (a) 0) (0)

t=t (a-x) (X) (X)

a: initial conc. Of thr reaction.
t: conc. Of produce at time =t
a-x: the remaining conc. Of the reaction after time.

A—> P




‘:‘ M@JMU‘M‘O\#“&@&‘MJ@JJ
—In(@a—x)=Kt+1I.....@X=0, t=0 e
—In(a—0)=K=*(0)+1

—Ilna =1

el

% el e s/ (I = —Ina) &4 4 @)
—In(a—x) =Kt+1
—In(a—x) =Kt + (—Ilna) e daxs
—In(a—x) =Kt—Ina

o ABad) s S

—In(a—x) +Ina = Kt

> Al datal)

Ina —In(a — x) = Kt In— = Kt
a—x



lna;‘_lx e dilia t 4l 3 O Al a y dic g o
K g5l

aitiiaal) adl) ddales 40ds A0 Adalaal) ) o
y=b+ax

U8 s phle i (s
a

In :Klt
Q==X

K=Slope , y=In— , t=x , b=0 -




« By multiplying the'i

In(a—x) —Ina = —K;t..............
In(a —x) =Ilna — K;jt
y=In(a—x) |, t=x ,

a —
. lnﬁ \ slope = K

In(a — x)

Ina

b=Ina

slope =K




« Half Life of First or :
the time required to reduce the initial conc. of the reaction to half, its orginal value.

A — P In—=Kt.....Q
t=0 a 0
t=t  (a-x) X at t=t,  x=
e = substitution the value in equation 1
a
In a = Kto_s
S

ln 2 = Kto_s

In 2
Bt

K
unit of K =[ conc.]*" .(Time)?
* Ex: of first order reaction
Decomposition of Hydrogen peroxide (H,0,).
H,O, _MnO, H,O + 720,
2N;Os (g —> 4NO; ) + O; g
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when two species of similar approximately similar conc. affect the rate
of reaction:-
AR a——— € Or ALtA - ——S = C
R= K[A][B]
A e
=0 a b 0
=t ax b-x X

dx_K -
— =K@-)(b-x

After integrate:-

a—(a—x)th

a(a — x)
b
- Kzt

a(a —x)



When a=>b

dx . >
T e

S t
fo - K fo dt

L Kt 4] e Jeani JalSil e

a—x_
s sbed | Aad B s = 0) O (1= 0) o8 (3 dic
= Kt+1 > — =K(0)+1

E

iy [ = K+ 1| 38 3 (1 =) oo pmseils

(a-x)




duilgdl) dalaal) >

g — slope=K

time time




« Half live of secon

a a a
g=5 = -0 = t=tgs
= v
= Kt 2 = Kt
a(a—x) a(f) 0.5
2a 1
m — Kt ; — Kt0_5
1




e Whena#b

dx_K b
= K@-xb-»

dx = Kdt
(a—x)(b—x)

Constant A,B Lea W ¢pbg ma Gl (i jii (g Lagin ABDe 32 g) (p pdia Gy ABDe (80 o))
1 A B
= +

(a—x)(b—x) (a—x) (b—x)

1 _A(b —x) + B(a—x)

(a-x)(b—x)  (a—x)(b—x)
1=A(b—x)+B(a—x)
1=Ab— Ax + Ba — Bx

1=Ab+ Ba—x(A+ B)

At the beginning of reaction: x =0

1= Ab + Ba.............. (1]
0=A+B............... (2]
e e (3]
1=—-Bb+ Ba
1 -1
1=B(a-b) B = A=




X dx S t f: dx

(a—x)(b—x)

(a x) (b x)

4 -1 dx 1 d
0J(a—x)(b—x) a—>b (a—x) a—>b (b x) jt

a—>b
1

[~in(a D) + - [-In(b — )T} =

[In(a — x) —Ina] — ib[ln(b—x) —Inb] =

a—>b
1

= [In(a—x)—Ina—In(b—x) +Inb] =

1 b(a — x)
In

a—b a(b-—x)

* final integrate eq. of second order reaction when a#b

a
= Kt




Third order reaction.

three species affect the vate of reaction:
ZAtB Y P
R=K[AFF[B]

N e S R

R=K[AJ3

 whena=b=c
he Final integration equation For third order reaction:

(a—x)?

2a?

Kt

\ slope=K

A+B+tC —> P
R=K[A][B][C]

1

2(a—x)?

= 2(a—x)?> 2a?

AI slope=K




 Half life of third O
t=t,. when x=a/2 or (a-x)=a/2

1 1 4 1
— ==ICE — —=leh
Z(Cl—%)z 2a* 0o Zac 0.5
3 3
— =Kt o =
202 0.5 05 ™ 742K

 The half life of third order reaction is inversely
proportional to the sequere value of initial conc. .




A +
« T=0 a b C 0
e T=t (a-x) (b-x) (c-x) X

When a = b # ¢
The integration of itsequation:-

1 x(c—a) cla—x)|
(c —a)?|a(a — x) +lna(c—x) =0
« Case 3:

Whena #b # c

The integration of itsequation:-
1 a 1 b 1 C

) %) b—b-0) -1 =D

Kt




R=K[conc.]°
dx

dt
X

of

=

Zero order reaction.

= K[c & dx = Kdt
[ ] dt S X =
t
j 1% = K[elh
Kt Final integration equation of zero order reaction:

X slope=K




« Half live of zero O

t=ty 5 when x=a/2

X=Kt

a a
> = Ktos a=2Kip s S

Example:- Decomposition of NH, gas with the presence of catalyst.
2NO + 0O, —— 2NO,

H,+1, —— 2HI

Molecularity =2 bimolecular reaction Stiochismetry

* Note: There is no relationship between the stiochiometry and order
reaction.
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(=0 \wdic x=0 5 (=t L x=xaic ld Ja\Sill ¢ ja) o

1
= Kt+1

(n—1)(a—x)" 1!

1
= (n—1) a1

leal 4 [ as2i o

1 1

(n—1)(a—x)"1 = (n—1) a1
1 1 1

(n—1)|(a—x)"1 an-1 =l



e Osld pliliad oSay

= 1 i 1
fos = (n— 1K !(a)”_1 = a"_ll

251 —1
t bt
057 m—-1)K. a1




« Determination Me eral method that can
be used for determination of order reaction:

These method are:
O Integration method
O Iselation method
O Half life method
QO Defferntial method

1) Integration method: A general method in which the order of reaction can
be valuated by substitution of the Kinetic data (conc. Versus time) in an
equation of several order.

« The equation which gives constant values of K or a straight line represent
the correct order.

Sl Ll im ga sk oo Jelil) ) Gad il LI (ha ¢Sy Aale 33 51 rlalsl) 4y i
Al gy Y ales 3my (G il S 1)
el A el Aaunal) Aol Jich afine Jad aad 5f Joliill Ao o il Fad aad 3 Alolad)) o



2) Isolation method: | IS followed by Keeping
the Conc. for the one or two reactant in high excess as compared with the order one.

5aly ) alatindy el  Alelinal) Aleliial o) gall e cpisle ) 83ba o ¢y sSian gyl (8 2ty (g ISH dlelinall se IS 130 1 jadt 4dy
(SOAYL A laa 0 38 i g

Ex: for the reaction:-

T i B P e S o

R= K [A] [B] [C] to evalute the order of reaction with respect to A
[BIIC] > [A]

we assume

K'= K'[A] K'=K [B] [C] = constant

to evalute the order with respectto B :
[AIIC] > [B]
R"= K" [B] K'=K [A] [C] = Cons.

with respect to C:

[Al[B] > [C]

R"I= K"I[C] KI"= K[A][B]
the reaction treated as pseudo First order



eHalf life reaction: for an (n) o ife can be expressed by
the following equation.

t0.5=conc.(K)an-1 a:- initial Conc. of the reaction

Casel:- if two values of t, . and initial Conc. are given.

K
G tos (1) — a?—1n'1

ay - K
0.5(2) — "n-1
ay

Divided (1) by (2) gives
tos() _ K/al™' _ [@]"‘1

log s G log

toszy K/aj™? aq : to.s (2)
logto's (1)
( = to.5 (2) \ __logtos 1)/tos (2)
n— ) 7 ar y n =
loga—1 logaz/a4



 Case2:-if several V 0.5

Scince ty5 = af_l
t
tos @) logtys = logK —loga™t!
bos ) logtys =logK + (1 —n)loga
_ | slope =1-n
logtos
} log K

loga
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4) Differential method:.
follow

R = K, [conc.] n= order of reaction
If we take the Log for both side of the equation:-

Log R = Log K [conc.]" = Log K + n Log [conc.]

Log R =Log K + n Log [conc.]

IS expressed as




If we plot Log R versus L0

I slope=n
log R
}logK

log[conc.]
when we plot the [conc.] of the reaction versus time.

(R) rate of reaction
[conc.]

time
experimentally different rate values of reaction, can be evaluted from ploting Conc. versus time.
at various conc. as shown in the figure:-

ANN\?
2, e o
[conc.] ’g o S, Initial method
% o o

time



Ex1: the reaction:
SO,Cl, —m — SO, + Cl,

is first order reaction with arate constant 2x10° sec! at 320C° what
percentage of SO,CI, is decomposed on 320C* for 90 min ?

Kt = In

a—Xx

100
100—x

2 %10° x90 x 60 =In
X=




Ex2: For First order reac on Is completed find the
value of (K) and the percentage of reaction completed after (5) hours?
Ae—> P
t=0 100 0 Kt=In—
a—x
t=30 70 30 K=? %=? After 5 hours

1 a
K==.In—

t a—x
1 100

K=—.In
30 70

K= 0.012 min'!
a
Kt = In

(Qb-==2%
0.012x5 % 60=In —2
100—x
0.012x5 x 60=In 100 — In(100 — x)

In(100 —x) = 4.6 — 3.6
In(100 —x) =1




Q1)Prove that the decomposition of (HI) in to (H,) and I, is second
order if at 500C" the t, c is (100)min when initial pressure of (HI) is
(0.1) atm, where as the t; ; is (600)sec. when initial pressure is (1)

torr?

g




