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Activation Energy

Arrfienins: Molecules must posses a minimuun amount of energy
to react. Why?

(1) In order to form products, bonds must be broken in the
reactants.

(2) Bond breakage requires energy.

(3) Molecules moving too slowly. with too little kinetic energy,
don’t react when they collide.

The Activation energy, £_. is the minimum energy required to
initiate a chemical reaction.

E_ 1s specific to a particular reaction.

The Arrhenius Equation

Arhenius discovered that most reaction-rate data obeyed an equation
based on three factors:

(1) The number of collisions per unit time.

(2) The fraction of collisions that occur with the correct orientation.

(3) The fraction of the colliding molecules that have an energy
greater than or equal to £

From these observations Arrhenius developed the aptly named
Arrhenius equation.
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Arrhenius equation
_:Ea
k=AeR!
k 1s the rate constant T 1s the temperature in K

R is the ideal-gas

E_ 1s the activation energy o
) constant (8.314 J/Kmol)

A 1s known the frequency or pre—exponential factor

In addition to carrying the units of the rate constant, “A” relates to
the frequency of collisions and the orientation of a favorable
collision probability

Both 4 and E_ are specific to a given reaction.

Determining the Activation Energy

E_may be determined experimentally.
First take natural log of both sides of the Arrhenius equation:

( = lnk=——% 4 InA
. —_— 1K =— 1.5
In| k=AeR RT

Golh—gee, what do we
have once again...

Ink
A plotofln kvs 1/7 will

have a slope of —E /R

and a y-intercept of In 4.

1/T
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Determining the Activation Energy

One can determine the activation energy of a reaction by measuring
the rate constant at two temperatures:

Writing the Arrhenius equation for each temperature:

Ink, =—]§—ﬂ+]ﬂA Ink, :—iﬂnﬂ

1 2

If one takes the natural log of the ratio of k, over k; we find that:

k
]n[ —2] = Ink, —Ink,
\ kl y
Substituting m the values for E_ into the equation:

Ink, -Ink, = [—RE“ +]1A] - [—Ea +]1A]

RT,

2

Lookie what happens...

Knowing the rate at two temps yields
the rate constant. k

or k_ RIT

Knowing the E, and the rate constant
at one temp allows one to find k(T,)
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Example: The activation energy of a first order reaction 1s 50.2 kJ/mol at
25°C. At what temperature will the rate constant double?

k 2k E 1 1
1 = 2) In| = |=In 1]:1112 — T
{)kz o= ( {kl] [kl. @ R[T] sz
3
E 50.2 kJ/mol = 107
(3) === ; Ikl _604x10°K
R 8.314
mol - K
' 1 1 A 10°C change of
4 = 3 = 3 S —— f ture double
(4) In(2)=0.693 =6.04x10K x | 298K Tz] tzr:fj:z;we oubles
5 i—324x10—3K—1
©) = T,=308 K

Molecularity and Order of Reaction

A chemical reaction that takes place in one with only one step i.e., all
that occurs in a single step is called elementary reaction (simple
reaction) while a chemical reaction occurring in the sequence of two
or more steps is called complicated reaction (complex reaction). The
sequence of steps through which a complicated reaction takes place is
called reaction — mechanism. Each step in a mechanism is an
elementary step reaction.

The molecularity: of an elementary reaction is defined as

The minimum number of molecules, atoms or ions of the reactants(s)
required for the reaction to occur and is equal to the sum of the
stoichiometric coefficients of the reactants in the chemical equation of
the reaction.

In general, molecularity of simple reactions is equal to the sum of the
number of molecules of reactants involved in the balanced
stoichiometric equation. orThe molecularity of a reaction is the
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number of reactant molecules taking part in every step of the reaction.

The minimum number of reacting particles that come together or
collide in a rate determining step to form product or products is called
the molecularity of a reaction.

For example, decomposition of H>O: takes place in the following two
steps:

Step 1: H.0: — H.0 + [O] Slow
Step 2: [O] + [O] — O, Fast
Overall Reaction H.0, — H.,0 + 1/20;,

The slowest step 1s rate-determining. Thus from step 1, reaction appears to
be unimolecular.

¢ Molecularityis a theoretical concept.

* Molecularitycannot bezero, -ve, fractional, infinite and
imaginary.

e Molecularitycannot be greater than three because more than
three molecules may not mutually collide with each other.

There are some chemical reactions whose molecularity appears to be more
than three from stoichiometric equations, e.g.

« 4HBr -+ Og — 2H20 + 2Bl'2
« 2MNI; + 16H" +5C, 047 — 2Mn** + 10CO, + 8H,0

In the first reaction molecularity seems to be '5' and in the second reaction
molecularity seems to be '23'. Such reactions involve two or more steps;
each step has 1ts own molecularity not greater than three.
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The main differences between molecularity and order of reaction:

Moleculariy

Order of Reaction

It is the total number of reacting species It is the sum of powers of molar

(molecules, atoms or ions) which bring the concentration of the reacting species in

chemical change. the rate equation of the reaction.

It is always a whole number. It may be a whole number, zero,
fractional,

It is a theoretical concept. It is experimentally determined.

It is meaningful only for simple reactions or It is meant for the reaction and not for
individual steps of a complex reaction. It is its individual steps

meaningless for overall complex reaction.

Determination of reaction order Je i) A e ol 3k

D Jelil) 45 je Ay ddee b a2

s 5 Gy 1 N iy Uadll s Al slaall 43 5l -]
Craill jee (30 Gasb o= -2

Aloalidl) 43,0 -3

il 2 5k -4

Trial and error method Uaill g 4 glacall 48y a1 Y o

e

e
substitution method : U =il 43y yla s Y )

Comline cprie ) A Sl e ellia IS 1) A5y lal) s34 ad3

Jeld (3 jaiun Loy 4l 2 (5 sl aBleliiad 5000 Jelal o U (a3l aa g W Jelas & /) JBa

Clelatll 138 4 e an B 4 () ADleldia (0 % 75
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Jall xie 5 (0,1,2,3 ) s) it dapnaall e Y cald Ciil el Lo gl o sl 45,0 Note

A pal) i ladie Ay gluia K ) Aagd il 13 (il el 038 (il 8 paes (Gukad
/] < sl

1)- X =kKo.t = 50/100%100 = Ko* 2

Ko =50/2=25mole . L. sec?

2)- Xx=ko.t > 75/100*100 = ko* 4

Ko =75/4 =18.75 mole . L! . sec?

A tall 45 all (e Gl Jelaill 12

DY) A el o 58 (e

In a /a-x = k1.t > In 100 / 100 — 50/100 *100 =K1 * 2
ki=1sec?

In a/a-x = ki.t 2 In 100/ 100 — 75/100 *100 =k1 * 4
ki=1sec?

LY AU ety Jelall 13

Alalsill 43, 5kl o) (Sl a1 48 Hha ;LA

L Bxie (e ) adh g 22Na( @-X ) ) Zliad Ay Hlall o3a

SV Jgan Jamy a8

Time

X a-x Ln( a-x) 1/ a-x 1/( a-x )?

() Fujieal) Ayl (pe Jelidll o @y iae il Joay asfine ok vl Glac ) 13
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o e e g N (A-X ) Oom esi &N (A-X ) el V) 7 ARG Sadie Jad Ulae ) 13) W)
d ¥ 4 el (e Je il () iny s ooy ilse Jak

3l Al e Jelil o) a1 s e e asiese Jad Laag o1 13
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1/a-x

138 Cn e alie aflise i Jard (Sl (g 4 s iy 1/(@-X)2 a8 g oA (amy o1 1)
AN A5 yall (e Jelall o) Siag

1/ (ax )2 T
n=3
1
t
pcikalll jae () ARk ¢ ALY 48y al)

Jas daga 3\_93)):]\ odA i}

tiz a(a) ™" - (1)
t 12 = constant (@)}™" --------- (2)

Crihll e gl 2al

Log t 12 = log constant + (1-n) log a ---------- (3)
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a, t12 dsaxiead Jisadl 8 313 Aaleall o2a aaiii

logt1/2 slope = 1-n

log a

S A e Aipall a3ty @ e IS il (piad J gl (SI13) Note
Log (t 12) 1 = log constant + (1-n) log a1 ---------- (3)

Log (t 12) 2 = log constant + (1-n) log a2 ---------- (3)

Log (t 12) 1— (1-n) log a1 = log constant

Log (t 12) 2— (1-n) log a2 = log constant

Log (t 12) 1— (1-n) log a1= Log (t 12) 2— (1-n) log a
Log (t 12) 1- Log (t 12) 2= (1-n) log a2-(1-n) log ax
Log (t 12) 2/ Log (t 12) 1 = (1-n) [ log a2 — log a1 ]
n=[ Log (t 12) o/ Log (t 12) 1/logai/a>] +1
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A pull g8 A > B M delall // Jle

d[A] / dt = Kq [A]"
[Ad] 52 t=0 o) aie Slai¥) 385 o Wle Jelall 13 coail) jae (o 2
/RS EEN

058 Laaie 405410 tr2 J) ) 25 45 4a )3 600 da 0 A vlgpalin¥) dlSsi Jelsi [/ Jla
Y] Tl (55 Lasic 465 880 ciaill ae (1a 3 Laias 363 {ONT (1Y) Alaia

¢ Jeladll 45 4 2a 169 torr

n=Log [ (t12) 2/ (t 12) 1]/ l0g [por/ Po2 ]+ 1 /] <) s
=log 880/ 410/ log 363/169 + 1 = 0.3316/0.3320 + 1
099=1

sy Al 1)

differential method dlualél) 45, Hhal) ; 28 44, Hhl)

Rate ic yudl Jo (uluYU adiai 44 Hlall ola

R&(a-x)dﬁﬁf,x_ 2 g1 Ladie 44 Hhall oda aadii

R = dx/dt = kn (&-X)" ------- (1)
Crohall iy e N 2al
Log R =log kn + n log (a-x) ------- (2)

25y yall 03] Arsluat) Alslaall it oMle ) Alaladll

Y =b+ ax

R a-X Log R log R —x
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log R
slope =n
log Kn
log (a-x )

Jolsil 34 .

SET TIOUNEES S RN

t=0 Lac g asly Alail 35S 55 Wal -1

a gedll Jsoadi

al a2 a3

R1= Lslad /i = L&

S R2 = 4

a1, az, as J a8 Ll
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A 2 e de pull 0 2 L AU A Jiluadd) oS
log R1 = log Kn + n log (a-x)1
Log R2=log kn + n log (a-x)2
log R1 - nlog (a-x)1 =log Kn
log Rz - n log (a-x)2 = log Kn
log R1 -n log (a-x)1 =log Rz - n log (a-x)2
n [log (a-x)2 /log (a-x)1] = log R2/R1
n=1og R2/R1/log (a-x)2/ (a-Xx) 1

R1 Jelllde ju ) 335 363 torr S Laaall (IS algualin) dlSs Jelas 8 // Jba
0.76 torr / sec ssbi R2 4e yuall O aa g Ll algaalin) (0 20% Jelsi | 1.07 (sl
¢ Jeliil 138 45 50 22 95 0 Jeliiy Love

/] S
n=1log R2/R1/10og (a-x)2 / (a-x)1
Jel&i 20%
e 80 %
(a-x)1 = 80/100 * 363
=290.4
95% Jela
5% Al
(a-x)2 = 5/100 * 363
=18.15
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=log 0.76 / 1.07 / log 18.15/ 290.4
= -0.148/-1.204 =0.122

Ao al) A8y ks // ag) Y 48y yhal)

A+5B+6C>3L+3M /] Jia

Exp.NO | [A] M [B] M [CIM R mole!. L .min™!
1 0.02 0.02 0.02 2.08*107
2 0.01 0.02 0.02 1.04 * 103
3 0.02 0.04 0.02 4,16 *1073
4 0.02 0.02 0.04 8.32 * 103

Rate = K, [A]“[B]*.[C]"
Aakall Je il A5 yo (o yoi pgaes e 5 ond) o a0
r/r = K [ALL / K [Al, = 2.08 * 103/ 1.04 * 10 = [ 0.02] / [0.01]
21 =2¢9>a=1
B Jiijsxnidl= A 4w
NOTE
Lo ol 315l 31 gl o3¢ A yiam Ayl aline (i a3 a5 Laxic 4 e yudl 13

S el (30 60 % IS8 5 d88y 14 (5 gae S e SSE] Caall) jee IS (e Jelal // JUa
¢ Jelall 1aa 45 30 22 0.03 O Ay el o) Lle

/] <) sl
tip=al2ky,>14=0.03/2k, =2 ko=0.03/28 =0.0010
x=ko.t = 60 /100* 0.03 = ko *20




ko =0.018 /20 = 0.009
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