APTER 9

—(CREMICAL KINETICS —

__RATE_OF REACTION

Rate of ~eaction ‘e the change of 4he

concentration  of Yeactant o' produck In unit time.

Rate = change ' concentratiory of Substance

lime taken fov change

"

The  vate of Yeaction is nol a constant quantity

sanlis

but changes with the concentration of ~Yeactant wmolecules

piesent. Tnitially , When dhe concenmtration  of Yeadé‘\nt 1S

__high, the vate is correspondingly high. The vate gradually

docreaces , and  eventually betomes zevo when all of +the

veactante  have been congured completely

-

~ RATE E XPRESSION OR._RATE LAW

Rate = k [A]= [B]"

The ~ate equation gives the deperdence of the vote of
& Feaction on the Concentration of 1the ~eactants. [t states
_that the vote of chemical veaction s

proportional +to the
J?vroc\uc’r {3 molaY Concentration of he veachng cubStances raised.
-io appropriate power ( the value of whch |5 doetoxminesh
_experime ptally)
oy J
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Rote = k [A]™ [8]"

™: ovdey we.v.t A . . .

N ovder wyt B

Overall order @ m+n

The propovtionality constant k'is called vate consianmt o

velo city con{tant .

‘w’ and v’ may  be  either whole numbers oy (mc.ﬁ‘cmg

_ox_2er.

K’ has a %l'xed valle £fox a ~eaction under given

_conditions  of prefsure  and  tempevature,

Rate constant s ‘rndepenélent of concentration Clr;;i

_time.
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_Q&D\:&_DF "REACTION

(xdey = mam

Ovder of veacton expresses the effeck of concentration
on the vyate of veaction.

—

4. ZERO ORDER REACTIONS
A ~eacton +that 15 independent of veactant
molecules 1S called Z2evo order. e-g '
2NH; —=> N, 4+ 3H,
Rate = k [NH,T°

The Combination of t, and Cly in presence of
dnlight is algo a Zero order yeaction.
The veaction$ catalyzed by enzymes aiso follow Zerv
ovder kinoties .

e

FIRsT ORDER REACTIONS
Iher rote depend only on  Concendratior of one

<eactant.

- A — Produc+ts _
& Koracadem y

I 5?2 —_> 2By

222 : )
: 2 RaRa,zzé —% 24 Rn T o 1Heq ' e
| 3. Nyos 5 2N0az + & -

b NYNO,  —> Ny + 2ZHO
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+ ScCOND ORDER REACTIONS

Rate = [A%) ~
ov  Rate = kUA]J(PR)

1. Theymal Decom position of  Nitrogen Aioxide

2NO, —> N, + 20, Rate = k [NO;_ *

2. [hermal Decomposition of  Hydvoger Todgde

AHT =5 Hy 4T,

Rate = k [HI]*

.._.._é;___f?_‘imdﬁm of urea in_Solufion phase

NHy™ « cno” — (NK,), co

Rate =k [ NUy*] [cNoT)

4 . ' :

y _ THIRD ORDER REACTIONS

120&’!0 = ka_]s

Rate = k [A]*[B]

Rate = K [A]J[B])[c]

- 2NO + Ha —> NaO +H.0

Rate = k[no]* [H,]'

. 2Felly + KT — Fel, + 6KCI +Ta

Rate = k (reCl) [KT)

3. 2NO + O, —» 2NO,

_Rate-.= k INoT* [0,]
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% FRACTIONAL ORDER REACTIONS

. H, + BY, —> 2HPpry
X Rate = k [H.] [Br.]”>

© o, CHU3 + ¢, — cely +HC
: Rate = k [CHel,] [C1.T 7

% NeGaTWE  ORDER  REAcTION
| 20, — 30,
i Rate = & 105])* [0,]"
When e concentvation of  oxygen doubles , +he
vate eeomes half,

Note :
The ovder of o veaction for o particular Cpecies

- cannost _be  prodicted by looking at  the palanced.  chemical
equation. Tt can be determined only by expeviment.

> In a fist ordex ~eaction -he vade constant has only
e unit of Hme

= The ~odiochve decay is aways o fivst order ~veaction,
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‘_.E).(P.E RIMENTAL DETERM\N ATION__OF ORDER OF _
REACTION

- In  order Yo deternine e order of oo yeaction
" the  first snLo,P \s -—%o measure  the yate of the ~eactHon.

A< the yate of the veacton IS change concentyation
of vreactants or products  per umit Hmev_ ThRe concentration
of any {pecies can be monitere d. by chemical ov physicad
_method  Quep at  Volumetric , gravimetric , Spectrophotometric.
‘_I[JYeSSUYe measurement ,  Onductometric . ,PH Imetr?cl methods ete.
| The dependence of rate on the concentration of +he
veact andg glves clue 1o the ovder of the yeaction.

For a veaction rnvol\/“’)g onlf one ~veactand if the rote
doubles , when the concentration of +he ~veactant oloubles,
ﬁﬁ\en the veaction IS fmr first ovder, '
TF the =~ate inereases four times when The Concen'fra'!?‘dv).
oloubles | the reaction is Second ovder w-v-t Neactamt

¥ TSoLATION METHOD

For a reaction involving more +han one veactants
we can find the ovder by measuying  he dapendence of the
xeachon vate _on e concertraion  of each veactant , one at
o time, keeping concentrations of an__otrer reactarsts constant.
Any _changes in the vate wuct be due to changes ''n  the
concentration of +that Substance. TRis vrethod ¢ named as
isol&hon rethod. S
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_FAcTorS AFF e
:L NATURE OF RE’F\QTP\NT } 3

"2 More active Yeactants sgive fast vate. of veaction |

4 =
D No. of electons present  in  innevwost  chell affects ]
the veactivity of veactant. |

__ = Elewents of IA ave more veactive than ILA

= Neutralization veactions and decomposition  veactions ave
vevy fagt

> Oxidaton reduckion reactions ave Slpwex

- Tonic +~eactions ave foster +han covalent eactiom$

e

-

2. CONCENTRATION OF REACTANT

-> Reactioyy 's due +o effective calision of veactant
volecules.
> (edter concentration of rveactants, wore effeckve
colision¢, Hws vate of ~eachon will be high
> TFf gaseous mixture or Solution is coneentrated it
tontainS wany active pavhicles per unit volume and vYeaction
i1$ fagter than a dilute wixture.
_ =2 Rate of veacton is divectly prvoportional to
concentration Of vyeaction.
I — GCometmes concentration of veaciant become double
and vake of veaction incvease fouv timex.
- Ak piece of wood luins ruch move  vyapidly in DU
: 0AYgen (hign _conc. , 100/ quqeh) then it does ovdmart{
adr,
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E3 PART\ClE SIZE OF  SoLID RERCTING @
WITH _&aSES

7 HetevogenecouS eactions occur only at suvface.

ﬁ > Greater the suf{-:ace, avea , gyeaize; will be chance 9[
contact  of molecules , b, o

> Greater Surface arvea of  wolecules | greatey will be
ate of veackon.

—> tumps of soft coal, which doesnot burn veadily in
air, burns explosively  when qround.  to  powder .

= Mavble chips (calcium cavbonate) Yeact with HC| giving

___off _Co awng  with other _praducks. By  grinding  1he. chips

| to _powder, the gcuvface avea in contact with acid 1S

3‘ gveat[ly increased _and.  hence  the rate of veaction increases.

~—

LR e She URR. S I i O |

_4. TEMPERATURE

2 63 ncveaging  tempevature | the number ,Of collisions of
molecule iNcreases |

_—> Rate of veaction _increase¢ by increase in_temperature

> Onm increasmq  temperature by A{px . the rate OZ vedchion
. becomes  doubled.

D By increasing temperature , number of  vnolecuies a#a)n;ri
activadion _energy  incveaseS  hence the rate of

~YoactHon il
meveases.
] Koracademy.com™ —
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-~ (ATALYST

= Rate of ~eaction way increase ov decrease in

the _presence of catalyst

\J
— The  corversion oF potalSium Chlorate into potasshm

chlorlde and oxygen by heating become fFastevy in
the presonce of  Mn0, as a catalyst.

28005 ampz> 2KU + 30,
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ACTWATION _COMPLEX

lhe  minimum arggunt of energy in addition to tre
average kinetic _enevqy which the particles must bhave  for
effective coll Sibn is ealled activation enerqgy”

> Reactants g0 intp transition state befove going _into
pProduct  called activated complex .

> Enevgy of activated complex is  highey dhan veactants
and  products. :

= Armount  of energy to form transition state is called.

_____energy of activation, .

> When dhe enerqy  of product i less thar Yeactants,
the Yeaction is exothermic

> When e energy of pioducts e higher than veactants,
the reacton s endothermic 3

- Energy of activation for fovward  veaction i
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— (CoLLISION  THEORY OF ReACTION RATE

! .
| f% For a chemical ~eaction to occur, Pparticles wmust collide.
In the resulting collisions, atoms arve Yeavranged., Donds  ave

broker and formed leading to e pmducﬁm of mew

3 ubstances. W

8) Reaction  between the colli danq paticles can by takxe

place 1{ wbom - ¢Bltesion . 777et/ po,(;efs a certain wmininmmum

! Qrmoumt of energy, 7‘/76 activation  energy.

z) Not _evevy colision  petween molecules havi ng _the vequived.

enerqy  of ackivation  (ead to  veaction. Only hose collisions

! av  effectte  phich take place with proper ovienitation
o _amangement of <he colliling molecules.

_5 Tre number of colliding rmolecules of different gases

—

calculated  from  kinelic Theory  of gases 18 of he order

of mm}n/tude of 10°% solecules pey it per Second
at  <tandard  conditions.

The activation _energy depends Upmm 7he matvre of the

voactants (bond energy) and IS dhereforg a
chavacteviste value Ffor each. -

———

= The c¢ombination of Hwo + atoms 1o form H,
Qg b - Spe citic  ovientation.
[

e
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3 > 5 . -

-y In the ~veaction

——

CO + ND, — €03 +NO

e e~ e
R

R

The pyobability of 1his  ~yeaction increasés LUhep-

—

- _Cavbon _atom of Co  happens o collide  wilth _one o

-__DXYgen atoms of NO,

f:—TRPNS\_TlDN STATE [HECRY

b " Duving ~eactons, the bonds of veactants weaken and

-__pond _leng#h  increages  while pew bonds wmay Stavk to

-_form, firm/{g___ the _ yeacting molecules fovm Some kind  of

~__hypothétical  structure  known ag  +#ansition State

- > Tvangition State theory is medification of  cotiSior

1 thesry.

-~ > Trangitlon state odoesnot Yepresernt a vyeal molecute

- > T4+ e imPOSSible 1o isolate Htransition State,

= I+ s pPossess pvoperties Common 4o  veal molecute

Such A4S poleculax  weight, intevmediate. distance .

definite enthalpy and  definite Composition, ,

> Tt (06§ Structure  and  the abilty +6 votate and

Vibrate .

— The transition Hate way orher voturn 4o 4he inibal

feackant o it proceeds +p fovm products,

s Tvansition State is cluster of wnolecules oy atomS

> In transition Sate , old bonds arve i pe process o7

bicaking and _new bonds are in the pweess o makng

———_

> Tangition gtate is at highest pont of ~eaction energy diagram
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— (CATALYET AT AARTLT

"R Substance which alters the yate of a chemical
feaction  but yemains chemically  unchanged —at the
_end_of +4he  veaction g called  catalyst”

NPES_OF CATALYSIS

2ENEOUS  CATAIYS\S

In this type of catalysis, the catalyst
and._the veactants oave in 1he Same phase and +the
veacting  System is homogeneous -fhrouj/wowé.

e Cy '

CHscooc, Hs' + H,0 B oy Co0H_+ czu;ou

250, & 0,  Dotho, 9_503

2. HETERDGE NEOUS CATALYSIS
When dhe phoce of catalys d‘ﬁer {rom
the phase of veactant .

& €

-Cz“q tg) + H> (4) ’M—) C:.l—[; (4)

Ny (9) + 3H, 9 ﬂ% 7—’\‘”3 |

Wr=ots) =
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H A ]
~ CHARACTERIGNICS OF A CATALYST k.

> (ptalyst  yernaing  chemically unchanged. —— -
> OQatalyst is -wove effective when it 15 N inely 3
:1

dividedl  powder  form.
s Catawst ' should not affect chemical equilibrium State
of +eaction. J
- Cotalyst cannot stavt a veactton ; it only lowers 7he
energq' of activation
= (otalysts arve Specific in  their natuve. ]
- Cata(;/blc ,Ooiso;vlnc,‘ occors  when anyd foreign particle
affect the ac&iwiy of catalyst. |
- Additisn _of impuxity in catalyst is called /Do/sorli‘f_)i_w___}
of catalyst. Tt wmay be tempovaly oy pevxmanent.
e-g ) . '
x» HC) can poison Mn0, in decomposition of H,O0, 1

¥ CO in Haber’s process can poison Fe

_1YpPes__Or  CATALYST

4. PROMOTER | -

Suostance that nxreases the achivity of cadtalyst

is calld promoter ov activatet o catalyst of the catalyst.
e:q

Cu_promotes_activity of Ni_in hydwgenaton of oil

—

il

-

2. INHIBITOR i}
| When o Substance +educes the vate of veacHon
then #t is caled inhbitor ol vegatwe  catalyst, e.q

BEEAEG
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Tetva ethyl fead ¢ added to petrol which acts as
‘.nhibn"a)’f

— 2. AUTD - CATALYST

3 In  Some veachons , = products fovmed act
a$ catalyst called auto-catalyst.

-9

v Hyddsis of ester gwe acetc acid which act as

r autp - catalyst

3 The veaction of oxalic acid with KMnO, » MnSp,, iS
r picduced - Mnt* jone act as auto catalyst

4 ]

L A well- known induttrial process 18 cataly&c cvacking

=

b of crude oil, ™  which large hydrocarbon molecuks

e

| ase  pmwkern dowr into S$implex  and ~move usefal
L producis in The presence of catalyst e’

:‘3& ENZYME CATALYSI(S

- Ptyalin : Present in  (aliva  and accelerates the conversion

E of starch wlo sugax

& 2. Ppsin : Present in gastric  julce and breaks down
l potein imto  Simpléey  ynolecules.

!‘
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