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A OoQuUCTIO

— The word kinetics is desived fvom the Giveek woxd ' Kinesis' 'meaning wynovement.

— The study of Chewmical phemomenon can be made Eom two fundamental approches. The fiwst
of these , known as Asmgomdﬁoé,.nf is a d_.mo,mocm and exact ™ethod concesned with
equilibxium conditions of initlal ond final states of chemical changes.

The othexy method, known as Chemical Kinetics, is 1€Ss wigowous and deals with a move
chemical Dmvmnﬁ. of chemical Ofﬂggmﬁso. g\«fm_m_ Hhe vote of ﬂfbﬁ&mlu. &om Trmtial to
Linal state undex mon- equilibvium conditions.

|Drngnnﬁnijmfnmwm+f.mﬁ.mp@d@?mjwondnwmmoﬁ,ﬁmoniaj _%‘Onmmn_,_jm Fjam«m._qmjﬂo,p%w_aﬁw
of temperatuse , pressure onad concentwation.

- Aswdgo&aﬁbé..ﬂh tells GZ_M about the .ﬁmbm._r.:..ﬁm_ of a weaction whexeas chemical kinetics tells
obout the vate of a weaction.

Example: - Theymodygnamics predicts that at yoom tempevature ram;aommj and exygen zeact to
Powvn watex , all the ~Yeactonts Um,_ﬁm mﬁmmﬁgozm converted inte the Product. But whey
we anco:m nozqqm out the expesiment we fina that the Yeaction takes place so
w_os_m that it wil take indefinite 4ime.

— Chemical Kinetics o\so descizbe mwohim how each w¥eachion ocwurs and alse describe the conditions
_um which the -seaction vates <can be altewed.

— Macsoscopic kinetic is b¥anch of kinetics which explains the behaviour of o ey _o«mm geoup
of molecules in thexmol equilibrium.
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- Mic¥oscopic Kinetics is the bwonch oF Kinetics n hich dmon¢._5m molecules I1n eell defined
state ave strudied.

10 and {fast Tveactions:->

) 10w TEaAcCtions .

— These ave the weactions which proceed m_oﬁ.& and their wates can be Tmeasuved _cM conisenel
methods.
Exavnple!- TInversion of cane-sugar In aqueous solution.
CizH,04 + HO — CHIO¢ + CcH\%¢

Cone - sugar Gillucose Fxuctose

— In slow seactions o large mumber of bonds have to be brxoken in ¥eactant molecules
ond a lo¥ge MNumber of Mew bonds have o be forxmed in the product Molecules.
(b) Fast wseactions:»
— TheSe ave the vweaction which proceed homim ond their vates cown not be easured r.m‘
conventional methods but can be Mmeasuved by special Methods-
Example: - @) Many ionic Teactione such as meutrolisation oF acds wm bases -
(i) Reactions of U._o_om..no., m,_mj._rhos,nm.
@) oxgowic sub skitubion Teactions.
@v) Explosive wyeackion of oxggen i bl 5&@&0&@.5 and raag‘onoio@:m.
— ITn case of simple [onic 7Teactions, Mo bonds QYe to be brolten. The amomfaﬁm_*sm:_,d;,og
vexy fast-
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— Raote of a weaction covn be defined as the nrmsmm in concentration of a weactort ow w«oo_cg

in unit time.

— To be mo¥e specific, it con be expressed n texms of:
() The wate of decsease in concentration of any of the wveactonts ox
i) The vate of incvease in concentration of oy of the products.

— Considex P simple jm_vowfpinﬂ_ sveaction of wm:um

Concentration

Reactants

.

A N

Time

Pu“- nrpsmn in concentwation
of weactants & pPraoducts

with +ime

The wate of the 7eaction at amy given time will depend upon the concentration of the
¥eactant A abt that time. As the veaction pr¥oceeds, the covncentration of A keeps on ,m&__.jm
with time. The wate of weaction at Ony given instant is given cu the expression

wheve

Concentvation of Yeactont A at given instont.

= Hsr:#mm,.«sazm small decrease In the concemtvation of A v am
infini ¢m.m..3D:M small intexvel of time dt.

¥ The winus sign in eq@,indicotes that the concentyation of weactont is decveasing with time.
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— The concent¥ation of the pwvoduct P goes on ms.n.qmom._jm with +ime. Hevnce  the wate of the weaction
can alse be expvessed in tewxms of

inc¥ease in concentsation of the pyoduct. Thus

d2e  dCp
IQ —3 = —
dt dt @
whexe .m_a.nmm = Hsrs.%mm_:s.p:m_ small Mcrveace in the concemtyvation of P in am

?P:?mm..3D:& small intesvel of time dt.

Ce = Concentxation of ~xeactont P ot given instant .
¥ The plus sign in eq@,indicotes that the concentyation ok prvoduct is ?Qmom._sm Wwith time,
— Feom eq- O and @

_d® __dca _ dCp
a7 at dt ®

- For o wedaction of +mvn.

A+B — L+M

the —weaction vate can be expressed as

__ dCa _ _ dCp _ dC. _ dClm
> . at at dt dt

Example : -
Hg (1) + Ci(a) — Hgel,(5)
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the —veaction vate can be expressed as

dCHg] dlci,)  d(HgCl,)

at at dt

¥ = -
— Considex a geneval weaction of type
oA + bB— AL + MM

the —weaction vate can be expwvessed as

1 d¢a _ | dCs _ | _
a dt b ade L d¢ m 4t

W .-

Example : -
2 HL(g) — Ry (1) + T,(9)
the —reaction wvate can be expressed as
) alnid _ dlHl d (1)

TRE A dt dt

— The unit of wate ofF weaction is expressed in qm moles pewr litse per umt time h?o_ __.Tm.-..r?m._
The +ime 15 In minutes o¥ Seconds.

- Tn gaseous veactions , concentration is expressed in tewms of pavtial pressuxe hewce the umit
Wil be abtm time-!
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\ K@ act\on TATE ! >
— In oxder +o detexmine the weackion wate cuves shown in .mo:ocu.,:m hmmcdmw Qv€ consideved.
— 1In +4hese cuxves, concentration is plotted Dm@..:m¢ time t.
- The wate of weaction foxr om time intewval is qiven by Jmo:ocu._sm expyession.

D DR
. T T T 4x t
and fox infinitesimal nfojmm
N de _ R
dat dt
[ !
8
N
g Ca :
131 I.Vﬁ) - _—ﬁ)__._u—h)-: mn‘
mu = = - o
o At (t-t,) g :
im. ﬂ)b i m
g -dCa =
.,.nu..__._ H._:)_ - A,— f - mm_ﬁ-ﬂvn- m“ D-
...I._. dt 1( m
¥ Q
5
&)

Fig:- Instantaneous ond avevage vate of a weacktion, A->P
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| £ daté OoFr & weactTion: =
.\-.

- bnnouo__.sm te loaw of mass oction  the ¥ate of weaction is tﬂovodiovp_ o molax concentration
of ~weactonts.

- The wate nroﬁmmm with +time because the concentyation ol +weactants decrease as time passes.

Example:- Rusting of i¥on is enhanced du¥ing ¥ainy season due to high concentration of
watey Vvapous in aix.

— Tempevature has a stwiking effect on the ypte of chemical weactions.

- Reoction wate megligibly slow ot oun_.:;b«n,_ tempevature Moy become appseciable ond even
explosve at elevated tempevatuzes.

As a <m«m docmr but useful wule, the wate constant is doubled for a wise in ».m,a_uﬁﬁ&cqn
of 10°¢C. Thus, o tempevatuve change of loo'c may oltey the zate wnove ov less bya factor
of Lo®.

Exomple:- Im case of decomposition of HI +the vate constant incweases _om o factox of 147
Por each 10°c wise in tempevatuse.
when logovithm of wveaction wate is plotted agant L/, stvaight light is obtaised Ly wost ot
the chemical weactisns. The Vvaviation , thewvefose , can be wepryesented by the .wo:ocu._s& equation -
b whege k= specific veaction wote , T = Absolute temp.
._b&r.l. = a,b = Positive empirical (onstants.
a (Intercept) , b (slope)
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¢ o "
reesSsure .o

— If the pressuse of gaseous 3veactants is incseased, thexe ave move xeactant pavticles fora
mémﬁ volume . Theve will be mose collisionse ond so the weaction wate is ncreased.
— The 7..&_33‘ the pregsuse of seactants, the fastexr the vate of weaction will be,

— The matuse of the solvent con colso offect +he veaction wates ot solute pawticles.
Example:- A sSodium acetate Solution vTeacts with émgm__ iodide im an mxnrbﬁmm ~veactiovn

to give \995&_ aocetate ona sodium ifodide.

CH,C00NG (sol) + HI(1) ——> CHc00CH, (s0l) + NaT(sol)

This weaction occurs 10 mnillion times Mmove .mD.v._&_N_ n the O.«@oin solvent
%Sm;a_ﬁo««:oé.&n Hhan it does in methanol. r_Ipocmr both axe o,q.mo,dﬂn solvents
with similay dielectsic constants, Metavol is able to foxm jaaﬁu@ms bond with
acetate ions, wheves DMF cannot. Immdommﬁ wganfﬁm yeduces the veactivity ot
oxggen atems In the acetate ilens.

-oH ----0
i -, T S —DC-CHg
OIU\. hI‘inI||I|O
OWNF Methanol Acetake ion

— Solvent <._m8m:..m_ 1S also impostant in am*mﬂi_ﬁ,;m Yeaction wvates. In rmmr_m Viscous mo_cms*m\%mmo,c&
—uDdﬁJ.ﬁfmmw nfhmcm.m ™Much "More mwfos_m than W less viscoug mo__cmﬁ.-.m. onad <an collide less

?ﬂm@cms:m per unit time. Thus , the weaction wates of ™ost weaction decvease ad?u_m
with .,jnamow.:a& solvent c.,..wno_w.}u.
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1

2% oZM heat evevgy but wadiant enevgy éam_ also al\tex the wate of cestan chemical
¥eactions .

— The te¥m wadiont enevgy Tmeons emnevgy dexived Lyom x-wags, LV vays, visible and infraved
¥0Hs , vadiowaves etc.

- The watesof some veactions ove enhanced due to absoxption of photens of ditfevent enexgies
— These weactions, wheye pPhotons or¥e used, axe called photochernical Feactions.

Example:- Reaction between H, awnd C\, *o foam HC\ in presence of Sunlight .

The vates ofF cextain wveactions ;39& be altered da the presence o*,. cevtain substances
in d‘mﬁmm._jm mawm.mg,.j)mmm substancec ave called DQ#Q,N_m.ﬁ.

Example : - Mangnese dioxide speeds up the zate of decomposition of potassium chlorate,
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oCatio NCE 3t XA Tt 4 » - L 2 f . nMaero
gepencey s ATES . Al ate law and the Rate constant o ..__r.__.c..._,h& CONsKo

— The amothematical zelotion between the wate of weaction and the concentwation of the weaction
components is kKnown as the =wate m@com.,oﬁ o¥ vate law €xpression fox -seaction.

— RAccozding to law of Mmass action, the wate of chemical ¥eaction is diwectly pvopowtional to
the active concentsations ofF the weactants.

— Conside¥ a genewval weaction of type

A —> Product

-

The -sote of weaction is

¥ xCa — @ (¢p= Concentration of wreactant A)
07 b = —Aﬁ) II@

% _ c,—B®
e e - Y
o¥ 1 A
wherse = A constant which is characteristic of & weaction and is Known
os the xyate constant o <m_0n._¢x constant of the veaction at m_._%: tewp.

— If the concentyation o% weackont A is C,d..wM ce. Ca=Ll , they m@‘@ becomes

=k —®
Thus, ot a. given tempevatuse, the wate constant ox velocity constant of a wyeaction May
be defined as the vTate of weaction when the cowvcentyation ofF each wyeactant s Uunity.
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— For a mmjmd& seaction of type

oA + bB + cC — Pwoducts
The vate of the weaction is given d& the woate-law expression

¥=KCpCaCe — @

— The vote law fox any veaction cannot be predicted c& ém«mdm _OOEJM at the balanced chemical
equation , c.e. ¢5moa.,¢mn0:m but ™Must be detexmined expeyimmentally.

— Let us considex the mnjmﬂp_ fowm oF the weaction of the ,Tn.:um..

aA + bR+ ........== Psoducts

The wate of weoction is mwcod 6&.

¥ = "moles/litves/sec

Ca=Cg = ..... = oles/\ikyes
m%&mﬁ?f:m these uwits in eq- ® . b
Yoles i moles Azso nmv "
it~ e =R Ll v U lhike

- [yt <o
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- Tt is the sum of the Mumber of wmolecules of vaxious vyeactonts that toke pavyt in G chewmical
weoction as wvepvesented by o balonced chemical weaction.

— A unimoleculay ~eaction s one in which oiu one mnolecule of ~veactent s invelved.
Example -
() Brx, — 2B¥

() NHoNO, —> N, + 210
— A bimoleculay ~xeaction s one in which two Molecules of reactant awe imvolved.
Example:- () Tnveysion of cane sugar
CiaHon + HO — CcH0, t C H\ .0
Glucose =yuctose
() id%o_&m._m of an estew

CH,C00GHs + H0—> CHCO00H + GHOH

— A tesmoleculay ~yeoaction i3 one in which thvee mmolecules of weactant ave inmvolved.
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Examples: - () 2NO + O, —2 2N0O,
(it 2 _umn_,w+ SnCl, — 2Fedl, + SnCly4
() NthmOODm + HCOONo — MP@ + CO, t hluhooI : ; hI.whOOZor

— The EOGOU.;.;.M that Mo¥e than thyee molecules can collide ond veact m._jpc;bsmwo?_m i s cmﬁm

small. Hence, veactions With éo_me.od_,mﬂ. ™ove than +thvee Ove Vvewry ¥ore and slow to proceed.

Tt s thevelose, evident that weactions .§<o,c,:gm ™ove than thyce nholecules in the
Stolchiomelyic equatien vwuet take place in Move than ©ne step.
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— In the study of chemical kinetics it is mot Necessoxy that +he concentwations of all the weactarts

taking pavt in o weaction can detewmine +the vote of weaction. Thevetose o mew tewsm ‘owdex' is
intsoduced.

Chemical xeactions oxe &@:mdbz& D,Dmm..ﬁ._mn_ in tesms ofF their ‘oxdex A

— The osdex of ~weaction is given by the Mumbew of otoms ov Wolecules whose concentsotions altey
o_c.q,_sm +the chemical GSijm.

Ox

The ovdew of =weaction is given _om_ the +total muwmber of Mmolecules ox¥ atoms whose
concentrations determines the <m.0m._+M of- the weaction.

() L0 Otgae . 4 5 & .L_.F VIO >

A weacHon & Soid to be zewo order, when its wate is independent of the cencentration
of the peactonts.

luﬂ—_ﬂo

DT¥eY Tweaction .

— Tt is defined as one in which one concentsation tewm

detexwmine the vate of a weackion.
¥ =K, Cp

(L SeCoNa ...ml SACYE seaction.»

Tt is defined as one in which two concentcxatien tewms detexmine the vyate of a weaction.

R4 H.Anﬂrw. Cnod one .fd_vm o_w den.TQSC oY ¥ = Tnnbhm m ~os +wo .mm_omm of 4m0nﬁ05.¢mw
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— Tk is defined as one in which thyee concentrsation tewms detexmine +the vate of a weackion.

¥ = Kwhw ( Fow ome type of qmonﬁdj&

vT = _Awhbﬂhm ﬁﬂo.u‘ two »&TN of weactants)

v =

Ky ﬁbnmp. ( For *wo ..u&_:w of weactants)

¥ = K CaCglc (( Foxr three Bype of veactants)

=4 | EOICE C ACs I

— Consider o veaction of +~_vm

aA+bB+.... —> Pyoducts

The vate of such o weackion « Cp nw ;

0¥ the wate of such a —weaction = Fﬁ% nw.
Then, ovder of such a veaction=a +b+...
Thevelose, the owder of the veaction may be defined as “The sum of powers to which the
the concentxation (or pressuse) tewms ove vaised in oxder t detexmine the vate of the veaction

—The oxdex of & weaction is an expewi mental quantity . Tt is Mot MecessaTy that the oxder of
¥eaction May Mot D_Eomm be a whole Mumbes. Tt cam be Fractional @cosfﬁ also.
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- Tk : .
g E:;,w of wate constant for o. Qiven vweaction con be detewmined by with t
appropriate w¥ate equation of the weaction. d he help of

>

mb;
Rate = — % = K,
unikts of [A)

units of ¢+

ol L~
S

~
o
i

Rate = — d(al - x_m,pu

at
rn Chd d[a]
F K= T fm* Tat

i{ "ol _|L

K, = x
mol L~\ S

K= 83
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: d(A) .
Cv ﬂNka = - I||Il¢ = —AP—.\)U
. \ d(A]
\ (mol L)
K, = K
> (wol L) S

K,= yol'Ls™!

(i) Rote u.i.mHMb - xwﬁrummu
dat
v Wi % A8
OF RLCTOTANEY " Vat
\ (wol L)
@ N

— K
(mol L™)? S

kK,= vnol”'Ls™!
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A 3
foae = = mmﬂw - Kk [A]
# dla)
°F KT T T ae
_ ol L=
Ka~= wx S
(ol L)
T

K, ” ™ol e

¥ We can also use dm*® (cubic deciTebye) instead of L (litre). ﬂ! n__gwurg

Rate = = ————= K

_ mol L™

_.A = x
/2" (wol L) 3

Pi Va

| =
x_\Pﬂ \ﬂjo_\u‘ . '

1-n -4
Kp= Mol L s-!



JIHesENCeLS between

0¥d ey and MMolecuiarity
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— aq —

1. It s

an experimentally determined
quantity which is obtained from the rate for the
overall reaction.

2. It possesses all sorts of values including
ZE€ro.

value,

4. It cannot be obtained from a balanced
chemical equation.

5. It does not reveal anything about the
meehanism of the rcaction,

6. It iscqual to the sum of the cxponents of
the molar concentrations of the reactants in the rate
equation,

3. It may be a whole number or fractional

1. It is a theoretical Bunou.,ﬂ which depends

on the rate determining step in the reaction
mechanism.

2. It is generally not exceeding three and
never zero.

3. It is always a whole number.

4. It is obtained from a single balanced
chemical equation.

5. It reveals some basic facts about reaction
mechanism.

6. It is cqual to the number of molecules of
the reactants which are taking part in a single step
chemical reaction.




— The veactions taking plac

Learn Chemistry Online

-

Afgity O1F 2 1T PIE D C fl.__.uun.m.,."_. 4
=

e in one step ave colled n_mgﬁjwoa\x ox <eimple weactions.

L8 .7

Lnversi\ion oOor cane ..(ﬁ.,_“..

— This weaction is

i1}
LY,

I+
n_NIPM.O___ +* T—PO E—— ﬁﬁI-POP ¥ mmIaNOF

Cane mc@o& Glucose Fxuctose

As thie seaction involves two weactants ((C|3H,,0, and H,0), the §o~mnc_oa.}m of- the

reaction Is two. When its vate s detexmined expevimentally , it hos been found +to ocbsewe
the Amo:os._ﬁm vote law.

d [(CiaH220 ] < &
dt CiaH2204

As the wate of the weaction s detexmined wM the vaxiation of one concentration tewm
o:.m _Uh.w..:,.w.u_ad the ovder of the weaction ie one. Thus, the gc.mniﬁd._wu. o Hhis veaction s
two but Order of the weacktiom Is one. This is due to foct that watex hom._j present in such
o .Smm excess that its concentzation does not aﬁmomcdﬁ.{m nyosm.m &cism the chemical Yeacton

- Ol I o STNyl Qe ot
|

J —

— This veaction is

CHyC00CHg + NoOH == CH3Co0Na + GH sOH
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. The Tolecules hm_._wmoompzm. ond NaOH) ave invelved in this yeaction ond hence the
305?;0«?& of weaction is two. The waote of this weaction hos been feound to D_om& the
)mo:oﬁ..sm sate \aw:

d [cH,cooc,Hs)
_ . - X ﬂ.hzwnoonnxmuh_cooxu
dt
Hence the ovder of this weaction 1s two.
Fyom the above ﬁxogvimm it is evident thot the ox¥dex Oﬁ veaction is the number
of chemica\l species ( molecules, atoms o¥ ions) whose concentrations affect the ~wate of the
<caction While the éD_NnF_Qd._ww_ of o weaction ie the Mumbery of chemical species +Qr_._;m

@Diw N a chemical wveaction.
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5 .T.L 4.._“.._0.«_;._,,...&”_4“% e £ ..;,..__W._m._,. TeacTiONs
— The weactions which occuy in two ov Mmose steps are called complex weactions.

— In such veactions each step has own §o.mnc_oq._¢¥. Al these steps M™ay proceed ot the
same ox diffevent wates. But the slowest step deteymmes the ovder of overall seaction.

he wseauction Ot P¥oMiC Qacva <To nNHa S00Foimc Qcia o4 nH AYOo |61 QOO
5\ W “~t

HB¥0, + GHI —> HRx¥ + 3H0 +3I, — (O

>Iyocmr this weaction involues seven olecules yet 1t is of the second oxdew. [his
Con be explained on the basis of .wo:os,.sm mechanwism |
() HB¥0s + U1 —» HB¥0, + HIO (Slow)
() HBYO, + 4HI —» HB¥ + 2H,0+ 21, (jast)
Gi) WIO + H1 —> HO0+ I, (fast)
Toe Fiwst step 15 slow and hence the wate detewymining step. The vweactian s o}
the second owdes. The wmoleculowity of complex veaction ® has mo m..ms._fnbdnm.
The mmoleculaxities of steps (), (i) ond (i) ove 2,5 ond 2 wespechively.

(b) he NDXidation O1 nyavolodiC QGcCia o s IR ¢ AJT0HEN peyoxide 1In aqueouws solution

o - ' -

H0, + 2HY +217 5 2H,0+T, — ()

Expesimentally , it is of second o¥de¥. This can be explamed on the basis of no:os._:m
mechaonism.
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) RO.+T —» HO+ To~

) H+ + 100 — HIO rast )
@ HIO+ H'+ 1™ = HO+ T, (

The Ffivst step is slow and hence the wate detewymining steP- The moleculax’ties
of Step (), (» ownd (ii) o¥e 2,2 ond 3 qmmcmn¢,<ﬁm.

1) The oxder of a complex weaction is given _ou the ovder ofF the Slowest step in the Sequence
of vovious Steps which axe involved in that weaction.

@ The concept of 3050&95&.& of complex weackion has mo m,.@?h..ﬁo,ﬁﬁm. Eoch step involved
in the complex weaction has its own %5O_mnﬁ_bd.,¢m.
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— —zevo Osde¥ weaction means thot the wate of the weaction is puopostional to zewo powews ofF the

concentrvation of weactants.
— gci;m%:.uiho_:&\ for oo zewo osderx weaction

A— P

dLA]
dt

T -

= K,[A)°

dlA)
- - = K
0w T . o

0¥ d[A]) = — KydE
H:¢ﬂm.«D¢.5m both sides
(A =kt +T — O
whevre T = stn&a‘oioﬁ constant
At =0
The initiol concemtyation is [A],
mcvwzgrs& these values n eq-Q@©

_..buol -Kxo+ I
[A),=T
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mc.rm¢.,¢c+._5m the value of T in eq.(®

[A] = —&4 +[A), — ©

IF  concentsation of Teactant is plotted against time then (( compase eq @ with the

straigh line equation y=mx +¢)

w_o_um = - —ﬁO

Intevcept = L PUo

on m,,gv:huwsm m@.@ we @m¢ the wate cCconstant K,

||—A0¢ =

II._AD =

o¥ K, =

Lal—[CAle

CAd—-[CAle
+

CAd,—[A)
©

&

Conch
of

LA]

Eq @ is the integrated wate equation fox zewo Ovder weaction.

» In such weactions, the wate ™ay be detexmined by some other :3#.3@ factoss such as
the amount of 8¢Q.mm¢ used in cataly tic veaction ov the intensibty of light obsovbed in &

photochemical seaction,

CAJ,

Time(t)—>
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() The seaction between acetone and byomine is found to be ze¥o Owdexr In wespect to bvomine.

CH,COCH, + By, —> CH,COCH,B¥ + HBY

li) The seaction between acetone and iodine is found to be zew¥o oOwder n wespect to Vodine.
CHyCOCH, + I, —» CH,COCH,L  + HE

i) Decomposition of phosphine on the suvface of go&gmvcg ov +cj&m¢m: at _a._@_; pressure is
ot zewo owdey.

) Decomposition ot gaseous ammenia

1130k
> H
20, (8) — -ty N, (8) + 3n,(9)

high pressuve

@) Theymal decomposition of HI omn gold suvtace.
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— The fivst osdew weaction Is that in which the wate depends upon the concentration of m.._:m_n
¥ eactont oim_.
— Considey a first nvdery veaction

A—> P
al A
d(A)
0¥ T&uixpmw — ©®

Hs*mm_dﬁ.m,_zw. both si\des
In[A) = =Kt +I — @

whese 1 = HSmmm;qDﬁoﬁ censtank

At 4=0
[A] = [A],
Whese [Al,= TInitial concentyation ot weactont
mc&mw..;.r»*._sw these values m eq. @
In[A) = -K, %o +1

Jn(Al,= T
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Substituting the value of I n eq. @

In[Aal = =Kt + In(A), — ®

<4 In(a) is plotted against + +then ( Compore eq. @ with styaight line
equation , 4= X +C)

Slope = =K, In[A],
and Intescept = An[A], 1
K,=-S\ope
seaxvanging €q. ©) dn[A]
In(A]-4nlA) = - Kt
o In[A)-dn[A] = Kt
Cal Ti +

oY In mPuo - Kt — ® me(t) >

Toking antilog of both side of eq. @
(A = (Al e Kt B
Eq-(® s knewdn as Wilhelmy's equation

Yeawsamg eq. @

«..ﬁ —-lpuo

- ©
(Al

\
oY e




Learn Chemistry Online
0¥ % 4 2.303 .Gm LAl @

; + LA)
" log [AJe _ Kit {
s °3 La) 2-303 ® [A)
fh [+]
Tf we plotted ‘_.om mﬁﬂ.._uo Qmo.,.smr. t then o@gu Ky
N slope = 3303
S¥ope = "o ae3
0¥ KK = 2-303 X Slope —
) _ ® Time (1) >
wppose
Ppo conc™ of A Conc™ of P
At t=0 a o
AL t=% -3 -
So [Al,= @ and [A)= (a-)

At +time t ,eq.(® becomes

. 0] Lag e o
K= + - (a-2e) ©®

At time +, Fxom eq. @
In[A) = =Kk, +4dn[A], —@

\
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p* .m.:pam .*..P

in(Al, = =K, t n(Ad, I®

wheve [A), & [AJ, = Conc" of weactants at time ¥, 2 t; vespechively
.,w_.rfu.ﬁd.nyn.ﬁapjm m.@® From eq - @
InlAd, - 4n(A], = —K,t, - (- Kk t,)
ow dn EAM o K a— Kk
LA),
0¥ tn LA = K, (E2—t)
LA],
\ CAl,
£ . = in - (13
e ¥ Ct-%) ﬁbn._.n O
2-303 CAl,
. o = L
o7 fA- h.ﬁ”.l*..v m hble O
tion of m.lmmuﬁiwc.&_ pew¥oxide

(CH;3),Cc00C(CH;), = 2 CHCOCH; + G H
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2. Decomposition of dinitvogenpentoxide
N,0s5(9) —> 2N06,(8) +50,(9)

3. Decomposition of .mr._oﬁm__ chloyide
waﬁ_~Am¢|h». s0,(9) + C,(9)

4. Decomposition of hydvogen pevoxide
H0, (aq) — H0(48) + .W.Opﬁuu

s. All vadioactive &mnﬁm

6. Acid Sm_m,qofam.,m of an estex
I+
CH,CO0GH,+ H,0 == CHC00H + C,HgO0H

7. Invex¥sion ofF cane sugoy

HT

Gilucose Fructose

%. Decomposition of diazonium chioride

CHsMN,Cl + H0 —>  CeHgOH + N, + HC)
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—The second osdes weackion s that in which the wate depends upom the +wo concentration tevyms

of weactont.
— Such weaction can be wepresented 0s

— Tw this case *two Molecules of the same weactant ave Involved in the chewmlical weaction.
— Cons\dery a second Ovwdex weactaon

2A —> P
de N
e 2= = oA
s= 92 -, [A]
- g€ LKt — O
CA)
Suppose
conc” ofF A conc” of ¥
At t =0 o »
Ar 1=+t G.—3e -
At time ¥ eq. ® becomes

Ca—e)?
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stmmd‘cnw._sm equation @

A

(o)

whese I 18 +the ..5¢mmqnin._05 constant

= Kt + T —®®

£=0, =0
mﬁvmﬁ?ﬁsm these values W eq. @

_— = o+ 1L
= K. X
R
="
mc_omw.;.r&jm the walue of T n eq. ®
L o
(a-%) Kat o
—— o o
e Kot = (a-*) o
. _ -Fg
0% —Au- = .ﬂ. P.D..lVbV o
_ g .
o o F a(a-s) ..w @

h
H
[

a - (a-»x)

ala-x)

Q-Q+3

ala-»=)
e
(o)

w
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L. Glaseous decomposition of hydzogen ledide

2 HI(g) —> H,(9) + T2(8) |
Rat
2. Thesmal dissociation of Dnm¢Q_o_myaLm e

2 CHCHO —>  2CH4 + 2C0

Conc” of 3y
¥ eackant
Fig: The plot of wsate v/s
conc? for second
osder veaction
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s ed

afa 4

—The second oOvdex weaction is that in which the woate depends wpon +he two concentration 4evms

of wveactont.
— Such weaction can be weprvesented 0s

=S € | wnen HATH the Heacrankt

A

— Tn thic case two molecules of the diffevent xeactants ave Involved in the chemical weaction.

— Considey a second oOTdex weactiaon

A+tB — P
K, [AJLB]
—®

Conc"Nof B

i P -
- A
d=x
oY —
[AlLe]
Suppose
Conc” of A
At t =0 o
A 1=+% G—3
At time ¥ eq. ® becomes
doe

(a-%)(b-%)

- K,dt

Na.rl —

conc” of P
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Resolving into poxtial fvaction ﬁDmchv.Sm that a>b), wWe have

L dee d2@ o
(a-e) ﬁCTxu Q s Kydl —1D

(a-3¢)

Integsate equation @

L d»e ds ] _
(a—-b) ﬁb\.vnv& ETKL xpr_w

i a constant.

(a-%)(b-») - (a-0) | b-3¢ T ot

(Complete solution on nextslide)

We hove taken the factorw 1L /(a-b) outside the integval sign because this quantity

|

ﬁlhs ﬁlevlﬁnbjﬁb.ﬁ;’_ =Kt + 1

(a-b)
- Lo (b- tn(a-) | =Kt + 1
0 _..I w(b §v+ n(a "
(a-b)
ov = ﬁ Lo (a-e) — ??-xL SRt 4+ 1
(a-b)
1 Q- K 1 —
0% o-5) ..:Jﬁ_o'k.v = Kat + @

wheve I 15 the ‘Q*mmdn*.,_aj constant
At t=0, 2@=0
substitue +hese wvalues » eq. @
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1 a\_ 1
(a-b) rah _,,,v

substibute value of T m eq. @

i (82) <o b anf8) 1
CPI_UV i h b-* - (a-b) b MIW..
: o-2 M BB o) . Kt V>
°F  (a-b) o __oluou (a-b) 5h¢v . bna
r......L slope = K,
L Q—x Qa
0% ,:JIl in EE - KDT B
(a-b) ﬁ b-*X -3
0% - i pla%) D\%; = Kot
(a-b) a.( lo-3) Ty

If we or%_m_ m.&&mz line equation on obove equation then slope wll @Z.m value of K,

oy e, 7 ﬁws \anonxu.w — B

(a-b)t a.( lo-x)

2.203 _oﬁolunvu_
i —.nu, - (a-b)+ ar.-.om n..rm.Ulvou - @
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BEq. B and € s known as Kinetic equation fox +the second ovdew weackion.
— Heve we hove assume +that a>b. IF we had assumed -that b>a | then

L o (b-3¢)
e | P A”V
“2 = oot b(a—)

— Tt can be easily seen that meithey eq. @ ox eq. 3@ is applicable when the concentrations
of both the Yeactonts ave same  ie., when a=b.
The vote constonts of second ordew weacktions in which the two weactants, although
differvent |, have the same initial concentration,i-e., a=b, ove also deteymined with the
help of equation of case-T,
I .,.w_,ln.l;r_....- >

i . Sapomfication of an estex

CH,CO0GHs +NaOH —» CH,COONa + C,HsO0H

2. Reaction between pevsulphate and iodide
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1 A B

(@as)(be) = (a—se) (B9 ®

L _ (b)) A + B(a-e)
(b=e)A + B(a-»)

1

i bA —2@A + Ba — B2e

L (bA +Ba) — A — Be

t = (bAa+Ba)—2(A+B)
Compave coellicients of 22
L=bA+Ba — (O
At+tB = © -®
oy A =-B -®
Substitute value of A m eq.- @
{ = -bB+ Ba
.Pu_wmo?_&

L
(a) -
. = (a-b)
substitute value of B n eq.
& L
(a-b)
_ - . i
£ - - and B =
. (a-b) (a-b)

substitute value of A and B wm eq-(BA)

) L L L 1

@e)(b-»)  (a-b) (a-%) ' (a-b) (b-e)

I I P W
(a-b) (a-%) (b-3)

) - L L
(@-3¢)(b-x) (a-b) h (b->) ?TL
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1 A B
(a-2) (b—e) (a-3%) N (b—>¢) ©
N ﬁhlg o B
(b-32) — (b-a) (a-b)
|
2 ﬁ % g ik
(a-3e) Kw=pb ﬁDiU‘
_ .
A E = - Qja HW F=
E (a-b) (a-b)

Substitute value ofF A and B nﬁ.@

_ L -
(@-3¢)(b-x)

P 4
(a-b) (a-x) (a-b) (b->)
L

- L L w
(a-b) mv (ae) " (b-3%)

) \

(@-3¢)(b-x) h (a-b)

ﬁ

"
(b-2) (a-)

g
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. LAO Orvaey Feaction

— The simple weactions which have diffevent Value of ozder ond jo_mnrr_o,«.,ﬁm Sk calléd
e

pseudo Ovder weactions.

tlay TEACTIONE

7 FSeéuwao unimolecula / ,.?urr_plo MONOTYIONE
— These wseactions ave mot umimoleculax but follow the fisst oxder equation

nya sis of met Y | acetate: »
: — "yt
OI@DOOﬁIw+IuO == CHCO0H + CH,0H

It is a pseudo-unimolecular Teaction as it i
. nolves two "Mmolecules but the wat
18 determined Um 470&«.&. acetate 02& ona not Gm water pecause 1ts concentration doe mm

not ngsmm dimn._o.w& due to its pvesence n _dem ©ox (2sSS.
The psogsess of weackien camn be YWeasused w.m +._T.d¢5m seaction ™Mixturve wwith NalH,

- - _/.Puul......,.._r... _ L
c 0, + Rt
121225 H0 ——— C(gHiO¢ + CeHia0k
&
%Wﬂmdﬂw%%ﬂ (rlucose uctose

» mmwmﬂwﬂ., ﬂmmn_o. pseudo-unimolecular seaction as it involves twoe TMolecules bubt the wate
D Um Conc™ of sugawr oiu ond ot ,om coter becouse b conoentration does

not change Dﬂﬁ.mm‘_ﬁwm due to its pvesence n ~Q.qmm ex (=ss.
The puogress of weoction Can be Measur®d by Tneasusing the chonge
by "means of polo¥imetex '

n Ds@.n of wotation
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A O CdC

In oxdew to detexmine +he ~vate abt which a chewmical weaction may pYoceed, . Convenient
paxatmeter called half life s Intwoduced.

Tt is defined as the time wequited foxr the weaction +to be half¥ completed.
OR
The half life oF a weacktion is the time in which +the concentration of a weactant
‘s weduced to half of its Witlal concentxation.
- dIt s denoted by the symbol ti/;.

= .

Rate constant for zevo owdew

Teaction
CAl,—-[A]
Ko = o...l =3 @
At ty,,
/ [Ads
7
substitule value of [AJin eq-©
Ao
mb.um..mln..l
Ko =
¢.\~.
Mﬁrwolﬁbuo
2 Z
Ko ..,.
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(Ao

Ke= =

Y

LAle

ov Ks=
2t
/

- + — m}uo
0 \, X"
o

For =2ev6 osvdew seaction +..\p. is &_q,mhfm ﬁ«.oﬁod;ﬂ_.a.ﬁo.» ‘o the nibial con

+he Yeactants and ,_j<m4mm*m @dofuodfqﬁp. to the wate constant.
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— Rate constant $or PRixst ovder weaction

2.303 CAls
o e s B
i _“)u ” = (4]
substitute value of (AD in eq. (D
_ 2:303 . [Ad
x__ - .p.._\u. m ﬁpuo
2z
2-303
= Jdogq 2
i " *.\P "9
%3 LTI M.Mow %X 0-3010 bommu 0-3010
]
0693
o7 f\.« - & — @

For liwst osder ~weaction 1y, is independent of LA,
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— Rate constant $or Rivst ov¥der weaction

2.303 Qa
= Jdo
o t d 7=
At + o~
5 %= 3
substitute value of 2 in eq. (O
2-303 a
x_." 1 &a.om ﬁplp.l
2 =)
2.303 Q
_—A = '_.O
. AUA °Z
2-303
0% K, * ry (PomN
,\P
2-303
t,, = %X 0-3010
id /2 K,

06393
o7 .ﬁ.\v - il ®

For fiwst ovder weaction ty, is independent of LA,

.ubéwuoago
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— Rate constant for second osdex ¥eaction

i 28
il 3 ﬁ a(a-3) =
.f
A+ Vs — h.ufw
Substitute value of 20 in eq. (O
L a/2 .w
Ka= T B3
2= 3, a(a-%)
‘ K, ™= .Fﬁ aje 1—
0 2 .mv‘» ph.&\wv
0 4 :
E 1 =
< *_\pp
_
o7 N ™ K.a — ®

Fov second ovder weaction ty, is iwversely proporkional to the mitial concentyatiow ot the
~seackant ,twus, it does mot -~yemain constant as the weaction @,..onmmnw.
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C = QT O AT >T)

v |
il B | 1 q

~ The hO:oE._jm mwerhods ase 003305.& used fox &mﬁmij‘,ﬁ._jm the ozder of a wTeaction.

L
2
3.
4

Ditfesential method

Method of ..Swm.w.qb.m._aﬁ
Method of halF life pesiod
Isolation "method

5 & Tl Al

This method was developed wm van't Hoff .
)Roa%dm +o +his Mmethod , the Yoate of an nth-orvdex weaction is m.._,Bj G&

¥= Kich s {1
J]DK..sm _omm . we have ﬁ
Jnvy = bS_A_:;.‘Sbjﬁ - @ dny
Thus , if a double - _Bmou.}:,?,.ﬂ plot of of wate wvexsus
Conch @zmm a& wﬁqn.,_mz. line, then the slope m._cmm. the value of

Slope=n

Intevcept = Inky,

m and the intewcept given AnKp .

then ac n
.- = n;_ = KnCy

InC —

Al\so, if ¥, ond ¥, ove the vates at +two diffevent veactant concentrations C,amd (,



Online

T = ﬁ. i
¥ Ca
J..nrr._sm _om_m
2w i h_l
In (61 /72) =~
- - In (€ /¢G)

2 - Vléethoda O4 regdTvTatioY) . >
_ This is also called hit and txial method -
— Twis method con be Used either Dsofa»n._no,:m oY @q%rmnpzm.

— In the Dﬁbﬂmtnp. wethod | we assumme o cevtoin ovdex of the veaction and calcklate the

sate constonts fsom the w,ij data. The 005mgjmm of the k-values obtained m.me_mmnm

that assumed ovderx is coxxect. TL the K-Values ocbtained ave Mot comstant | we assume

a ditfexent owvderw of the =<weaction and Dmo:.: calculate +he k-values ngm +the Mew wate
expression ond S€e if Kis cConstant.

- 1In the gwaphical method , i the plot of Inc vewsus £ is wga..mfm line, the ~xeacktion is of the
$ixst owdes. Similory We Con use integrated expression quophically fov second owder ond so on
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— Tis method was mgmmmmmm& Um Ostwald-
— The holf life ofF mth — oxdex Yveaction is

.ﬁ_\vu - 9

pﬁl.—.

— I+ two expesiments gwe cowsied oub ot diffevent inmitial molax concentrations ,then

1 |
Q.qb_ uDjl o.ﬁm h*,\pvw u 9.«7_.

y b2

ﬁ.#:?.v_ P\Q”:L_
o 3. & n-L
C {uuw ._.\nvu.
Gva)y hopuﬁ-r
0¥ = [(—
ﬁ..r\uuu- D—
(G612, AQJ
- A8 in —
*DT.:m fum In h+<uv~ (n-t) 4n a,

0B In(tiz), = In (tia), =(n-L) (AnaQ,- Ina,)
dn h.*.::-v L = In ﬁ.ﬁ:uu 2

dna,-dna,

In () — In(ty)
o« Mm= L+ - Bl =
Ana,- dna,

— The determination of half-lives of a wseaction ot +two diffevent nitial
leads to the deteymimation of M.

0 )Dl.P =

concenbtrations
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s 1
A

— This wethod is due to Ostwald:
— “In thie ™Method oll the weactants except one ove taken \n lavge quantities so that

concentxations

Yemaoains conetant ,:,dccmjo;w this n_:nsmm.l_rcm‘ the ovder of Teaction s

detewmined with vespect +o the solated weactant Whichis mot taken n _Qdmm @:ndﬁﬂ.

— The mxmmu?:msw

is vepeated by \solati ng each seactant n tuwmn.

— The total osdew of the Teaction will be given by the sum of the ovder of solated

seacktisons-

— This can be seen Um nqﬁm._%d.,jm the hu:ocu._jm mmjmdo_ reactiom.

Fizst expewiment
Second expewimnent

Thivd expewitent

Thus O

N A+ N B+MC — Product
Rate of reacktion 1s given Um.

d2e

at

> Llovxge ownount of B & c, Ouder is detewmined with yespect to A. Let
this owder be N; with wespect to A.

> Lavge oamount of A & c , ovder is detewmmed with vespect to B . Lek
this owder be Ny with wespect to B.

> Llavge oamount of A& B, owder is detewmmed with vespect to C. Let
this owder be N3 with wespect to C.

¥der of weaction = M+ + N,
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Qecoyd \ a 1 B » \

— Radioactive decay is the phenomenow of spontaneous disintegmtion of unstable atomic muclel
to atomic muclei to fowm -mMove eneygetically stable atomic muclei.

— Radicactive decay is highly exothe¥mic , wandom ond fixst oxdex prwocess +that occurs with o
small amount of Mmass being converted to energy:-

- These weactions have been studied by wecowding the mumber of counts per second becuse

this number is pwopostional to the mumber of atoms disintegvating pew second.

suppose each atom of the wadioactive element is having a chance A that it o_mnm& n the

next second. Thus, fox a sample 7055@ N wadioactive atoms, the numbew of D_,..m.3+mmdpfosn

n the next second be X N.
The wate of amnb& s thuws as @u:o..bm..

- Ly < — O
dt

The constant A Is called ngm constant . Tt's units ave S

=-2dt — @

aN

0T N

on ,5+mmdo¢aj eq- @
InN=-2At+1 -® 1= stmm;.d.r._% constant

A*r t =0
Zﬂzo

Substitute these values W eq. @
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InNyg = —=A%0+ L

InNgy=T
Substitute the value of L in eq. ®

InN = =21 + In Ng
0% JnN=-JInNg = =2FE
o (rﬁZb.lPﬁZﬂvrrl
O bjb_/hgh =2t
DY A= .__* dn —.—L/._D a— @
0¥ A= 2-303 I,_/.._lcul
T Jeg i - &)
N
¢.\p - No

substitute value ofF N n eq - @




Online

0¥ N = 2-303 ¢ 0-30l0 (_,cmuuu 0-3010
#.\P
0% X\ = O-.-693
.m_\u.
0-6393
o0F .w.\un o @

»
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—XPES) Nental Methoas ot al=ail .f .H__—

Kinetics .2

NAU S\C Thethod ' 2

— The »ates of ionic weactions onnﬁd..ﬁm in ._05._mﬂ5m solvents sucdh as Watew corn be detewmimed
Um §m9mc«,5m the nojm;nw._a._.ﬁ of ~Yeaction Mixtuse as a Hfunction of t.

—~ Fow dilute aqueous solutions wheve ionic concentvations ove almost constant | the conductvity

con be ¥egavded as a lineax Hfunction of the comcentvation of the Severval ions and,
therefore, to the extent of +he weaction.

This method has been used to detewyine the yate of ran_qo_a.m._w of acid Dﬁr&m%_&mw.+rm
saponification of ester and Similax weactions.

— This 'method is Mot applicable it the electyodes of mOannTE?m. nm:mcm.cn:m o platinised
patinum) cotalyse the weaction.

. mojucni/\in& measusements Tequive monual adjustment of a variable wesistance and take

5 to 16 seconds Fow theixr completion. They ave, 4hevefove, Mot diveckly adayatable for
Measusing fast weactions.

2. Potentiometysic Tmetned:?
— The holf cell potential of Mmetal clectsode (M —> M™ 4 ne-) m a solution of its ocwn ion is
given Gm
whese '~ E° = Std potential of the electyode
E nmo+||luﬂg..n .pom Qm n o= <D_m5nm of ion

Oy = bh.—h.(._wm of 1retal iom
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— The half cell potential is thus welated with the concentyation of active isn and _+rmquE.
the "neasurement ofF half cell potential can be used to wwr&m the progress of weaction.

— Fox example +fowmation oF complex between Eet® anad F- com be studied .um heasux\ng
the potential of half cell Fe*’/eet® ot various +ime ‘intexvals.

Tical TMetho

AT >

A .M_H_Lm.”_,.
— The cousse of o weackion 3(62.5@ ovinpzm active compounds oy be followed _om. po lo¥imekric
™MeasuveMent of the degwee of wotation of plane- polozised light vomw?u +r,..o¢m_r +the solution

Compounds.
- Z:r&?mm_ applied this +0055_,nr£m in 1950 to mga& the mbwnzw_mmn_ nversion of mc,mod.
AH—N.INN.O_. -+ INO 'Ellhq hﬁI-NOP - ﬁ;!ﬁI_.quﬁ
sucvose (&) (lucose (+) Fructose(-)

— This technique wequizes expensive and m—umn._D:mmm equipment.

becettdophoto™eatsice ™Tethod
— Ultsaviolet, visible ox aven infraved spectva con be utilised to Tneasuwe changes n the coneh
of veactant and products it the oaksowption is Vevy mga:m ond dees mot ovewslap the cgecoum
of another Molecule present.
The n,fojmn o absozption in the selected 80<m?5m¢$ ¥onge Ond SO nyc,:m@ n concentyation

—

i vyecowded.
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O+ tempesatuse oOn Tea

- Qmjmdﬁzm_ sate of o chemical seaction incveases with wise in tempexatuve.
— In lhomogeneous wseactions, the wate becomes doubled ox twipled fov each 10° wise of tempevwatuve

~ This incyease in the weaction vate with tempevature is expressed in the foxm of termperatuve
coeflicient.

— Tempevotuse coelficient of a chemical veaction is defined as the vatio of wTate Constants ok

deonﬁgo+go¢m§nmdn¢cdmnmmvnqo&mm «mro.n.lﬂrmgo +m§§ﬁ.€%woﬂ mmdmdﬁsm .mn.a:
0s 3s° and 25°c.

Thus the tempesatuve coeHicient is expressed ac:.

Temperature coetrident = __Mum.
2s”’
In mmsmad._
K¢ + L0°
Tempevatuze coeHident = e
.

whese Kwu mvmh._.ﬁ.ﬁ ~wate of weackion at 1°c
Ket1o' = Specific wate of same weaction at t+10°

— In ost of +the sqgowmsmocm goseous wreactions, the value of tempevatuve coefficient lies

between 2 and 3. T+ Tmeams that +the Specific Teaction wate becomes +wo fold oF thvee fold for
evesy lo'c wise of tempeyature.

- Example :- W) Tempewvatuxe coefficient Sox dissociation of HI is 1
(i) Tempewvatuse coefficient fox weaction between CH,I and GHgONa 1is 2-9.
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— The incsease in wvate of veaction with ¥lse in tempevature can be explained onthe bass ot
the Collision +5m0dM..

- DnnOam,_j@ to this theory, Por a chemical veaction to occuwr, theve Must be collisions betwoeen
the weactant vnolecules. Howevey , most of the collisions gx._sm pPlace between the Mmolecules ase
\neffective .

The impostant postulate of the collision theowy 15 that only those collisions wesult in chemical
seaction in which the colliding Tolecules ove associated with a cextain Tinimum enery
called the +hrveshold ene¥gy. d

— PAsshenius used the Maxwell's distzibution of ~“molecular énexgies to explain the temperatuse
vamﬁmmdnm nvhv reaction wates.

— As +the tewmpevature incveases fyorn T, o Ta —the energy T
distsibution unde¥oes a change (figure). Thewe is o Qeneral
shift W the distribution of Pﬁm.«.@a_mn.l—.rndn a¥e Mmove Molecules
on high side of Kinetic eNergy - “The Mumber of Molecules whose
en ma.@mom aze equal or g¥eatey than +hrveshold eneryy E ot
teropevatuse T, is Twepresented by the chaded arsea efcd and
ok tempevatuse T, by the Shaded avea abcd. \

The shaded area abed is meaty twice the shaded avea el — i o
efcd . This means that the mumberof “molecules Tn.c._sm energy
equal to 0¥ greates than threshold enewgy becurmes 3moim double evevn @ith a small increase of

tempesatuze fsom T, to Ta. Consequently , the wate of weaction which depends upon the Number of
eHective collisions, becomes almost double With a small incvease of unm?_ﬁdnﬂﬁ.m.

NUMBER OF PARTICLES
WITH A GIVEN KINETIC ENERGY
-
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2 AXE Nénius g UuaTl

— Von't Hotk pwoved that the Vvalue of equilib¥ium constant varied with the temperaturve.

— PAxxhenius extended the oabove suggestion of var't Hoff aond gave his ocwn yavoi..mmﬂm.

— Accowding to his hypothesis-

O Al the volecules of a system cannot take pa¥t i the chemical veaction.

Gy Tt is only & cestaimn Mmumbex ofF wolecules which weact. These «mbnrjm wiolecules ase known
as active wolecules.

@ii) The Ynolecules which do not take parxt m a chemical weaction ove known os passive
wolecules.

(v) Theve exists an mn_‘c‘..:rir»é between passive ang oactive molecules.

M (passive) == M (Active)

(v) When +ve tewjpevatuve 1s vaised, the equilibxium between active and passive ywolecules
shift towasds the zight . The incveases the Mumbes of active mwolecules which axe 4mo&u
+to toke part in a ¥eaction. Thus, the Incvease \n Feaction vate with ~rise n tempeyature
is due to the increase \n the mumber of active molecules than due to the Mumbe of collisions.

Thus the basic concept of Awchenius ?mo& is that

“ The passive o¥ mon-active or Mon yeactive Mmolecules con bewme ackive .cm absorption
of heat mﬁmqm&u.
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— Considery the ho:os._jm veversible veaction:

A4B = C XD

Rate of forwaxyd weaction
Raote

K, CAJLRg]
= K,[cJ[D]

of backwaryd yeaction
At equilibrium

K, ﬁ)uhmu = K, hnuhnuu

or Ky _ [cI[®)

9 o PLEIL2)

K. (A][B] - [(AlL8]
whexe Ko = HWV - @

From +5m150m&593wnw& Van't Hoff equation ls

d In Ke AE -

a1 RT ®
wr&wiﬁpﬁsm value of K. from eq ©in @, we get

din ¥k, AE
aT RT?




Van't HoHf proposed that eq. @ con be split into two equation as $ollows

T+ WwosS obsewved that 1 was Independent of tempevatuve. Thevelore | T must be

Q7w
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d In K\

dJlinkKz

dT

daT

dink, E,

LE Q)

RT*

= -+ H
a1 RT?
n_b.jxu..“ Ed o I
aT RT*

cqual Yo zes0o In eq. @ and ®

Equations @ and @ ove known as

Mj*nmdnijm eq- &) amd @D , we get

O

n

d

n__.a._;._.A_. =Y

a1

RT?

&,P._)Tuu Ea

n kK

In K,

at

—_

RT*

- =t 4 A
RT
E2

- +
RT A

- ®

— (B whevye T = Constant

- ©

— LD

}’

ADm = E_—E, )

Axrhenius equations,

Constaunt
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Equations @ and (@ con be put as
—A.. _ \Do ml m._\ RT . 6

-E2/RT

k,= Ae — @

Tn TNOoTE wo.jm.an,
- Ea/RT

k = Ae l|©

Eq. (2 is colled ntegvated formn of Awrhenius equation. Eq.(13 expsess the ternp
dependence

o K in tevms of A and Ego . Both A and B, oave chovactewistics of weaction
Wheve E, Is cCalled the Axshemius activation emesgy and A is called the Axrhenius
p¥e - exponential factor.

Since the exponential factor n eq.-(@ @) is dimensionless, the pve-exponential foctor A
has the same unit as the wate constant K. The umits of kK for a first ordexy veaction Ove

s=t, which is the Unit of fyequency. Hence A is also called +he Tm@cmjnm_ Fackor . Eq and A
ase called the Axvxhenius pavameterxs.

4953@ \ogs of eq. (@, we have
i . - s e o= L)
kil S
I+ Ink is plotted against T, a Steaight line is obtained.

Slope = — Ba

and H:wm.qnmv = AnA
R
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@wﬂmdmﬁimﬁjw eq. (1D with vespect to tempesatuve

dink  Eq |°

aT RT*

.ijmmd.o&:m eq. @ between +he +m31wdD+Cdm limits T, &T, ond K, & K, and

Dm.wc.g..jm that Egq 15 constant ovex +this ternyp wange , we obtain

< 2 mpﬂvnﬂwllﬁ;

dn K, RPun

This is .5¢mm40¢mn_ Axshenius equation. Thus, f:oS.,Jm the wate Constant at two
di fHewent teynpevatuses, the enevgy of activatien E, can be detexmiimed.
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.....\”..u. .kﬁ .U.q, .L_“i.r_c.__..».r_r,__r._‘a_.f\n.“.i . I
— - L L

Accosding to the concept of activation energy, all the molecules connot take pastin the chemical
seaction.

It s only o cewxtamn mumber of molecules which take pavt. These .qmon*._jm molecules are
Known as active molecules.

The weactont do mot pass o:ﬂmnzm to the products but must Liest aquive Mecessas § msﬁ.mm
to pass oves on enewgy baxriexy known as +the octivated stote or transition state.
The amount of enevgy which +the weactants must absoxb to pass over this activated eTRYgY
baxxiey 15 known as the activation enewgy.
oR

The excess enexgy that the 4mon¢5m molecules roc._sm enevgy less than the thveshold
enevgy Must acquize in owder to weact to qield products is knewn as activation enevygy.

Thus,

Activation enewrgy = Threshold energy - Enevgy actually possessed by molecules.

It Pollows from the abeve discussion that thewe is a eedinbi nmccks e
iju,@m Pawsies placed between —weactants and ﬁd‘nﬁcnnm..ﬂp“m ||||||||||||||||
bawsicy has to be cwossed befove weactants cam gield products
Wwhen two §o_mnEmm.Snc._sm the necessary enewgy of activation,
come together, they must fowm an activated complex ow Ts.

Example: -

ENERGY

Reactants

- H II =5 Products

T B L REACTION COORDINATE
< B L....1 I-1 The concept of energy barrier in chemical
AC oR Ts reactions
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L ect Of atrtalysc on yaA1TEe O

| {4y

A Du;dimﬁ \s or suwbstamnce .l...TDLn camn \ncrvease the wzote of a weaction but which itself

remains unchanged in omount omd chemical composition at the end of the weaction.

— When a ODWD__mmw s added, a new Yeaction path with a \ower Snevey box¥iey Is vdoc.&&.

— Since the enewgy bavriey is weduced in voagnitude, a lavge mMmumber of moolecules of
the weoctant can get ovex it. This incseases the &\Q¢m, of a dmﬂ.nﬁoﬁ. . .

L B ﬁDWD_N_mr. does ot altex the ._uom.,*wb.ﬁ of mA.E__.Ud._gﬂj n a wevesSible weaction. It .m:ﬂ«..‘_imv

hasten the appscach of the equilib¥ium by speeding U

soeaction.

Threshold energy

with catalyst

Activation energy for

forward reaction

ENERGY

Reactants
Without
catalyst

With
catalyst

both the forword and the lbaclkward

Threshold energy

without catalyst

[ -
||||| 1--F-
Activation energy for
“ reverse reaction
N\ _l\\\
-~ m ‘
Products

REACTION COORDINATE

Effect of catalyst on the rate of reaction.
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Collision theowy

- L SO tNEeosy o1 OI0MoleCuiQY ...‘. seQUs veéactTiC
— This ?moam_ was developed Um Axshenius and van't Hoff.
— This is the eaxliest +700dm of weacton xates.

— Since veaction between +two species takes place os_m when +5mm ase in contact, it s Suppose
that wseactant species must collide befowe .?m.m seact.

— Fyom the Kkinetie .::moam of gases, the mumber of bimoleculay collision pew second pew cm-3
among molecules of ome Species is m..Smj Um

/2

> = Mﬁu.mphmﬂg_.a._.u ®

—~ Fox a seaction ._sco?.:pm two diffevent gases A and B, the wate of bimelecula¥ collisions bjw
unlike molecules 1s given by

/2
2 [ 3n kT
<pg = 5>jmhn_pcv A.Ilq — ®
A
wheve MNa and N, = Number of A and B8 Molecules
daov = D,..m,.,pmn collision diametey = mblwa|m
™Mo
AL == _..Nmnwrhﬁﬂnw ™MAass = i " K= mo—*NdﬂDjj nguﬁuojﬁ.

~The collision mumber in tewms of molaxr ™Masses M, and Mg of +two gases, w& the expwession.

9n3>+2wuwﬁm4:p
Zag = J)Pﬂ@ﬁ&ﬂcv Ma Mg

e © { R =NuK]



- ¥
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Since there ave approximately 10> collisions pes second for 10'2 molecules of cach species | each
molecules ™Makes about 10° collisions per second With the mmolecules of the o ther species, 14 each
Collision Wweve to lead to a chemical weaction then the whole weaction would have been completed
in about 107'°s. However, this psedicted wate of the veaction is in complete disagzeement

With the expeximental sate. Hence, we conclude that all collisions do ot wesult in chemical xeaction

Hjoun_muwod?dmbnﬁoj&.oonnc,n.?m enexgy of collision ust equal to exceed the thyeshold
enexgy-

™e detailed onalysis of the &ajpgdnm ol bimoleculax cellisions lead to the vwesult that the
numbey of collisions s+ cm-? bektween "™olecules A ana B, When the welative Kinetic
enesgy E o;q:& the line of centew s greatex +thanm the +threshold enevgy 1s given Gur

| -E/RT

ZaB = Zag® — @

Assuming that Zpp gives the wote of 3welative cdlisions between A and B, We <gy wWrite

an 0
. /
\/2
L[ (Ma+Mg)BXRT I
o¥ lmaﬂqr = Nang (dav) MaMa e */RT molecules em®s-!  — S,
eo¥iticg\ expsession Yoy the Tate cownstant.y
the concentvation is expressed in ™ol dm—3 , then
n
[A] = _ouumw ond  [8) = W0°5E Np= Avogadvo's mumber
A



— Hence, the wate law expwsession
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d[A)
— = A 24

s = k, CAJ(e])
0% - _Ownwa_)} & O u.jr o 59

Z}QT Z_P

3 6

\0
il (0°dna _ K, Tang
(8] = - %
. * Nadk 106 nang
N A A—SP

o7 K. = — X 6

. 103 npang dt ®

Using eq. B for - I.le , We have
\/=
N (Ma+Mg)8ART _
ru.. = ||||P.I " ﬁb.j@ﬁ&ﬂ(u ﬁ hg w e m\mﬂ.._.
103 Nang AMg
2
K, = Na (dav) ﬁnzﬁzwvmwmgcwm-m\.ﬁ — @
* —OD. z)gm
= ﬁogvc,m.:m eq.- @ with the Awrhenius equation K, = \Pmum?\_ﬂ

exponential factoy is given by

we .ﬁmjny that Awrhenius pPre-
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2 \/2
A Zbﬁ&ncu HA3>+3wvwﬁ_ﬁ.H p— @

103 MaMg

- The activation ene¥gy Ea n the Awxhenius egquabion is +hus identified with the Yelative
Kinetic msmdmm E P.asm the line of centers of +two nO:..&Jm ™olecules which is wequiwred
4o cause o welation betwoeen them.

- The collision theoty is applicable to simple daseous weaction.

— For weactions between complicated wmolecules, the obsewwved wate is found to be Much smallex
than +5m0d.m¢ﬁ0_ﬁ predicked wate.

The diffewence is explained cm the Ract that the ﬁo_:n:sm Molecule s treated as a
hosd sphewe Tﬁc,_:m o Intemal enewgy-

Again, the sphexical model ﬁm\sgmm the dependence of the effectiveness of a collision
on the velative oxzientotion of the no,_:__.sm olecules.

Alse, the activation enevgy trveated as iJocar it wewe Tvelated entively to translational
motien, [qnoxing the effect of ~otational and vibyotional motion.

For these wseasons the collision .rsmoa.x 5 93:.8_1& Gs_m. to weactions betweey <&dm
simple gaseous veacktions.

— The collision .?mo& can be mmjmdnw:mm& Gx ._:gmcn._sm. the so-called stewic Pactos, P, nto equation
Por the bimolecular 7wate constant in oxdewr to take account of the ovientotiona) wequimement.

Accoxdingly, E/RT Q)

K, = PAe
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— The stesic factor s supposed +o be equal to +the fraction of moleculay collisions in Which the
molecules A and B possess +the welative osientations necessary for the wreaction. Howevew, the

stesic factory cannot be seliably calculated.
— Using col\lision .mrmga. the Axxhenius pye- exponential factox fox unlike Mmolecules Including

the stexic factos p is Qiven by
\
29 2 4m3>+3m_v - e
A =(2153%10°7)plday)” |——— -

M Mg

and for like mMmolecules 1t is m._/xmj .vm_‘
12
A = (3-893%10>°) Zn_ocdp Awu

— Th these ﬂn_..;ﬁ#,,osm\ the molay ™Mass 1s In unt of 8 go_n_ and the units of A are

dmd® mel™ s-\,



— This ismodm was
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Wit WS

am<m.__owwm U& mad._jm_ no_oja.. and Evans in 1935.

= Tt is known as thetwansition state theoxy (Ts7), o¥ the absolute wseaction wate +rm0dm Op.u,zi_
ox the activated complex &SmOdM (ACT).

s Dnnodm::.m to ACT , the bimolecula¥ weaction between two Molecules A; and B, progresses

thwough the fovmotion of the so-called activated complex which then decomposes +to N_..m_a
the product, as illustrvated below:

#
A, + B, == (A3B,) — 2AB

—_A SN A
o¥ - P o & : L
— S | |
@I m | c W m B8 B
Reactants Activated pvoduct
no“.dm_mx

— The activated complex is a distinct chemical species W equlibrium with ~Yeactants wWhich

then decompose into products.

— The vweaction coow¥dinate is a Measure of the progvess of weaction.

The octivated complex is mot an inteymediate W the prvocess of Eﬂmn_a._jm or .w.o«g._sm ot
chemical bonds.

The activated complex is Unstable bedause it is situated at the M™Maximum of the vo*msfo_

enevgy bawiew sepavating the products fyom +he weactonts.

The diffevence between the enevgy of the activated complex and the enevrgy of the veactants
1S the activation m_;m.«mm ; Ba.
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TRANSITION STATE TRANSITION STATE
(Activated complex) (Activated complex)

ENERGY ——»
ENERGY —

REACTION COORDINATE ——p REACTION COORDINATE ——»

fa) Exothermic reaction (b) Endothermic reaction
The profile of energy versus reaction coordinate in ACT in the case of an exothermic and an endothermic reaction.

— Fox the gmﬁjo&mjogﬂn fowmulation of the activated complex theoxy , consider o simple bi molecular
Feaction, #*

K K
A+B = n>mu%l|»¢ pvoducts — 0)

Whexe nbwv# = Activated complex
k® = The equilibsium constant bjw reactants and activated complex
K, = Rate constamnt

- 1w (AB) one of the vibvational degyees of Preedom has becsme a tyanslational meﬁm ot freedom.
— Fsormm the classical "™ec hamnics nsmdm“a of Vvibywation is ﬂm_,S_; .om .

E= — = —A._m.d. — @ HI... R = Z‘Pvﬂm (o .1 —/\_.wﬂlzylwu
Kg = Roltz mann <constant



— [Fyom the quantum mechanics
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enevgy of Vvibyation 1s given by

E=hv
Fsom eq. @) anda @

expression. ((AB)")

-

— The vibsational ?m@nmsnm v is the vate ot which the activated complex Molecules wpve
acc¥oss the wjn.d.m& ba¥xiex. Thus the zate constant K, <an be identified wiith V.
- The wate of weaction is given by

=k Kk, (¢AB)'] =k v [(AB)'] =K hﬁ T)Eﬁ —®

wheve the factox kK, called the tyanswission coefficient, is a Measure of
the _udogf,;,,+m that a wmolecule , ONce it passed overw the bawxies, will Keep on @o..,:m ahead
ond WMot Tsetuam.
— The value of kK is taken to be rrjium » ik 1s thus owmitted feom wate expwession .,
— The concentyation of the activated complex _”n)wuaf caon be obtamed _om 84..»..3@ the equilibvium

1= K [AJ(B] —

hence

T
h @
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mCamA.zncm._sm value of [caB] n eq. ®

o D*M.Pu - A_A@‘__..v _Aﬁ,. ﬁ)uHWU S @

dt )
The wate expyession Poy weaction | is given fm
- am_rw =Kk, (AMB) — ®
From eq. @ and ®
k, (A)LB) *.Vm.mv K* [AJL 8]
Khuﬁxwﬁv RY @

oy ;
— The equilibsium constant k¥ can be exp¥essed in wRIMS of (Aa&")", called the Standawxd Gibbs
fsee cnesgy ot activation. Since fox the activated wmplex , we con write

(AG®)T = — RTAN K™

sH
0
o K* _ e stv\_ﬂ

# 4+
ona PDO..OV«..—.IH ﬁ\VT-OV ilﬂﬁbmov
o (BH)F_T(as%)" = —RTANK®

h..
Dwouu\mlﬁbro,\na
(oY -1 Kﬂ - g ¢ e e e
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wc.ruwﬁ__ﬁ.iﬂvm Value of ¥ in eq - @

& F o7
hxmqu (as’) /R —(&HY) JRT
K,=|—]|e

h

e —

Eq.( is known os Eg¥ing equation.

Wheve (As® )T =

std entwopy of activation
(aw)”

std enthalpy of activation
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— Accozding to tyansition sState ?modM. yate constant is m.ZMJ Gm
me (as®)* /R —(oH /RT
e e

= G )
J‘PrS@ :um.w of both sides of eq. and &_ﬁhmdmjfﬂm._:m with vespect to T,

%
&\..qul“ ﬁDIOV - ..h.

dT RT? g |
o dinky _ ((or®)"+RT) _®
dT RT?
Also, fvom the Axrhemius equation,
dinka _ Ea - @
dT RT*

Compaving eq. @ and @)
Ea _ ((6R%) +RT)

RT* RT2

I=3
0% Eoa= (OBH®) + RT — @

au
oY (AH®) = Eg—-RT - &
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— bnno)am_.jm to Collision theowy, wate Constant is given by

*Apﬂ._..u\u,nWlmnP\ﬂN._. L @

Compa¥ing equation (O with eq-©

n
1 ’ .
¢ (ar®) =2 E; we con equate the expovnential Pactoss in e &

»

Ae-EalRT keT\ (as9)*/R —(awf/RT - @
P Ih um e
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— The word Hnbznb_m_m._m. was +ivst used by Rewzelius in 193¢,
— Bewzelius defined +he nbwo_dm._m as:
“ 4%+ is a phenomemon in which the presence of a ﬁoanﬂ&,: substance cowld accelevate
its wate Without being used up in that wveaction.™

— He called +the %o«,wmm,: substance as nbﬁu_amﬁ.
— Latew on ,it was weporxted that catalyst could also vetard +he weaction .Thus,the definition
of- Beszelius was mmdmdﬁ.:mﬁm.dﬁ. mMmew definition of ﬁowb,amn. and nDﬁﬁ_am._m is -

. nog_amﬁ. is any substance which can change the speed of weaction without Um._ém.
used up in that ~seaction and the phenomenon is known as nodo_amﬁm.._
- In Many Teactions, One of the products itself acts as a cCatalyst.
Exomple ;-
COOH

2KMn0g4 + B3H,;S04 + 5 |

—y KiS0 2MnS04 + 8H,0 + 10CO
COOH 294t 4 Hy 2

The speed of veackion increases as the vweaction .—udnddmmmm.m. This accelexotion 'S
due to the prvesence of Mnt? ions Which @.or¢ %ou«sma in the weaction: This dem of m.jms%.mjs.
n which one of the pwoducts itself acts as a catalyst s Known as Dcﬁo-no*&am,_m.
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s

Charsactesistics Ot .wn.i,L_,,”,m“..,r:r.__ w.wL\r...r..m:.....__
— The JmD:oE.:._m chavactesistics ase genevally common +o MMost of the anEmﬁ__n ~=eactions -
. The catalyst wemains unchanged in amount ond chemical chemical composition at the end
of the weaction.
2. Only a small @Coﬁw,.wm ot n&up_amw is mmjmdo,__m needed. However in some rogo&msgrpm

catalytic reactions, the wate of weackion is proportional to +he concentration of the

nodbpam«.

For example, the wate of inversion of cane sugay catalysed by hydrogen lons vavies
with the concentwation of the hydwogen ions pwesent in the solution.

In cewtam 5030@m5moﬁm wveactions, the vate Increases Wwith incvease in the awea of
the npgﬂmﬁn surtace. This explains Esa the mﬂ..oojnm of a selid catalyst ncreases w hen
it 1s present in a hmsm_m divided state ox deposited on some inactive ateyial such as

osbestos (e 8. Platinised asbestos).
The catalyst does Mot alter the position of equilibvium 1h a ~evewsible seaction.

3.
Catalyst does not mitiate the weaction. The Pfunction of nowo_aww s only to speed up the weaction.

.
s. The thDﬂdwﬁw s &mjm.qD:u. mﬁwnwfn in its action.
Monganese dioxide, fox example, can nono_&mm the decomposition of potassium chlovate but

Mot that of potassium peschliovate ox potassium nitwate .
Thus, Tanganes dioxide is specific in ks action. Enzymes have also specikic oowb_mﬁn action.
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The nbwaﬂamw cannot altey +the matuxe of +he products of the weaction.
Fox examples, potassium chlovate on decomposition gives potassium chlovide ond ox&mmj

whethex -manganese dioxide is added ov not.
A catalyst is poisoned by ceztain substances. The impuxities of any type, even it present

v small amounts , Inhibit ow wetawxd +he ~ate of DD_nD_mmmm reactions to a .D«mm extent,
These mpursities ore, *Sﬂd%hﬂdm- called OD¢D.&¢..n ?o“moﬁm.

Fox example, the wate of combination of sulphur dioxide and oxggen mnoj¢onm ﬁ«oﬁmm&
s slowed doww if some awsenic compounds qze present evewn in traces,
. Theve is pawsticular teroperature at which +the mﬁhmn.,oﬁnm_ of a DD.ﬁD,amw is Tnost navked.
The tempevatuze 1S Known as the optimum tempesature.

Fox example pnw?.}m_ of enzyme 1S Tmaximun between 2s° to 37T ¢,
. The addition of small amounts of dem..ms substances which are Mot themselves no_n&m_:s__m
active, sometimes increases the Dn¢<;m_ o the nowo_&ﬂ..mcnf substances avwe called

promoters.
For example, in the manufactuve oF NH, by Hobew's process, P.:m_m divided i¥on acts as

o catalyst, while éo,m.ommjcud acts as o promote.
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Lata Y3 >
- nPwD,dmwm con be divided nto two classes-
Homogaeneous LOat .l_r_. ”..1|~.. :
— Tn homogeneous catalysis, the catalyst ond wveactants oze in the same phase.

— i - =114 _ A 5C0US nase . -
— Tn the manubacture of sulphuzic acid, witvic oxide gas nﬁ*..b—ammm the ~weaction between
S0, and O,.
NO
250, + Gh—A= 254 (Lead chambex pwocess)

— In this example, +the —veactants (s0, 20,) gnd the DD*Q_amw ( NO) ave in mDmmocm _uromm.

) -y (40 NPIE 1 ._...|;h“.. F__ a .,..__l..r.;__ . ._._ - . >
: — L

— The Wwvewsion of cane sugar is ﬁﬂﬁo_&mm& by o~ mineral acid.
I+
anprO: + HOre-oremnd ﬁmI.pDo ¥ nmI;Ob
Cone Sugax Glucose Fyuctose
— Hewse +the 00.¢0._am¢ aGnd Tveactants 4ave n the _.,n_\rc& phase.

— The samdo,dmwm of an ester |ike ?m?a, acetate @m?m nbnﬁammm vm 5.an_<o@m5 ions -

CHaC00CH, + H®O — CH3co0H + CHOH -
— The decomposition of ramaommd pevoxide is catalysed in tha presence of chloside 1ons.
-

2H,0, —> 2H 0+ 0,
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— The covnversion of acetone intp diacetone alcohol is OO&ﬁ_&mm& _Dm ymmﬁox&, ions.

CH - CH
3 OH 3
C=0 <+ HCH,-W-CH, —> JC — CH-CO-CH,
OH

Diacetone alcohol

N
CH,”

- NepusS AANAM e

- In 5@¢mﬂommﬁmo£m nowb,umﬂm‘ the nb¢b,am¢ s pwesent in o. different phase +han that of
wseactants.

A\ A (v NS SOolig . sedaclfantis.

— Decomposition of potassium chloxate n the presemnce of Mno0, hnoqo_&mﬁ.

MnO
2 KClo, — 2 2Ka +30,

— “\us, the nbdp.mmpn Pgsou.v is pPresent as o Separate phase ﬂ_\gs the solid weactant.

a - = i - \Nq \ u A ”u_. b & A C( Al
4 .

— The decomyposition of _. rao_a.oa@a .mmdov,.,mnu is nm.nb_dmm& Um colloidal solution of gold & platinum,.
Pt ox

2H,0, I|W|I.v 2H,0 &+ O,
W

Heve H,0, is o liquid .umbmﬁdhn.
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— Combmation of @GP_D,;& O, In the pvesence of ﬂ:pm_n_ divided Pplatinum,

Pt (s)
S0,(3) + 0,(3) ——— 250,
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