- Rade of Reackan

N Aw:mﬂz Rate

AH
B+l 3T B

Reaction coordinate
e

FacdtovA a-f-é.v.d{ha, Rate

T Tnatardansour Rate

ﬁ IY\*YO AUQ“M

Naed of Kindiey
% " Jaw

[ Chamical Kindtics

Ovdu ond h'\o.l{,culw\;:k\j
o& a ~veaehon

Tembevadure Depandance "-’{
Sake o:r_ q Y¥e_ hen

l

Acrhienivs Equahiom

Z2vo Ovden Readim

A — Products

o
gl

R0

EFFREEES

A

i
Pseydo fivst ovdun Qadh

5 -Ffeci ‘yf Cofﬂ'a-!{j&*

Colli Ao T‘B\M’V}

of molecules —>




C%LM(.Caﬁw
Hong one im?or:h’l‘d’-

= For a chlumical wadion R—> P & Th QU

W Al oy if
Reackion will Kappm ov not 2 1 Thomodynamict Reackion dA {3@\94\9&; <:’6
AGKO:

To which oxied xeadion will ‘Q\a\o\wﬁ\ 7k Chewmeal E%u_{,ﬂ;hiuh # .
; ; " . heotieh $ Conezbi' €
What iz e scped ag chumical Yeackon 1 ¢ chomical Kinehe oi i
@ 5 Wv(ﬁzo)‘?]
Rade 0€ x2achon —: [\ldou’:}% 0'2 de\bn] lcnse 20jo 2615 [ Dedfn:
: ' ) jeal we
The vate of change of Concaxkveon o} any petin oking bast in @ chumic

widh Hme 44 Known o vocte od wradion -
- CQ\QV\W& AN Co\nwd'wﬁo?\ - AC

acHon

— Doy o watHon R— P ~ode

Hme, A%
- Un :O“OHL\ ox (odm¥=> Foyx gaseous v2a drang T f = - = Slope ”
s (] o Proo\u('.‘l'- 2 2
° s dt
Tg\xu 0‘(3 wake —: lcese 20 ¢ @ glm T[]
— 3 AP
. n oz _
() Mrexage abe =i Roy = Tokol g IMENT Brpfie s 2y
Todal Hme Iqkeny  °
L L £ Time —>
Rote = — A [RQQU\‘C\‘\*] - AT Peodut | e _ ac
) a¥ *&,j\,l a¥
— R — P :
ok dime dq : ey \:Qohcg\'\_:hm;\{cv\ag \pwoo\ud' Ckgi\'v\ v :h_—x
o M Xy Cq | N
7 e —:  Roke o o gen Hme ]
@ ThnAadantonecus
T AR ~{R-R)

P |
"
Ll

At {tz_tl)

- et = QLmit iQ.. =t (_J_\i
Rinmgd = i’:_‘i Ray B M 3

[R,]

Slobpe el Con cavvaXon ond

-
—

}_'\ml %TO\\QR .

appLayance and -sote of, dix appeayance  —
Lk ug Congiduy G ~yeatkon R — P
Ax Hme dy s Ry Py

Concentration of reactants

#Rote of




-
RQJ\'{ O’g‘ (:L‘,,gq\o\oic\qu\cg 0% K = BCIQC\% inTer] e = BLE]

s

Time Jaken ad
= Rade Ug‘ alppeaxance of P = Tvcvease in [P = alpl
Time +akely L)

EXME H‘a(ﬁ) 1 C-Q;\(a] _ Ha'cl-"s 8)

= Roke of veachon = Rake of dirappravance of My | Uy = Kode of appeavance .

= - a( Ha] y A[ug\’l — A[\‘\auaj
a & at b}

ol
Node :— x{ sdoiciwomatve  Coelficiowtr ol seatkards o¢ produtks one wok eV
; o ~Ohet
do one | Han wode of dA‘Acx\a\oeqm\cQ ot Qg o+ veadarnks O3 sote. oﬁ_ bl eava
Uf- produthh da olvidad \oa, Ihis Tea\—;‘ed‘{\lz Ao chiomatsic Co(%’CiU\"\"S'

= aA+b8 — cC ¥+ dD

Rate Oﬂ sgadion = -1 aTR) o e L AT B . 1 sCe} o aL D]
Q

—_— = —_— — e
PR
b

ak A% B % a¥
Erantl = () 2 RT3 Mo + T2
- Rate ol diralpeavance ol W1 = 2% Rede ol appearonce of Hg | Iy
—  Rode ol weackon = Rake of appeanonce ok vy 1Ts = L g:(:lc&’r diigal peavante

—

aY A 2 at

ks = ) L L
@ 5 B¢ ¢aq) T QYU_g Car) ¥ QH+Q%-) — 3 Q”(a (ay) ¥ Haok)

g L ol ATEY e e AL Bld) e 1 antl
en = — 1 AaLBv] SR Sl AL
Rake of veack 5 ~ak e . T

Cunton 1— foy dhe xeathon & NaOs(y) — 4 WO ¢3) T Cal®) . wate of
.Fovmai\bh a{_ N, (3) J» 8% 1e3 Ms L . Colculae Fu vade c:f dus abpbeavante

ZIXHON [c 058 208y @)
r L
ANAWA % — % Nz (g3 ——2 N80 ¥ 0t
AnAWL &
' o = -1 ALNgOsY = 1 ATNY)
Raye of Reaon = L. 5 [ Na0s 3 LAt
2 ay



T Rade o} disappeoasance ok N, 05 = —alNy05]

2. % j_ AL NO,T
AR +  ad
C\:‘\]Q‘f\ :“\o:\‘ *ccc\'e og_ -¥Qih\0v'\'\‘0“ C& NO, = &'cﬁ‘ﬂgg — L -3 ~1
L 2 ! = L ¥ §dvls "ML
= a [Noyd Mg-L1 2
PARE ¢

= L4x 153 Met
Quuntion =1 T decomposidion o Ngo¢ in Clly @t 318 k Ao bean Adudied by
hmniioﬂn& I Concentration C!r NyOs an . oluhon - Inidialy 3 Concandvadion
9 Na05 34 233 mol K omd afdul 184 Winudeh, X G4 veduced Jo 208 Mol 1L,
Coleulate e ovevage vake of Hhia veadkon and what ds dh vate of b oduehim of no,

&\)“\“ \¥V\'/§ U\\‘Od 1.
3‘ \? 9\ NKOS&;) » & NQ;\&a) + 03\ K&)

Andwi - i\\quaz Rade ==L ATNz051 - —1 T (2:08-2:33) m&rl}
A% & 18 4 ™
= 73 %10Y Wl Y {mih = 679 1o~ mod e
o S

i1

2 -1
- Rate = L[AE'\‘OQ X: 619X 167t ol L L1 x Lo 5 wol kTS

* AX mn

- AENDQL] = A3 G139 % lo-q' = .78 % &_0“3 mol Lt yoin~ L = Qai'e.d(— \’“duc*“mﬁq'No&
ax

Packoxd dnfJuencing. yole 04 q veackon —1 @d&{égoq taska01s]
2M

Concordration i— Rote ol veacken inCweacud widh concandvakion of sradant
[-—-5 LicLLn\‘c{ | PQUEO\M Medior

— Tn CqSe ol;caa,h.\ p \:r&SS\W‘LT = Rate ¥
Tewpevakure —5  Rake of o weathon Jncveasth Wit increase o demperedure:

Nm“jﬁ‘“d““&’\ —2 DiHeverd weadrand weqeive Ailfexerd amound o enrgish
-gw \OYQQ\GY\% o&_ old bonds  and -K-@( fmmaﬁm U&, hew oondA

@ f_‘fﬂl{g’—;“ T4 clonger Fhe wede o} weackion withoud baingy uged (Comgomud)
I veachown -

Coke Law | Rede Equehion | Rate Expression - \Lﬁe\am\d\@\u.di(foh on Ccmc',‘]

\ \ 1 n
— Rate taw 4 exlyessimn n which veadim ~wade dA gilen dn dreyma of vandon Cond

of. vractants widh cach Fewm vaiced Jo Rome powot: [ngg_u\\ l Dok ao\\)mm:\

0y



T

T Y )

B2 powd Qiged o Concanfvabon Fosws dn  vecte X p¥ession may 0¥ may hot
be  rame @ AtoicAiometnc Coofff ciewt o{i P Ymc;h'na Apedth in @ balanes
ekt cal 2qLaHon

— Coneidan q aev\uc\! Yeackon < ap + bB — cC+ dD a,b,¢,d OO
¢ dor i
Rofe equadon & Roke % TAI* T 0 oo ffrertrdh-
E:\‘e_ = KT P‘/’)k‘L Y Qﬂ — Exponenk x ond Vs
t — May 0% hay not e Q\"’Q

L“> R ae Congant 4

Jo Adoichiomete
couffreiand (aard b):
= T equation (ofweh vdate | Yode O'f- a veadqon Jo

Concendotion of Fu veadands A called woke equatien oY vede expression
Osdon of o veackion 1= The aum of howoir b Hh Concertwetion o dh vaded

in wode law  expweccion JA4 Caled ovdan of Hed chumical achon -

For a yeadtion 2 A + LB — ¢C 4+ 4D

Rede = K TAYY T QT M ovdin o veadion = %y
@ E. 05820 | 2010 [ Dathi 200 <)

2al0
= Oxdti ol q veadion can e d shexwiwg only be exputiment . We can not
peedick :\%oxd\'Caﬁl\a.-

- Ovdun d} a veqolion Canh be O,1,2 Cwd eyen {ﬂd«‘cm-,

Keachion Bxbonimental wode exhrestion evedist fﬁ suadion
it
W CHU, U, — CUG+HQ Rede = K Cavu,1 [ e 14l = Ls

O

> CHa—g—OQ&HS + H,0 1 o
! Ree = Kk [ CHyCo0g Mg} THEY]Y Lye =L

CH, COoR CaMg OH

Unixa of vode conptand -2 Fxom aboe T Rote = kK U Al T el

T k= R — ;oongoh k= Gondldmt o Cene? -1——;::*1
TR Serarre il



Uhi & Ui k = (ol 1o 1-1) v 1 . n:o‘c\mdf,"md\'““ = XY
< (et

\ o= L
— Poyv z¢w 0Ovdon ~eathon @ h =D Fhn o e&_ k= mol
~ Fox -F\T/H' o¥dol ~eathon © =L o un c;f: Kk = ¢

: -1 o-d
™ Por Second Ovdet vRamM 1 nN= A uni cxﬁ’r k = wol L &

-1 ol
-5 Lh\d [y

Quriion 2- Io\p,vd—\‘{k& ) d# g_‘,\\o\p\x\a aHon —: @ k = 9-3xlo
@ 2% lo—ﬁ- =

bfuovi—: (0) L mol™ ¢-1 ;O of 3econd ovdn
o, WA TL\JLQQK&‘ eecond Oydwy vadion -

® NN S Gg fwnt orden Yo -

Q\L\L\i‘\@r\ - N'&:\'Q -'H\L "&05\'2 Qat,\)a}\d‘n -?0"( ’TQ.QQ*‘\O“ QNOLV} g ) 9\&})

Dol 200 )

@

— N0 () by VAN

9
Lolloval ‘\a X \’4““"‘9"\-}“'( data el Experiment  Initial [NO]/ mol L"  Initial [0,/ mol L" Initial rate of

formation of NO,/ mol L's"

salubion —: Lok ue wride ~wode exbpwession
I 0.30 0.30 0.096

2 060 030 0334
Puy 3h doda of ex\;mimv\t'm equadion () <~ B 030 080 0192

—  ©:036 wol It &Y = K [ o-207° Coaol )| & 060 080 0768

for wackiom :  Rede = k [ NOTC [0,T "@

x y
—+  0.384mdtt et = K [o60] [0301

= k[ 0307 [oeﬂ’

C’imila)\.‘xla., exlpotiment @) and no\\)a;\’\md)

* -1 ¢-1
— Rxbotiment (i) o eqoaii;m @) —: 00132 mol L7H ¢

L@
vide sqebon € 1) =2 ot < [ {2
= _J;, = 1 Han K =2
z & RS
Divide () by U — %‘%%‘ 00330\ {Oo‘;ﬂ 5 =9 W=t

Pub $h vebag o % and gy aqoeion ©) 5 |Rode = kT NoT” [0} |—©

& ovdn o veadhom = 2+1 =3

#  Value <4, vodo Comfant —:  Puy Fh velue o(} vade, TNoY, C0 7 an Q_\'UoA'\‘W\W)
Seom awy {x\pmimd‘ﬂ



| ‘Quu:h‘cn_::- Pox Jhe veatton aANO () + ua(s) — 2 NOQ (4 - Hu -?—ol)o\)\'ha_ dafa Lwe¥2

| Collecked - AL H meagutemewia Weve Faken Exp. Initial  (nicial Initial rate of

| ok ac3k. No. [y  [Cl(M) ore P M/min)
Weide dh expression foe wede Yaw _L o1s o 0.60
@ C adewate Ry volue a& ~o¥e Constand 2. 015 0.30 Bl —1:0
and A\;et(-f«é AXA OWE 3. 0.30 0.15 7 2.40

@ What 44 S andnad cate 03, didqp ooy ance 4, 0.25 0.25

d 0, an expoiwed 41 Dok 2012] (3M)

Andwul —:  Rate Jow Rate = KT Nﬂx L U-zl\{

| Tnidal vede betomay  CRake)y = LT NoYS [ o,

— Compadung- expotimend L and & (Roe), = K Co15]" o157 & 008 —0

(Rae)y = ¥ T 6 157% [ 0307 = 1:20 —®

—  Dividing 2quaion () by aquedion () -
"
Rate)y = 120 = K [ o157 T 0-36] e, % %A

—

(Redke)y fekes KT o t515 L 0157 @

— Combaning: er merdy 1L Q3 -
v = '3 {0.1511 [0-15]\’ = 0:60 __,

(Rede )y =
Q{"‘*"Sa = % U cvso')" C a 151 = 2-40 ._-®

fbi\l;df:ha— {\0«3\‘0\!\@ ‘o& 1?.‘\)05\\\"\ ’—

(Rave)a _ kTo2SV fots) o 240
= \ .
(Rode ) ¢ o 15} T oV ©*69
5 Q= & P =
4 Koﬂ'& haw = Rﬁc:\([No‘ch?}
e = 1711-51 el I i

w  Rate Condant K = Rde = O =
Cnels L) (o-15)* (o15)

# TInidal ~vote 4 dkxabpravance e{, U, S cx\,m'nw\'\‘ 4 dA o

6, = K Cnott £0,7 = 171s1 % (0as)t (eas)

Ty = TT M
min



Modecwlaridy of a yackion —:
> The wo- o ’*MQQ’“‘V\B»- ApeGth [ odoms, Jowh of moleculas’] ;\.qh‘“a_ bt 4
Si’a\a wcacHen [ ah .dxzmah*q%. 1&6\&:\1'01\] , Wi ch h\qgj Collyde A»(mLLH‘Qh&GWU‘f in
Oxd. o buing: about q chumical Teackon 44 Calsl wmolecubanidy cq'q eaehion -
Unimelecutan Readion lcose 2010 denc | 201¢] )

Mojz,(o.!qm’h A When One veachng. sbewas {4 involved-

qQ oht

Bimoleculan Reathion — fuocion o Aimuldangous collision bdhweeh Jwo Sheds:
Example =t (1) NH4Nog —=— N, & aH0 2 Uwimobecder -
QNI — HA'\'I& + Bimoleculan -
beaule

Note = Genvally moleculanidy reeder dhan 3 44 ot oble¥vLed |
Aimuwdkancous  colligions et wove han 3 toleades  ave nod poosibly «

' 20 —l
E‘.BSE Q°|+/1°lolbd“nﬂ ncJ

Diff ex 2nee bearwen o¥dor and moletwlanidy

Modeculamidy odn

() XJ\‘ &A é{%h&d oA % no: ﬁ’g, "\'\O\QCL\L“!- ;> I:* oA d&«?\'ﬂﬂ\ ol j—h AumMm O%— *‘e\x\gs\k\v‘
oﬁr ~veatrank ;\~Q\dv\6 bordh sn & veathon - e} Concerfrodon Favma Fhed alpran in

Nate Jaw.
i) Bxamph —1 NHgNO, = Ny + 21,0 iy NH, No, =2 No &H,°
h\o.hc.u.\mia =3 Rode = R U NHq_NQ&j Imdm:l
\\\> 1_* J/S Q %OTQA‘\‘CO& \IC&“& : H\> T3 iA an QK\,Q)-"\W\Q_\\-}'OA ’\[a&ul .

1\1> T4 Ja Q)\QQ‘GA a N’Q\Q»QL WwWo. 13 Can ‘W> 1* \“\qa_ bo Zeo .Y-'(Q\;}'\‘O\\o&@(l\'\*‘-nﬂ

hoidhur be Zex® hox {-*md-\'ov\qﬂ.
NY 1% da dorived fvom vake o\d‘uhih\r\& VY T 44 denived feom vade exlession

$¥eh dn e meechaniam G‘g. Q s 2atHo -

Ol 4 Y ___?_—_-—————'ﬁ 8\\—\ o +0 %
NoJe s Lok ue coneidat a weadkion 2 H 05 Sl Pk a 2

—

Bvidences Augged Fhod iy veadkon dakn plaw an Jwo Akep - pak 2019)
® R0y + I® —— Hgo 4+ TP C Ao’} @

() Mo, + Te® — 1O +1° 4 0y L[]



=% s :
W 4dep U Foat tep) as e voke dekeyming i%a /s/‘\‘a\o[ RDST -
Rede Qn\ucd\‘on %01‘ veachon Can be Wittteny on Hhe bagia 4 RDS:
Rede = - 4CMO o oo, TR T

&k
= oveyall Ovdan C’.?_ vyeathon = 141 =2

—_—

Trdegraded Roke Equadion

Zexo Ovdent RQO«UH“L?—— Lek Ue Conmdan O zeyo ovdey veadion R—F

Tn wate = — dURY  _ v T rY° =k Dfﬁfwwb‘d voke
dy Eq_urJﬂM'
> dILR) = -k dt e OY\J\\*&%’(W}W‘I\& both Hdw ¢ gdte]:_kfd;\——\—]:

= CR) = -k++T -® Condqu{"df_h\i' whon-
Ry &= g
=o , AL Concantyadion o'g, ~ea Fant R = (R,
By equelion (O = [} = —kxe +T Fhw T = CRY,

= put du Nalue o-g- T dn zquadom @) —: E&—B = k&4 + LR Trwdegeadsd vede
1 L_Tj = *\*\‘CM'
. v

T) Y:M')2.+C

=3 g\\'\'@dw W 3%0\:‘?\ kedwen [R)ad ¥

—  Slobke = -k

@ Enzyh\& Ctﬁal\'fu\ ¥2aCHONA
ot high lpwessort

@gw 2016’

@

Erambls o 7e0 ovdin weadtim i-
) Decomposidion of NHz on A Sot plaknem aordace

nzok

35 P Cadalydt Na(p T 2 Hal®

aNNA

— Rade = K T NAZY
- R '\ o\
Py planakion =3 AY Righ pressore R wadad ,xw%qcm oA coturatad Wit g
‘ ‘ e 1. onoble do chawe dR
wolecuby - So, @ $uvhen change AN ~ 40 CHon Condidion aa

Qmount GK Qrmohia  On RUNY J;\wﬂ-ou. GY‘. S (XY Ccdo\l\'sz'\’ , waking ~ode c’.(. ~2atHon
,‘mda\pe\\du\:\‘ K g cancardrvetion -
It o Fay t I



TInkegvated vake equation of [eAT ovdyn weachens

Conafdet o Hspt ovdn veachm @ R— P
Rore = — 4CRY  — k{R] = dCRI _ _x dk
o CR)
on andegrehion 2 ( d LR = g [ak AT
= When d=o dn CRY= TR, Ce) 0
— pok s volue dn equakon@) —: InTR),= —kwo+T InCRY = -k & »S
r = Wil —® Conglart
c&, 3»\*-{%1«-}\'0\n~
— Qy equakion ©) and () —:
In TRY = =K & + imge1,—@
L T U |
Y = b % % C 3
k=
= Y303 JQB’E& = K x
C(X 0 t —>
= oy Fiin = _E._.;; X X
Te) il
s T z
L————/s”’J ! g E Slope = k/2.303
¥y = "7
_ . >t
330\)6 = "3’303 o Time
‘ . _ 4w CRY = K&
On umm\‘a'\\\& Q‘{U"A‘“\ . MWERA
NN k= L In LR
- T = -x¥ * e]
T Rq)
~ ¥ :
=3 (R’\ = Q‘k;\— Han CeY = CRY 2 c‘m% bekwan T R1 and HAme - —
CRY. .
First Order
— R— °f
pr &y, CR)y T By i@ — T
& - .—k;‘— -\-&h[e“o
Ay ¥a, TRYg LR g

LR}
TRy, = —k¥a 0 TRYs

K = 1 ) InCO
\ BRETRED Efla

-



Exam ﬁ;—:
- b ® n naduvel awd avd fraad vadioadive decay of onsable nucld

296
83

(@) nydwmgenadion of efune
T Y eete =
k&\_\\: (%) g p\&i't - Q;\Hq_] RQ\*L i - qu

Kq -— % H A2
- e ¥
2 Q6 Rn

Jake place \o% M osdn Kindied .

Coha () T Hay
T L)y : ; .

‘eu. Am:hal Cohc,o\‘l"m;horl af_ Nof’s an *e\l -@o\\ow\‘f\a» ‘.\.)A- oxden uqd1'0h
-2 el LTL ok 318k T Concaddia

calelade dh vt conspant o

Ounhion —:

NaOs (3 —— 2 Nog(y) ¥4 0a(p) W 1A AL

Oi_ NaOs q§)¢1 o Wnody Wad 0-20 R 10”2 wod R
3 wadhon ot 318K 1

& ogden seqtHon o K = 9-303 joatﬂl

AnAwu1 —: Eew 1
(s ¥0) Crl.
- k= 33 log, 1124 x 165 ol Ul 9303
€ 69 Wnin — ©YON) R Gl el e Jogéa win~t
— K= 0.3304 an
Finad ovdn gob \;%qu seathon " —
Lk uA Conaden A WA owdon seadiom o Regg By T C.(.&)
B & Twikiad puessowe of h- AY $=o 3 Piadm 0 o
Px : To¥ol pyessure o Hme X At Rme & T (0 =) £ x
by g .0 ¢ Pl pressone ol 8, 0,¢ wapediuly .
X ¢ Decveqfr in pesSsurt m&h\* Jime 3. ToXal pregsore of Hwme F
Py= taxtgtte
o= (pg-x )y A A%
Pan x = fa— W
— RoYe Conafant K = 3\‘_?:3. Jog U_*_T_;\ 2 Pyl \Puggw] ot Hwee
o »

1

K: 9-3063 .10 f_\-
o' e e _ p-x = P -Qta-f
l?,;—ﬂ- P“_ T = A4 & “‘)

Y“-:. Q?J“{)d‘\




Quufion 1~ Bxporimertal doda for dhe friat ovder Fawmal decomposition of

So ‘ '
&Qa o} Contant Volume S0, U, A _—
[cose 2014 | Dat 2014) (3m) Exb- Timd  Todal proessos

L- b S W= 0%
2 - o1
Brawor— k= 2303 Jog P oo S £
& 20, -+
= 2303 ﬁo% .&j———- = Q3073 ( QJ\,%,;) - 1397 “;1:3'
Log & RO 4~ 07 {0

Ralf Life of a weadion i— “to dwe dn which he concertiadion of a etk
3 wducd do ove half d 33 nido)l Cconcertvedion.” [l 2015 €]

— fox ~veathon R— P
N k=0 [RT,

LY :);::\h @
2

— Wl Life Ty, ) for W avdan wadion

— Ha.\{; .Uf& fw Zoxd 0¥dul Res thon

o _ 2303 |\, nan
L" Roate congont K = E_@i;_lej— e Rode Conafard X = e \ & —E—R'l
Ny X = EN (\‘\“—\%&“%z\ R :CK’)o
4 /a ) = O po 2303 Joa\:rq.,l
& CK]G L
R\. - T R Va2
G o=t by B
K = 9-303
3\/7_ __3/‘ Jca 2
Va
K = t&]a \_x o ck]o
2 3y, - 2% K = ©0:693 dy, = 0 633
3y, K
-> 5 d ¥
“QX% M%Q UQ. e et U“ s el — dalf Wle (3y,) o indl\em\(\n\f
e o 4 A Contanvetion cr!, TBESD cfk, inia) Concevdveion - Y_de{aol1\®

0y &, L TR

LY 4y, AL
K



A — Products

Reactant Concentration versus Time Rate versus Reactant Concentration

1 0.018

0.016-
0.8 0.0144 Zero order
0.6
=<
0.4-
ol [ )
Zero order F u‘stgrder
n=0 =1
0 ] 1 ] L) 1

0 20 40 60 80 100 120
Time (s)

Reaction Differential Integrated  Straight Units of k
type rate law rate law line plot
0 R—-P d[R]/dt = -k kt = [R],-[R] [R] vs t [R],/2k | conc time™!
or mol L™'s™
1 R—P d[Rl/dt=-k[R] | [R] = [Rl,e™ | In[Rlvst | In2/k | time'ors™
or kt =
In{[R],/[R]}

[A] vs time for a0 order reaction [A] vs time for a 1st order reaction

0.20 0.20
Half life decreases Length of half life is constant.
01 F with decreasing 0.15 |
- concentration.
T [Al, M
1st half life
0.10 = 1st
— half life |

|

|
0.05} 0.05! __2nd__

half life |
3rd
- half life 3
. 20 0.00 — - — -
Tifme, sec. 5 10 15 20 25

Time, sec.



Quundion :— A frogt ovdo weachon 4 found o Bove & vode Conprawt K:s-fxl—o""

\x_-—
Find Hu hadf e ol Hu veacho .
RAniwyy —- :
TEOTT o et ovdon |, naf Bife 4 - 0693 ocs?
! i< R I
du,= 1ragx Lot [cBse 2013]
Quution :— 7 vt ovdor veaddon Fokn blae dw 230 win fox O @

Compldion . Colculede Hu e Weoived for Jod Complaion cff}

fc3SE 2015 | Db ‘-1015]

A yeathon - Catvem Aoaa= 03010 c
Aot i— god. Complifin Hewe = y, = v 12

k= 2633 _ 0633 = 0.023 win}

—

‘*‘h 30 Win

\ \ \ s * _\Q&\'b‘n T —
T _Pox 3N Aaw weathon  Kimme s2qui v dov 301 Cowmb
1Loo0-30 = 10

¥
K= 0:023wnt; \R), = Loo TRY) =
g = T30 P CRL o 2303 Jp A8 = 10013 N
K p-03mnt io

!
A clamical veadkon babwan Fwo Aubitanced

94cudo L¥ar ovdin seadhimn - o,
Y . cnSE 20l
Wwhin one seatkank da presenk dn exass quanki x o

! i —0_om + CoH_OM

Hydvolysia o eyl audede 1—  CHy= 8oty + R0 = CHTE oH + QoM
) tod

14 A% Hme 3=o ¢ o0l mod Lo el TS S
9.99 \,“09\ o0l 0-0

and , OF Het I 0 mold
\ g wae- So
= ‘: Hao—'\:}—o = ( \’\10’);\' nrawA A"\O* COY\CQ\\*TC&}\O\’\ O'-Q' H.;\O dou “O:\' Q-Q\Q &
| s¥ can noX clange I vode: o) = Conafant
— Rate 04} veatHon = ¥ TR0 © cngcoccaHs] x’ C H,0) -:; ):umaqwr

S Rete c::!r vothy = K T QH,SQGOQ-;\HS]I_Q 13 indi ok MY ovden kimde -

s Cane Sogal) —: g ¢ v
(i) Pydwdysis of U g W, By, Hgy T Selu By T S haO
¢yuthose

G Cosr,

[eete= KT PCNCRY




Mg—“,: Eor H\’Q‘ ‘Q“jd‘"“’\\ig"’s °’£— h‘dVQ\‘{L adate 4n O,aluz_cua aolutiom |
«(30\\0\»\'\«\5, vatuls were  oblained -
Tfh\.LQQch)

@ 1{3 o eardrechyom d{i\m‘m{ Tainan 4 .

: T M-E—o00q 7] [»\AL‘W
Q@vﬁ'q»* Han A/{\m -H\d' | fe”uw/) 3
P?&udo Gf\’f‘ endwy veachon -

@ Caleulete avenege vote c’g_ ~eothom  loeludean Xww infeaval Lo Jo o Cewodd
[ cRSE 2015]

Condtardy Ql}u{wa_ ‘m.dn«m)

) 20

o

olo | 0:05 (0-0aS

Porvw =2 (F) T Ro) =

0 H oo \

o, woke = k [ Mkl acdete’)

Lt

ik oclin | Hon K = 20T g T touil

& i(dg——&{"—owg]
Bt dtiew k= Lo Seendl o Ry = R332 g ol o cgzxitS
1o 005

S |

g

8 Mo :&a: 20 Seeond Ks\: 307 &“8__ ole = ¢33 ¥
EXS 0:02S

+ Rake comitond” «evf‘ Ay, wadion Loa A Confant \olue ondar Oma, given Xiwe

Jekexval - Henee b given RH A ow rg-o\\c\u/s Pu\xdo bt ocdn ki widia

\
@ R\lmag,ﬁ whe = — AL CHB—E ('13] = L o0as - 0ros ] — 0:00Q'
[, A~ e ™
2t Qo-1o TSN

P -
'VK'.Y. h\f«\'mf Pseniomd Y 2ax Quuh’ov\d

Pov a oyt ordsy veadhion HMaly (aa) ~ H,0 (1) 0, (9 vl
cooformd K= 106 X183 min 7k (2"  C Qe)a-¢ ]

@ Moo dovy- wilk ik ok e VIS C&- a Al dX‘ Has do ducomiete ?
= foo wedk Fhan Kng\oﬂ%: 10

Anawwe —2 Lok o4 conadin ‘H’&O&]o

Q5w

‘203 . : L

K= R0 &bﬁ_i“a‘ﬁﬂo o t= X3 10}‘_@, — 1533 M -
qy

& 3 Ha 0577 106XISS =t




- How Jopg dime it will Fake for @54 of T Aambi 43 dacompost )

. e TH‘\Q&’SO: Loo Wil TH8 Y, = Lo —ay = 1S ol [
= 23°% Q) LRy .
= 0‘3/ _a_%lg = _E_, &\3%, (.t = 1780-.05 Pnth
oYy lro6x \&7 3 -

2] TR vake Comtad for q Zew oxdm veadion 44 O- 0030 mod 17 71 pew
Wil i doke for Hu inhial eoncendlation S fall fxom ©: 1 M Jo 0TI M

Jong
Pre =% Por zww ovddl ¥ — = TR, LA e 2%301
‘R\o: o'ioM *‘
W] = oofigm Tiwz X = TY«\°~U-] —~ Orlo=-0-0TF
K .
k= 0:00230 e L?s™ 0: 0030
$= Qo sacod
*= =
T Por o erading NaOs 2 ANO, 50> IS i el
@) SRowthad ix Adloos fivat ovdn veaddion? \YN:LO{‘ GRS g et A
() Cotedede e Roth L) o
PO 2011 |
By =2 Fox Q"m ovdin YN K = LZOS &m&tﬂaﬁﬂo
LNy o)
@—) Ar Y= 200 Skeend | THR¢, = Elne™ vaok Kg) amd T W)= 0 0%
med L1¢!

— A R303 . - -
o ATBEE Yoy P Awte — g-alxis Set
‘3 6o -
oA \s

@ ™ X =6m , TR = oY NG

e B
k= o3 \oty \_i‘f’\_“/, - QYL FI3 g !
(oo 0‘4*(3(0'1

— Ro¥e Conlondr FRmalm  £awe in ooth Condifytn (Q&b) v So WA tan Ana/

obdle wradkion Ay KT ovd #



K= 3Ix (573 ¢} Han 'L, - 0683 L¢3
) - |

179 _ = 30\3&’ '
2 NYie S
&F bt oedin wrathon 2 N, 06 (F) — 4 N0, (¥) ¥ Op (3) o dore , dod% 44
Pven brles — : GM) [DA&; 2ol
@) Colesdoke R vofe conptand (widh Aty uwdk) - NSO\ Credjr) [ Tiww (i
B T
A Xwme X = Q6 Wn Q‘\\&Qgi\ = 0349 ﬂ o 4-00 00D
[N
L
| 0 ' Q03 40'0
K = 3\ 3673 \ .
: J“?f O =303 5“3»1'3&\‘\- AR Go- o
o 0243 =
0'&.03 éb‘o
K= 0:016a5 Winh = f{.pa x 1073 Wwin7h

WA Wil b concadkvedion o} Ny O¢ a{-‘\-w yov e

k= 303  fog 0% = Loaxw ™ Jog o+ = Ped oo
T00¢7] g ==

Lov 1“3\093
— o4& _ A \ o = &

- q‘\*\h} B T-ol A Y,N«;ﬂs/x = B = 8148 el
TJ\\&Q\A —r
NN | b

Tealrad ~eede ol weadves Q'
Tukal whe = K CNOg) = O AN PEANWTT = 6ed 15 el
Lh‘\ﬂ

15-1 — Cor o Teathm HAXR P S ~adt 44 QNen b?S Rake = \Qiﬂ\‘ﬂl

[C @sf 3015] D Aols )

(@) How ia the vete offecnd 3f 161 dnbed, 1 @
Roke of modim = K TH) S 2487% = 4 UA) $03% = 94X ongred vt

@'9 \A“‘\M& dA A  OF Y d&- ~5-eacihion J\% RV \;-r&svdi' an A QKQL%&?

— -1:{. & da \mse\o\— sn doge RYXUSS Han IR weoom wid) b \.‘\\\dl?{v\&l"\k

Mo tocmbeodion b . Reke = K TM,EEY = w 10T
4 o = v T
Conntark

Thooy Vﬁd.us c/g_ Fea gy om ::"L




Tempevatore dependence o} Hu wate
= The vake of He veadhon dr dspendenk on empevadin . This 4 expreosed
an Fewna of demperature  eocffrded Rake o{f veathion Sncceadu with Jempertinc
Temperature Coefficiont = Ty i4 dh vaho o} vode Conprand ad Femprrature
300K [ 2%8 %16} Jo Hhe vade Conatant aF Fewmpevedure asef
= T4 i observed ek for a chemical veadkion with vite dn Femperadure by

i -
1o', dhe vate Conatand Ja Moﬂﬁa dowb lud - [cBse2014c] Dutb 2orc] (2M)
. — H 1 -, - H— I
n‘ﬂ‘e)ehxug T‘e\QO%a . I - | — +
H | | 5 Lita ) H—
A‘ST#\QV\\‘UA %QOK‘Af /‘R\'C\Z\'e. :H\q’{‘ \)T!)d\)\*ffi Intermediate
Qye osimed :R\"(N ,Q,\ .;\V\‘}'k‘s\n‘\dtsdu QY Formation of HI through
d»\ i" \ a L the intermediate
autivated Complex -
/" Activated ™
Hiu) % 1:3 (3) QaHT () ”m\.\'g‘\'qygl%;/
— \WHen O \"I\OA‘Q(.UJ& 0'% HQ Qnd Q V“O\Q.C‘\h Activation
energy

G& Ly codlide o J%om an Unetrably Jnkevimioduade - T

Unsdable indermidiade [ ativated complac) axist for
a VQ‘B‘ S’g\OU\' :Hh\z' Q\“d ﬁ"r\l.\'\ b’fU\M \)\3 A" '%Q-““ Reaction coordinate

Potential energy

N

A M Oj -Q_UA)A Q«R_ nT - [DQH“' -'lcl3c,] @) Diagram showing plot of potential

energy vs reaction coordinate.

Activahon Evwagy [ Eq] ‘— Minimom AR ‘uf\'\ﬁtd 3o Cohvert & sradant

Jdv achvated Comley 44 Ko o) QURNedion ey -
fo = Enesgy dffevence bebuan  adivaded comphx and veactent thale culit -

@i“ [cosE 201 20 :mfl

Axehenivs E‘W‘d‘.m‘ 1= The *m\;wcc}uw. C\\thO\Q‘nCQ o{. ~ede o{ a chemied

vradion  J4  exlprested \3\8 Avehehise  egquation -

~Ea A —: Fwequenty Fadkor
\K = A- eﬂ FERRESSY
Eq —: AcHvaton Enevgy

T —: Tevapevadurt

R —: Gan Compland



— TQH'\% -QGB- O_g' \00}‘\ Avde OQ— Breheniog 910”\)1'0“ e P g ey
«lo?fk = Jog A - Ea
Slope = - E,/R
Q303 RT ? P
._-Cf_.‘_‘ibje“_:,_ ‘9&8 Ko ve 1:‘.‘ %VM Sﬁ(&»{ -_— = Eq .
2-303 R
IM(‘C(\)* — loan 0 T —

| A plot between In k and 1/T

3 I{- Kl JA :Hr& Tox'h’. Qoh/ﬁq\d‘ QQ%Kllﬂbgﬂ - Eaq
ot dewpeveduve T, ¢33y

— P\:X‘ TA "37 w“*& QOVVP“C\\'\* ka. _Qoa Ka\: j)ca“_ Eq

12 3 03 RTQ_
‘QQ% 53‘_. = Eka { T':\“T_\ ]
K 2303 R ——Tl-Ta.

QuARM :— The ~ake o mosk weadiong become double whin Huiv demperature
44 Yaige fyom 298K Jv 304k - Caltulade iy adivedion vy

[G\Iv&h ,R= 8314 7 mad™' ko [DQH\» 200 ¢]
Andweal —: T, = 238K , Tg = 38k X _
Ry
ﬂo} E(_zq — Ea [ Ta-Ta ] S 103 B e B, [ Jod- Q9¢
Ky Q303 R Ty Ta 2303 8-3L 4 | 2939 X 308

£q = §2903.05 T mad™!
M The vode condard Lor I \?\‘r&* ovdol datemposi Hon UQH-IQ& dA
Ten by e floding Aquedfe e K= lag - Lxie*
i
Colewlade Eq for da waacHm and vede contomt

T J% Y 'e\ol-g J«({)e \:uiod Le noep ™in -ove R = 3-314 7w} wmel™]
@Uﬂ Qolbl @w@

Anawoy - o B = DB = 11\10"*‘( - [
i
Prchenivt Equation - Jogk = Jogh - Ra e
2303RT
On Cﬁh\\sﬂ’ﬁ;ha- ecioeuh‘cm Ry gy = Bs = 1x Lo g
2363 R

e 4 KT
. . 16" =191-¢%
= (.:,(\: 9:303% 8.314X o



Cadcudadvon °£ vote, Conatant kK i—

| = 200 Mmih = X 60 S = B-k32 = L 63R s
Given &y, = 200 Wih = 20916 K ; = Lig_? = ErrRie &
Yo HEVX 60

awﬁ@f,f for o decompositon weackon ., Ha valuw oL K ot Jdwo i fforerd

K,\: 2.33 % 1o ! L[(mﬂ-s) o ook
calowdade S Nabua cr?r Ea for Y veadhom: o] E}D
¢RSE A014C &
U Given  Jeg 21011 = 1-04¢ R = 9 314 Tk wed ™) [
M‘:‘: &0%. _K_% - Eq Y TQ_TI /\
i 2:303 R ¥, T
=1
2-33 X 1o _ B
Jog - = I L Jo0— 650 ]
215 X Llo DU RS a.31¢ 66 Y650
wt  Jom 1411 = 1:.046 = Ea S ;X
¢ 2305138314 L 455 ¥ 16°

Bq = 18229 k1| mol

3-
{oy avelue otg_ k oA 4:8X 16 €

Quudion - The de composidion A n dwdo bsed wtd4
bt :\xm*;uodwz. wowld K

o Ltoe and ewvgy of adivwhHm  co KT mot™ - AL

be L-yriotetid
4.5 % Lo &2 gq= GOKT

Anpwn —: T, = Lot 913 = 443Kk . Ky = re

- & fo T, - 282
S o degke = B [T o g LIl = sy
g Ky 2303 R Tl ?f 4.5 Y183 9.303x Q314 443 T
— o503 = 3L3363 Y_T;g;jf*\
]_/

> 6egerTy = 883 T= AR

———— et

MQ‘KUMM 'B-oﬁzmann 'D“p\"ffbuﬁon CurYe %—
PR e —— g

hecocing do Maywell and Bolltzmann | At ¥t budHon c% Kinahie Enavgy Way
he dexrtyxibed 5\5. \olobﬁhaf S Fraction Og- moleculs  widh a given Kiwhe emagy..



— T4 \)QC\K c«ﬂ He Cuwwe CO“HL\\nOV\O\A Jo R wmosd \oTO\oQ\)h Ky weh'e ehna(]x

e wosd probabls  kindic QWYY | A P kinche owasgy &{. P — ]Qwh“m

Of_ moleC W -

—  ghen dhe Fewmbaveduve da vodged |, Fhe waximum of o curve moves do
e Awghot oy Jolue @nd  CuxNe byeadens oud Qnd broporhm o»,g, o frcudny

Witk fwghot 2hEgY dncreqsd -

—>

t

(t+10) Enf‘r&\" of This area shows
activation fraction of additional
molecules which
react at (+10)

/ " Most probable i \\\
~ kinetic energy %

This area
shows fraction
of molecules
reacting at t

Fraction of molecules

Fraction of molecules ——>

Kinetic energy ——>

Kinetic energy ———> ’ ; i .
- Distribution curve showing temperature

Distribution curve showing energies dependence of rate of a reaction

among gaseous molecules

— T hneveading dh dembevature ol  Hu substante incrveasys Fhe fvodhon 04?.
molecddns | Wwhich coftide Witk ahergy gTeatvl dhen ke

Effedt O£ Cdodjsi’ —
o The vode of a chimical veackion chang by h presence of Cotabyaf - T4
oldevy I vode by providing adduenadive path o} Jownn | g vestor  ackivekion ey
Jo thu wradkawnds -
- Tha Q@dy,,;\-[m%‘c{ 3 NC¥ 20,0 -
NoYe ¢ q Tea cow'| vesluced e
adivaon N¥gy- -

activation
p— |\
—

activation
energy

— p cokalyed doa ok change e
endhalby [ AR, Gibbs ewexgy- of. A

catalysed reaction

yea th on [Ac\] ond .@L&s\'ﬂ(bﬁ\)\m
Contodl [ K] o} a seathon:
@ @aw 2017)



&:Ui.g_",ol‘j%?q“(’)— T TR dheowy Ja baged on Kineh'c %0%4 gasd -
PrCCO\‘cl«“nca Jo e Jhow — I veathant woleculr axe qesumua o b% fevd
Chhesy awnd  weathon 4 bostulared do Occur whn moleculs Collies with 2ach
o \?@s&'ed"b%-

C o) 9“102‘\0‘3 — THhe ho Cwe_ collieions per geCond pon oni & \10&\M<:£

veacKon wmixdUve A Knswoh GA Colli 8en fvequency-

= fox a biomolecan dqm\d*cw@ Yeachon A+ B —  Producty

bcﬁ\“{ OJQI Xhis veathon = ZAGﬁ €‘£q | KTr *. Colliaion {E‘fﬂ\\)enua_o’g peedanh

/ A awdp -

U Rapresenda He fradkon of wmoletodn wadh enrgis

equel Jo oY odwecc\m Han Eq-

§ vl
—> The propen O ewka i on o:%- eakant  aoleculs  Jrad do bord -?c‘vh\cuhmw ah

: A axe fovmad:
Solrohor riexdalion ks Jaim aimply bounce back and e products f

CH.Br + OH —> CH,OH + Br

smproper H.s 5 2
———s H-C—Br OH—> No

H s ‘ orientation H 7 products

H—-C—Br + OH —|

. H H
Proper = \+3 — '
e il | 3 (© loa Co— Br| — HO —C—H + Br
PEEN |
H” Ny H

Intermediate

Diagram showing molecules having proper and
improper orientation

— To Qecount for efeechive Ccollisions ahother Jy‘qdwr P callad Hw \mbq&,\w\a_
v sfuwic J}qdrof Sx ivdvoduced ¢ Td Zaku dnjo acteund Fhe fak Hhod dna

\ -EQ
Collicion | moleculn mugk be \’“x’whﬁl grianbed - Rate = PZyg ¢ L)

‘ ‘ I
— Tn colweion Iwomy Aukvakon MYy and ovoben asiontation ol the me :m
dmad'hﬂ A royming o Cyifotia -?or Qh a{—eed\‘\m collision awd hence M vale

of o Chemical Teaction




