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Chemical Kinetics - 322’JJ

CHEMICAL KINETICS

Ql: Explain the terms, chemical k/netlcs rate of reaction, elementary

reaction, rate determmmg step and rate Iaw

m Chemical Kinetics:

Definition: “The branch of ‘chemistry which deals with tfze ‘rate of
 reaction, mechanism of reaction and factors that affect ‘the rate of

reaction is ca/led chemical k/net/cs

Exglanat:on The rate of react/an tells us that how .Fast or slow the

react/on occurs:

Mechan/sm tells us the sequence of steps in which old bonds are, bro-
ken and new bonds. are formed until the products are obtained- [t
means that mechanism is a stepwise de_scription of a chemical reaction-

The knowledge of chemical kinetics is important for the industry, engi-
neering, biological reactions and other fields: For example; industrial
chemists are interested in speedmg up of reaction and obtaining prod-

ucts in shorter penod of time:

 Rate of Reaction: ( ETEA: 2010, BISE Kohat,

5wat )

“The change in concentration of reactants or products per unit time is
talled the rate of reaction*” It is equa/ to change in concentration of

- reactants or products divided by change in time:

‘Change in concentration.

Rate of reactiofi = | Change in time

AC
' | A .‘
The symbol “A [delta]”. means the chaage in:

‘-

Rate of reaction =

Units of Rate of Reaction:

- time-

The rate of reaction has the unit of‘ concentrat/an divided by unit of.

~—
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- The rate of this reaction can be taken to be th

dm™>): The rate of | asho
. reaction is calcu- . _

- lated from either
‘equation (i) or

equation (iii) would 08}
; 0.7 :

. . _3 .

be +0-02 mo,dm ) 06T 150 minutes to decrease

5% Sept W & S 05 [Reactant] by 0.1 i.e.

pea” 04 F slow rate -

. 03F : O |
5 .The" rate of reac- |- 02 — —\ P |

th?ﬂ /S (n9b a 'COKTj' "- 0 T T T T T T T = Y

. stant quantity but

-\From -equation (1)t
" formed, _o‘ne]'mole of CO

- AC  mol-dm™ 3, s
Unit of rate of reaction = S P E e =5 (il '5/) FO",Q

_ ABY " sec '
reaction, the unit is “atm-s’"- '

GSQOuS

Example: Vo) |
Consider the reaction between carbon monoxide and ,ﬂ/'tmgen‘d,‘ox,-de,
The products are carbon dioxide and nitric oxide [NO]- The Chemicy

~equation is as under: : &3 :

€O S Ny s MONNO b i (1)

tion per unit time of the products, lets say L0
‘ "y faatka‘:, §v1a(u?e hq 'C?/7c-19fT(:(?2 = é;[]:(D2.]_ . (Z)
, Change in time LBTRET vt i1
Rate = Qua\m‘;/'tyr of CO, Produced | | )
X Time interval - ‘ ' -

The rate of reaction is equal to the decrease in concentration of reac-

e change in concentrg-

tants, lets say co, -~

' Rgwe = TALCO] “OY e
) ,f?atu: = —_— . : ) i

- Rate = L2 | (i)

is- clear that, for ‘e'ver;y one mole of (O,
is consumed- If in one second the concentra-

tion. of CO, were. to increase by 0-02 mol-dm™ [A(cO,) = 002
- mol-dm™] thenh the ‘concentration of
the same dmoun't_;

CO. would- have to decrease by

(A[€O]= -0-02mol- -

- 15 minutes to decrease _
" [Rgactanﬁ] by 0:1 — fast rate

[Reéctants] SRR i o
[ S SO SN NN
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0/756/7””{7’0’7 of reactant mole
i - reactants is high, the rate
Ny decreases and LVentua
i

cules present. {/{//lcf) the concentration
Of reaction js also /1/]/] The rate gradu-

’ lly - becomes Zero when all of the reactants
Vive beeﬂ consumed completey-

Plot - of concentration agaitist time Showing that the reaction rate de-
greases as the concentration decreases- v takes 15 minutes to decrease
the concentration from 7-2 to 77mo/ dm™ while it takes 150 minutes
0 decrease the concentration by the same amount from 0-2 - O-7
mol dm SN | . . .
Elementa'“ y Reaction and Rate Determining Step:

Most of the chemical reactions take place’ in series / various steps:
These steps are called ‘elementary steps: A complete sequence (7) of
these elementary reactions is called a react/on mechamsm The overall
reaction is the sum of these elementary steps: In each step, some
themical species [react/on /ntermed/ates] are produCed 777ese reaction
/ntermed/ates are consumed- in subsequmb steps- The overall reactlon
equat/on is ‘obtained by adding these elementary reactions: | '
While adding these reactions, the intermediate species are vame//ed out
and in the final équation on/y ‘reactants and products are left- Each of
these elementary reactions - will have their own rate- The overall rate
of the comp/ete react/on will be determ/rea’ by the step which has the
lowest rate, the slowest step will be the rate. debermm,ng step-

Exam g/ _-

'L/ementary sbeps
(D) AKR%: ——————)Fast
(i) X = y —— Slow (rate determmmg step).-
(i) Y-8 - ———> Fast

Overall Reaction:

' Add all the three steps:

A >
)/ — » B
A -__LZ*EI

—_—

- —
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The reaction intermediates X and Y are present on both sides- There
fore, they will be cancelled out and net reactioh will be “A—> B

Lets take another example,
CH, + Cl, — > 94347 + Hcl

CHl +cl, s CHCT, + HCl
cHxcl, +cl, > CHel + Hl

CHel] + cly ——— CCl, + Hl

Overall reaction: CH, + HEl, — e, + q4Hcl
In the above reaction, the reaction intermediates CH;Cl, CH,Cl and

CHCL, are presem’: on both sides so cancelled"

Rate Expressmn or Rate Law [Rate Equat/onl
“An equation that gives re/at/onsh/p between rate of reaction and con-

centration of reactants is called rate equation or rate law

Rate Law: :
It states that “the rate of a chem/ca[ reactlon /s dlrectly proportional

to. the product of molar. concentrat/ons oF the reactmg substances

raised to an appropr/ate power
 Explanation: For a reaction the rate /aw is not written from balanced
chemical equation, it is determined exper/mentally It has been proved
experimentally that the rate of reaction decreases as the concentra
tion of reactants decreases /ncreasmg the concentrat;on of reactants

/ncreases the reaction rate-

Justification:

In order to study f;he effect of concentration upon reaction. rate We
he initial

may conduct a series of experiments .in which we measure t
concentration of CO - NO, reaction at different concentrablon of €O

holding the concentration of NO, constant:
co + NO, ——— €0, + NO
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va for three: suchsenes are presented n Lhe given tab/e

: Series=L \_ Series-I] | eries-IlL o a o
(o] | [NO] Rate | [c0] [NO] | Rate | rcop | oy | Rate

—— lo1o | 0005|047

010 10 020 |0-010 |00 |030 |0-015

—0 | 070 | o010 ¢

020 2 1920 1020 |0020|020 |030 |o0-030
0:30_| 979 | 0015 | 0-30 | 020 | 0030|030 |030 |0-045
040 | 970 |0:020 | 0-40 | 0-20 |0-040 | 040 |030 |0-060
jitial rates of reaction [mol-dm™-s YK = 0:50.litre/mol-s”

Looking at the vertical co/umns in the abowa table, we observe that
the rate is directly proportional to- the concentration of CO- For ex-
ample, if the concentration of CO is doubled [From 0-71 - 0-2 mol-dm

3] the rate also become double [From 0-005 - 0-010 mol-dm™-s 7 in

series=I" NOW it becomes clear that the rate of reactlon is directly
proportional to the concentration of CO et

Rateoc[CO] ..... R ..f(;,) :

In the same way we can deduce the effect of . NO, concentration upon
~rate by examining the horizontal rows of data in. the given table-

When the coricentration of CO is held constaht at 01 mol-dm™ [first
horizontal rows] the rate mcreases in d/rect proport/on to the concen-
tration of N02, thus

Ratéoc [/\/0 ] (b)

Thus we. Zanclude that the rate of ‘this reaction is directly propor-
tional to the concentration of both the reactants CO afzd NO, com-
bining the two equations (a) and (b)

Rate o [CO] [NO.] -

Rate = K [CO][NO ] e s s w5 (c)

The above equat/on (c) is called rate law, rate equatlon or rate ex-
- Pression-. |

~ Mc Rate Constant / Velocity Constanb
“The rate of reaction, when concentration of reactants are unity is
Called specific rate constant of a reaction-” Consider a general reaction
aA + bB ————cC + dD

e
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Rate oFrcacblon o [F)] [b’] - '\;
Rate of reaction = K[A]°[B] ’ |
The above equation is called rate equation, where the propoft/ona/,ty
constant “K” is called the rate constant. The “a” and "b” may
either whole numbers, zero or fraction: If the concentration of “p»
and “B” are taken as unity, the rate constant is equal to the rate o
reaction- “K' has a fixed value for a reaction under given -condition of .

temperature: : : :
Rate = K[A]" [B]" Let [A] = Imol-dm™
OR :c K[TJ (1] G (8] = Tmol-dm*
OR {‘71 = KJ
O0F “0))

QZ [A/hat. is the order of reaction? Explain various 'ﬁypes of order of|

reactions with the help of examp/es ( ETEA: 2008)
Order of Reaction: | '
Definition: “The sum .of the powers 0F conCentra{:/on OF reactants in
the rate law is ca//ed order of reaction-’
The order of reaction is not pred/cted Fram ‘the equatlon of reaction
but it is determined exper/menta/[y
aA + bB—> cC + dD .
Rate of reaction —K[ﬁ] [3] ; _
The sum of a"&b [a+b]is called the order of react/on Order

of react/on may be zero, Gl order, 2™ order, 3"’ order: & fractional

order

First order React/an ( ETEA: 2009 2,719)
" “The reaction in which the rate of reaction is proportional to the 1
pawer of the concentrat/on of a single reactanb is called T* order reac”

tion'” e+q |
(i, Bg\r——>28Br
dx -
kT
(i) Razzs ——)an‘?‘? + H
d
. = K[Ra] -

dt
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w;dd_order Redction:

“wThe reactions for whick bhe rate of reaction is proport/ona/ o bha

second power of concentration of one reactant or to the concentration

of two reactants each ra/sed to the 7% powen - are. called : 2™ sepder”

mactxons
Examg/e: | |
A+ B ———> products
20— products |
(i) Therma/ decomposrt/an of . nitrogen dioxide
2NO, — &> N, + 0, ‘
dx | |
- = K /\/0
‘dt / [ ] : . p
(i) Thermal decornPOS/tlon of hydrogen /od/a'e
i 2HI - > H, +1,
dxsy:
= K[ HI
, de [ I - .
~(iii) Formation of urea in solution phase
 NH, +ZNO - >(NH ,€0 } |
| jx KIN'H, J [CNo] | (741) = 2:2" order reaction

Thlrd order Reaction: (ETEH 2075 77) |
(D) Those react/ons for which the rate of ‘reaction is proport/ona/ to
the 3 pOWer of concentrations . of three reactanbs each ra/sed to the

r power are called 3 order reactmn
A+ B+ C — > products.

dX = k(AT [g][ R RE TF 4] = (3)

It s 3 order reactlom

a/though it is first order w:th respect to con-
‘eNtration of each of the reactants A, B and C ~

(i) The reactions in- which the rate of reaction is d/rect/y proportion-

——
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al to the 3% power, of the concentration of the one reactant W

called 3™ order reactions:
384 —————> products

——-[]

(iir) 771056 rerct/ons in which the rate of reaction is directly propor-
tional to the 2 power of concentration of one reactant and tg ¢,
7 power of concentration of the 2" reactant are called third e
tions-

28 + B ———— products

Examples: ‘
(i) 2NO + H, ——— N,0 + H,0

= [NOJ? [H, ] 2 +1=(3) 37 order reaction
(i) 2NO + 0, —— 2NO, |

? = ;([/\/0]2 [02]7_ . (2 B = 3) 3"" order reaction

1=

@3: Explain the role of rate constant in theoretical determination of
reaction rate- ‘

@ We know that, the rate equation give relationship between rate
of reaction, concentration of reactants and the rate constant “K”-

Rate constant is temperature dependent and is constant for a given

reaction at a particular temperature: The rate equation can only be

obtained experimentally: The. data obtained experimentally is used to
find out the rate of reaction: For a reaction involving only one reac-
tant-

(i) If the rate doubles when the concentration of reactants doubles
then the reaction is 1° order-

(ii) If the rate increases four times when the concentration doubles,
the reaction is 2 order with respect to the reactant-

For a reaction involving more than one reactant, we can find the OFT‘J
by measuring the dependence of the reaction rate on the concentra
tion of each reactant, one at a time, keeping the concentrations of al
other reactants constant: Any change in the rate must be due t°
changes in the concentration of that substance:

_/
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“pnee the rate equation has been established, with the
the order of reaction eXperimentally, then the rate equation can be
used to calculate rate of reaction the

oretically for the given concen-
brablon of reactants, with the help of known value of rate constant:

knowledge of

, the rate constant

, Ca/cu/ate raf;e of the react/on if the conCentrat/on of
reactant_is 0-35mol- dm'3

Solution:
 Rate constant “K” 0-0458 §7

~ Concentration oF reactant [A] = 0-35 mo/ dm
Rate equation = Rate = K[A]
Rate = O- 0458 s" x 0-35 mol-dm™ .
- (Rate = 0-016 mol-dm™-s")

exampLe: 95 - For the decomp051t/on of mbroqen pentox:de, N 05,
dissolved in. carbon tetrachloride- 2N,0. — 4NO, + O,

The Followmg data was obtained at 3OC°

. Concentration .
0-170 mol-dm™

 Rate oF reactn

0- 050 mol-dm’ -hour™
0-340 mol-dm™ 0-100 mol-dm™ -hour’

0-680 mol-dm™ | 0-200 mol:dm3-hour’

- (a) Write the rate equat/on f‘or the react:on What _is_the order oF»
reaction?

(b) Calculate the rate constant For the reacblan at 300’
| M’ \

The exper/mental data shows that doub//ng the concenbrab:on oF /\/ Os
~ from 0. 770 {;0 0 340 and ' from 0- 340 - 0:680 mol-dm™ double the
rate of react/on i-e- from 0:050 mol-dm™-i" to -0-100 mol- dm™>-h
* Therefore the rate of this react/on is dzrect/y proportional to 7* power
FNO conCentrat/on OR

Rate = K[N,0] e
-~ Since the rate of react/on is proport/ona/ to the T pOWer of concen-
tration of one reactant concentration, the reaction is T order-
(b) To calculate the rate constant we now solve the rate equation

—————
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for “K™: Then. substitute arlj of the three sets ()f data-

.'/,\Nt(, e r\""J (_ .J/

2 -'
G

| [ /\/2(‘)5 7 |

K - 1 w3y -1 . N
& 0-050 mol-dm~*h " _ (0_29/1-7)

0- 770 mol-dm™ .
7
: K = 0-7100 mol- dm h B ('029/1-’)
- OGHO mol-dm’ | |
-3 -1
K@ 0:200 mol-dm™ h _(029/1)
; 0 680 mol- dm -

Note In 7‘t order react/on the rate reactam‘: _has an/y the unit of
- time- ' ‘ '

17 e
8 W

Q4 Explam factors aFFectzng the rate .of reactions- (. BISE Mkd 2078)

Factors Hfrectmq the Rabe of_ Reactions:
The Fallowmg factors aFFect the rate oF reaction:

-1 Nabure of the: Reactanbs , NG o
Reactants vary - (Lr_mu ). among themselves in chem/ca/ react/wty

77 Sodium metal reacts qu:ckly W/th water as compared to iron av
- room temperature : : '
2:  lonic. compounds react Faster bhat cova/ent compounds As in the

" aqueous med/um ions are only exchanged wh/ch are already sepa
rated.in aqueous solution- For example,

g - v /\/03( v 7 N_‘fcl(naq) ey /\/a*/\/03( aq)

On the other hand, 'reaction betWeen covalent compounds takes place.

slowly because they require energy for breaking of existing bonds and
 for the Formatlon of new bands The molecules must come in contﬂ”

at specific orientations- For exan . estrification [formation. of esters]
process is slow due to the given reasons-

CH,COOH + C,H,OH ———— CH,COOCH, + H,0
(F)cet/c ac;d) (ethy/ a/cohol) (ethy/ atetate) (wate! )

D The react/un of magaes:um with oxygen in the ppeseme_ofﬂff

.
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proceeds very rapidly to form maqgnesiuty

oxide, while the reaction
of copper with oxygen s Very slow upnder

the same conditions
2 Effect of Concentration of Reactants:
/_—f

The rate of almost all reactions increases with increase in the concen-
tration of reactants- According to the jaw of mass action “the rate of
g chemical reaction s directly pro

portional to the molar concentration
of the reactants-” - . :
Reactions occurring in’ gaseous Mmixtures- or
homogenous: If the .gaseous mixture or solution is concentrated it con-

tains more active particles per unjt volume -and reaction is faster as in
dilute mixture- X - L,

in solutions are said to be

Combustion is more
rapid in pure oxygen

- A : Low pressure
[100% O] as com- i
pared to air . [air
contain 21% O,]- For o A
gasesth»e concentra- o T e S M- vC'=,}—n-A i)
tion can be increased | vl (G SRR 04 s
by increasing exter-
nal pressure-

In_case (i) volume becomes low . so concentration “becomes high, as
~ both have inverse relation- ' T Yy

- 3: The Particle Size of a Solid Reacting in_Homogenous Reactions:
'Gen.era//y"la'rgcrl'ith'e' size of th'é reacting \.Pa'”f?"_des’ ‘the greater s the
Yotal surface area exposed for reaction and -as a result faster will be
the reaction: The reason is that with increased surface area of LEHG:
tants, more atoms and molecules come in contact-with each others.

7 ﬁlurb/'m'um foil reacts with NaOH solution slowly but

powder reacts fast:

aluminjum

A piece of CaCO, react with dilute H,50, very slowly byt pow-
dered CaCOy reacts quickly- =" . | &

3 ‘Lumps'(/gjj of soft coal, do not burn readily in a\f"" and burn ex-
plosively when taken in 'po'wderec{ ;Fornj‘-
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. Fffecb of Temperature: . F‘
" Generally an increase in temperature . increases the rate of chem,

reaction- When we increase temperature by JOK, the rate of reactjy,
almost becomes double: Temperature affects the rate .of reaction i,

two ways: : - —
7 With increase N
; .| 100%
temperature, Kinetic Temp = 20C" ,
Temp = 30C’

energy - of molecules
‘increases and hence

% of molecules’

molecular motion B
speeds  up-. - The |

number of effective | ‘ % Do,

collisions  increases : e
and rate of reaction 0 o S

becomes high* : : '
2. With increase n temperature, more molecules gain activation

energy (Ea)- 50 the higher the temperature, the greater is the
- chances of the reactants to have energy -equal to or greater than
‘the activation energy and- hence Faster will be the rate of rea
tion- £, By ‘ '

Activation Enerql/ (Ea):

It is the minimum amount of energy more. ‘than the average Kinetic
ener.  which is suffi C/em‘: to convert the reactants into products
EFFectIVe Col/:srons [Fruitful Collzsmns]

Effective co///smns are those which lead towards chem/cal reactlon
Ineffective Collisions = [Fruitless Collisions]:

Ineffective co//;s:ons are those wh/ch do not resu/t in the Formation
of producbs ‘ '

5. Presence or Absence of a Cat‘a/ysb:’"

: “A substance which changes the rate of a chemical reaction and &
mains unchanged by mass and composition at the end of a chem/cnl

reaction .is called a-catalyst-”

- A catalyst 9e”era//y Speeds up the chemical reaction and save GiMme For

examp/e, ‘oxygen is obtained /79 the therma/ decompos/tlon of potds
| O
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qum chlorate [ KCZO\?] . | |
" T2KCIO; — s oy 30, (slow)

ﬂw reaction is slow in the abse

4 Nce of gq catalyst. When a small
qmount of ‘Mmanganese djoxjde [Mn

O,] is added, the rate of reaction

incrgdSES' S L .l
2KCIO; :1\;2) 2Kcl + 30, '(Fdst) '
6 Light = Photochemical Reactions: 8

“Chemical reactions which ape ‘taq

. . , krﬂﬂ ,P/aCe in the presence of SUﬂ/I'ght
are called photochemical reactio

ns-” As photo means light, example
are: o s -

- Photosynt_h'esi's and photogrfap'hy'

2: Decomposition of hydrogen peroxide |

3 Chemical reaction between methane and chlorine

(i)_ Photosynbhesis: The leaves of ‘plant contain q green pighveni‘:

called chlorqphy//-‘ Chlorophyll absorbs light energy, convert it into-

chemical energy- Chlpraphg//‘use this energy to convers €O, and H,0 .

o sugar / glucose and oxygen- , ) -
€O, + H,0 — oy CoHaB+ O,

(i) 2H202' . Sunlight — 2H,0 +' 02 o

(i) CH, + Cl, Skt e ‘CHs;C/ + HCl

ﬁlﬂriﬁe a note on activbtion_ energy and transition state-

(ETEA: 2018,19, Mardan 2018) '

Activation Enerqy:

D A e ( e | ' ' ‘Transition state
L eﬁn/t/Qn: “The minimurm | | ‘ e SO
“Mount of enerqy more than T
the average  kinetic  energy
( * .:A - ¥ . y ; A
Which is sufficient to convert > : .
Teactants into products is “E 'r ® <3
Called activation enerqy-" . 2\ AF o ¢
(OR) gl |
@
Yie . minimum\Xamount - of
e e o ey : Products
flergy required to initiate a ‘ :
CNemical womon- P ’ dcti— Lo Reaction coordinate —>
"THCa/ reaction is. Ca”ed ; [Exothermic reaction)
Vatlon‘ ener_gy‘. Y] “ : ) :

‘
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Explanation: Activation enerqy is
represented by Ea- [lts unit is

Transition state

ki/mole+ For example energy of ac- - |
tivation for the decomposition of
N,Os is 1034 kj-mol-

Products

We may-say that energy of activa-
‘tion is an energy hill .(energy barrier
os)) between reactants and prod-

Potential Energy

‘ , Reactants
ucts. The reactants have to pass:

over [climb up] this hill for the |
formation - of products- If enhergy et B Reaction coordinate ——>
of molecules . is less than “Ea”, ' AP
they will not- reach to the top of the hill-and falls back, without
- forming products: For an exathermzc reaction, the products are at
lower energy level than the reactants, so heat is evolved:

For an endotherm/c react:on, the products are at hlgher enerqy level

than the reactants- 50 heat is absorbed- /t is shown in the front fig-
ure- - ' '

Transition State / ﬁctlvated Complex
- The-- unstable : : S

and short  lived 5 RTRN -B
combination 'oF g « L MR :
atoms - which | = - | B i < B

‘--P'0'55ess high po- A B .[Transition watel: l

I+ I o ‘ A Apr S
A B R : 'A—B
“and ready to [Reactants] ——1 " '
form the prod-:

tential energy

— [Products]

ucts is called transition state or activated complex-” o example,

when two reactants A, and B, with sufficient energy collide to form

" an act/vated complex, the collision will resu/t in a chemical reaction to
form products |

. In the beginning the A - A and B - B bond length increases and the
baﬂds become weak- Energy is absorbed during this process, and an un-
e stab/e high energy state called transition state is Formed
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fren AtYpe and B—type atoms, attract each other, bond lengths de--
jases and A-B mo/ecu/es_‘ [products]

g _ ) are formed with the release of
jergy” 20 P'deUCtS are at lower enerqy than, transition state-
Etransitién s grea‘te.r than E

\ _ (reactanf;;) :
E(ProdUCbS) is IOWGI” than

(ttansition)
The transition state always fjes at the highest point of the reaction
nergy diagram- T Q ‘ : '
» The transition state may either ret
it proceeds to form products- |
»  Transition state do’e's; not repre#ent'a real molecule because it is
impossible Yo isolate transition state. However some of its prop-
erties are common to molecules: ike; T
- Molecular weight s
2. Interatomic distance
"3 Definite enthalpy
4 Definite cor_hposiif;[on‘»

5+ The ability of rotation and vibration

urn to 'bhe‘ initial reactants or

06: Explain colli‘s'io.n\*i':heoryf of reaction 'ra"tei-‘ o R

(ETEA: 2015, BISE Abbottabad 2016, Malakand. 2018, Swat 2018)
Collision _Theory of Reaction Rate: i |

The main points of collision ‘theory are as:

" A chemical react

ion -is the result of collisions between reactant

molecules- ‘ o AW | |
2 Not all, only effective c‘ovl_lision‘s; can gave (ise to the products:

Two  conditions are: necessary for an effective collision- The mole-

cules must  have sufficient energy and they must have proper
; orientation- | | '

The number of collisions per second s called collision frequency-
~ Higher the collision frequency, faster will be the rate of reaction-

¥ ~'By.70-6*’“ rise in temperature, collision frequency becomes double-

J I all the collisions among reacting molecules are effective, the
 reaction will be completed in a short time:-

M: ) R o
“ording to point number 1, if we increase the number of molecules,

mb., ’ | 'on increases
the humber of collisions increases, as a result rate of reactio

—
P

4__d'
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- INo- of moleculesoc No- of collisions o« Rate of reaction

L 2. According to collision theory, molecules react only 'if upon collision,
‘they possess: a certain minimum amount of energy ire* the energy of-
activation which is necessary for old bonds breaking in the reactant

- molecules: If the energy of colliding molecule is equal to. or greater
than the energy of activation, the reaction would occur otherwise not-
3 Hccordmg of -collision theory, proper orientation of molecules ISA
necessary so, some molecules must be oriented -in a very specific man-
ner for a reaction to occur 5/m:larly the combination of two hydrogen
atoms to form H,-molecule, require -no specific or/enbatlon Lets con-

_'s:cler a- 8/ molecular react:on, ,

- The bwo reactant molecules must be oriented m a praper way if they
are to react upon collision: When CO reacts ‘with NO,, one of the
- oxygen atoms of NO, will be transferred to CO molecule: But it will

be only possible when carbon atom of CO coll/de with one of the oxy-
" gen atoms of NO2 | |

---------- e »
---------------- > Noreactlon

| Q7 What is catalys:s? Explam its ‘various types T - ‘

| (ETEA: 2009,10,13,14,18, 19).

" Definition: “The meess or chem/cal reaction, wh/ch occurs in the pr‘ef
ence of a cata/yst, is called catalys;s

| Cabalgs

YA catalyst is a substances, which generally increases the rate of 4
chemical reaction and recovered at the last unchanged by mass and
composﬂnon is called a catalyst-”

7 .
‘@,

Positive Catalyst: |
“A substance which increases the rate oF a chem/cal reaction is called

positive catalyst:” For example, MnO, act as a positive catalystj

|



f
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pegative catalyst-” [t s also called inhib
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decomposition of KCIO,:

the 2KCIO; Ll TR, 2Kcl + 30,
. 'mf/dl"/y: ;
5I 2/’/202(|) P% . '2H20 & 02 ‘

Ne ative_Cabalyst:

“g substance ' which decreases the rate of q éi}émical reaction is called

-+ glycerol retard s inhibit the decomposition of H,0,+
. | Dilute acid : ] 4
2/—{202 Glycerol - — 2H20 ) 02

| (haracteristics of a_Catalyst:

- Catalyst generally increases the rate of a chemical réaction- .

2. A catalyst r emains | ur)c/:/anged during a chemical  reaction- The to-
tal mass and chemical composition of catalyst remains unchanged-

3 A catalyst is more effective when used in powdered’ form, because
/'n_groqnd state its surFa;e area is large- G

4 A catalyst s very much specific in its function-

5 A very  small =, 2 .

itor. For example, dilute acids

amount of caﬁa— i 8 o PLopern '

e A Eo= ﬁctivqtion enérgyfor
lyst is needed £ e ' uncatalyzed reaction
di e Ecot = activation energy for .
for speeding up | oy ! catalyzed reaction . -
the reaction- 51 ' '
-6 A catalyst works | S REACHNES

by changing the R ~ V& - _
reaction - ‘path’ : -7\« Pathofreactants . “Products -
thl"OUgh a loDief Energy diagram for catalyzed and uncatalyzed reaction °

. enhergy _‘activdted

complex, requiring lower activation energy than' the uncatalysed
 reaction- . o Ly . : . o u
By Changing the path by which a reaqt;ida occurs, a catalyst can lower
the activation “enerqy that is required and so speeds up the reaction-

The Vﬁ9ur‘e' -shob&s that Ea 'is the activation energy in the presence of
.F“t“/95t°_'/}4any molecules that do not have' Kinetic energy to ‘overcome

e “Ea” potential energy barrier are able to cross the lower Ecay
Path, Making the reaction faster-
\ .
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Types of Catalysis: ‘

Catalysis are of two types: |

| 7+ Homogenous catalysis
2 Heterogeneous cbtalys/'s

[- Homogeneous Catalysis:

"“A chemical reaction in which, the catalyst and reactants are in the
same physical state is called-a homogeneous catalysis’ For example,

NO 1 y J
250,50 * Oz 3 = 25053(9‘) . \
) ; Cone* H,50, g : e
CHLCO0C,H; ), + Hy0,,) == CH,COOH,, + C,H,0H,,,

2- Heterogeneous Catalysis: SRR .
~ “A chemical reaction is ‘which the reactants and catalyst are in differ
ent physical states [, phases] .is called heterogenequs' catalysis:” VExamp‘Ie

are.

L Sl N QR A k
() _-NZ(a) 12 3/'/2(9). SR LF 2NH, (9)-. -
4 e ] pt(s) "
(ii) 2”202(5) < G ‘2/'/:2'0(() _‘+_0_2(g)
B e - ! /F€203('s) A : : e T
(i) .HZO@ + CO(Q) — - — 602(9) + 2/—/2(9)
. : Sat B s ‘ Ni(s) . - ‘

6()

E.. ec Catalysis: © . | ,
A chem[cql reaction in - which enzym,es act. as a cata/ysi; is called en-
zymes catalysis-” - " e RRRE 8
Enzymes are -complex. pfotelin'molecules whfbh accelerate orgaﬁic reac-
tions: Enzymes are found in living tissues Enzymes are proteins of
high molecular mass- : ¥, ' sim S
Examples: -~ - | o .

- Ptyaline ( d-ﬁ‘)_a” enzyme found i saliva facce/erateslt;‘he‘conver‘
sion of starch into sugar Albhough starch will ‘react - with water b0

\

line complete this process in feu minutes-

J ( Ptyaline ) .
5’(7("“6;[ ( (Saliva) 4 Sugar,

2+ . Similarly. pepsin in gastric juice break down: protein into simpler Mo
Aecules which can be utilized by the body cejl,

f
‘ s*- Nearly every step !
breakdOWﬁ of a complex molecule to a series of smaller ones, in biologicl
systetns s catalyzed by specific enzymes Enzymes are specific in functio
Proteins Bepsin in_gastric juice "~ Ami. . ‘ :
e - , > AiMino acids '

I
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. |, Choose the correct option From the given options:
. Activated complex in a substanCe which is:

(a) Stable v (b) Unstable
(¢) Can be isolaved (d) Can exist as product

2. A reaction is T°* order with respect to “A” and second order with
respect to “B”: The rate equatlon 85 ... . "

/(a) Rate = K[AJ[BF - (b) Rate = KLAT[B]
(c) Rate = K[A][B] -  (d) Rate = K[A]
3. For a reactioi A—— products doubling the - concentration of
“ﬁ” quadruples the rate, the reaction is; . - .
(a) First order’. /() ov order
(c) Zero order (d) 3™ order

- 4. With increase "‘7 temperature, the rate oF reac{:/on increases, dUe
to: ;

(a) Decrease in collisyion , .
(b ) Decrease .in activation eﬁérg’y' ¥
(¢c) Increase in Kinetic energy of molecules ,
v (d) More number of molecules attams actlvatlon energy
5 You.cah speed up a reaction by,. i
' (a) Usm_g less conc:entrabed solution
(b) By lowering concentrated solution
v (¢) Using more conCentrabed salutlon
(d) Stoppmg st:rrmg L - | T L
6 When the catalyst. and reactants are in d:FFerent phys:cal states /
‘phases, we call the catalysis, " | 0
- V(a) Heterogeneous PLAS '(b)'/.—/omo'genous $
. (¢) Concentrated. . . (d) Positive catalysis
7i Increasing temperature, increase the rate. .of reaction by,
- (a) Lowering the activation ehergy |
( b) Increasmg the act/vat/on energy ‘
(c) Lowering ghe Frequency of eFFectNe coll;s/ons between reactmg \
 molecules | gkt 5 ' '
v(d) Increasmg the f'requem:y of effective collrsmns bebWeen
- .___reacting molecules
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8 The energy needed to start the reaction is called:

10-

77

2-

73

(a) Potential energy v (b) Activation energy

(¢) Kinetic energy (d) lonization energy

As the number of effective collisions between the reactin, ban
ticles increases, the rate of reaction:

(a) Decreases -V (b) Increases |

(¢) Remains same  (d) Both “b” and “c”

Which condition will increase the rate of reaction?

(a) Decrease in temperature ‘and concentration of reactants

v (b) Increase in temperabure and increase in concentrat/on of
reactants ' ,

(¢) Increase in temperature and decrease in concentration of reactants
(d)- Increase in temperature and increase in concentration of reactants
A catalyst: i :

(a) Decrease the act/vat/an energy and decrease oF the rate of
reactlon : . AR :

( b ) Decrease the act/vat‘:/on enerqy and increase the rabe of reaction

(¢) Increase the. activation energy and decrease the rate of reaction
1 (d) /ncraase bhe act:vaizlan energy and increase the rate of

‘reaction ) : '

Which aluminium samp/e would react most rap/dly with 1M Cu$o,
" solution under the same candlt/ans’/‘ '

(a) 7 gram F)/ rod
(b) T gram Al pallets (z_/ )

- (¢) T gram Al ribbon .
V' (d) T gram Al powder

7 mole oF a reactant reacts w;th a rate of 06 mol cdmSs™

 What is the rate constant of this reaction if reaction is 7* order

(a) 157 . ™ - (b) 0-3s7
v (c) 0657 - (d) 0-957
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Q7-' Determine the overall orders from
(o) Rate = KINOF[O)]  (b) Rage = KINO,T?

(a) Order of reaction = 7 + 2=3=30¢ Srelar
(b) Order or reaction = 2 _y ond

the following rate equation:

02 Exp/din‘why a molecular collision shoy
cause a reaction?

m We know that rate

- Se—

°f reaction incre

asés' by increasing tempera-

ature the kinetic efiergy increases and more
energy ‘which is required to convert reactants

. into products- ‘

5econ3/y by increasing tem

Crea: perature collision frequency of molecules in-
creases and thus the num

\ ' . ber of effective collisions increases which re-
sults in the formation of products- 5o molecular - collisions must be

sufficiently energetic to cause q reaction because enerqy is- needed for -
old bonds breaking: B i | >

Q3: Name the four factors that jricre

ase the rate of reaction- _
BB The following four factors increase the rate of a chemical reac-
tion: A | |

"I The nature ‘of reactants
will be reaction] |
2 High concentration of reactants
3: Large surface area :
‘f' High Eempefature_

[Higher the reactivity of reactants faster

| @4 In the light of collision theory of reaction rate, give reasons of
Uncrease 'in the rate by the increase of temperature-

@ By incredsing temperature, rate of reaction increases because:

N Kinetic en ergy of molecules increases and hence mg/ecu/ar motion
speed-up- | . : - .

2 Number of effective collisions increases and hentce. chances of reac-

_ tion increases- |

3-

More molecules attain activation energy which is necessary for .
‘ ne ] s - to form products-
—__leactants to overcome the bamer (2s) and . p A
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| @5: consider two gases “A” and “B” in a conbainer at room teml
ture- What effect would the following changes have on the rate of t},
reaction between these gases?
1 ¢ a) The pressure is doubled
| (b) The number of molecules of gas “A” is doubled
(¢) The temperature of decreased by 10C°
B (a) When pressure is doubled, volume will be decreased, molecules
~ will come close to each others: Collision frequency and concentrs-
tion become high and hence the rate of reaction will be increased:
(b) By increasing the number of molecules of gas “H” concentrations
will increases: The chances of effective collisions mcrease and hence
" the rate .of reaction WI// become fast-

oN(¢) By decreasmg temperature, kinetic energy of molecules deCf‘eaSeS
- and hence the rate of reaction will be decreased-

Q6: The rate constant for the reaction:
"’c0+N02+—>602+N0 -
At 400¢C is 0-50dm®-mol-sec” and the react/on is 7“ order w:th re-
spect to both “CO” and “NO,”- - -
| Ca) What is the overall order of reaction? ._
| (b) What is the rate of the reaction -at 400¢° : .
| When the concentration. of' co is 0 025 mol-dm™ and that of NOz is
0-040mol-dm™- | , | %,
m (a) For the given reactzon, rate equaf:/on is:
 Rate = K[COT[NO,] _
As the sum of the exponents of the reactants in the
“2” so order oF reaction is 2- .
(k) [€O] = 0-025 mol-dm?, [NOJ o- 040 mol- dm
' Rate constant = K = 0-5dm* mol’-s
' Rate = K[COJ[NO,]
Rate = 0-50dm-mol’-s” (0 025mol-dm?
Rate = 0-:0005mol-dm™>-s"
[Rate = 5 x 10*mol-dm?-s7]

——

rate equation

) (0- 0%40mol-dm’®)

Q7: Explain briefly why all collisions between reactant moleculm
| lead to reaction-

m For effective collisions, activation enerqy and | n’
‘ . A proper..orie ﬂ/
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necessary, ‘only then reactants will form products otherwise not: Some
molecules in the reaction mixture do not have proper orientation and

sufficient kmet:c enerqy, so. aII mo/ecu/ar collisions don’t lead to reac
tlon

Descriptive Questions y |

(a) Rate of reaction . - (b) Rate constant e ,
(<) Order of reacf;lon | (d) Rate law or rate equation

|.Ce). Catalyst

@ (a) Rate of Reactmn

“The change in concentrat;on of reactants or products per unit time is ‘
called rate of reacb/on .

(b) Rate Constanf;

~“The rate of reaction, when concentratlon oF reactants are umty is

cal/ed rate constant 4

L) Order of React:an RNy ¥ "o I8 T N
“The sum of the powers . oF concentratmn aF reactants in the rate law
10 called order of reactran '

(d) Rate Law / Rate Equab:an | |
“An equation that shows relatlonsh:p bebWeen rate oF reactlon and
Concentrat/on oF reactants is. cal/ed rate equation-” : )

| {ez Catalgs

“A subsf;ance which generally mcreases bhe rate oF a chem:cal r‘eactlon
and remains unchanged by mass and composition is called catalyst-”

Q2 (a) Dane the aﬁnvalean energy wh‘"'; r ole does it play m chemi-
cal react/on? ,

(b) Household gas [mebhane] burns in the presence of oxygen and gjve
energy for our daily use: If a mixture of methane and oxygen is kept in

stakes place
' L4 _container for indefi nn‘:e period, no 3““’0” pigce, eXpIam

Activation Enerqy: ~ .
Danl'bIOn “The m,n’mum amounb of energy more than the aVer‘age :

\-

- kinetic energy which is requ;red to convert reactants into. products is

—

‘‘‘‘‘‘‘
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. called activation enerqy-”

It plays an important role in chemical react/‘oE/r ch//:ai;oqnu’-i:;rii ,:C :n
energy hill between reactants and products: /76.;‘/99 A Sl +/.
vate }*eactant molecules, to climb up the hill an \ [Z c,;
(A//'Elvout proper activation enerqy reactant .do not convert into pro y
ucts: So it is necessary for reaction proceedmg- |

(b) During chemical reaction, old bonds break/:ng _and‘new bond' forma-
tion takes place: Heat / energy must be provided to the reacting spe',-
cies for old bond breaking: When a mixture of methane and oxygen s
kept for long time at room ‘temperature, (L rgaction, tqkes Pplace, .be.-
cause there is no sufficient activation energy to ‘Form products: Simi-
larly molecular collisions are ineffective at room temperature:

Q3: Explain how does a catalyst increqs'gzv the rate of reaction? Compare
a_catalyzed and uncatalyzed reaction:on a potential energy diagram-
@ Actually a catalyst '1’;'_a".subst&nce wh/’é_h alters [change] the rate
of a reaction- A catalyst L O '

works by changing the ‘reac- Xy
tion path through a lower: ,. ‘
energy activated comp/ex;
requiring  lower activation

erier 1 =
n 99 than the . uncata ‘ : ' g Path of Reactants Products
lyzed reaction- : : =

Uncatalyzed reaction path

D E i _ > Catalyzed reaction path
. | Reactants ' '

—

—
actant concentration and rate of

Q4: Explain the relat}'onship between re
the reaction-

@ Please see question number 4-
@S5: (i) Discuss why [according to collsip

(i) Draw and explain 4 reaction energy diagram [reaction profile] for

(a) an exothermic reaction (b) an endothermic reaction
a (’/’1) Also show on the diagrarmn:; '

- (a) Position of the reactan

' s enerqy ( E.)
(b) Position of the energy

of products
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(¢) Activation energy

tion and sur’f‘c:ent kinetic enerqgy so
) reaC_blOﬂ\

(i) Please see questijon number 5-

(i)

E (reactants)

E (products)

Numerical Questions

QI: 771e canvers:an of x to 'y, follows second order kinetics- IF concen-

trat/on %" s /ncreaSed 3 times to what Factor the rate of Format/on
LLof “y” WI// be mcreased7 |

@ L(/e know that, in second order reaction the rate of reaction s
_Pr0port/ona/ 5 the 2 power of the concentrat/on of one reactant:
| Rate oc’ [Reacbantsjz ' |
./b means that when concentrat/an is double i:hen the rate mcreases 4 -
times and when the concentration OF reactant (x) is mcreased 3 times
'.'theﬂ the rate of reaction /ncreases 9 times:

R Rate = K [Reactant]’
ea\ct,on X >y

Rate = Krxj2

B

N®
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f cohwntrdti&n'of‘ “X7 is increased 3-times then; '

.Raiﬁ_e- = [3X[ " |As reaction is 2nd order 'wibh respect t@
Rate = (3)* [X]?

Rate = 9K [XJ? = (9 rate)

Q2: A first order reaction (A— products) has a rate of O 008/”?‘
with [A] = 0-002M, what is the rate cansbant of thls reaction?
Solution: =~ ' 2

Rate =.0-008M s-1.._ o R R f”’ = mol-drm]
Ar=e002em o L 0T |
?  Rate constant K_—‘-.-?;".-_- B >

Rate = K[a] . &

Rate _ 0008/}’7; [4 ]

[A]-  0-002M.

K'=‘

_ QR3: (. a) The decomposnb/on of N,O; proceeds accordmg to ‘the Followmg
equation: 2N,0;s > 4NO, + 0y ‘

(b) If the rate oF decompos:f:lon of‘ N,Os at a parb/cular mstant: is 42|
1 x 107M-s7, what is the rate of appearance oF ( a) l\/02, (b) 02
" 5 The 9/Ven equation is,
2N,0, 4NO, + 0,

2 : 4

[7 = /2]{

As the concentrat:mn of NO, is tWICe as that of- /\/ O.,

so the rate of
‘appearance of /\/O2 will be double j-e- 2x4-2x107 = [8-4 x 10 ‘m- S]

b ) Similarly the corwentrat/on of O, is half as compared to N.Os $

the rate .of appeararice of O, as compared t0 the rate of dlsappear’ ,
- ance of N,0s will be half i-e: ~

—7—x42x70 M- :>[27x70 msT)

i
OOO




