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781 The Collision Theory of Reaction Rates” N
This theory is based upon two. postulates.

(iF Molecules must collide (<. kt./2ls') among themselves fo do chemic, "
(i) The energies of the colhdmg (Lb Lfr:u) molecules must be Tea - thg
|
activation enelg ‘e
Tn order.to do the mathematical explanation (& % JL2L.) of this theory, Iet
(@molecular reactléﬁiwnh same type of molecules j.e., ‘A’.

2A ——— Products

According to Iaw of mas_acnnn the rate of reaction depends upon the
substance-A £
o du( - k[A]2 ...... (1)

. Since, collisons are must for doing a chemical reaction, so we should t take
number of collisions happening among the molecules of substance ‘A’. This is cal
and is denoted by 'Z,,". It is the number of collisions between Ilke molecules
volume.

conc
N%emra‘

()

Into accoy
led collision py
Per unit time pe

1 "
| Zpp= —\/_5 L (2)

o' is thelgollision diame[g;:j.lnb Kif L U2J5 99 =3 L rJLaJ) of the molecule
quantitative measurement( 7 uA,w) of size of the molecules. ‘¢’ is the average velocity
the gas molecules. 'n,’ is the number of molecules per unft volume, 5l

|According to first assumgtlon (.0/"') the rate of this bimolecular reaction should be 6f

the collision number. o g —
_P“

—d[A]
gt . = ZAA

Moreover, the concentration of the substance 'A’ may be replaced by ', which s ¢ !

of molecules per unit volume,
As -

ot = KAP
—d[A]
Hence a4 - W
In other words,
knp= Z,,
s .
kK = =
nA ...... (3)

ules per unjt volume. 50
The units of the rate constani of bimolecular re 1, The uf
action are dm?® mol . sec
of equation (3) should be changed accordingly. Hence equation (3 s 'cg:wened inte

TR
- ‘-/‘c“o—a ,RHS)VJL—//’/V

: ,:]
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N s
h [.A x-—'——. no’c dm3mol'sec!. ... (5)
,i i % W veloclty and has the expression.

R BRT
£ KM

~ Letus put this expression of ‘C" in equation (5) and simplify

i nRT
‘ A
k= -1'63) o? ’\/7 M dm*mol 'sec'| oo (6)

ff we compare equation (4) and(6) then,

N ) Zn _ fNY 5. [nRT
10° 105 N ™M T 7
Let us know consnder that the re ggnon is_taking place at unit ration] Under these
pumstances. —— ’

N 12
A AA

) T is the colllsmn number atfunit concentyafion.
filons fo ‘2 then

AT

When we give the units of second order

1000
 Under these circumstances, we can say that

N nRT
T R R e S
2°= 2(1 03) ‘\f M (8)

Simply, we can say that
k. k=2 dm® mol ' sec™".
Oeordm lo equation (8) and (9), we can calulate the
& know the collision duameter 0‘ temperature 7" ‘and molar m

------

for this pimolecular
‘M’ of the reacting

onsidll
ass

f Equation:

Juation (8) can be verified by two Ways-
ture on rate constant.

Py

g ay ca ra Sk s
E'o lculating the effect of tempe : u:"“() ;’(M']’w% LK)
1 . t constan Y T
B’ comparing the experimental and theor(etl:j[jl i/u RN 2 A7)
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(4 2NO, ——> 2NO+0, 94x10° | 16x10" o5
(5) C,H, +CH,=CH-CH=CH, 3.00 x 10’ 75x 10" | 1\0,
) '
D : . . m \j\.\\‘J
=l activatedZ <./ o5, Sorientation(s><_ {1 AL P¥ 1S Lt o Lo 717
-wjﬁerd Lt

Shortcomings (UL+t) of Collision Theory:
The collision theory in the form of equation (11) is also not applicable to following Cases
(i) When the complex (»47) molecules are involved in the chemical reactions

(ii) When the chain mechanism (=5~ is to b obeyed by the chemical reacy

e S ——— # -
(i)  When the reaction is surface catalyzed (/:flJf ). W/

e T ——

7.9.0 TRANSITION STATE THEORY

7.9.1  Introduction: X
Transition state theory tells us the continuous series of changes (.LLUU;;,;’, =

(VRAT 4

in bond distances when the reacting molecules approzch each other. During these changes
configuration (121 7 =24 _&7s) of molecules, energy changes also take place. The molecules whi
are reacting, form a specific configuration (& s 6) before getting transformed into products. Such
configuration is called as transition state or activated complex.

The transition state which is formed does not represent an observable subsian
(&£ 5104267 22 (). It cannot be isolated (¢./_{). It is assumed to possess properties such as bon
length, molecular weight, enthalpy alongwith the rotational and vibrational degrees of freedom. T
properties are possessed by real molecules.

The trar!sitiog state of the reaction corresponds to the highest point on the potential eré¥
diagram (J/ Koy & ). The two reacting molecules X2' and 'Y can be visalized ( t}{};/,;’,‘;;:;
form the product XY through the transition state as shown in the diagram.

long

b N o8 W e ¥
|+ — L ——— 2XY
b S ¢ RN G

reactant molecules transition state product

7.9.2 Many Step Reactions: 3
Some of the reactions take plagg in a single step but many reactions occur through SevThe
sleps. Each step passes through a transition state and a intermediate (u1; & % - 0) i formed:
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. .
x+Y =—— Transition state (X*) —> Products

ntal (§>\x) properties of reacting molecules it was shown by Eyring

g 579 some fundame
| tant 'k’ for any reaction of this type is given by:
ppEE R
B @ (1)
is an equilibrium constant for the

i equation (1), N, is Avagadro's number and 'K*

m’pnof activated complex from the reacting molecules.
X*

K= Tx1(Y]
(X1[Y]
- The equilibrium constant 'K* is related with free energy change 'AG" by well known equation
nfemodynamics. ‘
AG* = —RThK
' nk* = —AG'/RT -
Taking antilog on both sides '
= e L (2)
46'is the free energy for activation. 2utting equation (2) In equation (1)
‘ :-';IR;Ih B (3)
m.‘ H e
§'9n|f|cance of Equation of Transition State Theory: tree energy change
: rat:ua“on (3) gives us the informatior Sbout the effect of temper;turc; ?n/dN rieand egy\@_ g
hh“mmctﬁrnSt-ant of chemical reaction. This equation Nas two factors tl-e- OnstantAdePe”dS upon the
Wf&to ah constant then the first factor is constant and so the raté (t; e value then the second
5y r which involves the free energy changé. fa ag, 89 cal reaction: Greater the
ety f"“’ than unity and the rate constant k i favourable for the chem
g5y 2lue of 'AG*, greater the rate constant of the chemica re?l'cr::n
 antages of Transition State Theory Over COMSYL o or P which ntrods
A?"V’ (t'" colision theory of reaction rates We e £ pmbabmtt-y ,iacfothe entropy 0f 21"
- hag ;Lﬁﬁdﬂ ). But in transition state theory the introducti© cta
stified. he re2
Tag ey _ molecules ol
huhttmm" theory-of reaction rates: we S'T'_"_"y assumti; gt
AR of g and change into products, but in tra.nsmon s.ate
: ropriaté {nt " L

Llvate

d complex which is moré app

00 corricinn THEORY OF UNI

..al‘ﬂv A_/-lll;”
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E 8 1.0 INTRODUCTION

w js a homogeneous mixture of two or more substances ex:stmg in one or
. "ﬂl‘ solution which is consisted of two components S called a binary (V" 41 )

“mm (/‘ff’) which has the same physu:al state (=/v 7 & 2,) as that of solution is
Mostly it is thought that the substance in greater quantity is called solvent and the other

J 1

hdod

sdute
na ”solubon the quantity of the solute is very small as compared to that of solvent.
are various types of solutions dependlng upon the fact that out of three states of matter

and which of them is the solvent. >~

1| on Units of Solution
'ﬂ!/lﬂ'ﬂ) of a solution tells us quan tity of sol}gt‘e;:gi.s_solﬁgd in a given quantity of
nam The various units are as follows o
| Shenath of solution: It is the number lute present in one dm- }of solution.
L %age of Solution: W/m )V Py
The % age of solution can be (a) weight / weight (b) weight / volume (C) volume | weight (d)
~ \olume/ volume. v /v/
Itis the % age by mass or by volume per 100 parts of the solution.
Woariy (7 )
ml:mber of moles of the golute dm ? of solution.
»7)
‘Mhm of moles of the solute per 1000 grams of solvent.
1_;.‘ &”Wof gram equivalents of the solUt® dm3 of solution. |
i Mon * nales.of 9 -~
€ number of moles of wﬂpﬂnﬁm divided by total number
lnhmon Itis always less than unity.
eviated as PP

"% Number of pans of a ccmponent
Mass of the component 45

I =
Il
Total .maS§ fty of the solute IS extremel sma

rig ! ed for those solutions In which the quan

per million parts of the
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8.1.2 Formulas for Various Concentration Units of Solutions: N‘
(1) % age composition:

(a) Weight/weight % age:

5 grams of glucose is dissolved in 100 grams of solutions. (
(b) Weight/volume % age:

5 grams of glucose is dissolved in 100 cm? of solution.
(c) Volumelweight % age:

5 cm? of ethyl alcohol is dissolved in 100 g of solution.
(d)  Volume/volume % age:

5 cm? of ethyl alcohol is dissolved in 100 cm? of solution.

It means that the total volume or weight of the solution is 100 units. It may be ma
or volume in cm3.

(2) Molarity: |
Molarity of solution is related with mass of the solute, molar mass of the solute ang

ol SOlute +95 9 of gy,
: -

g9 | VOlume,
- the total solution: | -
Mofarity = —ass of solute ' |
Y. Molar mass of solute ™ Volume of solution in dm?
(3) Molality:
Molality of a solution is related with mass of the solute, molar mass of solute and mass o
solvent
“M Eie. Mass of solute 1
M9 = Molar mass of solute < Mass of solvent in kg
(4) Normality:

Normality of a solution is related with

mass of the solute, equivalent mass of the sole®
volume of the solution in dm3.
Normality = =— Mass of solute X 1 |
Equivalent mass of solute Volume of solution in dm3
(5) Mole fraction:

"It is the ratio of number of moles of one component to the total number of M0
the components of solution." "

Suppose, there are three components 'A', 'B' and 'C" having number of moles ' ng
The mole fractions are denoted by 'x»"

of ¥

xs'and 'x',
Xa = L —
Na+ng+ne
i L
£ = et g e
. Nc
Xc. = Nna+ng+nc

‘The sum of mole fractions is unity
BN - = 1
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m| golution: _ a'®
/1 order 0 differentiate (t./3,/) between ideal ($.L=~) and non-ideal ($.L++ #) solution
A ) solutions, some

g criteria are taken into consideration.

70 I he forces of interaction (UZ 5 Uis &_27) of the components after mixing ar

es of pure comlponentj, then the solutions are ideal. s i
Rstion (.= TP L E L ) is zero, then the solution is ideal

s no gh\a(n:g% in the volume (x ;& & OF Ut =s12) of the solution, thén the

e molecy
i fthe he
il 1 there |
dfo isideal.
) I the equation
igeas ideal solutions 1.e.

nV=anT
(¥ Those solutions which obey the Raoult's law

mpealures, then they are called ideal solution.

Best Criteria of Ideality of a S¢ 'ution:

h Raoult's law is one of the best criteria to chec

ierstand the difference between an ideal an non-id

“Estand the Raoult's law. P
X ] :/—"

8 3.0 RAOULT'S LAW

of osmatic pressure (5 Ss#') is obeyed by the solutions, then they

at all concentrations and all the

=

al or not. So, in order

k, whether a solution is ide
Y2
)

eal solution, let us thoroughly (4 +# ¢

Iy
1 lv';tmduction:

“a88g :ﬂ:"ﬂ;jha_t vapour pressure is one of the basic (J2¥*) properties (=) of 3 .lgiid. It

the increase of temperature. When solutes are added into the solvents, then their vapour

e is due to the presence of thepag}ngﬁ%gof

e are ; . |
W‘j&d. This lowering of vapour pressuf o of the paICE™
't " the quantitalive relationship (U @7

surface of solutions. Raoult has giver
of the solutes and the solvems'.
::,L.}VTL/: oA Lﬂ;:—«dv I L% 2

2oy
0“:t?fe%uure of the solution and the quantities
$ Law When the Solute ’i§ Non-volatile (

At oy i

e L“m S ), Non-electrolyte (Jg axb): B
R Lil Onsider that, the vé;i;)ur pressure of the pure solvent is P, and tha
Anw"“’_'e fraction of solvent and the solute b€ 2 Xy and ‘X reSPeC“strZ of the solution is
‘ %mngng first definition of Raoult’s 1aW, "the vapour pres

e o
~> T

the solution IS

to the mole fraction cf the solvent.

ROl -
243

Scanned with CamScanner



382
P 0 X1
Since,
X+ X2 = 1
Rearranging
X, = 1-X '
Putting the value of X4 in equation (1)
p = P(1-X)
Opening brackets -
p = P2-P°X
P° — P‘, = P°Xz
f‘ »
Y
MPacX

AP is called lowering of V.P.
So. "the lowering of vapour pressure
the solute”. This is, you can say the second definit

AP ‘(Xz !

PO
Accordmg to third definition of Raoult's
pressure is equal to mole fraction of the solute”.

8.3.3

Importance of Relative Lowering of Vapour Pressure:

---------

'AP' is directly proportional to the mole frac

ion of Raoult's law.

.........

AP .
o is called relatwe lowering of vapour pressure.

law “the relative lowering (U /) of vap

According to third definition of Raoult's law, given in equation (4), we feel L% oud P62
AE f ya
that po should be reported in the literature (;m c_d’ = S =7 ), rather than lowering 9%
pressure. Relative lowering of vapour pressure is
4a)”  Independent of temperature.
(67 Proportional to the concentration of the solute.
(c) Lsﬁa constant quantity, when equimolecular proportions (= P s e BT
Iterent solutes are dissolved in same -1
mass of lyen
Born 10 May 1830 et S‘O‘y'///ﬂ
Nationality French
Fields Chernistry
Known for Raoult's law
Died 1 April 1901
4 ¥ iy 0”“ ’
— il Fran}_cﬂf;@‘m/
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842 Non-idealSolutions: - sk CLsBPAA L o

. No doubt, there are certain pairs of miscible [ o o which 0¥

i LT scible liquids (L1 it s S 0= W g
- Raoult's law throughout the complete ra . - e empe?
. nge of conce oy, 5§61 at a given

~ These pairs are as follows. nirations (.} (671) ot 2

(i) Benzene and bromobenzene
(i) Benzene and eth ichloride
(iti) Ethylene dibromide and propylenedibromide i b
However, there are many systems of pairs of Jiquid : the Ra0U>~,
— s, which do not obey 3
i lesser extent (.f»uygf). It depends upon :—l nature of the 'quids— aﬁd/th/e% 4
srder to understand the dewm' —(J'f'gml:on frOm.Raoult_Sere 3!9121

Ml sty 2L 16

Scanned with CamScanner



actual graph —

|
|
|

Expected st. line

—

—

Vapour pressure
|
[

Vapour pressure

| 3 i | ! 1 ! ! |
! 1 § T 1 1 1 t

T T
X;=000 01 02 03 04 05 06 07 08 09 100 =X,
X, =100 09 08 07 06 05 04 03 02 01 000 =X,

Fig. (8.6) Vapour pressure-composition graph for type-l solutions.
Some other examples in this reference are:
() CHsOH +H.0 - (i) CeHs + CsHsCHs
(ii) CeHs + CCly | (iv)  CsHr + CCly
Such pairs of liquids create the forces of repulsion to some extent, as compared to pure

This makes the vapour pressure grealer than expectations.

e \/ o .
Those pairs of liquids, which show a(maximum point (L5115 $4%) in the total vapour pressu
p sl It's law. Following graph (8.7) makes

®, are said to show positive deviation (- 1) from Raou

¥ tea clear.

es: -
i 0 E - HsOH + CHCl3
0 CHoICyp) (i) (Cobo» CaHOH (i) gﬂi}OCchsg
W) CHOH+H,0 (v) CoHOHFHLO (Vi) FRseMTs
Expenmenlal graph ‘
T
s o ’ru
A g
Y N o 2
E- e [jxpecledv : —:P,.r' :;:L
g jr straight Ine 5" =
g 1 \ p—
vk T
{ } t : y v 0.7 0.8 09 1.00 jx"
X,= 000 01 02 03 04 05 06 0 01 000 X}ion rom Raoult’s law.

03. 02 ] 3
Xz 100 09 08 07 06 O 3 positive devia

pressure composition graph for solutions showing
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2 e e A' . \Qu‘
‘lfw;,.t'mul/lr’zf("- QA= -'—'V"VNJ oS < 5/ % ,
LJdUb b/pﬂ r’U’O o= ~Ubu1u & e

..g/

-C—‘}ﬂ ”L( f’/! ,’“ L‘ r'),—l't

\ i/
/@/’IJ'/’@JUU A0S /.’*l [ e M,

[ B "n. /
U Qb O U F e b fL s ’H»,cu

!M‘-V"c‘_:’(_l "Af
AR S0, B 100%/3!A 100%?
= . ‘-UL

o3/
SSR-US g Type (5= -t
‘ﬂJi/ﬁc‘;dﬂuLhﬂrz_ 5Ly

i

& ¥ fy MaXImUm
‘\J

Type-lll imum point (4 = e {)inthe total Vapour e

airs of liquids show a mm
Tlf:ydi‘}:ozf the forces of aflraclions among the molecules of pure components Fol
curve. |

diagram (8.6) makes the idea clear.

Examples. 6, o .0 + HNO-
() ~ CHiCOCH; + CHCL L
(i)  HO+HCOOH i A R
(vy  Pyrdine + CH;COOH. |
.'-‘L- -
O —
Iy T E,xyccti‘d )
-t i straight fine A
A —t—
g 2 +— |2
o | | |D
é‘ £ 8 \\\ ,_;-; ’ E.
‘ A - 1 e o M"—‘:r Tplle
. Cé. , ,""'QWH‘ — i ‘fj
) e ) . | >
W =2 I Experimental graph , =
" ol N T
A . . ) . ?V.,_
,,J
2 bt
X,= 000 01 02 03 04 05 06 07 0§ 09 [V
p . X,=100 09 08 07 06 05 04 03 02 01 OO
¢ 3 ‘ Fig. (8.8) Vapour pressure-composition graph for solutions showing
L negative deviation from Raoult's Law. 2

% \-u}’::.—lMU':J[&({JUMJLé.//;.ég,uu&y.;/ylu”/{v ’“’/V'
b ?Jactlonal Distillation of Non-ideal Solutions (.2 (77 = ¢~ ¢) ’zldslw
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