Chapter 12

B PHOTOCHEMISTRY

12.1 INTRODUCTION

There are s0 many reactions which occur due to absorption of light radiations

v matter. For example reaction of carbon dioxide (CO2) and water (Hz0) in the
resence of chlorophyll is a photochemical reaction. The branch of chemistry which
s with study of kinetics of photochemical reactions, processes and their
tions is called photochemistry. The vision process involves the absorption of
by visual pigment rhodopsin. The chemical reactions occurring in atmosphere
re photochemical reactions. For example formation and decomposition of ozone in
t here is a very important reaction for life on earth. This chapter deals with
rudy of laws of photochemistry, kinetics of photochemical reactions, photochemical

like fluorescence and phosphorescence, chemiluminescence and lasers. The

isms involved in photosensitized reactions have been also described in this
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12.2 PHOTOCHEMICAL AND THERMAL REACTIONS

The chemical reactions are results of collision of reactants. Each collision
cannot cause a chemical reaction but a fraction of collision with proper orientation
snd sufficient energy causes a chemical reaction. The minimum energy needed o
- reactants into product is called activation energy. This energy can be
rovided by heating or irradiating reactions. Therefore chemical reactions can be
-

classified as thermal and photochemical reaction. The basic differences between
these reactions are given in table 12.1.

Table 12.1 Distinguishing properties between thermal
and photochemical reactions

Thermal reactions \ Photochemical reactions
| These involve absorption or evolution of These chemical reactions evolve )
| hest energy.

absorption of light energy.

| These reactions may occur in the
. absence of light.

These reactions take place in the
. presence of light only. -

| Temperature significantly affects the Temperature has very little effect on of
' rate of thermal reactions. photochemical reactions.
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12,8 LIGHT ABSORPTION AND BEER-LAMBERTS LAW

. with light, a part of it is aheorbed

: ' e jeats

When o solution or medium is irradin , e

= ' (s . nemics caction, s
Thin absorbed light by the medium molecules causes the photochemi al reaction, The

absorption of monochromatic radintion by hum"Jii‘”."i”““ "'“l.‘;:/”m'"{r. “yf‘i;:l:m' it
explained by two laws. Both these laws are vu'lul for mn‘nm., mm.ah,f(,hrm l!ﬂ.l‘nnn
passing through transparent medium, First one s 'Lﬂm}')(:rLHIIHW, whic df:‘“:l'lb%
that absorbance in directly proportional to concentration of medium and i8 written ag

Ao ¢ (12.1)

Second one in Lambert's law which states that abeorbance is directly
proportional to path length (1) and can be written as

Aol (12.2)
Combining the above two relations, we get,

Aa ¢l

A=gel (12.3)

Fquation 12.3 represents Beer-Lamberts Law, where, ¢
proportionality which is known an abeorptivity, it is
excited molecules, ¢ s the concent eation of the re
ie path length (in em),

i8 the constant of
a measure of concentration of
actant specie in moles per liter and |

For a pure substance, absorbance is related to intensity as follows
Il
A= ~log-L+

0

I
A= ) e
log ] (12.4)
Where,

I, and Iy de
- MNote
respectively,

the intensity of the incident and transmitted light
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Comparing equation (12.3) and (12.4), we get
1
IogT“ =gl

(12.5)

F(z; a pm"thUIar substance the abeorbance (A) of a solution at 2 specific
waveleﬂg h remains constant as long as the product of the concentration and the
pat.h lerigth 18 constant. But this is not always true because of the variation in molar
extinction with the concentration of the solute. This may be due to the molecular
association of the solute at high concentration, poor transmission of the solvent or
fluorescence of the solute and ionization of the solute in the case of acids etc. Molar
absorptivities of strongly absorbing compounds is very large (i.e. € >10,000) and for
weakly absorbmg compounds its value is small (ie. € = 10 % 100)-
Spectrophotometric technique is simple and useful in determining very low
concentration of various components present in the reaction mixture.

Example 12.1

A solution of a compound having concentration 0.214 mM placed in 2 cell of
path length 1 cm transmits 26.5 % of light of a particular wavelength. Calculate the
molar absorption coefficient of the solute.

Solution As we know that from given data
%T =25.5

Hence, T =0.255

It is known that transmittance is the ratio of intensity of transmiitted light to
the intensity of incident light so, '

—L =0.255
IO
l"— = —1— = 3.921
I, 0.255
I
log(—i) =3.921
I, _
A =0.593
As we know that
A=¢cl

By putting values in above equation we can get the value of absorption

 coefficient as follows
o 0.593
(1)(0.214x107)

1

£=2771.02 Lmol™cm”
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760 Modern Physical Chemistry
12.4 LAWS OF PHOTOCHEMISTRY
The basic laws of photochemistry are

1. Grothus-Drapper law
Stark-Einstein’s law of photochemical equivalence

2.
1. Grothus-Drapper law

This is known as 1# law of photochemistry gnd it can be stated as “o1
absorbed light can cause a chemical reaction”. According to thlS_IaW absorbeq ligh‘:
may initiate reaction but it is not always true because absorbed hght may re-emjy i
the form of fluorescence and phosphorescence. For a pho{tochemlc'al reaction j; b
necessary to absorb the light. So it is important to determine the intensity of ligh
absorbed by a system. The intensity of absorbed light can ‘be measured using Beer.
Lambert law. According to this law absorption of light is expressed in terpyg of

absorbance which is

A =log-=
Where, I, is the intensity of incident light and I: is the intensity

transmitted light. The quantity A is associated with concentration of solution (¢) apq
path length (l) according to Beer-Lambert law which can be stated mathematically 5

A=¢gcl

Where, ¢ is called molar absorption coefficient. It is independent of
concentration and path length. It is the characteristics of chromospheres.

By combining above equations, we get

I
log = =gcl

Io ccl
2 =]0*
’l
[
s/ (O lo—zcl

’O

I, =1,10" (12.6)

Intensity of incident li .

' ght can be expressed as a s
light and that of transmitted light i.e. ‘

I, =1 +1

m of intensity of absorbed

I. =] ]
wt (12.7)

B i ’
Y putting the value of I; from equation (12.6) into equation (12.7), we get

I, =1 -110"
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According to Grothus-Drappg
er

law :

»only 1, ig the cause of photchemical
2 ﬁmrk—l‘iinstein law of photochemjc 1
¢ a

MThea ¢ -1 3
The quantitative aspectg of Photochemj
and Albert lu‘lpatelp n 1905 with the hel fmmtry are explained by Johannes Stark
|aw. Srark-Einstein law ig 9n law ofp 0h qua;\tum theory of light by proposing 2
Jhemieal equiv : Photochemistry which is also named a
‘)h”tm‘;( of the ?mcl?lence law. 1t ig stated ag “ip, arghr)t;:!;:m)'n ZV]A::( T;;Y;l ’m/"f:
swoepte € ! 1n PIMLCIL reacluon, €040
mniu!u i iy activatefi flLbStance absorbs ¢ single photon, of radiation (;au,al:'ﬂﬂ the
- ‘ # L o v v
m:»‘:l\?\, 'tlw reaction absm?bgo;,:};.he P _Todluct”. They studied that each molecule tsking
ph - a single quantum £ 1i asle
saing one p Bt or photon of light. The molecule
(hat gains one yhoton equivalent énergy is activated : d ente it action. This
process i explained with the hej TG Entery s yeaction. =1
ahsorbs one photon and become

P of example as shown in Fig. 12.1. A molecule A
hen activated molecule (A%) g ¢

S activated to carry out a photochemical reaction.
onverted into product (P).

equivalence

fight energy

PN

Absorption of light

4

Fig. 12.1 Pictorial illustration of a photochemical reaction

When a photon is absorbed by a molecule, energy is transierred to a molecule.
The amount of energy of a photon according to Planck’s equation can be written as

g2t (12.5)
A
Where, h is the Plank’s constant (6.626%10* Jg), c 13 me velodity of light in
vacuum (3x10f ms), v is the frequency of light absorbed and X is the wavelength of
light,

In chemistry reactants or products are given in
ules. Therefore, photo
photons is known

term of moles instead of
molec ns are also expressed in terms of moles. One mole of
ot as an Einstein. The amount of energy transferred to reactants by
an Einstein is given by the squanion
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(12.9)

/
cond law of photochemistry quantum bty ®Aua)
t is inferred that energy i8 inversely PrOPOrtiong, Y

higher the wavelength, the 4p, b

A(:«‘m'cling to se
It means that .
ﬂ"g.

vom nabove relation i
on absorbed.

[Binstein.

one. I¥ ’
wavelength of radinti

will be the energy per

Bxnmple 12.2 .
Caleulate the energy corresponding to the follow1ings:

(i) i = 3650 em™ = 3.65%10° m’!
(if) A=1544 A"
(iii) v=>5x10" Hz

Holution
We know that
E = hv
And 0= L
A
Then, E =15
A

Where, V==
A

So, above equation will be

E= hev
(1) E = hcv

By putting values in above equation we get

E=6.62x107%x2.9979%10" x3.65%10°
E=725x107)

(1) Ee .’.’_C.
A

By putting values in above equation

_6.62 x107 x2.9979x 10"

E
1.544x10°"°

E=1286x107" ]

Scanned with CamScanner



i) h Photochemistry 763

By putting valyeg

n aboy '
bove fqQuation we ¢
E=6.62x10
B2x1Q

E

et
XSX‘OH‘

Il

3313x10
12.5 QUANTUM YIELD

q‘c7n.z‘4 mber of molecules req
veld™. It is expressed qg

™ cted per photon of light absorbed is known as

N
$ < No. of molecules undergoing the process

No. of quanta absorbed
. is observed that it
s law. The number of

18 Not necessary all photochemical reaction obeys
ound to be different frq

molecules undergoing the process in the presence of
m the number of quanta absorbed in given time.
Th:e quantum yield is equal to o

otochemical equivalence law

r quanta. If more than one molec

he ph

to one for a photochemical reaction which obeys
In which one molecule is converted into product

ule is decomposed by absorbing one quantum the
than one fo L |18 greater than one. Similarly, the quantum yield is

&7 ODe 10T a photochemical reaction when number of decompose molecules is
1han one per quanta.

12.6 EXPERIMENTAL DETERMINATION OF QUANTUM YIELD

\ A phomchveqlical reaction takes place by the absorption of light by reacting
olecules. Thus, it is necessary to determine the intensity of absorbed light to study

» of photochemical reaction. For this purpose a reaction mixture is irradiated
with light of a selected wavelength. A light source is used to emit the radiations of

suitable intensity. Tungsten filament or mercury vapor lamps are used as a light
curce. The light beam coming from the source passes through the lens which is used
o select the radiations of one wavelength. After passing through lens monochromatic
light enters into monochromator or filter. Then, light enters into the sample cell
h sample mixture which is kept in a thermostat. The sample cell used is made
lass or quartz which is suitable for the entrance or exit of light. Glass cells are
usually used when visible region radiations are required. But below 3500 A% only
quartz cells are used. Finally, transmitted light from sample cell strikes the detector
where its intensity is determined. Mostly used detectors for the measurement of
intensitv of transmitted light are thermopile, photoelectric cell and actinometer.
Thus, the intensity of light is measured first with the empty cell and then the cell
Alled with sample mixture. In this way, first reading gives the intensity of incident
light (Io) and second reading gives the intensity of transmitted light (I) from sample
mixture. The difference between these readings (I — I) gives the value of absorbed
intensity by sample mixture. In this way it is possible to collect data on the rate of
chemical reaction and light intensity, from which rate law and quantum yield can be
determined. An experimental setup for determination of light intensity is shown in
Fig. 12.2.

7
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by various wayn {n ealled photophysical process l)]UUlll‘f:(:a into electronicall eem'lcal
change doen not ocenr, Spoecion nbeorba light . LS stem can lose t}{is ot
“w“—' Thie pholophystenl procoss i enllod excitation, equqtion o ;}J’(tra
energy by difforont procomsor which are known ns’.r“‘vc‘ walaxation r;) ese
velaxation processen Include _radintive and non rac l-ﬂ-'”"_"l laxati D&SES'
internystom  crossing and vibrational relaxation  are g,

Internal convergion, e
radiative processen, 'luoresconce nnd phosphorescence are I;‘a.dlbaltlvek}.)l('io_cesses, All
these photophysieal procosses can be oxplained on the basx‘s.o Jahonds 1 llagrams ag
shown in Fig. 12.9. Alexandor Jablonski, a Polish physicist who developed thege

diagrams to explain the kinotics of processes initiated by electronic transitions.

Ist Eixcited singlet state

Spinommliiplicity=1
/]
Spin multiplicity=3 "

Vibrationnl relaxation
(non radiative)

EN\NNANNAAL

I W) Z
IC (non radiative) (

="\~

Absorptiagy/Iixcitation
(racjntive)

Vibrational relaxation

< Vibrational relaxation
(non radiative) <

(non radiative)

Th (First excited triplet state)

(I8C)

Fluorescence
(radiative)

Phosphorescence
(radintive)

Spin multiplicity=| irg J

S, (Ground singlet state)

Fig. 12 9.1, ;o S T I . 2w : I
1g. 12.3 Jablonski diagram indicating radiative (solid arrows) and non radiative
(wavy arrows) processes.

|
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Photochemistry 765

In Fig. 12.3, ground singlet state is shown by Sa where, spin multiplicity is
equal to one and electrons are in paired form. The first excited singlet state is shown
by S where spin multipliaty is equal to one. The first excited triplet state is shown
v Tr where, spin multiplicity is equal to three and electrons are not in paired form.
ach electronic state (S,, S; and Ti) has rotational and vibrational energy levels. But
or simplicity only vihrationg_l_' levels are shown in Fig. 12.3. The lowest vihrq_tjgggl

of each electronic state 13 shown by dark horizontal lines and ‘higher vibrational
s are shown by lighter horizontal lines. The radiative and non radiative

processes are shown by solid and wavy arrowd Tespectively. The loss of excess
. = —— oy . —r
electronic energy through emission of photon is called a radiative process-and the loss

of excess electronic energy without emission of photon is called non radiative

. v 3 ___,—-——-——"' e ———— : ~— —
relaxation process. We shall briefly describe these photophysical processes on the
basis of Jablonski diagrams given in Fig. 12.3.

-

\:q
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-
evel
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45

12.8 NON RADIATIVE RELAXATION PROCESSES

Vibrational relaxation (VR), internal conversion (IC) and intersystem
crozsing (ISC) are non radiative processes. The transition from higher vibrational
evel to lower vibrational level of an electronic state (So, Sy or Ty) without emission of
light is called vibrational relaxation. The decay from the lowest vibrational level of S
to a high vibrational level of S, is referred to as internal conversion. Internal
conversion schematically can be represented as S1—S, and its rate will be equal to
k«[S1] where, ki is the rate constant for internal conversion and [Si1] is the
concentration of species in first excited electronic state at any time t.

Intersystem crossing involves spin change. The transition from S; to T: or T
to S, ie referred to as intersystem crossing. The rate of process S,—=7 will be

equal to k_[S,] where, k., is the 1= order rate constant for intersystem crossing for

Si to Ty transition. Similarly the rate of the process 7;—""'—>S0 will be to kL[S,

where k] is the 1 order rate constant for intersystem crossing for Ti to S, transition.

12.9 RADIATIVE RELAXATION PROCESSES

Fluorescence and phosphorescence are radiative relaxation processes.
Fluorescence is a radiative relaxation process in which photons are emitted as a
regult of transition from S to S, without change in spin multiplicity. The process of
flusrescence can be represented schematically in the following way

S, —£S, +hv

The rate of fluorescence process can be written as

v, =k[S5] (12.10)
Where ur is the rate of fluorescence, ke is the 1%t order rate constant for

fluorescence and [S1] is the concentration of fluorescent material at electronically
excited state Sy at any time t. the units of kr are s1.

Another radiative process is phosphorescence. It is relaxation process in
which photons are emitted as a result of transition from first excited triplet state (T1)
to the ground state (S,) with change in spin multiplicity. The process of
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varia S hemis7’¥
bles and Integrating above equation, we get

d[S\} _
‘[ T )Idt

(5]
111[81]=—(kf +k, +kfsc)‘ +c

(k, +k_+k

isc

(12.12)

The value of consta : :
jewhent= 0, then [S4] = [Slt] Of)mtegr_atlon ¢ can be obtained using initial conditions:
‘ o by putting these values in equation (12.12), we get

Infs,] =c

By putting value of ¢ in equation (12.12), we get

In[S,)=~(k, +k, +k,)i+InS,],

767

m[sil-ln[sllo = ‘(kf +k,

S

=—(k,+kic+kf

I8¢

)

)

According to this expression,
the value of concentration of species
at first excited electronic state (S1),
decreases exponentially with time
due to relaxation processes as
shown in Fig. 12.5.

The fluorescence life time
can be defined as “the time for which
[Si] become 1/e times of initial
concentration”. Therefore,

When [S] = [—%1- then t = 7 s0, equation (1213) wa

[Sllo —

(4

e

(s oe

.tk

isc

)t

{

(12.13)

(S

time (t)

Fig. 12.5 Variation of concentration of

specie at first excited singlet state with

time
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ki Ky Ky
Id dependa upon the value of rate constantg
intersystem crossing. It

bu, Musacspes duanbaem yie
k., . It becomeg

skspiiledl with Tl tsdaiiis, inteenal conversion and
e with inorsnes of ke and decrenses with increase of k,and

piaimimn whis s of F,oand k05 negligible as compared to k. Fluorescence
Jisld van wla b defined ss number of photons emitted as a result of

tlaniilini
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The vate expression for non radintive quenching process can be written as

0, =15 12

J ' y . ) ‘
for m M,flw’ ty i rate of quenching, kq is bimolecular, second order rate constant
ut Quenching procsss, [0 is the available concentration of quencher and [Si] is the

i of speciss in first excited oloctronic sate, The rate of decrease of

hiticapib ety
(AT . i \ ‘
Awentration of epecies ab first exeitod sloctronic state as a result of il

hinye b2 crids _ b 7
craln, intersystem crossing, fluorescence and fquenching process can be written
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ence life time in the prese

Hence, fluorest
|

(12.18)

S TRTRIRLIL

decreascs with increase of Nieng
“1ICha,
T

r, ®
f {A
Ko, value of fluorescence life time
concentration.
12.10.4 Fluorescence quantum yield with quencher
- ] iti ield, the ex :
According to definition of ﬂ‘uorescence quantum yie preasion for .
the presence of quencher can be written as
k
7 (12.19)

¢ = ko+k K +k,[0]
decreases by addition of quencher, Ty,

Hence, fluorescence quantum yield
f concentration of quencher.

decreases with increase 0

value of ¢,
r T/ =1x ]0-'03 and

escence quantum yield fo

Example 12.3
tants for intersystem crossing apg

Calculate the value of fluor
k, =5x10°s"'by assuming that rate cons

fluorescence quenching are small.
Solution

As we know that

kf
¢ =
Tk +h +h RO
and &, [Q] are negligible. So, above equation will be

Since, k.
4, = ks .
Tk k. Y
_ 1
d kj +kic
1x1070 = —1
k,+k,
1
IC + k R
S T 1%107
(ii)

k, +k, =1x10"

|
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By p\lﬂin valu w
Yy putting e o \ i i [
f A..‘ from given data in above equation we get

k, { 5\‘“’ b~ ‘xlnm
k=110 <5100

k, =95x%10° ¢! (iii)

By putting values of k, +k_ and k, from equation (ii) and (iii) respectively into

equation (1) we get the value of 4.

$, =9.5x10° x1x10"
¢, =095

Example 12.4

it k. =1x10"5", k; =2x10"s™ and k!, =1x10°s™' calculate the fluorescence life
time and fluorescence quantum yield in the absence of quencher.

Solution

As we know that

° =;
(k, +k, +k )

Isc

By putting values from data in above equation we get

1

i =(2x1o’)+(1x10’)+(1x10‘)

T, =7.69x 1075
7, =7.69 ns
The formula of fluorescence quantum yield is given as

il I
k,+k,+k,

Isc

9

By putting values from data we can get

2x10’
(2xlo’)+(1xlo’)+(1x10‘)

=

¢ =0.1538
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A 00 un 1 ' |
" fluorescence life time and quap,
mer ¢4 uation. he,

petween
a Sturn~Vﬂl

S“,‘.,‘..\"nhn
known @

\.s:yli(‘“
hi(:h 18

9 18), W€ get

“l.ll).r'
l .jxpl‘(

aticd
nh’(l W

A mat hem
W l‘l‘(‘i‘l‘

on ¢

onnvontrmi
Dividing equation (12.1) by (12 ‘
v e i TS
g1«
by ¥ k, * k.

0 . 3+ k.t ks k{
Ty kp 4 ki ’:‘ x,’—f—""T‘[Q]
T l\/ .2 ku- + k;(c k/ + k'f ¥ k"(

0
_z_"L =1+ qu?[Q]
T, '

t; : . :
77 versus [Q]1s @ straight line

Ty
ith intercept form where
qual to unity and slope of
1tok,ry;. The value of kd i

d from the slope. This
called Stern-Volmer

equation W
Slope=ka

intercept 18 €
the plot is equa
can be determine
expression 1s

equation.
When ki >>>>> kic + kisc® then
ks

1

== 10
/\_, +kq[Q]
Q)

1 .
=y ;; — kf + kq [0] Fig. 12.6 Plot of 1/t¢ versus (Q]

This is an equation of straight line as shown in Fig. 12.6

1. Stern-volmer equation in terms of fluorescence quantum yield

Dividing equation (12.15) by (12.19), we get
0
4 _ k, xkf+k,.c+k;c+kq[Q]

¢f kf+kl.c+k,fw kf

4 .
-é—=1+quf[Q]

Scanned with CamScanner

R



—

1

Photochemisty  TT%
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— veraus |t an e i
Y 1Q1 15 an equntion of

Bh‘uli{ht line with v interoept which a8 0 NEL %0
one and alope is equal 1o | 40

§ 4"
0. Stern-Volme

e i i e
uation in the form of Nuorescence intensity
.
The net rate of forn

1““(."] Uf E‘p(‘tl - 3 . p— Sats S AR 2
¢ y { es at firet exated electrome stale Do ot
a8 W absor PR el e e
result of absorption and relaxation in the presence of quencher can be writlen aé

ds,

(1’ kﬂls('] ¥ k,f [‘S‘l ] i klt l‘s‘l] - k:\(‘s‘l] e ktli ‘Si }‘Ql
Using steady state approximation, we get

0=k,S, )=k, [S,)~ k,[S,]- k2.1S,] - k,[S,112]
k(S T=k/[S,)+ K, [S,)+ K [S,]+ k,15,110]

KIS ={k, +k +k, +E[O1)(S))
Using equation (12.18), we get
(5]

——

=k,[S,]
Ty

[S,1=K,[S,r,

(12.20)
The fluorescence intensity is the rate of fluorescence which can be wrisen 2
I =k,[8)
By putting value of [Sy] from equation (12.20) into zhove eguztion we g2t
I, = kkz,[S,] (1221

Equation (12.21) is expression for fluorescence intensity in the
quencher in terms of rate constants for fluorescence and zbsorp :
fluorescence life time and concentration of fluorescent materizl in ground
state. The same expression in the absence of quencher can be writien

- - -y T
mon Proce

a =g o
Erount SImgtee]

28
Iy =k k,7}[S,] 1227
Dividing equation (12.22) by equation (12.21), we get
i_ kk,ti(S,]
I, kkzlS,)
S
]f z, (1223
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) 40" and f'[ from '.f'.“”““n (12.14) n”(i (12. '.‘” rn’:’hm‘f :
Of 1 g ) 'vh,?

Ry pulting ¥ aluee

imto cquation (12 a3), we gel

o equat " i k, +k, 4 ko4 4"(),
FTk vk, kS 1
1]k th R ;VAJ_ (0]
;T k vk kL k k vk

i k |
2= +———t—[()] (12.24)
II' k + k + k/tu -

¥ it
Using equation (12.14), we

get

lj) 2
—i-=]+/(q?,[Q] (12.25)
Slope=kqtr”

 §
I19Tr

Equation (12.25) is an
equation of straight line in intercept
be wused for

form and can
by plotting

determination of kg

[\'7
-/-i as a function of quencher
f
concentration as shown in Fig. 12.7.
[Q]

When ks >>> kic + kise then
tion (12.2 ' i
equation (12.24) can be written as Fig. 12.7 Plot of 11 as a function of
quencher concentration [Q]

10
L as a linear function of concentration of

According to this expression
/

quencher with intercept equal to one and slope equal to— .
/

Example 12.5
The Stern-volmer equation for fluorescence quenching is

? k
g ]

¢/ k/ +kic + ise
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- ) i Photochemistry _ 775
k e
k, vk, vk i ealled quenching constant and is denoted by kev.

Caleulate the value of kuw for the datn

k, =2x107° ¢ k=3 . :
 =2x1070 g .&r.sxu)‘s%k;f:4xuylshkqn410x10'dmﬁmﬂ's'
Golution

By putting values in above equation we get

» 4.10%10"
(2x107)+(310%) 4 (4x107)

k,, =1.7 Lmol™

W

12.11 KINETIC ASPECTS OF PHOSPHORESCENCE

The process of phosphorescence includes the radiative transitions from triplet
SltzatSG to ground singlet state which is the lowest vibrational level as shown in Fig.

Si

|
|
|
|
|
|
|
|
|
|
|
|

ka kic kf

Ti

1
!
!
1
1
1
[
1
1
1
1
|

Y

So

Fig. 12.8 Kinetic illustration of photophysical processes
Scheme of this process is

T, —2S, +hv
Rate of above reaction can be written as

v, =k,[T]

Where up is the rate of phosphorescence, kp is the phosphorescence first rate
constant having units s-1.
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Delay rate of [T:])1s
il _ _j (1,1~ kLIT]
r 1
dt
L] _ _(k, +kL )R]
" d[ ( P i!»)

By separating variables and 1nte

din]__ A +k ) |dt
j[T,] )]

grating above equation W€ get

12.26
In[7;]=—(%, +kL )1 +c (12.26)
When t = 0 then [T1] = [T1]o 80, equation (12.26) will be
In[T;],=¢
By putting value of cin equation (12.26), we get
In[7;]=—(k, + k& )t = 1[0,
In[7;]-In[7;], =—(k, + i )"
n L0 = —(k, +£L)r
[T1 ],
]

straight line passing through the origin. This equation

This is an equation of ;
can be used for the determination of sum of k, and ka because the slope of the plot of

(7],

) . . T
versus time is equal to k, + k.

In

1

12.11.1 Relation of Phosphorescence Life Time

ntal ~(k, +kL )t

l 0

[ ] —(k+ L)
(7],

[T]=(1],e "
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b.

; Y

] When Ux]:'[—l'; .then t=1".%o

f I, E dp Lo

o .L_’ - [T; ]‘Je ,‘_'ip Kx ).,

" €

A 2Ty

| et =N

] 1=(k, +kL )

| L 1 (12.28

Y T} 2.28)

) (k: +he ‘

This is the phosphorescence life time in the absence of quencher.

k 12.11.2 Quantum Yield of Phosphorescence

.. _ Rate of phosphorescence emission

Rate of absorption of radiation

g (0 _ k(7] (12.29)
I 4 I_,_

: Net rate of formation of [Si] is

d(s

A1 k51 S )RS

t

f By applying steady state approximation, we get

E” 0=Ia-kz[sl]—k}r[sll_k“:[sl]

1, =(k, +k R )S)

J (12.30)

a

S

Similarly, net rate of formation of [T1] 18

AT _ s 15,1~ KLIT1- Ky [T

dt
By applying steady state ap
0= k.S, 1~ LTk, [T

proximation, we get

(k, + kL )T = KelS)]

R
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(k/' + /",:; )[I| | =k 5]

. ke[S
y ol Pt [-Lind a2
’ ll (k,, +k//‘{) )
By substituting value of [Si] from equation (12.30) into equation (12.:“}
YW
[TJ k’.:f Iu U ey,
I kR
]ﬂk"‘\ic
= Yk, + k. + k. )
Rz CETR
By putting the value of [T1] in equation (12.29), we, get
k Kk
gy = Kok (232
- .
(kp + k[sc )(kf + kIC + kli‘c)

12.11.3 Phosphorescence Quenching

‘Deactivation by another molecule called quencher and the process ig call
quenching. Quenching provides a way for determination of rate constant )
phosphorescence and rate constant for quenching. i

12.11.4 Phosphorescence Life Time in the Presence of Quencher
) ,
L+Q0——>S§,+0

Delay rate of [T1] is

d_([ly;_l=—kp[ﬂ]—kffc[z;]—kq[Q][n]
(1

d[T, »

([}T o {k +47 4k, [0}[7;]

By separating variables and integrating above equation, we get,

f%=—{kp+k;+kq[Q]} fat

In7]=~{k, +kj, +k,[Q1}t +¢ (12.33)

When t = 0, then [T1] = [T1], so, equation (12.33) will be
7], =e
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'l l'/,

ntion 02,59, we pot

i I /’
p K /(’I'()”! | |ll|/‘|
Inl'l;l ln['l;L

7)1
In el o
l‘,vll'” {,(/’ | ’(’l" ' I(’I‘()'}I

I
h\ ‘ Ao y , /
7)) ‘_k,, bk, o ",,‘(,).I}I

J i
1kl ’ﬁ,l(’l‘,l

This in nn equnt

Mpuntion of ¢ ,
kll k1O ntraight, line prassing through origin with slope e unl
m/(,,'i‘ ,,|(| 4 4 h slope eqe

14

|!l‘_ - U' {h,, i, tl:q|()|}:
‘ I' ‘"

T =1 ,"‘/(I"I("'"l‘fu-’l.’
[ 1=(T],e Vool (12.34)

When |7} )= (71,
‘P

4

then £ =7, 50, equation (12.34) will be

Uik _ g o tteteomiot

e 0

- T
cM‘ — e {kﬂ‘kw ‘kql(”}f,,

l = {k[’ *‘ klltc *‘ kq[Q]} T/;
_ |
"k, ke, RO

Isc

(12.35)

T

This is the phosphorescence life time in the presence of quencher. With the
increase of quencher concentration, phosphorescence time decreases.

12.11.6 Quantum Yield of Phosphorescence in the Presence of Quencher

Rate of phosphorescence emission in the presence of quencher

#= Rate of absorption
o E(_"Eﬂ (12.36)
4, ==

Net rate of formation of [S1]
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‘ﬂi\l’ L[ -k [8]-k[S] — k! 18]
dal '

By applying steady state approximation

0= lu - kn'[‘glj—— /C/.[S, J o kl:r [S"}

1, ={k +h, +hJIS]

/ (12.37)
S)=—""—
5] ke +ky + kg
Similarly, the net rate of formation of [T1] in the presence of quencher s
d[1, ;
—451'} = K381~k (11— ke (B 1=K, Q1]

By applying steady state approximation, we get
kSS1={k, +kL + K [ONIT]

___ kS
(4] k, +hL+k,[O]

1sc

By putting value of [Si] from equation (12.37) in above equation

K L

[T}= isc . a -
: kp +k'T +kq[Q] |k/c +kf +kISC

[A{

Putting value of [T1] in equation (12.36), we get
k kS /

¢ o L1 : - 3
7Lk, kO] kot 4k,

Isc Isc

g koK
(ke +h, +k, )(k, + ks +£,[0))
Dividing equation (12.38) by (12.32), we get

s, k kS (k) (R +h 4R

g, (12.38)

b (kerk B )b +lrk[0) kK

p'risc
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N e N A ()
» \ } (‘.‘
i
: g £,
e Y
"
;— =14 ;’s'\,r':“[(j] {(12.3%

Thia ( 1 1S o5 .
Chis equation 18 called Stern-Volmer equation for phosphorescence

Tha ot \‘ Y. > N B "
\nu‘““}““g' The rate of the Intensity \1,«‘ of phosphorescence in the absence Oi
i & -

"t 3 3} ST IR N B . i N . R
\‘m\“chm o the intensity \1__“\ of phosphorescence in the presence of quencher 18

P \“\,‘\\\'l-\\‘“ﬂ\ {Q th.(‘ ratio of t}\[‘ qlu\ntuln \'l&‘lds 20 ﬂba\“\ l\q“ati(\.n can be written as

—==1+k,7 (0] (12.40)

1812 THE PHOTOCHEMICAL REACTION BETWEEN BROMINE AND
HYDROGEN

The chemical reaction between hydrogen and bromine gives hydrogen
promude. The reaction can be initiated by heating or irradiation process. Mechanism
of thermal reaction is described in chapter 5. In this section we shell discuss kinetics
and mechanism of this reaction initiated by light absorption. Initiation step n
phomchemic:ﬂ reaction is different from that of the thermal reaction. Chain
pmpggmicn and termination steps are same in both cases. In thermal reaction
ininiation step is thermal decomposition of bromine molecule into bromine radicals
while in photochemical reaction the initiation step is dissociation of bromine molecule
as a result of absorption of light of sufficiently short wavelength.

; The overall reaction can be written as

H, + Br,—2 5 2 HBr

The experimental rate law expression for the above reaction was found to be

d[HBr] _ k[Hz]I%
dar - 1+ k' [HBI‘]
[Br2]

Where k and k' are constants and I is intensity of absorbed light (expressed
in Einstein dm-3s!). The mechanism of the above reaction 1s given below:

Br2 —-———>kl Br' + Br' (Initiation)

(12.41)

A
B
i
h—
- Ll e e R

e S ——
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ke ypynr e M-

Br® 4 I
1 + Bro—Rios HBr + Br'
M+ HBr — l’ y {24 ar’ ¢l-‘r'n;::u!nf|'m)
Bt s Brt - sy Br (Termination)
hanigm can be written g,

. of HBr from the above mec
11°1- kel H 1HBr]

The rate of formati

dl1Br] _ gy |21+ A8

di

d[HBr] _ ko[ B I[H11+ {ks[[}r.’]—-kj[}-lBr]}[[{-J
dt

H*can be determined using steady sta,

e of formation of bromine radical can p,

(12.42)

The concentration of Br® and
approximation. From above mechanism rat

wriiten as
d[Br] _ 21—kz[Br'][Hz]+k:~[H'][Brz]+k4[HB"][H']“2"‘5[3"]2

dr
0= 2] — ki BrJ[H2]+ kA Bral[H']+ ko[ H*|[HBr] = 2ks[Br'}’
J[H"]+ k4 H"][HBr]

ko Br*[Hz]+ 2k Br'] =21 + ki Br:
_ 2] +{k[Bra]+ k[HBrI}[H'] .

koBr’ 1[H2]+2ko{Br'T

Two unknown quantities Le. H*land[ Br" |are still present in equati
quation
ty without knowing the other.

(12.43), so we cannot evaluate the value of one quanti
formation of hydrogen radical we can

tate approximation on rate of

Applying steady s
for concentration of hydrogen radical as

get the expression
AU _ 4B J[H2)- ko[ H' [ Bra] -k« HBr][H]
0 = ko Br*][H2]—{ksBr2]+ kaHBr]}[H"]
[H*{ks[Br2)+kd HBr]} = ko Br'][Hz]

. ko Br'[H >

Nl LLo)
k3[Br2]+ k[ HBr]

By putting the value of hydrogen radical concentration from equati

into equation (12.43) we get

(12.44)
on (12.44)
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=27 +{k-‘m"2]+ka[HBr]} k| Br')[H:]
. ki Bri)+ k« HBr]
kZ[B}' ][HZ] 4 21\'5[87‘. ]2

2k(Br' ] =2J

=20+ ki Br)[H2)

kS[BI'. . =]

. 1
[BrY =—1
ks

. 1.:1
[Br']= (k—)2 I
_ 3 (12.45)
By putting the value of [Br']into the equation (12.44) from (12.45) we get

1 1

s 2
[H'] g L1
= 12.46
k3[Bra]+ k4 HBr] G

By putting the value of [Br'] and [H ] from equation (12.45) and (12.46) into
equation (12.42), we get expression for rate of formation of HBr in term of
concentration of Brz, HBr, Hz and intensity of the light absorbed.

1 1

1 -
ka(—)I1*[H:
d[HBr] G T

1 4= .
= k2(-k—5)2 I2[H2)+{ks[Br2]- k<[ HBr]} e F]
d[HBr] _ i 2 ks[Brz]—h[HBr]}
da k() L ]{H k:[Br2] + k«[HBr]

11 (kB z]+k4[HBr]+ks[Brz]—ks[HBr]}
_‘_I_[_Z%B_r]_=k2(—;;)212[1‘12]{ [ . k3[Br2]+k4[HB"]'

L1
kz(_g_)i P[Ha2ki{Br]
5

d[HBr] _
dt  ki{Bra)+ ke HBr]
ks Hi]
) ]?%[H2
d[HBr]_2k2(ks) [
g q LHE]

" k3[Br2]

e T -:.-:::*-i
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i (12.47)

PV AL

A1) |1

S L

Whero,
)
k = iM’)(A;‘)'
And
\n in equation (12.41).

' y ' ) IV
[Expreasion (12,47) ia same a8 f

0l M 0 DROGEN AND
PHE PHOTOCHEMICAL REACTION BE [WEEN HY.
CHLORINE ine in the presence of ligh
The chemical reaction between h}"‘"Ogcn]undl‘c;g](;mr}l}eocllrelnslteﬁl and Hange;
i dn § R : i n LJov, '
produces hydrogen chloride with explosion action. The rate law expression for

‘ ' inetic hi tochemical re
investigated the kinetics of this pho 1. 21e 1
" ir experimental observation 18 given below

12.13

the reaction on the basis of the
HC (12.48)
d[H( ll:/{/‘,[l‘/z_l
dt
Where I, is the rate of absorption of light in Einstein dm-3s-!. They proposed
the following mechanism for the reaction
Cl, —=—2CI’ (i)
Cl* + H, = HCl + H’ (ii)
H* +Cl,—2— HCl+CI° (i)
cr -—5’-“)2—]672 (iv)

In the above mechanism, step (i) is initiation and it is a photochemical
process. The chlorine radical produced in initiation step reacts with hydrogen
molecule to produce HCI and hydrogen radical which reacts with chlorine molecule to
generate HCl and chlorine radicals. The combination of chlorine molecule is a
termination step. The above mechanism was suggested in the absence of impurities
like oxygen for equimolar quantities of hydrogen and chlorine. The net rate of
reaction in term of rate of formation of HCI according to above mechanism, can be

written as

LZC’ L e )+ kfCL (12.49)
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. L abeve eaprvaaiag anl Hun'l: “t”l'“HHM“M“" e Lwo unkpown (quaniities in
; (hie eh il e b detorimdol  aing stepdy  aliate
1 apprnin o N§ WARdy BT
Henwve net \"‘_‘“’ eltovmation ol alilonine Piiiend b

?,a d|l ) Y

PR (R T S (A T R R (R

l Apphv g steady state mnpproxim it ion

f e V) { Y

W M VAU k)1 k|

CLCTI R I =20, vk CL 1 (19,505
sitlaely net vate of formation of hydrogon radienl s

;

d T "

- i SRACT\ H - kL

ol

O K CEN ) A CHY L HE

Ko\ CT | ) K CL 1 (12.61)
Subtracting equation (12.61) from equation (12.60), we get

|

RO ) = 21,

? 2

|CI* )= &g (12.62)

! K4

'» By putting the value of l‘(‘l"] from equation (12.62) into equation (12.51), we
E~ gl‘{

£ /

t k> -~-—'—'—]l”.‘l-‘~"¢ik.ll( L)
; ka
b
s LH I:._,_,_(_...z_l_...l (12.63)
kaka|Ch) -
E Equation (12.63) gives concentration of hydrogen radical in term of
E concentration of He and Clp and rate of absorption of light.

' By putting the value of [Cl']nnd [H']from equation (12.52) and (12.53)
] respectively into equation (12.49), we get

: 2 (2 .
dHen k{:-'-“-)[u N+ kpcry LD
dt (4 kaka[Cl:)
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dfHo M( '}IH'
ll“‘, ‘\..:LJ

dlHCT) { 4k: '}u//zl

i \ ka | )
ANy
dt !

Hence rate of reaction depends upon rate of abgorptlon f)f radmtmn and
’ : ' r ) .
concentration of hydrogen. The above expression is similar as given in equay,,
(12.48),

12.14 CHEMILUMINESCENCE

“The process of emission of cold visible light as a result of chemical reactinn, is
called  chemiluminescence”. 1t is a reverse of photochemical reaction. [y a
photochemical reaction, reactant absorbs light and get excited then goes into product
through activation by light absorption but in chemiluminescence, one of the product
formed is in excited state. This product comes to ground state by emission of
radiations, A general scheme for chemiluminescence is given below

A~ B (product in electronically excited state) (i)

B'—3 (product in ground state) + A0 (ii)

In above scheme, reactant A is converted into product B in its excited state
(B*) and then B* emits light (hu) to produce product B in its ground state. In this
way chemical energy is converted into light energy. Some living organisms emit light
and show phenomenon of chemiluminescence is known as bioluminescence. For
example oxidation of protein, luciferin by atmospheric oxygen in the presence of
enzyme luciferase produces cold lights which can b seen by naked eye. The
chemiluminescence occurring in living organisms is called bioluminescence. In other
words, bioluminescence is the emission of visible light as a result of a chemical
reaction catalyzed by enzyme in living organisms. Chemical reaction between NO
and Oz generates NOz in its excited state and O» in its ground state. NO:2* is
converted into NOz by emission of light in the range of wavelength of 600-2800 nm as
given below

NO +0,—— NO; + 0,
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19,15 PHOTOSENSITIZED REACTION

A Y "y )
N .hll.l‘\:\‘:;";“:-v::::;li‘: mn‘h-v.nlun which do not nheorbh light energy which is required
for a ¢ ’ ¥ UG of thone moleculon, They do not undergo shotochemics)
n\mgnun. When n lm'ult:n subptnneo in ndded ;,; the l';!i"'.l.llnn ""”“”‘,‘_ 1'|n'en’\,hl;=v':
I-N\c(nm.u m'u\ be converted into produets in the presence of li;"ht ‘:”-,‘m foregn
substance 18 called  photosensitizor, theso renctions nru-' :-uih-rl. ;hnih;-‘hrmﬂ'L'I,;:d
reactions and the procens is called photosensitization, o ‘ o

Moulumism of Photosonsitization

A photosensitizer absorbs light becomen excited and then pass on this energy
to one of t?\g.‘, reactants to activate it without iteelf tnking part in the reaction, Hence,
photosensitizer acts ns an energy carrier, The role  of photosensitizer in
plmtoscnsit.lzud reaction is similar to that of entalyst in thermal reactions. A general
mechanism of a photosensitized reaction can be written ans

P+ho——>P*

In ﬂbQW_? scheme, P is the photosensitizer in ground state and P* is the
photoscnmt\zer in excited state.

P +S—S +P

Where S is the reactant in ground state and S* is the substrate or reactant in
excited state.

S ——> Products

Examples of Photosensitized Reaction

1. H. gas undergoes dissociation in the presence of light when Hg vapors are
present in the reaction mixture according to this scheme.

Hg+H,—2H + Hg

Mechanism of this reaction 8

Hg +hv—> Hg’ (Excitation of Hg) \
Hg +H,—H * + Hg (Energy transfer)

H; ——2H (Chemical reaction)
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12.16 LASERS
highly intense, coherent,

The term laser stands for :
device which
of light.

“Laght Ampliﬁmrio
ation” 1 produces &
Radiation”. Laser 18 2 pr

monochromatic and unidirectional beam

Principle of Laser _
standing pumping, spontaneous

roduction of laser can be explained by under

emission and stimulated emission

(i) Pumping
g, electric discharge, intense

assed through lasing medium. These agents cause
vibrational energy levels of high energy. Thus

excited states become more populated as compared to ground state by Pumping as
shown in Fig. 12.9 where Ex becomes populated as compared to Eo due to pumping

energy. Electrons are unstable in excited states as compared to ground states. Their
o electrons jump to relatively stable

life time is 10-13-10-!5 seconds in excited states. S
excited states called metastable states Ex (life time = 1073 seconds) by releasing

undetectable amount of heat.

~ca

First process
radiations or electric current is p
excitation of electrons to electronic and

is pumping. During pumpin

(1) (2) (3)
=5 i E": .
: E, ; Ex E"
x : E,' ’_ 4 xI 7
[] ’ v - \'/ X

: : E, £, —8— —@8—

Excitation Partial relaxation Metastable excited

state

Fig. 12.9 Pumping or excitation

(ii) Spontaneous Emission

emisaior;s "All oxcited Piit&jl state may lose energy equal to E. — Egby spontaneous

orientation of all excit ;’3 pecses may fob lote anergy at sameZRume. Mareover

random Drocees. Po Fited molecules is not same also. So, spontaneous emission is 2

and travel in differe otons produced by spontaneous emission have phase difference
avelin different directions, thus they are termed incoherent (Fig.12.10).
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Fig. 12.10 Spontaneous emisgion
(i) gtimulated Emission

Photons produced in previous step are struck up by other apecies in sxcited
gtate. Photons induce them to lose energy immediately. Thus all atom# get, de-excited
and produ?e such photons of equal energy, same phase difference and travelling in
similar orientations (Fig. 12.11). Photons produced by stimulated emission get
multiijEd within very small time and an intense laser beam is produced. Fnergy of
col.l-idi_ng photons is almost equal to the energy of photons produced by stimulated
emission.

(1) b (2) (3)
Ex s
'xll R s
, E/ = — !
P i T itk i W —— — i
EAYAC A YA g gl
/\/\') : /\Z > /\/\‘)V N> Py
— Eo 8 — - —B—

Fig. 12.11 Laser production or stimulated emission

Population Inversion and Light Amplification

In normal population more atoms will reside in the lower energy state than
in the excited state. Whereas, a population inversion is that condition, in which
higher energy state has a greater population than the lower energy state. Laser
action depends on the inversion of the natural excess population in the lower state
and then getting the excited state to emit all the excess energy at once. Let us
consider three different states at which atoms can reside i.e. E; is the ground state,
E: is the higher energy excited state also named as short lived state and E" is the
metastable state also named as long lived state as shown in Fig. 12.12. A metastable
state is an excited state in which an excited electron is unusually stable and electrons
spontaneously fall to lower state only after relatively longer time. The transition
from or, to this state is difficult as compared to other excited states. Hence, instead of
direct excitation to metastable state, the electrons are excited to higher energy level.
Then, electrons spontaneously fall to metastable state. The incident photons of
energy (hf) are used to raise the atoms from the ground state to the excited state but
the excited atoms do not decay back to ground state directly. Thus, excited atoms use
alternative by decaying sporitaneously to metastable state, the atoms reach
metastable state much faster than they leave metastable state. This eventually leads
to the situation that the metastable state contains more atoms than ground state this
situation is known as population inversion. Once the population inversion has been
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Fig. 12.12 IHustration of population inversion and light amplification

Three and Four Level Systems

Three and four level systems are used for production of laser shown in Fig.

12.13. Electrons jump from ground state E, to an excited state Ex by pumping. Later
they move to a metastable state E, by radiationless transition. From Ey, molecules
jump to E. and produce laser. This occurs in three level systems where electrons

ctween three states. Four level system is little different. Here four states are
involved. From excited state E;, molezules jump to another state E; by emission of
photon and then immediately jump back to E.. Energy of E; level is greater than that

of E.. Four level systems produces more intense beam because here population
inversion attains rapidly by input of ¢mail pumping energy.

Fasttransition
—E, =Rk oS
;“_Ey - Ey
- Ez
A/”
Eo Eo
Three level Four level

Fig. 12.13 Energy level diagrams of different laser systems
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) Laser medinm: Lasey medium

madium is excited by the

it 18 the gain moedinm
photons  takes place

amphfication. Some dyes in organic solv

liquid lasers. Gases like enp k

gases ke Helinm-Neon are

in also know ‘ ‘ i
n as gain medium, The gai
pump source ALl

in which gp(:-‘l:t}:‘ll“n‘duce a pupu‘lnt.'um uwem'\vnn; and
lendine 1 : cous and unmu\ute'd emisaion of
& to the phenomenon of optical gain, or
! ents are used as a laser medium in
bon dioxide, argon and krypton ore mixture of

used as gain medium in gas lasers,
a Opnf‘,:\l 1‘1,\\“mmtm‘: The optical resonator 18 also known as optical cavity. It
consists ‘ot two parallel mirrors placed around the gain medium w&;'\ch
}\l‘\\‘\‘ld‘k‘ feedback of the light. The mirrors are given optical coatings to
optimize their ‘1‘0.110,cti\'e properties. Typically one mirror is a high reﬂéctor,
and the other is a partial veflector called ouéput coupler. The output coupler
allows some of the light to leave the cavity to produce the laser output beam.
Light from the medium, produced by spontaneous emission, is reflected by
the mirrors back into the medium, where it may be amplified by stimulated
emission. The light may reflect from the mirrors and thus pass through the
laser medium many hundreds of times before exiting the optical cavity.

These principal parts of laser are shown in Fig. 12.14.

Mirror
1
< Lasing medium

] Laser

S—. | béan

RadiationsT T T T /\\ T /\\ T Pama\\\.[.
T transmitting
( Pumping source \‘ Taor

r— ¥
L S SR L U

Fig. 12.14 A schematic diagram showing principal components of laser

Types of Lasers

Lasers can be classified according the following different schemes.

1. On the Basis of Active Media

] ' uch ki
(@) Gas lasers: active medium used in gas lasers is gas. e. Examples of s
of laser are He-Ne laser, CO:z laser and N2 laser.
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2. On the Basis O
Continuous wave lasers

tay

§s). Pulsed lasers
f Number of Metastable Levels in Laser

3. On the Basis o

3 level lasers

(a}
(b) 4 level lasers
Applications cf Lasers
ous fields. Applications of lasers 1n some fields are

Lasers are used 1n vari

given below

In medicine: lasers are used in surgical treatment, vision treatment, kidney

<ione treatment, dentistry, hair removal, skin treatment ax}d tattoo removal
the stomach with very little loss

Laser beam can be used to remove ulcers in

of blood. Because of the burning action of lasers, the cut is also clotted and

sealed immediately. The accumulation of red blood cells just under the skin of
ed port wine stains. Laser

people appears in the form of red marks, call
surgery is done to remove these marks without damaging the outer skin

L.

surface and the surrounding blood cells.
In the military: lasers are used in missile guidance, radar replacement and

target guidance for defense purpose.
3. In electronics: lasers have applications in CDs, DVDs, laser printers,

holograms and barcode scanners.
Industry: laser beam can b: used for cutting, welding and heating variou

materials. :
In research: L.,ase‘r spectroscopy is the branch of spectfoscdpy which can b
gsed for qughtgnve and quantitative analysis in scientific research. Lase
light scattering is used to characterize polymer and colloidal materials.

En:uonmental science: Lasers are used as environmental monitori
ins : : )
ruments for detection of various pollutants present in the atmosphere.
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