PHOTOCHEMISTRY |

[N INTRODUCTION — INTERACTION OF RADIATION WITH MATTER
Photochemistry is defined as that branch of chemistry which deals with the study of interaction
of radiation with matter resulting into a physical change or into a chemical reaction (called
tochemical reaction) whose rates and mechanisms are studied afier initiation by the radiant energy.

pho .
Though the term radiation includes all types of electromagnetic waves from very low frequency microwaves
uency X-rays and y-rays, the

to medium frequency infrared, visible and ultraviolet radiation to high freq
diation of photochemical importance are those which lie in the visible and ultraviolet region from 8000

rad {
- 2000 A (800 — 200 nm).
Thus the two main processes studied under photochemistry are :

(7) Photophysical processes

(i7) Photochemical processes or photochemical reactions.
rocesses which take place in the presence of light but do not

Photophysical processes are those p
i ion. These processes arise on account of the absorption of light by the
ission OF the absorbed light. If the absorbed light is emitted instanteously,

resuil i,

substances followed b
the process 1s called fluorescence. If the absorbed light is emitted after some time lag, the process is

called phosphorescence. Further, if the energy of the light absorbed is sufficiently high, the electrons
may not only jump to the outer levels but may leave the afoms completely ; the process is called

photeelectric effect. Thus photophysical processes include phenomena like fluorescence, phosphrescence

and photoelectric effect.

Photochemical reactions are those reactions which take place by absorption of light by the reacting
substances. These reactions are generally brought about by the absorption of light radiations of the
visible and ultraviolet region which lie between 8000 — 2000 A (800-200 nm) as already mentioned
above. In these cases, the light energy absorbed is stored within the substance and then used for bringing
about the reaction. A large number of different types of reactions can be brought about by exposure to
suitable light e.g. synthesis, decomposition, oxidation, reduction, polymerisation, isomeric change etc.
Two well known examples of photochemical reactions are given below :

(7) Combination of hydrogen and chlorine to form hydrogen chloride

H®)+Chie) —>— 2HCIE)
(i7) Photosynthesis of carbohydrates in plants taking place in presence of chlorophyll, the green

colouring matter present in the leaves

Light
6CO, : 6HO ooty CeH 1204+ 60,

From air

3
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"‘ELECTROMAGNETIC RADIATION'

below :

(/) They have dual character i.e. particle character as well as wave ch :
beam of light is a stream of particles called photons moving through the space in the form

The term ‘electromagnetic radiation’ represents the radiant energy emitted from
form of light, heat etc. Some important characteristics of these electromagnetic radi

any source in the
ations are given

aracter. For example, a
of waves.

(i) These waves are associated with electric and
magnetic fields oscillating perpendicular to each other and
also perpendicular to the direction of propagation, as shown
in Fig. 3.1. That is why they are called electromagnetic
waves.

(iii) All electromagnetic radiations travel with the
velocity of light, ¢ (= 2-998 x 10 ms™! = 3 x 108 ms™1).

(v) The wavelength A of the electromagnetic radiation
is related to their frequency (v) and velocity (c) according

to the equation c = v Aor A=clvorv= c/\. As the quantity |

1/.= ¥ is called wave number, hence v = ¢v. It is still very
common to express Vv in terms of non-SI unit, cm~! when

Ais in cm and ¢ is in cm s~). Frequency v has the units 57!,

DIRECTION OF
ELECTRIC FIELD

DIRECTION OF RECTION OF
MAGNETIC FIELD E‘RQPAGAT\ON

' FIGURE 31
Electromagnetic radiation travelling
in the form of waves and associated
with electric and magnetic fields at

right angles to each other.

(v) As stated earlier, electromagnetic radiations are made up of photons. Each photon is a packet
of energy whose energy is given by Planck’s equation viz. E = hv where h is Planck’s constant

(= 6:6262 x 10734 Js).
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Fig. 2. Decrease in the intensity
m can be found as follows :

(I) at any point in the mediu

on (1) can be written as :

dl
e k dx (2)
At x=xp,1=1
. and at x=x 1=1
. On integrating equation (2) between the limits of thickness of medium x =0 to X and
i= Ipto I we get equation (3).
1 ¥
al __ [ kdx (3)
Iy I x=0
o I
(1], = klxlg
~[ln1-1Inlp =k {x-0]
In-L = —kx
Iy
o , __1__ -=‘e—kl" ;
[ =lge™ 8 SRR b e weld)
is the intensity of transmitted light, k is a

dent light. I
d nature of the absorbing

avelength (4) of light used an
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, . T |
- \ ; light Io is reduced to o —~C%,

. Equation (4) shows how the intensity of incident “
Cey, Passi(x]m thmu(gl)\ a medium of thickness x. The difference between Iy and 1 gjy, theti};\tle:?f‘? i
/e of light absorbed. t (17

T . 10 = IO -]

4 or I =1g- ek ich is derived as foll
: Equation (4) can be written in another form, which is te'r Ows :
7 On changing equation (3) in terms of logarithm, we get :

&

> -8

i}
: S
FOS," it is called the absorption coefficient (formerly called

absm‘ptivityt, i
extinction coefficient). It has units of [length]-1. i
quation (6) can be written as : ]

el MR E AR TS
e
o
N
&
(&%)

where K =

log LS =~ Kx
Iy
' I
or . =107 Kx

Iy
I =]px10-Kx
Lambert’s law is very rigid and like Faraday’s is, it has no exception. §
Physical significance of absorption coefficient ‘K’ .
Equation (6) can be written as

K === log -

]
L
]

|&

L I
10 .Q'=1r- l' —Q-=
thus, Pt I L Implies ;=10

» ted i
s where, I = Intensity of tranejm};‘ s
o = Intensity of absorbed lig
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nce- The ratio "(108 _) is term,
0 Al’f’""ba Ip ed as absorbance of the medium. It is denoted
?
. absorbance was termed as opti >
) e : Ptical density (D) or extinction (E).
4 A= log-lg
. ...(9)
: ity or absorbance is the | i : ¢ (
’k‘:ical density 1 ogarithmic reciprocal of transmittance.
( D= ]og:r— = A
..(10)
R’s LAW

E
V
5" 1w shows that there is a relati i
o's lav li’ltIOI\Shlp between the transmittance ‘T’ and thickness

P er obser g
edium. Be ved that a similar relationship hold between transmittance and

et -
gthe on of 2 solution.

n’ﬂ"a . tates that, “the i ]
s 's law sta » mtensity of beam of monochromatic light decreases exponentially

o ncrease i corzcerftmtion of absorbing substance.”
:\qa[hematically, Beedrls law for a solution of concentration ‘¢’ is written as;
-—x Ic
dx
dl i
o Tt =+ ob afl)
where k' is the constant of proportionality. Applying variable separable to equation (1), we
iy write : ‘ :
dl i ;
I =i cdax ' ..-(2)

On integrating the equation (2) between the limits x = 0 to x and I = ] to I, we have
wtion (3)

: .
dl v
—_— -—fk’cdx
= ..(3
. I ) 3)
1
~[In I]IO =k'[x]g¢c
nI1-1Inly] = k' [x-0]c
I
0 ln-I—- 5 _klxc -..(4)
0
I
or il — k'
; Io = e k'xc
o I =1y —Kxe .(5)
o e reduced (to 1) after passing

of incident light (Io) 15
d thickness %!,

‘!&;ﬁﬁ‘_’“ (5) shows how the intensity
the intensity of t

;'*‘The  solution of concentration ‘¢’ an

e : ioht absorbed
. erence between I and 1 gives he light a

L.=l-1 prk2e : hange in logarithmic
L%& T . denvedbyc ang g
’ hing’nm be{, Wﬂtten in another form, which canbe

ooy
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2.303 log = - k'xc
Iy
I it ..':-.k--— xXc = ~K'xc
or log I, 2303 2

. it is called molar absorption coefficient (formerly called are

Xtip,
ation] [length]-1 iy

2.303 _ (concentr
C“L-Hicivnt or molar (’le()l’P“V“Y)- Its units are |[C
Equation (6) can be written as

where K’ =

logl—lo— =~ K'xc

or i.I_ =10~ K'xc
0

or I = IO X 1O_K'xc )

: I, ik :
. A Plo't of logg Vs ‘c’ is a straight an I \
lm}g passing through origin, having slope | -
= K'x, ‘ T

It is clear from figure (3) that at higher |
concentration a dotted curve is obtained 1
Instead of a straight line. Thus, this curve |
shows the deviation of Beer’s law at high , |
concentration of the solution used. i g

Limitations of Beer’s law A concentration ()

1. This law holds good only for light : o
of single wavelength (i.e., monochromatic Fig. 3. Plot " absorbange ¥
radiation). ‘ concentration of solution.

2. The law is applicable to dilute solutions only as deviations are observed for solutions
high concentration. :

Physical significance of Molar Absorption coefficient ‘K’

The formal equation of Lambert-Beer’s law can be given as :

I
103'1_ =-K'xc
0

I 1

i
K' = —_l — "= — 10 R
or = 08 I, or K ps g I
If log .I.Q. =1 and concentration, c = 1 M
I
; 1
Then K' = =
X
, IO . . IO
Also, log T =1 implies 7 =10
; 15
or I IBIO
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?910(}":"”6 the molar aboo}ption coefficient may be defined as, “the reciprocal of the thickness
ore th
; mere 1

o of one molar concentration which is required to reduce the light of 10 th of its intensity.”
19 rding to LamberbBegr’s law :
3 (C}C%ansmittance T is given as @ |
a
1= - .{8)
(b) Absorbance ‘A’ is given as :
" 1
| A =K'cx = —'10g-'1-— =-—logT (g)
0
| Equation (9) may also be written as :
| A
: K' = 'E; ‘
) | fe=1Mand x =1 cm, then K' = A ' ¥ I
1 from equation (10) it follows that the molar absorption coefficient is the specific z-sbsorpuon
: {wificient for a concentration of one mole per litre and a path length of one centimeter.
1 Hence, specific absorption coefficient (formerly called specific extinction coefficient) is
Hidined as, “the absorbance per unit thickness and unit concentration.”
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S~ WS OF PHOTOCHEMISTRY

33

) pasically two laws that govern the eff iati i i

o ﬂr;se iaws are : (1) Grothus-Draper law, ect of radiation on 4 particular chemical
Jmoga v of photoc:hemxcal equivalence.
% thus-Draper law. This law is also said to be “the fi istry.” |

10 1. : ; e first law of photochemistry. t

1’}goretifcé;}1)’vgs“ en by Grothos in 1818 and proved experimentally by Draper in 1841. It
A ollows : e )

d as
i\ o light falls on any substance, only that fraction of incident light which is absorbed by the

joht
when 181 3
} , can bring about @ chemical change; reflected and transmitted light do not produce any such

e
Fyis jmportant to note that all the absorbed radiation may not necessarily bring about a
y mical -rf.:actlon.

?b‘:vhen conditions are not favourable for a reaction, the absorbed light is converted into
ot While 19 some cases, the absorbed light is re-emitted as radiation of same or different
quency. Gmtk}us—Draper law is purely qualitative. It does not give any relationship between
+p amount of light absog’bed by a system and the number of reacting molecules.

Ty Law of Pl"‘:’t_"c}“"“"-'i‘l Equivalence. This law states that, “Each molecule which takes part
g erical reaction ‘TE»’SU”[’:‘ one photon of light which causes the reaction.”” It is also called, “the
" nd law of photochemistry.
recalled here that one photon (or one quantum) of light has energy equal to hv.

E=hv
ere h is the Planck’s constant and v is the frequency of radiation

e

* ftmust be

" wh
' AB + hy — AB* (1)
, {Reactant molecule) {Activated reactant molecule)

. Thus, in the primary process each molecule absorbs one photon. The energy ‘E’ absorbed

iy 1 mole of substance is given by the equation

Nhc
E=Nhv=—"IN= Avogadro’s number] ..{2)
/.

reacting substance is called an einstein.”
al to the wavelength of light

& “The quantity of :
4cording to equation (2) the value of Eis
bsorbed, 18,5,

energy ‘£ absorbed per mole of
inversely proportion

A
3 /

Thus, longer the wavelength, lesse

: PONAC i B 2.86x10°
. Substituting the values of N, h and C in equation (h)‘, we get, E = — e
VALUE OF EINSTEIN (IN $.1. UNITS)

InS1. system, N = 6.023 x 1023 mol™*
ho= 6206 x 107

3 x 108 ms~}

r is the energy of einstein and vice-versa.

k cal/mol

¢ _
g = Nio;we get
+ y 2

ubstituting these values in equation;

M jcuie/ mole
Ftaise
d mn al

E =
' o aig7w 1075k mel
? Photochemistry, energy 19 usually expresse
Lo Plev= 9648 K }_ﬂwle“‘i

xpwssed in metres] -
ectron volts [eV]
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35. QUANTUM YIELD OR QUANTUM EFFICIENCY

| artum yield (9) is defined as, “the number of molecules observed to undergo chemical reaction
W shton of light absorbed.” |
§ tenatically, the quantum yield is given as follows :

Nurnber of molecules reacting in a given time
Number of photons absorbed in same time

4 =
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Number of molecules reacting in a given time

or : — —— .
Number of einsteins absorbed in same time

Rate of chemical reaction

" Number of Einsteins absorbed
As predicted by Stark-Einstein law the quantum yield of a photochemica] ,

or

; act;
be equal to one as there is 1: 1 relationship between the number of photong abSOCtxon they |

4
t
%%

fbed

number of reacting molecules. However, the quantum yield of a photoc}mrmcal . ang
At

observed to vary from 100 to a very small fraction of unity (0-4).

Unexpectedly, high and low values of Quantum yield is described as bein, ;
a molecule activated in the primary step of a photochemical reaction initiates (’“Ca-,s
thermal reactions called secondary reactions. Under such conditions, thereisno 1 . ) a gy |
between number of photons absorbed and the number of reacting molecules, g, Miorgg
molecule activated in primary step may undergo deactivation, thus less thap ”7&12
may react for absorption of every photon. Hence quantum yield is less than one molf_% |
of quantum yield helps us to understand the nature of secondary processes, c(’rzce;,‘

Note. The quantum yield is dependent on the intensity of incident light.
3.5.1 PRIMARY AND SECONDARY PROCESSES

Photochemical resctions generally involve two processes. These are knowp as
process and secondary process. These can be detailed as follows : Pringy

1.. Primary processes. This step of photochemical reaction follows the law of photochen:.
equivalance. In this step one molecule absorbs one photon of light and gets excitefirmcad
higher energy state. This can be schematically given as follows : 02

A+hv — [A]
(Activated molecule)

The activated molecule may undergo a chemical change, it may associate or dissociy
itself to atoms or free radicals, it may lose its energy by collisons with other moelcyles o
may undergo phosphorescence or flourescence.

2. Secondary processes. The species (atoms, molecules or free radicals) formed in g
primary process may undergo further reactions which are called secondary processes.

. The secondary processes may involve one or more than one step. Sometimes, the seconday
process initiates a chain reaction. Such reaction may result in very high or very low quantus
yields. Both the primary and secondary processes can be shown in the following exampk: |

2HI BN, 41,

Primary Process. HI 1, H+1
Secondary Processes. H+Hl—H, +1
I+ I-—-—b-Iz

mmm 3.6. REASONS FOR LOW AND HIGH QUANTUM YIELD

As we already know that varying quantum yields are shown by different pho}ofgii |
reactions. The reason for low and high quantum yields registered can be given agsm(;tein

Low quantum yields. The primary photochemical processes follow Stark- oo |
According to this law, the quantum efficiency of primary process should be gn;mecul o
reactions the quantum yields are rgported to be low because the excite
deactivate itself by any of the following ways :

: d molecule may simply emit the absorbed radiation. ! rg)"
: g‘g '%Ee 2§tcl;::iazxemlecule may collide with surrounding molecules and lose ¢
e B '

fprm of heat.

L oy 45 2]
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cited md]c: umlg mr?;ftm “l,t :’i"nergy in the form of flourescence or phosphorescence:
goL 4 ith other molecules producing unwanted products.

3 cited icals formed i : S. .
l_;” T,h? awms/radxcals ed in the primary step may recombine to form the origina
5 econdary process may involve a reaction which forms reactant as one of the

£ . apy process may be reversible,
9‘”1‘118 pric” u%l, yields

f ntu
L QUATT - vields are explained
i qantum i€ plained on the bases of reactions taking place in secondary
5 NS : ’ cal reacti 5
jﬂ”ffnﬁ:jyield of order 10¢ to 10, ction between H, and Cl, to form HICI e
g'é‘;“, <OME PHOTOCHEMICAL REACTIONS
Wmhemical reactions and their respective quantum yields are given in Table 1.
A _ TABLE 1 _
Photochemical reactions with their quantum yields
peaction Wavelengths of light Quantum yield
used (in nm) (@)
l/};;—l;;"’ 2HBr | 510 0-01
| NHy— Np + 3H, 210 025
1 INO,— 2NO + O, 400 0-7
LHS— H, +5 208 1
17H— H2 + IZ 207—282 2
§30,— 20; 170 — 190 3
1,00 + Cl,— COCl, 400—436 | 10
2 10% — 106

tis lear from Table 1 above that very few photochemical reactions obey law (?f
wochemical equivalance and Stark-Einstein law. Some of these reactions and their

¥hanisms are discussed below :

LPhotolysis of Ammonia

2NH; ~ 500atm :
bllowing mechanism has been suggested to explain the observed quantum yield of the
e reaction, :
process :

Yondary | ‘-NHB*'h""f'NHZJ'H
ary processes :
BT
8.") NH, + NH, — NoHy
e+ Hoaiity 2

T])Q ; 2 +NH, — 2 + I3Ily .

g rfﬁictlons (i), (iii)zand (v) occur only to 2 small er)::::?:ss \pat the products of secon sy

“ear from the steps (i) and (iv) of the secondary P |
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Y16

process (NH, & H)
quantum yield (¢ =
2. Decomposition

recombine to fnrfm ?}?l\ﬂ(.;:r:i (E:\h
- bserved for |
X ﬁ)l:;c;‘r;gen jodide in the gaseous phase

e starting reactant), Thereg,,
re

(8,

ak:ﬂ

=

hy I, ¢ = 4
2Hl et #1 the quantum y;
Following mechanism has been prol?;’!‘*(‘d to explain q yield Obsew‘% "
decomposition reaction of Hydrogen jodide. i;
£ ’ ¥
Primary process. HI —— H+1 .
Secondary processes
(HL+ H — Hy+1
(i +H —1,+H .
(@)H+H —H, 5
() I+1 — 1, |
(v) 1+H —HI

In the above mentioned secondary processes,

step (iif) and (v) are highly exothenmc_m 1

products formed in these steps undergo dissociation as soon-as they are formed: Step fad-
reaction is endothermic and therefore takes place slowl)f. Steps '(") an.d (v) contribuge [ f
towards desired product formation which leaves steps (f) and (iv) as important secondmf
processes. 1 f
The decomposition of HI can thus be written as : J
Primary process : !

HI b A H+I

Secondary Process :
H+HI— H, +1
[+1—1,
Adding the above three equation, we get the desired reaction as :

hv .

2HI —— H, + 1, ) i

Thus the absorption of one quantum of radiation leads to the decomposition of tw§™

hydrogen iodide molecules. This agrees with the observed quantum yield (¢ = 2).
3. The Hydrogen-Chlorine reaction

hy
Hy(8) + Cl(Q) ~Ta0<=as0mm ~ 2HCI (g) '

The quantum yield of this reaction is exceptionally high (10* - 106). Following mM
has been proposed for this reaction. ﬂ

Primary Process :
Cl, + v — 2Cl
Secondary Process :

(i) Cl+H, — HCl+H (exothermic)
(i) H+Cl, — HCl+Cl

(i) Cl
(at the walls)

Reaction (i) takes place very rapidly because of its exothermic nature Reaction (i) ¢
on the ease of formation of E and hence quickly follows step (if) of the secondary
Once the rea_ctlon starts by absorption of one photon of light, a very large Ui
hydrogen chloride molecules are formed as result of the repitition of stePS‘:;(g- e

the quantum yield of reaction is exceptj : 4
| Theriztrgd i t;l‘e walls of the vessel. ptionally high (10* to 10°)

1
— —=Cl,
2 o

car



HE™™ : ‘
VHOTOG antum yield of the reaction between hydrogen and chlorine can be reduced if small

e I¥ n is introduced into the reaction vessel. Oxygen reacts as :

;‘;’of o8 O H s HO, Y8 S
¢ 0, + Cl + HCl— HO, + Cl, .. (b)
' thefreeT adicals formed in primary and secondary processes react with oxygen causing
| W ination, this way oxygen helps in reducing the quantum yield of hydrogen-chlorine
il . The substances which reduce the quantum yield of a photochemical reaction are called photo-
o ;

\},»ﬁimflﬂ;;&mgen.lxromine reaction
o |
H,(8) + Bry(g) M | 2HBr (g) ; ¢ = 0-01
spove reaction reports a very low quantum yield. For this following reaction mechanism

d.
§S p;ignafy Process :

secondary Process :

' (Br+H,  — HBr + H[endothermic]

§‘ (igH+Br2 — HBr + Br

 @H+HBr  — H, + Br

@m2Br  —>Bn, | il

- Reaction (7) is endothermic and thus takes place very slowly. Further, reactions (if) and (iif)

depend upon the ease of formation of “H’ in step (i). As reaction (i) is very slow therefore the

olowing reactions (i) and (iii) also take place slowly. Step (iv) of the secodnary process
parks the recombining of Br-atoms to form Br, rather than HBr. As a result of all these
fcondary processes, the quantum yield of the reaction is very low at ordinary temperature.
{However, on increasing the temperature at which the reaction occurs, the quantum yield of

on increases this is because at higher temperature the endothermi ion (i) i
'S
5. Dimerization nf Anthracone in nnnunga P FEPE PR, Iedction (1) N favoumd.

Br, + hv — 2By
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mm 3.8. EXPERIMENTAL DETERMINATION OF QUANTUM YIELDS

Number of moles reacting
Number of einsteins absorbed

We know that; Quantum yield, ¢ =

ol ield involves :
Therefore, experimental determination of quantum yield

b e er of moles of reacting substance in a given time, ie., the |
(1) Determining the numb Tate
chemical reaction.

(1) Determining the number of einsteins of light absorbed by the substance i, Same g - 1
3.8.1. EXPERIMENTAL SETUP ; i

The arrangement of apparatus used for the study of photochemical reactigpg is Showy i
figure 4 as below :

1} 8

b é = oy TN
o I W g ]S S Ry Pt o el
T 5 Reaction| o
- == cel Kkt
T\ B Bttt LT T > ::::'_‘::-_-_-_-_-__-_{::::::::: -y
5 ! e Ly
o © 4 U
A (Lens) (Filter) D E
(Light source) (Photochemical cell) (Recorde

. _ €T 1S used for measyyin, intensity of absorbed rudiatio 1
photochemical reactions of known quantum yield. The most comxfxonly usgd{\cti;om;tcr is uratf

sts of solution of 0.05 oxalic acid and 0.01 M urany] sulph&;
Is as a photosensitizer. -
The reaction involves decomposition of oxalic acid, sensitized by uranyl ion (uo)
uranyl ion absorbs light and transfers the absorbeq energy to oxalic acid. The rections invo¥
in this process can be given as : '

UO%* + v —s (UO%")‘

"~ Scanned with CamScan



P, oxalic acid decomposed can be determined by titrating undecomposed oxalic acid

, solution. _ ;

. K’““oﬁ ¢ is a combination of 1hcr1fnocouples. It is made up of large number of junctions of two

{ & gls (Ag and Bi) .iomc‘_i in series. One set of junctions is soldered to a metal strip blackened

Jis;%m.,;ar t:;ck. The other set of junctions is protected completely from the radiation by placing the
P

oy «. This can be described by the following figure :
%
-8 k
2 —
= Metal
Strip
mA
Q (mitkammatar)
f
MARIIA 22 Any
y

Fig. 5. A Thermopile

§  The radiation falling on the blackened strip are absorbed and the temperature of junction rises. T’nc
mpcrllm difference between hot and cold ends of a junction generates a current. This current is
¥ pessured by using & milliammeter (mA). The increase in the temperature is a measure of intensity of
§ ie clecromagnetic radiation used. By callibrating the thermopile with radiations of known intensity,
¥ e intensity of desired radiation can be determined.
| The procedure involves two basic measurements © ‘ . |
" (i) Measurement of intensity of light absorbed. First of all the reaction cell is filled with pure
. solvent and is exposed 1o radiation. This gives the amount of energy incident on the system Then the
§ ool s filled with the reaction mixture and is exposed to same radiation for same time. This indicates
e amount of energy transmutted by the system. The difference between the incident energy and
§ nnsmitied energy gives the total encrgy absorbed by the reaction mixture. “
§ (i) Determining the rate of chemical reaction. Chemical kinetics of a reaction are used to determine
‘e number of moles reacting in a given ume. lTu fm_c:au.un: dlh:: rlalc gf reaction, small samples of
rALON mi ite intervals of time and analysed.
f 3 W ;gfa::kgm&f:;ﬁx;smng the change in some physical property li_kc refractive
4 hﬂexm”?ﬂmtl rotstion of the reaction mixture. The rate of reaction thus dctcrmmc'u'} ‘g(;ve? zhcr numb;r
§ 1 moles of substance reacting per second. Thus we can calculate the quantum yield of reaction by
g owing the rate of a reaction and the intensity of light absorbed.

w
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