(CHAPTER5)
'Ph°t°°hemistry
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" 21, INTRODUCTION -
| i ’Thn term radiation inc!uLTIﬁ?ACT'ON OF RADIATION WITH MATTER
~ microwaves 1o medium thIju[:nq; infs: {:'" es af electromagnetic waves from very low frequency
gnd 7-rays. However, the visib), and ii-rqt,‘ » Visible and ultraviolet radiation to high frequency X-rays
\(800-200 nm) are more importany. The 1 radiations having wave length lying between 8000-2000 A
Jfies between 150 kJ and 600 k1. Th 53 band dissociation encrgy per mole for most of the molecules
" phercfore, if a molecule absorbye - E5C energics arc available from the visible and UV radiations.
occur. A tion of 2 htﬁ S @ quantum l}[ visible or UV radiations, a chemical reaction can
 sssentially involves (he photon of light may raise a molecule to an excited electronic state which
\ Yy = HIE promotion of an el ; o sl te .
antibonding molecul; ectron from a bonding molecular orbital (BMO) o an
B molecular orbital (ABMO). In the excited state, the atom or the molecule is more likely
- o undergo a chemical reaction in the ground state :

The branch of chemistry which deals with the study of interaction of radiation with matter
hysical change or into a chemical reaction is called photochemistry. The reacltions

resulting into a p
which are brought about directly or indirectly by light radiations are known as Photochemical
The two main types of processes studied under photochemistry are :
() Photophysical processes
(if) Photochemical processes or photochemical reactions. :
Photophysical processes. These are the processes which take place in the presence of light
radiations but do not result into any chemical reaction. Some important examples of photophysical
- processes are fluorescence into phosphoresecence and photoelectric effect. These processes arise on
substances followed by the emission of the absorbed light. The

account i [ light
DCCSS gfgg:“bﬁairﬁ::g;:u;u, gythc absorbed light is emitted instaneously. If the absorbed light
the jprocess is called phosphorescence. Further, if the energy of the

P ime lag,
E emitted after some fime igh, it may lead to the emission of clectrons from the atoms and the

ight is sufficiently
Mbc?s l::ﬁlcd photoelectric effect. _
hemical reactions. These are the reactions which are t about by the
Photocr light by the reacting substances. Thesc reactions arc usually brought about by the light
absorpti sorption o e visible and ultra violet region (having wave lengihs between 800-200 nm). In the
whm%:al reactions, the light energy is stored within the substance and then used for
. oo aboul the reaction. ) ‘
portant examples of photochemical reactions are :

Some im . 2HBr-+H,+B
Eg)m“ww: H,+a,i+mrcz:l
(mww:%u+ﬂrzfciﬂupr+}mf

iv) :

(v)
/) Polymerisation :n GH, » (CH,)
E%W:me-mw

Ll
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(i) In the presence of
Fhoto-cntalytie reactions « Photosynthestis of carbohydeatens in plants
chdorophyil, the m: colouring matter of loaves of plants.
Lighi - S
[ I L LU

o nly

FFERENCE BETWEEN THERMOCHEMICAL REACTIONS
i E:'m THERMAL REACTIONS) AND PHOTOCHEMICAL REACTIONS

Photochemical reactions differ from  ordinary thermochemical (or dark) reactions g
sumnmarisod in Table 9.1,

Table 9.1 Difference between Photochemical and Thermochemical reactions

| Dark or Thermochemic Reactions Photochemical Reactions =i
(1) [These reactions involve the evolution or | These reactions nvolve the absorption of photons of |
absorption of heat. light.

(#) | The presence of light is not necessary for | The presence of ight is an essential requirement for
the reaction to take place, the reaction to take place.
(#1) [ Temperature has significant elfect on Temperature has no significant effect on the rate ol a
the rate of a thermochemical reaction, photochemical reaction. On the other hand, the
intensity of light has a marked effect on the rate of a
photochemical reaction.
The free encrgy change (AG) of a photochemical
reaction is not negative in all cases. For example, in
the synthesis o carbohydrates by plants and
decomposition of HCl into H, and Cl, and Cl,y, AGas
positive but the reaction is spontancous.
In these reactions, the required activation | In these reactions, the required activation CNCTgy 15
encrgy is provided by inter-molecular gained through the absorption of quanta of visible or
istons or is supplied in the form of heat. ultraviolet light.
() [In thermal reactions, exposure to heat|In photochemical reactions
radiations, increases, in a random species (atom or molecul
manner, the translational, rotational and |excited state inde
vibrational energics of all the molecules|the reactions.
to almost the same extent i.e. there is no H, and Br, to
selectivity, For example, cxposure of a
mixture of Hz and Bra to heat radiations
would cause the excitation of both the
bromine and hydrogen molecules.

(») [Free energy change (AG) of o thermo-

chemical reaction is always negative,

(v)

only a single selected
¢) can be promoted to an
pendent of other species present in
For example, exposure of a mixture o
radiaions of wave lengths between 450 n
and 550 nm, results in the excitation of only the
bromine molecules,

light acts essentially as a catalyst and speeds up the reaction.

_ :ulF_assuciatcd with light radiations increases the free
reactant molecules s iciently so that AG becomes negative,

e msnmne ABSORPTION OF LIGHT
7 N = ThthEm &"deylamhm (1760) states that :
2. H = E_".L ".."'Iﬁ:'t_'“” c I' . h , L :
e et o Ienstyof the g ouEh
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B - e | - / '!‘hm
e
iy gy : . ity constant k is P
o 1, Mborpuion coeliciat and ity vale depends T
apeg e tUTe of the g o
_ab.::;,‘;u':‘hmmydmrmmnm — e
of pag cHium (ie, when x = 00), then the - et
Sart of 1he Al any point X' at a distance x —
(1) as (ol ges  Medium’ can be obtained from e
ranging Decreass in intensity on Passing
when Equmﬁm“}.w':!ﬂ‘ ﬂ- — kddx o %3 ml; medium.
h'ﬁsruﬁq; J'=i].ln]n-x=_;']=] ~(2)
“qu '
:'::' (2) between the limits x = 0 to x and I=1; 101, we get
ol X -
g T ke or = — 3)
Taki . 1 . 0
ﬂhnglnhjog T{: kv o =
15 the “ﬁﬂinal . . . or = "ﬂ't _{S]
‘Ilh ‘-l'lil.'.nsu]. and T i A J . .
ercfore, the illttnsity of ligh 1s the intensily afler passing through a thickness ' of the
t absorbed (1 is given
Substituting the valy Il'f" =h=1 o . .A6)
i l'mm Cqumi“n (5:! W
Ii-hi = [n — I, e~ %= get -
changing the natyra) . or e =11~ )
!Ilr logarithm 1o base 10, the cquation (3) can hc:v;llcu as
2o log)y—= — :mx
log | ¢
—_— __kl I i -
101 * ~(8) ur i =107%*% o l1= I, % 107K \ (9}
sre k' is called extinction coeffj ] ; -
ption coelTicient k by the ﬂp:‘::g:‘;r absorptivity of the absorbing medium and is related to
et
2303 (10)
significance of the a i
baapﬂvnyu'eﬂmcliunlmetﬁciam Rearranging equation (8), we get
[ ‘]‘_- 1 Ny 1 (]
k== loggy="logy (1)
1 Iy
== if | ) |
x %B10 ]

b Iy

_.]_:__gm—l-=1 only when =10 ie, 1=

 absorptivity or extinction coefficient may be defined as ;
inrocal of the thickness of that layer of the absorbing medium at which the intensity of
d to one-tenth of its original value.
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absarty, ny

2. Beer’ .
substance is Fl‘::al:nri'nﬁ;;:? w ""'hi"'-h[i: an extension of Lambert’s law is used when the
ton. This law states that
N 4 beam or hsorhl
the rate of decppns. - PoR0chromatic ligh i d through a solution of an absorbing substap,
to the le:;n of intensity ﬂfﬂdlligzn ;iptrl;ﬂlekun of the absorbing solution is Fm“"‘“i“n:i
¥ of incident radiation as well as to the concentration of the solution.

dl _a_ e

] % C or At

, Malhemnlitally. the law may be expressed as — e !
where . |
cmﬂidinﬂpljr’{;_’:“:lﬂﬂﬂd as epsylon) is o constant of propartionality and 1§ e it
light used, ¢ : E" depends upon the nature of the absorbing substance g e N iz O Lhe
radiati hr.'f '8 the concentration of the solution in moles per litre. Let Iy be the intensity of 4y,
1Alons before cntering the absorbing solution (i.e, whenx = 0), then intensity of radiation | any
integrating the equation (12)

Nt X" at a distance ¢ f i ine
Peen e i e o e o e oo

«(12)

cdl TTH
lﬂ r=10 Iﬂ
or _[ = »—rCk L
I, ¢ -(14)  or R «(15)

Aﬁ h'L"'ranI Iﬂhi = Ifl 32 I‘ — lﬂ - IfF_EEt - Il](.[ - L.—I{:I]

Ch"'ﬂﬂfﬂg the natural logarithm to the base 10, equation (13) may be wrilten as

1 & I ;
C.x orlogy i Cr
]

2303 log,, -+ = _ k.
L1o 1 eCx or ]{:Igm _I; = — 2303 (16}

117

=107 o l1=1,.1077C

15 called molar extinction coelficient of the absorbing solution. These days, ¢’ s

mole) cm !

where ' = —£
2.303
called molar absorption coefficient or molar absorptivity. Its C.G.S. unit is (litre/

._t —
or M~ em ! whereas its S.1. unit is m* mot ",
Physical significance of molar extinction coefficient or molar absorptivity. Reurranging

equation (16), we get
, 1 1 1 Iy
£ = =—— —_——= —
Cx %8107, = Gy 198107
|

Iy
0 = g 8 Iy
If log,, T lLand C = 1 M, then¢' = P But log,, 7 = | means thay Tu =10orl= |IH ks

The reciprocal of the thickness oI the solution layer of 1 molar concentration which reduces

the intensity of the light passing through it to one tenth of its original value,
The product e'Cx or — log, 1/1 is called the optical density (A) or absorbance of the sample

and 171, is called transmittance (T).
o 18)

. I
Thus, eq (16) becomes, ¢'Cr = - log,, -I; =-=logyT=AorD

This is the expression for the Lambert-Beer law.
Also % T = (/1)) x 100 or
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: ¢ S —0s) = = 03162

;i mkﬂ—fﬂﬂxudﬂ-ﬁ--n m:: n':h'ﬂﬂ':‘ﬁi B

;_:::;Lbiim’"n ﬁw#uw{mﬁjmmbpmw -t.rumﬂ:ﬁ:*ghu;h:ﬂ.
: m;’; m.ml light was reduced to 207 m:mmmmﬁ%m

Dhe intensity o O -ﬂummhﬂmmmgw ?

the S e, According to Lambert's law in the first case,

;qm-E,u—n =% of lyor 1" =05 =16 ¢ *

10
2 ¥ £ —nk‘{ﬂ.drcm}
L Hﬂﬁ"k (0.4 cm) or ﬁ'—'ﬂm 3 t
or {1 = 03010) = k’(0.4 cm) or k' =ﬂ_—4“~:1“"m" = 1.747 cm

In the second case, x = 2mm = 0.2 cm
Substituting k' = 1.747 cm ! in the cxpression for Lambert's law, we have

h‘lﬂ%“ —1.747em™! % 0.2 cm = — (0.3494

' ™

ﬁ-ﬁmm (— 0.3494) = Antilog,, (L6506) = 0.4473

=073 X1y ; Ly =Iy—1,=1,— 04731, = 055271,

or Iy, = 5527% of the intensity of incident light.

Example 9.3. In a cell of certain length and at a pressure of 100 mm Hg, gaseous acetone transmits
251 per cent of the incident radiation of wavelength 265 nm. Assuming Beer’s law to apply, calculate the
i at which 98% of the incident radiation will be absorbed by acetone in the same cell at the same

. T ._ For a 6a500 ..mm;cin_ﬂcﬂ'ghwmybc rcplaccdb)'p.'fhus.wc have

PR m:;‘l-= —ox

= *hltm:mﬂi& transmittance is 25.1%, we have
1 1 251 : - "
g:*l—lﬁ'ﬂm R lng“] (0.251] = —Ex[lmmm Hg]
ex= — log;;0.251/100 mm Hg = 0.006 (mm Hg) '
‘or 98% absorption or 2% transmittance, we have
a ___:..- Ry a _ — 1
10(002) = ~ (ex)p = — 0006 mm Hg) ' p or p= — — RO _ oy g
s LN Sy I ). It i
/1 M solution of a compound transmits 20% of the radiation in a container with
g S SRt A . ;

lculate the molar extinction coefficient of the compound.  (GN.D.U. 2002)
o
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dntonsity of o Nght beam is halved en traversing a L0 e thicknsy of
m‘”ﬂ iMia ket an ::uu bie traversed 1o reclice the emnansnt indenaity 1o (g ) m.; _f: ,':“”'I

() cmegenth of inrident inteniity 7 [AmN, (o) 20 0o () 3 42,
Problem 8.7. An agieonus sodition of u colored compound hay molar alwarptivity (¢ of $200
a0 525 mm. Caleudate opttval density (A) and % transndttance of a 14 = 10 ¥ M soltion if & 100 o5
oot v wand [Ans. A = | OMs, % T '
[Mimt. To caloulate & T, me A = 2 Jog % T
Problem 9.8. A covaprenind when dissoldved in water, @ 10 4 M concentration abmorbx 1% of o1,
incidemt rasdiation in @ path of Q.01 m length. What shewdd be the comcentration of selution in arder i,
abiord KPR of the samme incident sdiation. 7 [Ans, 0215 0
Problem 8.9, Caliwlaie the m:mmmrr. wbsewbance and maolar absorption confficient of 4
solution which abrorbs 859 of a certain wavelength of light beam passed throwsgh a LS cm eell

NIJI

f-'“h..lr.':”.,.
0.20 M soxdition. (P.LL2000) [Ans, T = 0I5, A = ORZW, o° = 27860 |
[m T-l:_‘-_-'l_‘l'._-' Ah-h.ﬂl" "pJ-ll.l

Problem 9.10. The molar absorbing coefficient of a solute absorbing at a wave length of 540 1,
is 286 M om ™" When the same 1 I pasyes through 6.5 mm cell contatning the solite of wnbkn,
concentration, 46.5% of the light is absorbed. Calculate the concentration of the solute

(Phi. U. 2002) [Ans. 1.46 » 107" s

Problem 9.11. A 2 x 10" 'm thick glass sheet transmiis 10%% of the incident light of the sam,

Wiy 30 nm. What percentage of light of the same wavelength will be abiorbed 1 _
I < 10~ mihick glasy sheet 7 [Ans. 68 189
Problem 98.12. Calculate the transmittance, absorbance and absorption coefficient of ¢ solution
which absortus 90% of a certain wavelength of light beam passed through a | cm cell contain ing 0.25 M
salution. [Ans. A= 1, T=010,¢' = 4L mol

m

9.4. PHOTOCHEMICAL PRINCIPLES

1. Grotthus-Draper Principle of Photochemical Activation. Prior to 1817, photochmi .
#ﬁ“ as photosynthesis in plants, blackening of silver halides and photofading of colouresd

! erials clc. was observed and studicd qualitatively. The quantitative approach to photochem
g lyﬂrmhnmd Draperflﬂlﬂ-lﬁl?g. ey pointed out that all the incident light was no

sffective in bringing about a chemical cy formulated the first law of phutoche This
o o kown s Grotthus-Draper. 1ow st s that. I, T

"- : ~ ' mﬁw of it is reflected, a part of it is transmitted and the rest is

by the reacting system which is efTective in bringing about a

FEBWENEL, if doces not necessarily follow from the above law that the absarbed light will always
. ﬁ 2 chem reaction. In several cases, the absorbed light is converted iﬁt:u the kinetic

SEREF SOvocusc and only heat effects are produced. For example, KMnO; solution

s light but no chemical change is produced, In many cases, the absorbed light is
wescence or phosphorescenc (For details refer to section 9.9).

e O Fhotochemical Equivalence. The sccond law of photochemistry

- f e [ L:l!
U N b L]
e

of absorbed light, the corresponding quantum of cnergy absorbed pes

St i Y] -

— i . £
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- A Textook Phxucsl Chemes.,

8. Relmuoums bormces d@ficzom cmorpy moes 5 as folloas |
1eV =160 x 50 ™ J.cV/molk = 9688 k3 mol * = 23.06 keal mol ™'

Humn“ vmess of rodamon -n-in

“M“WHE#HAH.‘H*M
B x il Y x e x W0 N k) x O x W ms )
(30 x 18" =)

=307 T Sk ' = 22 =289 % 107 Vel !
Example 9.7. 4 16 % 10~ S 3V -
ey Heow - A mbanom Aivong wovclesgsh &0 == o shsorbed by & reaction
oW > mET macdes of the radanom o sbiorted 1 N0 ezt hmd’ﬁrm:u;
On. Escryy absorbed tw the reactaos m-_mrﬂ]“'=ﬂlls_
Eq’h:d-ﬂ_:;:'ﬂhw—:.xm:mﬂ £0.000 3
L=z the mmmsber of moles of photoes shawbed be =, thes the total coergy absorbed =nE

i OO0) =nu N ky = L"A""I

N = (60000 J) x (400 x 307" =)

= 0200 mel
(6022 x 10 mal *)6626 x 10 3)30 x 100 ms 1)
Practice Problems
Problem 9.13. What is the energy o1 kcal mol " of ome einsein of 25357 A ? [Ans. 11277

Problem 9.14. Calculote the vakee of eimsten for 3 redianion having wavelength 600 nm.
iﬁl:l..l‘!‘l‘tk.lm; .'|
mlfﬁ.mhmdwmthldwzlﬂiHlﬂdhtdh;-.-.-
dissociate & bond of distomic molecule whach gbsorbs this photom and has a bond energy equal 1o V%
kcal permoil 7
jAms. () B.11 x 1077 J or 1938 x 107 ol (&) Encrgy required for the dissociation of bond
= 1.578 % 10~ cal. Heace the boad will be dissociated]
Problem 9.18. If the vaiue of an Etnstein 11 301 25 i, calcuiare the wavelength of the light
[Ans. 39722 A]

9.5. QUANTUM YIELD (EFFICIENCY) OF A PHOTOCHEMICAL REACTION

law of photochemical equivaleace s applicable only to the absorption n prnimary
mmh}.ﬁu:mﬁdm of light, oaly onc molecule decomposes
enter no further reaction. However, if the pnmary process is accompamicd by the
w:-mihmmWOﬁmp&mﬂndhﬂtm@:ma
0 1"’" osition of several molecules. Under such conditions, simple 1 : 1 ratio botween the
pha hf'm ﬂﬁm does not hold. Again, in certain reactions where
on sumber of which chemical reaction is Jess than the
of p w‘fﬁl MII-Tuqlmlh ﬂbﬂm the number of molecules

13 ‘mm&d.lhmdmydd{mdﬁdﬂtﬂ

s reacting in  given time per quantum of light absorbed, i.c.
[ decules reacting i = lime
same lime

- s
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The number of moles reacting in o given thme be determined by the \l

or h‘l'::l!l down n‘lh :w':;m M property. R el

- number of moles reacts ime and the imensuy of light abso ,

qumhm <yt ol pocin by ol R e S
Numerical Problems Formulae and Units

11 Joule = 107 erps 4,184 X 107ergs = 4184 = 1 cal
2. Quan . Number of molecules roacting in a given time
l. - - -
tum yield (#) = Nymbor of quanta absarbed in the same time
3. Units of (¢) : Number of moles per quantum or moles per einstein,
he (662 % 1072 erg x (3 x 10" ems 1)
4. Encrgy of one quunlum-hv=15= w Lﬁimh == orgs

662 x 10”1903 x 10" ms )
- A(inm)
9.8. The irradiation of HI vapour with v
of Hyand 1. If 4.4 X 10~* g of HI is decomposed per joule of radiant energy how m
maolecules are decomposed per quantum of absorbed radiation ? t{-.h.h‘;l L 2004,
h 207 nm (= 207 % 10~ m)

Solution. The energy associated with a photon of wave lengl
. 6.626 % 107 1s x 3 x 10° o oe w0y

/Y m'fxlu_“m

V radiation of 207 nm leads to the formation
absorbed, how many HI

24x 107" -t
m—_ -4 4axX ¥ _ 34 %10 " mol
psed =44X%10 "8 =" 579

18 Rl
=34 %107 x 6023 % 10+ mnlnculc.s=li.max 10" molecules
ser of molecules decomposed _ 2.048 X mts —197=2

aber of photc .mmhad 1.04 x 10
osed per quantum of absorbed radiation = 2 e
o 10/ guanta o gecond. On irradiation, U0
+ 10 minutes &fmﬁmydd of the process
niﬂ“

b . N
TN o | 3 s 8 1 .
Amount O 41 decomfy
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| Mnrdmnlu reacting in 10 minutes = 0.002
- Number of molecules reacting in 10 minutes = 0.002 % 6,023 % 107

Nﬂﬂbﬁfufmlcuulummpﬂmd=ﬂm :-;:,:zg'}x 1w =2 % 10"

Quantum yield (¢) = Number of molecules reacting per second _ 2 % 10
Number of quanta absorbed per sccond - 3 % 10" =

Exa 9.10. Radiation of wave ler - throu ng

P = . ! ve length 2500 A was passed gh a cell containi lomLoja
ofmdjﬁﬁm“ f’,,m pialar in oxalic acid and 0,01 holar tn t;;mz: wilph s After absorption of 0
joules o] T engy, the concentration of oxalic acid was reduced to 0.04 molar. Calculate the

_ yield for the photochemical decomposition of axalic acid at the given wavelength.
Solution. The cnergy associated with a photon of wavelength, 2500 A( = 2500 x 107 m)

e e 6626 % 1073 35 x 3 % 10 ms~!
Al 2500 % 10 "' m

=79512 % 1077 )

Total energy absorbed = 801
E 80 J

Number of phulnns absorbed = —= = 1.006 % ll'_lm
by 79512 x 107"

Number of moles of oxalic acid taken for irradiation
0.05

= Number of moles present in 10 mL of 0.05 M solution = 7000 > W=35x10"
(.04

Number of moles of oxalic acid left unreacted = 3000 ¥ 0=4x10"

4

4

Number of moles of oxalic acid decompaosed = 3 % 0 —axwt=10x10""
Number of molccules of oxalic acid decomposed = 1.0 X107 x6.022 102 = 6.022 x 107

Quantum vicld, ¢, of the reaction

_ Number of molecules of oxalic acid decom sed _ 0,022 % 10"’
= “Number of photons (quanta) of light absorbed 1006 % 107"

Example 9.11. In the photobromination

blue light A at 30.6°C, a light intensity of 1.4 L :
%dﬂa{dgés gﬁ:ing an gq)mm%f 1105 5. The solution absarbed 80.1% of light passing through

it. Calculate the quantum yield. s
~ golution. The encrgy 4hsorbed in the photobromination process
L 801 _
_ 14 10730571 X 1058 X g 12393

: ' mber of moles of photon of light absorbed.
e f light absorbed in the process = E = nN, hv

~ Then, the cnergy ©
= Avogadro’s number = 6022 X 107
l j=6626x 107 s

= (1.599

where Ny

he
E=nNaT _
= 4358 X 10 mec=3x% 10 ms

x 6022 % 1 -
B 358 % 107’ m !

=1239]
| ot n X 2747 % 10°) = 1239

of photons absorbed =227 g8

~ Here
-
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The mumber of molcs of reacted im the process = 0078 x “—1 s
Mﬁ_‘::q.

0, evtes o8 By vinmed Q075 x 10>
v Hnd-h&h._l ahoetod 7 " Sixips o8

“lthﬁrm##lﬁmﬂ% & quanngm ethciency o

m’”‘*-:'imd oo #-n?{:"

Sotution AR cmstom corresponding to 480 am = HAIE

o 6022 10" mal "yt x 0 M1 x W'ms )
(40 x 10" m)

gl
2y

2 A 10 ) !

= - 10 x W'
Amount of photons sbsaorhed

Hence, amount of (1) or H, reacted = 10 x 10% x 4013 x 107* mol = 4013 mol

hhmm;‘m-jﬂ: 1 mol of H, combines with | mol of ()
prodece 2 mol of HCYL 1c Hyp) + Olyg) —— 2HONg)

Hence amount of HOI produced is = 4013 mol x 2 = 8026 mel

Example 8.13. In ¢ phosochemical reaction - B -~ C. 1.00 x 10 moles of C are formed .
resull of the absorption of 600 = W’WIJW(MMWMH (Phi. U 2000

Solution. Numbxr (1) of moles of phaotons of light absorbed = v‘EL
Na

whoere £ w600 x 107 o, 4 = 3600 A = 3600 x 107" em,
N, =602 x mal” ' k= 6626 x 10" T eopsc =¥ x WP om s

" | -8
G x W 0
Putting. » = — u.ll 10 o x e e 1900 x 10 o
mﬂlﬂﬂlﬂ X666 X 10 “TepsxAx 10" cm s

Numhors of moles of C formed = 1.00 x 10 modes -~ Quantum vickd, ‘9’ =

&_ Problem

m..ﬂ.dmwm 10 x 10" quonta of light per second. When it »<
for 10 mumutes, i was found that 0 0002 mdwmwnﬁﬁﬂr’.&;m

In the photachemical dissociation of paseoss Hito form Hyand 1, it was four
o Hji*‘“ ""mwmw H17 nmcaed decomposiiin
male o ;@m ﬁmﬂphwqm {Ans. 2

“w+m
e i l‘# ' - 4 . mdw“Idﬂmﬂ
n efficiency (vield) of the reaction

[Ans. 0.314]

%

LD = 10 e
P8O x 10

.' ,,r..

Bt -t
! ..." . E:r _"'r b ‘ .4
L - . \-
- o l- ‘.
& ”"! N nwﬁ "
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— SOME PHOTOCHE

mfamlt’d oy k‘",' so ¥ : MICA
(Pbi. U. 2{;00(; ’ T Box “ﬂ::“*}ﬁ:i Quantur, m\,l; r}_‘:-*"“'-3Tu:)|s|s AND THEIR QUANTUM YIELDS
lﬂﬂﬂc eo P mhtlnlcafm;“—“n:"ﬂf’-‘-‘ numbcr of photochemical reactions. The quantum yiclds
14 - alongwith elfective wavelengihs are gven in Table 93

. Table 9.3 q,

Y - antum
; . ﬂaclion Yields of Some Photochemical Reactions
!

Effective wavelengths (nm)  Quantum yield (%) 1}

. '_5
10 % moles 50, + Cl, »S0,C1, :‘" 310 )
I,.._s A st ™ Hz . o S 1..[] ‘1
—— = (.554 - 24 3+ - o
0 5 | .. QFG + l! -=2F¢ + 21 579 |
.Ij 2HBr - H, + Br, 207253 2
s 2H1 - H, + 1, 207282 2
mécn i ;:ﬁ: 30, = 20, 170 - 190 3
I M : 6.:69 1] jorwmch the quantum yield is very large .
it was found ; Qz-bZHCl 400 — 436 10" 10 10
was _ L
L, = 400 — 436 0
yield is very low
510 s
210 e
A T’
310 -
0.7

405
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From the above table, it is evident that the law of thtnchmiml equivalence is strictl
a very few reactions only, i.c, quantum yield is one for

v
or a very few reactions. On the hu:',_,‘ Bl::‘: hh.r
quanium yiclds, the photochemical reactions can be divided into three categories - Ciy

1. Those for which quantum yield is small integer. 2. Those for which quantum yield is yep, la

3. Those for which the quantum yield is very low. ’

In order to explain the variation in quantum yicld, Bodenstein pointed out that photochermi..
reactions involve two distinet processes | i.e., primary process and a secondary process, ica)
PRIMARY PROCESS IN PHOTOCHEMICAL REACTIONS

The first step in a photochemical reaction is the absorption of a quantum of radiation bythe molgey
giving rise to the formation of an excited atom or an excited molecule, as the case may be. Thus
A + hv

Atom or molecule

R

— A"
One quantum of light Excited atom or excited molecule

This absorption of radiation by an atom or molecule to form an excited atom or excited malecy,
is known as primary process in photochemistry. The excited atom or molecule formed by the absorpiigy,

may then behave in different ways. There are four distinet possibilitics of excitation of the molecy,
as shown in Fig. 9.5.

TYFE] TYPE 11

T —
TYPE 11l TYPE Iv

m—p
M —p

—— e r R

Fig. 9.5 Primary photochemical processes '

(i) In type 1, encrgy absorbed raises the molecule to an excited state which is unstable. The
molecule breaks up into atoms or radicals immediately on absorption of photon, i.e., dissociation o

the molecule takes place. The fragments obtained are associated with different kinetic energy and 4
continuous spectrum is obtained without any fine structure.

(i) In type 11, the clectronic transition is from a stable ground state to stable excited state. There

will be no direct dissociation of the molecule. Thisis indicated by the corresponding spectrum consisting
of discontinuous bands with a fine structure.

(iii) In type 111, the molccule is raised to a higher level. The energy acquired is morc than the
binding energy. Therefore, molecule would undergo dissociation and the spectrum will be continuous

(iv) In type IV, transition occurs from the lower level 10 a stable upper level. During the cn.uia‘c

of vibration, the molccule may shift from stable to the unstable state. When a shift of this typc l.-i L;i
~ place, the molecule would dissociate producing atoms or radicals. This type of behaviour 1s refe rr; .
- loas predissociation. The spectrum would show finc structurc. In the region of pre-dissociation, the
~ rolational lines are abscnt and the rotational bands have a diffused appearance.

: EMICAL PROCESS

i

M@Mlﬁ or the products of primary process may react with other mulug'-lr'-f‘-"-_::
the activated molccules may emit the radiation of either the same or of dillere

es arc known as secondary processes.
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photochemisiry on7

| = "“f light of above "“"*’-‘Uhhiun. mechanism

page -

1. Kinetics ang
Se0us phase h:;ﬁ:mi'm of Photochemical decomposition of hydrogen iodide in
] nﬁ:hmth“ range 207.253 YSis of hydrogen iodide). On cxposure lo radiations having
the reaction is 2” Thiy jyo 1 the decompasition of hydrogen iodide takes place. The quantum

I 1 g y
(@) Primary Process - as been explained with the help of mechanism given below :

A
,ll {(f) Hl—s ¥ + |
:' (b) Secondary Procesy -
| DH+RI—pypj i

Pnrl;rlliily n[lt Ill'hl.:r secondary processes such as
l‘- + i - |.. - -- Al & .
I I, + H (V) H + H—s H, () E 4 H—e HI

is ruled oul because the reaction (i _

highly exothermic, Thy :-:'._J:I-:: an ﬂ‘j i C"'j"'jlufmlt' and takes place sfowly and reactions (v) and (vi) arc

The overall reaction is h.- !trrn uced results into the dissociation of the products of these reactions.
S therelore, obtained by adding reactions (i), (&) and (iif)
Illl+m:—_.||,_+|‘ y '

Thus, for every ane au- i :
X Y onc quantum of light absorbed, two molecules of HI are decomposed. Hence

uanium vic et 3
::lcdl,ﬂinc[innyll:ril,ljllguud".t L‘t'“ 15 2.1t may be noted that while adding the equation (i) , (if) and (iii),
The u;mll : ? made between the excited iodine atom and normal 1odine atom.
m:chanhmq of ”:m e ,d. for the photochemical duruml}'uhit ion of HBr is also 2 which suggests that the
S reachion is exactly similar to that o phitolysis of HI as discussed above,

| }r hvﬁ} Pflzl?cﬂngﬂclj combination of hydrogen and bromine to form HBr. When a mixture
of AYSTOgen and bromine is exposcd to radiations having  450-550 nm, théy combine to form
[ hydrobromic acid and the reaction may be represented as ; )
H, + Br,— 2HBr
The guantum }:il-:ll] of the reaction is very low, i.e., 0.01, The low quantum yicld may be explained
by the mechanism given below
/ (a) Primary Process. Bromine absorbs light in the green region of the spectrum (450 — 550 nm)
and molocule dissociates into atoms :

| (i) Br, + hv—s 2 Br

" e P . H n
of some important photochemical reachions 15 @VC

e
—

(b) Secondary Processes

. IEndo - : ;
(if) Br + H,— HBr + H (iii) H + Bry— HBr + Br
(iv) H + HBr—> H, + Br (v) Br + Br— Br,

The bromine atoms formed in primary process step (1) attack hydrogen molecule yiclding hydrogen
bromide and a hydrogen atom, The hydrogen atom then all_.ar.:kﬁ bromine [_L?rr?ung another molecule
of hydrogen bromide and another bromine atom. As a result, reactions (i) and (i) should repeat
over and again, i.¢., a chain rcaction should be set up and the quantum yicld of the reaction should be

. by high Elmlu:ﬂ?ﬁf in actual practice, the quantum yield is very low. This 1s explained as follows :
- ) e Eslhighij" endothermic and requires high energy of activation. This step is, therefore,
, cs I.-Pd, temperatures. The step (i) which depends upon step (i), therefore, is also slow,
) very slow at or {ﬂ?l?: mp::sc of step (i) becomes incrcasi;:ﬂ:yimpnrtam. and the rate of formation of
B ﬁ{dﬂw which “Th : ;lnp 0 B nly important secon rmu:!‘:s in which the bromine atoms
"r bi ﬁ:ﬁﬁrm Br, molecules readily. It is just the reversal of primary process. As a result, the

- quantum yicld of the reaction is very low at ordinary temperatures.

. ical combination of hydrogen and bromine increases with
] tum yicld 1.:#' ;ﬁﬂhp;uéamuﬁh:mu:;“i“" (ii) is endothermic and requires high energy of
asc in lemperature. (emperature, the required energy of activation becomes available in the
I ?l;.l':nc;:a:lhggmmp:n becomes faster at high temperaturcs.

W
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A Photolysis of Ammonis, 11, Phetochemibcal deg MAPOSIRON OF anamonis vapours has b, "
Foniined b bk place by candint o ¢

W wavelength 210 min. s quiantum yicld is about 0.2 at ording,,
temporatures and peessures, This can be explvined with the help of mochanism piven below
() Primary Process,
() NIy 4 pya N 4 1
() Secondary Processes. Sinco (e Bl products of the photolysis of smmonia b heen
fowindd to b Mitropen, hydeogen and by weine, the probable secondary PrOCERSES Are represented by
Ehia Followinng eoqiations

(W) NHy + NHy e N, 4 21,
(W) A ey

Thee low obwe rvedd Quantim yie

(i) N1, 4 NH e NoH (Mydrazing )
() NHy 4 H s NH,,

I oy be due to the fact that products of the PEMARY proviess, o i,

HH_. il HEvecombing 1o Iorm wmmonia

4. The hydrogaen.
o visible o ulira-violer |
resulting in the Tormatio
high (10" 1 10"
vield alsi,

The extremely high quantum vield can be explimed by the chain mechanism proposed by
Nernstin 1918, The different steps involved are as follows -
(@) Primary process. According to Nernst's mechanism, the primary process is the
dissociation of chlorine molectles Into atoms as a result of absorption of light, Thus
(1) Cly + v s 1+ | Chain initiating step
(h) Secondary processes

chlorine reaction. When o mixture of hydrogen and chlorine

ht ol wavelength less than 480 nm (406 nm), a fast reactic
n ol hydrogen chloride,

). The presence of oxypen slows de

% Exponed

m takes plac
The quantum yield of the reaction is exceptionally

wn the rate of the reaction and lowers the uant im

‘ s :
(#) [{l i el o }',I J Chain propagating Steps
(fi) H 4 Cly—= HCI 4+ CI
(iv) H 4+ HCl —= 1, + (1 (v) €1 4+ Cl—s 1, | Ch
The steps (i), (i) and (v) et repeated giving rise to
mechanism proposed above, there s rnmh;li: y ol the formatio
of HCl due to the absorption of a si:}g ¢ quantum of radiation,
left off combine with cach other o form Cly according 1o the
the walls of the reaction vesscl,

The primary process in hydrogen-chlorine reaction is called chain initating step. The reactions
(i), (il and (iv) arc called chain propagating steps and the reaction (v) is calle

d chain terminating step.
The reason for the high quantum yield is that the steps (if) and (i) are repeated a large number
of times before the chain termination,
L is important 10 note (hat the quantum yield in the

combination reaction of hydrogen with
very low : compared (o hydrogen-chlorine although the same mechanism was proposcd

Wination of hydrog 1and bromine to form gascous hydrogen bromide. The reason for the
. Y antum ol is that whilc the reaction between chlorine atom and hydrogen

ain terminating step

i chain reaction. According 1o the
n of an infinite number of molecules
The reaction stops when the C atoms
step (v). This reaction takes place on

A i
'y §

%

ocess is exothermic and
mine reaction is highly

of a smal mfmu, Yicld of the reaction between hydrogen and chlorinc
it o .__{_W.Mishmlminpreunm ofuts'}z, the chain may

i
* AR |

akes place readily whereas the
endothermic and, therefore,

.:‘I'” H} A hL -
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. K e
H + O, — HO,
Nuebyr ! | iiata
2 ances like ¢ 2y which reduce the quantum vield of photochemical reactions are called photo-
The chuin mechanis
W r""ﬂwinumr:;;:.?mu,m for the photochemical combination of hydrogen and chlorine s supported
1) The combin 1]
iniro ueing cithey h;d:'i:p:;‘:{
; .{;'") The quantym vield
pace i capillary (ubes Th
contaming vegye| W
5. Photo)
wavelengths Jege th

hl"‘[“-"Rﬂ!l and chlorine can be brought about even in absence of light by

or chlorine woms into the reaction vessel,

d of the reaction, decreases considerably if the reaction is allowed o take
15 conlirms the view that the chain is terminated at the walls of the

_ eladehyde. When acctaldehyde is exposed to ultravialet radiations having
an 300 nm, it is first excited to a hi

radicals which T sher gquantum level and then it breaks up into
art chain reactionn Tho v ot I 1 s
(«) Primary o “:;;L_J!Etum. Fhe various steps involved arc

() CHYCHO + 4y
(h) Sucundlr'f proc

¥sis of ac

— CH, + CHO

_ esses :

if) ¢ s . : |

fl ek N CHCHO— CH, + CH,CO (i) CHACO — CO + CH,
(iv) Ci i, + CHy—s C,H,

Quant weld is ¢
6. Phoni cld is about 300 at 373 K indicating that the reaction is chain reaction.
- Photolysis of acelone

¥ rervense A =2537nm). .
CHL,COCH, CH, + CH4CO

(jtas phuse) MK
CHyCO — CH, + €O
ZCHy —» C,H,

9.7. PHOTOCHEMICAL EQUILIBRIUM OR PHOTOSTATIONARY STATE

1In L_'L:rl;iiu cases a photochemical reaction is followed by another photochemical or a thermal
reaction in the backward direction, The rate of photochemical reaction is proportional to the intensity
of light radiation and that of the thermal reaction is proportional to the concentration ol
photochemical product. Supposc a substance A changes to B by a photochemical process and then
B again changes to A by a photochemical process, the situation may be represented as
Light
A = B
Light
Now if A changes to B by a photochemical process and B changes to A by a thermal process (dark
reaction), then the situation may be represented as
Light
A — B
Thermal
o ke rate of forward reaction will become equal to the rate of backward reaction
fle lgmbﬁ}::—;]fi?i lﬂl‘:t'; ;?Jl;nrplitm of light after this will produce no [urther chemical change. Al this
alter stht: caction is said to have attaincd a photochemical equilibrium or a photo- stationary state,
;Lﬂg‘:: examples of reactions involving photochemical equilibrium arc :

(i) Photochemical decomposition of sulphur trioxide
Light
il 250, == 280,+0,
Light

CH4 + CHL{COCH,; —» CH, + CH,COCH,
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e (m:,l Dim.ri;."nn of anthracene. Anthracene dimerizes when its solution ulr benvene |,
iTa E - anehi ol e
uene is exposed 1o ultraviolet light. In the dark, the reverse thermal reactian i i

u.v . light
2C,4Hy, amah CagHay
Arnithracene Dark Dianthracene

Thl’.‘- prn[m.;:,ud mech

; anism for the photochemical dimerization is as Tollows @
Primary process (

g +hy —» € H]

10
Anthracene Facited molecule
Secnn-dnry process

C HHIH +CuHy — {.:HHIH
ulmu[‘r;]h: t'llyl-i{m.u_m yvield, according to the above mechanism, should be 2, However, acl ayilds only
- LS s due 1o the simultancous occurrence of back thermal reaction
(i) Isomeric transformation of maleic acid into fumaric acid

u.v. light :
Maleic acid == Fumaric acid

- u. v, light
Equilibrium con stant,

: The equilibrium constant of a photochemical equilibrium is quit
different from that of an ordinary c smical oquilibeim. his is hecause by
st ' an ordinary chemical equilibrium, This is because of the fact that the rate of &
pliotc .Lr!'uc,ll reaction depends uponthe intensity of the light absorbed instead of the concentration

“ reactants, Thus for the reaction - _
Light
. , thermal
ate of forward reaction = &, | » Where k, is the rate constant of photochemical reaction and
: 1 “abs 1 P
ition.

Rate of backward reaction = k, [B],
is the concentration of photo-chemic
when the reaction is in cquilibrium,

abs 1S the intensity of absorbed radi;

where k5 1s the rate constant of thermal reaction and [B)
al product.

rj_:.rh_ .I:.t.'.- klluhﬁ=kZ£HI
abs !

=2 (2 K =22
[B] (60,00 (B =)

A1)
ks
kl

where K is the photochemical equilibrium constant.

ar

k
From equation (3), [B] = }("l Lans
2

i.¢., the concentration of the product formed at the equilibrium state is directly pr ion; :
intensity of light absorbed. L o

9.8. LUMINESCENCE

Usual methods of obtaining light involve the heating of solids or solid articles to sulficic

high lumguralurcs. For example, by heating a tungsten, platinum or a uarbnn%lal:fu:si :_‘]L-::r[il";,ﬁ “i[l,:

in flame, bright light can be obtained. The process in which thermal energy is converted into light cni- “

is called incandescence. If, however, light is produced by processes other than involving heating .mr,ﬁ.,
light is called luminescence light or cold light. : 8

When the emission of visible radiation occurs duetoa cause other than the action of h

the phenomenon is known as luminescence. The body emitting the cold light is callec | dp:mn:ﬂ.

In luminscence as well incandcsccm:_c, emission _nl' light occurs due to the return of electrons

from cxcited outer position (o lesser excitation position or ground state, Luminescence is of the

lollowing types :
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1. Ehemllurninn
certain chemics) ruuctm:en-“’ - In photochemicy] reactions, light is absorbed. in exci
clectronic states, which i.'hh» A Which light is cmitteq, Such reactions produce POGUCHS S Lmi: t
L chemitoal reaction [, ﬂ:;: decay wigh the emission of light. The phenomenon of e o H!:

: “I. uhnmlluminuutnu. The process of chemiluminescence is shown a5 -

fﬂﬂWﬂF.ﬂlisfslhr.:r“ :I-\_.v it
> Hrdinury [ummrmmu L:-}:"f_l-.{_} {|I: nhhlrrphumjcﬂj ru]“ﬂjtlﬂ, Since 1]1-!.'- ibove process may li‘lkl'-'- hl-ﬂ.'—r
chemiluminescen I'Eill'.!lil;ﬂ\ -:ruum ted light is exlleq “eold Tight”". Some impertant: cxamples ©

(f) The Erecnish e

: Hlnw &« s . : iy TH : linair

temperatures ( - 10 to 40°0) slowly oxidising yellow PASERIOTMESLS (VORI At inerinary

(i) The greenisy, bluc plow
BN i i uc glow of

ﬂ.uj The bright light Breen glow see

{(iv) Ell.:t:tmn-lr;mhl'cr reactions

;’:?}f::_ldill!ﬂﬂ*ﬂ.‘l.jlll.'liuh reactions of hydrazine

] ca Iween i i : : .
e ction between alkaling solutions of H,0, and cither Cl, or hypochlorite ion which

I'm"j”c."js a ﬂ.:d glow at 4 naumber of wyve lengths, -

fl'f.!';' (;xldu.tlnn of decaying wood conlaining cert

-?1:":' l:m h.ght umrft-.:d by the firefly and many deep-sea fish,
B LI”‘.-:‘.‘ d i,jgh; unussul.n by glow worms (firefly) is “an example of bioluminescent reaction
involving the oxidation of luciferon — protein, by atomospheric oxygen in the presence of an ensyme

called luciferase which jeqs as a catalyst,

3 2 Fluorescene, When atoms of an clement or molecules of
radiation of short wavelength (high Irequency) they are excited 1o higher clectronic states. An
electronically excited atom or molecule
period no collision
cxtra cnergy in the form of radja
i ce and the substance

form of radiation are call
as soon as the substance is exposed to light and the

re-emit the energy in the

It may be noted that Nuorescence starts
fluoreseence has a lower frequency than the incident radiation. This is explained by assuming that the
ahsorbing molccules initially in their lowest vibrational energy levels may acquire higher vibrational
energy. Atoms because of the absence of vibrational encrgy, emit radiation of exactly the same
frequency as the [requency of radiation absorbed. This phenomenon in which the emitted radiation
has the same wavelength as that of the absorbed light is known as resonance Muorescence: An
example of resonance Muorescence is furnished by mercury vapour exposed to radiations having
wavelength 253.7 nm. In rare cascs, thr.: frcqucpc_v of the emitted radiation may be greater than the
frequency of radiation absorbed. This is explained by assuming that somc kinctic energy has been
converted into vibrational energy and has been radiated along with the excitation cnergy of the atom,

When a photochemically excited atom collides with anqth}-r‘ atom or molecule before it has a
chance to fluoresce, the intensity of fluorescent radiation is diminished. This is known as quenching
of fluorescence and is due to the transfer of energy from the excited atom to the colliding atom,

Examples of Fluorescence. A few examples of the substances showing the fluorescence are:

(i) Certain organic dyes such as cosin, fluorescein ete. when their solutions are placed in light,

¢y show fluorescence from green to violet colour.
(ii) Chlorophyll

ii) Petrolcum
{gng Fluorite, CaF, (v) uranyl sulphate, UO,SO,
(iv) Vapours of mercury (vir) Ultramarines,

However, there arc
ted

acrial oxidation of 4 solution of magnesium parabromophenyl

n due to oxidation of alkaline solution of luminol

ain forms of bacteria,

a substance are exposed to
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,4 .'.r_.."-""ln L Ty

. i mumber
BT £ L has ,
Muoresed
ﬂilplluﬂhm- o Fliuorescence. |1he prhermnon il s
Sl L] (T Pl Bosdo ation 18 used to deteat leaks .,
werin a0
UE M Inlonse green Moorescence of aqueons Muorescein incd by the futs,
bl I 1or wint g ARl e il are retaing AR ARLS |r o
sl v doferg ¢ fabric alter washing
U Nl purmet il il il P bt inen s e plded i

il aihd b
inring w st do sinbight, (hoy Duoresee Dlie sod add r-.hﬂ-"'-'-"

i st
(Ed Flivwsrosoom Material il i soluiion ot solid plast

deciay, This Fowis the Dasis ol it compiers (id Oy
J cin
structinre ol pirtidine can iz stn

enle i

R o th
hiin — detect radioac iy,

measuring the proximiy

Wy Th L LT 1T UETTTIT L)
Koo i S grenps withim 1he proilain g
for testing conditiog.

) Muorgseont Wb wie wisodl fon ligghting puis posics :_ray dingnosis
copes and Muoroscopes are nsed in X

OF Fowmd sl il etection ol FHAE Wrms, 8 s 5000 a5 the extern,)

wpeenoe sio

J "h“lllhﬂ'fﬂl{*tnrl \oalecady mentioned, the Muore -'i“l'::}"l” glow for some time, of 1y,

hghi i i ML iy Ihiere mre ceriain stibvat gnces which con .ﬂ; This Flltnnml.'mm uf dl‘lill‘u'{h

hi 15 Femoveld hibit phosphorescence g,
hich ex : from solids

() Pl oy ol

ke il secomily o more wller the soire ol i <
ence and the substances

Nusrvscenee In called ghis thirwsg e e inlense
Citlled Phosphaory o ||Iuluphf-n-u vl substunces, FI'|“""I"""“‘“.“mt_ I_k lﬂ:—I:i are zinc sulphide an

S LT Iy tani umples ol substancos exhibiting I"h”?nh”“;::m 2.5% NaCl or KCl ang i
alkaling ¢ arlh et al sulphides. A mitire of Bas or Sr8 l'lllll_itllll”Hl" yaint watch dials ind clectr;,
raoe of o heavy m bl sl ¢ whituts phosphorescence and is usee “_‘.l .|" scome phosphorcscent
sWItahos ote, Purih fo I B boen Tound that the Nuorescent \ll|'-|='!"“~--“' ‘:‘_ﬂn_} when dissolved |
fincd by suitah, muthods, For vample, many dyes (which show "“ﬂ“'h‘i{f rescent
fused boric acid or plyeerol and then cooled 1o a rigicd mass become phosphore: '

Ditterence between fluorescence and PIJD_IEUEF.E.L_. s
a7 e Phosphorescence

| Wi

| Fluorescence | - : )
oL ISSIOn of radiation Wrapid (decay ime| 1. [Emission of radiation takes place
0 %10 1078 4y (decay time 10”10 1005 ).
’” 'S the radiation emitted when transition| 2, (I is the radiation cmitted when tran e
botween two states of same multiplicity hetween two states of different multinlici .
takes place.

r.rl..-*. jlf.u L
Lot can he observed in soluticns al |-.mm| Lot 1 not
| temperature. .

| L mperature AEY |
9.9. FLUORESCENCE AND PHOSPHORESCENCE IN TERMS OF

EXCITATION OF ELECTRONS (JABLONSKI DIAGRAM)

When encrgy in the form of light radiations falls on certain molecules, some of the clectron:
presentan them absorb energy and 1ump to the outer orbitals, The molecules are then said 1o he
the excited state. Most of the excited states have life times which arc generally less than 107° sceond
They may cither undergo a chemical chay EE orreturn to the ground s ale,

Molccules may cxist in several different excited states, The excitation of an electron involves
absorption of photons, _Mn.-.l molecules have an even number of electrons and thus in the ground state
all the clectrons are spin paired. The quantity 28 + I, where § is the total ¢lectron spin, is known "

the spin multiplicity of a state. States in which the electrong are paired so that the total spin angular
| ] . ol
N ] '

ig. 9.6 (a)] and =+ »iy == 5 S0 that § = Sp+sy =2 =0

observed in solutions a1 ron

mamentum (8) ix zero (F
multiplicity (28 + 1) is unity arc called singlet ground states,
When one of the paired electrons in the ground state absorbs ; .
] - S L d h[‘ll( b LAY L] T ¥
BOCS 10 4 higher encrgy level (excited state), the Spin orientationg uIPlhc t:a:cijiierUliflilr R ; e ?d
cither anti parallel p (Fig. 4.6 b) or paralle] [Fig. 9.6 ¢]. If the Spins are paraﬂ;:l li:;' & Belrons may be
n
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| -’ A
|
4 :
| |
siate () {c)
£ ! {pair of elsciron Excited singlet stale Excitad triphai siale
[ aApposite spin in nn.: :g:tll (Bair of elactrons with opposite {Pair of elactrons with
- ! %9ins buteach in diflerent orbital)  pasallel spin in different orbitals)
.98
Spn arientation on the absorption of a light photon.

=0 sothat 28+ 1= 1, the

Fud [

If. however, the Lyl
L s gre s
v antiparallel, then § = spte=3

mk_ c.;:md :;; h:* i the singlet excifed state
The ground cleciranic o, i
i ST :u hlif"c n_f an organic molecule is generally a singlet state and the
molecule in the ground state absorbs a photon, it is raised to one of the

several singlet excited stagec o
Sales represented by S1: 83 S5 as shown in Fig, 9.7, Alter the excitation, the
in the same orbital are now in different orbitals and Pauli's

two clectrons which were Oririn:
. el jhigt inally
exclusion principle is no [ S
hﬁ applicablc. Now the Sa—%
sMn onc of the uluclmns SINGLET 5 i INTERMAL
ma}'hc mverted 1o produce EEITE&EED : : CONVERSION
a triplet state, Sy
£ F?r cach singlet state INTERSYSTEM
= therc is a corresponding LHossiNg EXCIT
. ED
L|[_ .mplfrl state. For cxample, il Ty TRIPLET
. dor ct state S, thercis a STATE
| . ]
ing triplel state
T,. The encrgy of a triplet [ FLuoRESCENCE PHOSPHORESCENCE|
state 1s always lower than gg*;&ﬁé
 single state. This is because ;
m foct that the Fig. 9.7 Jablonski diagram for a molecule showing the various intramolecular
o th e processes resuiting from the absorption of radiation, Wavy line (™)
_nbclmns mn the tripicl stale represents emission of energy in the form of heat,

~ have same  spin  and,
~ therefore, try 1o avoid cach other by staying in different regions. Being far apan, clectrons repel cach

~ other to lesser extent. Hence, the encrgy of the molecule deereases.
 The excited molccules can return to the ground state by losing their excitution energy in any of

~ the following ways : B .
Excited molecules may lose the whole of excitation energy in the form of heat through

_r . ‘ : : ;
v & -. with other molccules so that the complete path is non-radiative.

. The excited molecules may lose a part of their excitation encrgy in the form of heat because

ules. As a result, molecule moves 1o & clectronic state having lower

to §,). This process is called internal conversion.

n with other molec
energy (say from S5 10 S, or from 5,

e — N e
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: (€) The excited singlet molecule (S)) can return to the ground siafe by emitting CRErRY in (),
arm of radiations. The emitted radiation has : o ene : - y ;
. Hu iion has a lower energy and thus a lonper o i
absorbed radiation,. . 1y mger wavelength thyg g,
~ A{d) The excited singlet moleeule miy undergo a chunge inspin orientation Biving lower ene
triplet state. This change of a singlet state 1o triplet state is called Inter-system erossing and | .T"“-’
radiationless transition. dinvinlves,
. (€) The triplet state can return to the ground state by losing encrigy in the form of heat 1)
collisions or hy emitting light. “i Hhrough
. Emission of radiation due 1o transition between two states of same mulliplicity (usually |
singlets) is called Muorescence and cmission ol radiation due 1o transition between two l “3’_“’“['
dilferem multiplicity (usually triplet to singlet) is called phosphorescence, el

L

Key Facts
1. In all the steps described above, the lirst step s the transitions [rom higher excited s |
to the lowest exeited singlet state 8 (internal conversion) 2

2. The ¢nergy is lost in internal conversions only in the form of heat (shown by wivy ling in
the diagram) duc to the collision with other molecules. As it does nol result into the
emission of any radiation, it is therefore, called non-radiative or radiationless transition no|
is a very fast process and oceurs in less than about 107" seeond

2. The molecule may losc rest of the encrgy in the form of heat so that the whole path is
non-radiative or the molcule may release encrgy in the form of light or ultraviolet radia ion
When the encrgy is lost in the form of light or uv radiations, the transition is a radialive

transition and is called Nuorescence. 11 ocetrs for about 107 second aller absorption s |
that a substance Muoresces only in the presence ol absorbed radiation.

X, Transition from ¢xcited !\iﬂgh‘.l states Lo the excited ll'i{]]L‘I staley is dgain a raditionless |
slow transition (intersystem crossing). In further transition from first excited triplet state
Lo ground state, the molecule may lose energy cither in the form of heat or in the form of
light. The transition from the first excited encrgy to the ground state in the form of ligh
radiations is called phosphorescence and persists even after the removal of aheoth, d |
radiation. This is becausc triplet states have much longer life times than singlet states. it |
may also be attributed to the fact that the transitions from excited triplet states to ground |

singlet states are forbidden.

4. Fluorcscence involves a radiative transition between two states of multiplicity (usually two
singlets). On the other hand, phosphorescence arises duc to a radiative transistion between |
two states ol dilferent multiplicity (usually triplet 1o singlet).

5. Encrgy cmitted during fuorescence as well as phosphorescence is less than the encrgy
ahmrliwd during excitation. Hence the frequencies emitted during fluorescence or

phosphorescence are smaller or wave lengths are longer than those of the light absorbed
during cxcitation. This is because the energy is dissipated as heat in the internal conversion
and inlersystem crossing. y

& ® - " S . : " I- i i b e I i '|,.|1.|'|L'Il.

6. Transitions from singlet excited states to ground state being very quic k‘{ : I.[ - : pauc
is no chance for a chemical reaction, However, transitions from the triplet excitec \I‘ :

] = ] a ¥ Wi & D :
ground statc being slow, there is sulficient time available to the molecules (o unde g0 :
chemical reaction. Thus molecules undergoing chemical reaction are those which are lirs

in the excited triplet state.

9.10. QUENCHING OF FLUORESCENCE (STERN-VOLMER EQUAT:'ON) ;

Whe ically excited atom has a chance to undergo a collision with gnother aton
nrmnhtml: :eg:: lIllllt:ll': :':uc:cni. the intensity of Muorescent radiation may ht_tf'liminlsh:d or .-._lnppgd._
This process is known as quenching of Mluorescence. The substances which are rr.:spnn:-ilhlq:'. for
stopping the fluorescence arce called quenchers and are usually represented by the symbol O, Some

facts about quenching of Muorescence arc as follows ;
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! fry
- F . | n“inﬂ ﬂ , d
%:l:\:“h"lun&'_“““”““ deponds prealy on concentration of the fluarescent om amd ¢
U 18 Pressy " P Wm
s The Muoreso “::'l;tur: little quenching will necur. At high pressires, IWWM O
% and vipour is usially quenched when the total gas D andl others

mer
sty Cury, al which Pressure eollisions hotween the excited molee
ervils shorter thn n "

(i) Ouenching of b of frecacnt collisons.
T1 ) Quenching my *ﬁnm m.h‘ pliace apyprccanbly in i iuid medim of {
] ) Whon the s ‘r‘uuur i cither of the tw Tollowing wirys ©

Lia cetile changey from the simtlet oxciled state 1o the triplet excited state

- ernal quenching,

roNtlis "":‘;:"*::'-‘-'-l molecule translers energy 1o the molecule with which 1 callids of

from the cxcited !1'-: Presence of un externally added species (Quencher) which Whss, up
Mate molecule, T'his is called external juenching.

This

F;t:?ﬁ:::::‘::::l‘;'::::*m activation Lo deactiviation arc as follows
A+ T A (Activation)
J "'—ll‘ A+ hv { Fluorescence)
: . .I 1. A — A (Internal quenching)
| By * AT+ U:- A+ ) (External quenching)

[ - . Applying m{"'l'? state principle 1o the concentration and remembering that the rate of reaction
jm&d y proportional Lo the itensity of light, we have
o Iy = K [A"] + ky[A"] + K JA"NO] m
where 1, is the intensity of light absorbed
k] l!iﬂ the intensity of fluorescence, the quantum yield for Nuoresence is givae by

_ : k| AT ki
¢ . TRy . : RS .. Mitay ()
pe U= 20 =0, T kA + AT+ KATNOL Ky + kg + Ky O
3 In the absence of quenching i.e. when [O] = 0, the quantum yield, ¢, is given by :
K
ke Po = k) +ky

Hence the ratio of two quantum yiclds will be .
g ktlkatk@ %

P9 . ky + Ky k, +ky
~ T called the life time of A” in the abscnce of quencher, the equation (4)

e =

!

. 1
_._1 Pm.tmgm

s represented as ; 0

. Equation (6) is known as the sm;;'
tunt, From the Storn-Volmer cquation ¥¢
inc gives ky 7 from which I" can be determined.
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i : _ Volmer equation in which K, is called the Stern ~ Volmer

on we sce that ¢/ ¢, depends lincarly on [Q]. The slope of
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9.11. FLASH PHOTOLYSIS

U T PR T e A T by

illluli:;llyt"g:'::::‘: N“ml“ Wbt eemetions, e eeaetnmin mi
thilr "'I'."';l‘l"lllil:r:llln. rl"“'ill‘ vevuntrton of remetive eomodiotes such on free saidieuls e 0 |
R ot CLLLLLTHY] TR T | YT !rlullnljnh. (LT LT O T R T PR .I.'II';!I..H at
hﬁﬂ"_.r 1-.1:1:1::'“':"llljl l|l|l|.|lln||, My 10 T Y vk, Ul prosw i Dol Diasly ol mn ool Wt .y |
anl hluh'nl'lhrm{-l iuu: O Intermebinion soeh s atoms or froe radivals, T PIRENEG, vopeo !t Mg, |
specten, In “:”“-I"I:H;'l'llll.'tllmiwlu TR T EYRRTY bl |u,-. Ci s s Y o Gl ““ i |kl My s
i Ly L TR T s ; LT
tvolving howe SpeCios W IR st to evaliabe the et comnbinnts o gl b, Wl g \
gLl
Flasl . 5 I
"“"L'I““J-'il‘:ﬂ‘q:'!'-llll|1|||:l ":‘"h CNUTRY ll#;'l W 0w duration of sbour 10 CTTRT T P i
ot pid i LU ST TR T [ ] ; il I
Faser is usedd for this I""I!""'-t‘ ey i it pan s b s Wt o ey pbon Mowe v (hca, -|:
.|!|||.1J fi |

An e " _ -
L ti"'"l'lh lll l'hl IERTTR A TR T al lll“l'lt Ilﬁ' ".p‘h i|l|ut|||,1ll'r.|r,. I8 ”H o mihin 1-“ Pt ) .
s bs thie chloromonoey ruds al 16y 1

o y ,
f:lt;::tlv;:lll;::-::hl uuh termediate formed duedng Nash frhiest ol
3 dRCays 1o give ( I.‘ and ’_r '“"“Wiﬂil”u fuiii lIlellllll"l‘ kintiis
|
) e ('l + O, "'[‘!"'I : .l..ll 10
ol

9.12. PHOTOSENSITIZATION-ENE R i oo .
REACTIONS ENERGY TRANSFER PHOTOCHI MICAL

In some photochemic
they are exposed and no reaction ovcurs

al LI AT Lhe reactomt molecules do oot absorb Lhe rad il b e
However, i o suitable Toreign substance thiat g '

.:‘r":;':'::tllrr':lf:h' I:'Itllil'l[l:d “.' the reaction mixture, the reaction takos ;lnl.u: Fhe atoms ol Torcign sl
3.ui1t,ln|“-;“i'|h-i:':;:l A pass it on o the roa tng molecale and thereby imbate thi teaction Furely
dt' : Whth dded toa reaction mixture Hielps to sturt the photochemiest resction wigl,,,
undergoing any vlu-_mlrnl change In Haell Is called photosensitizer und the process iy gl
photosensitization. Thus, a photosensitizer aets merely as carvier of eneriy. Commaonly '.L.,,‘.
photosensitizer are cadmium and MErCury vapours, Some importan examplon of photusenstized

reactions are deseribed below
1. Dissociation of hydrogen molecule In presence of mercury vn]mllr A hydroes
when an clocine

molecule is unable to absorh the radiation ol wivelength of 2537 A that s emitiee
IUE LY. Thi

k“.'rl.'llill'j.:c I8 ]1.‘|.‘~.‘-L‘l_| lllrnup,h MErcury vapour, o, m o mercury vapour lamp, O onse
radiation cannot bring about dissociation of hydropen, Hlowever, when mercury vapours i e
hydrogen and exposcd to light from a mercury vapour lamp, the reaction s photosenat
mercury vapour and can be presented as

Hg + hy - Il;.','; H_p,' F - Hp + 21

The hydrogen atom being lghly reactive can ¢asily reduce metallic oxdes, carbon
cle. Dissociation of NH 1 Pl I_‘l- As Hy and certain combination regetions such as

2H, + )y = 2H.(); N,y + i, - .?NHl, l'”.! # 20), Ll are p!ml-.m nsiled by mercur

Two well known mercury photosensitized reactions mvolving dissociation ol B, molecuies b
H-atoms are briefly deseribed below.
(«) Combination between H, and O, to form H,0 and H,0,

[H] “J,,I" + ”, e H.L' ¢ 2H (Dissocialion)

(1) Hg + hy — Hg" (Activation)
(iv) HO, + HO,— H,0, + 0,

(iif) H + O, — HO,
(v) HO, + Hy— H,0, + H (resulting into a thain reaction)
Now H,0, may cither be isolated as such or further decomposed to form H,O and O,

———
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3 i e, d H, in
2. Photosensitized combination hetween CO.ans 52

Is this
Iyoxal in similar amounts. The quantum yield for
e a5 follows

hyde und
+ v —a "

2. Photosynthesig
,&Iﬂﬂ"e and water Vik

(if) Hg* + H,—> Hg + 2H (Dissociation)
O (iv) HCQ + Hy—= H + HCHO (Formaldehyde)
+ CO ‘ e
(1) 2ZHCO —= OHE — CHO (Glyoxal)
of carbohydrates inp

L™ mim F‘ il S5)a nl:l . ¥ n r L ] ess 'hifh car l'"]“
h" [“'l" i i. Inlllﬂ, I'IIII“IH?““WHL isu 'I'II'I.'lLL.'h.‘I mnw ; i_“ 1
1 r DI I “l‘ = = . » - l‘t “.i |‘“n“ '...tl-_ 1] rey i . l '“ {I‘l el “h““..

. chlaraptyil
; €O, + H,0 + pp 2wl l['l'.lﬂ + Oy
r. £ 2 Is =

: Neither water nor carbon
" oreen colouring matier 4

470 nm) and red (650 16 7

Cilucose e
e light radiations. However, c:h'lurnp'lj-'ﬂ_l-l.‘iltt
X0 1) . illmclm the whole range, and purlicluhnr'l:.' in 1th };}:::-;;::ﬂ
wr 7 - regions. A T i A oA T P TR rtain,
itis believed that the chlorg hyll II:I:SH:.‘G. on 11‘:1.:”:%3:!:: :x.*fu_trm. L!IIE]’:I!:::IIt_d by it 1o the carbon Aenide
nn-d WHIGT‘ Enﬂiﬂflll.i_'.!'\ “-"hii.‘[i “h_‘l] i ation cne t—-r!I'I a1 by \
Pﬁhtﬂﬁenﬁlllzw in the

i - - 5 : 1
comhine to form carbohydrates, Thus chlorophyll acts a8 2
Uh"'lr't reaction, %

dioxide absorbs visil
50rbs over

3. Decomposition of oxalic acid in presence of uranyl ions U3 " As alrcady discussed,
the decomposition of oxalic acid into CO, and CO in presence of U0t ion forms the basis ¢I1[ l_h|._'_
imomelter used 1o measure the inte n,«;iu--u[ radintion. The processcs occurring are the excitation of

the coloured L](J§+ on followed by transfer of energy to the colourless oxalic acid resulting i its
decomposition. Thus
L|[]2_1F 4o iy — !'U‘.]:Ii t )
" COOH
LULE el e Sl
COOH
24 rot r & . [P AL,
anvlions. UO2* act as photosensitizer and are used over and aga
Thus uranyl ions, UO3 " act as photose a1 i
4. Isomerization of cis-2-butene 10 trans-2-butene .IP o o
phatasensitizerrhia isomerization on exposure of cis-2-butenc 10 radiations of wa pth 24
A in presence of SO, takes place as [ollows .
| 4 e '
SO,— 50,

05 ' is — Bul — 2 —ene’.
cis-But-2-ene + SO; — SO, + ¢

— U0 + €O, + CO +H,0

o trans—But—2—e¢ne” —> Lrans
-is-But-2-enc {rans : el VISR
Decom nsit‘i::n of Diazomethane (CH,N,) ;nupresenne of B p
1 F o - a . .‘WE:
4 E;?zarp'l"ht reaction is believed to take plage as 108C
photosens . i

hv ot
Bz —> Bz . S R
z . 2 3 C'H"'NE 2 2
B nzaphs:nnnc Bz + CHENZH Bz + CH;N . Methylene o
y [ sitizer.
Maleic acid 10 Fumaric acid using bromine as photosen

| a
. Isomerization of = i
F C— COOH — i
t: H Bir, s (il
- o Icl: COOH HOOC ~C=2
& =C ot

o
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(@) ClO3 + CIOS + M— Clh + 30, + M
In addition to the above reactions, CIO)

3 in the £as phase may react to form ClO, and ),
(i) CIO] + 0, —» Clo, + 20,

(v) Clo, + 0;— Clo, + 0,
The above mechanism is supported by the fact that in presence of moisture, acids HCIO, 4ng
HCIO, are found in the products, Also the polymer ClL0, has been isolated and identified.

‘ - Application of Photosensitization in phntugraphy. A photographic plate coated with
simple emulsion of gelatin and silver bromide is t ;

_ sensilive only to the blue or shue-violet parg of
r:i'eclmmizﬁnutlc spectrum. However, it can be made sensitive even to green, yellow and orange ligh
by the addition of suitable dyes. For example, a plate dyed yellow with aniline becomes sensitive 1y,
green, yellow and orange ligﬁl. The dye Linoeyanol sensitizes the photographic plate to the red light
while neocyanin sensitizes the photographic plates even 1o the infrared radiations, Photographic
cmulsions which are sensitive to the near infrared-radiations have made night photography possibe

9.13. PHOTO-INHIBITORS
There are certain substances which 4 photochemical reaction when

present in the reaction mixture in trace amounts. Such substances which retard the rate gf
photochemical reactions are called photo-inhibitors.

Some examples are -
(1) In the photochemical combination of H, and Cl1,,
the quantum yield of this reaction (Section 9.6, reaction 4),

(#) Traces of nitric oxide and propylene lower the quantum yield of the photochemical
combination of hydrogen and chlorine.

(417) Traces of impurities like NH, which wh
its quantum yield from 10° to 10°,

Explanation . It is gencrally accepted that these substances react with chain propagating atoms
or radicals resulting into the chain termination. For example, in the photochemical combination of
H, and Cl,, O, reacts with H to form HO and interrupts the chain reaction.

arc able to retard the rate of

the presence of traces of oxygen reduces

cn present in the hydrogen chlorine reaction |

1OWET

A. Very Short Answer Questions
L. What are photochemical reactions ?

2. What is photochemistry 7
3. Name two main type of processes studied under photochemistry.
4. Give four

examples of photochemical reactions.
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