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SHOTOCHEMICAL EQUILIBRIUM OR PHOTOSTATIONARY STATE

Suppose @ substance A changes into a substance B by the absorption oflighti.e.. the reaction4 - p
.- 2 photochemical reaction. If the reverse reaction can also occur either as a Photochemical reaction o
; ,;I:e,,,,aj reaction (dark reaction), the situation may be represented as

Light Light
= B or A =— B
Light Thermal

In either case, a stage may r’each when t!le rate of forward reaction may become equal to the rate of
backward reaction. Now the absorption of light produces no further chemical change. The reaction i
then said to have attained a ‘photochemical equilibrium’ or a ‘photostationary state’

Examples : (7) Photochemical decomposition of nitrogen dioxide
Light
2NO, = 2NO +0,
Thermal
(1) Dimerization of anthracene -
Light
2CHy = Cas Hyg
Thermal
(7ii) Photochemical decomposition of sulphur trioxide
Light
250, — 250, +0,

=

Light
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;brium constant : The equilirbium constant of a photochemical equilibiy -
fglt: olr dinary chemical equilibrium. This is obviously due to the fact that the rartl: g};s (}llﬁ‘erent from
that 0 does not depend upon the concentration of the reactants but it depends upq th Photochemicy
reaction for the reaction POn the intensity of gy,
light absorbed. Thus for .
Light
Thermal
Rate of forward reaction oc I, = k1,
Rate of backward reaction o [B] = &, [B]
“When the reaction is in equilibrium, Rate of forward reaction = Rate of backward reaction
| P R | I
2 _ "abs bs
; D £ = K = —abs
ie. Kyl =k, [B] or 18] or (3]

where K = L_Z is the photochemical equilibrium constant.

1
. From the above equation, it is the clear that photochemical equilibrium constant
intensity of the light absorbed.

depends upon the

Further, the above equation may be written as  [B]= ',:‘l' Lips
2

L e g onal to the
inte !t follows that the concentration of the products formed at equilibrium 1§ direc

tly proport
Sity of the light absorbed.
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‘ P9—=1+kSV[Q] \ 15)
o
or | |

This equation is known as Stern-Volmer equation and the constant . - ~(6)
118

t This equation shows Lt ¢ o/bg varies linearly with [Q]. The slope of thSVe 1lsin°aned
;ro I:\tf:h;ch value of T can be obtained. :

011 PHOTOSENSITI
hich do not react directly when ¢ :

There are many substances w : Xposed o light Hoygr.
aubstance is added, the photochemical reaction starts. The substance thys addeq itsd;:;:;‘:‘;;tf another
any chemical change. It merely absorbs the light energy and then passes it On to one of the reactantsdg%?
asubstance which when added to a reaction mixture helps to start the phot oy

. _ ochemical regcfign by itself
does not under go any chemical change is called a photosensitize :

- _ r and the process is called
photosensitization. Thus a photosensitizer simply acts as a carrier of energy.

At the first instance it appears that a photosensitizer is similar to a catalyst. However, this is not 5o
as they act by different mechanism.

Examples of Photosensitized Reactions. A few well known examples of the photosensitized
reactions are briefly described below

&

(£

. Stem:\'rg!lmn—
-1
“111 bﬁ k’.“::, ie ,{ e

ZHOTOCHEMISTRY,

Scanned with CamScan



N

o eSence ()f mercm:y \’(lp ou
4 .‘N’L’.\ in pre yenc ' . {
Jtrav Ei

win
{ [)‘\'\'i'."m{fl‘" (?/}{h

m()]c
: 17 VaPoyr ), Clleg g
1 exposed fo ul reury vapour and thcn ckp0§ed to "“m‘/mlct],', "”dmp)' { Op
dissociate Whe “,nq is mixed with mfhrough the following reactiong : eh, hYdmgen m Olwc"ci
h‘=df‘\§§f"}~ d dropen (llOlllS * 0 CCUA
\i"hf]:‘.{;.(c to give hy drog Hg +hv — Hg l
disswia ‘

Hg* +H, — Hg +2H
ivated mercury atom, Thys in the
here Hg?* represents the activate aboy Teactigy,
where 1k
hotosensitizer. ive can easily reduce metallic gxjdec ..
i The H-atom being highly reactive d e OXldes, Mlroyg OXidg
etc. sicgilar manner, the diss'ociation. of NH3, PH3 As
h In :szed by mercury. Certain combination reactiong
0t0se ;
i 2H,+0,— 2H,0; N, +3H,— NH,: 30
Two well known mercury photosensitizeq reacti
atoms are briefly explained below :

b

Numpe; :
dg. of Organjc Comp,
2720
Ons inyoly; di

2 T0kecules jogy
. 2 1o form formaldehyde and oxq] .
place through the following steps : s behe"ed to taka
() Hg+hv — Hg* (Activation)
(@) Hg*+H, —
(). ‘H+CO= v 13
(v) HCO + H, — HCHO + H
(v 2HCO —_—
(vi) 2HCO — OHC—CHQ (Glyoxal)
() Qombination between H >and 0, 1o Jorm g Oand g )
the following steps :
() Hg+h
(#) Hg*+H,
(@) H+0,

0, 1tis believeq to take place through

—> 2H+ Hg (Dissociation)
—> HO,

(iv) HO, + HO, —, H,0, + 0o,

) HO, + H — g

H,0, may be isolated as such
iti ,theamountofHZO - o
in a number of reactios su » cecomposition of cthane, propane etc. into
H, and lower hydrocarbons etc,

" ; iations are
mposition of ozone in presence of chlorine as photosensitizer Ultraviolet radiat

2. Deco ) s
i i ery little effect on
absorbed by Cl, molecules and dissociate them into Cl atoms but they h:ve o\; elg'to Pl
cComposition of ozone, However, if the mixture of ozone and chlo;me lesd :fthe cn of i rocion
0zone is readily decomposed whereas chlorine remains almost unc a;fe esdioi it b s
hlorine fhea Ac%s as a photosensitizer in fhe decomposprn c‘)ftozict’:slz.issocii:ltion into Cl atoms followed
1ati ting into
of radiation of Wavelength 4785 A by Cl, molecules resu
by other reactions. Thus we have

D
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(') C', + h\' sl 2(' (") (.l ' (J‘ ' Y

AN is any molecule capable of absorbing energy and (h by,
The above moqhnnism T uuppor!cd by the fact that pre
heot dotected if moisture 18 present. Further, polymer CL0,

en lrnml'cmn

¢ ‘ /
hence of (he WCrds, 1y g,
,hag alg been 141 )

; ) ; T y ang -
i$ formed from the excited (‘10;“ radicals. These radicals algo Partly deg, Holuteg "’K; ndlm,m 0, hag
. 4 ’ ) ) )!np(,'c b | "’hlch
A few more examples of chlorine-photosensiti zed reactions are giye, bel ) Bive CL ang 0
"w
('lz
@ 2850,+0, e 250, (11) 2H, + O “
Cly ! w o 2H,0
(i) 2PH, —-—-)hv 2P + 3H,
3. D.em.m P as.itian of Diaznmetﬁane (CH,N,) is presence of Benzophe
The reaction is believed to take place in presence of radiation of wavelength 3;(())(7 lm Photosenisyy,
as rO“Ow’

Bz _h_ By
Bz* + CH,N, — Bz4 CH,N;
Methylene

4, Isomerization of But-2-ene from cis to trans in presence of SO
ot 5, as photosensitizey ,
takes place when exposed to radiation of wavelength 2573 A as follows : e The reaction

50, —*—» 50}

SO; + cis-But-2-enc — SO, + cis-But-2-enc*
cis-But-2-ene* —— trans-But-2-ence*
v’
trans-But-2-ene

S. Decomposition of oxalic acid in presence of uranyl sulphate. This is an example of 3
photosensitized reaction taking place in solution (liquid phase). As already discussed, this reaction forms
the basis of the actinometer used to measure the intensity of radiation. The coloured uranyl ions absorb
the light and then pass it on to the colourless oxalic acid which then undergoes decomposition the extent
of decomposition depending upon the light energy absorbed.

UO2* +hv — UOR**

Uo2+ (I:OOH 0 +H,0
*+ Uo2+ +CO, +CO +H,
e *  CoOH 2o - "
urany| j iti used over and agat% old i V&
any! 1ons thus act as photosensitizer and are 4 the quanton i gL

Mg : | compoun exact
0 ““Wﬂlut to add here that in the absence of uranyl coml hat the ly
‘i%l)‘ F:r sensitized reaction, it is 2 0.5. It may further be mention h::, ploved 1% -
" U02+ ~ sensitized dissociation of oxalic acid occurs is not certal™

o, .i' fomed between the acid and UO%"’ ions.
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This is a process occurring in plants every day during

" 6. {’hotosynthesis of carbohydrates in plants.
e sunlight. Carbon dioxide and water vapour present in the air do not absorb the visible light (emitted
] present in the plants can absorb the

by Fhe Sl}n). However, the green colouring matter, namely chlorophyl
visible hgl.lt. After absorption, it passes on the energy to the carbon dioxide and water molecules which
then combine to form carbohydrates alongwith the evolution of oxygen.

€O, +H;0 +hv Ctlorpis, 2 (CeH1p00) + O

Fron; air From Glucose
sunlight

Thus chlorophyll acts as a photosensitizer in the above reaction.
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