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Abstract 

The theoretical analysis of the influence of photoselect~on on the photochemically induced distribution of reagent in the strongly absorbing 
media is presented for the first time. The treatment of the problem was based on the consideration of the reagent's orientation distribution 
functions and performed for a media free of translation and rotation diffusion. The procedures for theoretical prediction of time and space 
evo lution of the photoinduced wavelike concentration and d ichroism profiles are obtained. It is theoretically shown that the polarized irradiation 
(photoselection conditions) can cause deeper penetration of photochemical reaction in the strongly absorbing: samples in comparison with 
the case without photoselection. The magnitude of this effect is determined by the ability of molecule for anisotropic light absorption. It is 
found that the irradiated sample with high optical density contains the space recorded 'image' of the kinetics of the photoselection and the 
photochemical reaction carried out in the optically thin sample. © 1998 Elsevier Science S.A. 
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1. ! n t r oduc t i on  

Photoselection means that during irradiation with polar- 
ized light or collimated light beam of the ensemble of ran- 
domly oriented molecules, only preferably oriented ones 
absorb light and subsequently undergo chemical conversion 
[ 1 i. As a result of  such a selection, the distribution t)f mol- 
ecules on their orientations and, consequently, anisotropy of 
some physical properties of the irradiated sample appears. 
The photoinduced anisotropy of optical absorbance can be 
experimentally measured as the difference of the opl ical den- 
sities D±,  Dli measured with the polarized light parallel and 
perpendicular to the polarization of the irradiating light. The 
magnitude of optical anisotropy is characterized by the value 
of dichroism (d)" d = [D L - DIj] / I D ~ + Dii ]. The magni- 
tude of dichroism is sensitive to the changing of the molecules 
orientation in any processes in a system. So, the ph, m)selec- 
tion is used as a powerful method fl)r the investigation of 
molecular dynamics in condensed media [2]. 

The photochemical reaction under polarized light (under 
photoselection condition) is of great interest due to facilities 

* (orresponding author. 
1 "~trongly absorbing media', 'sample (material / with high optical density" 

and ~optically thick sample' are the different terms denoting the sample 
witi'~iu which the decrease of irradiating light intensity by absorption cannot 
be n :glected. 
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devoted to investigation of the kinetics of the photochemical 
reactions in the solid state, the elementary act of  the chemical 
reactions, and development of the data storage technology 
[ 1-171. A significant number of works were devoted to the 
theoretical consideration of photoselection [1-7]  and its 
implementation for experimental investigation of chemical 
reactions [ 2,5-17].  However, the developed theoretical mod- 
els describing the kinetics of photochemical reactions and 
accumulation of photoinduced dichroism during photoselec- 
tion were obtained under the assumption of a low optical 
density of the irradiatitm sample, which often is not the case. 
Generally in real systems the decrease of light intensity by 
absorption cannot be ignored, and the approaches considered 
above cannot be applied. On the other hand, photochemical 
reaction in the solid and slrongl? absorbing media has 
attracted a great deal of attention because of  its potential for 
technological applications (optical data recording, photo- 
graphic processes and microphotolithography, polymer deg- 
radation) [ 18-21 ]. But in spite oi: ,t number of  works that 
has been devoted to the theoretical [ 18,22-30] [ 31-37 } and 
experimental [ 19-21,38-41 ] investigations of the photo- 
chemical kinetics in the strongly absorbing media, the effect 
of photoselection has not been considered until now. 

Therefore, the aims of lhe present work are to consider the 
influence of the combination of photoselection and strong 
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light absorption on the solid state reactions and to obtain the 
theoretical description of the photoselectio~l in the photo- 
chemical reaction in the strongly absorbing material. The 
desired result is to obtain the mathematical expressions 
describing the depth distributions of the fraction of the 
remaining reagent's molecules and pbotoinduced dichroism. 
The simplest reaction of pbotobleaching A -~ B in a media 
free of rotational and translation diffusion was chosen as a 
model system. 

2. Model 

Let us consider a photochemical reaction A-*  B in an 
ensemble of initially random-oriented molecules. It is also 
assumed that the substance is uniformly distributed through 
the sample; rotational and translation diffusion can be 
neglected in the time scale of the experiment; the reactive 
molecules have an axial extinction coefficient tensor ( ECTI:  
the product of reaction does not absorb light on the wave- 
length of the irradiation: the decrease of the intensity of irra- 
diated within the irradiated sample obeys the l.ambert-Beer 
Law. Photolysis is carried out with linearly polarized light. 

The behavior of  the photochemical reaction in the thick 
sample under photoselection conditions is described by the 
time and space evolution of the angular orientation distribu- 
tion function of  reactive molecules. The or entation of the 
molecule with regard to the axial ECT is described by the 
angle /3, which is the angle between the orientation of  the 
main axis of the molecular extinction coeflicient tensor and 
the direction of the photolysing light polalization. So the 
orientation distribution of molecule A in a thin laye," dl at the 
depth I of the sample and at any moment of time t is described 
via orientation distribution function p ¢Lt,I). where 
p(/3, t , l )dld/3 is the fraction of the molecule ,a ith orientations 
in the interval from/3 to/3 + d/3 in the layer i'orm l to I + d l .  

The function p(/3, t , l )  is random and normalized lk)r any l 
before irradiation ( t -- ()) : 

7r  

p(/3,0,l)=po; fpod/3= 1 ( I )  
o 

where Po is the random orientation function I I [ 

sin/3 (2) 
Po - .~ 

For the evaluation of the fraction of the remaining mole- 
cules and photoinduced dichroism in any layer of the irradi- 
ated sample, the optical measurements in polarized light 
should be performed in the direction perpendicular the direc- 
tion of the propagation of the irradiating light at the appro- 
priate distance from the irradiated surface (Fig. 1). The 
optical densities, D~ and DII, measured by thts way with the 
light polarized parallel and perpendicular to the polarization 
of the irradiating light and the fraction of the remained corn- 

Polarization ,amole 

t p . . . .  

InoOenl l~ght, I .  

: 1, x .- E± 

x=0, I,, I(x,O 
Fig. 1. Diagram of experimental set-up correspondin~ to the considered 
theoretical model. 

pound ~ are calculated from the orientation distribution func- 
tion as [41: 

l) ,  i t,l) = D,, I ~'ii (/3)P( /3,t,I ~d[3. 
0 

Dl(  t . I ) = D , , 1 4 j  (~)p([3, t . I  )d/L 3 ) 
i ,g 
0 

n-  

f v(/3,t,l)d/3 
0 

where D,, is the optical density of an isotropic sample belore 
the start of photolysis [ 6 l, 

~:ll(fi) = 1 +2P=(cos/3){t" - a~, )/3 
(4)  

,~:tl/3)=l P•(cos/3)( 4 - , ~ ' ) / 3  

where ~:, ~ are dimensionle, s components of the extinction 
coefficient tensor: ~:.'/v and a , ' / &  respectively. 
~:= (t:.' + 2 a , ' ) / 3  and. ~:_'. ,,:,' are the real components of 
ECT [4].  P2(cos/3) = (3cos:'-/3- 1 ) /2  is a second Legendre 
polynomial. 

The space and time evolution of the anguhtr distribution 
function of the substance A is described by the following set 
of a pair of coupled partial differential equations: 

#p(~ . t , I )  l(l)&~:'l  
. . . . . . . . . . . .  ~( [3)p([3.tJ) 
3t V (5) 

~7 
o 

r~/ d 
' )  

or in dimensionless form: 

;~r ~ (6) 

c~( = - i .  f~pd/3 

with the boundary conditions p(/3,0,x) -Po,  1(r,O) = 1. 
Here x = lcoe' is the dimensionless depth, r is the dimen- 

sionless time ( r =  2.303tqd, ,,:'/S), q~ is the quantum yield of  
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the photochemical reaction, 1 is the depth from the irradiating 
surface, S is the square of the irradiating surface, I,, is the 
intensity of irradiating light, i = 1(r,x)/1,, ,  p = p ( [ 3 , r , x )  : 

po=,o(/~,0,X); g=gll(/~) from Eq. (4);  p,x and pB are the 
orientation distribution functions for the molecules of the 
initial compound A and the reaction product B. respectively. 

For solutions of Eq. (6) the known substitution [ 22,34 [ 
was used 

e, 

U =  i i ( x . r )d r  

After this substitution the set of Eq. (6) transforms, to the 
following: 

Io-' o_0 
OU = - g P  ( 8 ) 

77 

u=_ov f O.v:~r O-r" ~pdj9 

The solution of the first equation can be readily obtained: 

p(r)  =Poe - ~,c, ( 9 ) 

Putting Eq. ( 9 ) i n to  the second equation of Eq. (8) i-ires: 

Uzr 

ff d x  epoe ~'Ccl,Sd U (10) 
D [1 

c I / r (~ )  Ii1(t+,/l, :, 

f 
v e u+- • ~-~ "ert{ V'Ut ~: - ,'-, ) ) -  1 

V/U( ~:. - ~..', ) 2 

d U 

(15) 

where ,'(/3) = ~:11(t3) from Eq. (4).  
Note, that the ratio P/O,, has values within range from 0 to 

1. So, from Eq. (15),  one can numerically obtain the values 
of the angular distribution function for any desired distance 
x below the irradiated surface and then relatively to Eq. (3),  
calculate the respective magnitudes of dichroism and quantity 
of unexhausted substance. 

Thus, we have obtained the expression for calculation of 
the photoinduced concentration and dichroism proliles for 
the photochemical reaction under photoselection condition 
inside a sample with high optical density. In Figs. 2-5 and 
Fig. 7, one can see the three-dimension map of the depth 
dependence o1' the angular distribution function of the rea- 
gent 's molecules, concentration and dichroism profiles cal- 
culated relatively to Eqs. (14),  ( 15 ) and (3).  

3. Results and discussion 

3. I. Depth distribution o f  photo indm'ed  dichroism 

Integration by U in the right part gives: 

n -  

+ f(,+ +) 
d x pod/3 

O 

11) 

Fig. 2 shows the depth dependence of the angular distri- 
bution function of the molecules of ,;ubstance A inside the 
sample with high optical density afte wradiation with i 3early 

and iinally, 

~. U {  '. • r ) 

fa - +  
n- 

o 

12) 

From the first equation of Eq. ( 8 ) and from Eq. (6).  one can 
obtain the limits of  integration: 

U ( O . r ) = r  

I 
U(x r ) -  

So, 

( I/~:[3 ) In (  P/Pu 

.~ ~ f "7 

--,n(O--I 
\P , , ]  

- 1  
rr 

f(,e 
0 

( t 3 )  

dU (14) 

In the case when c= > e, Eq. (14) can be presented in the 
partially reduced form: 

y i 

t J 

0 5 

p (B) 

180 

Fig. 2. Three-dimension map of the depth dependence of the angular distri- 

bution function of the initial reagent 's molecules in the sample subjected 1o 

irradiation with linearly polarized light (extraction tensor components of 

the reagent molecules: s: = 3. ,~:, - ~:, = O: irtmliation time: r =  10 
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Fig .  3. A typ ica l  d e p t h  d e p e n d e n c e  o f  the k ine t ic  and  a n i s o t r o p y  p a r a m e t e r s  

o f  the s a m p l e  wi th  h igh  op t ica l  dens i ty  sub jec t ed  to i r rad ia t ion  wi th  l inea r ly  

po l a r i zed  l igh t  ( ex t i nc t i on  t enso r  c o m p o n e n t s :  e: = 3, ~, = e, = 0: i r r ad ia t ion  

t ime:  r =  10) .  
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Fig.  4. A c o m p a r i s o n  o f  the p h o t o i n d u c e d  d i c h r o i s m  pmi i l e s  in the s a m p l e s  

wi th  h igh  op t i ca l  de ns i t y  c a l c u l a t e d  for  m o l e c u l e s  wi th  d i f f e r en t  l ight  a b s o r p -  

t ion tensors .  T h e  s i m u l a t e d  c u r v e s  c o r r e s p o n d  to the f o l l o w i n g  ex t inc t ion  

t ensor  c o m p o n e n t s  o f  the  r e a g e n t ' s  molecu les :  ( 1 ) ~: = 3, ~, = e ,  = 0; (2 )  

e = 2 . 5 ,  e ~ = ~  = 0 . 2 5 ;  {3)  ~ : = 2 ,  ~ =  e , .=  0.5;  ( 4 )  e ~ =  1.5. e ~ =  ~, ={) .75:  

( 5 ) ~. = 1.1, g,. = ~,. = 0 .95 ;  ( 6 )  *: = e~ = g~. = 1 ( i so t ropic  l ight  a b s o r p t i o n  }. 

Time of irradiation: r= 10. 

polarized light calculated relatively to Eq. ( 15 ). The concen- 
tration and dichroism profiles, calculated from this angular 
distribution function are depicted on Fig. 3. The angular dis- 
tribution function in the front layer of the sample, as well as 
dichroism and c values, is equal to the one calculated for the 
optically thin samples in Ref. [4].  Unsurprisingly, in the area 
near the irradiated surface, the system behavior under pho- 
toselection is the same as in the systems with low optical 
densities. So the calculation depicts that the photoselection 
in the sample with high optical density leads to the appearance 
of the optical dichroism of the sample, which decreases fronl 
its maximum value in the firsl layer of the sample down to 
zero in the layers where chemical conversion degree is neg- 
ligible (Fig. 3). The maximum magnitude of  dichroism 
increases with the increase of the ability of molecules for 
anisotropic light absorption (Fig. 4). 

. - -  N,% o 

- - - Dichroism {d) 
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Fig.  5. The  i n w a r d  p r o p a g a t i o n  . I  the p h o t o i n d u c e d  c o n c e n t r a t i o n  q sol id 

l ines)  and  d i c h r o i s m  ( d a s h e d  l ines I prof i les  in the s a m p l e  d u r i n g  i r r ad ia t ion  

wi lh  l inea r ly  po l a r i zed  l ighl ,  l[ :xtinction tensor  c o m p o n e n t s  are  e : : - 2 , 8 ,  

~', = ~:, = 0. I ; d i f fe ren t  c u r v e s  c o r r e s p o n d  to the f o l l o w i n g  i r rad ia t ion  t imes:  

(I, r=0.2, (2) r=0,5, (3) r , ~4) r=2, {5) r=5, {6) r=il}, (7) 
r=20, 18} r=40, {9) r=60, ( i,11] r 80. 

The photoinduced dichroism is a reasonable result ofpho- 
toselection. But how does photoselection influence the kinet- 
ics of the photochemical reaction in the optically thick 
samples ? We performed the comparison of concentration pro- 
files calculated with and without consideration of photose- 
lection. In the case without photoselection the curves were 
calculated relatively to ReL [34].  

[t is known 120-22,38-40] that the consummation of pho- 
tochemical reaction in a rigid material with high optical den- 
sity leads to the formation of the wavelike concentration 
profiles along the sample depth, which propagates inwards 
the sample during irradiation. It was also theoretically [ 22-  
24,34] and experimentally [ 19] shown that concentration 
profiles of reagents must keep their form during their inward 
propagation in the sample. Fig. 5 shows that in the case of  
photoselection, the concentration and dichroism profiles also 
keep their form during propagation of  the reaction inside a 
sample for most cases. This rule is not valid only when the 
molecule is able to have an }}rientation when it does not absorb 
light at all. The two cases match this condition: molecules 
which absorb light striclly in one direction ( & = 3 ,  
~.~=e,.=0) or molecules v~ith absorption of light in plane 
( e  =0 ,  e,=g,. = 1.5). But due to relaxation processes in 
matrix, partial light depohmzation by reflection and media 
scattering, the above-mentioned situation can scarcely' be 
achieved in real conditions. 

3.2. Space recording of the photoselection kinetics 

l,et us consider the optically thick sample as a set of thin 
layers where the photochemical reaction kinetics and photo- 
selection obey 'classical' laws, valid for samples with low 
optical densities. Due to these laws the strictly defined value 
of photoinduced optical antsotropy (D • - Dir)/Do corre- 
sponds to every,' degree of inilial reagent degradation ( 1 - N/ 
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.IV,>) [42]. Thus, one may expect that the dependencies 
[ (D .  - D,)/Do] vs. ( 1 -N/No)  calculated for the cases of 
samples with high and low optical density should suffice. As 
we showed in Fig. 6 our calculation completely proved this 
expectation. The desired dependencies were calculated rela- 
tively to Eq. (15) for the strongly absorbing sample (line on 
Fig. 6) and relatively to the well-known procedures I 2-4.6] 
for the optically thin sample (dots on Fig. 6). 

The degree of reagent degradation is strictly de!ermined 
by the dose of absorbed light. In case of an optically thin 
sample, the different doses of absorbed light can be obtained 
by different periods of  irradiation. In the case of the sample 
with high optical density, the all thin layers absorb their own 
light doses, which depend on the layer's depth below irradi- 
ated surface. Thus, we see that irradiated samples with high 
optical density contain the depth recorded 'image" of the 
kinetics of the photoselection carried out in the optically thin 
sample. 

We can obtain the image of the reaction and photo~+election 
kinetics in the optically thin sample by using data obtained 
for the irradiated optically thick sample. To do this we have 
to calculate for the thin sample the hypothetical ~ alues of 
time ( t ' )  corresponding to each registered value of the degree 
of hfitial reagent conversion. Time t' means that during the 
time of irradiation equal to t', the photochemical reaction in 
the optically thin samples reaches the same degree of reagent 
conversion as one measured in the optically thick sample at 
the given depth 1. 

If we want to obtain from the irradiated optically thick 
sample the image of the reaction and photoselectior~ kinetics 
as they would occur in the optically thin sample, we have to 
cah:ulate for the thin sample the hypothetical value.~ of time 
(t' ~ corresponding to each registered values of the degree of 
the initial reagent conversion. During the time of irFadiation 
equal to t' the photochemical reaction in the optically thin 
samples reaches the same degree of reagent conver.~ ion as in 
the optically thick sample at a given depth. Values oQ '  relate 
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Fig.  (~. T h e  c o m p a r i s o n  o f  the  d e p e n d e n c i e s  I ( D L -D  ) / D ,  I w .  ~ I - N / N o )  

ca lc , .da ted  f o r  the  b o t h  c a s e s  o f  s a m p l e s  w i lh  h igh  ( l i n e )  a n d  l ow  ( d o t s )  

op t i ca l  d e n s i t y  ( s e e  t e x t ) .  D i m e n s i o n l e s s  i r r ad i a t i on  t i m e  in the  bo lh  cases :  

r =  0. 

with the values measured in the optically thick sample by the 
following expression ( see derivation in Appendix A ): 

t ' -  D,,S i ( D ( I ' ) )  dl' (16) 
e'l~,b~l,, 1-  D,, 

t 

where / ~ is the thickness of the sample in the direction of the 
probe light beam; I is the depth below the irradiated surface 
along the direction of irradiating light propagation; Do is the 
optical density of the sample measured by the probe light 
beam in the direction perpendicular to the direction of the 
irradiating light propagation; betor'e irradiation it is constant 
during the whole length of the sample. D(I) is the optical 
density measured by probe beam at the distance 1 below the 
irradiating surface of the sample: ~:-' is the average extinction 
coefficient; q~ is the quantum yield of reaction; 1. is the irra- 
diating light intensity;/ '  is the variable of integration: S is the 
square of the irradiated surface of the sample. Eq. (16) is 
valid for cases when light is completely absorbed in the sam- 
ple, or in other words the length of the photoinduced wavelike 
concentrational profile is less than the sample length. 

Hence, the single registration of the depth distribution of 
the dichroism and reagent 's  quantity in the irradiated sample 
with high optical density allows to imagine and reconstruct 
the photoselection and reaction kinetics carried out in the 
sample with low optical density. It should be noted that any 
optical drawbacks of samples (light scattering, light absorp- 
tion by matrix, etc.) will cause the disagreement of the pho- 
toselection kinetics obtained in the samples with high and 
low optical densities. In spite of this, the above-mentioned 
method of reconstruction of photochemical and photoselec- 
tion kinetics can be useful for cases where measurements 
divided by periods of time are related with difficulty.. 

4. The influence of photoselection on the depth of the 
photochemical reaction penetration inwards irradiated 
sample 

The comparison of the shapes of concentration profiles, 
calculated with account of photoselection and without such 
account gave out a quite interesting result. Fig. 7 shows that 
under irradiation with linearly polarized light ( in the photo- 
selection conditions), the concentration profiles of the reac- 
tion are broadened and the reaction penetrates deeper inwards 
an irradiated sample relatively to the case without photose- 
lection. This effect increases with the increasing ability of 
reactive molecules for anisotropic absorption of light (Fig. 
7). 

This effect seems to be surprising at first glance. But vir- 
tually it is quite explainable. In the case of photoselection the 
intensity of light is accumulated in one polarization direction. 
Due to light absorption law, it can be absorbed only by favor- 
ably oriented molecules, whose amount is less than the gen- 
eral amount of molecules in this laver. So, these molecules 
undergo photochemical conversion Inuch taster than the mol- 
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Fig.  7. A c o m p a r i s o n  o f  the p h o t o m d u c e d  d i m e n s i o n l e s s  concen t ra t ion  pro- 

files in the s am p le s  wi th  h igh  optical dens i ty  ca lcu la ted  lor molecu les  with 

the d i f ferent  l ight  absorpt ion  tensor.  The  s imu la t ed  curx es co iTespoml  to the 

f o l l o w i n g  ex t inc t ion  tensor  c o m p o n e n t s  o f  the r e a g e m ' s  molecu les :  1 

* , = 3 ,  e ~ -  e y = 0 ;  2 - e ,  = 2.g. v ,  : :  *.'> = 0 . 1 ;  3 - g, = 2 . %  ~:~-s:> = 0 . 2 5 : 4  

*:, = 2, g~ = *~ = 0 . 5 ;  5 - ~ == 1.5, e:~ = v> = 0.75:  b lack d.)t> - ,% == ~N -e :> I 

( i sot ropic  l ight  absorp t ion  I. T i lne  of  irradiatioll:  r -  10 

ecules with other orientations and open 'the door" for the light 
to the next layer. Then Ihe same situation ot curs in the nero 
layer. As a result the intensity of the linearly polarized light 
decreased in each layer less than in the case of unpolarized 
light; consequently the photochemical rem:tion penetrates 
deeper inwards the sample. On the other haad, the beam of 
unpolarized light ( with the same intensity ) cml be considered 
as a set of randomly oriented linearly polarized light beams. 
Under irradiation of the sample with such a beam all the 
molecules irrespective of their orientation in the htyer have 
an equal opportunity for absorption of light and to undergo 
photochemical conversion. In other worlds, the quantity o |  
light-absorbing molecules is much more in each layer. As a 
result, the incident light exhausts on a less depth range belov~ 
irradiated surface. So, the photochemical reaction propagates 
less inwards the sample under irradiation ,a ith unpolarized 
light than with polarized one with the time oJ irradiation and 
light intensity being equal. The ~ame situation also takes place 
if the molecules absorb light isotmpically ( < =- ~:, = g. = I ). 

It should be noted that in all cases depicted on Fig. 7 the 
general amount of absorbed light, as well as the quantity of 
exhausted reagent, is the same. So, the deeper penetration of 
the reaction inwards the irradiated sample is ,tchieved not by 
increasing the irradiating light intensity but only by changing 
the light polarization. One can see that the dii])rence of pen- 
etration can be quite significant. Hence, the photoselection 
opens a possibility to control the depth ol: penetration of 
photochemical reaction in a solid media. 

lection in a sample with high optical density is obtained for 
the lirst time. On the basis of this, the reaction kinetics and 
dichroism accumulation during photoselection in the strongly 
absorbing samples free of rotational and translation diffusion 
are obtained. 

i 2) It is shown that in most cases the photoinduced con- 
centration and dichmism proliles keep their forms during 
propagation of  the reaction inwards the sample. It is found 
that this rule is not valid only in the case when molecules are 
able to have an orientation when it does not absorb light at 
all. 

(3) It is found that the irradiated sample with high oplical 
density contains the space recorded ' image'  of  the kinetics of 
the photoselection and the photochemical reaction carried, out 
in the optically thin sample. 

14) It is theoretically shown that under photoselection 
conditions photochemical reaction can penetrate deeper 
inwards tim sample relatively' to the case without photoselec- 
tion. The possibility of control of the depth ol' penetration of 
photochemical reactions in the solid materials with high opti- 
cal density is noted. 
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Appendix A. 

The following square, calculated from the photoinduced 
concentrational profile as on Fig. 3 is equal to the quantity of 
the photoconverted molecules in the sample's volume from 
the depth / to the end of the sample: 

i( ) N o 1 -  N(I ' )  dl' 

) 

(17) 

where N,, and N(I) are the initial and current length density 
of molecules quantity measured at depth l. 

Due to complete absorption of light in the sarnple the 
amount of light on the surlace of the layer (1) and light 
absorbed in the sample below this surface are equal. Then. in 
accordance with quantum yield of  reaction the total amount 
of light that has fallen on the layer I (F(1) ) is: 

5. Conclusions 

( I ) Theoretical description of  the time and ~pace evolution 
of the orientation distribution function of the reactive mole- 
cules undergoing photochemical conversion under photose- 

/ 

(18) 

By dividing the known quantity of fallen light F(I)  by the 
intensity of irradiating light 1,, (quantity per second), we 
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ca l cu la t e  the  t i m e  o f  i r r ad ia t ion  n e c e s s a r y  fo r  achiex, ing the  

g i v e n  d e g r e e  o f  c o n v e r s i o n  N ( l ) / N ,  in the  l aye r  o f  t h i c k n e s s  

dl  i r r ad ia t ed  w i t h  the  l ight  o f  in tens i ty  1,,: 

, ' = - - - r  1 -  N,, d l '  ( ' 9 )  

B e l o w  we  adopt  Eq. ( 19 )  fo r  the measurab le  vahtes o f  

optical dens i t i e s  D ( 1 ) .  T h e  p r o b e  light b e a m  has  a w i d t h  Al. 

I f  th~s w i d t h  is smal l  e n o u g h  tha t  the  c h a n g i n g  o f  ,V(I) is 

n e g l i g i b l e  w i th in  Al t hen  the  va lue  o f  N(1)  can  be  c a l c u l a t e d  

f rom the  D ( l )  by  the  f o l l o w i n g  ratio: 

D ( I ) V  
N ( I ) =  - -  ( 2 0 )  

e'l±A1 

w h e r e  I± is the  t h i c k n e s s  o f  the  s a m p l e  in the  d i r ec t i on  o f  the 

p r o b e  l ight  b e a m  (F ig .  1 ); , "  is the  a v e r a g e  e x t i n c t i o n  c o e f -  

f ic ient ;  V = S A I  is the  v o l u m e  o f  the  s a m p l e ' s  par t  c o r r e s p o n d -  

ing  to the  b e a m  w i d t h  A1; S is the  squa re  o f  the i r rad ia ted  

su r f a c e  o f  the  s am p le .  

Pu t t i ng  Eq .  ( 2 0 )  in Eq.  ( 1 9 )  and  us ing  the  subs t i t u t ion  

V = J A I  w e  f inal ly  obta in :  

D o S  ( {  D ( l ' )  ~di , 

"'-~:']~.Jt'- Do 
( 2 1 )  

t 

So,  lhe  d e s i r e d  d e r i v a t i o n  is p e r f o r m e d  
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