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Abstract :  The depolari zed and polarized scattered He-Ne laser 

light was meas�red . From these measurements Ray�eigh 

factor and depolarization factors of phytol were 

calculated . Based on these results the values of isother­

mal compressibility and molecular mass of phytol were 

obtai�l:!d .These values are compared with corresponding 

results obtained with other methods .  

Introduction 

Phytol,  c20Hj 90H is unsaturated primary alcohol with one double

bond . As a structural part of chlorophyll in the form of phytol

group l ) , it is tlie basic product of its decomposition • . It was syn-
2 ) thetized for the first time in 1929 and extracted from plants in

194 3
3 ) . The molecular structure is not completely known4 > . The

values of the refractive index5 > , n  =l . 46ol , n0=1 . 4623 , n = 1 . 4 595 ,
Q y 

molecular mass5 > , from 296 . 54 to 296 . 32 ,  and density , p=0 . 84 97  g .
-3 cm , were determined .

In this work , the measurements were performed of the . scattered

Re-Ne laser light ( �= 632 . 8nm) from spectroscopically pure phytol 



(Fli-ka product) as well as from benzene solution . 
6 ) 

The general formula for quasielastic light scattering gives

the intensity of the scattered light : 

I a E ) 2 TT2 } vsin2 � 6+6 �u

a T  6-7�u 
( 1 )  

where : I - intensity o f  scattered light ; I
0

- intensity o f  inci­

dent light ; A- wavelength ; r- distance between the detector and 

the scattering center ; V - volwne of the sample ; c  - dielectric 

constant; T - temperature , p - densi ty ;  v- volume element of the 

scatterer $ - angle between the electric vector of incident 

light wave and radius vector ; 6u - depolarization factor for na­

tural light 

-;;;;2 and � are mean square fluctuations of density and 

temperature , respectively : 
2 . 6TP � 2 2 i1p =kT -- llT = kT /pC"v

V 
( 2) 

where :k  - Boltzmann constant , ST - isothermal compressibility 

and cv- specific heat .

If temperature dependence of dialectric constant and the 

influence of anisotropy are neglected , well known Einstein­

Srnoiuchowski formula is obtained : 

( 3 ) 

I t  is  possible to consider the total intensity of scattering 

as formed by two components of incident light : polarized horizontal·  

ly and vertically . Taking into aco\11� in the formula for Rayleigh 

scattering , the contribution of induced dipoles in the molecules 

of the scatterer , as well as the fact that the motion of molecules 

is correlated , we have for four different components of scattered 

light6 ) , for e = 9 0° : 
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1:  2 
= -· p ( a-b} 

15 

Ivh= .!· p (a-b) 2 

15  
1, 2 

Ihh = tl (a-b) 

where : a and b are main refractions ( in the case .when 

revolutions are 

p =a+ 1 

q =a+l - s 
where : g (r )  and 

consi9ered) 

Ct = far g ( r) h (r)
°" f o  -+ 

j drg ( r )  = - 1 

h (£.) are correlation functi0ns.

( ,1 ) 

( 5 )  

(6 ) 

( 7 )  

ellipsoidal 

( 8 )  

(9 )  

In the case of solutions , bes ides the fluctuations of density , 

fluctuation of concentration is also important . Then , it  is more 

convenient to express the intensity of scattered light in terms of 

Rayleigh factor� �  

R
vv 

( 8 )  = J�cM
P 

( P  (0) -2A
2
M

P
Q ( 0 )  c+4 6 )

Rvh {8) = 1bv (8)  = 36kcM
P

� (8) = KcM I (P (0) -2A�M Q (8) c+6 ) cos28+36 I
p ,. p 

( lo )  

( 11) 

( 1 2) 

where: P (0) - scattering factor ; A2- second virial coefficient ;

6 - factor which takes into account the influence of optical aniso-

tropy; Q (0) - functbn of intermolecular correlation ; c- concentra­

tion of solute with molecular mass M
P

; NAv- Avogadro constant;

n0 - refractive index of solvent ,  and

2 2
K = 4 'ff no

>. 4N o Av

dn) 2 ,
de 

where : dn/dc - increment of refractive index . 
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2 .Experimental 

The measurc-mcnts were pcr 'orrnecl on photogoniodifusimctcr 

in the Laboratory for optics , C EN Saclay , France . The apparatus 

consists of a He-Ne , SmW laser , sample holder immersed in dodecane , 

photomultiplier , Faradey rotator , analyser , amplifier , and di­

gital voltmeter . It is shown schematically on Fig . l .  

The cylindrical geometry was used , since it enables the meas­

urement of' angular distribution of all four components of scatter­

ed light from 0-165° . Sample holder provided the place for two 

cells immersed in dodecane , with the possibility of continuous 

comparison of the measured intensity with standard , eliminating 

thus the parasite effects . The laser beam enters the dodecane 

before being scattered by the sample and then after scattering 

passes through dodecane again and falls on the detector . Before 

each filling of the cell , either with phytol or with phytol 

solution in benzene , the samples were filtrated using Gelman­

Metricell filters . 

+-- - 3 - n- - a - -
He-Ne 
laser 

Chopper 
Polarisation 
rotator 

Interference filter 
Photomultlpller 

Digital voltmeter 

Print11r 

Fig . l 
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3 .  Results and discussion 

The values of the components of scattered light were mea-

sured at different angles from 30° to 150° ( in 1 5° stepsJ . After

corresponding corrections ,  the rr\ean values for all four components , 

normalized to 90° were obtained .

Ivv = 0 . 69 25

lvh 0 . 08675

"7hv O . 0948

Ihh 0 . 082

From absolute measurenent of the light scattered on benzene 

and cyclohexane9 > and measured values for I
vv 

and Ivh ' the value
-6 - 1 

of the Rayleigh factor , R= 4 . 5 . lo cm , was ob�ained . From the

same data , the values of depolarization factors A u=0 . 223  and

t=0 . 1 25 , were calculated . 

In order to avoid numerous corrections during the absolute 

measurements of the �ntensity of scattered light (8 = 90° ) ,

equation ( 1 )  is presented in the form : 

I = A • ( ilt..) ']ti.-r? • 6+6,1 u
T , 

· a p · 6-7A ·
where A is the nbrmalizatYon factor . 

(1 4 ) 

The value of normalization factot A has been determined from 

light scatterirg ·measurem�nts on cc14 and known values for its ·.-: 
5) compressibili,ty • Usfng the value of this · ·  normalization factor 

A, the compressibility of -ptfyto� was obtained fr·om anal9g measure­

ments : �= 7. 86 •10-10 m2/N 

Taking into account the relatfon between the density and 

refractive index , the correc:ed values _of; compressibility 

are given in Table I ,  for different approximations . 

It can be s�en from the c1ata .
. 
giveri " in Table I that different

approxim� tion' .. f_or �f\e values ·consistent ·wi ttiin 2 % • 



Table I 

Lorentz-Lorenz ·Eykrnan ref . 6 ) (Vuks)

7.90•10-10 

The values of p::>larized and depolarized cx:mp:ments of the sea ttered 

light , for scattering angle of 90° and for different concentra­

tion of phytol in benzene are given in Table II . 

Table II 

Concentration (g/cm3
) 

0 .04542 

0 . 059567 

0 . 0844 36 

0 . 1 352622 

I r ·  (re! . units),, 
0 . 9 102  

0 . 96 9  

0 . 9488 

0 . 948744 

I.,h (rel . units )

0 . 18496 5 

0 . 186617  

0 . 1 88 3 1 2  

0 . 19089 

Fro� the dependence of I=I (c ) , given in Table II and the 
. 1 ) values of n=n (c)  0 , the mol�cular mass of phytol , M=284 amu ,

was calculated . 

Taking into account that the molecule of phytol is too small 

for the determination of mol�cular mass using the method of 

light scattering the oJ::lained value is in a good agreement with the 

published value M= 29 6 . 54 5 ) .
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