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The influence of polydispersity and size of particles on the course of both 
the angular dependence of the Mie intensity functions and the polarization 
ratio in the systems with m = 1.10 was studied theoretically. I t was shown 
that the combination of the results of the intensity and polarization measure
ments can be used for characterization of the mentioned dispersions. The 
possibility of using both the minimum intensity methods and the polarization 
ratio for particle size determination is discussed from the point of view of the 
results obtained. 

Теоретически было исследовано влияние полидисперсности и размера 
частиц на угловую зависимость функций интенсивности по Мию и фактора 
деполяризации систем с m = 1,10. Было показано, что взаимное сочетание 
результатов измерений поляризации и интенсивности можно использовать 
для характеризации этих дисперсий. На основе полученных результатов 
обсуждается возможность использования метода минимальной интенсив
ности и деполяризации для определения размера частиц. 

I t is known t h a t light scattering methods can provide valuable information on 
mono- and polydisperse systems of spherical particles [1, 2]. Thus e.g. Kerker et al. 
[3] proposed the measurement of polarization ratio in the region of angles 30—135° 
for determination of distribution parameters in systems with narrow particle size 
distribution. Shifri?i [4] showed the possibility of determining the particle size 
distribution by means of the low angle light scattering. 

This paper deals with the influence of polydispersity and the size of particles on 
both the course of angular dependence of the Mie intensity functions and the polar
ization ratio in colloid dispersions with the relative refractive index m= 1.10. 

Scattering from polydisperse system 

According to the Mie theory, for the vertical (F u) and horizontal (Hu) components of 
the intensity of the light scattered by a polydisperse system of spherical particles at non
polarized primary beam one can write [2] 
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where N is the number of particles in a volume unit, Я the wave length of the light used, 
i\, %г are the Mie intensity functions, a is the size parameter (a = n DjX, D is the particle 
diameter), 0 is the observation angle and f (a) is the function describing the particle size 
distribution. According to eqns (1) and (2) it is possible to express the polarization ratio 
as Q(G) = Hu(Q)/Vu(S). 
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Fig. 1. "Polydispersity" (K = 10 
for ao = 4 and ao = 12) of E w a ' s 

distribution. 
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Fig. 2. The significance of the width para
meter К of E w a ' s distribution. 

2. К = 2 . 5 ; 2. К = 5; 3. К = 10; 
4.K = 20; Ó.K = 50. 
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The assumed particle size distribution can be described by various distribution func
tions. For many systems the lognormal distribution function turned out satisfactory [2] 
and in the present study it was used in the Evvďs [5] rearrangement 

f(a) = C exp[-iC(ln a/a0)
2], (3) 

where К and ao are the width and the modal parameters, respectively; for а = ao it 
holds f (a) = C. I t is to be noted (Fig. 1) that with increasing ao the distribution becomes 
wider in spite of a constant K. The significance of the width parameter К for ao = 8 is 
shown in Fig. 2. 

Results and discussion 

Integrals in eqns (1) and (2) were solved numerically (the programme in Fort ran IV 
for a computer CDC 3300) with an interval а = 0.5 while the values of the intensity 
functions were calculated by means of tables [6—8]. The correctness of calculations 
was checked by means of the published angular dependence of Q(&) [3]. Fig. 3 shows 
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the fundamental correctness of the numerical solution, the deviations being obviously 
due to the application of slightly different distribution functions. Fig. 4 shows the 
influence of different degree of polydispersity К and size parameter ao on the course 
of curves i[(&), H(&), and Q(&). 

For a 0 = 4 and a low degree of polydispersity the curves i[(0) show typical 
minima and maxima which become flattened with an increasing width of distribution. 
At a medium polydispersity of the system a parallel monotonous course of curves 
can be seen in the whole region of angles studied. For highly polydisperse systems 
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Fig. 3. The control of calculations. 
published [3] curve (ZOLD distribution); 

О calculated values. 
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Fig. 4. The angular dependence of scattering 
functions and polarization ratio for m = 1.10. 
1. К =2.5; 2.K=5;S.K=10; 4. К = 20; 

5. K= 50; 6. К = OD. 

a, b, с vertical component 
d, e, / horizontal component 
g, h, i polarization ratio 
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the curves t u r n downwards from an angle about 110° This curvature is more pro
nounced at ao = 8 for all degrees of polydispersity. The situation is similar at 
ao = 12, however, in contrast to Fig. 4a the radiation envelope attains an oscillating 
character a t high polydispersity and in the range of angles 100—140°. 

The c ' f lattening" of the curves with an increasing polydispersity for ao = 4 and 
ao = 8 or the indication of undulation at ao = 12 and higher degrees of polydispersity 
can be seen also in the i\ vs. 0 plots. Moreover, a t ao = 4 there appeared a shift of 
the position of the minimum with increasing polydispersity. For К = 50 and 
К = 2.5 it is situated a t 0 = 100° and 0 = 115°, respectively. 

An analogous shift of the minimum for ao = 4 between 95—115° occurred also 
in the angular dependence of the polarization ratio @(0) while for ao = 8 and 
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ao = 12 the minimum had a constant position regardless the changing angle. For 
ao = 4 and ao = 8, a flattening of curves Q(0) with increasing polydispersity was 
observed while for ao = 12 undulation was indicated a t К = 5 and К = 2.5. 

I t can be concluded for all dependences studied t h a t the higher the ao value t h e 
lower is the degree of polydispersity at which the flattening of the corresponding 
curves begins. 

Thus the theoretical calculations show t h a t the combination of the results of the 
intensity and polarization measurements can be used for evaluating the nature of 
dispersion studied. 

As known, i*(&) curves are important with regard to the influence of polydispersity 
on working dependences of the minimum intensity method while Q(&) relationships 
involve another method of particle size determination. I n this connection let us 
consider the extremes in the dependences on Figs. 4d, 4/, 4g, and 4h. Since according 
to Figs. 4d and 4g the positions of minima in the region of angles 95—115° were 
shifted as a consequence of polydispersity, the corresponding extremes of dependences 
i*2(0) and @(0) cannot be used for determining a mean diameter of particles in poly-
disperse systems. On the other hand, in spite of a negligible effect of polydispersity 
on the position of minima in Figs. 4 / a n d 4h in the region of angles 112—118° these 
minima are situated practically in the domain of appearance of maxima on the 
corresponding dependences for a monodisperse system. Therefore, it is hardly pos
sible to coordinate these minima to any neighbouring minimum. As can be seen, 
the determination of the mean particle diameter based on the appearance of minima 
on the curves i*(0), Q{Q) in the region of higher angles is rather difficult. 

I t becomes also evident t h a t a detailed distribution analysis of the above-mention
ed systems cannot be carried out by comparing the experiment and theory since the 
majority of dependence studied is rather monotonous. 
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