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By comparing the theoretical and experimental intensity ratios of vertical 
components of light scattered at the pairs of angles 40 : 30°, 45 : 35°, 50 : 40°, 
60 : 45°, and 90 : 45° the average diameter of particles of polydisperse PVAc 
latex was estimated. The determined value was in agreement with the 
results of scattering ratio measurement and electron microscopy. 

In this paper the possibility of estimating the average diameter of PVAc latex particles 
om the intensity ratio of the light scattered in two angles ranging from 0 to 90° has been 
ivestigated. As a matter of fact, Hodkinson [1] pointed out that the distribution of the 
ght scattered in that angular sector might be employed as a convenient measure for 
íe size of particles what is also obvious from Fig. 1. This figure shows the course of the 
itio of scattering intensities for selected pairs of angles depending on a according to the 
rauenhofer diffraction relationship [1] 

ii + i2 = 2a2[Ji(a sin 0)/sin2 <9], Ц) 

here a = nDß (D is the diameter of a particle and Я is the wave length of light in the 
nedium under consideration), Q and J i denote the angle of observation and Bessel 
auction respectively, and ii, г*2 are intensity functions (vertical and horizontal) published 
a the tables of Mie scattering, e.g. [2]. The relationships ii(Oi)/ii(&2) = f(a) are of similar 
haracter (Fig. 2) and have been calculated for m = 1.10 (relative refraction index 
if aqueous PVAc dispersions) on the basis of above-mentioned tables. 

fy. 1. Dependence on a of the intensi-
У ratios for quoted pairs of angles 
«cording to the Frauenhofer diffrac­

tion [1]. 
1. 10:5° ; 2. 2 0 : 15°; 3. 40:20° . 
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•Figr. 2. Variation with a of the ratios о! 
vertical components of light scattered a; 

different pairs of angles. 
a) 40 : 30°; b) 45 : 35°; c) 50 : 40°; 

d) 60 : 45°; e) 90 : 45°. 

As evident from figures, an unambiguous reading of ä allowing a comparison with tli? 
experimental results obtained for selected pairs of angles (considering experimental con 
ditions) is possible only below a = 6 approximately, at г4о°/*зо°. Provided the intensity 
ratios at several pairs of angles are taken into consideration, the : multivalidity of data 
may be excluded for a > 6. 
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PABTICLE SIZE DETERMINATION 

Experimental 

w f S ľ / f e X U n í r i n V e S t i i a t i o n w a s o f si™*™ origin as the material in paper [3], its 
m g h t average chameter Dw being 880 nm (determined by eleetron m i e r e s L v ) The 
measurements of mtensity of the scattered light with vertically polarized p r i Z y beam 
were made by the method described in [3], while the photometric data w T Z r e c S 
with respect to the volume observed (correction sin(0)) corrected 

Results and Discussion 

J U 3<TSh7rS T ™'lf0n°{ individual intensity ratios with concentration while the 
<alues (U.i/Ie,2)„were found by extrapolating to zero concentration. These data are 
summanzed m Table 1 where the corresponding values of a and D are also given The 

Fig. 3. Relationship between concentration and 
ratios of the vertical components of light scatter­

ed at different pairs of angles, 
i. ©i = 40°, 0 2 = 30°; 2. 0x = 45°, 0 2 = 35°; 
3. 0 ! = 60°, 0 2 = 45°; 4. Q± = 50°, 0 2 = 40°; 

5. 0 i = 90°, 0 2 = 45°. 
4 6 

C x 10' [g mL-'] 

ÍsTttLT H + w ; a l u e r a S t h e n U S e d f O T t h e estimation of the particle diameters 
Ишв it was found that D = 1030 nm ± 3-%. The values « were determined by comparing 
•he correspondmg results for all angle pairs and by eliminating inconvenient data 

P r t c l e s T ľ o f b T Г * [ 3 ' 4 L t h e S C a t t e r i n g r a t i ° ° Í S a c°nvenient measure for the 
rtclesizeof heterodzsperse systems for 450 nm < D < 2.800 nm and 1.06 < m < 1 12 

Í Í laľeí ^ а Г Г и Г е т е П * 8 M *" ̂  *""*» * = 102° ™ ™ «^ 

b í J ľ ! ľ C U l ! t 0 IťT TÍ** a V e r a g e V a l u 6 Í S ™01™а Ь tne proposed method. As 
Í m ' o í f r r

 m
h

e t h 0 d
t
s o f , h g n t scattering provide different average values of diameters 

H*Z Z Г í ľ S 1 Z e d l s t r i b u t i ° n Possesses its characteristic mean. For 
Í l e d a m Z m л Т Í T T ° f S C a t t e r i n g «**> ought to be near to the weight 

rage dmmeter [4]. After all, tins fact is confirmed by the results of paper [4] which 
1 iľ ľ ú n g a g r e e m e n t W l t h е 1 е с * о п microscopic observation except a single case 

Í l f p T ľ t f g T t h e V a l U e Б = 1 1 6 0 n m a n d e l e c t r - m i c r o s c ľ p ^ ľ 
* ts ̂ e s ľ n t ľ ľ ^ e v i d e n t , the results of this investigation as w e í as the 
suits presented m our precedmg paper [3] (DEM = 980 nm and S L S = 1.180 nm) are 

Í S J Ä Í * 1S' h0WeVer' n0teWOTthy that «* — ÍS W good?lr 
•b». zvee« 2ff; 445-448 (1972) 

4 4 T 



J . VAVEA 

Table 1 

Diameters of the particles of polydisperse PVAc latex obtained 
at different pairs of angles 

e i / 0 2 40°/30° 45°/35° 50°/40° 60°/45° 90°/45° 

(r ,r ч 1.14 0.61 0.16 0.22 0.12 

S Ä í - i n e j * . * . ) } 1 7 0.7. 0.31 0.27 0.17 

D [nm] 990* 1060 1000 1040 1080 

In the presented method neither the mathematic formulation of the problem (relation­
ship (i)) nor the plot ti(0i)/ti(02) = f(«) allows to determine the character of the mean. 
Then only on the basis of the agreement with the results of electron microscopy and scat-
tering ratio the mean obtained may be considered a weight average. 

According to Fig. 2 the relationship *i(0i)/ii(02) = f(«) shows an oscillating character. 
The same effect may also be observed with the relationship z = I(45°)/7(135°) = f(a), 
where z and I denote the dissymmetry coefficient and the intensity of light scattered 
in relevant angles, respectively [3, 5]. As shown in paper [3], the multivalidity of data 
was eliminated by measuring the dissymmetry coefficient in nonpolarized or vertically 
and horizontally polarized primary beam. 

Finally, it may be stated that the application of the Frauenhofer diffraction relationship 
to the determination of the particle diameter of current PVAc latices principally requires 
the possibility of measuring the scattered light at low angles, for instance 20 and 15°. 
Provided there are data for several pairs of angles avaüable, then the angle range between 
30 and 90° may be used for the determination of particle size. As it was shown, the re­
sults of such measurements were in excellent agreement with those obtained by measuring 
the scattering ratio (intensity ratio of the light scattered using horizontally and vertically 
polarized primary beam), i.e. by the measurements of different character. I t is worth 
noting that the proposed method involves the relationships principally valid for mono-
disperse systems. 
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