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The effect of polydispersity on the course of functional dependence of the 
methods of specific turbidity and turbidity ratios as well as the possibility 
of determining the mean particle diameter of PVAc latices by these pro­
cedures were investigated. I t was shown that the working relationship 
of the turbidity method valid for monodisperse system may be used for 
arbitrary polydisperse systems with ä ranging from 8 to 10. Except for rather 
heterogeneous systems the effect of polydispersity in the method of turbidity 
ratios is also small. within the range of particle sizes from 200 to 1400 nm 
which is of direct importance to practical purposes as well. 

In preceding papers [1,2] the problem of determining the mean diameter of the particles 
of PVAc latex by the transversal light scattering methods has been studied. The topic 
of this paper is the application of transmission measurements, i.e. the method of specific 
turbidity and the method of turbidity ratios. As known [3], these procedures may be 
successfully applied to monodisperse systems but the presence of the particles with 
various sizes often brings about certain complications. 

In the case of polydisperse systems the distribution function or merely the mean 
diameter of particles should be found. From the point of view of transmission light 
scattering methods this problem may be solved by various procedures [3]. For instance, 
Wallach and Heller [4] proposed to measure turbidity at different wavelengths. On the 
basis of these measurements the modal parameter as well as the width parameter of the 
corresponding distribution may be determined. Shchyogolev and Klenin [5] developed 
a method of the simultaneous determination of the sizes, refractive index, and volume 
concentration of dispersed phase from the measurements of turbidity spectrum. 

The present paper is concerned with the effect of polydispersity on the course of func­
tional dependence of the methods of specific turbidity and turbidity ratios and the 
possibility of determining the mean particle diameter of PVAc latex by these procedures. 

Relationship between turbidity and particle size 

The turbidity т of a system containing N equal spherical particles of radius r per unit 
volume may be expressed by the relationship 

r = N7zr2Q, (1) 

where it holds for the scattering efficiency Q according to the Mie theory [3] 

= — V(i<a 
a2 Z w 

Q = — > (M2 + |Ь„|а)/(2п + D- (2) 

и = 1 
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The symbols an a n d 6H s t a n d for t he complex functions of a (a ^= 2я5я/Л*.'-Л is t h e wavelength 

of t h e rad ia t ion appl ied in t h e system) a n d m (;= nv/no) is t h e ra t io of t h e refract ive 

indices of part icles n p a n d m e d i u m no. 

T h e following re lat ion is val id for t h e t u r b i d i t y of polydisperse sys tem [6] 

Г * l 3 ľ 
т= | Q a 2 f (a) da . (3} 

| _ 2 я п о ] ó 

I n order to express f (a), Evva [6] used a logari thmic dis t r ibut ion in the form 

f (a) = G e x p [ - K ( m a/a0)2], (4} 

where К was t h e w i d t h p a r a m e t e r a n d ao t h e m o d a l p a r a m e t e r of d i s t r ibut ion while 
f (a) = С for a = ao- F r o m this t h e n ensues t h e following re lat ionship for t h e calculation 
of specific t u r b i d i t y [6] 

3JT no f Q a 2 exp[ —X(ln a/a 0) 2] d a 

(T/C)O = = к (о)-

? ä 
2o h f a3 oxp[ —üT(lii a/ao)2] d a 

ö 

I f we cons t ruc t the g raph expressing Q/ä as a function of f (ä), t he exper imenta l value 
of (T/C)O m a y be used for t he de te rmina t ion of ä, i.e. also of t he d iamete r of part ic les . 

T h e size of part icles m a y be also es t imated by de termining the tu rb id i ty a t two wave­
lengths and for the so-called dispersion quot ien t DQ i t holds according to Teorell [7} 

DQ = r , A5i2/r2 А*д (6> 

a n d eventual ly with respect t o (2) 

DQ - /0,2 Q(Ao,i)Mo,i G(Ao,2). (7) 

W i t h respect to (6) it m a y be wr i t ten for polydisperse sys tem 

Ло,2 J* Q(Ao.i) a 2 e x p [ - 7 i ( l n a/a 0) 2] d a 

DQ = ($> 

/.n.i J 0(^o.2) a 2 e x p [ - K ( l n a/ao)2 d a 

B y const ruct ing t h e g r a p h of t h e function DQ — f (ä) a n d compar ing to the exper imenta l 

value of [(T/C)O]I/[(T/C)O]2 the needed d iameter of particles m a y be de termined. 

E x p e r i m e n t a l 

The s ta r t ing mater ia l used as well as the p repara t ion of samples for m e a s u r e m e n t s 
was described in pape r [1]. The turbidi t ies were measured on a Perk in — E lmer (model 450) 
spec t rophotometer using 4 cm long cells. I n order to remove d is turb ing effects [8], t h e 
inlet a n d out le t p a r t s of t he cell were equipped wi th a slit of 3-mm d iamete r and t h e 
side walls were covered wi th a layer absorbing light. The measuremen t s were carried 
out a t t he wavelengths of 360, 436, 546, 600, and 700 n m . Fig . 1 shows t h e re la t ions 
(r/c) = f (с) for t h e above wavelengths from which t h e values of (т/с)о were d e t e r m i n e d 

b y e x t r a p o l a t i n g t o с = 0 (the m e t h o d of least squares) . I n Fig . 2 t h e c o n c e n t r a t i o n 

dependence of indiv idual DQ is presented. 
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Fig. 1. Variation of specific turbidity 
with concentration for five wavelengths 

of the radiation used. 
7. 700 nm; 2. 600 nm; 3. 546 nm; 

4. 436 nm; J. 360 nm. 
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Fig. 2. Concentration dependence of tur­
bidity ratios for three pairs of 

wavelengths. 
1. 436/546 nm; 2. 546/700 nm; 

3. 436/700 nm. 

Results and discussion 

The theoretical values of Q/ä = f (ä) for various degrees of polydispersity are given 
in Fig. 3 while the significance of the corresponding width parameters of the chosen 
distribution is obvious from Fig. 4. In order to calculate the values of Q/ä relationship (5) 
was used in the form [6] 
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Fig. 3. Dependence of Q/ä on ä for 
different values of the width parameter К 

of the Evva distribution. 
1. К = 2.5; 2. К = 5; 3. К = 10; 
4. К = 20; 5. К = 50; 6. К = оо. 
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Fig. 4. Logarithmic distribution of the 
particle size for different degrees of poly­

dispersity. 
1. К = 2.5; 2. К = 5;3.K = 10; 

4. К = 20; 5. К = 50. 
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J Q a 2 e x p [ - i £ ( l n a/a0)2] d a 
Q o 

ä a* (я/ИС)1/2 ехр(4//£) 

T h e relat ion between ao, ä, a n d K is given b y t h e expression 

a0 = ä e x p ( — 3/4 i£). 

(9) 

(10) 

T h e n u m e r a t o r of t he fraction in eqn (9) was solved b y numerica l in tegra t ion (program 
in language F o r t r a n I V for a compute r CDC 3300). F o r t h e calculat ion of Q for 0.6 < 
< a < 20 eqn (2) was used a n d t h e summat ion was performed u p to n = 25 while for 
a < 0.6 t h e approx ima t ive relat ion of Schoenberg a n d J u n g [9] was employed 

8 Г m 2 - 112 г 

3 [m2 + 2j L 

6(m 2 - 2) 

|5(m 2 -f 2) 

F o r a > 20, equat ion of v a n de H ü l s t [9] was applied 

r r , Q = 2 
16m2 sin g £*?Г 1 

<L+ 4 -
m cos Q "**\?*?_ z — m 

+ 7.53 

where 

a n d 

(m -f- l ) 2
 Q Q2 

* $ л Ш ; Q = 2 a (™ - ! ) 

z = [(m 2 - 1) (6а/тг)2'3 + l]i/2. 

z -j- m 
(12) 

(13) 

(14) 

T h e values of Q were also o b t a i n e d b y m e a n s of a c o m p u t e r . 

T h e n t h e y were confronted w i t h some values publ i shed earlier [10]. On t h e basis of 

Fig . 3 i t m a y be s t a t e d : 
:. | a) T h e value of (Q/ä)max decreases wi th increasing polydispers i ty a n d shifts t owards 
smaller values of а. $H 

b) I n t h e case of small part ic les (ä < 8) t he tu rb id i ty of polydisperse sys tem is grea te r 
in comparison wi th a monodisperse one b u t i t is opposite for larger part icles (ä > 12). 
The effect of polydispersi ty on t h e tu rb id i ty of sys tems wi th а ъ 10 is small. 
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Fig. 5. Effect of t h e degree of polydisper­

sity on t h e values of Q/ä for different 
part icle size; ä = 4 (Í) , ä = 10 (2), 

ä = 18 (3). 
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These relations are illustrated in Fig. 5, where Q/ä is represented as a function of 
K (Q/ä = f (К)) for ä = 4, 10, and 18. As obvious, with decreasing polydispersity the 
values of Q/ä converge to the corresponding values of the monodisperse system (K = oo). 
If ä. = 10, the curve ascends initially and approximately from К = 5 to higher values 
of К it decreases slightly while it does not deviate too much from the value of Q/a. corres­
ponding to monodisperse system. This relationship shows a similar character for ä = 8 or 9 
as well, so that it is possible in the first approximation to. use the relationship Q/oc = f (a) 
valid for monodisperse system for the practical determination of particle size in the 
systems with ä ranging from 8 to 10. 
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Fig. 6. Effect of the degree of polydispersi­
ty on the course of the curves DQ = f (ŕ) 
for Лод = 436 nm and Ло,2 = 546 nm; 
К = 2.5 (Í), К = 5 (2), К = 10 (3), 
К = 20 (4), К = 50 (5), and К = оо (6). 
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Fig. 7. Effect of the degree of polydispersi­
ty on the course of the curves DQ = {(f) 
for Лод = 436 nm and A0,2 = 700 nm; 
К = 2.5 (1), К = 5 (2), К = 10 (3),. 
К = 20 (4), К = 50 (5), and К = оо (6). 

The theoretical relationships DQ = f(ř) were calculated for three pairs of wavelengths 
on the basis of equation Q/ä = f (ä) and are presented in Figs. 6 — 8. For К > 10, the 
effect of polydispersity is small in the radius range from 200 to 1400 nm which is also 
of direct importance to practical purposes. - ЩЩ 

The results of the confrontation of experimental values (Figs. 1 and 2) with theoretical 
relations (Figs. 3, 6 — 8) are summarized in Tables 1 and 2. 

As it follows from the results listed in Tables, the values of diameter D vary within 
the range from 940 to 1200 nm. This small difference is in agreement with theoretical 
conclusions. The data obtained by the method of turbidity ratios for К = 10 are in 
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Fig. 8. Effect of the degree of polydispersi-
ty on the course of the curves DQ = f (ŕ) 
for Ao.i = 546 nm and Ao,2 = 700 nm; 

К = 2.5 (Í), К = 5 (2), К = 10 (3), 
А' = 20 (4), К = 50 (5), and /<ľ = ос (б). 

г • 10" ' [ n m ] 

excellent agreement with the value of 980 nm determined by electron-optical method. 
In this case the calculated distribution curve complies best with the distribution curve 
constructed on the basis of electron microscopic data. The results obtained (D = 1000 — 
—1200 nm) are in good agreement with the results of other methods [1, 2], i.e. the methods 

Table 1 

Mean diameter of the particles of PVAc latex for three wavelengths and К — 2.5, 10, 50, 
and oo (method of specific turbidity) 

[nm] 
QI& 

10 50 

436 0.181 - 11.0 11.2 

546 0.161 7.0 8.4 9.0 

700 0.132 4.4 6.3 6.8 

11.4 

9.2 

7.1 

D [nm] 

10 50 

916 

735 

1150 

1100 

1050 

1160 1190 

1180 1200 

1140 1190 

Table 2 

Mean diameter of the particles of PVAc latex for three pairs of wavelengths and К = 2.5, 
10, 50, and oo (method of turbidity ratios) 

Аод 

436 
436 
546 

[nm] 

^0.2 

546 

700 

700 

[(T/C)O]I/[(T/C)O]2 

1.40 

2.19 

1.56 

2.5 

600 

560 

520 

D 

10 

1040 
980 
940 

[nm] 

50 

1200 
1160 
1080 

00 

1240 
1200 
1120 
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of minimum intensity (1030 nm), scattering ratio (1180 nm) and dissymmetry in the 
range of angles from 0 to 90° (1030 nm). 

The problem of the significance of the assumed distribution will be the subject of 
subsequent investigation. 

Acknowledgements. The authors are indebted to Dr V. Laurinec (Institute of Chemical 
Physics at the Department of Physical Chemistry, Slovak Technical University, Bratislava) 
for his help in the calculations performed in the U.N. Computation Centre in Bratislava. 

References 

1. Vavra, J., Stojková, D., and Chrástová, V., Chem. Zvesti 23, 481 (1969). 
2. Vavra, J., Chem. Zvesti 26, 445 (1972). 
3. Vavra, J., Chem. Listy 67, 493 (1973). 
4. Wallach, M. L. and Heller, W., J. Phys. Chem. 68, 924 (1964). 
5. Shchyogolev, S. Yu. and Klenin, V. I., Opt. Spektrosk. 31, 794 (1971). 
6. E w a , F., Z. Phys. Chem. 202, 208 (1953). 
7. Teorell, Т., Kolloid-Z. 54, 150 (1931). 
8. Vavra, J . and Kuncheva, M., Zborník prác Chemickotechnologickej fakulty SVŠT. 

(Collection of Communications, Section Chemistry, Slovak Technical University.) 
P. 19. Bratislava, 1971. 

9. Walstra, P., Brit. J. Appl. Phys. 15, 1545 (1964). 
10. Walstra, P., Neth. Milk Dairy J. 19, 93 (1965). 

Translated by R. Domanský 

Chem. zvesti 28 (5) 587-593 (1974) 593 


