Changes in dissymmetry of light scattering in aggregating latex
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The method of dissymmetry of scattering of light radiation applied to
monodisperse PS latices with particle diameters of 98 or 215 nm was used
for modelling the course of their rapid coagulation. The changes in dissym-
metry found experimentally during aggregation were in good agreement
with theoretical values and on the basis of them some information about the
apparent size of aggregates is to be obtained. It has simultaneously been
shown that the presence of aggregates does not affect the determination of
size of primary latex particles from dissymmetry data performed at a charac-
teristic pair of angles and wavelength.

Hns moHomucnepcHbix IIC naTtexcoB ¢ auamMeTpoM uactuu 98 uiu
215HM Obl1 MpHUMEHEH METOJ aCHMMETDHMH DACCESIHHS ONTHYECKOTO H3-
JIyYEeHHsl C LeJIbI0 MOAENUPOBAaHMs Mpollecca UX ObLICTPON KoaryJisiuH.
OnbITHO O6HapyXeHHblE H3MEHEHHs! aCHMMETPUM B MpOIEcce arperainuu
O4YEHb XOPOILIO COTJIaCOBAJIMCH C TEOPETUYECKMMH NPEACKAa3aHUSAMH, NPH-
4YeM, HCXOIf M3 3THX IOAHHBIX, MOXHO CYIHMTh O KaxyIleMcs pa3Mepe
arperatoB. OQHOBpeMEHHO OBLIO MMOKa3aHO, YTO MPH ONpeAENeHHOH nape
yIJIOB U JJIMHE BOJIHBI IPUCYTCTBHE arperaToB He BJIMSAET Ha ONpeneJICHHe
pa3MepoB MEePBUYHBIX JTATEKCOBBIX YaCTHII, HCXOIs U3 JAaHHBIX MO aCHMMe-
TPHH.

The aggregation of particles to larger units is an incidental phenomenon in
different biological, chemical, and physical processes. From the theoretical
standpoint, the growth of aggregates may be investigated by two different
methods.

The first method was formulated by Smoluchowski [1] while the second
method is represented by the Flory—Stockmayer theory [2]. Recently, Cohen
and Benedek [3] analyzed both approaches from the viewpoint of statistical
mechanics and achieved that their theory was applicable to classical coagulation
as well as to formation of n-mer molecules.

Several experimental procedures are available for studying aggregating sys-
tems. Since the scattering of light represents the most preferred method, this
communication is concerned with the changes in dissymmetry of light scattering
during fast coagulation of some monodisperse systems containing spherical
particles.
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Method of dissymmetry

The coefficient of dissymmetry is defined in this method [4] as a ratio of two
fluxes of the optical radiation scatiered by isolated monodisperse spherical
particles at angles @, and @, (nonpolarized primary beam)

20,0, =A@ _ i(ma,8) + i(m a.6)
NO,) i (m, a, G+ i,(m, a6,

where i, i, are the Lorenz—M ie [4] intensity functions for vertically or hor-
izontally polarized primary beam, m stands for the relative refractive index (the
ratio of the refractive indices of the particle and medium). Parameter a = nd/A
(d and A are diameter of particles and wavelength of radiation in the system,
respectively). Then a comparison of the theoretical relationship Z = f(a) with
the experimental values of Z enables us to determine the size of particles [4] or
the distribution of their sizes [5]. Besides, as it follows from the presented paper,
the method of dissymmetry may also be used for investigating light scattering
in an aggregating system.

For modelling the changes in angular dependence of light scattering in a
system of aggregating latex particles, we started from the Smoluchowski
description of fast coagulation of monodisperse systems.

Assuming the formation of linear, planar, and three-dimensional aggregates,
the light scattering in a system with a certain degree of coagulation E may be
expressed according to paper [6] by the equation

0o = 240 1+2 5, "B 4 0
k=2 n,
where @, (0) is flux of the light scattered at the angle @ by a system without
aggregation and E = t/t,, (¢, is half-value period of coagulation). The symbols
n.(F), ny, and Ag(k) stand for the number of aggregates containing k particles
in a volume unit at the extent of aggregation E, the initial number of non-
coagulated particles, and the factor corresponding to Rayleigh—Gans—Debye
(RGD) geometry of the aggregate, respectively. Thus we obtain for the dissym-
metry of light scattering at varying extent of coagulation

1+2 - M (E) ]
47@((0)[ " Agz ny Aa (%)

P6,(0) [1 +2 3 B (k)]
=

where Dy, (0)/Po,(0) = Z,(0,/©,) is the dissymmetry of the nonaggregating
system.

Z(0,/0,) = ©(6,,E)| P(6,, E) =
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Experimental

The polystyrene latices were obtained from the Institute of Macromolecular Chemis-
try of the Czechoslovak Academy of Sciences in Prague. Both samples were practically
monodisperse, the particle size determined by electron microscope was 98 nm for sample
PSL 1 and 215 nm for sample PSL 2.

For measuring light scattering the latex dispersions were so diluted that the disturbing
effect of multiple scattering was minimum. This condition was fulfilled if the number of
particles in I cm® varied within the range 5 x 10>—1 x 10° In order to produce coagula-
tion, the optically pure 1 M solution of KCl was added into the latices.

The measurements of light scattering were carried out in a usual way by using a
photogoniodiffusiometer Sofica. The corresponding time variations were recorded up to
6 min for PSL 1 and 45 min for PSL 2. The time in which the experimental ratio
Do ()] D(0) was identical with the corresponding theoretical ratio at £ = 1 was taken
as half-time of aggregation.

Results and discussion

Figs. 1a, b show an evident effect of the degree of aggregation of the inves-
tigated latices on light scattering for selected angles of observation and two
wavelengths. It can be seen that the agreement between theoretical and experi-
mental values of light scattering is excellent for latex PSL 1, similarly as it has
been described in paper [6] for PS latices with particle size of 126 nm. This
statement cannot be sustained for the second latex, especially for the angle of
135° and the blue line of optical radiation at higher degrees of aggregation. We
must realize that the theoretical calculations of light scattering in aggregating
system have been built on the RGD theory the use of which for large particles
and great angles of observation is inadequate as stated in paper [7]. However,
this statement is also valid for the model of the Mie equivalent sphere. On the
other hand, it is worth noticing that the determination of the half-time of
aggregation on the basis of experimental investigation of the kinetics of coagula-
tion is loaded by greater error for larger particles than for smaller particles. As
a matter of fact, the relative changes in light scattering in an aggregating system
are smaller for larger particles and unsuited to determination of the half-time of
aggregation at some angles or wavelengths (Figs. 1a, b).

We observed the changes in light scattering at the angle of 90°. The light
scattering increases with aggregation for latex PSL 1 and decreases for latex
PSL 2. These results are in agreement with the results published in paper [8]
which have shown in harmony with theoretical assumptions that the values of
iy, decreased with increasing number of the particles of aggregate for latex with
particle diameter d = 264 nm.
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Now we shall pay attention to the changes in dissymmetry of light scattering
in aggregating system for two pairs of angles and two wavelengths (Figs. 2a, b).
In this case represented in Fig. 2b in accordance with Fig. 15 a certain disagree-
ment (rather acceptable) appears between the theoretical and experimental
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Fig. 1. Relative changes in light scattering (for three angles and two wavelengths) during aggrega-
tion.

® ), =436 nm, O A, = 546 nm (experimental values) — theoretical relationship. Dispersion of
PSL 1 (a); dispersion of PSL 2 (b).
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values. It results from a comparison of Fig. 2a with Fig. 2b that the dissymmetry
of light scattering in aggr=gating system is greater at a smaller wavelength for
latex PSL 1 while it increases with wavelength for latex PSL 2. At the blue line,
Z(45°/135°) decreases in the course of aggregation and the influence of particle
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Fig. 2. Relative changes in dissymmetry (for two pairs of angles and two wavelengths) during
coagulation (denotation as in Fig. 1). Dispersion of PSL 1 (a); dispersion of PSL 2 (b).
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aggregation on the values of Z(45°/90°) is small. On the basis of these facts we
may state that the method of dissymmetry may be used for diagnostic of
aggregation. The dependence of Z(45°/90°) or Z(45°/135°) on the degree of
aggregation at different wavelengths gives information about the relative size of
building units of aggregating system. The theoretical relationship Z(©®,/
0,) = f(d) at a characteristic wavelength enables us to determine not only the
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Fig. 3. Varying apparent size of aggregates at different degrees of aggregation (denotation as in
Fig. 1).

apparent size of aggregates (diameter of equivalent sphere) in particular stages
of aggregation but also the real size of building units of grouping. That is
illustrated in Fig. 3 for latex PSL 1 and given in Table 1 for latex PSL 2.
Simultaneously it results from this table that the measurements of Z(45°/90°) at
Ao = 436 nm may be conveniently used for determining the size of constituent
particles of such latices because the presence of aggregates does not interfere in
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Table 1

Apparent size of aggregate (on the basis of Z(45°/90°)) in the process of aggregation — sample PSL 2

E
0.2 0.4 0.6 0.8 1

theor.” 216.5 217.5 218.3 219 219.6

exp.” 210.0 211.0 212.0 213.0 214.0
4
nm

theor.” 227.8 238.5 246.3 251.8 255.8

exp.” 220.0 230.0 238.0 244.0 246.0

a) Ay = 436nm; b) A, = 546 nm.

this case. An extension of the investigated relations for further pairs of angles,
other sizes of particles, and other wavelengths will be the topic of subsequent
communication.
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