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Véra Tyrackova2, and Eva Zarkova2
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611 42 Brno, Czechoslovakia
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Czechoslovak Academy of Sciences
162 06 Prague 6, Czechoslovakia

ABSTRACT

Samples of polystyrene and styrene glycidylmetha-
crylate copolymer latexes were characterized by Sedi-
mentation Field-Flow Fractionation (SFFF), electron
microscopy and by the use of quasi-elastic light-scat-
tering. SFFF makes possible the most complete charac~
terization of particle size distribution of the ana-
lyzed samples. Its high selectivity, speed and casual
possibility to use the obtained fractions for other
analysis or for physico-chemical study belong to its
advantages. A two-peak distribution curve was found
for one of the studied samples by SFFF. The mechanism
of polymerization of this sample could be deduced on
the basis of this curve. No other of the compared
methods was able to reveal the course of this distri-
bution curve.
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INTRODUCTION

Sedimentation Field-Flow Fractionation (SFFF)
has become a method of choice for the characterization
of particles of different origin within a wide range
of their sizes. Its advantages being high efficiency
and selectivity of separations, speed of analysis,
precision and accuracy of the obtained results and
its ability to provide the absolute values of the
analyzed particle sizes without previous calibration.
It is also important that the obtained fractions of
the analyzed samples can be used for further charac-
terization and measurements and/or even for further
physico-chemical study.

The retention ratio R defined as

R =V /V, (1)

i.e., the ratio of the unretained solute retention
volume VO and of the retained solute retention volume
Vi belongs among the basic parameters describing

SFFF separation process. Provided, the retained solute
is polydisperse, it holds for the retention ratio of the

i-th fraction

Ry = V/Vy (2)

The retention ratio R is dependent on the dimen-
sionless parameter )\ characterizing the mean distance
of centre of gravity of the retained solute concentra-
tion zone from the accumulation wall of the channel for

SFFF by the equation

R = 6\ (coth(1/2\) - 2\) (3)
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The dimensionless parameter A 1is determined by geo-
metrical dimensions of the fractionation channel, its
thickness, w,and its radius of rotation,r,as well as by
the conditions under which the experiment is effectu-
ated, i.e., rotation angular velocity,w, the differ-
ence of densities of the carrier fluid and of the
separated solute, AQ , the absolute temperature,T,
and by the solute properties, i.e., explicitly by the
particle diameter/dp.

A = 6KT/( ndg wlrwho) (4)

k in Equation (4) is the Boltzmann constant. Thus the
curve of the particle size distribution and, eventual-
ly, also the mean value of particle diameter ap can
be calculated from the experimental fractogram
employing Equations (1) - (4).

This paper deals with characterization of latex
samples of polystyrene and polyglycidylmethacrylates
and their copolymers that are important for medical
diagnostics. These latexes are usually characterized
by the method of electron microscopy or are measured
by means of simple quasielastic light scattering
(QELS) detector. Both these methods give, first of
all, the mean particle size values. The evaluation of
the particle size distribution is rather laborious.
It concerns the case when the electron microscopy is
used, or it gives only orientation results, i.e.,, if
QELS detector is used. If the electron microscopy is
employed, only a small number of particles is measur-
ed and this number need not to be representative. We
utilized the mentioned methods for the characteriza-
tion of our latex samples in order to compare criti-

cally both their advantages and drawbacks.
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EXPERIMENTAL

A device manufactured in our laboratory was used
for the separation and analysis by means of SFFF (1).
Solution of 0,1 % Tween 60 surfactant (Fluka AG, Buchs
SG, Switzerland) in distilled water was used as the
carrier fluid. Prior to use, the solution was degassed
by heating up to 90 °c and by ultrasound action. Latex
samples were prepared by mixing with this solution,
the resulting concentration was about 0.1 %. We
injected 30 /ul of emulsion of the latexes that were,
before injection, stirred by ultrasound in order to
destroy eventual aggregates. All measurements were
performed under the temperature of 21 °C. The experi-
mental conditions were chosen so that the undesirable
zone broadening, caused by both nonequilibrium and
relaxation processes would be suppressed (2). That is
why the flow rate during injection was 50 /ul/min,
than it weas stopped for the time of relaxation and re-
started at 200 ,ul/min. Constant rotation was main-
tained in the whcle course of the fractionation. The
rotation speed, in revolutions per minute (rpm), and
relaxation times t _ (min) are specified on fractograms

of individual latex samples.

Electron Microscopy

Diluted emulsion of polymer latexes was layered
on a glass plate face wunder the nitrogen stream and
dried in the open air. The samples were coated with a
layer of gold (about 10 nm thick) in a Sputtering
Device (Balzers). The latex samples were photographed

by means of a JSM - 35 scanning electron microscope
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(Jeol, Japan) under 25 kV and 10,000 x eventually
20,000 x magnification. The average particle size was
evaluated from the microphotographs by measuring of

20 to 30 individual latex particles.

Quasi-Elastic Light Scattering

A commercial device Nanosizer (Coulter Electronics,

Ltd.) was utilized for measurements.

Studied Latex Samples

Various techniques of emulsion polymerization
were applied for the preparation of latexes. Latex
syntheses were performed in a glass reactor equipped
with g jacket and a stirrer. Oxygen was removed from
the reaction mixture before the polymerization that
was performed in inert atmosphere. Potassium persul-~
phate was used as the initiator (0.2 w/v % related to
aqueous phase), styrene (ST) or glycidylmethacrylate
(GMA) eventually their combinations were used as mono-
mers. PGMAl, PS2 and PGMA5 latexes were prepared in
the presence of surfactants, the others were polymer-
ized without emulsifier (3). The conditions of indi-
idual latexes polymerizations are given in Table 1.

Samples of polystyrene standard latexes (PSS)
(Duke Scientific, Palo Alto, California, U.S.A.,) were
used for calibration. Their parameters given by the
producer and the values determined in our laboratory
by means of SFFF and nanosizer are summarized in
Table 2,
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RESULTS AND DISCUSSION

Physico-chemical characteristics of the analyzed
latex samples are summarized in Table 2. The mean
values of particle diameter of the individual samples
were obtained by SFFF and QELS. The results of the
SFFF analysis were calculated using the above men-
tioned relationships. However, it follows from
Equation (4), that the particle diameter d_ can be
calculated only if the difference in densities AQ
between the carrier fluid and the separated sample is
known or, on the contrary, A9 can be calculated if
the value of dp is known, If the density of the
studied sample is not known beforehand, it is possible
to calculate the mean values of particle masses, i.e.,
product of 5pap {where ap is the mean particle
density) and, of course, also the distribution curve
of the particle masses. Employing SFFF only, the
ansity of particles 6p and also their mean diameter
dp can be measured and calculated providing the meas-
urement is performed in two or more liquids differing
in their densities. However, we did not use this
experimentally complicated procedure. We only measured
a number of reference polystyrene standard latexes of
known wvalues Of_ap and Qp using SFFF and QELS. The
mean values of d_obtained from measurements performed
by both these methods coincided,which confirmed the
reliability of the mean values of d_ obtained by meas-
urement employing QELS. The values of d_ of other
analyzed samples measured by means of QELS were used
for calculation of the sample densities from SFFF data
and the density values were used for the calculation
of the dp values scale on original fractograms,

Figures 1 and 2 show the fractograms of indi-

vidual latex samples prepared in our laboratory. The
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scales of dp values are plotted parallelly with the
axis of elution volumes. The fractograms in these
coordinates are unnormalized particle size distribu-
tion curves of the analyzed samples. The distribution
widths of all the samples were evaluated from these
fractograms and they were expressed as relative per-
centual standard deviation of the particle size
distribution. These values are also summarized in
Table 2,

Figure 3 shows photographs of latex samples
taken by the electron microscope. It can be seen, by a
mere comparison of these photographs with the calcu-
lated distribution widths that the clear differences
in sizes of the illustrated particles cannot be found
from photographs for samples with narrow distribution,
i.e., for samples having low values of standard
deviations. Evaluating quantitatively the distribution
width of particle sizes from electron microscopy
photographs a distortion due to the presence of par-
ticle aggregates (see Fig. 3) would interfere. The
aggregates may appear during the preparation of the
sample for measurement by the electron microscopy.
Such problems do not appear with SFFF where samples
are treated by the action of ultrasound before meas-
urement and so the casual aggregates are destroyed,
If a part of aggregates remained in the sample, a
clear individual peak, corresponding to these aggre-
gates, would appear in the fractogram. Such a separa-
ticn of aggregates is due to the high selectivity of
SFFF. However, the peaks of aggregates did not appear
in any of the fractograms.

Photographs of samples PGMA 1, PGMA 5 and PGMA 6,
see Figure 3, demonstrate the presence of particles

of different sizes. This qualitative evaluation co-
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Photographs of the prepared latex samples

taken by the electron scanning microscope,
magnification 10 000 x.

(for printing purposes these were reduced by 27%)

a: PGMA 1, b: PS 2, c: PGMA 3, d: PGMA 4,

e: PGMA 5, f: PGMA 6,
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incides with the results of SFFF measurement that
showed a substantially wider particle size distribu-
tions, expressed as standard deviations in Table 2
and apparent also from the fractogram courses of
samples PGMA 1, PCMA 5 and PGMA 6 (see Figures 1 and
2). It is not simple to evaluate quantitatively the
distribution width from the electron microscopy
photographs regarding the tendency of the particles
to form aggregates. Moreover the fractogram of the
sample PGMA 5 (see Figure 2) exhibits clearly two
peaks in the particle size distribution. It means
that the polymerization reaction had probably a two-
-phase course during the preparation of this sample.
It is impossible to reveal this course of the distri-
bution curve by QELS measurement or from an electron
microscopy photograph. The higher peak of the fracto-
gram does not correspond to aggregates of particles.
The largest fractions (the second, lower peak) should
be at least twice as large as those having the mini-
mal size (the first, higher peak), that is not the
case.

It follows, from the mentioned results, that
SFFF is a very suitable method for the high~-speed and
highly selective characterization of the latexes on
the basis of copolymers of glycidylmethacrylates. The
results of SFFF provide more information compared
with QELS measurement and with electron microscopy,
moreover the influence of possible artefacts, such as
the aggregations that appear during the sample prepa-
ration for electron microscopy measurements is elimi-
nated. SFFF is the only among the compared methods
that makes it possible to find even very small
irregularities in particles size distribution of the

analyzed samples.
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