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The resolving power of a previously described method for determining size distribution
curves in colloidal dispersions of spheres was examined. The method is based upon use
of the spectra of the scattering ratio or of the depolarization of scattered light. The sys-
tems used were two of those Dow latices of polystyrene which have a distribution curvg so
narrow that they are often referred to as monodisperse. The spectra of the scattering
ratio showed that these systems are not strictly monodisperse and, in addition, allowed
one to derive this distribution curve. The half-width of the distribution curve thus deter-
mined differed by 2.6 and 0%, respectively, from that obtained by electron microscopy.
Similar good agreement with electron microscopic data was found for the mean and modal
diameters and other quantities of statistical interest. Since the half-width was, in the
systems investigated, one order of magnitude smaller than the modal diameter, the resolv-

ing power of the method can be stated to be most satisfactory.

Introduction

In two preceding papers the theory® and experimental
test* of a method were given which allows one to de-
termine the size distributions of spherical colloidal
particles from spectra of the scattering ratio. It was
found that the modal diameter Dmcan be obtained with
a high degree of accuracy, the % deviation with re-
spect to electron microscopic results being at the most
5% no matter whether or not the particular type of
distribution curve agreed or disagreed with that as-
sumed. This is just within the range of uncertainty
of electron microscopic data. If the distribution
was of the type assumed,” the diameter of the smallest
particles present in consequential numbeiBj Do, and the
“half-spread” (Dm — A), of the distribution curve
were obtained with an error not in excess of s% and
2%, respectively. For other types of distribution,
the error in Do and (Dm — Do) was somewhat but not
appreciably larger. The same applied to the number
average diameter, Dn- Only the result for the half-
width of the distribution curve proved to be quite
sensitive to the type of distribution actually present.

A question not explored previously was the sensitivity
of the method to deviations of a system from strict
monodispersity. This problem of the resolving power
of the method, based upon o-spectra, is the subject
of the present paper.

It may be recalled® that o = I\\/Ix+, where 7|, is the
intensity of light scattered from an incident polarized
beam of unit intensity whc” electric vector vibrates
parallel to the plane of observation. Similarly,
refers to the light scattered from an incident polarized
beam vibrating perpendicular to the plane of observa-
tion. The angle of observation with respect to the
incident beam isagain 90 ®

Experimental

Electron microscopy gave the following informa-
tion on the number average diameter, Da, and the
standard deviation, S, of the two “monodisperse”
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Figure 1 a-Spectra of “monodisperae” latex M.D. 1 (part a) and M.D. 2 (part b). Part a: black circles, most probable
experimental value; rectangle, range of experimental uncertainty; two curves, theoretical curves which satisfy

experimental data best on varying pR and ?r in intervals of 0.2.
interpolation between four pr and ?r values.

Dow latices investigated, both Daand S being expressed
inm M.D. 1, = 0.761; S = 0.039; M.D. 2, =
1.230; 5 = 0.042. The use of quotation marks for
“monodisperee” means here, as is customary, that the
size distribution curve in these latices, though remark-
ably narrow, is finite; i.e., the systems are not ideally
monodisperse.

The apparatus used for the optical studies, the treat-
ment of the systems prior to the light scattering
measurements, and ail of the experimental details in-
cluding electron microscopy were throughout the same
as in the preceding investigation.*

Results

The spectra of the scattering ratio are given in
Fig. 1. Two theoretical curves which come closest
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Fart b: curve represents result of

Figure 2. Size distribution curves of M.D. 1 and M.D. 2.
M.D. 1. Curve obtained by linear interpolation between two
distribution curves derived from the two spectra in Fig. 1,
parta. M.D. 2: Curve derived from interpolated spectrum
in Fig. 1, part b.



1 are
only one is given in Fig. 1,

to satisfying the experimental data of M.D.
traced in Fig. 1, part a;
partb, for M.D. 2.

In the case of M.D. 1, separate distribution curves
were derived from the two theoretical spectra. The
distribution curve actually given in Fig. 2 is the result
of interpolation between these two primary distribu-
tion curves. This technique approximates the per-
formance of the two-term distribution function.’
It will be noted that by virtue of this interpolation
procedure the rigidity in form of the basic distribution
assumed is removed as documented particularly
by the appearance of a curvature near the lower end
ofthe distribution curve.

The single o(X) spectrum of M.D. 2 in Fig. 1, part b,
was obtained by using the previously described pro-
cedure of interpolating between the pR and gR values
pertinent to the four best fitting theoretical spectra
(PR, QR pairs: 9.0, 0.6; 9.0, 0.8; 9.2, 0.6; 9.2, 0.8).®
From the resulting single theoretical <t(X) spectrum of
M.D. 2, the distribution curve in Fig. 2 was derived.

It may be recalled that

Pr = pX/Xr (D)

Sr — 2X/IXrt @
where

p = 2irro/\ ®

q = 2ts/X (4)

Xr is the reference wave length, in the medium, used for
normalization (it corresponds to the vacuum wave
length 5460.73 A.); Xxisthe wave length, in the medium,
used in a given experiment; h is the radius of the
smallest particle present in conse(iuential numbers
(still smaller particles accounting for not more than
1% of the total number); s is a quantitative measure
of the spread of the distribution, i.e., it is a measure
of the degree of departure from monodispersity. The
defining relation is

s = (rm —ro)/-v/3 (5)

where m>is the modal radius.

The electron microscopic histograms, also given in
Fig. 2, agree very well with the distribution curves
derived from the tr-spectra.

Table | gives the numerical values for the modal
diameter, jDm; number average diameter, Pn; and
diameter of the smallest particles present in conse-
quential number, 2Zo. In addition, the half-width
W is given.® The values in parentheses represent the
% deviation of these data relative to those obtained
from the electron microscopic histograms.® The agree-

ment of the numerical data obtained by electron
microscopy, on the one hand, and from the o-spectra,
on the other, is excellent. The deviations are through-
out within the limits of the combined uncertainty of the
two methods.

Table I; The DiametcTS, Do, Dm, I5n® and the Half-Width,W,*"
as Derived from the ~-Spectra of “Monodisperse” Laxicea

M.D. 1and M.D. 2, and Comparison with the Apparent
Diameter, Obtained at 5460.73 A. on Aesuming

Strict Monodispersity™

M.D. 1 M.D. 2

Do 678 (0.9) Do 1179 (3.0)
Dm 773 (5.9) Du, 1242 (1.0)
Dn 776 (2.0) Du 1246 (3.0)
W 106 (2.6) W S2 (0.0)
D, 800 [3.4] D. 1213 [-2.4]
‘Do, Dm, and Dn are in m/i. *See ref. 6. «Data iu paren-

theses, % deviation from electron microscopic data; data in

brackets, % deviation from Pm value.

It is of interest to note the large difference in the fre-
quencies and amplitudes of the (“dilations in the
ff(X) curves of Fig. la and Ib. This illustrates well the
fact that it is rather easy to pick out those pR and gn
values which should be considered in a given instance.®
Discussion

The principal conclusion to be drawn from the re-
sults is that the method proposed is sensitive to rela-
tively minor degrees of heterodispersity, i.e., it has
a very high resolving power. One clearly can de-
termine the essential features of size distribution curves
in practically monodisperse systems.

It may be recalled that nearly monodisperse Dow
latices of the type investigated here were used in this
laboratory for the purpose of experimentally verifying
light scattering functions predicted by the Mie theory.®

(4) Interpolation between the pb and 9r values of the two curves
given in Fig. 1, part a, one of the procedures used previousb'.* would
lead to a distribution curve almost identical with that given here
except that it would reproduce rigidly the type of distribution
assumed by eq. 1.*

(6) The four curves were obtained by varying pr and in intervals
of 0.2 and picking those four spectra which came closest to a fit
with the experimental data.

(6) The half-width W is the numerical difference between the two
particle dimensions—expressed in terms of diameters— for which the
particle number is Vt of the number at the peak of the curve. Thus
W = 2w, the latter quantity having been used in some of the pre-
ceding publications.

(7) The electron microscopic value of Do is obtained by disregarding
those ceUa at the lower end of the polygonal frequency distribution
in which the number of particles is lees than 1% of the total number
of particles present in all cells.

(8) See also, for example. Fig. 5 and 6 in ref. 2.



One is now in a position to compare the modal particle
diameter obtained by the method described in this
paperto the particle diameter to be expected from those
earlier experiments which were carried out in mono-
chromatic light by using the Mie data and on assuming
ideal monodispersity. To that effect Table I gives the
particle diameter derived from the scattering ratio
obtained at the green Hg line assuming ideal mono-
dispersity (sr — 0). Comparison with the modal
diameter obtained from the size distribution analyst
shows that the % deviations are within the range of
uncertainty of the electron micr(®opic diameters
used as a reference in the experiments carried out by

Tabibian.® It follows from the near coincidence of
the Dm and Dn values in Table | that the same state-
ments api®y also to the number average diameter,
Da, as compared to the apparent diameter, D», obtained
in nearly, but not strictly, monodisperse systems from
monochromatic scattering experiments.
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