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The late stages of phase separation/gelation in concentrated sclutions of poly (y-benzyl-c,
L-glutamate) in N, N-dimethylformamide containing 2% added water have been observed by
video optical microscopy. Microscopic phase separation is directly evident on cooling
homogeneous, isotropic solutions. Within the phase separating mixture, diffuse structural
features are separated from one another by a characteristic distance. Fourier transforms of the
real space images, equivalent to scattering patterns, show a radially symmetric ring, which
collapses to lower wave number as gelation proceeds. The wave number associated with the
maximum intensity, g,,, obeys a scaling relationship consistent with the Lifshitz-Sliyozov
evaporation/condensation model, also consistent with the Binder-Stauffer cluster dynamics

model: g,, =¢ '

., where ¢ is time. A more general scaling relationship proposed by

Furukawa is obeyed very well if the dimensionality of the growth of the new phases is 3. The
advantages of video microscopy for such studies and possible implications for the role of
spincdal decomposition in rod-like polymer solutions are discussed.

INTRODUCTION

Relatively little is known about the behavior of rod-like
polymers in poor solvents, except that a sudden decrease in
solvent power is often accompanied by reversible gel-
ation."™? Rapid decreases in solvent quality are a natural
part of the processing of such high-performance polymers as
poly (p-phenylenebenzobisthiazole), PBT, and poly(pheny-
feneterephthalamide), PPTA. Typically, a concentrated so-
lution in a strong acid is spun through an air gap into a bath
containing nonsolvent. As nonsolvent is absorbed inio the
system, the charge stabilization of the rods is lost, causing
them to gel. Phase separation/gelation without deprotona-
tion was observed when isotropic solutions of PBT in 7%
H, SO, were cooled.’” There seems to be a similar observa-
tion for the oxo analog.’® Gelation presents a number of new
processing opportunities. For example, gelation of PBT has
been conducted in the presence of nylon (codissolved in the
H,S0, ). After extraction of the H, S0, and censolidation
by heat and pressure, a bulk composite material is ob-
tained.'* Under favorable circumstances, it has been report-
ed that bulk solid PBT can be obtained by exchanging the
sulfuric acid for water, followed by viscous sintering.'
While the material was rather briitle and possessed only
moderate strength comparable to typical engineering plas-
tics, it could be machined intc any desired shape. Foams of
PBT can be also processed from gels. Depending on treat-
ment, these can have densities ranging from 0.0075 to
0.7g/cm>.51¢ In common with fiber or film forms of PBT,
these new materials should exhibit extraordinarily bigh
chemical, oxidative, radiative and thermal stability.

Aside from practical considerations, the gelation of rod-
iike polymers poses serious theoretical problems and pro-
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vides a unigque window into reversible gelation processes
generally. Unlike lyotropic mesophases, a gel state of rods is
not predicted by equilibrium theory. In fact, the expecta-
tion'”'® is that, in poor solvents, a liquid crystalline phase
should coexist with an isotropic one. The only differences
compared to good solvent conditions is that there is expected
to be a greater composition difference between the two coex-
istent phases and the phase separation can cccur at lower
bulk concentrations. In fact, it is difficult to find a reason
why rod-like polymers form reversible gels. The mecha-
nisns semetimes put forth for random coil gels,'>* such as
intermolecular association of regions with similar localized
stereotacticity, wholesale intermolecular crystallization, or
cooperative conformational changes, are inappropriate for
most rod-like polymers. There are reports'® that gelation in
the physical sense may actually precede formation of more
stable crystalline crosslinks in some random coil systems, or
that a complex combination of liquid-liquid phase separa-
tion and microcrystallization may be responsible. This
makes the study of rod-like polymer gels all the more impor-
tant, as one can focus on the effects of phase separation
alone. In a sense, rod-like polymers represent a simplifying
Himit.

It is established that gelation of rods is intricately asso-
ciated with, but not completely described by, equilibrium
phase behavior.! The kinetics of the phase separation dictate
the eventual, but perhaps nonequilibrium, outcome. The
present study concerns behavior in the late stages, which fix
the final morphology prior to typical processing operations.
The polymer under study is a well-characterized and near-
monodisperse fraction of poly(y-benzyl-er,L-glutamate),
PBLG, dissolved in a solvent/nonsolvent mixture, 98%
DMF, which consists of N,N-dimethylformamide and 2%
water by volume. The water is added to facilitate gelation.
Qualitatively, this system behaves very much like PBT/57%
H,S0,,"” even though PBLG is not ionized, and despite the
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differences in the forces which hold each polymerina nearly
rigid conformation, 2! In both cases, a clear ternary
polymcr/solvent/nansolvent sclution develops into a turbid
gel just seconds after cooling beneath the transition tempera-
ture. In this paper, we present not only images, but also
quantitative analysis, of the PBLG/98% DMF gelation pro-
cess at moderately high PBLG content within the isotropic
regime.

MATERIALS AND METHODS

PBLG from Aldrich was fractionated® and had g
weight average molecular weight M, of 180 000 + 8 000, as
measured by light Scattering. As the a-helical pitch per mon-
omer repeat is 0.15 nm and the monomer unit mass is 239
g/mol, this corresponds to a length of 0,12 #m. Dynamic
light scattering measurements suggest that the ratio of
weight to number average molecular weight M,/M,, was
less than 1.2.22 The solvent was reagent DMF Aldrich) to
which 29, {by volume) of deionized water was added. The
solutions were capped in vials with Teflon-coated tops and

The samples were placed on a Mettler FP-80 hot stage
and observed with an Olympus BH-2 microscope. The video
imaging system has been described elsewhere. 23 Cooling
rates were 20 °C/minute, and it was possible to halt the cool-
ing in order to cbserve the phase separation almost isothey-
mally after it had begun. Gelation processes were recorded
on video tape. Selected images were digitized on a 512 x 512
pixel matrix with an intensity gray level of 0 t0 255, Equiva-
lent scattering patterns were obtained by performing two-
dimensional fast Fourier transforms (ZDFFT). Presently
available computer memory limits the maximum size of an
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image that can be Fourier transformed to 128< 128 pixels.
Thus, an averaging process was implemented to produce
smoother, more accurate Fourier {ransforms corresponding

RESULTS

A series of six images recorded during cooling of 2 10.1
wt % PBLG solution in 98% DMTF from 54 to 56 °C is pre-
sented in Fig. 1. Each frame is from precisely the same region
within the sample. Electronic processing of the images some-
times improves clarity and resolution.2? However, no such
processing is in effect for the images of Fig. I; they were
recorded with the camera’s automatic exposure adjustment
feature defeated and appear without any subsequent modifi-
cation, except that g negative image is shown, Six corre-
sponding line intensity piots also appear. These reveal the
pixel intensity along a horizonta} line laid across the six im-
ages. At 54 °C, there appears only a mottie pattern arising
from imperfections in the microscope optics and the cell,
plus barely perceptible concentration fluctuations. This is
very near the transition temperature. The line intensity plot
is relatively smooth. Within seconds, microscopic phase sep-
aration begins and large intensity ﬂuctuations—correspond-
ing to large concentration fiuctuations—are rezdily evident
in the jagged iine intensity plots. In Some zones, the intensity
increases to values Iarger than the averageat 54 °C: in others,
it becomes smaller.

As the eye is quite accustomed to structural evaluation
in everyday life, direct visualization of microphase separa-

% PBLG/ 98X DHF (23 Hpao1
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FIG. 1. Series of images from phase separ-
ating solution of 10.1 wt. % PBLG in
98% DMF. The bar plot shows the vari.
ation in pixe} intensity along a horizontal
line drawn acrogs the images as assembled.
The temperatures are accurate, but the in-
dicated times must be divided by 1.23 1o
obtain the true times,
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tion helps one to appreciate the actual nature of the evolu-
tion of the gelation process in a way that indirect methods,
such as light scattering, do not. This is especially true for live
visualization, when one can manually adjust the focus of the
microscope to appreciate the three-dimensional character of
the porous structures. However, quantitation of direct im-
ages and comparison o theoretical predictions is not easily
accomplished in real space. Structure factors obtained via
two-dimensional Fourier transformation appear in Fig. 2.
To reduce noise, these were obtained from larger real space
images than those of Fig. I, as described already. The emer-
gence and intensification of a ring is clearly evident, reflect-
ing the strong correlations in the local concentration that are
directly visible in Fig. 1. The patterns are radially symmet-
ric, except for insignificant artifacts along the equatorial and
axial directions. These disappear if a window function™ is
applied during the Fourier transformation process. A radial
average over the patierns results in Fig. 3; each curve is
equivalent to the scattering envelope that one would obtain
with a conventional rotating goniometer or, more common-
1y and conveniently, a linear photodiode array.?® This repre-
sentation shows that the ring not only intensifies but also
collapses—indicating that the correlated domains grow larg-
er with time. The intensity at a given wave number ¢ grows
exponentially with rate R(q), as shown in an earlier {and
somewhat noisier) experiment.”* The rapid growth does not
last indefinitely; after a time, intensities begin to level out as
the phase separation either nears completion or is slowed by
the increasing viscosity of the emergent polymer-rich phase.

Although the samples are ultimately converted from
pure fiuids to completely opaque gels during cooling, the line
intensity plots (see Fig. 1) in the measured time regime show
no drastic reduction in overall intensity as phase separation
occurs, but only a slight decrease. The effects of turbidity are
fess devastating for video microscopy than for light scatter-
ing measurements. In both cases, turbidity has two effects.
Oneis to reduce the intensity. The other problem, more seri-
ous in hight scattering measurements than in microscopy, is
that scattering patterns are smeared owing to multiple scat-
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FIG. 2. Two-dimensional Fourier transforms corresponding to four of the
images in Fig. 1 (but generated from larger images than shown in Fig. 1 for
reduced noise).
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FIG. 3. “Scattering” intensity envelopes obtained by radial averaging aver
Fourter transforms of real space images. The intensity increases monotoni-
cally with time. The correct times are shown. Smooth curves to guide the
eyes are drawn from simple polynomial fits having no theoretical basis.

tering. We have observed that useful images can be obtained
by microscopy even after the samples are so turbid that their
light scattering paitern is rendered completely diffuse by
multiple scattering. The Fourier transforms of such images
better represent the single scattering pattern that one desires
than direct light scattering measurements. Video micros-
copy thus has a decided advantage over light scattering in
turbid systems. The source of this advantage is the micro-
scope’s ability to optically section the sample: i.e., the depth
of focus is small compared to the thickness of the cell. Light
scattered by planes that are out of focus merely adds to the
background. Unless it destroys the contrast, this presents no
problem. In particularly difficult cases, one may even sub-
tract away the out-of-focus light electronicaily. This was not
necessary here.

DISCUSSION
Late stage scaling behavior

Recently, there has been much progress on detection of
{as opposed to resolution of) isolated, well-defined objects
considerably smaller than the classic resolution limit of
about 0.2 um by video-enhanced microscopy.”® However,
the problem here is somewhat different, in that many seem-
ingly diffuse structural features appear simultaneously.
While it may eventually prove possible to detect somewhat
earlier stages by real-time video enhanced optical micros-
copy, perhaps by taking advantage of flucrescence contrast
enhancement mechanisms, the present study is limited 1o
late stage behavior. This implies that it will not be possible to
comment definitively on a very important question-whether
phase separation begins by spinodal decomposition or by a
nucleated mechanism.

Nevertheless, many of the morphological features of the
gel (and materials that can be processed from gels) are de-
termined by the late-stage behavior. The present study is
well-suited to this problem. The late stages are dominated
(but not exclusively, as we shall see) by coarsening behavior,
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which causes an inward shift of the scattering maximumyg,, .
Generally, ¢, is thoughi to obey a scaling relationship with
time:

G =t " (H
Langer, Bar-on and Miller,”” who considered higher order
terms in the Taylor expansion of free energy than Cahn and
Hilliard,*®*’ together with a stochastic model to account for
thermal fluctuations similar to Cook,™ predict @ = 0.21 for
the late stages. The cluster dynamics model of Binder and
Stauffer,”** which includes the Lifshitz-Siyozov evapora-
tion—-condensation model’® as a special case, predicts
a = 1/d, with d the number of dimensions in which growth
of the emergent phases can take place. The Binder-Stauffer
model also predicts that the scattered intensity at the peak,
I, =1I{g=g,), will scale with time:

I.=tP B=da (2)

The measured o depends on how ¢, is determined from
the noisy scattering envelopes. There are at least four ways to
do this: with and without subtraction of the curve at { = 0,
and with and without smoothing. Figure 4 shows the result
when peaks were located by simple visual inspection of the
data poings in Fig. 3 (Le., before the polynomial smooth
curves were drawn). The exponent ¢ = 0.34 + 0.03 is in al-
most perfect agreement with the Binder-Stauffer predic-
tions for d = 3. Subtracting the “pase line” scatiering enve-
lope at 7 = O made the peaks much easier to identify. With or
without smoothing, we obtained @ = 0.33 3- 0.03 from the
base fine-subtracted results, although the point at the lowest
measured time no longer followed the trend of the data. We
were concerned that these values of ¢, so close to the cluster
dynamics prediction, might only reflect good fortune during
the determination of g,,. To provide one last estimate, the
analysis was repeated using the maxima of the polynomial
curves drawn through the data in Fig. 3. With this proce-
dure, we obtained o = (.27 + 0.02. Considering the various
methaods of identifying ¢,,, we conclude that 8.27 <« a < (.36.
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FIG. 4. Dependence of the wave number at the intensity maximum with
time.
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Quieter data would be required to reduce the uncertainty
but, by any method of peak location, it is clear that @ = 1/3.
In all subsequent analyses the g,, determined after subtrac-
tion of the envelope at ¢ = § are used, as these are the least
ambiguous.

Base line subtraction is absolutely necessary in order to
characterize the intensification due to phase separation. A
plotofiog[ (/ — 1, _,},, ] vslog t appears in Fig. 5. Neglect-
ing the data at the last two times, where intensity leveling has
begun, 5 = 2.01 + 0.04, Even though /3 is sensitive 10 noise
in the zero time scatiering envelope, and more precise data
may ultimately vield a different value, one may explain the
inadherence to Eq. (2). Following the argument of Hashi-
moto ez al.,*® Eq. (2) may be derived from Eq. (1) using a
classical relationship from the theory of scattering by parti-
cles, namely that the scattering is proportional to the mass
and solute concentration, expressed as weight per unit vol-
ume. As the concentration remains constant throughout the
coalescence, the fundamental scattering power is propor-
ticnal to mass, or particle volume. In the present case, the
emergent phases are too ill-formed to be called particles, but
they do have characteristic dimensions given by ¢, ', and
characteristic volumes given by ¢,, “. Thus, according to Eq.
(1}, their volume will increase as r“*. This establishes the
relationship 5 = de in the case that the particles—*‘concen-
tration fluctuations” would be more accurate—are not un-
dergoing compositional change but only coalescence. How-
ever, there is no guarantee that equilibrium composition is
reached prior to the onset of coalescence. Indeed, actual
light scattering experiments on simnilar systems concluded
that much of the intensification is due to enhancement of the
magnitude of the concentration fluctuations.”® Recent ex-
periments on the phase separation of coiloidal mixtures®’
also find ff = 2, with a= 1/3, independent of undercocling.
In 2 study of the phase separation of poly(styrene)/
poly(vinylmethyiether), Hashimoto et al. were able to es-
tabiish the equality B = da only in the very late stages of the
phase separation. At shorter times, but still well beyond the
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FIG. 5. Intensity growth at the peak wave number.
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linear Cahn-Hilliard regime (which they were able to ob-
serve), they too found 8> da. In the terminology of these
researchers, our observation that 5> da probably indicates
that these “late stage” measurements are really more proper-
ly considered intermediate stage. Figure 5 does show a de-
crease in the rate of intensification at the largest measured
times, but the data are insufficient to obtain a reliable slope.
Unfortunately, measurements at still longer times would be
extremely difficult owing to the very high turbidity.

A more general type of scaling has been proposed by
Furukawa.’® He argues that the structure function S{g,f) in
the demixing system can be scaled by a single length param-
eter characterizing the system at any given time »{(#):

Stg,) =r(1)*F(x), (3)

where x is the dimensionless parameter ¢gr(¢). The function
F(x} is given by
X
:V /2 _+_ x2 + v :
where ¥ depends on the growth dimensionality and critical-
ity of the transition:

y=d +1

y =24 for critical quenches.

F(x)y= {4)

for off-critical quenches, (%)

In order to connect this scaling theory to observables,
we associate the structure function S(g,7) directly with the
excess scattered intensity arising from the phase transition:
S(q.ty =i{g,r) — I(g,0), which we write simply as 7 — f,.
For the characteristic length, we assume #(#) = 1/g,, (£)—
i.e., X = g/q,,. We may then rewrite Eq. (3) as

ga (I — 1)) =F(g/q,,). (6)
This is the equation for a master scaling plot. In order to
make such a plot, one must assign a value for d. This is not
completely arbitrary, as the proper selection can be tested for
self-consistency by considering the behavior of F(x) at small
and large x. When x €1, the second term in the denominator
of Eqg. (4) is negligible compared to the first—and more so
the greater the dimensionality. In this regime F{x)=x?
which is actually a consequence of the continuity law for
diffusion.’® At the other limit, x> 1, the first term in the
denominator of Eq. (4) is neglible compared to the second,
and F(x)=~x ~7 If the proper value of d was selected in
making the master plot, then the initial slope will be 2 and
the final slope will be either d + 1 or 2d, depending on the
criticality of the quench.

Figure 6 shows a master plot constructed using d = 3.
Almost all the data converge, as predicted by Eq. (6). The
initial slope is nearly 2, while the final limiting slope closely
approaches — 4, indicating off-critical conditions (eritical-
ity in rod-like systems is a complex issue; see below). It thus
appears that the growth dimensionality is 3, despite the mo-
lecular asymmetry of the rods. Almost certainly, the local
translational self-diffusivity at 10.1% is anisotropic—i.e.,
faster along the rod axis than transverse to it.>® However, the
growth of emergent phases depends on the mutual (or coop-
erative} diffusion of rods averaged over regions large encugh
to visualize. This accounts for the three-dimensionality. It is
uncertain why Chuah ef a/. have observed lower dimension-
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FIG. 6. Master plot suggested by Furukawa (Ref. 38} universal scaling
approach, computed for & = 3. The theoretical initial slope of 2 and the
theoretical limiting slope at large x for d = 3 and off-critical guench condi-
tions are shown.

ality in their study of phase separation of PBT in the random
coil matrix, nylon.*® One possibility is that the sample cell in
that study was too thin relative to the length of the rods. To
prevent multiple scattering, a cell path of 5-10 um (typically
6 um) was selected.*’ The PBT had an intrinsic viscosity of
21.4 dl/g, corresponding to a molecular weight of about
32 000 and a iength of about 150 nm.*? Thus, a cell thickness
of 6 um equals just 40 rods laid end-to-end. This may be
insufficient for three-dimensional growth to occur; also,
such a thin cell may exaggerate edge effects. An alternative
explanation is that the random coil nylon matrix somehow
limits the growth to a lower dimensionality.

Impilications for spinodal decomposition in rod-bearing
systems

There remains much confusion over the role of spinodat
decomposition in this particular system, and in most rod-like
polymer phase separation processes. Although the present
experiments can neither confirm nor deny the role of spino-
dal decomposition, it is interesting to couch the results in
terms of classical spinodal theory and consider recent devel-
opments. The haiimark of classical spinodal decomposition
is a linear “Cahr plot,” R(q)/¢" vs ¢~.?%*° Such a plot ap-
peared in an earlier, preliminary report,”® but it was highly
nonlinear. This behavicr has been seen in PBLG/toluene
gels® and other systems.>”*® It is generally attributed either
to the importance of high-order terms in the Taylor expan-
sion of the free energy function, even at very short times after
the demixing begins, or to thermail fluctuations.”” Binder
has pointed out that coupling of the demixing to practically
any other slow process that does not scale with ¢° (i.e., other
nondiffusive processes) can distort the Cahn plot.’! Cou-
pling to a glass transition was mentioned specifically as an
example of some importance to random coil polymers. For
rods, molecular alignment may have the same effect. Finally,
it is worth noting that the processes studied so far are re-
markably rapid. Thus, it is not surprising that linear spino-
dal decomposition has yet to be observed in the PBLG/98%
DMF system.

J. Chem. Phys., Vol. €2, No. 8, 1 May 1990
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Indeed, one may legitimately guestion whether thereisa
basis for spinodal decomposition in any rod-bearing system.
Despite the speculation surrounding possible spinodal de-
composition in solutions of rod-like polymers, there has nev-
er been any proper theory for nucleation-free transitions in
such systems. The traditional development of Cahn and Hii-
iiard, wherein a mobility is coupled to a coarse-grained free
energy, is difficult to apply to rod-like polymers because
there are two order parameters—{ree energy and molecular
alignment—both of which are potentially anisotropic. Nev-
ertheless, there are reasons to suspect that spinodal decom-
position could occur. As first realized by Miller and co-
workers,* the temperature-composition phase diagram of
rod-like polymers is remarkably flat at most concentrations,
suggesting that the metastability gap may span a fairly nar-
row temperature range. Thus, on temperature guenching,
relatively little time need be spent in the metastabie region,
so that it might be possible to avoid phase separation by
nucleation and growth. These workers also pointed to the
bicontinuous nature of certain gels of PBLG, which were the
resuit of submicroscopic phase separation. Bicontinuity is
commonly associated with spinodal decomposition, but not
proof of it, a fact siressed by the authors.

It is now realized that true linear spinodal decomposi-
tion is actually a rather fleeting event in most systems.>* In
simple fiuids, where the interaction distance—that is the dis-
tance over which intermolecular forces are felt—is compara-
ble t¢ the molecular size itself, nonlinearities are almost al-
ways so severe, and phase separation so rapid, that classical
Cahn—Hilliard behavicr is not observed. In metallic systems,
phase separation may be slower, but one has to contend with
crystal structure. Ironically, structurally intricate mixtures
of random coil polymers have proven to be model systems
for observing the initial stages.’’ More generally, systems
having long interaction distances which are nevertheless
well described by mean-field theories are likely to display
linear Cahn-Hilliard spinodal decomposition. Random coil
polymer blends not too near the critical conditions fit this
specification. Now, the interaction distances of pure rods are
longer for a given degree of polymerization than their ran-
dom coil counterparts. Also, recently it has been shown that
the random phase approximation, an expression of mean
field theory, is exact in the case of perfectly rigid rods in
isotropic solution.* Accordingly, it seems likely that spino-
dal decomposition could occur in rigid rod solutions. But
still, it seems impossible to extend the Cahn-Hilliard formal-
ism to the case where two order parameters matter.

Recently, Doi and co-workers have used the exact ran-
dom phase formalism to calculate the dynamic structure fac-
tor of rod-bearing solutions, taking into consideration aniso-
tropic intermolecular forces and mobilities.***° Above a
certain critical number concentration v* = 4/4, ,, where
4, 1s the osmotic second virial coefficient when the osmotic
pressure is expressed in terms of solute number density, all
eigenmodes of the kinetic equation for the structure factor
strongly resemble those of classical Cahn-Hilliard theory
when the curvature of the free energy is negative. Some
eigenmaodes are exactly identical. The number density v* is
comparable to, but in real systems perhaps not exactly iden-
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tical to, the concentration at which a nematic phase forms.
Thus, tn the vicinity of v*, significant fluctuations of the two
order parameters are predicted to arise spontaneously and
lead to scattering behavior indistinguishable from classical
Cahn-Hilliard spinodal decomposition. Many of the other
features of the new random phase theory***® have recently
been substantiated almost quantitatively by detailed quasi-
elastic and static light scattering measurements on equilibri-
um systems® in the appropriate concentration regimes.
This theory is possibly the best indication that spinodal de-
composition involving two order parameters can occur for
rigid rods. The fact that linear Cahn plots are seen on gela-
tion of aqueous hydroxypropylceliulose (HPC) solutions’
also corroborates the notion that spinodal decomposition
can occur for rods, even though HPC barely qualifies as a
stiff polymer. Although there is considerabie disagreement
about the persistence length of PBLG,*” ** the value of 120
nm chosen in a recent compilation® is reasonable. This is at
least 10 times greater than the estimate for HPC.>*® In any
case, on both experimental and theoretical grounds, it seems
that spinodal decomposition is a viable initial mechanism of
phase separation in sufficiently concentrated suspensions of
semiflexible polymers. Proof of its validity in the
PBLG/9¢% DMF system may be difficult because of the
rapidity of the process.

CONCLUSION

Video microscopy is a useful auxiliary tool, comple-
menting light scatiering for study of the late stages of phase
separation. The experimental setup of this study was re-
markably simple. Systemns with real-time analog and digital
enhancement capabilities may allow the technique to be ap-
plied successfully at earlier stages and with lower noise. Mi-
croscopy has a special advantage over light scattering in tur-
bid systems, due to its ability to optically section the sample.
Recent developiments in confocal scanning optical micros-
copy”’ promise to extend this advantage by discriminating
sharply against out-of-focus light.

The present study shows that the late stage demixing of
concentrated, isotropic PBLG/98% DMF solutions obeys
the Furukawa formalism nicely, with the growth dimension-
ality being a sensible 3. The parameter @ describing the time
scaling of g,, was close to 1/3, in agreement with cluster
dynamics predictions. The parameter 5 describing the inten-
sification at the scattering maximum was about 2—i.e.,
twice as large as expected from the Binder-Stauffer ap-
proach or Lifshitz—-Slyozov theory. This probably represents
that phase separation has been observed in the intermediate
regime, where equilibrium concentrations are still changing
even as droplet growth occurs. However, this conclusion is
subject to revision because it rests on a measured parameter
£ that is guite sensitive to noise in the zero-time scattering
envelope. Although evidence is mounting that spinodal de-
composition can occur in solutions of rods at high concen-
tration, the case for it in this particular system is still circum-
stantial. In addition to the behavior at the very earliest times,
there remain other questions about this system. For exam-
ple, the role and fate of the nonsolvent is poorly understood.
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The precise dependence of scaling parameters on concentra-
tion and degree of undercooling would also be of interest.
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