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ABSTRACT: The development of the morphology of polybutadiene/poly(2-vinyl naphtha-
lene) blends in five proportions by mass (5, 10, 50, 90, and 95%, w/w) is studied by
epifluorescence and scanning electron microscopy (SEM) techniques. The phase sepa-
ration process of these immiscible polymers produces a primary morphology that is
formed by dispersed droplets in a continuous matrix. In the sequence a secondary phase
separation inside the primary domains is detected by epifluorescence microscopy of the
intrinsically fluorescent domains. Secondary phase separation is confirmed by SEM
fracture surface analysis. The relative size of the droplets and the matrix composition
depend on the proportion of the components of the blends. The mechanism of the phase
separation process is preferentially by nucleation growth for either primary or second-
ary phase separation processes. Secondary relaxation processes involving the poly(2-
vinyl naphthalene) phase are studied by fluorescence spectroscopy. The profile of the
steady-state excimer fluorescence of poly(2-vinyl naphthalene) with the temperature in
the blend differs from that of the isolated homopolymer and is explained by the
contribution from the interface to the radiationless deactivation. The Arrhenius plot for
the temperature dependence exhibits slope changes that are related to the polymer
relaxation processes. © 2002 Wiley Periodicals, Inc. J Appl Polym Sci 84: 1637–1649, 2002; DOI
10.1002/app.10389
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INTRODUCTION

Studies of polymer blends may be considered from
different viewpoints. In some cases optimization
of properties is the main interest and in others
compatibilization of the phases or preparation of
a miscible material is emphasized. Regardless of
the aim of the work, the final properties and mor-
phology of the material are controlled by the in-

terfacial properties. Nevertheless, the determina-
tion of the interfacial properties in microhetero-
geneous materials, including polymer blends, is
still difficult, regardless of whether we consider
theoretical models or experimental methodology.
The main reasons for these difficulties reside in
the width of the interface and in the absence of
precise thermodynamic models describing the
gradient of composition throughout the interfacial
cross section.1–5 In immiscible polymer blends the
interfacial tension increases with the molecular
weight of each homopolymer and linearly decreases
with the increase of the temperature.4

Direct study of polymer interfaces is a very
difficult task, and measurements of composition
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profiles across the interface have not been
achieved. Several techniques are currently em-
ployed, such as different types of microscopy,
scattering techniques (light, neutron, X-ray, ion),
IR spectroscopy, and X-ray microanalysis.3 Mea-
surements involving small angle X-ray scattering,
small angle neutron scattering, and nonradiative
energy transfer processes demonstrated that an
interface thickness is typically about 3 nm.5–7

Luminescence studies were successfully ap-
plied for the evaluation of polymer blend miscibil-
ity at the limit of the molecular scale.8–11 Several
of these studies were based on two general ap-
proaches: the measurements of the excimer/
monomer ratio and its relationship with polymer
miscibility and the determination of the efficiency
of the radiationless energy transfer processes
that are dependent on polymer interpenetration
and thus with polymer miscibility. Moreover, lu-
minescence techniques have also been success-
fully applied in studies of polymer, copolymer,
and polymer blend relaxation processes.12–22

Usually, the studies of the relaxation processes of
polymeric materials using luminescence tech-
niques can be performed using steady-state or
time-resolved emission spectroscopy.21 If the sys-
tem is not intrinsically luminescent, a lumines-
cent guest sorbed in the material can be employed
or the polymer can be chemically modified by the
addition of a luminescent chromophore chemi-
cally bonded to the chain.22–24

Several types of microscopy techniques were
successfully used to determine the morphology of
polymer blends and, in particular, epifluorescence
microscopy revealed the composition distribution
of the fluorophore in phase separated domains.12–

14,25 Nevertheless, quantitative measurements
are still not possible.

The present work describes the morphology of
polybutadiene/poly(2-vinyl naphthalene) (PB/
P2VN) blends prepared by casting polymer solu-
tions onto a glass surface in five different propor-
tions by mass. The morphology is studied by epi-
fluorescence complemented by electron scanning
microscopy techniques. P2VN is an intrinsically
fluorescent polymer that is very similar to poly-
styrene (PS), which is the most employed poly-
mer, along with PB, for technological applica-
tions.26 This polymer (P2VN) is chosen instead of
PS because of its higher fluorescence quantum
yield,9,10 which allows easier observation of the
morphology using a conventional epifluorescence
microscope. As an analogue of PS, blends of P2VN
with PB should also be immiscible with an upper
critical solution temperature and we thus assume

that the morphological properties might also be
similar and that the results produced in this work
can be transferred to the other polymeric sys-
tem.27–32 In addition, because the morphology of
the PB/PS blend is also controlled by the PB mi-
crostructure, PB with a high content of 1-2-trans
addition was chosen in the present work.30

We also report studies of the polymer relax-
ation processes using the steady-state fluores-
cence spectroscopy of P2VN. This study is based
on measurements of the fluorescence spectra at
several temperature, which is dependent on the
intrinsic properties of the fluorescent group and
the polymer relaxation processes of the materi-
al.21

EXPERIMENTAL

Materials and Preparation of Samples

The P2VN (Aldrich Chemical Co.) was used as
received. The 1,4-cis PB (PB-36, Aldrich) was pu-
rified by exhaustive Sohxlet extraction for 40 h,
using ethanol as a solvent. This purification pro-
cess was followed by Fourier transform IR spec-
troscopy (FTIR). Dichoromethane (spectrophoto-
metric grade, Merck) was used as received.

Polymer blend films were prepared by mixing
stock dichloromethane solutions containing both
homopolymers and casting the solutions onto a
Petri dish. Homopolymer solutions were mixed to
produce polymer blends with the desired propor-
tions of PB-36/P2VN (0, 5, 10, 50, 90, 95, and 100
wt %). Films were dried at room temperature in
air and then kept for a couple of weeks in a
desiccator under a vacuum. Finally they were
annealed at 80°C in an oven under a vacuum for
8 h and then kept at room temperature until
measurement. The annealing process was consid-
ered crucial to stabilize the final morphology of
the blends prepared by casting. No solvent resid-
ual was detected by thermal gravimetric analysis
(TGA). The film thickness was 70–80 �m.

Characterization Techniques

Films of homopolymers and polymer blends were
characterized by differential scanning calorime-
try (DSC; model v2.2A 990, DuPont) that was
calibrated with indium as a standard. Two scans
were performed for every sample: the first scan
heated the sample from room temperature to
150°C, the sample was then quenched (20°C/min)
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to �150°C, and it was finally heated to 150°C.
The heating rate was 10°C /min.

The molecular weight and molecular weight
distributions of P2VN and PB-36 were deter-
mined by gel permeation chromatography (GPC)
using a Waters chromatograph (model 486) with a
model 410 refractive index detector and THF as
the eluent at a temperature of 40°C; PS was used
as the standard. Three coupled 7-�m Ultrastyra-
gel (Waters) columns (7.8 � 300 mm) were em-
ployed for the size separation range of about 2
� 103 to 4 � 106 g mol�1. Sample solutions were
filtered (0.45 �m), and the filtered solution was
injected into the chromatograph. Because PB-36
is partially soluble under these conditions, its mo-
lecular weight refers to its soluble fraction.

The microstructure of PB-36 was determined
by IR spectroscopy using a Perkin–Elmer model
16PC FTIR spectrophotometer. The spectrum res-
olution was 2 cm�1 over the spectral range of
400–5000 cm�1 and using an accumulation of 102
scans. Data were collected and analyzed using
standard software. Films of PB-36 were cast from
a dichloromethane solution onto a KBr plate, and
the IR spectra were measured using air as the
background.

Epifluorescence microscopy was performed us-
ing a standard Zeiss Jena universal microscope. A
dichroic mirror selects the excitation wavelength
(�exc � 380 nm) of a mercury UV lamp. The mi-
croscope configuration is in the reflection mode,
where the UV excitation beam is mounted above
the sample surface. Thus, the illumination and
imaging area take place on the same side of the
specimen and the maximum fluorescence is pro-
duced in the layer and area being observed. The
fluorescence emission is captured and imaged
with the objective working as a condenser.11–14

Scanning electron microscopy (SEM) of the
polymer blends was performed using a JSM-T300
microscope at two different magnifications (�350

and �1000) with an accelerating voltage of 20 kV.
Sputtering with platinum/gold alloy coated the
surfaces of the polymer blends. We also obtained
electron micrographs of the surface fracture using
a Jeol JSM 840 microscope working with an elec-
tron beam accelerating voltage of 25 kV. The frac-
ture surface was coated with an �4-nm gold
layer. Original magnifications of 1000� and
5000� were obtained.

Luminescence measurements at several tem-
peratures were performed as described previous-
ly.22 The samples were inserted into the cryosys-
tem and kept under vacuum throughout the
whole experiment. The �exc was 290 nm, which is
resonant with the maximum absorption band of
the naphthyl group of the P2VN homopolymer.

RESULTS AND DISCUSSION

Characterization of Homopolymers

The microstructure of PB-36 was determined by
IR spectroscopy by measuring the absorbencies at
740, 912, and 967 cm�1, which are assigned to
cis-(1,4) units, 1,2-vinyl content, and trans-(1,4)
units, respectively. The methodology involves the
solution of three simultaneous equations as de-
scribed elsewhere.33 These data reveal that the
PB-36 sample contains 14% vinyl groups, 50%
trans units, and 36% cis units (Table I).33

The glass-transition temperatures (Tg) deter-
mined by DSC demonstrate that both homopoly-
mers are totally amorphous and the Tg values for
P2VN and PB-36 are about 118 and �89°C, re-
spectively. The second DSC scan completely re-
moves the endothermic peak present in the first
scan curve [Fig. 1(a,b)]. Moreover, the thermo-
grams for all polymer blends always exhibit two
separate glass-transition temperatures that are
attributed to segregated domains of both ho-

Table I Physical Properties of PB-36 and P2VN Polymers

Physical Property P2VN PB-36

Mw (g mol�1) 59,000 203,208
Polydispersity 2.7 4.1
Tg (°C) 118 �89
Microstructure (FTIR) — 14% vinyl, 50%-1,4-trans, 36%-1,4-cis units
Td (°C) 350 260

Td, the onset of the decomposition temperature as measured by thermal analysis.
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mopolymers, similar to PB/PS blends.27,28 Never-
theless, the glass-transition temperature of
blended P2VN is always higher (125°C) than that
for a nonblended polymer [Fig. 2(a,b)]. There are
two plausible explanations for this unexpected
result: it is an apparent affect produced by the
lower thermal diffusivity of the rubbery phase or
it is a real shift induced by the pressure increase
of the rubbery phase over the P2VN domains
upon heating.34 Additional data are necessary to
explain this result.

The TGA curves for PB-36 exhibit two maxi-
mum loss rates [Fig. 1(c)]. We associate the first
at �350°C with the evolution of butadiene and
vinyl cyclohexane. The second at 453°C corre-
sponds to main chain degradation.35 For P2VN
the TGA curve also exhibits two maximum loss
rates [Fig. 1(d)] associated with the evolution of
vinylic groups (157°C) and main chain degrada-
tion (428°C), analogous to thermal degradation of
PS36 (Table I).

Figure 1 DSC heating thermograms for (a) PB-36
and (b) P2VN (—) first and (- - -) second scans and
thermal degradation curves for (c) PB-36 and (d) P2VN.
The heating rate is 10°C/min.

Figure 2 DSC heating thermograms (second scan)
for 90% PB-36/P2VN blends corresponding to (a) a
P2VN fluorescent matrix and (b) a PB-26 nonfluores-
cent matrix: (—) P2VN, (- - -) PB-26, and (- � -) PB-36/
P2VN.
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The weight-average molecular weight (Mw) of
P2VN determined by GPC is 59,000 with a poly-
dispersity of 2.7, and the Mw of PB-36 is 203,208
and the polydispersity of its soluble fraction is 4.1
(Table I).

Morphology of PB-36/P2VN Blends

Blends of PS and PB exhibit phase diagrams
characterized by an upper critical solution tem-
perature, a critical temperature of 23°C, and a

Figure 3 (a,b) SEM, (c,d) epifluorescence, and (e,f) SEM micrographs of the fracture
surface for 95/5 (left) and 90/10 (right) wt % PB-36/P2VN blends showing the small
isolated and fluorescent dots of P2VN dispersed in a continuous nonfluorescent PB-36
matrix. [Color figure can be viewed in the online issue, which is available at www.
interscience.wiley.com.]

MORPHOLOGY OF PB/P2VN BLENDS 1641



critical concentration of 36.9 vol % PS.27 The
structural similarity between PS and P2VN sug-
gests similar behavior for the phase diagram of
the PB-36/P2VN blends; thus, these blends must
also be immiscible.

Epifluorescence microscopy is a convenient
technique to analyze the morphology of PB-36/
P2VN blends because P2VN is intrinsically fluo-
rescent and can be easily visualized, but PB-36 is
a nonfluorescent polymer. Thus, simultaneous to
the morphology description, the micrographs also
allow an in situ chemical analysis of the material
using a nondestructive method.

The morphologies of the PB-36/P2VN blends
were studied in five proportions by mass (95, 90,
50, 10, and 5 wt %) using epifluorescence, scan-
ning electron, and SEM fracture surface micro-
scopic techniques. It is worthy of note that the
final morphology of these materials results from
the sequence of events: blend preparation by cast-

ing, solvent evaporation, and subsequent anneal-
ing processes at 80°C. Regardless of the initial
proportion of both homopolymers, the composi-
tion of each phase can be quite different due to
phase separation.

The epifluorescence microscopy of blends with
lower P2VN contents (5 and 10 wt %) reveals a
dispersion of spherical isolated dots of the fluo-
rescent polymer uniformly distributed in a non-
fluorescent rubbery matrix (Fig. 3). The lack of
information produced by the SEM technique is
remarkable in that the micrographs show a con-
tinuous surface without discrete domains. Never-
theless, the SEM of the surface fracture confirms
the presence of these droplets as spherical drop-
lets immersed in a continuous PB-36 matrix. The
relative size and the density distribution of these
droplets increase with the relative increase of the
amount of P2VN, and the morphology may be
described as a PB-36 continuous phase with dis-

Figure 4 (a,c) SEM micrographs and (b,d) optical fluorescence micrographs of 50/50
wt % PB-36/P2VN blends showing (a,c) P2VN clusters dispersed in a continuous PB-36
matrix (translucent region) and PB-36 domains dispersed in a continuous P2VN fluo-
rescent matrix (transparent regions). [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

1642 CRUZ, CASSIOLA, AND ATVARS



crete P2VN domains. This type of morphology is
usually obtained for systems displaying phase
separation by nucleation and growth.37,38

The morphology of the fluorescent domains for
blends with 50, 90, and 95 wt % P2VN shows
larger spherical and strongly fluorescent domains
(P2VN) uniformly dispersed in a matrix (PB-36)
that produce a translucent region. Smaller and
nonfluorescent domains of PB-36 are dispersed in
a fluorescent matrix and form a transparent
phase (Figs. 4–6). In addition, epifluorescence
microscopy reveals that the fluorescent domains
(P2VN) contain an internal microstructure
formed by many tiny droplets surrounded by a
fluorescent skin. However, the distribution of

these droplets is higher nearer the surface com-
pared to the central region of each domain, which
shows a luminescent crown composed of aggrega-
tion (without coalescent) of fluorescent droplets.
Between two crowns there is a poorly fluorescent
ring characteristic of exclusion zones. The SEM
micrographs of the fracture surface of one of these
domains confirmed the presence of such micro-
morphology inside the domains [Fig. 7(a)]. The
fracture also reveals that a very weak adhesion
is binding the droplets to the PB-36 matrix
[Fig. 7(b)].

The possibility of a two-stage phase separation
process is considered to explain the presence of an
internal micromorphology of the fluorescent do-

Figure 5 (a,c) SEM micrographs and (b,d) optical fluorescence micrographs of 10/90
wt % PB-36/P2VN blends showing (a,c) P2VN clusters dispersed in a continuous PB-36
matrix (translucent region) and PB-36 domains dispersed in a continuous P2VN fluo-
rescent matrix (transparent region). [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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mains. During the first separation step, the less
soluble fraction is gelified in a soluble phase that
produces local concentration gradients and the
first step of the phase separation process. Further
solvent evaporation induces a secondary phase
separation inside the gelified domains that under-
goes a second phase separation. The presence of
spherical domains observed by either fluorescence
microscopy or surface fracture using electron
scanning microscopy reveals that the major con-
tribution to the phase separation mechanism is
nucleation and growth in both the primary and
secondary phase separations. Thus, both steps
explain the presence of spherical dispersed do-
mains of P2VN or PB-36 in the viscous reciprocal
matrix.

P2VN Fluorescence in Solid State

The fluorescence spectrum of P2VN in the solid
state is composed of a structureless band centered
at 400 nm that is attributed to excimer emission
of the naphthyl groups.9,10 Isolated chromophore
emission, if present, is too weak to be detected
and separated from the broad excimer band
(Fig. 8).

A broad composed fluorescence spectra of
P2VN in the solid state and a structureless band
centered at 400 nm are attributed to excimer
emission (Fig. 8). The isolated chromophore emis-
sion, if present, is strongly overlapped to the ex-
cimer band and was completely neglected in our
analysis because the profile for the temperature

Figure 6 (a,c) SEM micrographs and (b,d) optical fluorescence micrographs of 5/95 wt
% PB-36/P2VN blends showing (a,c) P2VN clusters dispersed in a continuous PB-36
matrix (translucent region) and PB-36 domains dispersed in a continuous P2VN fluo-
rescent matrix (transparent region). [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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dependence of the total intensity and the inten-
sity at 400 nm are virtually the same. The mech-
anism for excimer formation in P2VN is based on
singlet energy migration involving both adjacent
and nonadjacent chromophores, and the efficiency
of the formation is controlled by the local concen-
tration and/or mutual orientation of these chro-
mophores and is primarily an intramolecular phe-
nomenon.9,10,19,39–41

Thus, considering the small contribution of the
monomer emission for the whole spectrum, the
temperature dependence of the fluorescence emis-
sion was analyzed assuming that the entire spec-
trum is due to excimer emission and the temper-
ature dependence of the integrated fluorescence
intensity (IF) may be analyzed by an Arrhenius-
type function for the fluorescence intensity versus
the reciprocal temperature:

ln��IF0/IF� � 1� � �Ea/RT (1)

where IF0 is the integrated fluorescence intensity
at the lowest temperature employed, Ea is the

apparent activation energy resulting from the
convolution of the nonradiative deactivation of
the excited state disturbed by the polymer relax-
ation processes, R is a gas constant, and T is the
temperature. A plot of ln[(IF0/IF) � 1] versus the
reciprocal of the temperature will be linear only if
a unique value of the apparent activation energy
is involved with the relaxation processes.12,20–23

Figure 9 shows the plots for the integrated
fluorescence intensity versus the temperature
and the corresponding Arrhenius representation
of the experimental data in the temperature
range of about 30–400 K during the first and
second successive heating runs. The major differ-
ences are that for the first run only one linear
segment was observed from 30 to 200 K with a
slope change at 200 K while for the second scan
two slope changes are noted, one at 110 K and the
other 200 K. The apparent activation energies
determined for the linear segments in the Arrhe-
nius plots are shown in Table II. The segment
between 200 and 370 K is not well represented by
an Arrhenius-type function with only one appar-
ent value of the activation energy.

The slope changes of the experimental curves
are attributed to polymer relaxation processes,
which are analyzed on the basis of the PS model:
the lower temperature slope change (110 K) is
attributed to the onset temperature of small
group motions containing two or three methylene
or end-naphthyl units, which are represented by a
�	-relaxation process, and the slope change at 200

 5 K is due to the rotation of the phenyl groups

Figure 8 The typical fluorescence emission of P2VN
in the solid state and in a 50/50 wt % PB-36/P2VN
blend at several temperatures. [Color figure can be
viewed in the online issue, which is available at
www.interscience.wiley.com.]

Figure 7 (a) A SEM micrograph of a fracture surface
of a P2VN drop of a 5/95 wt % PB-36/P2VN blend
showing (b) the weakness of the interfacial adhesion
between the P2VN domain and the PB-36 matrix.
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around the backbone chain.42–45 Moreover, the
transition at 370 
 5 K is attributed to the onset
of the local oscillation of the polymer backbone
that precedes the glass transition observed calo-
rimetrically at 390 K. The non-Arrhenius behav-
ior observed at intermediate temperatures be-
tween 200 and 370 K reveals the complexity of the
chain motions occurring in this temperature
range and may involve the convolution of several

radiationless pathways: the excimer formation/
dissociation process and monomer deactivation by
nonfluorescent mechanisms, as well the local os-
cillation modes of the backbone chain, which oc-
cur with PS from 320 to 350 K.41–45

Relaxation Processes of PB-36/P2VN

The experiments performed for the polymer
blends involved the measurement of P2VN fluo-
rescence emissions at several temperatures for
the material divided into two types of zones: one
that presents higher optical quality and is prefer-
entially formed by the P2VN matrix and the other
formed by the P2VN droplets dispersed in the
PB-36 matrix, which is more translucent. In one
case the emission is more uniform over the entire
sample, which is also shown by epifluorescence
microscopy, while the fluorescent droplets exhibit
secondary phase separation from the other. Sim-
ilar to the experiments for the P2VN homopoly-
mer, two successive heating runs were carried out
and two types of plots are constructed from the
experimental data: the linear IF versus T plot and
the Arrhenius-type plot. Because for other sam-
ples the curves present similar profiles, we only
show the experimental data for the heterogeneous
phase of a 10% PB-36/P2VN blend in Figure 10.

A general description of the curve profiles
shows that the slope change of the Arrhenius plot
is more pronounced for the isolated P2VN than
for the blended P2VN in either the lower or
higher temperature ranges. The plots for all sam-
ples present two very well-defined onset temper-
atures at 220–230 and 370–380 K, and the linear
representation for the temperature dependence
on the Arrhenius plot suggests that they are re-
lated to only one value of the apparent activation
energy. These two segments are also obtained for

Table II Relaxation Temperatures and
Apparent Activation Energies for P2VN by
Fluorescence Spectroscopy

Assignment

P2VN-1 P2VN-2

T (K)
Ea

(kJ mol�1) T (K)
Ea

(kJ mol�1)

�	 Relaxation Not observed 110 1.7
� Relaxation 200 4.2 200 3.9
Tg 370 67 370 64

Tg (P2VN) � 390 K and Tg (PB) � 187 K, both determined
by DSC; 1 and 2 represent the data for the first and second
runs.

Figure 9 (a) The temperature dependence and (b,c)
Arrhenius plots of the normalized and integrated fluo-
rescence intensity of the P2VN first (-1) and second (-1)
heating runs.
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the isolated homopolymer. In addition to these
two linear segments (Arrhenius-type behavior),
there is a nonlinear segment in the temperature
range between 230 and 370 K. Nevertheless, an-
other segment at 290–300 K, which is absent in
the homopolymer, was observed in the first run of
the blended samples. These segments are only
present during the first heating run and they are
thus attributed to some residual stress of the
sample that relaxes when the thermal history is
erased. The assignments of these slope changes
are based on the dependence of the fluorescence
emission on the temperature of the nonblended
P2VN (Table II, Fig. 9): the lower temperature is
attributed to the �	-relaxation process due to the
movements of short segments of the P2VN chains;
the onset temperature at 200–230 K is attributed
to the rotation of naphthyl groups around the
polymer backbone; and the relaxation processes
at 370–380 K are assigned to the glass transition
in the P2VN phase.

It is worthy of note that the slope change at
200–230 K is always well defined for the second
heating run and depends on the morphology and
the composition of the polymer blends. For sam-
ples where P2VN is the matrix and PB-36 is the
discrete phase, the onset temperature is observed
at 200 K; for samples where the P2VN is the
discrete phase, their segment is observed at
higher temperatures (ca. 230 K). Although the
explanation for this behavior cannot be estab-
lished using the present data, it seems to not be
fortuitous because the glass-transition tempera-
ture is also observed at higher temperatures for
the same type of sample.

CONCLUSIONS

In this work PB-36/P2VN polymer blends were
prepared in film form by casting a solution con-

Figure 10 (a) The temperature dependence and (b) Arrhenius plot of the normalized
and integrated fluorescence intensity of the 90/10 wt % PB-36/P2VN heterogeneous
phase and (c,d) the linear segments simulating the relaxation processes for the first (-1)
and second (-2) heating runs.
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taining both homopolymers. Because the system
is immiscible, there is phase separation in the
later stages of solvent evaporation, leading to the
formation of discrete and spherical domains dis-
persed in a continuous matrix. In addition, be-
cause the viscosity of the medium increases with
solvent evaporation, the coalescence of these do-
mains is inhibited and the morphology is partially
defined by the course of the solvent evaporation.
Although the annealing process eliminates the
material stress and equilibrates the samples, it
does not lead to the most stable morphology be-
cause the temperature is lower than the P2VN
glass transition to prevent PB crosslinking.

Epifluorescence microscopy allows identifica-
tion of the fluorescent P2VN phase either when
this polymer is forming discrete domains in the
PB-36 matrix or when it is the continuous phase.
Furthermore, this technique unequivocally re-
veals that dispersed droplets rich in P2VN exhibit
an internal micromorphology that results from a
secondary phase separation process. Indeed, frac-
ture surface electron microscopy confirms the
presence of a secondary morphology inside the
spherical and discrete domains.

The Arrhenius-type function represents the ki-
netic behavior of the excimer fluorescence emis-
sion for temperatures below relaxation (involving
short segments of the polymer chain) and above
the glass transition, but it fails in the intermedi-
ate temperature range. Although we are not able
to explain the reason for this at present, we may
assume that the major reason is the convolution
of several kinetic pathways involved with chain
motions above 200–230 K.
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