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ABSTRACT: In this manuscript mixtures of a poly(styrene)-b-poly(thiophene) (PS-b-PT) copolymer with fullerenes (Cgy) as a dopant
were prepared in order to evaluate their optical/surface properties through optical microscopy (OM) and atomic force microscopy
(AFM) measurements respectively, as well as their conductivity through the four probe technique under variable conditions such as:
temperature (room temperature and 150°C), solvent (toluene and chlorobenzene) and dopant concentration (2 and 5 wt %). The
results exhibited that thermal treatment; solvent polarity and dopant concentration influence significantly the optical absorbance val-
ues. Ultraviolet-visible spectroscopy (UV-Vis) was also adopted to examine the optical absorbance of the mixtures and how it can be
affected by the structures obtained in each case. The results for the variables involved in this study were very interesting and led to
significant conclusions concerning the potential application of the proposed mixture for improved organic solar cells. © 2013 Wiley

Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 40084.
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INTRODUCTION

As global energy consumption is constantly increasing, the quest
for renewable and environmentally friendly resources is neces-
sary in order to cover the energy needs maintaining low levels
of carbon dioxide. Solar energy is one of the most important
renewable energy sources and it is currently applied by the use
of various types of solar cells." Although, the solar cells market
is overwhelmed from inorganic materials, new approaches con-
cerning organic solar cells are under investigation and fabrica-
tion since they present important properties (environmental
safety, low cost, efficiency, flexibility, and low weight), leading
to strong potential infiltration in the solar cell market.

There are three types of organic solar cells with satisfactory
efficiencies: (1) Dye-sensitized solar cells, in which an organic
dye is adsorbed at the surface of an inorganic wide band
semiconductor (e.g., ruthenium dye-sensitized nanocrystalline
TiO, (nc-TiO,) solar cells, with an efficiency of ~10%);>™* (2)

© 2013 Wiley Periodicals, Inc.
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double layer cells, for which the formation of a double layer
structure of a p- and n-type organic semiconductor is
1requested,5’6 and (3) bulk heterojunction cells, (BHJ), for
which a combination of an electron donating (p-type) and an
electron accepting (n-type) materials is used in the active
layer. Excitons created in all cases must diffuse on the inter-
face to enable charge separation. Polymer-fullerene solar cells
were among the first materials applied in the aforementioned
type III organic solar cells.” These materials should be prefera-
bly mixed into a bicontinuous interpenetrating network in
order to achieve higher efficiency. It should be mentioned that
polymeric heterojunctions can exhibit different architectures,
such as: (a) bilayer (with limitations, due to the active layer
length), (b) bulk heterojunction, and (c) ordered
heterojunction.’®

Organic solar cells are considered as low cost alternative materi-
als with mechanical flexibility”™* and potential variation of
their bandgap through the incorporation of different polymers,
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in order to harvest more efficiently the solar spectrum.'®!" Pol-
y(thiophene) is one of the most applied polymers for organic
solar cells," since it presents desirable optical properties, ther-
mal, and environmental stability with potential applications on
electronics, photovoltaics, sensors, and transistors.'*'> Unfortu-
nately, the low solubility of poly(thiophene) in most organic
solvents has led to the use of either substituted poly(thio-
phenes) or block copolymers with poly(thiophene) as one of
the blocks.

Block copolymers present very interesting properties which are
directly connected with their chemical structure and architec-
ture. The manner through which different segments are linked
together and the adopted periodic microstructures leading to
well-ordered nanodomains through direct self-assembly have
already been reported in the literature.'®™'® Furthermore, the
use of graft copolymerization of thiophene onto polystyrene
(PS) chains or poly(ethylene) surfaces has already been reported
as a way to combine conventional polymers (e.g., PS) with
poly(thiophene).'>*

Mobility of charge-carriers (which is the key for increased
efficiency of a solar cell) is affected by different parameters
such as molecular and morphological structure of the organic
layers,'>*' crystallinity and microstructure (always described
by the local molecular ordering, domain size, and formation
of percolating structures).'” In order to achieve satisfactory
performance for a solar cell many different parameters should
be taken into account for optimizing the results. The genera-
tion of a three-dimensional photoactive matrix with a large
charge generation interface is crucial as already reported.'®"!
Crystallinity, in combination with domain size, also affects the
properties and efficiency of solar cells.'>** Optimization of
the molecular weight may lead to better results, since it is
considered important for the processing and performance of
the active layers.'” Solvent, composition, and thermal treat-
ment'®'>*>?* have also shown a great impact on the cell
efficiency.

For BHJ solar cells, the best properties have been reported for
those pairs which include a polymer and a fullerene deriva-
tive. Concerning the polymer part, different chemical struc-
tures such as poly(3-hexylthiophene) or P3HT,'*'»?
substituted thieno compounds,”® and poly(phenylene vinyl-
ene) or PPV*"*® have been used. In the case of fullerene
derivatives the most commonly used is PCs;BM (phenyl-Cg;-
butyric acid methyl ester),'®'"*>2%® but also others such as
PC;oBM>*® and simple Cgp.2"*® Intercalation of fullerenes
among the polymer chains has led to satisfactory
results.”®**>% The formation of percolated pathways from the
fullerene phase in order to achieve holes and electron trans-
port is very important®® since it is considered to be highly
related to the generated microstructure and/or nanostructure
as well as to the applied conditions and it is affected by the
manner the fullerene phase is separated from the correspond-
ing polymer. It has been reported that the use of chloroben-
zene as solvent may lead to improved behavior increasing
overall efficiency, together with the generation of smoother

surfaces eventually enhancing the charge carrier mobility.?**°
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Figure 1. Chemical structure of the PS-b-PT [poly(styrene)-b-poly(thio-
phene)] diblock copolymer.

The present research work involves the evaluation of structural
and surface properties of a poly(styrene)-b-poly(thiophene)
(PS-b-PT) copolymer, doped with different concentrations of
fullerenes (Cgp) (2 and 5 wt %), taking into account the effect
of variable solvent and temperature treatment. For the specific
PS-b-PT copolymer, its optical, conductive and surface proper-
ties have not been excessively reported in the literature, neither
for the raw material, nor for its composites with carbon struc-
tures such as nonsubstituted fullerenes which is the major focus
of our study. It should be mentioned though that a relative
study has been reported recently in which a similar diblock
copolymer was incorporated with the difference on the PT seg-
ment; being a substituted PT and specifically poly(3-
hexylthiophene) 3t

EXPERIMENTAL

Materials

The copolymer used for this study was PS-b-PT which has
been synthesized with a procedure already reported in the
literature.”*>* The chemical structure of the copolymer can
be seen in Figure 1, while its molecular characteristics, meas-
ured by size exclusion chromatography (SEC) and membrane
osmometry (MO) are listed in Table I. Polythiophene is
chemically bonded to a common soluble block (PS), exhibit-
ing molecular homogeneity (polydispersity index: I<1.1). PS
chains increase the solubility and processability in common
organic solvents (e.g., toluene, xylene, tetrahydrofuran, chlo-
roform, and chlorobenzene) when compared to pure PT.
Unsubstituted PT was used as one block of the copolymer
since, as reported in the literature,>** substituted PT deriva-
tives lead to significant decrease of the electrical properties.
Fullerene (Cg), used in the donor-acceptor pair together with
PS-b-PT, was purchased from Aldrich (98% purity). Toluene
(Lab Scan, HPLC, 99%) and chlorobenzene (Panreac, 99.5%)
were used as solvents for preparing the studied mixtures.

Table I. Molecular Characteristics of PS-b-PT Copolymer

Mn)ps®  (Mn)pr® (M) or®
Copolymer  g/mol g/mol g/mol | f(PS) ¢
PS-b-PT 98,000 12,000 110,000 1.02 0.89

#Membrane osmometry (MO) in toluene at 35°C.
®(Mn)pr=(Mn)or—(Mn)ps.

¢ Size exclusion chromatography (SEC) in THF at 35°C.
dMass fraction directly calculated from molecular weights.
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Figure 2. Optical microscopy images (x50 magnification) of the mixtures at room temperature with Cgo wt % concentration for: (a) 2 wt % in toluene,
(b) 2 wt % in chlorobenzene, (c) 5 wt % in toluene, and (d) 5 wt % in chlorobenzene. The scale bar in all images corresponds to 200 um. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Preparation of PS-b-PT/Cgy Mixtures

Prior to the mixture preparation, fullerenes were dried under
vacuum (100°C) in order to remove possible humidity traces.
For PS-b-PT, 10% w/w solutions were prepared in toluene,
while for fullerenes 3 mg/mL solutions were prepared in differ-
ent solvents (toluene and chlorobenzene) under stirring for 24
h at room temperature. Before mixing both solutions, the fuller-
enes solution was sonicated in a water bath, for 2 h at ambient
conditions. Two different concentrations were chosen for fuller-
enes in relation to the copolymer: 2 and 5 wt %, respectively.
Both solutions were then mixed and stirred for 24 h at room
temperature followed by sonication for 1 h. Then samples were
cast into glass wafers for solvent evaporation. Some of them
were then annealed at 150°C in order to check the effect of
thermal treatment. The main goal was to evaluate differences in
the absorption for different concentrations and to analyze how
the structures obtained at room temperature and after annealing
could affect surface and electrical properties.

Characterization
For ultraviolet-visible spectroscopy (UV-Vis) measurements a
UV-3600 Shimadzu UV-VIS-NIR spectrophotometer was used
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with a scan range from 200 to 800 nm, and equipped with an
optical path quartz cuvette of 1 cm.

For optical microscopy (OM) characterization a Nikon Eclipse
E600 microscope was used. Atomic force microscopy (AFM)
was performed with a Veeco Dimesion Icon (from Digital
Instruments). Tapping mode in air was employed using an inte-
grated silicon tip/cantilever (125 um in length and with ca. 300
kHz resonant frequency) at a scan rate of 1.0 Hz and a reso-
nance frequency of ~300 kHz. For electrical characterization
4200-SCS Keithley equipment was used in four-probe mode to
measure sheet resistivity (p), which is directly connected with
conductivity (¢ = 1/p).

RESULTS AND DISCUSSION

Optical Microscopy

Optical microscopy (OM) was used as a primary tool in order
to observe phase separation between PS-b-PT and Cg, and have
an initial image of the structure adopted. A series of samples
with different Cgo concentrations prepared in different solvents
and under variable temperatures (room temperature and
150°C) were used. In Figure 2, OM images of 2 and 5 wt % of
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Figure 3. Optical microscopy images (x50 magnification) of the mixtures annealed at 150°C with Cgy Wt % concentration for: (a) 2 wt % in toluene,

(b) 2 wt % in chlorobenzene, (c) 5 wt % in toluene, and (d) 5 wt % in chlorobenzene. The scale bar in all images corresponds to 200 um. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Cgo prepared with both solvents at room temperature can be
observed. It is evident that the 2 wt % in C4 samples did not
show any phase separation, neither any structural difference
[Figure 2(a,b)].

From Figure 2(c,d), it can be observed that for samples with 5 wt
% in Cgp, some crystalline domains were generated ascribed to
the increased fullerene content and their crystalline nature. It
must be noted that, in the case of samples prepared with toluene,
the polydispersity of the domains is much higher than that of
samples prepared with chlorobenzene.® Systems containing fuller-
ene derivatives and poly(thiophene) as the basic polymer conduc-

tive material exhibited crystallinity for both components. For
poly(thiophene) itself a crystallinity degree of ~35% at room
temperature has been observed, which is increased up to 52% by
annealing at high temperatures,”® leading eventually to low
device performance as it has been observed for similar systems
with substituted poly(thiophenes) and fullerenes.””™*' In contra-
diction, at room temperature the crystalline phase of the fuller-
enes affected the overall macrophase separation for these systems.

In Figure 3 optical microscopy images for samples prepared
with both toluene and chlorobenzene and annealed for 24 h at
150°C can be seen. Table II summarizes the obtained structures

Table II. Structural Surface Characteristics of PS-b-PT/Cgo Thin Films as Obtained from Optical Microscopy

Sample Room temperature

Annealed at 150°C

Structure
PS-PT/Ce0_TOL (2%) -
PS-PT/Ces0_CB (2%) -
PS-PT/Ce0_TOL (5%)
PS-PT/Ce0_CB (5%)

Polygonal fullerene crystals
Needle-shape fullerene crystals

Spiral tube network

Spiral tube network

Spiral tube network. Polygonal fullerene crystals

Small fullerene domains. Needle-shape fullerene crystals
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Figure 4. Phase AFM images (1lum x 1um) for 2 wt % of fullerenes, prepared with both solvents, before and after thermal treatment. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]

and phase behavior of all samples. In the case of the materials
with 2 wt % in Cg, the results were quite similar for both sol-
vents leading to the observation of spiral tubes. For mixtures
with 5 wt % in Cgy, phase separation can be observed exhibiting
different structures for the Cgy phase which seem to depend on
the nature of the solvent. For samples prepared in toluene,
small spiral tubes with big fullerene domains were observed, as
already mentioned in the literature®”® for similar systems. For
the chlorobenzene case the morphology of the structural
domains seems to be more needle-shaped.

For samples with higher Cg, concentration and thermal treat-
ment, a 2D network is formed with needle-shape aggregated
domains which, unfortunately, led to low device perform-
ance.”’*! At higher temperatures, fullerene can diffuse inside
the film and, together with poly(thiophene) mobility, crystalline
domains can be created with the fullerenes being shaped as nee-
dles.”®* The needle like shape crystals appeared to be more evi-
dent at higher temperatures and were transferred on to the air
surface, thus resulting to larger needles.*>*’ In the annealed
samples with 2 wt % Cgo prepared in toluene similar homoge-
neity was observed, which is altered for those with 5 wt % Cgo,
where polygonal domains coexist with a spiral tube network. In
addition, for the samples prepared in chlorobenzene, the matrix
appears more homogeneous when compared with those pre-
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pared in toluene, where it is evident that the polygonal large
domains were substituted by needle-shape smaller ones. It is
concluded therefore, that solvent and especially solvent polarity
is a key parameter responsible for the surface morphologies
obtained, whereas, thermal treatment assisted the Cg to migrate
onto the surface.

Atomic Force Microscopy (AFM)

This technique was used in order to evaluate the evolution of
topography and the phase roughness with thermal treatment
(24 h at room temperature and at 150°C) and solvent polarity.
From AFM images the range in nm and ° hardness for height
and phase images respectively was studied, together with the
roughness R, in nm and © for both height and phase images.
Figures 4 and 5 show 3D phase images for mixtures with 2 and
5 wt % in fullerenes, whereas, the results from all the aforemen-
tioned parameters are summarized in Table III.

It is evident that thermal treatment and solvent polarity affect
the range and roughness of the samples. Generally, the increase
in polarity leads to a substantial decrease in range order. It has
already been reported that chlorobenzene tends to suppress the
fullerenes behavior into forming clusters.”****® From Figures 4
and 5 and Table III results for range, it can be concluded that
for samples with 2 wt % in Cg the changes in range by altering
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Figure 5. Phase AFM images (1um x 1um) for 5 wt % of fullerenes, prepared with both solvents, before and after thermal treatment. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]

the temperature are minimal whereas a completely controversial
behavior is evident for the corresponding 5 wt % case.

Results are similar for the roughness parameter, leading to the
conclusion that roughness** and aggregation are enhanced by
increasing the fullerene concentration (especially for variable
time and different annealing temperatures, roughness is also
increased as reported in the literature*®*'). Roughness is

Table III. Range and Roughness Values (from Height and Phase) for Sam-
ples with 2 and 5 wt % of Fullerenes as Obtained from AFM

Range Rms

(nm) (nm) Range (°) Rms (°)
Sample Height Height Phase Phase
2% Tol R.T. 6-12 0.64 14-39 2.88
2% Tol ann 5-14 0.63 13-20 3.38
2% CBR.T. 4-12 0.58 4-13 1.22
2% CB ann 5-11 0.66 4-12 1.38
5% Tol R.T. 4-18 0.81 22-42 3.02
5% Tol ann 2-20 1.00 11-45 3.52
5% CB R.T. 4-15 0.72 11-21 2.15
5% CB ann 5-16 0.89 15-35 291
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increased through solvent polarity.*’ Increased wt % in Cg
leads to less smooth surfaces with relatively enhanced rough-
ness (in nm and in °). The thermal treatment concluded to
rougher surfaces due to possible migration of the fullerenes
onto the outer surface. The nature of the solvent affects the
manner in which fullerenes diffuse in each composite material
and crystallize. Also, the fact that the amorphous PS soft
phase affects diffusion of fullerenes and roughness after the
thermal treatment must be considered. In Figures 4 and 5
more homogeneous phases with less aggregation levels and
roughness for samples prepared in chlorobenzene can be
observed. It seems that toluene leads to increased aggregation,
larger domains and rougher surfaces when compared with the
polar chlorobenzene.

Ultraviolet-Visible (UV-Vis) Spectroscopy

Figure 6 involves the UV-Vis spectra for neat copolymer films
prepared at room temperature and after thermal annealing at
150°C, together with those corresponding to neat fullerene solu-
tions prepared in toluene and chlorobenzene. For the neat Cg
solutions optical absorptions are exhibited at ~364, 371, 389
nm with another broad absorption at 600 nm in complete
agreement with the literature.*® Concerning the total optical
absorption, Cgo solutions in chlorobenzene present higher

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40084
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Figure 6. Optical absorbance for the neat PS-b-PT copolymer films at
room temperature and after annealing as well as for the respective fuller-
ene solutions in toluene and chlorobenzene, as measured by UV-Vis spec-
troscopy. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

absorption than those in toluene. As the 7* state is considered
polar, n-7* transitions are more favorable for polar solvents.

For the neat PS-b-PT copolymer a maximum between 379 and
389 nm can be observed for the sample prepared at room tem-
perature and between 392 and 400 nm for the annealed one. In
the latter case a small absorption can be seen at ~560 nm. For
both temperatures the optical absorption starts to faint at ~500
nm. For the copolymer a bathochromic effect was observed
after annealing (red shift to lower energy), probably due to the
crystallization process of the PT block. The shifting of the maxi-
mum peak towards larger wavenumbers could be due to the
fact that lower energy is required for exciting electrons, because
of their ability to delocalize resulting from conjugation. For the
PT chains, 7-7* transition maximum depends on the mean
conjugation length of the backbone, which can be altered by
annealing.*’

Figure 7 exhibits the results from UV-Vis spectroscopy for mix-
tures prepared in toluene and chlorobenzene, under different
fullerene concentrations, with and without thermal annealing.
As it can be seen, solvent polarity, thermal treatment and con-
centration affects the position and the intensity of the observed
peaks. The most intense transitions for all samples are summar-
ized in Table IV.

From Figure 7 and Table IV, useful conclusions can be extracted
related with the optical absorbance and the position of different
peaks by changing preparation parameters. From Figure 7, three
distinct peaks are evident in almost all cases, at 417, 476, and
667 nm respectively, with the one at 417 nm being the most
prominent. Enhancement of optical absorption is also observed
through the appearance of a broad peak at the region 400-550
nm.

In the cases where nonpolar toluene is used, it seems that by
increasing temperature or concentration of the dopant the total
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optical absorption is decreased. In addition, chlorobenzene sam-
ples showed exactly the opposite behavior. It is clear that optical
absorption is enhanced by increasing temperature, probably due
to the higher aggregation level of fullerene, as it has been seen
for similar systems with fullerenes.* It is also evident that the
formation of the crystalline phase (and its size and form) of
fullerenes and the aggregation degree is affected predominantly
from the nature of the solvent, leading eventually to higher
(case of chlorobenzene) or lower (case of toluene) optical
absorptions. It should also be noted that the optical absorption
of all mixtures is significantly enhanced when compared to
those of pure PS-b-PT copolymer and fullerenes.

The different peaks observed in the spectra are directly attrib-
uted to the m-7* transitions due to incorporation of Cgy among
the polymer chains. The transitions at 417 and 667 nm, respec-
tively, which are present in all samples, are linked with the full-
erene presence, being almost identical with those transitions
exhibited in the pure fullerene spectra respectively. The intense
peak at 476 nm is probably a new transition generated by the
fullerene doping into the PS-b-PT copolymer. The peak at 667
nm is observed only for the annealed prepared in toluene sam-
ples as well as for the 2 wt % sample prepared in chloroben-
zene, probably due the incorporation and aggregation of Cgy.

Comparing the peaks at 417 nm and 667 nm of mixtures with
those of neat Cqy a bathochromic effect (red shift) is found,
which could be due to structural changes. This effect is
favored by polar solvents (chlorobenzene) and by fullerene
aggregation (favored by increased temperature and fullerene
concentration). This red shift is also connected with a
J-aggregation (where molecule arrangements are aligned paral-
lel to their centers) and needs less energy. By increasing con-
centration this aggregation is hindered, therefore, the
interactions between the Cqy molecules are being decreased.*
The extent of this shift is related to strong chain-chain inter-
actions since, after thermal treatment, intermolecular interac-
tions inside the aggregates, favored by the nature of the
crystal are evident.*® By increasing temperature and concen-
tration, the peak intensity is enhanced only for samples pre-
pared in chlorobezene, while toluene environment leads to
lower values. Fullerenes present an extended 2D = electron
system which is strongly overlapping with the block copoly-
mer in the mixtures. They also exhibit large electron affinity
and can quickly capture electrons, a behavior which explains
why they are considered as one of the best candidates for solar
cells applications.*>* In these systems most transitions are attrib-
uted to 7-7* interactions®>>">* and are favored by polar environ-
ment and high degree of delocalization (higher conjugation and
lower energy). Therefore, the idea of a J-aggregation (a relative
loose one) of the polymer blocks (due to the presence of Cyp) is
extracted from the aforementioned results together with the fact
that it can be achieved with considerably lower energy.

Conductivity Results

Conductivity of these samples is affected from different parame-
ters, such as crystallization process which occurs after annealing,
especially for the fullerenes. The different solvents (toluene and
chlorobenzene) have also a great effect on the conductivity,
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Figure 7. Optical absorbance for PS-b-PT/Cg thin films for (a) 2 and 5 wt % for toluene, (b) 2 and 5 wt % for chlorobenzene, (c) 2 wt % of all mix-
tures, and (d) 5 wt % of all mixtures, as measured by UV-Vis spectroscopy for both temperatures (R.T. and 150°C respectively). [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

since different domains in size and form can be created depend-
ing also on the different mixtures (concentration of the fuller-
enes and temperature). In Table V the sheet conductivity is
presented for all aforementioned systems.

From the results different tendencies on conductivity depend-
ing on the concentration of the fullerenes, the solvent and the
temperature of annealing can be observed. The conductivity of
different systems varies from 4.41 mS/cm up to 7.45 mS/cm.
By increasing the dopant concentration the conductivity
decreases, probably due to the fact that the higher amount of
fullerenes can distort the polymeric chains, affecting the

charge transfer among polymer and dopants. Several research
groups have reported that beyond a dopant concentration the
conductivity was not higher or even decreased.’>>* Interchain
and intrachain charge transfer respectively is distorted from
the relatively large size of the dopant.’>® Regarding the sol-
vent effect, it is observed that chlorobenzene is leading to
higher conductivity values in comparison to toluene, due to
different size, form and aggregation degree of the domains
which are created. Finally, the annealing treatment increased
conductivity values when compared with samples studied at
room temperature.

Table IV. Appearance of the Most Important Peaks for PS-b-PT/Cso Mixtures with Different Concentrations, Solvents, and Temperatures

Sample *Peak AR.T *Peak B R.T *Peak CR.T *Peak A ann *Peak B ann *Peak C ann
TOL (2%) Y - Y Y Y

CB (2%) v v v v Weak

TOL (5%) v - = v v y

CB (5%) v - - Weak Weak -

*Peak A appears at 417 nm, peak B appears at 476 nm and peak C appears at 667 nm.
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Table V. Coductivity Results for Samples with 2 and 5 wt % of Fullerenes
Prepared with Both Toluene and Chlorobenzene at Room Temperature
and After Thermal Treatment. In all case the sample thickness was
approximately 0.003 cm.

Sample *¢ (mS/cm)
2% TOL R.T 447
2% TOL ann 6.64
2% CBR.T 6.35
2% CB ann 7.45
5% TOL R.T 4.41
5% TOL ann 5.30
5% CBR.T 4.42
5% CB ann 6.28

*o=1/p, plsheet resistivity). Sheet resistivity is calculated from the four
probe method.

CONCLUSIONS

For PS-b-PT/ Cyy mixtures the main target was to evaluate the
optical properties and to analyze how the final composite surface
is affected by temperature, Cyy concentration, and solvent polarity.
From the analysis of the surface via optical microscopy and AFM,
interesting results were found for the aggregation of the fullerenes
and how it affects the roughness of the surface, as well as for the
size and form of the crystallites generated due to higher fullerene
concentration and thermal treatment. Annealing concluded to the
fact that, fullerenes migrate to the surface of the sample, creating
a network at 2 wt % in Cg, concentration, whereas at 5 wt % in
Ceo this network is more homogeneous for the chlorobenzene
prepared samples. The shape and size of fullerene crystals is quite
different in the two solvents used for this study. Furthermore,
roughness is enhanced for toluene samples, an observation which
is also evident at higher temperature and higher wt% of Cg. The
optical properties are directly related with the concentration of
the fullerenes, temperature, and solvent polarity. The appearance
of a transition at 476 nm could be connected with interactions
between fullerenes and PS-b-PT, after incorporation of the dopant
into the polymeric matrix. Finally, a decrease in sheet conductivity
was evident when the fullerene content increased as well as in the
annealed samples and when the solvent polarity increased, prob-
ably due to distortion produced in the polymeric chains, affecting
the charge transfer among polymer and dopants.
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