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Abstract

The aim of this work was modulate the emission properties and improve thermal stability of a conjugated polymer 
incorporated into an inorganic matrix. Hybrid material was prepared based on poly(9,9-dioctylfluorene-co-phenylene 
(PF) and montmorillonite (Na+Mt) clay using wet impregnation of 10, 30 and 50 wt.% of PF into Na+Mt and Na+Mt 
intercalated with ammonium quaternary salts (hexadecyltrimethylammonium — HDTMA) in a different proportions 
(OMt-1 and OMt-2). The materials were characterized by infrared and UV-Vis spectroscopy, fluorescence, X-ray 
diffratometry and thermogravimetry analysis. The results show that the presence of the clay alters the photoluminescent 
and thermal properties. Nevertheless, the degree of the clay organophilization and the clay content influences the 
luminescent properties due to the diverse interaction behavior between the polymer and clay. The sodium clay acted 
only as dispersing agent since no intercalation process occurs and the emission displacement is assigned to this behavior. 
In this case the PF emission displace from 402 to 395 nm. A nonlinear displacement is observed for PF/OMt-2 due the 
difficulties to conclude if the intercalation of the polymer occurs (379, 403 and 412 for hybrid with 10, 30 and 50%, 
respectively). For PF/OMt-1 a higher displacements for lower wavelength is observed due to intercalation of polymer 
chains and subsequent isolation in the interlamellar space, especially with material with 10 and 30% of PF in the hybrid 
material, whose displacement reached to 360 nm. All these results show that is possible to try to control the emission 
of the conjugated hybrid material changing the rate of the material.
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1. Introduction

Among the luminescent conjugated polymers polyfluorene 
(PF) family, PF is one of the most used and developed due 
to its high chemical and thermal stabilities. This behavior 
reflects the spectral stability allowing the formation of 
liquid-crystalline phase and thus supports the manufacture 
of electroluminescent device with highly polarized light 
emission[1]. PF have high efficiency in the blue region and 
can be prepared as copolymers with others light emitting 
polymers[2]. Furthermore, it can be modulated to emit in the 
visible region ranging from blue to red[3,4]. This can occur 
when substituents are inserted in the polymer chain and 
affect the properties such as, solubility, thermal stability, 
conductivity, optical and electrochemical properties[3,5,6]. 
Also, materials can be obtained with high photoluminescence 
quantum efficiency and good quantum transport charges[5,7-9].

Hybrid inorganic/organic materials have been extensively 
studied mainly because of their intrinsic properties obtained 
by a synergistic effect of its components[10-17]. The combination 
of conjugated polymers and inorganic matrix such as layered 
silicates, ordered mesoporous silica and carbon nanotubes 
have great interest because of the potential applications in 
electrical and electronic sectors[18-21]. Among the layered silicates 
class the mineral clays presents important characteristics, 
besides of that the naturally occurring materials, such 

cation exchange capacity, high surface area and capacity 
for adsorption/absorption properties[16,22-25].

It is also well known to the scientific community that 
the synergistic combination of these materials that improve 
the photoluminescence quantum efficiency[26-30]. Further the 
presence of inorganic phase can also modify the color of 
emission[31]. The displacement of the emission peak may 
be associated to the decrease of the polymer aggregation 
process which the optical properties of conjugated polymers 
are dependent of chain conformation. It is known that the 
isolation of conjugated polymer chains within inorganic 
materials plays an important role in improving the luminescent 
efficiency and controlling interchain transfer energy[31,32].

Different methodologies can be used to combine the 
polymer and inorganic host. The polymer chain can be 
inserted by intercalation when the inorganic matrix has 
lamellar structure such as natural aluminosilicates. These 
nanohybrids of polymer/clay have an improved properties 
when compared with their analogues pure polymers, such 
as thermal and mechanical stability, chemical resistance 
and performance against photodegradation[27,33].

In this context, we report the preparation of montmorilonite 
and PF hybrids materials and their structural (FTIR and 
XRD), thermal (TG) and luminescence characterization. 
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 The drive for the use of lamellar structure as montmorillonite 
clay was related to its good thermal and chemical stability 
and the possibility to isolate the polymer chain.

2. Experimental Section

2.1 Polymer synthesis

Poly(9,9-dioctylfluorene)-co-phenylene (PF) was synthesized 
as describe in the literature[32,33] using 9,9-dioctylfluorene-
2,7-dibromofluorene, 1,4-phenylenebisboronic acid and 
tetrakis-(triphenylphosphine) palladium (P(Ph3)4Pd) as a 
catalyst.

2.2 Organophilization of montmorilonitte

Sodium montmorillonite clay, (Na+Mt) (Bentonit 
União Nordeste, Brazil) with a cation exchange capacity 
(CEC) of 85 meq/100 g of clay was organophilized with 
hexadecyltrimethylammonium bromide (HDTMAB, 
Aldrich) according to the Fontana  et  al.[34] The mineral 
clay was dispersed in an aqueous HDTMA solution using 
weight ratios (HDTMA:Na+Mt) of 1:1 and 1:2 based on 
the CEC of the clay. The organomodified clays (OMt) were 
respectively named as OMt-1.0 and OMt -2.0.

2.3 Preparation of PF/clay

In a Erlenmeyer, equipped with a magnetic stirring, 0.5 g 
of the clays were first dispersed in 18 mL of ethanol (Na+Mt) 
and toluene (OMt-1 and OMt-2) and 0.05 g of PF (for 10% 
in mass of polymer) was dissolved in toluene. After complete 
dispersion the solutions were mixed and kept closed under 
magnetic stirring for 48 hours. Subsequently, the solvent 
was removed and the material was dried. PF-clay hybrids 
were prepared with 10, 30 and 50% in mass of polymer 
and respectively named as Na+Mt/PF(10), Na+Mt/PF(30), 
Na+Mt/PF(50), OMt-1/PF(10), OMt-1/PF(30), OMt-1/PF(50), 
OMt-2/PF(10), OMt-2/PF(30) and OMt-2/PF(50).

2.4 Characterization

UV absorption spectra were collected on a Varian Cary 
50 spectrophotometer. The materials were dispersed in 
spectroscopic chloroform (1 × 10–5 mol/L), with the solution 
being poured into a 10 mm square quartz cell. The absorption 
spectrum was collected in the range λ= 200‑600 nm. 
Photoluminescence (PL) spectra were taken with a Varian 
Eclipse fluorescence spectrophotometer. Powder sample 
was pressed into two plates of glass and excited at 315 nm. 
The spectra of the solution were performed in spectroscopic 
chloroform (1 × 10–5 mol/L), with excitation at the wavelength 
of the maximum absorption according to the UV-Vis 
spectra. TG curves were obtained in a thermogravimetric 
analyzer TG-60/60H (Shimadzu) from 50 °C to 900 °C at 
a heating rate of 10 °C.min–1 under nitrogen atmosphere 
(200 mL/min), sample weight 10 mg. Infrared spectra were 
recorded in the range 4000-400 cm–1 in KBr pellets, using a 
BOMEM MB-100 spectrometer. X ray diffraction (XRD) 
patterns of powdered samples were recorded on a Rigaku 
diffractometer model Miniflex using Cu-Kα radiation 
(1.541 Å, 30 kV and 15 mA).

3. Results and Discussion

As previous pointed out, PF/Na+Mt and PF/OMt 
composites were prepared by dispersing PF and both clays 
in a solvent. After that solid materials were separated, 
dried and used for structural (FTIR and XRD), thermal 
(thermogravimetry) and absorption-emission (UV-Vis and 
photoluminescence) characterization.

FTIR spectra of PF and its hybrids prepared with 50 wt.% 
are shown in Figure 1, and the Table 1 summarizes the main 
bands and their assignments. The characteristic bands of the 
polyfluorene are verified mainly at 1599 cm–1 to C=C stretching 
vibrations, 1460 cm–1 to CH2 bending of fluorine group and 
812 and 760 cm–1 assigned to C-H stretching vibrations. The 
bands of boronic group (1320 and 1350 cm–1), presented in the 
started materials, cannot be shown, indicating the formation of 
the polymer. In the hybrids it is possible to observe the silicate 
related absorption bands at 1030 cm–1 for Si-O-Si stretching and 
528 and 470 cm–1 for Si-O stretching and bending, respectively. 
The presence of the bands at 2925 and 2854 cm–1 (aliphatic CH 
stretching) arising PF and clay can be seen. But, the presence 
of the PF, in the hybrid, can be confirmed through the bands 
at 1599 cm–1 (aromatic ring stretching) and 1300 cm–1 (CH 

Figure 1. FTIR spectra of (a) PF and hybrids prepared with 50 
wt.% of (b) Na+Mt; (c) OMt-1 and (d) OMt-2.

Table 1. Position and respective assignment of the main bands 
present at the FTIR spectra of PF and hybrids materials.

Band Position  
(wavenumber cm–1) Assignment

528 and 470 Si-O stretching and bending
812 and 760 C-H stretching vibrations

1030 Si-O-Si stretching
1300 CH in-plane deformation
1460 CH2 bending of fluorine group
1599 C=C stretching vibrations

2925 and 2854 aliphatic CH stretching
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in-plane deformation), as can be seen in the dash line in the 
graph. Throughout the spectral region no displacement and/
or appearance of new bands are observed in the composites 
suggesting no chemical interaction between the components. 
Similar results were observed for other proportions.

XRD difractograms of clays and its hybrids in a proportion 
of 50 wt.% are shown in Figure 2. The organomodification 
of the Na+Mt with HDTMA+ was successfully realized. 
The interlayer space was increased as HDTMA+ was inserted 
in the basal area as observed by an increase in interlayer 

space from 1.4 to 2.2 and 3.6 nm for Na+Mt to OMt-1 and 
OMt-2, respectively[34,35]. Figure 2 also compare the XRD 
patterns of the clays with its hybrids. From Na+Mt and 
Na+Mt/PF(50) no changes in the basal spacing is observed 
suggesting the Na+Mt only acted as a dispersed phase to 
dilute and de-aggregate the polymer chains. Comparing 
OMt-1 and OMt-1/PF(50) it is observed a decrease on the 
peak associate with basal plane d001 increasing the interlayer 
space from 2.18 to 4.20 nm. These results strongly suggest 
the intercalation of the polymer chain and also corroborated 
to the emission spectra of the hybrids, as discussed later.

For OMt-2/PF(50) a small dislocations in the d001 of 
OMt-2 is observed. However, it is observed the appearance 
of new peak at 2θ equal 3.4°. The d001 peak dislocation and 
the formation of a new phase (arrow in the Figure 2f) could 
suggest the presence of the polyfluorene in the clay.

Thermal behavior of PF, clay and hybrids was evaluated 
by thermogravimetry analysis in nitrogen atmosphere and 
Figure 3 show the TG and DTG curves. For PF only one 
stage of weight loss is observed (Ti = 284 °C) addressed to 
the main chain degradation[36]. The PF/Na+Mt(50) present 
two stage of thermodecomposition. The first one assigned 
to the water loss and the second one (from 230 to 410 °C) 
to the PF degradation (50% of weigh loss). PF/OMt-1(50) 
and PF/OMt-2(50) shows three stage of weight loss. 
The first one assigned mainly to the quaternary ammonium 
ion degradation and the second and third stages, from 
220 to 450 °C, due to the ammonium ion and PF degradation. 
The DTG curves show better the event separation, Figure 4. 
However, for higher amount of quaternary salt lower the 
initial temperature of degradation since the ammonium salt 
has lower stability. For others compositions the results are 
similar (not shown here).

Figure 4 shows the absorption and emission curves in 
chloroform solution of PF and hybrids prepared with Na+Mt, 
OMt-1 and OMt-2. It is not observed displacement and/or 
appearance of new bands on hybrids spectra compared to 
the bulk polymer. It is possible to realize that, the excitation 
of the electrons from the valence band to the conduction 
band, ie, the beginning of the π−π* transition, occurs at 
350 nm (3.5 eV). This band gap energy, corresponding to 
the traditional band gap range of semiconductor materials, 

Figure 2. X-ray diffraction patterns of (a) PF/ Na+Mt; (b) Na+Mt; 
(c) PF/OMt-1; (d) OMt-1; (e) PF/OMt-2; (f) OMt-2 and (g) PF.

Figure 3. TG and DTG curves of (a) pure PF and PF with 50 wt.% of (b)  Na+Mt; (c) OMt-1 and (d) OMt-2.
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compared to the pure polymer. This behavior may be 
related to the vibronic structure which is associated to the 
C=C stretching mode band (at 1599 cm–1 in the infrared 
spectrum)[37]. Normally, the absorption and emission spectra 
are specular. This symmetry is due to the transitions involved, 
i.e., for emission spectra the transition occurs of an excited 
state n to the fundamental and for absorption spectra the 
process is reversed. In real polymer systems is difficult to 
separate those different processes due to the widths of bands 
and thus the specularity normally is not observed. Usually 
the spectra are broad due to interchain processes associated 
with the effects of homogeneity of the film, conformational 
disorder and multiple processes of decays. Moreover, the 
energy transition π−π* depends on the conjugation length, the 
distribution of absorption energy expansion and the vibronic 
structure of a particular segment. Instead, the emission 
spectra exploiting only sites of lower energy. Accordingly, 
two possibilities can explain the obtained results in solution, 
that is, no displacement to the pure polymer; the portion of 
polymer adsorbed on the clays surface, out of the lamellae, 
have the main contribution to the emission of the material, 
or the lability makes the polymer comes out of the lamellae. 
The same behaviors are observed for others hybrids.

Figure 5 shows the solid state emission spectra for PF 
and hybrid materials. A shift of the maximum peak for solid 

Figure 5. Solid state spectra of pure PF and hybrids of PF with (a) Na+Mt; (b) OMt-1 and (c) OMt-2.

Figure 4. Absorption and emission spectra in chloroform of 
(a) pure PF and hybrids of PF prepared with 50 wt. % of (b) Na+Mt; 
(c) OMt-1 and (d) OMt-2.

shows the conductive properties of this polymer. In the 
emission spectra the maxima are found at 360 and 377 nm. 
For hybrids there is an inversion of the bands intensities 
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spectrum of PF was verified compared the one obtained in 
solution (from 377 to 402 nm). For Na+Mt/PF, Figure 5a, 
a single broadband at 395 nm is observed regardless the 
amount of PF and a blue shift from 402 to 395 nm is verified. 
This result is in agreement with the XDR suggesting the 
polymer is not into the clay, but this can act as a dispersed 
phase to dilute the polymer chain. For OMt-1/PF, Figure 5b, 
there is also a blue shift of the maximum peak. However, 
the amount of polymer affects the band displacement. 
For OMt‑1/PF(50) a displacement from 402 to 380 nm was 
observed whereas for OMt-1/PF(10) and OMt-1/PF(30) a 
shift from 402 to 360 nm. For hybrids prepared OMt-2 the 
change in the spectra compare to PF was even greater. Initially 
no linearity in the behavior was observed or just blue shift 
when clay was added. Rationalizing and analyzing only the 
hybrids a red shift is detected increasing the polyfluorene 
and a maximum at 379, 403 and 412 nm for the hybrids 
with 10, 30 and 50 wt.%, respectively is found.

The above results can be explained based on the aggregation 
and de-aggregation phenomenon. According to Scherf and 
List[38], the agglomeration process of the particles shifts the 
emission spectrum to longer wavelengths (red). This behavior 
is observed in the solution and solid state spectra of bulk 
polyfluorene. As a consequence, as more isolated species the 
higher is the frequency observed[39]. More isolated species 
(more de-aggregated) are found for hybrids prepared with 
OMt-1 at low percentage (10 and 30 wt.%). In fact, the process 
of isolation-association (aggregation-de-aggregation) is not 
the only phenomenon observed in the hybrids. An important 
statement is related to the folding process of the polymer 
and the mechanism of polymer intercalation in the clays. 
Ramachandran et al.[28] suggests that the material can be 
fully, partially or non-intercalated. The larger the quantity 
of material is sandwiched within the lamellae, the higher the 
red shift, due to the higher amount of aggregated material. 
Moreover, when the polymer chains are interspersed, the 
effective conjugation length increases due to the planarization 
of the chain. In this case the transfer of the Förster energy 
is difficult and, instead, the intrachain energy transfer can 
become dominant. Therefore, the higher-energy excitons 
migrate to the lowest energy state along the chain, resulting 
in a red shift of the spectrum[10]. The intercalation process 
can also provide an additional environment to change 
the emission color by changing the effective conjugation 
length. Finally, for OMt2/PF(50), three factors influence 
the observed shift: (i) larger intercalation of polymeric 
material, (ii) increase of the chains association, (iii) increase 
the intrachain energy transfer. 10 wt.%.

4. Conclusions

Through simple technique, via wet impregnation, was 
possible to prepare luminescent materials consisting of 
polyfluorene and montmorillonite clay. Modulated emission 
values were obtained depending on the clay modification 
and the amount of polymeric material. The results suggest no 
chemical interaction between the components, but the X-ray 
diffraction strongly suggests the intercalation of the polymer 
chain and also corroborated to the emission spectra of the 
hybrids. Based on the results we can indicate this composite 
to be used as active material in an optoelectronic devices.
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