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ABSTRACT

Identified as potential materials for optoelectronic applications, the polymer/inorganic nanocomposites are actively
studied. In this work, the effect of amorphous silica nanoparticles (NPs) content on the optical properties of Poly (9,9 -di-
n-octylfluorenyl- 2.7-diyl) (PFO) thin films has been investigated. Different ratios of PFO/SiO, NPs composites have been
prepared using solution blending method. Then, the blends were spin-coated onto glass substrates at 2000 rpm for 30 s
and subsequently dried at room temperature. XRD and TEM were used to determine the structural properties, while UV-
Vis and PL spectrophotometers were employed to investigate the optical properties of the films. XRD confirms that there
was no variation on structure of both PFO and SiO, NPs resulted from the blending process. TEM micrographs display
that majority of amorphous SiO,NPs were well coated with PFO. The absorption spectra of the composite thin films
were red-shifted, indicating the increment in conjugation length of the PFO/SiO, composite. In addition, the calculated
values of the optical energy gap, the width of the energy tails and vibronic spacing of the composite films exhibited SiO,
content dependence.
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ABSTRAK

Dikenal pasti sebagai bahan berpotensi untuk kegunaan optoelektronik, nanokomposit polimer/bahan inorganik sedang
dikaji secara aktif. Dalam kajian ini kesan kandungan nanozarah amorfus SiO, ke atas sifat optik filem nipis poli(9,9’-
di-n-ostilfluorenyl-2.7-diil) (PFO) telah dikaji. Larutan PFO/SiO, yang berbeza nisbah telah disediakan menggunakan
teknik adunan larutan. Kemudian, adunan dimendapkan ke atas substrat kaca menggunakan teknik salutan berputar
pada kelajuan 2000 ppm selama 30 s dan seterusnya dikeringkan pada suhu bilik selama 1 jam.XRD dan TEM digunakan
untuk pencirian struktur sementara spektrofotometer UV-Vis dan PL digunakan untuk mengkaji sifat optik filem yang
disediakan. Pencirian XRD tidak menunjukkan sebarang perubahan struktur ke atas PFO dan nanozarah SiO, akibat
dari proses adunan. Mikrograf TEM menunjukkan nanozarah amorfus SiO, tersalut oleh PFO. Berbanding spektrum
penyerapan filem PFO, spektrum penyerapan untuk filem nipis nanokomposit mempamerkan anjakan merah, menandakan
pertambahan panjang konjugasi PFO/SiO,. Selain itu, nilai bagi jurang tenaga, lebar ekor tenaga dan jarak vibronik
oleh filem komposit juga menunjukkan pergantungan kepada kandungan SiO,.

Kata kunci: Ekor tenaga; fotoluminesen; jarak vibronik; jurang tenaga, penyerapan

INTRODUCTION As example, poly(phenylene vinylene)s (PPV)/SiO,

nanocomposites exhibited blue shift in photoluminescence
emission, indicating a reduction in the conjugation lengths
of polymer matrix (Yang et al. 2005). More importantly,

Polymer/inorganic nanocomposites have been identified
as the potential materials for many applications such as
light-emitting diodes (LEDs), solar cells and sensors. This

is due to their excellent properties arising from the synergic
reaction between the properties of these two different
materials. Despite earlier setbacks (Carter et al. 1997; Ho
& Friend 2002), more recent studies proved otherwise. The
formation of homogeneous nanocomposites successfully
improved physicochemical stability and conductivity of
the polymer host (Huang et al. 2010; Kickelbick 2003;
Kim & Park 2012; Peng et al. 2005; Uragami et al. 2005).

One of the major advantages of hybridization is the
creation of unique optical properties of the hybrid materials.

additions of inorganic material were reported to enhance
luminescent stability (Yang et al. 2007), reduce the optical
energy gap (Ibrahim et al. 2012) and provide greater
control on the emission band width (Liu et al. 2001). The
improvement in optical properties of these hybrid materials
has been explained in detail (Tommalieh & Zihlif 2010).

Despite these great achievements, there are limited
reports on the more fundamental optoelectronic properties
of nanocomposites. Alongside energy gaps, determination
of other parameters such as energy tails and vibronic
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spacing is crucial especially for predicting the performance
of optoelectronic devices.

It is well known that the energy gap of SiO, NPs is
9 eV (Dutta & De 2006) while PFO has energy gap of ~
3eV (Bajpai et al. 2010). Since the energy gap differs
significantly, the lowest unoccupied molecular orbital
(LUMO) of PFO is lower than conduction band of SiO,
and highest occupied molecular orbital (HOMO) of PFO is
higher than valence band of SiO, (Liu et al. 2007). With
such energy bands structures, the charge trapping which is
crucial for improved performance of optoelectronic devices
(reduce turn on voltage, enhance luminance and luminence
efficiency) is expected to be effective in the PFO/SiO,
nanocomposite. Unlike energy gap, all these parameters
are indirectly depended upon the creation of delocalized
state in the forbidden gap of the materials’ band structures.
The creation of delocalized state is indicated directly by
increase in the width of the energy tails and indirectly by
reduction in vibronic spacing.

In this work we report on the fundamental
optoelectronic properties of PFO/SiO, amorphous
nanoparticles composites thin films. As a derivative of
polyfluorene, PFO exhibits better photo- and thermal-
stability than the commonly used PPV (Assaka et al. 2004).
The optoelectronic properties of this nanocomposites thin
films namely energy gaps (direct and indirect), width of the
energy tails and vibronic spacing energy were calculated.
In addition, the effect of nanoparticles contents on these
properties was also discussed.

EXPERIMENTAL DETAILS

SiO, nanoparticles (NPs) were synthesized based on the
earlier published work (Jafarzadeh et al. 2009). Initially
5 mL of tetraethyl orthosilicate (TEOS, 99%, Fluka) was
completely dissolved in 30 mL of absolute ethanol at room
temperature for 10 min. Then, 1 mL of distilled water
was dropped at a rate of 0.2 mL min into the reaction
media to facilitate the hydrolysis of TEOS in the ultrasonic
bath. After 1 h, 2 mL of ammonia (NH,, 25%, Fluka) was
added into the reaction mixture at a rate of 0.01 mL min™'.
Sonication was continued for another 3 h to get a white
turbid suspension followed by gelation process for 1 h.
Finally, the gel was centrifuged and washed with ethanol
and distilled water and subsequently heated at intermediate
temperature for removal of the remaining organic element.
Commercial PFO (Sigma Aldrich with average M of
58.200) has been used in this study. To prepare the PFO/SiO,
nanocomposites, appropriate amount of PFO was dissolved
in tetrahydrofuran (THF) to form PFO solution with
concentration of 3 mg/mL. Next, different weight ratios of
SiO, NPs (10-70 wt.%) were added into the solution. The
solutions were stirred at 600 rpm overnight, followed by
sonication for 1 h to yield homogeneous nanocomposites.
Then, 70 pL solution was deposited onto a glass substrate
(1.2 cm x 2 cm) using spin coating technique (rotational
speed of 2000 rpm for 30 s). Finally, it was left to dry at
room temperature.

The structural characterization was carried out using
a Bruker D8 Advance X-ray Diffractometer with Cu K
radiation source (I=1.5418 ) and 20 scan angle of 20-60°.
The nanostructure of the films was observed using a TEM
(model Philips cM12, accelerating voltage of 100 kV).
The absorption and photoluminescence (PL) spectra of the
nanocomposite thin films were investigated using Perkin
Elmer LAMBDA 900 UV Vis Spectrophotometer and Perkin
Elmer LS55 Luminescence Spectrometer (excitation
wavelength of 355 nm), respectively. The thicknesses of
the films were measured using Dektak 150 surface profiler.
Finally, the peaks profiles from PL curves were fitted with
Gaussian function using Origin (version 7.5) software.

RESULTS AND DISCUSSION

The X-ray patterns for the PFO and SiO, NPs confirm
that these materials were in the amorphous state and
thus the PFO/Si0, nanocomposites also exhibited typical
amorphous nature (Figure 1). Figure 2 displays the
morphology of SiO, NPs and PFO/SiO, NPs composites.
The SiO, existed as amorphous spherical particles with
an average diameter of about 26.4 nm with standard
deviation of 3.5 nm (Figure 2(a)). As for the composite
materials, the micrograph confirms that SiO, NPs were
well coated with PFO (Figure 2(b)).

The UV—Vis spectrum of PFO film (Figure 3) displays
a A, at404 nm which corresponds to a [7-IT* transition
(Han et al. 2010) and a shoulder around 435 nm. The
absorbance wavelength was slightly red-shifted upon
additions of SiO, NPs, indicating minor expansions in
conjugation length. In addition, the absence of additional
absorption peak in the spectra illustrates the nonexistence
of interaction between PFO and SiO, at the ground states
(Ginger & Greenham 1999).

The absorption coefficient was determined from the
spectra using the formula (Al-Ani et al. 1999):

23034

R (1

where A is the absorbance and d is the sample thickness
(Table 1). By substituting o into Tauc equation (Elliott
1998), the (ahv)" versus photon energy curves were
plotted. The energy band gaps for the thin films were
obtained by extrapolating the linear part from the slope
of the curve as shown in Figure 4. The values for n are
2 and ' for direct and indirect energy gaps, respectively.
The calculated values for direct energy gaps (E,) and
indirect energy gaps (E,) are presented in Table 1. It was
observed that the £, val uesdecreased systematically from
291t02.76eV upon addition of SiO, Nps, while E  values
dramatically reduced from 2.69 to 2 20eV.

The absorption tails in amorphous and semi-crystalline
materials could be interpreted in terms of the Dow-Redfield
effect (Dow & Redfield 1970) by taking the form of Urbach
rule (Urbach 1953) as follows:

In(a) = In(a,) + (hv | AE), )



1153

(b)
5 3
L] &
£ =
£
20 40 60 80
0,
200 20(%)
(©)
=
G
E
20 40 60 80
20 %)

FIGURE 1. Typical XRD patterns for (a) SiO, NPs, (b) Pure PFO and (c) PFO/50 wt.% SiO, NPs

(b)

FIGURE 2. TEM images of (a) SiO, NPs (b) PFO/Si0O, nanocomposite (50 wt. % SiO,)

where @, is a constant and AE is the width of the energy 2003; Tommalieh & Zihlif 2010) and listed in Table 1.
tail which reflects the width of the tail of localized states Wider energy tails illustrate the creation of disorder and
in the forbidden band gap (Elliott 1998). Figure 5 displays imperfections in the band structure of the nanocomposites
the Urbach plots for the composite samples. The AE values (Tommalieh & Zihlif 2010) resulted from the inclusion
were calculated from the slope of the linear part in the of SiO, NPs. This observation also indicates that more
exponential region (region 1) of each curve (Raja et al. localized states within the forbidden gap were created



1154

0.3 -

5 02
T
73
Qo
<
01
‘ 2
c 30 wt. % SiO2
b——10wt. % SiO2
0.0 @ = 3 mg/ml PFO thin film
350 400 450 500 550 600 650
A(nm)

FIGURE 3. Absorption spectra for PFO and PFO/SiO, nanocomposites

T T T T ™ T

401 _e_PFO (3mg/ml) (a) 4e ]
3.5 —a—10 wt. % SiO, f.z i
o/ Qi "
30 —2— 30wt % SiO, . F
0 _ - ‘ g i
—»—50 wt. % SiO, S
251 _._70 wt. % SiO, A ]
4
Ly |

(ohv )2 (em™. eV)*x10"°

24

2.2
hv (eV)

5001 —=— PFO (3 mg/ml) (b) .
o —o—10 wt. % SiO, o
'; 400 —>— 30 wt. % SiO, £ |
() —=— 50 wt. % SiO, i
< —a—70 wt. % SiO,
£ 300 .
o
S 200- i
>
£ 0l | -
~ 100 - 2 7 4
o T g T T 4 T T T
2.0 2.2 24 2.6 2.8 3.0 3.2
hv (eV)

FIGURE 4. Dependence of (a): (ahv)? and (b): (ahv)"? on photon energy (hv)
for Pure PFO and PFO/SiO, nanocomposites

(Hagler et al. 1991; Pichler et al. 1993). As comparison,
the width of the energy tail in PFO was lower, a direct
consequence of neat polymer structure and thus greater
energy gap (Tommalieh & Zihlif 2010).

PL emission spectra for all samples are shown in Figure
6. Three main emission peaks for PFO located at 427.0 nm,
442.5 nm and 467.6 nm were observed, referring to 0-0,
0-1 and 0-2 transitions, respectively. The intensities of 0-0
vibronic bands exhibited faster increment than that of 0-1
transitions up to 30 wt.% SiO, NPs before recorded lower
intensity at 50 and 70 wt.%. The quenching in the intensity
at higher wt% is primarily due to aggregation of inorganic
NPs (Rozenberg & Tenne 2008). In addition, the 0-0 bands
were red shifted upon addition of SiO, NPs; whereas the
0-1 bands were slightly blue shifted. This observation is
commonly associated with increment in the conjugation
length of PFO (Yang et al. 2007) which is also in a good
agreement with UV-Vis observation.

By using Gaussion function, the PL curves presented
in Figure 6 can be deconvoluted into four vibronic bands.
The increase of SiO, weight fraction in starting charge
systematically reduced the vibronic spacing energy from
0.102t00.076 eV (Table 1), which is commonly associated
with the higher degree in chain disorder (Pichler et al.
1993).

CONCLUSION

This work demonstrated that the optical properties of
PFO thin film can be modified by controlling the amount
of amorphous SiO, NPs. The absorption and emission
characteristics confirm that addition of SiO, NPs remarkably
influenced the optical properties and conjugated length of
PFO. The decrease of both energy gap and vibronic spacing
energy and increase of the energy tail upon increment of
SiO2 NPs, illustrate the creation of more localized states
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FIGURE 6. Normalized fluorescence intensity of pure PFO and PFO/
SiO, nanocomposite
TABLE 1. Optical parameters of PFO and PFO/SiO, nanocomposites
Specimens Thickness Egd E, AE Vibronic spacing
(nm) (eV) (eV) (eV) (eV)
Pure PFO 98 2091 2.69 0.143 0.102
10% SiO, 100 2.89 2.61 0.183 0.096
30% SiO, 104 2.88 2.59 0.189 0.083
50% SiO, 107 2.86 2.55 0.202 0.086

70% SiO, 111 2.76 2.20 0432 0.076
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within the forbidden gap as well as higher degree of chain
disorder. The fundamental information obtained from this
work can be used as important tools for prediction on the
suitability of these nanocomposites as active material in
the optoelectronic devices.
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