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Abstract

Functionalization of rGO that previously obtained by chemical reduction using hydrazine
hydrate, has been done by changing its morphology into nanofiber with electrospinning

This work is licensed technique and using PVA as a polymer matrix. The rGO nanofibers that had been formed
e N o were then characterized using Fourier Transformation-Infra Red (FTIR) spectroscopy,
licticrvills <. Scanning Electron Microscopy (SEM), and UV-Vis Spectrophotometer. FTIR

International License

spectroscopy confirmed the presence of C — C group and C = O group in nanofibers. SEM
showed the change of nanofibers morphology which is marked by the increasing of fibres
diameter and the hollow fibres become brighter. Furthermore, the effect of rGO
concentration to nanofiber optical properties was confirmed by UV-Vis
spectrophotometer. According to this characterization, the absorbance of rGO/PVA
nanofiber is decreased due to increased rGO concentration. The detail of optical properties
of rGO is studied through complex refractive index and dielectric constant in which
Kramers-Kronig transformation is then employed to calculate complex refractive index
and complex dielectric constant. From the data, the optical properties of tGO/PVA
nanofibers indicating that rGO/PVA nanofibers can be applied as transparent electrode an
organic solar cell devices.

Keywords: Reduced graphene oxide, nanofibers, electrospinning, Kramers-Kronig,

organic solar cell.

1. Introduction

Graphene is a two-dimensional material on hexagonal honeycomb lattice consist of carbon atom with
sp2 optical hybridized [1]-[3]. Graphene is known to be a very thin material with a thickness of one
atom C [4]. In addition, graphene is also known to have superior properties in its electronic, thermal,
and mechanical properties.

The superiority of graphene properties encourages scientists to continue to develop methods in
graphene fabrication. So far, there have been many methods of producing graphene, namely exfoliation
[5], [6], epitaxial growth [7], [8], chemical vapour deposition [9], [10], and chemical reduction of
graphite oxide [11], [12]. Therefore, graphene in its development has had many names based on how to
produce it. Reduced Graphene Oxide (rGO) is one of the derivatives of graphene obtained by reducing
oxygen and hydrogen in Graphene Oxide (GO). Based on existing studies, the characteristics of rGO
are almost same as the structure of graphene, generally [13]-[17].

In addition to learning how to fabricate graphene, technological advances have also encouraged
researchers to explore of putative applications of graphene, such as energy storage device, sensors,
organic solar cell, and many more application. In the Organic Solar Cell (OSC), graphene can be used
as a transparent electrode as well as an active material layer [18]-[20]. This is because graphene is a
very strong, flexible, and highly transparent material that absorbs and transmits light very well.
Graphene also has an electron transport that is suitable for use in OSC. For better quality on application,
graphene can be modified form into nanofibers. The form of nanofiber makes the surface area of material
is increasing [21] caused by the cylinder length form with a small diameter so the amount of charge that
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can be accommodated in nanofibers will increase. Therefore, it is important to know the optical
properties of graphene in the nanofibers form which represented by complex refractive index and
complex dielectric constant. These parameters are determined based on spectral absorbance data of UV-
Vis Spectrometer test results. The absorbance data obtained is then processed by computing program
using software IGOR Pro 6.36 to obtain the imaginary part of the optical constants. Since optical
constants are a linear response function, they must be expressed in a complete configuration, in the form
of complex composed of real and imaginary parts interconnected via Kramers-Kronig Transformation.
This research aims to determine the optical properties, morphology, and functional groups of rGO/PVA
nanofiber, which considered for application in organic solar cells as a transparent electrode layer.

2. Method

2.1. Sample Preparation

Graphene in this study on rGO form. Reduced GO obtained from GO powder was subsequently
chemically reduced using hydrazine hydrate [22], [23]. While, GO synthesized from graphite powder
by oxidation process using Hummers method with some modification [22], [24]. The rGO powder was
obtained then dispersed into 10 ml of destilled water using an ultrasonic vibrator for 3 hours with 0, 5,
10, and 15 mg of rGO. Furthermore, each solution was stirring while heated and slowly added PVA
13% wt. Once the solution is completely dissolved, the temperature was slowly lowered to room
temperature with still stirring. When the temperature of the solution reaches room temperature, the
stirring process was stopped. The rGO/PV A solution was then transferred to an ultrasonic vibrator and
divisible for 1 hour to form a more homogeneous solution.

The last process is attaching the nanofiber rGO/PVA onto the quartz substrate using an
electrospinning technique whose schematic was shown in Fig. 1. Each prepared rGO/PV A solution was
inserted into a syringe with a 0.5 mm diameter needle and electrospinning at a voltage of 15 kV, the
distance between the tip of the syringe and the collector as far as 15 cm for 60 seconds. The formed
nanofiber was then heated using an oven at 100° C for 30 minutes to evaporate the solvent, then stored
in a dry-film.

2.2.  Characterization of rGO/PVA Nanofibers

The optical properties of rGO/PVA nanofiber were known through absorbance data measured using
Shimadzu UV1700 UV-Vis Spectrophotometer at LPPT UGM. The functional groups in nanofiber were
known by characterization using the FTIR Spectrometer ABB Model MB3000 in LPPT in the range of
400-4000 cm™'. While the morphology obtained through observation using SEM JEOL JSM 6510 in

LPPT UGM.
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Figure 1. Schematic of electrospinning technique.
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2.3.  Data Analyze

The absorbance spectral data of the UV-Vis Spectrophotometer test results were then used to determine
the optical quantities, including the absorption coefficient (@), the extinction coefficient (x), the real
refractive index (n), and the dielectric constant (€). The value of @ can be obtained by using Equation

(D).
A
=2. —
a =2.303 ; (D

where A is absorbance data and d is nanofiber thickness data. After knowing a, the extinction coefficient

can be determined using Equation (2).

_ad
4

with 4 representing the wavelength. The value of x which is the imaginary part of refractive index was

used to obtain the value of the real part of refractive index n by applying the Kramers-Kronig
transformation relation was expressed in Equation (3) and Equation (4) [25].
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Since the Kramers-Kronig transformation requires unlimited data, whereas the measured data are
only in the energy range of 1.5-6.2 eV, the first extrapolation of data at low energy to zero and at high
energy (> 6.2 eV) and then interpolated to obtain the same amount of data in all samples. The
extrapolated data form adjusts to two possible material properties in both extrapolation areas, minimum
or maximum. Further, the extrapolated x data was transformed using an existing program in IGOR Pro
6.36 software to determine the value of n. Knowing the values of n and «, the dielectric constants &; and
&, can be determined using Equation (5) and Equation (6).

&= n® —x? ®)
£, =2NK (6)

3. Result and Discussion

The success of the rGO nanofiber formed process was confirmed by the results FTIR
characterization. Before being characterized, the RGO nanofiber formed into pellets. Subsequently, the
sample was scanned over a wavenumber range of 600-4,000 cm™'. This characterization provides
information regarding the functional groups in the rGO / PV A nanofiber and shown in Fig. 2.

It can be seen in Fig. 2 that the nanofiber with 5 mg rGO has the same spectrum as nanofibers
without GO (0 mg). This is caused by very low rGO composition and dominated by PVA as a
matrix. Differently with the higher rGO composition, which seems to have increased intensity of light
that is transmitted. Thus, the existence of rGO can be ascertained in the nanofiber which causes the
transparency of the nanofiber to increase. In addition, FTIR characterization displays characteristic wave
peaks of a functional group that can be identified through pre-existing analysis [26]. The peaks are
identified at the wavenumber around 1,041 ¢m which shows the presence of a C — OH alcohol
group stretching vibration, peak at intermediate wavenumber around 1,616 cm™ and 1,720 c¢m’!
respectively showed the presence of a C — C group stretching vibration and a C = O carbonyl group.
From the identification results it is known that the functional groups in the nanofiber almost the same
as the functional groups in rGO before being modified into nanofibers [23], except for the new peak at
a wavelength of about 2,900 cm™. This peak indicates a C — H stretching vibration formed after
morphology modification. This newly formed bond is thought to have arisen as an addition of PVA in
the nanofiber. But in general, morphological changes onto nanofibers do not affect the rGO functional

group.
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Figure 2. FTIR spectrum of rGO/PVA nanofibers.
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Figure 3. SEM photograph result about morphology of rGO/PV A nanofiber for (a) NF 0 mg, (b) NF 5 mg, (c) NF 10 mg,
and (d) NF 15 mg.
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The characteristics of the rGO/PVA nanofiber were subsequently obtained in the form of
morphology characterization using SEM as shown in Fig. 3. The sample is first prepared on a metal
cylinder and coated with platinum considering that the sample is an organic material with little number
of free electrons. The observations obtained showed the nanofiber morphology for all samples that have
been made have almost the uniform fibers. Furthermore, it is known that the addition of rGO causes the
increase in fiber diameter and the hollow fiber become brighter. These results were confirmed the
existence of rGO in fiber and quite similar to what has been reported by Bao et al. [27] and Jin et al.
[28].

In Fig. 4, the difference in absorption curves for each nanofiber is shown significantly. The
absorption spectrum of NF 0 mg is shown for comparison where the absorption only influenced by PVA.
Nanofiber absorption is known at low wavelengths (< 500 nm) is inversely proportional to the increase
of mass of rGO. In this case, the nanofiber becomes more transparent due to the addition of rGO mass
into the nanofiber. This indicates that rGO is considered to have the same properties with graphene,
which is able to transmit light up to 97.7%, contributes significantly enough in affecting the absorption
of rGO nanofibers. Other than that, the addition of mass of rGO causes the absorption peak to appear
wider and experience shift of the crest position to a higher wavelength, i.e. located at 275 nm
wavelength. As for the shape of the peak that is getting wider due to the use of PVA as a matrix polymer
thus increasing the amount of oxygen group in the rGO nanofiber.

The absorbance data obtained were then used to determine the refractive index of the imaginary
part or the coefficient of extinction expressed over the energy range 1.5-6 eV, as shown in Fig. 5. Based
on the curve, it is known that the value decreased significantly in the high energy range (> 2.3 eV)
concomitantly with the addition of the mass of rGO. Conversely, at lower energy there are indications
that the addition of more rGO mass will cause the coefficient of extinction to be higher. This is predicted
that the rGO nanofiber was becoming more conductive.

In contrast to the imaginary part of refractive index profile, the real part of refractive index value
obtained from numerical calculations using Kramers-Kronig transformations appears to have decreased
with increasing rGO mass, as shown in Fig 6. From the calculations performed, it is known that the
greater of wave energy that hits the nanofiber, the higher value of n. The higher » value indicates the
bending angle of the wave electromagnetic energy which is also higher when the energy waves that pass
through it greater it is.
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Figure 4. The absorbance of rGO/PVA nanofiber at various rGO mass.
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Figure 5. The imaginary part of the refractive index of rGO/PVA nanofiber.
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Figure 6. The real part of refractive index of rtGO/PV A nanofiber.
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Figure 7. The real part of dielectric constant of rGO/PVA nanofiber.
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Figure 8. The imaginary part of dielectric constant of rGO/PVA nanofiber.

The results of the calculation of the complex dielectric constant showed in Fig. 7 and Fig. 8§,
respectively. It is shown that the profile of the real part of dielectric constant curve (&;) is similar to the
real part of refractive index curve, that is, the value decreases significantly in the energy range below
2.3 eV with increasing rGO mass. In contrast to &, the curve of the imaginary part of the dielectric
constant (&,) appears to have increased quite significantly in the energy range lower than 2 eV. This is
thought that the mass additional of rGO increases the conductivity of the rGO nanofiber.

Based on the data analysis that has been done, it is known that the morphology modification of
rGO which is made into the nanofiber form gives quite an significant effect for the optical properties of
the material, which makes rGO more transparent which characterized by decreasing optical
absorption. Apart from that, the morphology of rGO being nanofiber makes its surface wider so it
accommodates a lot electrons which in turn transition from the valence band to the conduction band
easily making the rGO nanofiber even more conductive. Another possibility is caused by nanofiber
structures are random and intersect each other at certain points thus makes it easier for electrons to
transition at low energies. The characterization process that has been done, especially for the optical
properties analyzed from the absorbance data, can be considered for the application of rGO nanofibers
in organic solar cells as a transparent electrode layer.

4. Conclusion

In this study the rGO/PV A nanofibers were produced by electrospinning technique. Previously, the rGO
used was obtained through a chemical reduction process using Hydrazine Hydrate to GO powder which
firstly synthesized using the Hummer method with some modification. Furthermore, rGO was then
formed into nanofibers with using PVA as a matrix polymer. The rGO nanofiber that was formed next
characterized to determine its optical properties based on the absorbance data of the UV-Vis
Spectrophotometry. Based on these data, it is known that the rGO/PV A nanofiber more transparent due
to the addition of mass of rGO. Besides, it is also known that the addition of rGO mass is predicted to
make the rGO/PV A nanofiber more conductive. These results make the rGO/PV A nanofiber ideal for
application to transparent electrode layer on organic solar cells.
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