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FABRICATION AND CHARACTERISTICS OF
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Abstract: This work carries out the study and fabrication of TiO,/Graphene Quantum
Dots (GQDs) nanocomposite thin films to be applicated as an electronic collection
material layer in nanostructured solar cells. The different concentrations of added GQDs
by the spreading method were loaded on TiO,/GQDs nanocomposite films. The
fabricated films were investigated for their structural and morphological characteristics
by X-ray diffraction spectroscopy; Ramam spectra and Scanning Electron Microscopy
(SEM) imaging. The optical properties were investigated through absorption and
fluorescence spectroscopy. The photoelectrical properties of the film were investigated
on measuring |-V characteristics in the dark and when illuminated by the solar simulator
AM 1.5G. The obtained results show that adding GDQs has significantly improved the
photoelectronic properties of the materials.
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1. INTRODUCTION

TiOz is one of the promising materials for applications ranging from water spliting, solar
cells, energy storage devices, optoelectronic devices, photocatalysis. Nanostructured TiO> films
are used as the electron-collecting material layer and plays an important role to the parameters
of the devices. However, TiO- is a wide band gap semiconductor material so it absorbs light in
the ultraviolet region, in addition, the conductivity of TiO: is also very low, which limits a lot
to improving the performance of solar cells as well as being less efficient when used as a
photocatalyst under sunlight. On the other hand, the high recombination rate of the carrier is
also a reason for the efficiency of solar cell devices as well as the low efficiency of
photocatalysis. To overcome those disadvantages, the adding of semiconductor quantum dots
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(QDs), such as CdS, CdSe, PbS, especially GQDs onto the TiO> material films has been
proposed to expanding the working spectrum to the visible light region, increasing the ability
to separate charge carrier pairs as well as increasing the ability to conduct electrons to the
electrodes [1, 2, 3]. Among the quantum dots that are attracting researchers' attention, GQDs is
a new type of material that has been researched and fabricated recently and it has many special
physical and chemical properties such as high electrical conductivity, strong luminescence,
luminescence wavelength changes with the excitation light wavelength [4, 5], capable of
forming bonds with TiO. crystals [1, 6]. In addition, GQDs have more advantages than
conventional semiconductor QDs that are easy to fabricate and very environmentally friendly.
Therefore, the combination of GQDs with TiO2 nanocrystals is considered to be able to give
the material system with better optical absorption, reducing the recombination process due to
the charge transfer between the nanocrystals TiO> and GQDs, increasing the conductive
property of the material system. This promises to provide a material system with suitable
properties for making 3rd generation solar cell devices as well as increasing their photocatalytic
ability. In this work, we fabricated TiO2/GQDs nanocomposite thin film used as an electronic
collection layer in nanostructured solar cell devices. The different concentrations of added
GQDs by the spreading method were loaded on TiO2/GQDs nanocomposite films. The
fabricated films were investigated for their structural and morphological characteristics by X-
ray diffraction spectroscopy; Ramam spectra and SEM imaging. The optical properties were
investigated through absorption and fluorescence spectroscopy. The photoelectric properties of
the film were investigated on measuring I-V characteristics in the dark and when illuminated
by the solar simulator AM 1.5G. The obtained results show that adding GDQs has significantly
improved the photoelectronic properties of the material that can be applied to improve the
performance of nanostructured solar cell devices.

2. CONTENT
2.1. Experimental setup

The chemicals used in this work are included: ethanol C.Hs0H (99.7%,), aceton CHzCHO
(99.5%), zinc powder Zn (90%), hydrochloric acid HCI (1M), decon 90 (Fisher), deionized
water, titanium dioxide (TiO2-P25), graphene quantum dots (GQDs). GQDs were chemically
prepared by initial carbon precursors trinitropyrene, sodium hydroxide with an average size of
about 2-5 nm, have absorption spectra in the range of 300 -500 nm and luminescence with
emission wavelengths from ultraviolet to 600 nm. The detail of the procedure was published in
[7, 8]. Titanium dioxide TiO, P25 were added to ethanol, distilled water and GQDs, stirring for
15 minutes, then the mixture was ultrasonically vibrated for 30 minutes, as shown in Figure 1.

Titanium-dioxide (TiO2) nanoparticles suspension concentration in ethanol by volume was
5% then the GQDs solution were added to TiO2 solution with volume concentration at 0%, 5%,
10%, 20%, and 30%.
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Fig.1. The procedure of fabrication of TiO./GQDs nanocomposite films

The samples fabricated for the study include: Sample 0%: TiO. powder / ethanol and
samples of nanocomposite TiO2, GQDs/2ml ethanol in the ratios: 0.05%, 0.1%, 0.2%, 0.3% of
GQDs in terms of mass. The solution mixtures were stirred for 15 minutes and then
ultrasonically vibrated for 30 minutes so that TiO, was uniformly distributed with GQDs in
water- ethanol medium. To investigate the photocurrent, the FTO/TiO2/GQDs samples were
fabricated as follows: Fluorine-doped Tin Oxide (FTO)/glass substrates were prepared using
HCI solutions 1M and zinc powder. Firstly, cover the FTO substrates to be retained with
vacuum tape. Secondly, a thin layer of zinc powder is evenly coated on the surface to be etched,
after 15 minutes, the FTO layer completely corroded. The FTO substrates were cut into small
pieces of the dimensions 4.5 cm x 1.5 cm and then etched as shown in Figure 2 then use
vacuum tape to cover the parts without TiO2/GQDs loaded on. The coated film is 1.5 cm x 0.5
cm in size. Drop 20 pl of TiO2/GQDs solution on the prepared substrate, then it was placed on
a ultrasonic vibrator to spread the membrane evenly. The sample was annealed at temperature
of 80°C to evaporate the solvent. Finally, the sample was annealed at 450°C for 30 minutes.

4.5¢em

- =" . . = - = l .
1.5cm

0.2cm

LI 1' i
0% 5% l0°o 2% )0°a

o "

Fig. 2. Schematics of TiO2/GQDs composite films synthesis by spreading method
and the photogragh of TiO2/GQDs composite films with volume concentration of GQDs
at 0%, 5%, 10%, 20%, and 30%.
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2.2. Results and discussion

Figure 3 shows the SEM image of TiO./GQDs samples spreaded on silicon substrate with
different concentrations of GQDs, annealed at 450°C for 30 minutes. As shown in Figure 3, the
fabricated TiO2/GQDs films are quite porous with 18-25 nm TiO; particles. The images of the
GQDs can not be observed because they are so small that the SEM method can not
recognize them.

Fig.3. SEM images of TiO2/GQDs with GQDs concentrations a) 0%, b) 5%, ¢) 10%, d) 20%, e) 30%

Figure 4 shows the XRD spectrum of the TiO2/GQDs films after annealing. As can be seen
on the Figure, the peaks on the XRD spectrum corresponded with anatase phase TiO, and no
strange peaks appeared. This proves that after being annealed at 450°C for 30 minutes, TiO-
films are completely become anatase phase. When adding GQDs to TiO. material, the
diffraction peaks of TiO> remain unchanged and strange peaks did not appear, indicating that
the addition of GQDs does not change the crystal structure of TiOx.
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Fig.4. XRD diffraction patterns of TiO2/GQDs with GQDs concentrations a) 0%, b) 5%, c)
10%, d) 20%, e) 30%

In addition, it can be seen that the thin film included only pure TiO>, the TiO> particles are
lacking in high porosity. After being mixed with GQDs (Figure 3 b, c, d, e), it seems that the
presence of GQDs enhances the binding between TiO2 and TiO- particles, so the film has an
attachment cohesive and less porous.
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Fig. 5. Raman spectra of TiO2/GQDs with different concentrations of GQDs
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Fig. 6. Absorption spectra of TiO2/GQDs with different concentrations of GQDs

Due to the reason that the existence of GQDs in the TiO2/GQDs composite films were not
observed by SEM images and X-ray diffraction patterns, Raman spectroscopy was conducted
on the fabricated samples. The results are as shown in Figure 5.

From Figure 5, one can see that the TiO./GQDs composite films with different
concentrations of GQDs all appear strong peaks corresponding to the number of waves at about
395 cm?, 521 cm?, 638 cm™ which characterized the properties of anatase TiO2 material. In
addition, there are some peaks with much smaller intensity at the wave number position of about
1376 cm™ and 1675 cm™, corresponding to the vibrational mode that responsible for the D and
G bands of the quantum dot graphene material. With those results, the presence of GQDs in
the TiO> films can be confirmed so TiO2/GQDs nanocomposite films have been successfully
fabricated.

The TiO2/GQDs films on the glass substrate were heat treated for UV-VIS absorption
spectroscopy. The results are shown in Figure 6. It can be seen that the pure TiO> film absorbs
in the ultraviolet region, but the absorption tail extends to the region above 500 nm. This is
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because the TiO> material has a high porosity, which causes light to be scattered strongly, so
the transmittance of the film is reduced. With adding GQDs, the absorption intensity of
TiO2/GQD films at wavelength below 500 nm was significantly enhanced, especially in the
ultraviolet range from 350 to 400 nm. TiO2/GDQs samples with 5% and 10% GQDs
concentration showed the strongest absorption. This is consistent with the fact that both TiO>
and GQDs materials strongly absorb in the UV region. In addition, GQDs also partially absorb
light in the 500 nm region. Above 500 nm of wavelength, the films containing GQDs have
reduced absorption intensity compared to the TiO2 sample. This is because the overlap of GQDs
between TiO2 nanoparticles increases the bonding ability between the materials. Therefore, the
film is not too porous like pure TiO> film, thus reducing the scattering phenomenon in the film.
This is consistent with the results of SEM image studied as presented in the previous section.

The optical properties of TiO2/GQDs nanocomposites are also studied through fluorescence
spectrometry. Figures 7a and 7b are the fluorescence spectra of TiO2/GQDs film samples with
different concentrations excited by lasers with wavelengths of 325 nm and 420 nm,
respectively. In the case of excitation at 325 nm (Figure 7a), the emission peak is observed at
about 400 nm with weak intensity in all samples. Those peaks are related to a direct transition
(band - band). A strong spectral band at longer wavelengths from about 450 nm to 750 nm
occurs both in pure TiO2 and GQDs-doped films. The strong luminescence of TiO> films in the
visible light is thought to be emission processes from surface states due to oxygen vacancies
and defects on TiOz. This result coincides with the results of Yu Chen et al. [9] and many other
studies on TiO2 nanomaterials. When adding GQDs to the TiO; film, the luminescence intensity
of the samples corresponding to the band-band emissions and the emission due to the surface
state increased significantly compared to the pure TiO2 film and the spectral form was
completely unchanged.

— b} — TiOZ2
= M0G0 5% 3000 4

*— TiO2GaD 10%

004 /P\' TIO2GQD 0% v
= 4
; TiO2GGD0 30% zo00d It

_y Bod< : )
h :
4000 10004 |1
~ 1
M 1l
2000 =

00 00 600 700 800 500 500 700 800

100004 @)
- TIOZGGD 5%

«— TiGRGQ0 10%
TiOZGQD 20%
= TiOZGQD 0%

Pl

Wavelength (nm) Wavelength (unm)

Fig.7. Photoluminenscence spectra of TiO2/GQDs with different concentrations of GQDs: a)
325 nmand b) 420 nm excited wavelengths

This phenomenon can be explained as follows: The electrons of GQDs, after being excited
to the conduction band, have shifted to the conduction band of TiO> due to the difference in
energy levels of the two materials. The electron then recombines with the hole in the valence
band of TiO> leading to emitting luminescence. From Figure 7, it can be seen that when the
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GQDs concentration changes, the photoluminescence (PL) spectrum also changes but not much
and the sample with 20% GDQs gives the highest intensity of PL spectral peaks.

With excitation wave at 420 nm which has a lower energy than the band gap of TiO2 so
there is a indirect transition band to band in the material system. Luminescence emitting due to
surface states at wavelengths in the range 470 nm to 750 nm. When the concentration of GQDs
increased, the intensity of the PL spectrum increased and reached the maximum in the sample
with 10% GQDs, then began to decrease gradually. These results indicate that the
nanopcomposite TiO2/GQDs films have a charge transfer between GQD and TiO; and the
transfer depends not too much on the content of GQDs particles.
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Fig. 8. 1-V characteristic curve of TiO2/GQDs in dark and under ullimination

To investigate the photoelectrical properties of the TiO2/GQDs films, I-V measurement
under illumination and in dark was conducted. The measured potential ranges linearly from -
1V to 1V. The results are as shown in Figure 7 and Table 1. It can be seen that when illuminated,
the photocurrent intensity of all TiO, films with GQDs increases and has a larger value than
that of TiO films without GQDs. This proves that the nanocomposite films exhibits better
photoelectric properties than pure TiO, films. The highest currentis 10% TiO2/GQDs sample.
This is completely consistent with the results of fluorescence spectroscopy studies of the
materials. 10% samples with 10 % GQDs show better charge transfer and has maximum PL
spectral intensity.
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Table 1. Curent and resistance of the TiO2/GQDs films at a potential of 1V

Littuminated Rittuminated Raark

Sample Liade (LA | Littuminated/dark Rittuminated/dark

P (1A) date (LA) | Tituminated/dark MQ) MQ) illuminated/dak
TiO2/GQDs 0% 0.237 0.157 1.509 4.219 6.369 0.662
TiO./GQDs 5% 0.461 0.273 1.688 2.169 3.663 0.592
TiO2/GQDs 10% 0.695 0.211 3.293 1.439 4.739 0.304
TiO2/GDDs 20% 0.427 0.247 1.728 2.342 4.049 0.578
Ti02/GQDs 30% 0.461 0.239 1.928 2.169 4.184 0.518

The resistance of the films without illumination is smaller than that of the TiO> films,
indicating that GQDs reduce the resistance of the TiO2 films and increase the photoelectric
properties of the films. These results are shown in Table 1 in which one can see the 10% sample
gives the largest change rate and reaches a value of 3.29 times. Moreover, the resistance of
TiO2/GQDs films is also significantly smaller than that of pure TiO2 film. This result shows
that TiO2/GQDs can improve the performance of solar cells.

3. CONCLUSION

TiO2/GQDs nanocomposite films have been successfully fabricated by spreading method
with different GQDs concentrations from 0 to 30% by volume. TiO2/GQDs films increase the
light absorption capacity of materials in the ultraviolet region. The good charge transfer process
between GQDs and TiO2 contributes to increasing charge separation of the material system.
The sample with 10% GQDs reaches a value of 3.29 times, the resistance of TiO2/GQDs films
is also significantly smaller than that of pure TiO film. With properties such as strong light
absorption (especially in the ultraviolet) and high electrical conductivity, GQDs can overcome
the disadvantages of TiO2 material. Nanocomposites TiO2/GQDs layers can be used as electron
collectors for nanostructured solar cells with high efficiency.
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CHE TAO VA KHAO SAT CAC TINH CHAT PAC TRUNG
CUA MANG MONG NANOCOMPOZIT TiO2/GQDs

Tom tdt: Trong bai bao nay ching ti nghién cizu va ché tgo mang méng na nd compozit
TiO2/GQDs (Chdm lirong tir Graphene) iing dung lam 16p vat liéu thu dién tir trong pin mat
troi cdu trdc nano. Nong dé khac nhau ciia GODs dwoc phii bang phwong phdp trai trén mang
méng na nd compozit TiO/GODs. Ddc diém cdu tric va hinh thai cia cac mang mong na nd
compozit TiO/GODs dugc khdo st bang phirong phdp nhiéu xa tia X, phé Ramam va chup dnh
SEM. Tinh chat quang hoc dwgc khdo sat bang phicong phdp do phé hdp thu va phé huynh
quang. Tinh chdt quang dién ciia mang mong dwoc nghién ciru théng qua do ddc trung I-V trong
béng toi va khi dwge chiéu sang boi dén mé phong dnh sdng Mt troi AM 1.5G. Két qua thu
duoc cho théy viéc bé sung GDQs da cai thién dang ké cdc ddc tinh quang dién tw cua vat liéu.

Tir khéa: Oxit Titan (TiO,), Cham long tir Graphene (GQDs); Pin mdt troi cau trdc nano.
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