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Abstract:

In this study, nanocomposite GO/ZnO/Al,O3 aerogels with different GO ratios (10, 30, and 50%) were
effectively prepared using a hydrothermal method and a modified Hummers method to prepare GOES. ZnO
and Al,O3 NPs were synthesized from curcumin extract using a green synthesis method. Raman, XRD, EDX,
FESEM and UV-Vis. Spectra were used to characterize the synthesized nanomaterials. The bandgap energies
of GO, ZnO, Al,03, and their nanocomposites were calculated from their UV spectra. The interaction between
the components of the nanocomposite graphene oxide, zinc oxide and aluminum oxide give the nanocomposite
photochemical importance owing to the large surface area of the components, especially graphene oxide and
zinc oxide, and the high electrical and thermal conductivities of the molecule. Improved electrochemical
properties were achieved by fabricating dye-sensitized solar cells, composed of nano curcumin and methylene
blue as sensitizers, GO/ZnO/Al,O3 nanocomposite aerogel as a photoanode to obtain a highly efficient cell at
the lowest cost and copper as the counter electrode. The DSSC achieves the best performance at 0.36% and
50% GO content when methylene blue is used as a sensitizer to accelerate the excitation of electrons and

tion and reproduction in any medium,
provided the original work is prop-

erly cited. maximum efficiency at minimum cost.

generate current and voltage. The primary objective of this study is to develop dye-sensitized solar cells with
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1. Introduction

The aerogel was created by substituting gas for liquid in the
wet gel without appreciably altering the volume or structure
of the gel network. Aerogel has high specific surface area
and porosity and low density. When combined with other
matrix components, such as graphene and its byproducts,
graphene oxide (GO) and reduced GO (rGO), a graphene-
based composite aerogel (GCA) is formed. The primary
source of the functions of graphene and its derivatives, or
graphene-based materials, differs from that of conventional
matrix materials, which mainly define their shape and vol-
ume stability [1]. GCA is not only a damping, adsorbing,
thermal, and sound-absorbing material but can also be used
as an electrode material in sensors and energy storage de-
vices [2]. Solar energy is the most abundant, renewable,
accessible, unlimited source of energy, and can be converted
into usable energy [3]. Graphene aerogels and their com-
posites used in dye-sensitized solar cells (DSSCs), which

have attracted great interest since Gratzel and O’Regan’s
breakthrough in 1991 as an alternative to fossil fuels are
inexpensive, require little energy, easy to manufacture and
environmentally friendly [4]. The photoanode in a typical
DSSC is a dye-sensitized semiconducting metal oxide, in
combination with an electrolyte redox and counter elec-
trode [5]. Various organic and inorganic semiconductors
are mainly used in hybrid photovoltaics (PV) as solar en-
ergy harvesters because of their excellent power conversion
efficiency (PCE), low cost, and ease of manufacturing [6].
For example, TiO;, Al,O3 and ZnO are used as photoan-
ode materials in DSSC, owing to their supercharge carrier
transport properties and due to their significant bandgaps,
these semiconductors exhibit low PCE, significant carrier
recombination, and poor carrier transport [7, 8]. To address
these problems, carbon-dependent substances, such as GO
have been introduced as alternatives or complements to
Al,O3 and ZnO to facilitate electron transfer to the con-
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nected transparent pole [9]. GO sheets can be highly oxi-
dized and contain important functional combinations, such
as alcohols, carboxylic acids, and epoxides. The oxygen-
containing functional groups on GO render the material
hydrophilic and easily dispersible in water. Further, GO can
accommodate most nanoparticles because of its exceptional
electrical conductivity, large specific surface area, and high
chemical stability [10] Therefore, this study prepared, a
GO/ZnO/Al,03 nanocomposite aerogel and used it as a
photoanode electrode. The photochemical characteristics of
each constituent, particularly zinc oxide and graphene oxide,
endow the nanocomposite with a wide surface area, increas-
ing the number of active sites available for photochemical
reactions. Dye sensitizers have a significant impact on light
absorption and thus on the efficiency of DSSCs. When
light activates the chemical structure of a sensitizing dye;
that share could be it generates electron-hole pairs, which
determine the performance of a conventional DSSC. The
dye in DSSCs converts light into electronic excitation by
transferring charge to the semiconductor surface figure 1
shows the DSSC mechanism [11]. Nano curcumin is a nat-
ural dye and methylene blue is a synthetic dye, which was
used as a sensitizer. It has sufficient potential for applica-
tion in photochemical processes. These easily accessible
dyes create appropriate catalytic pathways including both
single-electron transfer (SET) and energy transfer (EnT);
while utilizing visible light as a renewable energy source.
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Figure 1. The Diagram of DSSC Mechanism.

[

2. Materials and methods

Zinc acetate hexahydrate (Zn(CH3COO),-6H,0) (99%),
aluminum nitrate nonahydrate (AI(NO3)3-9H,0) (99%),
sodium hydroxide (NaOH) (98%), sulfuric acid (H,SOj4)
(97%), phosphoric acid (H3POy4) (85%), graphite (99%),
potassium permanganate (KMnOy4) (99%), hydrogen per-
oxide (H207) (99%), hydrochloric acid (HCI) (99%), ethy-
lene diamine (C;HgN>) (98%), methylene blue (99%) were
all supplied by Sigma-Aldrich. Fresh turmeric (Curcuma
longa) was also used.

2.1 Preparation of curcumin extract

Fresh turmeric was thoroughly washed and dried, and then
ground into fine powder using a grinder. Deionized water
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(100 mL) was added to 10 g of turmeric powder and boiled
at 60 °C with stirring for 1 h. The turmeric extract was
cooled to room temperature and filtered to obtain a clear
curcumin extract [12].

2.2 Preparation of zinc oxide and aluminum oxide
nanoparticles from curcumin extract

The curcumin extract (10 mL) was added to 100 mL of 0.5
M Zn(CH3COO);-6H,0 or AI(NO3)3-9H, O solutions and
kept on a magnetic stirrer. To maintain the pH at 8, 2 M of
NaOH was added dropwise. The mixture was stirred and
heated at 70 °C for two hours to achieve complete reduction
and the development of a white precipitate. Subsequently,
the resulting material was collected by decantation, washed
with deionized water to remove residues, and dried in an
oven at 70 °C. The resulting powders were calcined at 400
°C for zinc oxide and 500 °C for aluminum oxide to obtain
ZnO and Al, O3 nanoparticle powders, respectively [13].

2.3 Preparation of graphene oxide

GO was synthesized from graphite using the modified Hum-
mers method. Briefly, 1 g of graphite was added to (30
mL of concentrated sulfuric acid (H,SO,4) and 3.3 mL of
concentrated phosphoric acid (H3PO,)) with constant stir-
ring for 30 min. To avoid overheating and explosion, 6 g
of potassium permanganate (KMnO,) was gradually added,
while maintaining the temperature below 20 °C. The above
solution was heated at 35 °C for 2 h. Subsequently, 10 mL
of 30% hydrogen peroxide (H,0O;) and 100 mL of H,O
were added to stop the reaction with KMnQy4 and the mix-
ture was left overnight. The final mixture was centrifuged,
filtered, and dried to obtain GO sheets. The samples further
were cleaned using HCl or H,O [14].

2.4 Preparation of graphene oxide/ZnO/Al,O3

nanocomposite Aerogel
GO/Zn0O/Al;0O3 nanocomposite aerogel was prepared in
different ratios of GO (10, 30, 50)% [15] according to the
following scheme in figure 2.

2.5 Preparation of nanocurcumin

5 g of curcumin was dissolved in an ethanoic solution
(ethanol and deionized water in a ratio of [1:9]) and ul-
trasonically agitated at 300 Hz for 3 h [16].

Ultra somicate ed
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Figure 2. Scheme for the preparation of GO/ZnO/Al, O3 nanocomposite
aerogel.
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2.6 Fabrication of dye-sensitized solar cell

To prepare the GO/ZnO/Al,O3 nanocomposite aerogel
paste, 1 g of the nanocomposite, 10 mL of ethanol, and 2
drops of Triton X-100 were mixed and magnetically stirred
until the mixture reached a colloidal state. The nanocom-
posite paste was applied to a conductive glass substrate
using spin coating at 1300 rpm for 30 seconds by achiev-
ing thickness of 8 um [17]. The working electrode of the
nanocomposite layer was then dipped into the dyes (nano-
curcumin or methylene blue) and dried at 150 °C for 30 min.
the counter electrode was a copper wire 15 cm in length,
which was bent to form a circular shape; then placed on the
FTO. To prepare the electrolyte solution, I, (3 g) was dis-
solved in 50 mL of ethylene glycol and 1.5 g of KI, which
was stirred for 1.5 hours and kept in a dark container. Then,
two drops of the electrolytic solution were added between
the working and counter electrodes. For the I-V character-
ization analysis, the solar cell was immediately measured
using a potentiostat (Model: Ossila). Solar cell performance
data were obtained from previous studies [18, 19]. Figure 3
shows an image of the dye-sensitized solar cell and figure 4
shows the system of DSSC measurements.

Figure 4. Dye-sensitized solar cell system.

3. Results and discussion

3.1 Raman spectra analysis

Figures 5 (a-c) show the Raman spectra of the synthe-
sized GO, ZnO, and Al,O3 NPs as well as the assembled
GO/ZnO/Al,03 aerogel. These spectra enabled the study of
conjugated and carbon-carbon double bonds, which result
in high-intensity peaks in the Raman spectrum. The typical

IJND16 (2025) -162529  3/15

Raman spectrum of GO is characterized by a G band at
1648 cm™! attributed to the defects in the structure and a
D band at 1447 cm™~! reflecting carbon vibrations in the
packed form. The Raman spectrum values for ZnO and
Al,O3 were closed; The prominent peaks were (620 and
893) cm™! and (614 and 896) cm~! [20], while the compos-
ite was observed in different ratios for 10% GO at (617, 904,
1435 and 1654) cm™!, for 30% GO at (626, 894, 1431 and
1637) cm™! and for 50% GO at (613, 903, 1443, and 1659)
cm™!, which are slightly shifted from the position of GO,
7Zn0, and Al,Oj3. The specific peaks in the Raman spectra
confirm the successful integration of ZnO, Al,03, and GO
into the nanocomposite. These materials hold potential for
use in fuel cells, batteries, and electronic devices due to
enhanced conductivity, increased surface activity, and ac-
celerate reactions, all of which affect the electrochemical
performance.

3.2 Powder X-Ray diffraction (XRD) analysis

Figure 6 shows the XRD patterns of the prepared com-
pounds. The strong, intense peak at 20 = 10.52° with 42.35°
corresponds to the (001) and (100) planes of GO; and crys-
tal sizes of 8.5 with 4.3 nm, which were calculated using
the Scherrer equation. The peaks at 20 = 34.3° with 36.12°
are consistent with the (002) and (101) planes of ZnO; and
crystal sizes of 20, 3, 31.4, and 30.5 nm [21]. The peaks
at 20 = 37.06° and 37.71° correspond to the plane (104)
plane of Al,O3 and the crystal sizes (1.9 and 3) nm. For
the GO/Zn0O/Al, O3 nanocomposite aerogel, the ratio (10%)
shows peaks at 20 = (11.48° — 98.5°) with crystal sizes
(2.9 — 67.5) nm, the ratio (30%) has peaks at 20 = (11.45°
— 95.57°) with crystal sizes (0 .8 — 26.7) nm and the ratio
(50%) has peaks at 20 = (11.28° — 54.66°) with crystal
sizes (1.4 — 69.4) nm. As shown in the figure, new peaks
appear, indicating the formation of the composite. Nanocur-
cumin was synthesized as a sensitizer for DSSCs. Therefore,
figure 7 shows the XRD pattern of nano-curcumin, whose
peak value is at 20 = 20.067°. With increasing the amount
of graphene oxide, the intensity of the zinc oxide band be-
comes weak by the interaction with graphene oxide. This
interaction alters the crystal size and mechanical properties,
thus affecting the particle size and internal stress.

KA
~ BcosO
where 0 is the Bragg angle, f3 is the peak’s full width at half

maximum (FWHM), 4 is the wave length of the employed
X-ray beam (1.54184 A), and K is the Scherrer constant.

ey

3.3 EDX analysis

EDX was used to examine the percentages of atoms in the
prepared compounds. Figure 8 presents the EDX of the
7ZnO NPs, with Zn and O contents of 66.1% and 21.3%,
respectively, indicating the purity and low impurity content
in ZnO NPs [22]. The EDX of Al,O3 in the figure 9; shows
Al and O contents of 40.5% and 53.6%, respectively. The
EDX spectrum of GO in figure 10 shows C and O contents
of respectively 46.6% and 51.3%, and an amount of sulfur
from sulfuric acid used in the synthesis. The EDX spectra
of the GO/ZnO/Al,O3 composite aerogels show different
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Figure 5. Raman Spectra of (a) GO (b) ZnO and Al,03 NPs (c) GO/ZnO/Al, O3 nanocomposite aerogel.
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Figure 6. XRD Pattern of ZnO, Al,O3 and composite Aerogel (10, 30, 50)%.

percentages of C and O for the different GO contents (10,
30 and 50%) in the composite as shown in figures 11, 12,
and 13. Figure 14 shows the EDX spectra of nano-curcumin
with C and O contents of respectively 38.7% and 51.7%,
with a few percentages of elements.

3.4 FESEM analysis
The morphological analysis of the synthesized nanoparticle
samples was performed using FESEM; figure 15 (a), for
ZnO NPs shows a flower-shaped structure with a particle di-
ameter in the range 40.42 — 53.75 nm for one petal in ZnO

1200 4

1000 4

800 4

600 1

Intensity(a.u.)

400 1

200

o I L) 1

NPs. The FESEM image of Al,O3 NPs in figure 15 (b),
shows the formation of spherical and rod-shaped particles
34.77 —49.53 nm in diameter. The FESEM images of GO
in figure 15 (c) show distinct graphene oxide flakes with
comparatively large surface areas and clearly defined con-
nected three-dimensional layers [23]. The particle diameter
is 21.99 —33.03 nm. Figures 15 (d), 15 (e), and 15 (f) show
the FESEM images of the GO/Zn0O/Al, O3 nanocomposite
aerogels at different GO ratios (10, 30, and 50%). The
higher the GO content in the composite has provided the
smaller the particle diameter. The FESEM image of nano-

10 20 30 40

T T T T 1
50 60 70 80 920

20 (deg:)

Figure 7. XRD pattern of nanocurcumin.
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Figure 8. EDX analysis of ZnO NPs.
. A Element | Weight % | Atomic %
) O 54.5 66.9
Al 45.5 33.1
0 A0
Oev S keV 10 eV 15 keV 20 keV
Figure 9. EDX analysis of y-Al;O3 NPs.
Element | Weight % | Atomic %
e C 46.6 54.4
| 0 513 45
o S 1.0 0.4
« Rb 1.1 0.2
§
%
0 .
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Figure 10. EDX analysis of GO NPs.
R .| Element | Weight % | Atomic %
: C 11.8 25.8
O 25.6 42.1
"o Al 12.0 11.7
y /n 50.6 20.4

In

10 keV

15 ke
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Figure 11. EDX analysis of GO/ZnO/Al,03 nanocomposite aerogel with GO of 10%.
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Figure 12. EDX analysis of GO/ZnO/Al,03 nanocomposite acrogel with GO of 30%.
w! Element | Weight % | Atomic %
C 61.6 74.0
* O 22.6 20.4
Al 6.7 3.6
T Zn 9.1 2.0
0 7,
In
j Oev 5 keV 10 keV 15 keV 20 keV
Figure 13. EDX analysis of GO/ZnO/Al, O3 nanocomposite aerogel with GO of 50%.
Element | Weight % | Atomic %
i C 38.7 48.0
“ o 0 51.7 48.1
K Mg 1.0 0.6
) P 0.6 0.3
i Cl 0.8 0.4
g K 7.1 2.7
eV . . SkeV 10keV 15 keV 20 keV

Figure 14. EDX analysis of Nanocurcumin.

curcumin in figure 15 (g) shows particles 36.75 — 52.42
nm in diameter. The particles constituting the composite
change their shape as the amount of GO increases, appear-
ing smoother or more uniform in shape. The ZnO and Al,03
particle sizes are expected to decrease with increasing GO
content, which could increase the aggregation density or
particle agglomeration. By increasing the GO content, sur-
face characteristics such as porosity and roughness can be
improved, which influences how the material interacts with
its surroundings.

3.5 Optical properties

Two different electronic transitions are seen in GO, the
7 — 7r* transition and the n — 7* transition. Usually, light in

the visible or ultraviolet spectrum is absorbed as a result of
the 7 — 7= transition, which occurs at 239 nm. This change
is associated with the delocalized 7 bonding network in the
graphene plane. However, the oxygen-containing functional
groups on the graphene surface are linked to the n — 7 elec-
tronic transition, which occurs at 313 nm. The functional
groups in GO can modify the electronic structure of the
graphene lattice, such as by opening a bandgap, which can
drastically modify the optical and electrical characteristics
of the material. Figure 16 (a) shows the UV spectra and
band gap energy of GO. Figure 16 (b) shows the absorption
peak of ZnO appears at 382 nm in the UV region, which is a
characteristic of wurtzite hexagonal- phase ZnO. The band
gap is the separation between the lowest empty conduction
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Figure 15. FESEM Images of, (a) ZnO, (b) Al,03, (c) GO, (d) composite Aerogel of 10%, (e) 30%, (f) 50%, (g) Nanocurcumin.
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band and the valence band of a semiconductor. It establishes
the amount of photon energy that must be absorbed by the
semiconductor for photoelectron and hole photogeneration
to occur, figure 16 (c) depicts the UV-Vis spectra and band
gap of Al,O3 NPs, revealing a peak at 262 nm, which is
attributed to the photoexcitation of electrons from the va-
lence to the conduction band. The optical properties of the
GO/Zn0O/Al,03 aerogel nanocomposite with different GO
ratios (10, 30% and 50%) were elucidated using UV-Vis.
spectroscopy. Figures 16 (d), 16 (e), and 16 (f), show, that
the peak intensities decrease with increasing ZnO concen-
tration. By projecting the linear part of the curves onto the
intersection with the hv axis based on this relationship, the
optical band gap energies were calculated using the Tauc
plot of the UV-Vis data in Table 1.

IIND16 (2025) -162529 9/15

hv is the photon energy, A is a constant, and « is the ab-
sorption coefficient when n = 2 indicates indirect permitted
transitions [24].

From Table 1, we concluded that an increase in GO amount
is seen to increase the band gap energy of all the compos-
ites due to the blue shift in the wavelength, which can be
attributed to the reduction of ZnO and Al,Oj3 sizes.

3.6 Photochemical properties

The photochemical properties of the prepared compounds
were studied by measuring the efficiency of dye-sensitized
solar cells fabricated using GO/ZnO/Al, O3 nanocomposite
aerogels at different GO ratios (10, 30 and 50%) as the
photoanode. Figures 17 (a), 17 (b), 17 (c), Figures 18 (a),
18 (b), 18 (c), and Figures 19 (a), 19 (b), 19 (c) show the
I-V curves of the fabricated dye-sensitized solar cells.

Table 2 shows the efficiencies of dye-sensitized solar cells
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Figure 16. UV-Vis. Spectra and Tauc’s plots for the energy band gap of the (a) ZnO (b) y-Al,03 (c) GO (d) composite Aerogel of 10% (e) composite

Aerogel of 30% (f) composite Aerogel of 50%.

% as anode and different dyes (nano curcumin, methylene
blue, and mixed of dyes) as sensitizers.

The changes in Isc and V¢ values are caused by a change
in the type of dye, which plays an essential role in absorbing
photons and stimulating electrons, leading to the generation
of electric current [25]. This was observed when using

methyl blue or adding it to nano curcumin. The presence of
GO and ZnO in the nanocomposite aerogel can be increased
the electrical conductivity of photoanode due to act as an
electron acceptor and makes it easier for photogenerated
electrons to move quickly, it lowers the e-h recombination
rates.

Table 1. Band gap energies of prepared Nanomaterials.

Nnaomaterial Band gap energy(eV)
ZnO 2.6

v-Al,03 4.94

GO 32

GO/Zn0O/Al;,03 (10%) 2.65

GO/Zn0O/Al;,03 (30%) 2.78

GO/ZnO/Al,03 (50%) 291
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Figure 17. I-V Curve of Dye-sensitized solar cell using composite Aerogel 10% as anode and (a) nanocurcumin (b) methylene blue (c) mixed of dyes.
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Figure 18. I-V Curve of Dye-sensitized solar cell using composite Aerogel 30% as anode and (a) nanocurcumin (b) methylene blue (c) mixed of dyes.
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Figure 19. I-V Curve of Dye-sensitized solar cell using composite Aerogel 50% as anode and (a) nano curcumin (b) methylene blue (c) mixed of dyes.
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Table 2. Parameters of dye-sensitized solar cells.

Kamil & Hadi Hussain

10%
Dye Voc (V) Isc(mA) FE 0%
nanocurcumin 0.338 4.9 0.187  0.31
Methylene blue 0.228 1.27 0.24 0.07
Mixed of dyes 0.281 4.21 0.188  0.22
30%
Dye Voc (V) Isc (mA)  FF n%
nanocurcumin 0.689 0.62 0.63 0.27
Methylene blue 0.659 0.6 0478  0.19
Mixed of dyes 0.694 0.61 0.525 0.22
50%
Dye Voc (V) Isc (mA) FF n%
nanocurcumin 0.287 0.03 0.225 0.002
Methylene blue 0.344 5.81 0.178  0.36
Mixed of dyes 0.259 1.98 0.225  0.12
4. COIlClllSiOH [3] R. Tharmakularasa, H. G. Fatemeh, V. Dhayalan, R. Punniamoorthy,
. L and S. Meena. “Enhanced Photovoltaic Properties of Dye-Sensitized
The successful synthesis and characterization of the Solar Cells through Ammonium Hydroxide-Modified (Nitrogen-
GO/ZnO/Al,03 nanocomposite aerogel highlight its Doped) Titania Photoanodes.”. 1. J. E. Res., 12, 2023.
potential as an excellent photoanode in dye-sensitized DOI: htps://doi.org/10.1155/2023/1090174.
solar cells using either nano curcumin or methylene blue [4] H.H. Nguyen. “Graphene-Based Material for Fabrication of Elec-
as a sensitizer. The results show that when mixed with trodes in Dye-Sensitized Solar Cells.”. pages 1-19, 2019.
methylene blue, nano curcumin performs better than used DOL hitps://doi.org/10.5772/intechopen.93637.
alone. The DSSC fabricated with an Optimized phOtoaHOde [5] M. Larisa and C. Cristiana. “Aerogel, a high-performance material
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