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ABSTRACT

The enhancement of solar cell efficiency, is required to use materials
of a good electrical properties. In this work, the graphene quantum
dots (GQD) created from starch as precursor has been performed
in single pot using a hydrothermal process. The TiO,/GQD nano-
composite was prepared using an in-depth ultrasonic technique
to use as a semiconductor in a solar cell. The investigated using
techniques such as: FT-IR, FE-SEM, XRD, Raman spectrum.
Additionally, the synthesis and the characterization of novel
porphyrin derivatives with amide, were designed as sensitizers
in dye-synthesized solar cells (DSSCs). Five derivatives were
synthesized via a one-pot reaction of porphyrin with amines,
and their optimal yield was obtained under various conditions.
The synthesized dyes were characterized using techniques such
as melting point analysis, mass spectroscopy, FT-IR, 'H,”C-NMR
and ESI-Mass. The obtained results demonstrated that the 6b dye
exhibited with the high efficiency of 1.86 % at AM 1.5, followed by
6a with 1.82 %, 8a with 1.34 %, and 8b with 1.14 %, as compared to
the control cell (N719) with an efficiency of 5.4 %.
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INTRODUCTION

Graphene quantum dots (GQDs) are a novel
class of carbon materials that have drawn a lot
of interest for their tunnelable PL characteristics,
low toxicity, hydrophilic makeup, favorable
biocompatibility, and superior photo-stability
[1-5]. Graphene quantum dots (GQDs), a kind
of carbon-based quantum dot, have lately been
employed in DSSC applications because of its high
PL quantum yield, chemical stability, low toxicity,
and very high optical absorptivity [6, 7]. One or
more graphene layers having a thickness of 20
* Corresponding Author Email: luma.ahmed@uokerbala.edu.iq

nm or less are referred to as zero-dimensional
(0 D) GQDs. Due to their quantum size and edge
effects, GQDs have a bandgap that is less than 2.0
eV [8]. Due to the fact that the bandgap of GQDs
changes with their size, replacing ruthenium-
based dye with them as a green photo-sensitizer
is thought to be a novel strategy for greater
efficiency DSSCs. Reduced GQD size, according to
Li and Hu [9], not only allows for more effective
bandgap adjustment but also makes a broad range
of applications possible. The first functional DSSCs
were created in 1991 by O’Regan and colleagues,
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with a power conversion efficiency (PCE) of 7%
when illuminated by AM 1.5 [10]. Ten years later,
TiO, nano powder was used as a semiconductor
electrode by Naseeruddin and colleagues, and
the efficiency of DSSCs was reported to be 11.4
percent [11, 12]. For DSSCs, a large selection of
organic dyes with the donor and acceptor system
have been developed [13-15]. According to earlier
research, modifying photoelectrodes with a
combination of GQD and TiO, may increase DSSC
efficiency. In order to help dye-Sensitized TiO,-PA,
Xiaoli Fang and his colleagues produced GQDs.
They looked at how the GQDs affected the DSSCs’
and TiO, photoanode’s characteristics. According
to Kim and Lee [16, 17], using GQD (about 5.0—
10.0 nm) TiO, layers enhanced the performance
of DSSCs. In our earlier study, we successfully
created GQDs using the hydrothermal method,
and we looked into the functionality of DSSCs that
used ZnO photo-anodes (Zn0) by replacing N-719
with GQDs as a photo-sensitizer. The GQDs may be
used as an alternative to ruthenium-based dyes as
the efficiency of DSSC employing ZnO submerged
in GQDs is comparable to devices using N-719
[18]. To boost the PCE of DSSCs, the photo-anode
is crucial. The impact of immersion duration and
photoanode thickness must be studied in order to
increase the efficiency of DSSCs that use GQDs as
the photosensitizer. Porphyrins are often excellent
candidates for use as the primary ingredient in
photocatalytic catalysts [19]. The porphyrins
have a wide visual absorption spectrum at
a high molecular absorption coefficient due
to the massive delocalized -electron system
[20]. Porphyrins are also widely distributed in
nature, easy to synthesize, and photochemically
stable. By adjusting the substituents and central
metal species, several investigations have been
conducted to investigate the uses of porphyrins.
For example, the correlations between the
dye structure and solar cell efficiency [21], the
interfacial charge transfer mechanism [22], and
photocatalysis performance [23] have been
the subject of several landmark results in the
porphyrin research field [24].

This work focused on the synthesis of
graphene quantum dot (GQD) using solvent free
-hydrothermal method from starch as precursor,
and incorporated it with TiO, as a nanocomposite
by ultrasonic technique. The synthesis of new
amides from porphyrin derivatives as four
compounds will prepared with amines derivates.
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The characterization of all prepared compounds
will do and then test them as solar cells where
the one of the electrodes which is TiOZ/GQDl and
other electrode is gold.

MATERIALS AND METHODS
Preparation of Graphene Quantum Dot GQD

The starch was used as the green precursor in
the quick and simple hydrothermal process that
produced the GQDs.The chemical mechanism is
explained, showing that the synthetic process
includes both the initial hydrolysis of starch to
create glucose and the subsequent ring-closure
condensation of glucose to make GQDs. Because of
the comparatively large levels of the ionic product
of H* and OH under hydrothermal conditions,
water is first employed as a hydrolytic medium. The
starch will then constantly hydrolyze with water
and no chemical agent in the presence of H* to
produce a variety of components, such as glucose,
fructose, maltose, and aldehydes. According to the
carbon balances, traces of gaseous products are
also created, albeit they are comparatively minor.
As the hydrolysis process progresses, the output
of glucose rises while that of other carbohydrates
drastically declines. As a result, the starch is
mostly transformed into glucose, with trace
quantities of other carbs remaining. Accordingly,
in  hydrothermal circumstances, dehydration
occurs via interactions between hydrogen atoms
of one glucose molecule and the hydroxyl groups
of an adjacent glucose molecule as well as from
reactions between formyl groups and hydroxyl
groups. As a result, carbon atoms engage in
covalent interactions with one another to create
aromatic rings, the fundamental building block of
the graphene structure. In this manner, the ring-
closure condensation of glucose molecules results
in the formation of GQDs. On the other hand, the
carbonization process converts the remaining
carbohydrates into carbide precipitates at high
temperatures and pressures. Generally, the GQDs
solution is produced by filtering the precipitates
away (Fig. 1) [3].

Preparation of TiO,/GQD nanocomposite

The GQD modified by TiO, using indirect
ultrasonic method. 1 g of TiO, was dispersive in
50 mL of ethanol in a beaker, using an ultrasonic
for 1h. In other baker, 0.1g from the GQD was
dispersive in the 5 mL of ethanol using ultrasonic
bath also for 1h. The GQDs and TiO, nanoparticles
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Fig. 1. The green method of synthesis for GQDs.

were linked nano-composite

together as
depended on the ultrasonic energy that enhanced
their interaction and bonding.

Synthesis porphyrin derivatives
Material and instruments of porphyrin derivatives
The chemicals used in this study were
purchased from a number of manufacturers, such
as Sigma Aldrich, and were used directly in this
work without any further purification. On a digital
Electro-Thermal Stuart SMP-30, melting points
were measured and found to be accurate. Fourier
transform infrared spectroscopy (SHIMADZU
FTIR-8400S) and were expressed in cm1. Nuclear
magnetic resonance spectra were performed in

628

DMSO-d6 on a Bruker spectrometer (500 MHz for
'H NMR, 125 MHz for **C NMR). ESI-mass spectra
were obtained on an Agilent Technology (HP)
instrument (El, 70 eV).

Synthesis of 4-(10,15,20-tris(3-hydroxyphenyl)
porphyrin-5-yl) benzoic acid (4)

pyrrole (4 mol) was added to a solution of
substituted aldehyde (4-formylbenzoic acid) (1
mol) and (3-hydroxy benzaldehyde) (3mol) in
propionic acid (20 mL), and the reaction mixture
was refluxed for one hour in the dark after that.
After that, the solution was filtered and washed
with water hot.
4-(10,15,20-tris(3-hydroxyphenyl) porphyrin-5-yl)
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benzoic acid (4)

Color: Black powder: Yield 25%, mp > 350°C FT-
IR (KBr, Cm™):3309-2400(0OH), 3009(C—H aromatic)
,1708(C=0), 1585 (C=N), 1485(C=C), 1222(NH
band)., *HNMR (500MHz, DMSO-d,): 6H (ppm):
12.49 (s,1H-COOH). 8.83-8.41 (m,8 Pyrrole-H),
8.11-7.29 (m 13 Ar-H), 7.06 (s, 30H), 6.76 (m, 3H),
-1.45(s,1NH, ), -2.64 (s,1NH, )., **C NMR (500MHz,
DMSO-d6) 6 C 115.59, 120.25, 120.28, 122.22,
122.52, 123.76, 123.89, 123.99, 126.57. 126.64,
129.64, 126.99, 127.06, 128.55, 128.94, 129.60,
129. 67, 130.56, 130.64, 136.36,136.52, 139.86,
143.44, 143.88, 146.84, 153.68, 153.68, 156.14,
169.36., EI-MS calcd exact mass (C H_N, O,)
706.76; found, 706.6.

Prepare Compound 6a,6b

1 mmol of SOCI, was added of (2 mmol)
4-(10,15,20-tris(3-hydroxyphenyl) porphyrin-5-yl)
benzoic acid. The mixture was stirred at 70 rpm for
30 minutes at environmental temperature, then
DMF (5mL) was added with continuous stirred for
10 minutes at same temperature. The final solution
was transferred to round bottom flask volume (25
mL), amines (benzidine, 4,4’-Oxydianiline) were
added to the last solution with reflex at 120 °C for
2 hours, and then triethylamine (Et,N) was added
with continuous reflex at 120 °C for lhuore. The
black solution was added to ice crystal, filtration
and washing by ethanol.

N, N’-([1,1’-biphenyl]-4,4’-diyl) bis(4-(10,15,20-
tris(3-hydroxyphenyl) porphyrin-5-yl) benza -mide)
(6-a)

Color: Black powder: Yield 65%, mp >350°C FT-
IR (KBr, Cm?):3406(NH Stretch), 3200-2400(0H),
3051(C—H aromatic) ,1697(C=0), 1600 (C=N), 1508
(C=C)., *HNMR (500MHz, DMSO-d,): 6H (ppm):
9.61 (s,2H-CONH). 8.80-814 (m,16 Pyrrole-H)),
8.06-7.17 (m 34 Ar-H), 7.05 (s, 60H), 6.86 (m,
6H), -1.45 (s,2NH,), -1.74 (s2NH, )., ES-MS
caled exact mass (C, H,N, O,), 1561.73; found,
1561.69.

N,N’-(oxybis(4,1-phenylene)) bis(4-(10,15,20-
tris(3-hydroxyphenyl) porphyrin-5-yl) benzam -ide)
(6-b)

Color: Black powder: Yield 65%, mp > 350°C
FT-IR  (KBr, Cm?):3414(NH Stretch), 3200-
2400(0H), 3051(C-H aromatic) ,1693(C=0), 1581
(C=N), 1442(C=C), 578(C-0)., *HNMR (500MHz,
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DMSO-d): 6H (ppm): 9.90 (s,2H-CONH), 8.88-
8.27 (m,16 Pyrrole-H)), 8.13-7.11 (m 34 Ar-H),
7.09 (s, 60H), 6.61 (m, 6H), -1.43 (s,2NH, ), -1.61
(s,2NH, )., EI-MS calcd exact mass (C,H. N, O,),
1577.73; found, 1577.69.

Prepare Compound 8a,8b

1 mmol of SOCI, was added of (1 mmol)
4-(10,15,20-tris(3-hydroxyphenyl) porphyrin-5-yl)
benzoic acid. The mixture was stirred at 70 rpm for
30 minutes at environmental temperature, then
DMF (5mL) was added with continuous stirred
for 10 minutes at same temperature. The final
solution was transferred to round bottom flask
volume (25 mL), amines (2-amino Benzimidazole,
1-(4-amino phenyl) ethan-1-one) were added to
the last solution with reflex at 120 °C for 2 hours,
and then triethylamine (Et,N) was added with
continuous reflex at 120 °C for 1huore. The black
solution was added to ice crystal, filtration and
washing by ethanol.
N-(1H-benzo[d]imidazol-2-yl)-4-(10,15,20-tris(3-
hydroxyphenyl) porphyrin-5-yl)benzamide (8-a)

Color: Black powder: Yield 66%, mp >350°C FT-
IR (KBr, Cm™):3410(NH Stretch), 3248-2400(0OH),
3066(C-H aromatic) ,1697(C=0), 1600 (C=N),
1481(C=C)., 'HNMR (500MHz, DMSO-d): G&H
(ppm): 11.37(s, 1NH), 10.43 (s,1H-CONH). 8.45
(m,8 Pyrrole-H)), 8.11-7.18 (m 17 Ar-H), 7.06 (s,
30H), 6.90 (d, J = 2.2 Hz, 3H), -1.45 (s,INH_),
-2.64 (s,1NH_)., ®*C NMR (500 MHz, DMSO-d6) &
C 94.40, 100.01, 115.66, 123.03, 126.94, 129.82,
130.04, 130.43, 130.57, 138.63,144.17,144.77,
147.97, 156.63, 156.83, 162.84, 163.35, 167.30,
168.90., Anal. Calcd for (C_H,.N.O,): C, 75.99; H,
4.29; N, 11.93; O, 7.79 found C, 75.85; H, 4.20; N,
11.74%.,

N-(4-acetylphenyl)-4-(10,15,20-tris(3-
hydroxyphenyl) porphyrin-5-yl) benzamide (8-b)
Color: Black powder: Yield 60%, mp > 350°C FT-
IR (KBr, Cm™):3302(NH Stretch), 3228-2400(0OH),
3016(C-H aromatic), 2928 (C-H aliphatic)
,1697(C=0), 1597 (C=N), 1481(C=C)., HNMR
(500MHz, DMSO-d,): 6H (ppm): 9.26 (s,1H-CONH).
8.52-8.36 (m,8 Pyrrole-H)), 8.14-7.20 (m 17 Ar-H),
7.02 (s, 30H), 6.84 (d, J = 2.2 Hz, 3H), 3.64 (s, 3
CH,), -1.45 (s,INH_), -2.64 (s,INH_)., °C NMR
(500 MHz, bDMSO-d6) 6 C 94.40, 100.01, 115.66,
123.03, 126.94, 129.82, 130.04, 130.43, 130.57,
138.63, 144.17, 144.77, 147.97, 156.63, 156.83,
162.84, 163.35, 167.30, 168.90., Anal. Calcd for
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(C..H,.N.O.): C, 77.26; H, 4.53; N, 8.50; O, 9.71

53 37 575

found C, 77.16; H, 4.42; N, 8.35%.

Preparation and testing DSSCs

Fluorine-doped Tin Oxide (FTO) glass sheet
were cleaned using an ultrasonic bath and washed
with distilled water and ethanol. 3.0 g of TiOz/
GQD nano powder were combined with 15 mL of
ethanol, 2.5 mL of Triton X-100, and stirred TiOz/
GQD. To create TiOZ/GQD paste, the mixture was
agitated under moved using a tiny magnetic bar
for 45 minutes. Using an eye dropper, the TiO,/
GQD paste was put onto the FTO glass sheet,
where it was then applied using the doctor blade

method to create a thin coating of TiOZ/GQD (0.5
cm? area). The glass sheet with the TiO,/GQD layer
was heated for 30 minutes at 70 °C before being
sintered for 45 minutes at 400 °C. The deposit
TiO,/GQD was submerged in the dye solution (10°
mL) for 5 hours after cooling. A gold was used to
draw the counter electrode on a piece of another
conducting glass (FTO). By sandwiching the TiO,/
GQD thin layer with dye and counter electrode
with an I'/I* redox electrolyte solution, a DSSC was
created.

Fabricated solar cells were tested using a solar
simulatorequipped witha450 W xenon light source
(Osram XBO 450) and filter (Schott 113) for DSSCs.

Fig. 2. Steps of Fabrication DSSCs.
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By employing a Si photodiode was employed as a
reference, along with a KG3 Schott color-matched
filter, to minimize the mismatch in wavelength
(350-750) nm between AM 1.5 and simulated light
to less than 5%. The power of the solar simulator
was regulated to the standard test of the DSSCs
AM 1.5. To perform JV characterization of the solar
cells, a digital source meter (Keithley model 2400)
was used to establish an 80 ms delay between
voltage and current density.

Preparation of the Counter Electrode (CE)

Adrop of iodine solution between two prepared
electrodes was added. An iodine solution was
prepared by combining (0.05M) of iodine(l,)
with (0.5M) of potassium iodide (KI) in solvent
of ethylene glycol and acetonitrile with a volume
ratio of (4:1), respectively. The solution is then
maintained in an opaque container after shaking
the flask until the iodine has fully dissolved.
In order to prevent the solution from leaking
beyond of the designated cell region, the counter
electrode is then put on the working electrode and
the solution is retained in an opaque container.

Fig. 2 illustrates the steps involved in the

fabrication of dye-sensitized solar cells (DSSCs):
(A) starting with a cleaned FTO substrate was
install it, (B) prepared of the anode part of cells
were performed by a mixture of TiO,/GQD
nanoparticles, ethanol, and Triton X-100 as a paste,
(C) the TiO,/GQD layer is annealed via heating by
heater, (D) the FTO substrate with the TiO,/GQD
layer is immersed in a dye solution, (E) a gold
electrode is put onto the dye-coated substrate to
be contacted, (F) the DSSC structure is completed,
(G) the power output of the solar cell is applied,
(H) a source meter (Keithley model 2400) is used
for measured the active signal.

RESULTS AND DISCUSSION
Synthesis of Compounds 4, (6a, b), (8a, b)

The first step included the preparation of
a compound (4) by the reaction of pyrrole
(1) with  4-formylbenzoic acid (2) and
3-hydroxybenzaldehyde in the presence of
propanoic acid as a catalyst and a solvent at the
same time (Fig. 3). This product was diagnosed
using the infrared spectrum by the appearance
of OH, and CO groups in carboxylic acid at radii
of 3309, and 1708 cm?, respectively. The *H-NMR

[e]
OH
HO O O

propanioc acid

OH O

ref. 1h

(C))

Fig. 3. preparation of compound 4.

COOH
1) 2) 3)
HO
2(@) —
sOCl, 2 ET3N
HO
(5 Ar A
O
b HzN—@ @—NHz
. J

(6a,b)

Fig. 4. Preparation of compound (6a, b).
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Fig. 5. Preparation of compound (8a, b).

spectra of compound 4 showed a singlet signal at
-1.45(1H),-2.64 (2H), which can be attributed to
the N-H in the pyrrole group and singlet signal at
12.49 (1H) which can be attributed to the COO-H
in the benzoic acid.

The second step involved the reaction of
compound (4) with a variety of amines to obtain
(6a-b) and (8a, b), as explained in (Fig. 4 and Fig. 5).
These compounds were investigated using infrared
spectrum by disappearing the carbonyl group and
appearing the amide group. The Experimental part
provides all of the porphyrin derivatives’ complete
spectrum information (ESI-MS, FT-IR, 'H, and
13C NMR), as well as melting points. Compound
(4) was reacted with a variety of amines in the
second step to produce compound (6a-c) and
(8a, b), as displayed in (Fig. 4 and Fig. 5). Using
an H NMR, these compounds were identified by

the disappearance of the OH in carboxylic acid
(12.49) and the appearance of the amide group
about (10.40-9.60). The Experimental section
gives comprehensive spectral data (MS, FT-IR, H,
and *C NMR) and melting points for all porphyrin
derivatives.

Characterization of graphene quantum dots

The graphene quantum dots nanoparticular
were prepared in one-pot of compounds (6a,
b), (8a, b). Particularly, the graphene quantum
dots nanoparticular were studied by FE-SEM, FT-
IR, Raman, and XRD analyses. In instance, Fig. 6
depicted the nanoparticular shape of graphene
quantum dots. The FE-SEM picture revealed the
flat and network-like sheets of nanoparticular
graphene quantum dots. In Fig. 6 that the
graphene quantum dots nanoparticular are made

Fig. 6. FE-SEM image of GQD.
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Tablel. Some of the physical characteristics and mass data of synthetic dyes.

Molecular Mass
M. Wt. Dat
Entry Amine Product formula Yield ata
(g/mol) (m/2)
[M+]
6a HZNNHZ CiHesN1oOs 156173 65 1561.69
HO,
o &
OONG
0 ON H 0
6b HZN_@ ONHZ HO O H S Ci2HesN1009 1577.73 65 1577.69
.@g 9
OH
HO OH
HN ;\
(0]
=\
N
Q A
H HO
8a @HrN H, CsoH3sN70s 82190 66 82052
Relfeg
0]
(0]
| QA
HO
8b Cs3H37NsOs 823.91 60 822.30

H,N

HO OH

of aggregated and crumpled thin sheets, which
are also visible with folds and wrinkles on their
surface.

The FT-IR spectrum of the graphene quantum
dots nanoparticular was shown in Fig. 7. The peak
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at about 1516 cm™ is attributed to carbon-carbon
double bonds in the sheets of graphene quantum
dots. Moreover, other peaks at 3394, 2970,1701,
and 1041 cm™ could be assigned to hydrogen-
oxygen, carbon-hydrogen, carbonyl, and carbon-
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Fig. 7. FT-IR spectrum of GQD.

oxygen stretching modes of functional groups
such as carboxylic and hydroxyl groups attached to
graphene quantum dots, respectively.

In order to describe the graphene structure of
the generated GQDs, Raman spectroscopy was
also used. As shown in Fig. 8, two Raman peaks
for the GQDs may be attributed to well-ordered
graphite (G-band) and disordered sp? carbon,
respectively, at around 1352 and 1567 cm™ in the
Raman spectrum. The fact that the G-band is more
intense than the D-band suggests that the GQDs
contain fewer lattice flaws[3]. Because of the ratio

D peak to G peak is less one that enhancement the
amorphous and nanostructure of GQD.

Fig. 9 shows the results of the XRD analysis of
the synthesized GQD’s structure using a Lab X XRD
6000-Shimadzu. The three crucial not-sharp peaks
were seen in the XRD data of the GQD-synthesized
powder, with diffraction patterns at 2 = 28.03°,
12.38° and 21.92°. Using Scherer’s equation (1)
[25-30].

K. A (1)
B.Cos6
L represents the average size of the crystal,

L =

G

| |
1000 1200

Arbitrary Units

| |
1400 1600

Fig. 8. Raman spectrum of GQD.
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Fig. 9. XRD analysis of GQD.

and it is calculated using the equation (1). The
value of k, which is a Scherrer’s constant that
depends on the shape of the crystal, is set to
0.9[31-33]. The wavelength of the X-ray radiation
used for measurement is denoted by A, which is
0.15406 nm for Cu, . The full width of the half-
maximum (FWHM) intensity expressed in radians
is represented by B (originally in degrees, B is
converted to radians by multiplying it by m/180).
The diffraction (Bragg) angle is denoted by 6.

The mean crystallite size (L) in nm for graphene
quantum dots nanoparticular was found to be 9.25

nm. The size is ensuring the generated graphene is
really quantum dots seems to be nanoscale (less
than 10 nm)[34-37].

Characterization of TiO,/GQD nanocomposite
The FT-IR spectrum of the composite TiO,/
GQD nanoparticular was shown in (Fig. 10). The
prepared composites with broad absorption
bands at 30003600 cm™ are attributed to the
OH stretching vibrational absorptions bond. This
suggests that there are numerous hydroxyl groups
present on the surface of the TiOZ/GQD. The

- o =
o & N
S - o
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o
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Fig. 10. FT-IR spectrum of TiO,/ GQD.
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Fig. 11. XRD analysis of GQD/TiO,.

strong intensity peak at 1705 cm™ is associated
with the C=0 stretching vibration in COOH. The
edge of board peaks in TiO, ranged from 675 to
426 cm shifts toward high frequency from 477 to
852 cm! after incorporated to formed a TiOz/GQD
composite. These spectra prove the as-prepared
TiO,/GQD contains COOH functional groups that

40 50 60 70 80

will result in a good hydrophilic property and leads
to enhanced photocatalysis [38].

The results of the XRD analysis of the
synthesized TiO,/GQD nanocomposite in the (Fig.
11 (shows diffraction patterns at 2 25.52°, 48.23°,
38.00° and 55.25 (blue peaks). Moreover, the
very weak some peaks of GQD shift to more two
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Fig. 12. J-V curve of DSSCs sensitized by 6a,6b,8a and 8b.
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Table 2. Photovoltaic characteristics for all colors in a typical environment

Dye Jsc (mA.cm?) Voc (mV) FF (%) PCE (%)
6a 25 0.852 67.6 1.82
6b 2.28 0.821 77.3 1.86
8a 1.60 0.775 77.3 1.34
8b 1.39 0.703 79.7 1.14

theta and be about 29.03° and 22.92°(red peaks)
That proved the composite is prepared and TiO, is
loaded on GQD surface. Using Scherer’s equation
(1), the mean crystallite size (L) in nm for TiO,/
GQD nano composite was determined to be 38.39
nm. The size of the generated composite seems to
be nanomaterial (less than 100 nm)[38, 39].

Dye Sensitized Solar Cells test
The J-V curve was used to compute the open-
circuit voltage (Voc) and short circuit current (Jsc).
The following equations were used to calculate
the solar cells’ efficiency and fill factor (FF) [40].

FF — ]max Vmax

Jsc Voc (2)
_ JscVoc FF 3
= 3)

Where lo is the total incident irradiance, Vmax
is the solar cell’s maximum power point voltage,
and J__ is the maximum power point current.
JSC, Voc, FF, and PCE findings are shown in (Fig.
12) together with the J-V curves for all produced
compounds (Table 2). The efficiencies of using
compounds 6a and 6b in solar cell are more than
the efficiencies of using compounds 8a and 8b.
That due to compounds 6a and 6b contain two
porphyrin groups that includes six hydroxy groups
as an auxochrome.

Form the other hand, compounds 8a is more
active than compound 8b because compounds
8a derivatives with imidazole group that give high
electric density for Lon pair electron of nitrogen
atom.

CONCLUSION

In summary, this work involved the preparation
of graphene quantum dots (GQDs) through a
hydrothermal method. The GQD was incorporated
with TiO, by metallic bonds as a nano-composite.
Series of porphyrin derivatives were used as
sensitizers in solar cells via adsorbing them onto
the surface of the GQD/TiO, paste. The paste was
applied to the FTO surface using Triton X-100 as

J Nanostruct 13(3): 626-638, Summer 2023
[@)er |

a linking material. All the prepared derivatives
were found to be sensitive enough to function as
solar cells. The most efficient compounds were
found to be 6a and 6b, which achieved power
conversion efficiencies (PCE) of 1.82% and 1.86%,
respectively. Compounds 8a and 8b also showed
promising results, with PCEs of 1.34% and 1.14%,
respectively, indicating their potential for using in
solar cell applications.
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