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Methods: In this research, graphene oxide quantum dots (GOQDs)
: have been used in a planar perovskite solar cell. For this purpose,
: GOQDs with sizes smaller than 10 nm were synthesized by the
hydrothermal method. The GOQDs were spin coated on ITO to make
a planar n-i-p perovskite solar cell with the structure
ITO/GOQD/MAPDI3/Spiro-OMETAD/Ag.
Findings: The absorption spectrum of the GOQDs shows no overlap
with absorption band of the MAPbIs perovskite layer. Scanning
electron microscopy (SEM) and X-ray diffraction (XRD) analysis
Keywords: show that a uniform film of crystalline MAPbI3 perovskite has been
L formed on the GOQD layer. The best device performance achieved in
Perovskite, Solar Cell, Graphene = ;. . . ]
= this research for the planar perovskite solar cell is as follows:

Oxide, Quantum  Dot, Planar: o519 14 /em2 Voc=1.02 V, FF=0.67 and PCE=15%.
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Application of Graphene Oxide Quantum Dots in Planar Perovskite Solar Cell

Extended Abstract

Introduction

Hybrid perovskite solar cells have got much
attention during the last decade because of
the fast progress of power conversion
efficiency exceeding 25%. In the planar
perovskite solar cell structure, the
perovskite layer is coated on the electron
transport layer (ETL) and the hole transport
layer (HTL) is placed on top of the perovskite
layer. In this structure, the device is
illuminated from the ETL side. Therefore, the
electrical and optical characteristics of the
ETL has a great impact on the perovskite
solar cell performance. Different materials
such as PCBM has been reported to be used
as the electron transport material in the
planar perovskite solar cell, but PCBM is
very expensive and finding a cheap
replacement for the PCBM can be a great
step in reducing the perovskite solar cell
cost. Here, graphene oxide quantum dots
(GOQDs) with 5-10 nm size are synthesized
with hydrothermal method and are applied
in the planar perovskite solar cell.

Materials and Methods

GOQDs were prepared using the
hydrothermal method. 0.4 g citric acid
(Merck) and 0.224 g sodium hydroxide
(Merck) were dissolved into 7.2 ml DI water
to form a clear solution. Then, the solution
was heated at 190 °C for 24 hours in an
electric oven. The product was then dried by
rotary evaporator, washed and dispersed in
DI water to make the GOQDs with the
desired concentration.

For making the perovskite solar cell, the
glass coated ITO was cut and etched
according to the common pattern using HCI
solution and zinc powder. After cleaning, the
ITO glasses were heated in 500 °C for 30 min.
GOQDs was spin coated onto the substrates
at 4000 rpm for 40 s and dried at 120 °C for
15 min. For deposition of perovskite layer,
Pbl; (Aldrich), CH3NHszl (Dyesol) and
dimethyl sulfoxide (Aldrich) were dissolved
in N,N-dimethylformamide (Aldrich) with a
molar ratio of 1:1:1. Prepared solution was
spin coated on the substrates at 4000 rpm
for 25 s. After 5 second of spinning, 0.5 ml
diethyl ether (Aldrich) was poured on the
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substrates. The perovskite films were then
crystallized at 100 °C for 5 min. the final
perovskite layer with 400 nm thickness has
a shiny black color. The Spiro-OMETAD layer
was then coated on the perovskite layer by
spin coating at 4000 rpm in 20 s. The HTL is
200 nm thick. Finally, a 100 nm thick Ag
layer is coated on the device by thermal
evaporation.

Results and Discussion

The absorption spectrum of the GOQDs show
that these particles absorb photons with
wavelengths smaller than 300 nm. This
confirms that no visible photon will be
absorbed in the GOQD layer and there will be
no absorption loss in the device. TEM images
of the GOQDs show that their size is in the
range of 5-10 nm.

In the planar perovskite solar cell fabricated
in this research, the MAPbI; layer is placed
between GOQD and Spiro-OMETAD layers as
ETL and HTL respectively. The PL spectra of
the perovskite coated on GOQD layer show a
quenched intensity compared to the PL
spectrum of the perovskite layer coated on
ITO. This implies that the injection of
electrons from the perovskite layer to the
GOQDs happens efficiently.

In order to see the quality of the perovskite
layer coated on the GOQD layer, SEM image
of the perovskite layer has been
investigated. The SEM image confirms the
formation of a uniform perovskite layer.
Moreover, the XRD analysis shows the
successful crystallization of the perovskite
layer coated on GOQD.

Solutions of GOQD with different
concentrations have been prepared and
utilized in spin coating of the GOQD layer.
The comparison between the performances
of the devices fabricated with these layers
show that the 5 mg/ml concentration is the
best concentration for the GOQD solution.
The best device performance achieved in
this research for the planar perovskite solar
cellis as follows: Jsc=21.9 mA/cm?, Voc=1.02
V, FF=0.67 and PCE=15%. This device shows
a high external quantum efficiency of around
80% in a wide wavelength range from 350-
800 nm.

Journal of New Materials. 2021; 12 (44): 53-64



Hosseini et al.

Conclusion

In this research, GOQDs with 5-10 nm size
were synthesized by hydrothermal method.
The GOQDs were used in a planar perovskite
solar cell with the structure
ITO/GOQD/MAPbDI3/Spiro-OMETAD/Ag.
The GOQDs coated on ITO using a 5mg/ml
solution of GOQDs in water. Spin coating of
the GOQDs performed at 4000 rpm in 40 s.
The GOQDs show a narrow absorption band
at short wavelengths smaller than 300 nm.
Therefore, no absorption loss in the
perovskite solar cell will happen because of
the GOQDs. The SEM and XRD analysis of the
perovskite layer coated on the GOQD layer
confirms the uniform formation of a
crystalline layer. The best device
performance achieved in this research for
the planar perovskite solar cell is as follows:
Jsc=21.9 mA/cmz?, Voc=1.02 V, FF=0.67 and
PCE=15%.
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