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Photophysics of Water- based Nanoparticulate (NP) Organic Solar Cells: A
New Horizon in Ecofriendly Organic Solar Ink

Mohsen Ameri'?, Ezeddin Mohajerani’, Mathew Griffith!, Paul Dastoor', Daniel Elkington', Feridoun
Samavat?, Michael Dickinson'!
!Centre for Organic Electronics (COE), University of Newcastle, Callaghan, New South Wales 2308, Australia

2 Department of Physics, Bu-Ali Sina University, Hamedan 6516738695, Iran
3 Laser plasma research institute, Shahid Beheshti University, Tehran, Iran

Deposition of ecofriendly functionalized nanoparticles onto solid surfaces has created a new revolution in
electronic devices [1, 2]. Surface adsorbates such as ionic surfactants or additives are often used to stabilize such
nanoparticle suspensions; however, little is presently known about the influence of such surfactants and additives
on specific electronic and chemical functionality of nanoparticulate (NP) electronic devices. This work combines
experimental measurements and theoretical models to probe the role of an ionic surfactant in the fundamental
physical chemistry and electronic charge carrier behavior of solar cell devices prepared using multicomponent
organic electronic nanoparticles. A large capacitance was detected, which could be subsequently manipulated
using the external stimuli of light, temperature, and electric fields. It was demonstrated that analyzing this
capacitance through the framework of classical semiconductor analysis produced substantially misleading
information on the electronic trap density of the nanoparticles. Electrochemical impedance measurements
demonstrated that it is actually the stabilizing surfactant that creates capacitance through two distinct mechanisms,
each of which influenced charge carrier behavior differently. The results confirmed that the surfactant ions do not
create a significantly increased level of charge carrier traps as has been previously suspected, but rather,
preventing the diffusion of mobile ions through the nanoparticulate film and their accumulation at contacts is
critical to optimize the performance.
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ion before and after annealing.

The results of the present work was published in M. Ameri et.al. ACS Appl. Mater. Interfaces, 2019, 11 (10), pp 10074—10088
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Preparation new nanocomposite of polyaniline nanofibers/titanium dioxide
nanoparticles (PANINFs/TiO:NPs) and its application in hybrid solar cell

Mazaher Yarmohamadi-Vasel?, Ali Reza Modarresi-Alama®”, Meissam Noroozifar®®, Mohammad Saeed
Hadavi®
*Organic and Polymer Research Laboratory, Department of Chemistry, Faculty of Science, "Renewable Energies

Research Institute, University of Sistan and Baluchestan, Zahedan, Iran.°Department of Physics, University of
Sistan and Baluchestan, Zahedan, Iran

Polyaniline nanfibers/Titanium dioxide nanoparticles nanocomposite (PANINFs/ TiO;NPs) from aniline
hydrochloride salt, titanium dioxide nanoparticles (TiO2NPs) and FeCl3-6H>O as the oxidant was synthesized
through a simple mechanochemical reaction in solid state and template-free technique. We have used doctor blade
method to prepare films for hybrid organic / inorganic solar cell As ITO | TiO:NPs | PANINFs/TiO2NPs | Al A
series of characterizations were examined for Materials by TEM (transmission electron microscopy), SEM
(scanning electron microscope), the Fourier-Transform Infrared (FTIR) spectra, Ultraviolet—visible spectra (UV—
vis), Cyclic voltammetry (CV). TEM images clearly demonstrate that TiO,NPs are embedded in the PANINFs.
Electrochemical calculations of band gap from CV curves indicated that the forbidden band gap of the
PANINFs/TiO;NPs nanocomposite is 1.78 eV, realizing the complementary advantages of n and p
semiconductors. Their I-V characteristic and power conversion efficiency (PCE) under 100 mWcm 2 irradiation
and AM 1.5 global conditions was measured and discussed. Under illumination, device shows ISC and VOC about
5.52 mA and 0.64V, respectively. For the same device, the fill factor (FF) and power conversion efficiency (PCE)

is 0.52 and 0.91%, respectively. The benefit of this work is synthesis of the nanocomposite using a very simple

and green chemistry method at room temperature and using sample method for fabricating hybrid solar cells.

ITO| TiO2NPs | PANINFs/TiO:NPs | Al

Al
PANINFs/TiO2NPs
TiO:zNPs

Light ﬁ Photo of the solid-state hybrid solar cell sample
02

o 0.1

03 0.4 05 0.6 07

I-V curve of device

Current (mA)

Tmax —4.51 mA
Vmax=0.405V
L= 552 mA
Vo= 0.64 V
= FF=10.52

%= 0.913

Voltage (V)

Figure 1. Schematic diagram of hybrid solar cell sample and I-V curve of device
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Study and fabrication of perovskite solar cells using TiO2/SnO:, TiO2/WO3
and SnO2/WO3 bilayer structures as the alternative electron transport
layers: a comparison between all bilayer types

Mozhgan Kazemzadeh Otoufi!, Mehdi Ranjbar!, Ahmad Kermanpur?, Nima Taghavinia3, Mahsa
Heydari’

'Department of Physics, Isfahan University of Technology, Isfahan 84156-83111, Iran
?Department of Materials Engineering, Isfahan University of Technology, Isfahan 84156-83111, Iran
3Department of Physics, Sharif University of Technology, Tehran, Iran

In planar perovskite solar cells, it is vital to engineer the extraction and recombination of electron—hole pairs at
the electron transport layer/perovskite interface for obtaining high performance. The main idea here is to develop
novel bilayer structures with different Fermi energy levels by combing a compact layer (CL) of 50 nm thickness
as the major electron transporting layer with an ultra-thin layer (UTL) of less than 10 nm thickness. We report all
possible bilayer structure types of TiO2, SnO, and WO3 two by two in 6 different models (fig. 1a), deposited by
the precis reproducible method of RF sputtering as the electron transport layer, in order to investigate the role of
energy band alignment in improving the efficiency by a better control of electron transport and recombination at
the ETL/perovskite interface. This study is not only a good way to increase the efficiency of planar PSCs, but it
is also helpful to understand better the electron transport mechanism in these photovoltaic devices. To further
validate the results of this research, all UTLs were tested based on two different and specific thicknesses of 4 nm
and 10 nm, and the cell fabrications on all the substrates with different ETL types were also carried out
simultaneously in the same cell fabrication run. The structural and electrical characteristics of the samples were
tested by XRD pattern, FE-SEM images, mott-schottky analysis, J-V characterization, electrochemical impedance
spectroscopy (EIS) and UV-vis spectroscopy. Interestingly, current-voltage characterization results represent a
significant efficiency improvement for the TiO, CL/SnO, UTL, TiO, CL/WO3; UTL and SnO, CL/WO; UTL
electron transport bilayer structures while it reveals degraded performance for the cells based on the reverse
structures of SnO, CL/TiO, UTL, WO; CL/TiO, UTL and WO3 CL/SnO2 UTL (fig. 2), all as well as expected.
These achievements are completely in accordance with Mott-schottky results (fig.1b) which reveal that the energy
level structures of FTO/Ti0,/SnOx/perovskite, FTO/TiO,/WOs/perovskite and FTO/SnO,/WOs/perovskite (in
contrary with their reverse structures) help to transport the photo-induced carriers (fig. 1c), avoiding charge
accumulation to reduce recombination. These results suggest a promising and simple approach to further design
efficient photovoltaic devices from the aspect of charge transport and recombination.
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Figure 1: The schematic of the different Figure 2: The J-V characterization results of the champion cells based on (a) 5n02,
structures of the fabricated cells. (b) WO3 and (c) TiO2 compact layers.
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Effect of P-I-N-type perovskite layer parameters on performance of solar
cells by the device simulator SCAPS

TSl pllze o) (Jouw; Loy LS ol B36
S5 0aSily ¢yl olBisls
gy el Lawdly g 55 0aSiigh, ¥

To optimize the performance of the device, we have used a simulation platform of carrier transport. The
accumulation of ions and their spatial distribution at the interfaces of the perovskite can create an asymmetric or
symmetric distribution of the internal field at the interfaces of the perovskite. This can influence the carrier
transport in the perovskite solar cell with electron-transport and hole-transport layer. As simulation model, we
introduced the n-type and p-type perovskite layers near the electron transport layer TiO; and Spiro-OMeTAD,
respectively. The non-radiative recombination rate, depending on the crystalline quality of the perovskite film,
acts as important factor to degrade the cell. The perovskite solar cell is architected with layer configuration of
glass substrate/ TCO/TiO; planer /n-type MAPbI; layer /i-type MAPbI; /p-type MAPbI; layer /Spiro-OMeTAD
/metal back contact (see Fig. 1). We studied the role of recombination current for every interface. By changing
the recombination coefficient at MAPbI3 layer (n-type) near the ETL and i-type MAPDI3;, we see different
performance of cells regarding the efficiency and open circuit voltage. The open circuit voltage showed a change
between 0.78 to 1.05 V in the device simulator SCAPS. In addition, by over increasing in the recombination
coefficient, the short circuit current decreased. By changing the recombination coefficient of MAPbI; layer (p-
type) near the HTL, no changes were observed in the efficiency and open circuit voltage.
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Fig2 : ) J~V curves for different recombination coefficient of Fig 1 : The planar architecture of perovskite solar cell
n, p and i-type layer of MAPbI;
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