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In the past decades, the study of nanostructured materials has attracted great interests because its high potential for widespread application including

dye-sensitised solar cell, nanoelectronics, information storage devices and sensors [1, 2]. Thus, the development of various forms of nanomaterials [3]

using various synthesis methods, morphology-controlled growth and in special, three-dimensional (3D) hierarchical architectures have sparked more

research works in the last years for their high surface-to-volume ratio. The improvement in the photovoltaic performance of such devices also depends

on the increase of the efficient dye loading by significant enhanced specific surface areas.
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Fig. 2.  SEM  images of p-type CuGaO2 samples a) , c) 1h at fast quenching, b) 1h, c) 2h. 
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Fig. 1. X-ray diffraction patterns of of p-type CuGaO2 samples 

using EG as surfactant at different reaction times.

Fig. 3. Bang gap of of p-type CuGaO2 samples a) 1h, b) 2 h 
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Fig. 4. Photocurrent-voltage of p-type CuGaO2 samples  1h 

Photovoltaic properties

➢ In summary, this paper demonstrated a facile method for the synthesis of CuGaO2

nanoplates and 3D hierarchical flower-like nanostructures using a facile one-step

hydrothermal synthesis, in the presence of EG.

➢ The growth mechanism and the effects of the reaction parameters on the formation of the

3D hierarchical flower-like CuGaO2 nanostructures were investigated in detailed.

➢The presence of EG and reaction time play an important role in determining the final 3D

hierarchical flower-like morphology.

➢ It is significantly to note that the prepared 3D hierarchical flower-like CuGaO2

nanostructures exhibits highest specific surface areas reported (60 m2/g with EG).

Abstract

Aims
➢ The aim of this work is to report for the first time the fabrication of the three-dimensional (3D) hierarchical flower-like CuGaO2

nanostructures in a high uniformity by a facile one-step hydrothermal synthesis. It is significantly to note that the prepared 3D

hierarchical flower-like CuGaO2 nanostructures exhibit the highest specific surface areas reported (60 m2 /g).

➢ Due to the efficient dye loading by high specific surface areas, the performance of p-DSSCs based on delafossite CuGaO2 is enhanced.

1. Synthesis of CuGaO2 with 3D hierarchical flower-like nanostructures and nanoplates

morphologies

First, delafossite type oxide with 3D hierarchical flower-like nanostructures and nanoplates CuGaO2 were

prepared by a facile one-step hydrothermal synthesis. Stoichiometric amounts (Cu/Ga =1/1) of 1 mmol

Cu(NO3)2·3H2O (Merck, 98%), 1 mmol Ga(NO3)3 (Merck, 98%) and 5 mL of ethylene glycol anhydrous purchased

from (Sigma Aldrich), were dissolved in 16 mL of distilled water. The final deep blue solution was poured in a 25

mL aqueous solution (35% filled Teflon bomb) adjusted at pH of 5.5 with NaOH solution. The hydrothermal

precursor was then transferred into a 60 ml Teflon-bomb autoclave and kept at 250 °C using a reaction time from 30

minutes to 2 h. The obtained precipitates with different color from light yellow to dark grey were washed with liquid

ammonia (30%) and distilled water in sequence for several time to remove the Cu2O impurity phase.

2. Caracterization of CuGaO2 with 3D hierarchical flower-like nanostructures and

nanoplates morphologies

The product was dried in an oven at 80°C for 4 h. The reaction time has a strong impact on the color of the final

materials and is related to the size of CuGaO2 particles. The structure of products was determined by powder X-ray

diffraction (XRD) PW 3040/60 X’Pert PRO using Cu-Kα radiation with (λ=1.5418Å), in the range 2θ = 10 - 80°.

The morphology of CuGaO2 samples was observed using a Scanning Electron Microscope Inspect S (SEM) and a

Transmission Electron Microscope (TEM, Titan G2 80-200). Brunauer–Emmett–Teller (BET) analysis was used to

determine the surface area measurements were achieved by using Quantachrome Nova 1200e device in nitrogen at

150 K temperature. The diffuse reflectance spectra (DSR) was obtained using a Lambda 950 UV-Vis-NIR

Spectrophotometer with 150 mm integrating sphere in the wavelength range of 300–800 nm.

3. . Preparation of thin film and DSSC based on CuGaO2 with 3D hierarchical flower-like

nanostructures and nanoplates morphologies

The paste for the film was made by adding 100 μL acetic acid, 0.15 g ethyl cellulose in 5mL ethanol and 1ml

terpineol as dispersant into about 100 mg of CuGaO2-P123 and CuGaO2-EG powder, respectively. This paste was

ultrasonically mixed for 60 minutes. The resulting paste with a suitable viscosity was deposited on FTO-coated glass

substrate using doctor Blade method and sintered at 100 °C for 1 hour. The films were sintered under air flow at 350

°C for 1 h in order to burn off the organic binder. After cooling to 100 °C, the films were immersed into a 0.3 mM

P1 dye in acetonitrile solution under dark, for 24 h. Catalytic counter electrodes were produced by the thermal

decomposition of the H2PtCl6 solution on FTO coated glasses using a hot-wind gun set at 400 °C for 30 min.

The CuGaO2-P123 and CuGaO2-EG photocathodes were sandwiched together with the platinized counter

electrodes using a 60 μm thick spacer Meltonix 1170-60 and with the electrolyte containing 1 M BMII, 0.2 M I2,
0.5M LiI, and 1.5M of 4-tert-butylpyridine in acetonitrile. Solar cell performances were recorded on Keithley 2450

SourceMeter SMU Instruments, under AM 1.5G simulated sunlight (100 mW/cm2).
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