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Bismuth oxide (Bi,O;) nanoparticles are synthesized and evaluated for
their function as materials for solar cells. Bi,O; solution is inexpensively
produced from the Nigella sativa seeds using a green synthetic method.
The synthesized Bi,O; solution is deposited by droplet casting method, and
the synthesized nanofilm is dried at 80°C. Subsequently, diagnostic tests
such as UV-VIS, XRD, and FTIR are performed on the Bi,0;/glass thin
films. By means of the SEM, EDS, AFM, and I-V characteristics in dark
and under illumination, the optical and structural characteristics of Bi,0;-
nanoparticle films are investigated to determine the optical energy gap
and crystalline material. X-ray diffraction reveals the presence of a
tetragonal crystal system in the phase. The estimated band-gap energy E,
is approximately E, =3.6 eV, and FTIR analysis shows the degree of in-
frared absorption as a function of wavelength to demonstrate the presence
of functional groups in bismuth-oxide molecules from Bi—O bonds. SEM—
EDS morphology studies examine the occurrence of nanocrystals of vari-
ous shapes and sizes. Finally, as a bulk heterojunction device, the I-V
performance of the solar cell (Ag/Bi,0;/PSi/Si/Ag) deserves attention,
and a fill factor FF =48 is found for a solar-cell efficiency of 2.8%, ideal-
ity factor = 1.35, characterization resistance R.; =175 Q, and the paral-
lel resistance =25.14 Q-s. This cheap nanoparticle material could be an
ideal candidate for future energy applications.

CuHTe30BaHO I OI[iHeHO HAaHOUYACTHMHKU oKcuay Bicmyry Bi,O; Ha mpegmer
ixHBOI QYHKIII AK MaTepidAaiB Ois coHAYHUX ejgeMeHTiB. Posumnu Bi,O; mHe-
IOPOT0 BUPOOJIAIOTH 3 HACIHHA YOPHYIIKU ITOCIBHOI 3€JI€HUM CUHTETHUYHUM
metogoMm. CunHTesoBaHMii posumH Bi,0; ocamKylOTb MeTOZOM KpAaIeJHLHOTO
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JUTTS, a CHUHTEe30BaHY HAHOILIIBKY BUCYINYIOTh 3a Temieparypu y 80°C.
3roomM IiATHOCTUYHI TECTH, TaKi AK CIEKTPO(POTOMETPiss B ONTUUYHOMY (BU-
OIUMOMY) OiANasOHi 3 MPUJIETIUM IO HBOTO yJAbTPadioJeTOBUM IisimasoHOM,
PeHTIeHiBCcbKa Audpakiia i iH)pauepBoHa CHEKTPOCKOIIiA Ha OCHOBI Iepe-
TBOpeHHs Pyp'e MPOBOAATHCA HA TOHKHUX ILIiBKax Bi,0;/ckio. 3a momomo-
roi0 CKaHYyBaJIbHOI €JeKTPOHHOI MiKPOCKOIIil, eHeproAuclIepciiiHol peHTre-
HiBCBKOI CIIEKTPOCKOIIi1, aTOMHO-CHJIOBOIL MiKpockomii Ta I-V-
XapaKTePUCTUK Yy TeMPABi Ta 3a OCBITJIEHHS NOCTIAMKEHO OINTUYHI Ta CTPYK-
TypHi XapakTepucTuku Bi,O;-HaHOYACTMHKOBUX ILIIBOK [JiA BU3HAUEHHS
ONTUYHOI eHepreTUUYHOI IMiJIWMHU Ta KPUCTAJIiYHOrO MaTepiany. PeHTreHiB-
cbKa Au(PaKIisad BUABJIAE HAABHICTh TETPAroHAJBHOI KPUCTAJIYHOI CUCTEMU
B (pasi. PospaxyHKoBa eHepria 3a00poHeHOI 30HHM E, CTaHOBUTH IPUOIU3HO
E, =3,6 eB, a ananiza iH(ppauepBOHOI0 CIEKTPOCKOII€I0 Ha OCHOBi IlepeT-
BopeuHa Pyp'e IMOKa3ye CTYHiHb IIOIIMHAHHS iH(ppPauepBOHOrO BUIIPOMi-
HEeHHA AK (QYHKII0 TOBXKWHMU XBUJi, IIT00 IPOJEeMOHCTPYBATH HAABHICTH
(QyHKI[iOHATBHUX TPYI y MOJEKYJaX OKCHUAY BicMyTy 3 XxeMiuHUX 3B fA3KiB
Bi—0O. Hocaimxenns mopdosorii 3a J0moMoTo0 CKaHYBaJbHOI eJeKTPOHHOI
MiKpocKomii @I eHeproguciepciiiHoi pPeHTIeHiBChKOI CIIEKTPOCKOIIi BHMBYA-
I0Th MOSABY HAHOKPMCTAJIIB pisHMX (GopM i posmipir. Haperrrri, ax mpuctpiit
3 00 €EMHHM TreTepolepexonoM, eKCILIyaTamiiidi sxocti I-V CoOHAYHOrO ee-
menTa (Ag/Bi,0;/PSi/Si/Ag) sacayropyoTh Ha yBary, a KoedillieHT 3amoB-
HeHHa FF =48 3ualineHo nisg edeKTHUBHOCTH COHAYHOI KoMmipkum y 2,8%,
kKoedimient imeambpHOCTH B =1,35, XxapakrepuctuuHuil omip R.y =175 Om i
napajenbHuil (IMyHTyBadbHMUEI) omip = 25,14 Owm-c. Lleit memeBuii HaHOUAC-
TUHKOBUI MaTepisJ MOKe CTATH ifeaJlbHUM KaHIHUAATOM IJIA MaiOyTHixX
€HEpPreTUYHUX 3aCTOCYBaHb.

Key words: biosynthesis, Bi,O; nanoparticles, Nigella sativa, drop casting
technique.
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1. INTRODUCTION

Nanomaterials are particles with diameters ranging from 1 nm to
100 nm. Their utility in many practical applications is attributable
to the fact that they have various uncommon properties as opposed
to larger-size materials [1, 2]. Nano-metal oxides are often utilized
in optics, electronics, and catalysts [3]. Many physical and chemical
processes have been used to manufacture Nano-metal oxides, which
generally include pollutants and poisonous compounds and are haz-
ardous to humans and the environment, as well as taking a long
time and consuming a lot of energy, in addition to being unstable
and producing by-products. Therefore, it becomes important to shift
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to simpler, more environmentally friendly, and ecosystem-friendly
manufacturing methods, such as green synthesis techniques [4]. The
technology is characterized by the ability to generate stable prod-
ucts with high oxygen content, while the phenolic plant extracts act
to oxidize and reduce metal salts and nitrates to nanoscale oxides
resulting in more efficient sites with high surface area [5]. The ox-
ide Bi,O; produced in this study can be obtained easily and inexpen-
sively using rice seeds.

2. EXPERIMENTAL DETAILS

Bi,O; is a substantial p-type semiconductor with direct optical band
gaps of 2.6 eV [6]. Bi,O; thin films are of importance because they
have significant traits and properties such as optical energy gap,
refractive index, optical conductivity, and mechanical strength [7].
Bismuth oxide, with the formula Bi,O; and the appearance of a yel-
low crystallite, is a significant material in many technical applica-
tions. Powder is distinguished by its colourlessness and tremendous
solidity. Bismuth oxide crystals have vital applications in electro-
magnetic applications and the investigation of optical conductivity
of thin films [8]. Bismuth oxide crystals can be made in numerous
ways, including thermal oxidation in the air by heating bismuth ni-
trate at a temperature of 80°C or through green synthesis, which
was employed in our study.

3. PREPARATION OF THE PLANT EXTRACT

It also contains pentacyclic soluble in water plant extract of plant
seeds (Nigella sativa) found in local markets, which contain their
function in the phenols that comprise excess components and reduc-
tions of metal solutions from their salts and nitrates. 1 g of plant
seeds (N. sativa) were crushed with an electric mixer, and the pow-
der was put in a glass beaker with 100 ml of pure water free of
mineral ions; it also contains pentacyclic soluble in water vegetable
extract of plant seeds (. sativa) found in local markets, which con-
tain their function in the phenols that comprise excess components
and reductions of metal solutions from their salts and nitrates.
Plant seeds (NN. sativa) of 1 gm were crushed using an electric
mixer, and the powder was placed in a glass beaker (100 ml) of
cleaned water devoid of mineral ions. Aqueous bismuth nitrate
Bi(NO;); exists. It exists as colourless crystals (that as water).
Soluble and have a molecular weight of 395 g/mol and density of
2.8 gm/cm®. After weighing, 4.85 gm of bismuth nitrate using a
delicate (4-digit) scale, it was dissolved in 100 mL of distilled wa-
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ter, and the mixture was stirred by a magnetic stirrer at 80°C for
30 min with the addition of 3 mL acid HCI to complete the dissocia-
tion process.

We also obtained an aqueous solution of bismuth nitrate. Then,
the plant extract of Nigella sativa was added gradually into the
aqueous solution made of bismuth nitrate, and keep stirring with a
magnetic stirrer to make it take on a new colour. The weight re-
quired for dissolution was calculated from nitrates of plant miner-
als to plant extracts using the following equation [9]:

M =(W,/My)-(1000/V). (1)

Here, M is molar concentration, mol/L; W,—solute weight, gm;
W,—molecular weight of, gm/mL; V—solvent volume, mL.

Figure 1 shows the mechanism of preparing bismuth oxide solu-
tion using green synthesis technology.

The Bi,O; NPs solution was deposited using the drop casting
method while heating the glass/PSi substrate to a temperature of
(80°C). We drop three drops of the generated nano-bismuth-oxide
solution on the glass slide of the electric heater connected to the
digital thermocouple, and then place it on the heater for 30 minutes
to allow the solution to precipitate fully. For example, with XRD,
UV-Visible, FTIR, TEM, by comparing with the international atlas
JCPDS, the material identification of the existence and appearance
of nanoparticles was found. Figure 2 shows the deposition process
using drop casting.

The process of synthesis of bismuth-oxide nanoparticles, impor-
tant diagnostic tests, application as solar cells and measurement of
their parameters can be elucidated.
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Fig. 1. Shows the mechanism of preparing bismuth oxide [19, 21].
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Fig. 2. The drop casting process [20, 21].
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Fig. 3. XRD pattern of Bi,O; thin film deposited by drop casting on glass
[21].

4. RESULTS AND DISCUSSIONS
4.1. XRD

To examine the crystal structure of Bi,O; film growth and to de-
termine the nature of the crystal planes and their principal direc-
tions, x-ray diffraction patterns were used (the x-ray spectrum is
shown in Fig. 3).

There are six distinct peaks corresponding to angles 25, 31, 39,
47, 54, 58, as shown in Table 1. They correspond to crystal planes
(100), (101), (102), and (132), respectively. The deposited thin films
show a tetragonal phase according to the cards numbers 00-050-
1088, 00-044-1246 and 00-041-1449. This study approximates the
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TABLE 1. The properties of (bulk) bismuth oxide Bi,O5 [21].

Properties of materials

Chemical symbol Bi,0,

Energy gap 2.29-3.31 eV
Transmission 375-542 nm

Colour Yellow

Density 8.9 g/cm?

Molar mass 465.96 g/mol

Group Bismuth 15/0xygen 16

Electron configuration Bismuth ([Xe]4/'*5d'°65%6p®)/Oxygen ([He]2s%2p*)
Melting point 817°C
Boiling point 1890°C

TABLE 2. Result of inter planer for XRD pattern [21].

Card No.

20, degree
20,,,, degree
hEl planes
d-spacing, A
D, nm
Strain, 10™

o line/m?, x10™

Bi,0,
12.20 11.95 (100) 14.641 26.47 13.085 14.262 0 <8000y

23.79 24.00 (101) 7.331 44.88 7.7204 4.9645 Bi (00-044-1246)

Bi,0,

25.72 25.60 (020) 6.879 40.51 8.551 6.091 o0 04% 0, 0
Bi,0,

35.90 36.35 (102) 4.887 36.17 9.579 7.6428 o0 047040
Bi,0,

49.43 49.10 (13 2) 3.669 41.40 8.369 5.834 (00-041-1449)

findings by T. P. Gujar, V. R. Shinde, C. B. Lokhande, R. S. Mane,
and S. H. Han (2005) [11], as shown in Table 2.

4.2. UV-VIS

The existence of Bi,O; NPs was identified by examining the ultra-
violet spectrum (UV-VIS).

It was also revealed that absorption was at 35-10* cm™ while
scanning at wavelengths spanning from 300 to 900 nm. In the pho-
ton energy range from 1 eV to 7 eV, the optical energy gap of Bi,O,
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Fig. 4. Plot of (akv)? versus (hv) of Bi,0; NPs film [21].

nanoparticles is E, =3.6 eV and E, =4.9 eV. This is accomplished
by presenting magnltude (ahv)? as a function of photon energy hv,
as seen in Fig. 4.

The growing amount of the energy gap returns to the point when
the matter transition into to a nanostate. The cause for the creation
of two energy gaps for the same film is due to the fission of the
Fermi level and the formation of new energy orders inside the pre-
vious energy gap. The absorption coefficient greater than 1-10* cm™
that mean the r=1/2, and the electron transfers were of the direct

type.

4.3. FTIR

Fourier spectroscopy was used as a diagnostic tool for the energy of
effective bonds at the main absorption zones. FTIR spectrum of
Bi,O; solution, strong peak was centred at 3340.43 cm™, which is
attributed to the presence of the hydroxyl radical adsorbed to the
surface of the nanomaterial (O—H stretch), while the peak was at
1631.41 cm™, which represents the O—H scissors, while the bond
was 738 cm™'. The hydroxyl radical Bi—OH and the bond are 646.93
cm, 604.69 cm, and 604.69 cm ™, respectively; so, it corresponds to
the bonding of the produced metal oxide Bi—O.

Figure 5 displays the FTIR spectrum, peak locations, and active
bonds of the prepared material, while Table 3 gives the results for
the prepared material, namely, FTIR spectrum of Bi,O; solution and
bismuth oxide layers formed at a low reaction temperature.

These results are almost in agreement with the results obtained
earlier by other researchers N. Motakef-Kazemi and M. Yaqoubi
(2020) [12].
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Fig. 5. FTIR measured for bismuth oxide thin film deposited on glass [21].

TABLE 3. FTIR assessment for Bi,O; [21].

Band Type | FTIR Assessment for (Bi,0,)
3340.43 O-H Stretch
1631.41 O—H Scissor
1189.53 Bi—-OH
919.86 Cc-0
763.90
646.93 B
604.69

4.4. SEM

Figure 6 displays pictures taken by a scanning electron microscope
that are used to examine the surface topography of a thin film of
Bi,O; that has been applied to the surface of a glass slide. The im-
ages revealed a uniform distribution of small particles grouped into
uniform groups covering the glass surface, along with nanocrystal-
lite of various shapes and sizes, as well as acinus and nanoneedles
with an average size of 70.1 nm.

These findings almost exactly match the researchers’ findings (H.
Shirkhanloo, M. Safari, S. M. Amini, and M. Rashidi (2017) [13]).

4.5. EDS

It was discovered that the elements are present in proper ratios by
looking at their energy dispersion spectrometers. As illustrated in
Fig. 7, the sample was coated with a small layer of gold to boost the
reflectivity of the electronic beam falling vertically on the sample



NANOPARTICLES OF METAL OXIDE (Bi,0;/PSi/n-Si) 361

SEM MAG: 35.0 kx WD: 4.71 mm
SEM HV: 150V | 1pm

Fig. 6. SEM of Bi,O; thin film preparing by drop casting method [21].

Electron Image 19

Fig. 7. EDS of Bi,0; thin film preparing by drop casting method [21].

under examination. This caused the appearance of the gold element.

4.6. AFM

Since the atomic force microscope provides accurate information
about the surface roughness and the nature of the particle distribu-
tion within the atomic grains as well as the root mean square of
these grains by scanning the surface for films and at a temperature
of 80°C, the surface topography of the deposited Bi,O; films pre-
pared by drop casting method was studied using the atomic force
microscope (AFM).

The Bi,O; NPs thin film is depicted in three dimensions in Fig. 8,
as shown in Table 4.
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Fig. 8. AFM images of the topography of a pure Bi,O; film deposited at
80°C [21].

TABLE 4. AFM data [21].

Item B,O, Average Roughness Root mean
thin film diameter size, nm average, nm square, nm
Bi,05/glass 95.03 1.50 1.57
4.9. 1I-V

In order to create the porous silicon PSi, electrochemical etching
(ECE) was used. In order to stimulate the corrosion process, Ameri-
can-made silicon wafers (n-type > 100) with ohmic resistance 1-10
were used. Current density of 25 mA/cm? and effect time of 20 min
were used under the illumination of a halogen lamp with a capacity
of 70 W and at a vertical distance of 20 cm from the sample to be
prepared. The silicon Si wafer serves as the cathode and a gold ring
serves as the anode. The drop casting process was used to create the
thin film for the solar cell Ag/Bi,0;/PSi/Si/Ag). The I-V in dark
and the I-V lighted, filling factor (FF), and transformation effi-
ciency are some of the most crucial electrical characteristics of a
solar cell. A solar cell is a technology that efficiently converts light
energy into electrical energy. One of the crucial electrical character-
istics that illustrate how the current behaves with the voltage ap-
plied to the cell in the cases of forward and reverse bias is the I-V
property, which is used to describe the performance of heterojunc-
tion cells. Figure 9 illustrates the current—voltage characteristics
(in dark) of the Ag/Bi,0;/PSi/Si/Ag heterojunction prepared by
drop casting technique.

Figure 10 shows that the current increases with the increase in
voltage when the bias is forward, but when the bias is reverse, the
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Fig. 9. I-V characteristics of Ag/Bi,0;/PSi//Si/Ag in illuminated and dark
[21].
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Fig. 10. Calculated ideality factor—V curve [21].

current increases gradually with the bias voltage and provides a
gradual breakdown voltage. This behaviour is a general property of
heterojunctions. When the bias is in the forward direction, the
width of the depletion region narrows as the voltage rises. The ma-
jority of charge carriers are injected by the applied bias voltage in
the forward bias state, which reduces the breadth of the depletion
region and raises the concentration of the majority and minority
carriers.

Due to the ability of establishing the parameters of the solar cell
and measuring its conversion efficiency, the measurement of cur-
rent—voltage characteristics in the condition of illumination is one
of the most crucial measurements for solar cells. The solar cell was
exposed to white light with intensity of 100 W/cm?; and by using
the I-V relationship in the case of illumination, we can draw it as
in Fig. 10 to show the change in values of the illumination current
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as a function of the reverse bias voltage. Two tangents are drawn to
acquire the parameters of the solar cell, and from their conver-
gence, the maximum value of P,,, (maximum power point) is calcu-
lated.

4.8. Solar Cell Parameters

While the value of the short-circuit current Ig, was found at V=0,
where we extract the value of the output power from the product of
the voltage and current, the open circuit voltage Vg, was deter-
mined at I =0 and equal to Vo, =94 mV. The filling factor was com-
puted using the relationship (2) and the open circuit voltage and
short circuit current (P,,=Voclsc), and its result was
FF=17.11436. By dividing the current Iy, by the effective junction
area A, in units of em® (Jgc=1Igc/A.y), the short-circuit current
density is calculated to be Jg. =4 mA/cm?. The efficiency of the so-
lar cell was determined to be =2.8 using the preceding measure-
ments and the calculation made in accordance with relationship (3).
Calculating solar cell characteristics using equations [14, 15] were
as follow:

FF = (L) -100%, (2)
OCISC
ISCVOC

=| =% (. FF. 3

k [ P, ©

Filling factor, maximum voltage for solar cells, maximum current
density, maximum current in a short circuit, and maximum voltage
in an open circuit are all represented by the letters FF, I, and V.
The P,, represents the amount of energy dropping perpendicularly
on a unit area over a unit time—radiation dose rate [16, 17].

4.9. Ideality Factor

The ideality factor B is calculated through the mathematical rela-
tionship (3) as the graphical relationship is drawn between the bias
voltage on the x-axis and In(J/J,) on the y-axis. After finding the
slope of the tangent to the curve, the reciprocal of the slope of the

TABLE 5. Solar cell parameter Ag/Bi,0;/PSi//Si/Ag in illuminated.

Voos Vs, mA[V,,, V[J,,, mA[R,, m?] FF [Eff., %] B | Ren(®) | R(Q)
0.65 9.00 0.40 7.00 100 0.48 2.8 1.35 175 25.14
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tangent is multiplied with the value q/(k;T).

The increase in the value of the ideality factor indicates that the
re-joining current is dominant, and this is due to the presence of
additional energy levels resulting from the deep defects in the po-
lymorphic and shaped materials. Figure 10 illustrates the curve of
the ideality factor [18]:

-9 I
P T In(I, /I)’ ©)

where k; is Boltzmann constant, T—absolute temperature, I,—
forward bias current, Ig—saturation current.

5. CONCLUSIONS

Drop casting on glass substrates was used to describe the precipi-
tated Bi,O; films. Through optical investigations utilizing the visi-
ble and ultraviolet spectrum, two optical energy gaps, one in the
visible spectrum and the other in the ultraviolet, were used with
Tauc equation to determine the kind of transmission (direct trans-
mission). Testing revealed that the green manufacturing of
nanoparticles produced successful results.
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