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Green Synthesis and Characterization of Prepared
Copper lodide (Cul) Nanoparticles Using Red
Cabbage Extract

A.S. Abd-Alsada® ', Zainab J. Shanan® ', Agel Mashot Jafar® **

1 Department of Physics, College of Science for Women, University of Baghdad, Iraq
2 Renewable Energy Directorate, Solar Energy Center, Ministry of Higher Education and Scientific Research/Science and Technology,
Baghdad, Iraq

ABSTRACT

Copper iodide nanoparticles, Cul NPs, are one of the promising materials for use in many electronic applications. In this
work, transparent Cul nanoparticles were prepared by the green force synthesis, which was done by red cabbage extract
used not only as a reduction but also as a capping agent to reduce the toxicity in the preparation of Cul nanostructures.
The structural properties were investigated by the X-ray diffraction analysis technique, XRD. The X-ray analysis shows the
structure has a polycrystalline nature with a cubic phase and appears to have a preferential orientation direction along
the (111) plane. Atomic force microscopy surface morphology, AFM, of Cul thin film was used to examine and measure
the morphology, average diameter and roughness. The optical measurements were confirmed by UV-Visible, which
showed the Cul nanoparticles have a directly allowed energy gap and a change in absorbance to a shorter wavelength
(to Ultraviolet wavelength shifted region). The Fourier Transform infrared spectroscopy, FT-IR, verified the presence
of C=0, N-O and C-H bonds, this study confirms the high reducing and capping capacity of Cul NPs via biomolecules
found in the plant extract. Field emission scanning electron microscopy, FE-SEM, analysis displayed the morphology of
the Cul NPs, the results showed images of the produced copper iodide nanoparticles appear to be sheets of triangular
flakes. The distribution pattern of Cul NPs particle size and stability was studied using a zeta potential analyzer. Zeta
sizer analysis revealed -5.08 mV zeta potential demonstrating poor stability because of the accumulation of the material.

Keywords: Copper iodide, Green synthesis, Red cabbage extract, Morphological characteristics, Optical properties

Introduction

Recently, nanotechnology has been applied due
to its properties based on structure and various
phenomena. They display a specific surface area
and size-dependent quantum confinement effects and
appear in different shapes and sizes, leading to
unique quantum properties. They possess distinctive
electrical, optical, magnetic, catalytic, and thermal
characteristics compared to macro-sized particles.’
On this basis, copper-based nanoparticles have been
widely studied due to their natural abundance and

simple and low-cost manufacturing methods.*® Cul
NPs are metal semiconductors that occur naturally
as a mineral called “marshite”. It may also be pro-
duced via redox interactions of copper and iodine.*
It is a p-type semiconductor with remarkable optical
features, and due to its remarkable qualities, it has
been used in a wide variety of technical applications. ®
It is known as I-VII because Cu and I are numbered
one and seven on the periodic Table, respectively.
Cul NPs are one of the most exciting p-type ma-
terial prospects because of their wide conductivity
range, which allows them to be used in optoelectronic
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devices such as transparent electrodes and semicon-
ducting layers in solar cells.® On the other hand,
transparent copper halides, Cul, provide wide optical
band gaps, Eg > 3.1 eV, and high hole mobility, up
to 44 cm? V1. s!, with p-type Conductivity, reaches
280 S.cm™!, thanks to its broad range of hole concen-
trations, 10 to 10%° cm.37:® Several studies have
investigated the application of Cul as a hole trans-
port layer for perovskite solar cells. Khadka et al.
established that the shape of the Cul film markedly
affects the properties of the perovskite layer applied
over it. Cul-based perovskite solar cells demonstrated
superior stability to those utilizing PEDOT: PSS, with
an efficiency of roughly 14.21%.° In a significant
work, Sun et al. attained a remarkable power con-
version efficiency (PCE) of 4.15% with copper iodide
(Cul)-based polymer solar cells (PSCs), which exhib-
ited enhanced air stability relative to PSCs utilizing
PEDOT: PSS as a hole transport layer (HTL). !° More-
over, researchers have concentrated on altering the
HTL with Cul to improve perovskite solar cell ef-
ficacy. By interposing Cul between the perovskite
layer and PTAA, they enhanced the crystallization
of the perovskite film, yielding a remarkable effi-
ciency of 20.34%, which significantly exceeds the
17.7% efficiency attained by devices utilizing PTAA
exclusively.'! The Green synthesis of nanoparticles
is a bottom-up approach in which the nanoparticles
are produced by the oxidation and reduction process,
which provides several benefits over chemical and
physical methods: non-toxic, pollution-free, ecologi-
cally friendly, and more sustainable. '>~'> Fernandez
et al.'® investigated the green synthesis of copper
iodide nanoparticles utilizing anthocyanin-rich bean
seed extract. They examined the characteristics of the
produced copper iodide using powder X-ray diffrac-
tion and scanning electron microscopy. By powder
X-ray diffraction and scanning electron microscopy,
the size of Cul was determined to be in the nanoscale
range. The produced copper iodide precipitated as
Nanoflowers. The synthesized Cul had significant
antibacterial action.'® Prior research indicated that
copper iodide nanoparticles (Cul NPs) synthesized
by green methods have been investigated utilizing
bean seed extract. Nonetheless, prior research has not
examined the application of red cabbage extract, a
rich source of anthocyanins, which are water-soluble
pigments functioning as reducing, capping, and sta-
bilizing agents in nanoparticle synthesis.'”>'® In the
present article, the authors describe their work on
preparing copper iodide nanoparticles (Cul NPs) syn-
thesized by a green method utilizing red cabbage
extract.

Furthermore, most prior research has focused on
the green production of copper iodide nanoparticles

(Cul NPs) for antimicrobial purposes. They have em-
ployed structural and antibacterial assays for many
bacterial models. Previous research has not examined
the manufacture of copper iodide nanoparticles for
solar cell applications; therefore, this work presents
a green synthesis approach for fabricating copper io-
dide nanoparticles intended for solar cell materials.
Structural tests were conducted to verify the mate-
rial’s purity. Optical examinations were conducted
to investigate the absorption, energy gap, and light
interaction with the material. Zeta potential assess-
ments were conducted to investigate the assembly
mechanism of copper iodide nanoparticles (Cul NPs).

Experimental part

Green synthesis was used to prepare copper iodide
nanoparticles in a practical part of the synthesis. Red
cabbage extract was prepared by mixing, 20 gm, of
red cabbage leaves with, 200 ml, of distilled water
and placed under a magnetic stirrer for 30 minutes
at room temperature. The resulting paste was filtered
using medical gauze, and centrifugation was used
to remove the largest amount of filtrate to obtain
a pure extract of red cabbage to manufacture cop-
per iodide nanoparticles. For prepared copper iodide
nanoparticles, (30 ml) of red cabbage extract was
added drop-wise to, 0.3 M, of Copper Sulfate solution.
Then this mixture was stirred for 30 minutes at room
temperature. After that, potassium iodide solution,
0.2 M, was added drop-wise to ”the mixture of ex-
tract and CuSO4” and stirred for 30 minutes at room
temperature. The centrifuge was used to wash the
resulting substance several times using 96% ethanol
and distilled water. Finally, the resultant material was
sifted through filter paper and dried in the air. The
end product is a yellowish-white powder, as shown
in Fig. 1.

Results and discussion

The XRD diffractometer pattern of Cul NPs products
prepared by the green synthesis using red cabbage
extract was reported to crystallize in a polycrys-
talline structure and cubic phases of Nano-crystalline
cuprous iodide. The film was deposited for exam-
ination using a drop-casting method on the glass
substrate, JCPDS card number, 82-2111. In Fig. 2,
the peak position in the XRD pattern of the prepared
film appeared at (111), (220), and (311) directions
with high intensity, proving the high crystallinity of
products synthesized by this method and without any
impurity, at the orientation of 20 degrees values:
24.9182°,41.7791°, and 49.5279° respectively. The
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Fig. 1. Synthesis of copper iodide nanoparticles via the green method.

position of other reflection peaks were observed at
(200), (400), (331), and (422) at (20) degrees val-
ues, which include 28.9432°, 61.3140°, 67.0202°, and
76.7947° respectively. The peaks of Cul NPs were ob-
served to be broadened with low intensity at 51.9291°
and 69.6780°, which include (222), and (420), re-
spectively; this is consistent with research. '%?° There
is a difference between these degrees and those in
the literature, which occurred because of different
crystalline orientations formed due to various produc-
tion methods. However, it is necessary to realize that
the broadening of various peaks arises mainly due to
instrumental effects, crystallite size, and lattice strain.
The best sample crystallinity appeared for (111) and
(220) orientations. The biggest crystal size of Cul NPs
observed in the film formed is 35.88 nm, while the
smallest was observed as 21.07 nm in the film.

The film’s crystalline size, C. S., was determined
using the Debye-Scherrer formula. The Scherrer equa-
tion estimates the, C.S., by measuring the full width
of the diffraction peak at half maximum intensity,

FWHM, 2!

KA

CS=——
B coscos 6

1)

Where C.S = size of crystallite, nm,

* k = The Scherrer constant dependent on crystal-
lite shape = 0.94,

+ 2= XRD wavelength, mostly A for Cu-
Ko =1.54056 A°,

B is the instrumental-corrected total width of the
reflection, measured in radius. It indicates the in-
creasing width or band of the hkl diffraction peak
at half-height, measured in radians, 6, and hkl re-
fer to the Bragg diffraction peak angle and Millar
coefficients, respectively, as shown in Table 1. In gen-
eral, crystallite size, C.S., measures the size coherence
diffraction domain, which operates as a polycrys-
talline aggregate. The Crystallite size is not the same
as particle size; often, it is smaller. Many methods are
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Fig. 2. The XRD pattern of Cul thin film.

available in the literature to calculate lattice strain;
from those methods, “Williamson and Hall” are most
commonly used.?? We can symbolize the crystal size
very Simply as Bcrystalline So:?!

Bpq = BCrystallite + Bstrain (2)

The relationship can represent the broadening due
to lattice strain in the material: **

Bstrqin = 41 tantan 6 (3)

Where, 5, is the strain in the material. Hence, we
can write that: %!

kx

= ———— +4ntantan 6 4
Bcoscos 0 +an )

Bha
Rearranging equation, 3, we get: ?!
kx L.
Bpyicoscos 6 = E + 49 sinsin 6 (5)

Eq. (5) is the Williamson and Hall relationship. *!
Table 1 indicates that the most excellent crystal size,
determined using the Debye-Scherrer formula, is C.
S. = 32 nm at the (331) plane and a position of 26 =
67.0202°. The most excellent lattice strain occurs at
the (400) crystal plane.

Fig. 3a illustrates atomic force microscope images,
AFM, and their granularity accumulation distribu-
tion for Cul NPs thin film, which was prepared by

the drop-casting method and deposited on glass sub-
strates at 25 °C. The average diameter of the Cul
grains was about 46.10 nm; Root Mean Square, RMS
= 1.18 nm, and Roughness Average, RA = 0.865
nm. We note from Fig. 3a that the distribution of
nanoparticles changes where the structure has be-
come vertical. This result can be explained by the
accumulation of Cul NPs, which leads to aggregation
among them and the formation of large nanoparticles.

Fig. 3a. Illustrates atomic force microscope images,
AFM, and their granularity accumulation distribu-
tions for Cul NPs thin films, which were prepared
by the drop-casting method and deposited on glass
substrates at 25 °C. The average diameter of the Cul
grains was about 46.10 nm; Root Mean Square, RMS
= 1.18 nm, and Roughness Average, RA = 0.865
nm. We note from the figure that the distribution
of nanoparticles changes where the structure has be-
come vertical. This result can be explained by the
agglomeration of Cul NPs, which leads to aggregation
among them and the formation of large nanoparticles.
Therefore, the green method for synthesizing copper
iodide nanoparticles is essential in creating thin films
composed of Nano-Cul with nanoscale particle size
dimensions suitable for applying thin films to prepare
solar cells.

The optical properties of deposited Cul thin film
have been determined by (UV-VIS-NIR) absorption
spectroscopy in 100-1100 nm. Fig. 4. illustrates the
absorption peak that appeared at around 230 nm,
suggesting Cul NPs formation. In the spectra, the
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Table 1. XRD parameters for Cul thin film analysis data.

BAGHDAD SCIENCE JOURNAL 2026;23(2):678-687

20(degree) FWHM 26, radius  d-spacing, A CS,nm (hk]l) Lattice strain
24.9182° 0.3155 3.57045 25.8524 (111) 1.01648
28.9432° 0.2574 3.54463 31.9537 (200) 0.50802
41.7791° 0.3546 2.16031 24.0336 (220) 0.39752
49.5279° 0.3275 1.83894 26.7690 (311)  0.30807
51.9291° 0.3500 1.75942 25.2966 (222) 0.31844
61.3140° 0.43904 1.5107 21.0704 (400) 1.71662
67.0202° 0.2933 1.39526 32.5337 (331) 0.26677
69.6780° 0.42150 1.35991 22,9953 (420) 0.0038
76.7947° 0.2828 1.24019 35.8814 (422) 0.15593
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Fig. 3. a, AFM 3D-image for a thin film of Cul NPs. b, Shows a chart plot of grain size percentage for the Gaussian distribution of Cul NPs.

peak is attributed to the shift in surface plasmon
resonance (SPR) resulting from the absorption of
nanoparticles.?? The particles’ “SPR” peaks vary with
the reaction media’s size, shape, and dielectric con-
stant.

The crystallite of the film structure may be re-
sponsible for the alterations in the absorption spectra
to shorter wavelengths and higher energy states. It
can also be attributed to a reduction in particle size,
which increases the direct optical band gap due to the
quantum confinement effect.?® The film’s optical en-
ergy gap (Eg = 3.1 eV), has been calculated based on
the absorption coefficient data, as shown in Fig. 4b,
which varies with photon energy, hv in eV. Based on
the (Planck relation) Eg= o

h represents Planck’s conﬁxstant, whereas the symbol
v represents the frequency.

Fig. 4 shows that the absorbance of Nano-Cul thin
films is low in the visible light spectrum 400-800 nm,
i.e., they are transparent and allow the passage of
visible light, which makes them suitable for solar cell

applications. The thin films have a high energy gap
(Eg = 3.1 electron volts), which makes them act as
a voltage barrier that increases the capacity of solar
cells, so Nano-Cul films are suitable for solar cell
applications.

The Fourier transform infrared (FTIR) spectroscopy
is used to analyze band structure at a wavenumber
range, 400 — 4000 cm™" to identify structural changes
that may occur in samples. Fig. 5. depicts FT-IR spec-
tra of red cabbage extract and Cul NPs. The broad
and intense band at 3414 cm~! corresponds to O-H
and N-H stretching vibrations due to absorbed water.
This result means the alkyl group is present in the sys-
tem, indicating phenols and proteins in the extract. **
The presence of an intense band positioned between
428 and 609 cm™! is related to the Cu-I vibrations,
confirming the presence of Cul as a crystalline struc-
ture.?®> The peaks at 2922, 2852, 1348, and 1236
cm™? represent alkanes’ C-H stretch. The carbonyl
stretching vibration band, C=0 of saturated aliphatic
ketones, emerges at 1645.28 cm-1, commonly
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Fig. 5. FT-IR Spectrum of Cul NPs.

observed in protein. The C-H and C=0 bonds present
in plant extracts are responsible for reducing Cul pre-
cursors and capping Cul NPs.?° The peak at 1516.05
cm’! is assigned to N-O stretch vibration, which
represents the nitroxide group,?” and the bands at
1072.42 cm~! were due to the stretching of the C-O
bond, *® which were absorbed at the surface of Cul,
respectively.

Thus, this study confirms the strong reducing and
capping ability of red cabbage extract of nanoparti-
cles and the presence of certain functional groups,
which was demonstrated by FTIR analysis of Cul NPs.
Capping agents are critical in stabilizing nanoparti-

cles and capped Cul NPs of phytochemicals present
in the leaf extract. All the wavenumber of peaks and
the band types are inserted in Table 2.

Fig. 6a. shows the morphology of the synthesized
Cul particles studied using field emission scanning
electron microscopy, FE-SEM, at 15.0 kV. FE-SEM
was tested at scale-bar 1 um and 200 nm magni-
fication to observe the particle shape. The FE-SEM
images indicate that the created Cul nanoparticles
exhibit triangular flakes of Cul nanostructures that
were practically produced. Fig. 6b. A particle size
distribution histogram determined from the FE-SEM
images showed a significant variation in the parti-



684 BAGHDAD SCIENCE JOURNAL 2026;23(2):678-687

Table 2. Assignments of peak band in Fourier transform infrared (FT-IR)
spectra of Cul NPs and red cabbage extract.

Type of band and assignment Wavenumber (cm!)  Reference
-OH stretch vibration of the phenolic  3414.00 20
C-H stretching vibration 2922, 2852. 22
C=0 bending stretching vibration 1645 22
N-O stretching vibration 1516 23
C-H bending 1348, 1236 22
C-O stretching vibration 1072 24
Cu-I stretches 609, 428 21
(D)
] 3
A TEECAN e 20 e > “o o ‘56*" o
U . PEBEN Dinm)

Dategeiary): S04

Fig. 6. (a) FE-SEM images of the nanostructures synthesized using the drop-casting method. (b) Practical size distribution histogram for

the synthesis of Cul NPs.

cle size, where the average particle size was about
29 nm.

The stability, Conductivity, and dispersion of pro-
duced Cul NPs were examined using zeta potential
tests. The zeta potential value of the Cul NPs is shown
in Fig. 7. This result indicates that the synthesized

green Cul NPs were relatively modest due to the
material’s accumulation as a result of the heat used
in preparing the film and the medium-level electro-
static repulsion between the molecules. Because the
particles have low values of zeta potential, they tend
to flocculate or aggregate, which results in unstable

Zeta Potential Distribution

40000- --------- :- -----
30000-— ..............
o +
=
3
© 20000 ==
[ar]
k=]
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10000+--------%---
0 ~ N " -
-100
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o 100 200

Fig. 7. Zeta potential of Cul NPs.
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delivery systems. On the other hand, if the systems
have a large positive or negative zeta potential, they
will have a tendency to repel each other, indicating
no affinity to flocculate or aggregate. For that reason,
zeta potential is considered a crucial parameter for
the delivery systems stability evaluation, being well
accepted that its absolute value should be greater
than 30 mV to ensure complete electrostatic stabiliza-
tion.

Conclusion

In this study, Cul nanoparticles were produced us-
ing green synthesis utilizing red cabbage extract as
the major reductant and capping agent. The XRD
analysis reveals that the Cul structure is polycrys-
talline and exhibits a cubic formation. The optimal
crystallinity of the sample was observed at the (111)
orientation. The FE-SEM micrographs revealed a
distinct and coarse microstructure characteristic of
stacked triangles, with an average particle size of
approximately 29 nm. Additionally, Atomic Force Mi-
croscopy data corroborated that the average diameter
of Cul grains was around 46.10 nm. The investigation
of optical properties reveals that the absorption coef-
ficient of Cul thin films is low and semi-transparent,
while the optical band gap of Cul thin films is a
direct electronic transition, with an estimated value
of Eg = 3.1 eV. FTIR study verifies the remarkable
capacity of red cabbage for reduction and capping,
evidenced by the presence of organic bonds indicative
of plant organic components encasing the inorganic
Cul particles. The organic bonds comprise C=0, C-O,
C-H, N-O, O-H, N-H, C-H, and the inorganic bond Cul
consists of Cu-I. The zeta potential of the synthesized
Cul indicated a moderate value, resulting in the ag-
gregation of the nanoparticles.
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