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ABSTRACT

 In today's world, the necessity to create economical and ecologically friendly processes 
has led to a huge increase in interest in the biosynthesis of CuO nanoparticles. Biosynthesis has 
been proposed as a route to developing various types of nanomaterials. This paper used a leaf 
extract of Coleus aromaticus as a reductant and stabilizing agent to employ a biosynthesis method 
to synthesize copper oxide nanoparticles. PXRD revealed the average particle size of the copper 
oxide nanoparticle is 30nm. The absorption peak at 564nm validated the UV-Vis spectra used to 
identify the production of copper oxide nanoparticles. The absorption peaks of the green synthesized 
CuO nanoparticles occur at 611 cm-1, matching CuO stretching, indicating the formation of CuO 
nanoparticles. TGA was used to evaluate the material's thermal stability with CuO nanoparticles. 
Using SEM and TEM, the CuO nanoparticle's surface morphology, and spherical structure were 
investigated, and the copper oxide nanoparticles' average diameter was only 34.4nm. In addition, the 
obtained CuO nanoparticles were used as efficient catalysis for synthesizing diphenyl ether via the 
Ullmann coupling reaction. 1H and 13C NMR spectroscopy, Fourier-transformed infrared spectroscopy 
analysis, and UV-Vis spectroscopy confirmed the produced diphenyl ether. The CuO nanoparticles 
synthesized using the Coleus aromaticus leaf extract technique produced a high yield of diphenyl 
ether. The outcomes demonstrated that leaf extract could synthesize copper oxide nanoparticles 
with high uniformity of particle sizes in a more environmentally friendly manner.
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INTROdUCTION

 In  recent  decades,  nanomater ia l 
synthesis (like graphene, carbon nanotubes, metal 
nanoparticles, quantum dots, etc.) with dimensions 
between 10 and 100nm has drawn attention because 
of its potential uses in numerous sectors1,2. CuO, 
along with a variety of transition metal oxides, is a 

p-type semiconductor that has garnered significant 
attention due to its exceptional optical, magnetic, 
electrical, and physical properties3. In the fields of 
catalysis, electrochemistry, solar energy conversion, 
sensors/biosensors, energy storage, and biocide, 
CuO is widely used owing to its narrow band gap 
of 1.2 eV4. However, conventional methods of 
bulk synthesis require hazardous chemicals, even 
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though nanoparticles can be synthesized very 
rapidly5. There are several techniques available for 
preparing copper nanoparticles, including thermal 
reduction, capping agents, sonochemistry, metal 
vapor synthesis, microemulsion technologies, laser 
irradiation, and induced radiation6. Comparing this 
method with others such as chemical reduction, 
heat evaporation, electrochemical reduction, 
photochemical reduction, etc., the green synthesis 
approach was shown to be the best one7. To 
promote environmental sustainability, it has been 
emphasized to use green synthesis approaches that 
use mild reactions and non-hazardous precursors. 
In the green synthesis of NPs, bacteria, algae, and 
yeast are actively used, as well as plants and their 
derivatives (photosynthesis)8. Because the plant 
extract possesses reducing properties, this process 
involves capping and reducing copper nanoparticles 
by applying the leaf extract as a reducing and 
capping agent9. Since it was introduced more than 
100 years ago, Ullmann-type aryl ether synthesis 
remains one of the most important tools for fine 
chemical synthesis on an industrial scale. Because 
of the importance of this research, significant efforts 
have been directed towards tailoring homogeneous 
copper catalysts10. The term "Ullmann condensation 
reaction," as used in commonly used nomenclature, 
describes a catalytic or stoichiometric copper 
interaction of an aryl halide with an amine, such as 
phenol, to create the appropriate aryl amine and 
ether molecules. in that order11.

 In response to the above discussions, we 
have synthesized CuO nanoparticles by a green 
synthesis method. Analyzing phase formation, 
surface morphologies, optical properties, and 
thermal properties of the prepared materials was 
carried out by various techniques. Additionally, 
diphenyl ether was synthesized through the Ullmann 
coupling reaction. Additionally, the obtained ether 
properties were characterized, confirming that 
diphenyl ether has been formed. Thus, green 
synthesis CuO nanoparticles are unique and 
exhibit excellent catalytic properties. Overall, there 
are additional benefits to this technology, such as 
the low catalyst loading, and rapid reaction times 
with large yields. FT-IR, 1H NMR, 13C NMR, and 
UV-Visible spectroscopy were used to characterize 
them. Employing ecologically generated CuO 
nanoparticles as a potent catalyst to facilitate the 
bromobenzene-Ullmann reaction.

ExPERIMENTAL 

Materials  
 We purchased ethanol and copper sulphate 
from Sigma-Aldrich. Fresh Coleus aromaticus leaves 
were collected from Polur, Tiruvannamalai District, 
Tamil Nadu. During the synthesis and washing 
process, deionized water was acquired from the 
Millipore plant.

Preparing the leaf extract of Coleus aromaticus
 The Coleus aromaticus plant's leaves were 
gathered from Polur, Tiruvannamalai district, Tamil 
Nadu garden. The leaves were roughly chopped and 
then weighed. In 200 mL of double-distilled water,  
50 g of finely chopped Coleus aromaticus leaves 
were added. The mixture was brought to a boil at 
50°C for thirty minutes and stirred for two hours. 
It reached room T as it cooled. To obtain a clear 
solution, the extract was filtered through filter 
paper of Whatman No. 1. The filtrate solution was 
refrigerated at 4°C for future examination12.

Green synthesis of CuO nanoparticles
 A biosynthesis technique was used to 
create copper oxide nanoparticles. The synthesis 
procedure involves preparing a 100 mL standard 
flask with 1 mmol CuSO4.5H2O solution. In a 50 mL 
beaker, 30 mL of CuSO4.5H2O solution was added, 
and then 10 mL of leaf extract was added. For five 
hours, the reaction mixture was constantly stirred, 
after which it was left for twenty-four hours. Upon 
reduction of Cu2+, the transition from light to dark 
black color shows the development of copper oxide 
nanoparticles. Afterward, the product was cleaned 
using 100% C2H5OH and deionized water. The 
resulting CuO nanoparticles were then dried for ten 
hours at 60°C13. It is shown in Figure 1.

Fig. 1. CuO nanoparticle manufacturing process: color 
changes during the reduction of  CuSO4.5H2O to CuO 

nanoparticles from Coleus aromaticus leaf extract
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Materials characterization
 CuO nanoparticle phase formation and 
crystal structure were investigated by powder XRD 
using a 2.2 KW Cu anode in a ceramic X-ray tube 
(Bruker, D8 Advance). The prepared material's 
molecular structure and functional groups were 
determined by FT-IR analysis using a Perkin Elmer  
RX-1. Utilizing scanning electron microscopy, the 
material's morphology and microstructure were 
identified using JEOL JSM 5600. Thermogravimetric 
analysis using TGA PerkinElmer SII (Diamond Series) 
examined the phase transformation and stability of 
the materials. The NMR instrumentation technique is 
beneficial for synthetic organic materials using 400 
MHz (Bruker). UV-Vis Spectrophotometer using JASCO  
(V-670 PC). HR-TEM using FEI-Tecnai G2 20 Twin. 

RESULTS ANd dISCUSSION

Structural studies
 The size of the crystallite, phase identity, 
and nature of the crystalline synthesized materials 
can all be ascertained by PXRD. The XRD data of 
the CuO nanoparticles are displayed in Fig. 2. The 
peaks of diffraction in the prepared CuO are found 
at 10.8°, 27.7°, 29.3°, 31.7°, 32.8°, 48°, 52.8°, 
and 59.4°, corresponding to the planes (002), 
(100), (101), (102), (103), (006), (110), (108) and 
(116) of monoclinic structure. This agrees with 
previous literature, corroborating JCPDS card No.  
77-189814. The absence of additional diffraction 
peaks from other phases suggests that copper oxide 
nanoparticles are a pure phase. Applying the Debye-
Scherrer formula, the principal peak of the sample's 
average crystalline size was determined15.

 Calculated the average particle size for 
the CuO nanoparticles displayed in Table 1 using 
the aforementioned methodology. It is found that 
green synthesized CuO nanoparticles of 30nm in 
the average particle size. The results confirm the 
formation of CuO nanoparticles dispersed in leaf 
extracts of Coleus aromaticuus16.

Fig. 2. xRd spectra of green synthesized CuO 
nanoparticles using Coleus aromaticus leaf extract

Table 1: Particle size of CuO nanoparticles using 
Coleus aromaticus leaf extract by debye Scherrer 

formula

 2q FWHM Particle d Plane Microstrain
 (deg) (b) radians Size (D) nm spacing hkl

 29.71 0.2665 30 3.0045 214 0.0176

Functional group studies
 As shown in Fig. 3(a and b), FT-IR 
spectroscopy investigated the synthesized materials' 
functional groups in the 500-4000 cm-1 range. The 
absorption peaks of the CuO nanoparticles occur at 
611 cm-1, matching CuO stretching, indicating the 
formation of CuO nanoparticles. Coleus aromaticus 
leaf extract and as-prepared CuO nanoparticles have 
similar characteristic peaks, observed at 1090 and 
1095 cm-1, matching C-O stretching. 

 Furthermore, the stretching and bending 
vibrations of C=C are responsible for the 1639 and 
1624 cm-1 peaks in Coleus aromaticus leaf extract 
and as-prepared CuO nanoparticles. C-H bond 
stretching and bending vibrations are represented by 
the observed peaks in the 2922 and 2935 cm-1 peaks 
in Coleus aromaticus leaf extract and as-prepared CuO 
nanoparticles. Furthermore, in the 3435 and 3402 cm-1 
regions, the peaks are caused by the OH stretching of 
water molecules17 in peaks in Coleus aromaticus leaf 
extract and prepared CuO nanoparticles. 

Uv-vis analysis 
 The generated CuO nanoparticles' optical 
properties and Coleus aromaticus leaf extract 
were examined using UV-Vis. An absorption 
spectrum measurement is shown in Fig. 4(a and 
b). Considering the π-π* transition, the absorbance 
spectra of CuO nanoparticles were detected at 235, 
239, 360, 364, and 392nm. An important absorption 
peak was observed at 401 and 404nm due to the 
n-π* transition. In addition, it was proven that CuO 
nanoparticles had formed by the absorption peak at 
564nm. This is the most effective method of analysis 
to detect CuO nanoparticle Surface plasmon 
resonance18. It is shown in Figure 4(a and b).
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Fig. 3(a-b). FTIR spectra of a) leaf extract of Coleus aromaticus; b) green synthesized CuO nanoparticles using  
Coleus aromaticus leaf extract

Fig. 4(a-b). Uv-vis spectra of a) leaf extract of Coleus aromaticus and b) green synthesized CuO nanoparticles using 
Coleus aromaticus leaf extract

Morphological studies
Scanning electron microscopy studies
 Using scanning electron microscopy, 
the microstructure and surface morphology of 
CuO nanoparticles were examined. Fig. 5(a) 
and (b) reveal morphological information about 
CuO nanoparticles. The spherical shape of the 
agglomeration nanoparticles formed sphere-

like structure morphologies was observed19. 
HRSEM was used to analyze the copper oxide 
nanoparticles' topography, size, and morphology. 
Extremely polydisperse nanoparticles were present. 
Agglomerated copper oxide nanoparticles comprised 
many of the available samples. As a result, the SEM 
image verified the green synthesis of copper oxide 
nanoparticles' characteristics.

Fig. 5 (a-b). Scanning electron microscopy of green synthesized CuO nanoparticles using Coleus aromaticus leaf extract

HR-TEM studies 
 Furthermore, the CuO nanoparticle's 
internal structure was confirmed by TEM analysis, 

as depicted in Fig. 6(a) and (b). The obtained 
morphologies show sphere-like morphologies, which 
corroborated with SEM results20. 
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 The spheres result from combustion, which 
raises temperatures to extremely high levels. The heat 
emitted during burning and the ensuing gas production 
are just a few of the many factors that could have 
contributed to the agglomeration, along with magnetic 

interactions, low density, and weak interparticle forces. 
Image J was utilized to ascertain the HRTEM image's 
particle sizes' distribution frequency shown in Fig. 7. 
According to Fig. 6 (a), the copper oxide nanoparticles' 
average diameter was only 34.4nm.

Fig. 7. Particle size distribution

Fig. 8. Thermal gravimetric analyses of CuO nanoparticles 
using Coleus aromaticus leaf extract

Fig. 6(a-b). HR-TEM image of green synthesized CuO nanoparticles using Coleus aromaticus leaf extract

TGA studies
 TGA was utilized to evaluate the CuO 
nanopar ticles' thermal stabil i ty at ambient 
temperatures up to 800°C. Fig. 8 depicts 
the TGA profile of CuO nanoparticles. Three 
steps of decomposition were observed from 
the TGA curve of CuO nanopar ticles. The 
removal of water molecules and moisture is 
responsible for the initial weight loss (9%), 
wh ich  occurs  be low 166°C. The gradua l 
weight loss was observed from 166°C up to 
600°C due to the removal of organic solvent 
from CuO nanoparticles. Furthermore, abrupt 
weight loss was noted at 600°C because of the 
removal of CO, CO2, and other organic gases 
following the pyrolysis and burning of organic 
molecules. As a result, no significant weight 
loss was observed at higher temperatures, 
which indicated the formation of high-purity 
copper oxide nanoparticles21. 

Catalytic Applications 
Procedure for synthesis of diphenyl ether:
 In this work, the leaf extract of Coleus 
aromaticus was used to create catalyst copper 
oxide nanoparticles. The catalytic reactions were 
conducted with bromobenzene (2 mmol), KOH  
(2.0 equiv), and DMSO (2 mmol), stirred, and the 
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0.02 mmol of catalyst CuO nanoparticles were 
added to the reaction mixture. The reaction was 
performed for 30 min at 80°C in an ultrasonic bath 
for two hours. After the reaction, the suspension 
was col lected and centr i fuged. Thin layer 
chromatography monitored the reaction progress22. 
After being utilized in the procedure, the mixture 
cooled to room temperature. 10 mL of CH3COOC2H5 
was added to the resultant solution after the catalyst 
was isolated using simple filtration. Water was used 
to wash the organic layer, and anhydrous Na2SO4 
was used to dry it. The crude product was produced 
via vacuum-assisted solvent evaporation. Hexane 
was used as the eluent in column chromatography 
to purify this, which created the desired result: 
yellow oil. UV, FTIR, 1H, and 13C NMR spectral 
studies were utilized to characterize the purified 
products. Ullmann coupling reaction using CuO 
nanoparticles as an efficient bromobenzene 
catalyst to obtain a diphenyl ether. The reaction 
mechanism is given in Figure 9. 

Fig. 9. Reaction and mechanism for Ullmann coupling 
reaction

 In the first step, Cu(II) bromide reacts with a 
nucleophile in place of a KOH to allow acid removal. 
This process results in a complex between Cu and a 
nucleophile. The aryl bromide is then oxidized to the 
catalyst surface by accommodating aryl and bromide 
functionalities and oxidizing copperII to copper(0). 
Cu(0) is undergoing reductive elimination to form 
diphenyl ether and regenerates the catalyst (Cu-Br) 
for usage in the next catalytic cycle.

Uv-visible spectroscopy of diphenyl ether
 The electronic spectrum of diphenyl ether 
synthesized using CuO nanoparticles shows a peak 
of absorption at 261nm23. This peak corresponds to 
the distinctive aromatic ring peak. The absorption 
peaks at 296 and 338nm show the well-known 
C-O-C linkage peak. Both absorption peaks 
confirmed the formation of diphenyl ether, as shown 
in Figure 10(a).

FT-IR Spectroscopy
 A helpful technique for figuring out a 
molecule's functional group is Fourier-transformed 
infrared spectroscopy. The signal at 3074 cm-1 was 
produced by stretching the aromatic C-H bond 
vibrations. OH, stretching vibrations peak at 3454 
cm-1. C=C stretching vibrations caused the sharp 
peak recorded at 1641, 1577, and 1471 cm-1. The 
peak, which was measured at 1319, 1068, and 
1014 cm-1, was seen to exhibit stretching vibrations 
of C-O-C. The peak was caused by Cu-O stretching 
vibrations24 and appeared at 677 and 459 cm-1. It is 
shown in Figure 10(b).

NMR Spectroscopy 
 The signals corresponding to the 
synthesized compounds' protons were confirmed 
using 1H NMR analysis using their chemical shifts, 
multiplicities, and coupling constants. 

 The protons on an aromatic ring should 
typically provide NMR signals in the δH region between 
6 and 8 ppm. When the proton in diphenyl ether is 
replaced with a functional group atom, the remaining 
aryl protons' chemical environment is altered25.

 1H NMR spectrum of diphenyl ether26,27 

(CDCl3, 400 MHz) δ ppm: 7.34-7.37 (t, 2H), 7.40-7.44 
(m, 4H), 7.66-7.68 (d, 4H). It is shown in Fig. 10(c). 
13C NMR (400 MHz, CDCl3, ppm): δ 122.2-133.3. It 
is shown in Figure 10(d).
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Fig. 10(a-d). Spectral studies of diphenyl ether using copper oxide nanoparticles from Coleus aromaticus as a catalyst  
(a) Uv-vis spectra (b) FT-IR spectra (c) 1H NMR spectra, (d) 13C NMR spectra

CONCLUSION

 The green synthesis process used  
Coleus aromaticus leaf extract to produce the 
copper oxide nanoparticles successfully. The XRD 
analysis revealed the copper oxide nanoparticles 
formed a well-crystallite monoclinic structure, and 
the average crystal size of CuONP is approximately 
30nm. SEM and TEM verified the sphere shapes 
and had a size range of 34.4nm of the synthesized 
copper oxide nanoparticles. The UV-Vis spectrum 
shows the increase in absorbance towards the higher 
wavelength side, indicating the role of leaf extract, 
and the wavelength is 564nm. Thermogravimetric 
analysis was used to determine the CuO 
nanoparticles' thermal stability in the material. The 
CuO stretching vibration peak at 611 cm-1 confirmed 
the copper oxide nanoparticle formation by FT-IR 
analysis. They were subjected to catalytic studies. 
Using copper oxide (NP1) nanoparticles as a catalyst 
to create diphenyl ethers was a unique, simple, 
and affordable process. The expected product is 

yellowish oil. Diphenyl ether synthesis produced a 
91% yield and was quite impressive. The products 
were analyzed by 1H NMR, 13C NMR, FT-IR, and 
UV-Visible analyses. A high yield of diaryl ether 
was produced by the Coleus aromaticus leaf extract 
method's CuO nanoparticles. Overall, there are many 
benefits to this technology, including low catalyst 
loading, and rapid reaction times with large yields 
in quick reaction times.
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