
 
SEBHA UNIVERSITY JOURNAL OF PURE & APPLIED SCIENCES  VOL.20 NO. 2 2021 

DOI: 10.51984/JOPAS.V20I2.1340 
 

  
 

 ة والتطبيقيةتجامعة سبها للعلوم البح مجلة
Sebha University Journal of Pure & Applied Sciences 

Journal homepage: www.sebhau.edu.ly/journal/index.php/jopas 

 

 

*Corresponding author: 

E-mail addresses: f.shtewi@zu.edu.ly, (W. M. Al-Adiwish) w.aladiwish@zu.edu.ly, (H. A. Alqamoudy) hamed_alqamoudy@zu.edu.ly, (A. A. 

Tarroush) a.tarroush@zu.edu.ly 

 Article History : Received 30 January2021 - Received in revised form 27 June 2020 - Accepted 1 July 2021 

Green Synthesis and Characterization of Crystalline CuO Nanoparticles using Aqueous Mentha 
Piperita L. Leaf Extract  

*Fatma A. Shtewi, Wedad M. Al-Adiwish, Hamid A. Alqamoudy, and Awatif A. Tarroush 

Chemistry Department, Faculty of Science, Zawia University, Libya 

 

Keywords: 

Copper oxide nanoparticles 

Green synthesis                 

Mentha Piperita L.  

Polyphenols  

X-ray diffraction 

 

 A B S T R A C T 

Copper oxide nanoparticles are essential technology materials that are utilized as catalysts in the 

chemical industry, as well as in photonic and electronic devices and medical applications. Due to 

their applications in advanced technologies, we have concentrated on the production of CuO 

nanoparticles using enhanced, cost-effective, and environmentally friendly synthetic techniques. In 

this paper, we have presented a green synthesis technique to successfully synthesis copper oxide 

nanoparticles (CuO NPs) utilizing copper (II) sulfate pentahydrate (CuSO4.5H2O) as precursor salt 

and Mentha Piperita leaf extract as a reducing and stabilizing agent during the synthesis process. The 

precursor salt solution and reducing agent were mixed in a 1:1 volume ratio at 50 °C. The CuO NPs 

synthesized were confirmed by the characteristics Surface Plasmon Resonance (SPR) peak in the 

UV-visible region. Also, the optical direct band gap energy of the CuO NPs determined from the 

Tauc plot was 3.26 eV. The FTIR spectrum analysis confirmed existence of functional groups of 

polyphenols from Mentha piperita L. leaf extract, which are responsible for the reduction of Cu2+ 

ions and effective stabilization of CuO NPs. All the peaks observed in the XRD pattern revealed the 

production of CuO NPs having monoclinic structure with an average crystallite size of 42.51 nm. 

The surface morphology of the CuO nanoparticles was detected using SEM analysis. Further, the 

synthesis mechanism of CuO NPs has also been investigated. 

 النانوية البلورية باستخدام المستخلص المائى لأوراق النعناع CuOالاصطناع الأخضر و التشخيص لجسيمات 

 فاطمة على الشتيوي و وداد ميلاد الايدويش و حامد أبوعجيلة القمودي و عواطف عبدالسلام طروش*

 ليبيا جامعة الزاوية، كلية العلوم، قسم الكيمياء،
 

 الكلمات المفتاحية:  

 جسيمات أكسيد النحاس النانوية

 الاصطناع الأخضر

 النعناع  

 البوليفينولات  

 .حيود الاشعة السينية

 

 الملخص 

تعتبر جسيمات أكسيد النحاس النانوية من المواد التكنولوجية الهامة المستخدمة كمحفزات في الصناعات 

تقنيات المتقدمة،                         . نظر ا لتطبيقاتها في الوالتطبيقات الطبيةوالإلكترونية الأجهزة الفوتونية  وكذلك فيالكيميائية 

مع استراتيجيات تركيبية محسنة وفعالة من حيث التكلفة  CuOفقد ركزنا على إنتاج الجسيمات النانوية لـ 

 CuOجسيمات أكسيد النحاس النانوية ) لتصنيعالبحث، قدمنا تقنية تخليق خضراء  اوصديقة للبيئة. في هذ

NPs بنجاح )( باستخدام كبريتات النحاس المائيةO2.5H4OSCu كملح أولي ومستخلص أوراق النعناع كعامل )

 05عند  1:1مختزل ومثبت أثناء عملية الاصطناع. تم خلط محلول الملح الاولى وعامل الاختزال بنسبة حجمية 

رنين البلازمون السطحي من خلال نطاق امتصاص    CuOدرجة مئوية. تم تأكيد اصطناع الجسيمات النانوية لـ 

(SPR.في المنطقة المرئية للأشعة فوق البنفسجية )  ا  CuO NPsكانت طاقة فجوة النطاق البصري المباشر لـ       أيض 

وجود مجموعات وظيفية للبوليفينولات  FTIRالكترون فولت. أكد تحليل طيف  Taut 3.26المحددة من مخطط 

والتثبيت الفعال لجسيمات أكسيد ( IIزال أيونات النحاس )المسؤولة عن إخت النعناع،من مستخلص أوراق 

لميل ذات بنية أحادية ا CuO NPsعن تكوين  XRDالنحاس النانوية. كشفت جميع القمم التي لوحظت في نمط 
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 CuOنانومتر. تم الكشف عن التشكل السطحي للجسيمات النانوية  24.01مع متوسط حجم بلوري يبلغ 

 تمت مناقشة ألية اصطناع جسيمات أكسيد النحاس النانوية. ذلك،وة على . علا SEMباستخدام تحليل 

1. Introduction 

Nanotechnology is an interdisciplinary and broad diverse field of 

research that has seen rapid growth worldwide in the past few years. 

Recent advancements in this subject have resulted in the production 

of metal and metal oxide nanoparticles. Particles with an average 

diameter of 1-100 nm are included [1]. Because of their small size, 

large surface area, chemical and optical properties, and good 

electrical conductivity, these particles are discovered to offer 

advantages. Among them, copper oxide nanoparticles (CuO NPs) 

have acquired great interest in research fields, such as high-Tc 

superconductors [2], solar cells [3], biodiesel [4], photocatalysis [5], 

supercapacitors [6], electrocatalysis [7], etc. due to their preferred 

characteristics such as nontoxicity and cheap cost. Moreover, CuO 

nanoparticles reveal a great potential for use as antimicrobial agents 

[8]. 

Several methods like thermal evaporation, sonochemical [9], sol-gel 

[10], hydrothermal [11], and electrochemical procedures [12] and 

microwave irradiation method [13] have all been used to produce 

copper oxide nanostructures with varied morphologies, dimensions 

and sizes using different physical, chemical, or combined physics and 

chemistry strategies. In contrast, nanoparticles synthesized using the 

above mentioned methods are suffering from drawbacks including, 

high reagent costs, hazardous reaction conditions, longer processing 

time and a time-consuming process to separate nanoparticles. 

Recently, there’s scope to develop new methods for the production 

of metal and their metal oxide nanoparticles (M/MO NPs) which 

should be rapid, inexpensive, and environmentally friendly. 

In recent years, green synthesis of copper oxide nanoparticles 

attracted much attention due to its nontoxicity and also being an 

economical and facile process. Polyphenolic compounds existing in 

the plant extracts are water soluble, nontoxic and biodegradable, 

plying a significant role during the green synthesis process [1]. The 

reported band gap energy (Eg) values for CuO, which is a p-

typesemiconductor, are generally in the range of 1.2 to 2.16 eV. This 

wide range is caused by a variety of factors including, how the gap is 

interpreted (direct or indirect), grain size, annealing treatment, 

morphology, and doping. The favourable band gap energy of CuO 

around 2.6 eV makes it suitable for solar cell energy conversion and 

it can also be served as solar cell window material [14, 15]. 

  

In this work we are reporting the synthesis of CuO nanoparticles by 

reducing aqueous copper (II) sulfate pentahydrate solution by the 

extract of Mentha piperita leaves without the use of any dangerous 

and environmentally toxic chemicals involved previously in 

conventional chemical reduction methods. Mentha piperita 

(Lamiaceae family) contains a variety of phytochemicals including, 

polyphenols that have been shown to reduce of metal ions to their 

metal and metal oxide nanoparticles. The phytochemicals present in 

plant extracts also are highly effective antioxidants and are less toxic 

than the synthetic ones. Gallic acid, sinapic acid, and ellagic acid are 

the major phenolic chemicals found in Mentha piperita leaves. Also, 

Mentha piperita leaves extract contains a significant amounts of 

flavonoids (eriocitrin, narirutin, hesperidin, luteolin-7-O-rutinoside, 

isorhoifolin, diosmin, 5,7-dihydroxycromone-7-O-rutinoside), 

tannins and saponins [16]. The existence of hydroxyl groups in 

flavonoids makes them as a potent antioxidant. Dyab, A.S. [17] 

reported that fresh peppermint leaves extract contains higher values 

for total flavonoid (as Quercetine) and total phenolic (as Gallic acid). 

These compounds are responsible for the medicinal uses of Mentha 

piperita as antioxidant and antimicrobial agents. 

 

2. Materials and Methods: 

Fresh leaves of Mentha piperita plant were collected from farms in 

Az-Zāwiyah, Libya. Copper (II) sulfate pentahydrate (CuSO4.5H2O) 

and sodium hydroxide (NaOH) were obtained from the Sigma-

Aldrich Company (Sigma-Aldrich, St Louis, MO, USA). These 

chemicals were utilized as supplied, with no further purification.  All 

aqueous solutions were carefully prepared using distilled water. 

2.1 Preparation of the plant extract:  

20 g of Mentha piperita leaves were washed thoroughly with tap 

water then rinsed with distilled water until no foreign material 

remained. The leaves were finely cut and were boiled for 15 min with 

100 ml of distilled water in 500-ml Erlenmeyer flask. The aqueous 

extract of Mentha piperita leaves was later filtered through cotton 

then through Whatman No.1 filter paper. 

 

2.2 Synthesis of CuO nanoparticles:  

In the present method, Copper (II) sulfate pentahydrate 

(CuSO4.5H2O) was used as basic precursor, Mentha piperita leaves 

extract as reducing and stabilizer agent. NaOH was used as a catalyst 

and also to adjust the pH to 9. 

Copper oxide nanoparticles were synthesized by mixing (0.1 M) 

CuSO4. 5H2O solution as the precursor salt with Mentha piperita 

leaves extract in a 1:1 volume ratio. Then, the pH of the reaction 

mixture was adjusted to pH 9 by the addition of (0.1 M) NaOH, with 

rapid stirring at 50°C in a water bath. The reduction of copper sulfate 

to CuO Nps was confirmed by the color change of the solution from 

blue to greenish-black. The CuO nanoparticles were separated by 

centrifuging at 3000 rpm for 15 minutes and repeatedly washed by 

distilled water. Subsequently, the obtained precipitate was dried in 

the open air.2.3 Characterization of CuO nanoparticles 

The maximum optical absorption of the sample was characterized by 

UV-Visible spectrometer (JASCO V 670), in the wavelength range 

of 200-800nm. The UV-Vis data was used to calculate the band gap 

energy of the CuO NPs using Touch’s plot method. Molecular 

vibrations analysis of the samples was performed by Fourier 

transform infrared spectroscopy (FT-IR). The samples were mixed 

with dry KBr, grounded and then pressed into thin pellets. The IR 

measurements were carried out on IRAffinity-1S (Shimadzu) 

spectrometer, with spectrum recorded in the wavenumber range of 

500–4,000 cm-1. X-ray diffraction analysis (XRD) was used to 

confirm the crystal formation and to estimate the crystalline size of 

CuO NPs. The X-ray diffraction (XRD) measurements were 

performed using a Shimadzu 6100 XRD diffractometer, and the 

pattern was recorded with Copper Kα radiation (λ=1.54060 Å). The 

surface morphology and structural properties of the CuO 

nanoparticles were studied using scanning electron microscope 

(SEM). 

 

3. Results and Discussions: 

3.1 UV–Vis spectroscopy: 

Reduction of aqueous copper ions by Mentha piperita leaves extract 

for the formation of copper oxide nanoparticles was first observed by 

color change from blue to greenish-black after the solution was made 

to pH 9 by the addition of (0.1M) NaOH and maintained at 50°C. 

Figure 1 shows the absorption spectra of Mentha piperita leaf extract 

and green synthesized CuO nanoparticles. Higher absorption peaks 

at the region 200 to 350 nm were observed for leaves extract. It 

indicates that the leaves extract had free phytochemicals. While a 

broad peak at the region between 200 nm and 400 nm was obtained 

from CuO nanoparticles most likely attributed to Surface Plasmon 

Resonance (SPR) of CuO semiconductor excitation. High absorbance 

indicates a high conversion of Cu2+ to CuO as nanoparticle leading 

to higher concentration of CuO NPs [18]. 
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 Fig.1: UV-visible absorption spectra of CuSO4, Mentha piperita leaf extract and synthesized CuO nanoparticles. 

 

The formation of CuO NPs was monitored by color changes. Tannins 

present in the Mentha piperita leaves extract plying a crucial role in 

the reduction process of Cu2+ ions. The changes in the color is also 

understood in terms of the chemical reaction between copper (II) 

sulfate pentahydrate and sodium hydroxide to produce copper (II) 

hydroxide (blue), which reacts with the gallic acid leading to the 

formation of dehydrogallic acid and copper(I) oxide (brown). The 

gallic acid is produced from hydrolysis of tannins. 

However, as the reaction continues with time, copper (I) oxide was 

formed and at last CuO nanoparticles (greenish-black) formation 

takes place according to the following series of reactions [19]. 

 
 

3.2 Band gap energy:  

Optical characteristics of nanoparticles provide valuable information 

about physical properties; such as band gap energy, band structure 

and optically active defects. The band gap (Eg) value of the CuO 

nanoparticles has been studied. The absorption spectra can be used to 

estimate the energy gap of the produced NPs through Tauc's relation: 

αhν =  A(hν - Eg)1/2 

Where α is the absorption coefficient, A is constant related to the 

material,  hν is the photon energy in eV, h is Plank's constant, ν is the 

frequency of the photon, Eg is the optical band gap in eV. The energy 

band gap of the CuO nanoparticles was estimated by fitting a straight 

line to the linear portion of the curve and Eg is the intercept of the 

line with the hν-axis figure 2. The obtained direct band gap value was 

found to be 3.26 eV, which was lower than the bulk band gap value 

of CuO NPs (3.5 eV) [14]. The observed decrease in the direct band 

gap value could be ascribed to increasing particle size. Also, the 

energy gap decreases with increasing annealing temperature [20]. 

 

 
Fig. 2: Direct optical band gap energy of CuO nanoparticles. 

 

3.3 FTIR spectroscopy 
FT-IR measurements were employed to investigate the possible 

functional groups responsible for the reduction of the metal 

precursors and the formation of CuO NPs. The comparison between 

the IR spectrum of Mentha piperita powder and the IR spectrum of 

the product of its complexation with Cu2+ ions are shown in figure 3. 

The infrared spectra of the dried M. piperita leaves show absorption 

peaks at 1253.69 and 1014.85 cm−1, which can be ascribed for the C-

O-C and C-O-H vibrations of the phenolic group. Also, the two small 

bands at 1416.17 cm-1 and 1517.47 cm-1 can be related to symmetric 

and asymmetric stretching vibrations of COO- group.  The band 

observed at 1601.29 cm-1 is attributed to the C=C stretching 

vibrations of the aromatic ring, which belongs to the polyphenols 

(e.g., flavonoids and tannins) [21]. Moreover, the peak at 1730.08 

cm−1 corresponds to the C=O stretching vibration, which might arise 

from the functional groups of ketones, aldehydes, and carboxylic 

acids. The sharp peaks at 2919.45 cm-1 and 2850.56 cm-1 are 

attributed to asymmetric and symmetric C-H stretching mode of 

aliphatic hydrocarbon chains. The broad band at 3275.08 cm−1 

represents the O–H stretching of the polyphenolic compounds, which 

is associated with strong hydrogen bonding [22]. These functional 

groups prove the existence of polyphenols in Mentha piperita, which 

might act as reducing and stabilizing agents in the CuO NPs synthesis.  
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Fig. 3: IR Spectra of the dried M. piperita leaves and CuO NPs.  

 

The FTIR spectra reveal that observed bands for functionalized CuO 

NPs (fig.3b) are similar to those obtained for Mentha piperita (fig.3a) 

with a slight shift, in addition to the absence of a carbonyl band near 

1700 cm–1. Also, the band involving O-H vibration at 3275.08 cm-1 

of the polyphenols is shifted to 3681.27 cm-1. The shift of O-H 

vibration implies the involvement of the OH group in the reduction 

process. Further, the clear new absorption peaks at 532.96 cm−1 and 

504.65 cm-1 are due to the Cu−O stretching vibration [23]. The 

significant changes of spectrum suggest the possible association of 

the polyphenolic compounds in the extract in the reduction process 

through the hydroxyl group and binding to the CuONPs through the 

carbonyl groups. 

 

3.4 X-ray Diffraction (XRD) 

 

The XRD pattern of the CuO NPs at room temperature (Figure 4) did 

not show distinct diffraction peaks, suggesting that plant polyphenols 

capped Cu2+ ions and changed the bond connections of Cu2+ in the 

precursor salt [24,25]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: X-ray diffraction pattern befor calcination of CuO NPs. 

The nanoparticles were annealed to enhance their crystallinity, and to 

decompose any extra compounds from the Mentha piperita extract 

that were not involved in the green synthesis process. Copper oxide 

nanoparticles were put in a ceramic boat and calcined in the furnace 

at 600 °C for 2 h. Figure 5 shows the XRD pattern of the calcined 

CuO NPs.  The diffraction peaks were observed at 2θ values of 33.19°, 

36.22°, 39.40°, 49.46°, 58.92°, 62.21°, 66.91°, 68.69°, 73.02°,75.75° 

corresponds to the lattice planes (110), (111), (200), (202), (020), 

(202), (113), (311), (220) and (400) respectively.  XRD peaks are 

similar to the monoclinic structure of tenorite phase and well 

consistent with JCPDS card number 41-0254. The sharp and strong 

peak observed at 36° position with the plane (111) indicates that the 

sample has high crystalline quality. The Debye–Scherer equation was 

used to calculate the average size of CuO NPs. 

 

D = 0.94 λ / β cosθ 

Where D is the particle's average crystallite size, 𝜆 is the X-ray 

radiation's wavelength (0.154 nm), β is the peak's full width at half 

maximum (FWHM), and is the Bragg's angle of diffraction. CuO NPs 

were determined to have an average crystallite size of 42.51 nm.  

 

 
Fig. 5: X-ray diffraction pattern of CuO NPs after calcination at 

600 °C for 2 h. 

 

3.5 Scanning Electron Microscopy (SEM)  

The surface morphology of the CuO nanoparticles was detected using 

SEM analysis. The SEM image of the CuO NPs is shown in Figure 

6.  As may be seen, the synthesized nanoparticles have spherical 

shape, as well as separated from each other and their structures were 

homogenous. 

 

Fig. 6: SEM image of copper oxide nanoparticles 

3.6 Plausible mechanism of CuO NPs synthesis 

Although the mechanistic details of the biosynthesis processes are 

currently unclear, a range of mechanisms have been proposed to 

explain the formation of NPs. However, the exact mechanism of the 

synthesis process remains challenges, thus providing opportunities 

for further study. A proposed mechanism of the CuONPs synthesis 

from Mentha piperita is shown in scheme 1. The Mentha 

piperita leaf extract contains a high content of tannins (234.06 mg/g) 

with plenty of phenolic–OH of galloyl groups [21]. These functional 

groups can form a strong complex with Cu2+ ion. In the alkaline 

environment, the hydroxyl groups of polyphenolic compounds 

contained in the Mentha piperita extract are deprotonated and act to 

reduce the copper ions. The deprotonation of the hydroxyl groups 

was confirmed by the shift of O-H vibration of the polyphenols in the 

IR spectra. Accordingly, the copper ions oxidized the hydroxyl 

groups into carbonyl groups in the reduction reaction as Cu2+ is 

reduced to Cu0NPs and subsequently oxidized by atmospheric 

oxygen to CuO NPs [26].  

 

 
Scheme. 1 Reduction of Cu(II) ions by the galloyl groups of tannins 

of Mentha piperita leaf extract to produce CuO NPs 

 

3.7 Stability of CuO nanoparticles in colloidal solution 
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The role of Mentha piperita in stabilizing CuO nanoparticles is 

considered as steric stabilization from the interaction between the 

possible functional groups of the polyphenols in the extract, the major 

ones being hydrolysable tannins, and Cu atoms on the surfaces. 

Tannins may be hydrolyzed by weak bases or weak acids to produce 

corresponding gallic acid and glucose moieties [27] scheme 2. 

Additionally, gallic acid and glucose in their anionic form are able to 

donate electrons (reducing power) and to transform into their quinone 

form. On the other hand, glucose is a known reducing agent, can only 

reduce Cu2+ to Cu+, the resulting Cu+ is then converted to Cu0 by the 

anionic forms of the other hydrolyzed products scheme 2.  

 

Scheme. 2 A probable reaction mechanism for copper ions 

reduction using hydrolysable tannin. 

The reduction and stabilization by the hydrolyzed products of tannins 

are also supported by the Hard Soft Acid Base (HSAB) principle. It 

has been previously indicated that hard ligands coordinate with the 

hard metals and soft ligands tend to coordinate with soft metals [28]. 

Based on the HSAB concept, the carbonyl group (C=O) is a soft 

ligand while the hydroxyl group (-OH) is a hard ligand in phenolic 

compounds as shown scheme 2. Thus, when the hard ligand (-OH) in 

the hydrolyzed products of tannins comes in contact with the hard 

metal ion Cu2+ the formation of Cu(II)tannin complex will take place 

scheme 3. 

 
Scheme. 3 Plausible complexation and reduction of Cu2+ to CuO 

NPs. 

 

When Cu2+ ions are reduced to Cu0, Cu (0) reacts with oxygen and 

spontaneously converts to the CuO NPs because of its high oxidation 

potential. In addition, the hydrolyzed products of tannins undergo 

oxidation resulting in the formation of their respective quinone forms. 

When the C=O soft ligand on quinone comes to contact with the 

surface of hard metals (CuO particles), the poor stabilization occurs. 

Hence, the carbonyl groups will be bound to CuO particles through 

electrostatic interactions.    Accordingly, the possible active groups 

that are responsible for the stabilization CuO nanoparticles in an 

alkaline solution of M. pipreta leaf extract should be phenolate anion 

of galloyl groups, OH group of glucose and carboxylate group (COO-) 

of gallic acid Scheme 2. Furthermore, aggregation of nanoparticles is 

avoided by the presence of these free protecting agents [29]. The 

prevention of aggregation has been confirmed by the SEM image 

analysis. 

4. Conclusion 

In summary, CuO nanoparticles were successfully prepared by 

reducing Cu2+ salt using the leaf extract of Mentha piperita. This 

method has many advantages over other reported methods, which 

include the availability of starting materials, low cost and easy 

experimental and use of toxic reagents is avoided. Moreover, the 

direct band gap value of CuO nanoparticles was small. Therefore, 

these CuO NPs may serve in applications such as semiconductor, 

catalyst and sensors. Calcinations process can effectively remove 

residue and lead to the better crystallization of CuO nanoparticles. 

The presence of phenolic-OH groups and ortho-dihydroxyphenyl 

groups in chemical structure of tannins are involved in the formation 

of complexes with Cu2+ ions and also take part in redox reactions. 

Also, in alkaline solution, the phenoxide anion of galloyl groups, 

carboxylate groups of gallic acid and hydroxyl group of glucose can 

strongly interact with the surface of CuO nanoparticles to supply the 

protection of the freshly made particles from aggregation.  

Abbreviations 
CuONPs: Copper oxide nanoparticles 

SPR: Surface plasmon resonance 

FT-IR: Fourier transform infrared spectroscopy 

UV-VIS: Ultraviolet–visible spectroscopy 

XRD: X-ray diffraction analysis 

SEM: Scanning electron microscopy 
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