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Abstract

A “green route” to fabricate nanoparticles has emerged as a revolutionary approach. In this
study, CuO, lichen modified CuO (PCuO) and Molybdenum doped lichen extract modified CuO
(PCuOM) were successfully synthesized using co-precipitation method. The as-prepared nanoparticles
were characterized using UV-visible-diffuse reflectance spectroscopy(UV—vis-DRS), Fourier
Transform Infrared Spectroscopy (FT-IR), powder X-ray diffraction (XRD), Scanning Electron
Microscopy (SEM) and  Energy Dispersive X-ray Spectroscopy (EDS) techniques. The XRD
pattern confirms the formation of CuO with JCPDS No.(01-080-1916) and the crystalline nature is
found as monoclinic phase of end center. Due to Mo doping and lichen extract activity the PCuOM
nanoparticle size was much reduced tol4 nm. UV-visible- DRS measurements show a reduction in
band gap of PCuOM after dopping with Mo. The FT-IR confirms the presence of functional groups that
acts as the capping agent for the synthesis of CuONPs. Mo-CuO nanoparticles showed strong visible-
light response and high photocatalytic activity for Amaranth degradation under irradiation by visible-
light (400500 nm). The maximum Amaranth degradation (87%) was achieved with PCuOM
concentration of 0.1 g/L, initial Amaranth concentration of 10 pM, pH 7 and irradiation time of 50 min.
The antimicrobial activity of all the samples was investigated against both gram positive and gram
negative bacteria. The combined effect of phytochemicals and Mo doping shows higher zone of
inhibition against Bacillus subtilus and Pseudomonas aeruginosa about 16 mm and 22 mm
respectively, when compared to other bacteria.
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1. Introduction

There has been a tremendous increase in nanotechnology because of its use in biotechnology,

chemistry and medicine. Nanotechnology has grown significantly during the last ten years [1-3]. New



avenues in nanoscience, including drug delivery, gene transport, nanomedicine, biosensing etc., have
been made possible by advancements in this sector [4,5]. The high surface-to-volume ratio of
nanoparticles is one of their distinctive characteristics [6]. Because of atoms on the surface are typically
more active than those at the center, this property of nanoparticles makes them more reactive than the
bulk material [7,8]. Because of its large surface area, the creation of metal and metal oxide
nanoparticles has garnered significant interest in the physical, chemical, biological, medicinal, optical,
mechanical and engineering sciences. The intriguing characteristics of metal oxides, including their
antibacterial, magnetic, electrical and catalytic activity are caused by their high atom content [9].One
can create these nanoparticles via physical, chemical or biological means. Numerous physical and
chemical techniques, such as sol-gel synthesis, hydrothermal, laser ablation, lithography etc., call for
specialized tools and highly qualified personnel. Additionally, they have harmful impacts on health that
are poisonous. Modern scientists have already established a safe, economical and less harmful synthesis
approach known as the "biological" or "green" method, which uses plant extract with a small

concentration of chemicals to minimize these difficulties.

Many advantages come with this green chemical technique, such as its affordability, suitability
for pharmaceutical and biological applications and environmental friendliness.Utilizing
environmentally friendly synthesis techniques, the biosynthesis of nanoparticles entails the biological
reduction of metals or metal element oxides to their most basic constituents. The shape ranges from 1 to
100 nm, the method has drawn a lot of interest since it is economical and environmentally friendly [10—
11].

Lichens are being investigated in great detail for their ability to produce green nanoparticles and
for their antimicrobial properties. Lichens are essentially a symbiotic relationship between algae and
fungi. They contain several chemicals that are physiologically active [12]. Numerous publications exist
regarding the manufacture of nanoparticles derived from various lichen species. Numerous metabolites,
including polysaccharides like homo-D-glucan and phenolic chemicals like depside, depsidon and
dibenzofurane are found in lichen extracts and may have the ability to function as reducing agents
during the creation of nanoparticles. India uses the lichen Parmotremaperlatum, also referred to as black
stone flower, as a spice, which are a symbiotic relationship between fungi and algae. It is a member of
the Parmeliaceae family of plants. It is a type of perennial lichen that grows on rocks or decaying wood
in the temperate Himalayas. They have been utilized as a natural medicine since ancient times and

around 700 of their physiologically active constituents have been physically identified. These



constituents are notably distinct from those found in higher plants. Other common names, such as Stone
Flower, Shilaapushpa, Kalpasi etc., are presumably a result of its traditional use in Indian medicine's
Ayurvedic system for treating ashmari or kidney stones. The powdered medication is used topically on
wounds, serves as a good cephalic snuff and enhances digestion. It reduces the production of calculi
and tones up the urinary tract. It also keeps the body's temperature normal and suppresses respiratory
conditions. The paste of drug is helpful in reducing inflammations. Smoke of drug is believed to relieve
headache. It is also used as an important ingredient in cosmetics.

Printing dyes and pigments are among the hazardous pollutants used in the textile industry to
produce textile materials and their use is growing daily, making them the most significant threat to
human health and the environment, particularly water sources [13—15]. Three types of dye exist:
cationic, non-anionic and anionic. Anionic dye is very soluble in water and has an acidic character,
making it extremely challenging to extract from water sources [16, 17]. It is less effective to use
cleanup methods like microbial degradation or hydrolysis to break down the harmful compounds found
in industrial pollutants, such as chlorinated aromatic and aliphatic compounds [18]. In order to regulate
these organic pollutants, photocatalytic technology is commonly used [19].

The P-type semi-conducting compound copper oxide (CuO) has a monoclinic structure. Its tiny
band gap, excellent thermal conductivity, photovoltaic qualities, high stability and antibacterial activity
are just a few of its many fascinating features. CuO has unique characteristics make it useful in a wide
range of technological applications, including gas sensors, active catalysts, high-efficiency thermal
conductors, magnetic recording media and solar cell applications. Apart from the common
characteristics of metal oxide nanostructures like SnO,, ZnO, WOs3 and TiO,, CuO nanostructures also
possess distinct qualities like super hydrophobicity and magnetic properties [20]. Furthermore, the
nanoparticles' excellent photo activity, stability and affordability made them an excellent photocatalyst.

Parmotremaperlatum yields a number of chemicals that have been isolated and named, but no
attempt appears to have been made to synthesize CuO NPs. CuO NPs on their own offer many
advantages, but bio-functionalized NPs are more potent in the fight against bacteria, viruses and
fungi—pathogenic microorganisms. Because biosynthesized CuO NPs made with parmotremaperlatum
don't contain any hazardous substances, they are safe to use in medical devices and treatments.
Therefore, we are presenting for the first time the biosynthesis of CuO NPs from Parmotremaperlatum
in a 50:50 water-ethanol extract and their characterization using techniques such as powder X-ray
diffraction (XRD), energy dispersive X-ray spectroscopy (EDS), scanning electron microscopy (SEM),

ultraviolet-visible (UV-vis) and Fourier transform infrared (FTIR) spectroscopy. Research has also



been done on their antibacterial efficacy against a few clinical isolates of bacterial pathogens.We
investigated the photocatalytic activity of the prepared CuO NPs with Amaranth dye in aqueous
solutions as target dyes under visible light irradiation.

2. MATERIALS AND METHODS
2.1. Chemical materials

The analytical grade chemical reagents used in this experiment were purchased from Merck, India.
Copper (II) chloride dehydrate (CuCl,.2H>0O), Ammonium heptamolybdatetetrahydrate(NH4)sM07024.
4H>0, Sodium hydroxide (NaOH) and double distilled water were used throughout the course of

this investigation.

2.2. Plant Materials

The fresh parmotremaperlatum lichens were purchesed from market in Bodinayakanur,

Theni, Tamilnadu.

2.3. Preparation of lichen extract

Thoroughly dried powder of parmotremaperlatum lichens (10 g) were boiled with 100ml of
double distilled water at 80°C until volume reduces to half, then cooled. Filtered through Whatman
No.1 filter paper (pore size 25 pm) and stored in an air tight container and kept in a refrigerator at 4°C

until the completion of the experiment [21].

2.4. Synthesis of CuQO nanoparticles

CuO nanoparticles were prepared by dissolving 5 g of CuCl>.2H>0 in 50 ml of double distilled
water. The mixture was kept under constant stirring using a magnetic stirrer at room temperature for
30 minutes. To the above solution 10 ml of parmotremaperlatum lichen extract is added dropwise
and to the solution 1 equivalence NaOH is added until it reaches optimal pH of 8, then the solution
turned to blue on stirring. Subsequently, the stirring was continued for 2 hours at room temperature.
Precipitate was filtered using Whatman no.1 filter paper (pore size 25um) and it was washed with
double distilled water to remove the NaOH present in the precipitate. The resulting precipitate was
dried at 120°C in a hot air oven. The resultant is the plant extract modified CuO nanoparticles. For the
unmodified CuO nanoparticles the same procedure is repeated again without the addition of lichen

extract [22].



2.5. Preparation of Mo Doped CuO nanoparticles

Same procedure was repeated for the preparation of lichen extract modified CuO. To this 0.025
equivalence of Ammonium molybdate(NH4)sM070244H,0 dissolved in 10 ml of double distilled
water was added drop wise into the precipitate of CuO. The pH is adjusted to 8 by adding
lequivalence of NaOH to the above solution. Then the solution turns blue in colour. Precipitate was
filtered through WhatmanNo.1 filter paper (pore size 25um) and it was washed three times with
double distilled water to remove excess NaOH present in the precipitate. Then the precipitate was
dried in a hot air oven at 120°C for 12 hours. The ash color Mo doped plant extract modified CuO

nanoparticles was obtained [23].

2.6. Measurement of photocatalytic activity

Photocatalytic experiments were carried out in an immersion type photoreactor. 300 mL of
Amaranth dyewith an initial concentration of 10 uM was taken in a cylindrical glass vessel, which was
surrounded by a circulating water jacket to cool the lamp. Air was bubbled continuously into the aliquot
by an air bump in order to provide a constant source of dissolved oxygen. Before light irradiation the
reaction mixture was stirred in dark for 15 min to achieve the adsorption-desorption equilibrium
between the catalyst and dye molecules. A 300 W Xe arc lamp with an ultraviolet cut off filter was used
as the visible light irradiation source. During the course of light irradiation, 5 mL of aliquot was
collected at regular time interval of 10 min. Then the samples were centrifuged to remove the
photocatalyst and the filtrate was analysed by UV — visible spectrometer at Amax = 514 nm. The

photodegradation of Amaranth dye was calculated by the formula given below:
Co-C

Photodegradation (%) = x 100 §))

Where, Co is the concentration of Amaranth dye before irradiation time and C is the

concentration of Amaranth dyeafter a certain irradiation time.

2.7. Antibacterial Test

The antibacterial activity of synthesized CuO, Plant modified CuO and Mo doped plant
modified CuO nanoparticles was tested against bacteria by zone inhibition disc diffusion method. These
nanoparticles were investigated against Gram +ve and Gram -ve strains like Bacillus subtilis,
Salmonella and pseudomonas aeruginosa that were cultured on agar plates added with same
concentration of CuQO, PCuO and PCuOM nanoparticles. The nutrient agar medium for the growth

ofbacteria was prepared by dissolving 2.8 g of agarin 100 ml ofdistilled water in a conical flask and



sterilized in an autoclave at 121°C for 15 min. The warm agar nutrient was poured into the sterilized
Petridish, inoculated with the microorganism and allowed to dry in the air. The sample to be tested was

added then incubated at 37 °C for 24 hours and the diameter of the inhibition zone was measured.

3. RESULTS AND DISCUSSION
3.1. UV-vis-DRS spectroscopy

The UV-vis-DRS spectroscopy is most widely used technique to investigate the optical properties of the
particles. The analysis was done in the range of 200-800 nm. The solid UV-vis-DRS spectra of CuO,
lichen modified CuO, (PCuO) and Molybdenum doped lichen extract modified CuO, (PCuOM)
nanoparticles are represented in the Fig. 1 (a). UV absorption spectra shows a decrease in absorbance
with an increase in wavelength. It was found that after modification with Lichen extract the resulting
PCuO nanoparticles exhibited a strong absorption band at 400 nm i.e., (Red shifted) than that of pure
CuO 371 nm. Mo doped lichen modified CuO nanoparticles PCuOM showed absorption at 378 nm.
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Fig. 1(a) Absorbance wavelength of CuO, PCuO and PCuOM nanoparticles

The Tauc plot is used to calculate the energy band gap of above synthesized nanoparticles i.e., the band

gaps are calculated by slope intercept manipulation from the graphs between (ahv)? and hv (eV) [24]:

ahv=K (hv-Eg)" 2)



Where, o = absorption coefficient,hv = energy of the incident photon, K= proportionality
constant and Eg = band gap energy, while, n=2 for direct band gap & n= 1% for indirect band gap [25].
The band gap energy was calculated from the absorption spectra. Extrapolation of the linear part until
its linear part until its intersection with the hv axis provided the values of the band gap shown in the
Fig. 1 (b), (c) and (d). The calculated band gap of samples of CuO, PCuO and PCuOM nanoparticles is
2.83 eV, 2.74 eV and 2.76 eV respectively. Lichen extract and the Mo doping reduces the band gap of
CuO.
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Fig. 1 (b) Tauc plot of CuO
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3.2. X-ray diffraction spectroscopy (XRD)

XRD was a rapid analytical technique primarily used for phase identification of a crystallite
material and can provide information on unit cell dimensions. The average crystalline size was

calculated using Debye Scherrer’s formula:

D = k)\/Bcos0 3

Where, D is the crystalline size, A is the wavelength (1.5406A° for Cu Ka) of the X-ray radiation, f is
the full width at half maximum of the peaks at the diffracting angle 0 [26]. The average crystalline size
wascalculated. According to JCPDS data (01-080-1916),the exhibited diffraction peaks at 20 =32.18°
(110), 3526°(-111),38.54°(111),47.10° (-1 1 2), 48.47° (-20 2), 53.34°(020), 57.93° (2 0 2),
61.35°(-113),65.94 (1 13)and 67.98 (22 0) corresponds to the different planes of monoclinic phase-
end centered of CuO and PCuO nanoparticles and the diffraction peaks at 38.31° (2 0 0), 65.74° (02 2)
and 67.90 (-3 1 1) corresponds to different planes of molybdenum nanoparticles with JCPDS data
(00-041-0254) PCuO and PCuOM. XRD peaks are broad in comparison with that of CuO, which
shows that the lichen extract and Molybdenum nanoparticles inhibited the crystallization of CuO.
These result shows that smaller particles grow more easily when incorporated with metal ions and the
phytochemicals of lichen. The XRD for synthesized CuO, PCuO and PCuOM are shown in Fig. 2. The
average crystalline size was found to be 24 nm, 13 nm and 14 nm for CuO, PCuO and PCuOM

respectively.
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Fig. 2. XRD pattern of CuO, PCuO and PCuOM

3.3. FT-IR spectroscopy
FT-IR spectroscopy is useful in measuring the absorption of IR radiations by a sample and the

results were shown by means of a wavelength. The FTIR spectrum of CuO, PCuO and PCuOM
nanoparticles was shown in Fig. 3. It can be resolved that the secondary metabolites of
permutaperlatum lichen extract can act as a strong capping agent during the synthesis of CuO
nanoparticles are shown in (Table-1).The extended band at 3200-3600 cm ™' is related to the hydroxyl
(OH) stretching vibration of the physically adsorbed water molecules from atmosphere. Strong peaks
at 655,646, 664 cm™' confirmed the formation of monoclinic CuO phases [27]. Sharp bands observed at
1032 and 1024 cm™! due to C-N stretching vibration of aromatic and aliphatic amine.The peak at 1410
cm 'shows the presence of —COO carboxylic acid. The weak peak absorbed at 872 cm™  shows the
presence of Mo=0 [28], peak intensity is less than that of Cu-O which shows that the Mo
doping is very less in CuO. The obtained FT-IR analysis of CuO, PCuO and PCuOM nanoparticles
were attributed by the phytochemicals like flavonoids and terpenoids in the Parmotremaperlatum

lichen extract.
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Fig. 3. FT-IR Spectrum of CuO, PCuO and PCuOM nanoparticles

Table. 1. IR vibrational spectrum assignments for CuO, PCuO and PCuOM nanoparticles

Wavenumber (cm™)

IR vibrational assignment

CuO PCuO PCuOM
3504 3398 3523 O-H stretching of water
3391 3391 molecules

1673 1673 C=0 stretching




Asymmetric bending of

1410 1410 (-CH»)
- C-N stretching vibration of
1032 1024 aromatic and aliphatic
amine
655 646 664 Cu-O stretching
872 Mo=0O stretching

3.4. SEM and EDX Spectroscopy

Scanning Electron Microscope (SEM) was carried out to study the morphology of CuO.
Fig.4(a-c) shows the SEM images of CuO, PCuO and PCuOM nanoparticles. The irregular
nanoparticles of CuO revealed by SEM is due to Vanderwaals force that pull the particles together.
This occurs mostly in nanoparticles of smaller sizes.
PCuO and PCuOM shows that decreases in particle size due to the addition of secondary metabolites

found. In lichen extract, this confirms the presence of alkaloids, terpenoids, flavonoids, tannins and

Furthermore examination of SEM images of

aminoacids. On doping with Mo irregular rock like structure with agglomerates are observed.
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EDX analysis revealed the purity of CuO, PCuO and PCuOM nanoparticles (Fig. 5 (a), (b) and (c)).
Oxygen and Copperin EDX spectrum indicate the copperin the form of oxide.The weight compositions
for Copper (Cu) and oxygen (O) in CuO, PCuO and PCuOM were 77.17%, 45.72%, 64.21% and
22.83% ,43.05%, 22.15% and Molybdenum (Mo) in doping were 0.62% respectively shown in (Table-
2).Carbon and Nitrogen were also detected in small amount owing to interactions with phytochemicals

present in the lichen extract.
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Fig. 5 (a) EDAX Spectrum of CuO
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S.NO. Sample Atomic % KeV

1. CuO Cu=77.17 Cu= 8 KeV
0=22.83 0=0.5 KeV

2. PCuO Cu=45.72 Cu= 8 KeV
0=43.05 0=0.5 KeV
C=11.23

3. PCuOM Cu= 64.21 Cu= 8 KeV
0=22.15
C=10.22 0=0.5 KeV

N=2.8

Mo= 0.62 Mo= 2.321 kev

3.5 Photocatalytic activity

The photocatalytic activity of the prepared nanoparticles were investigated by degradation of
Amaranth (10 uM) dye under visible light radiation. The catalyst concentration was fixed at 0.1 g/L and
photodegradation of Amaranth was monitored by change in absorbance (Amax= 514 nm) as a function of
irradiation time. Fig. 6 (a) shows the change in absorption spectra of Amaranthdye using PCuOM

nanoparticles.
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Fig. 6 (a) The time dependent UV -visible spectral changes of Amaranthdye using PCuOM under
visible light irradiation
It is noticed that the absorption intensity of Amaranthdye decreases gradually with increasing of
irradiation time. The decrease in absorbance in the UV-region demonstrates the degradation of aromatic
structure. PCuOM shows higher photocatalytic activity (87 %). Photodegradation percentage of
PCuOM, PCuO,CuO and without catalyst was shown in Fig.6 (b).

In order to obtain quantitative information of the photocatalytic activity of the as-prepared products,
the kinetics of photocatalytic degradation of Amaranthdye was also investigated [29, 30]. The
degradation of Amaranthdye can be described using the pseudo first-order kinetic model as shown

below.

An— = kt 4)



Where, k is the first-order apparent rate constant and t is the light irradiation time. Cp and C;
represent the concentrations of Amaranthdye at beginning and time t, respectively. Fig.6 (c) shows the
kinetic plot of photodegradation curves of Amaranthdye using PCuOM, PCuO, CuO and without
catalyst. The value of the apparent rate constant k and the correlation coefficient R? are shown in Fig. 6
(c). The rate constant of PCuOM, PCuO, CuO and without catalyst is 6.2 x 10> min™!, 8.6 x 10> min™,

1.91 x 102 min'and 2.22 x 10 min™'respectively.
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Fig. 6 (b) Photodegradation of Amaranth dye in the presence of PCuOM, PCuO, CuO and
without catalyst
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Fig. 6 (c) Kinetics of photodegradation of Amaranth dye in the presence of PCuOM, PCuO, CuO
and without catalyst

3.6. Antibacterial Test

The antibacterial activity of the CuO , PCuO and PCuOM nanomaterial was determined by using
well diffusion method against Gram positive and Gram negative bacteria: Staphyloccocusaureus,
Bacillus subtilus (gram positive) and Salmonella, Pseudomonas aeruginosa (gram negative) are shown
in Fig. 7 (a, b, c and d) were tested at same concentration. The variation in the sensitivity or
resistance to both gram positive and gram negative bacterial populations might be due to the
differences in the cell structure, physiology, metabolism or degree of contact oforganisms with
nanoparticles. At biological pH values, the overall charge of bacterial cells was negative due to the
additional carboxylic groups present in the lipoproteins on the bacterial surface which upon dissociation

makes the makes the cell surface negative
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Fig. 7.Mechanism of PCuOM nanoparticles against bacteria

The obtained zone of inhibition rate of CuO, lichen modified CuO (PCuO) and Mo doped CuO
(PCuOM) nanoparticles against  Staphyloccocusaureusis, Bacillus subtilus, Salmonella and
Pseudomonas aeruginosa are given in Table-3. The variation in the inhibition rate as shown in Fig. 7
may be due to the difference in the cell wall structure. Smaller sized particles can effectively interact
with bacterial membranes due to their large surface area, thus enhancing their antibacterial efficiency.
PCuO and PCuOM nanoparticles show excellent antibacterial activity then pure CuO, which is
due to the effect of secondary metabolites of lichen extract and Molybdenum doping. The combined
effect of phytochemicals and Mo doping shows higher zone of inhibition against Bacillus subtilus and

Pseudomonas aeruginosa about 16 mm and 22 mm respectively, when compared to other bacteria.



Table. 3. The antimicrobial activity of CuO, PCuO and PCuOM nanoparticles

Tested Bacteria

Gram Reaction

Sample inhibition zone

(mm)
CuO PCuO | PCuOM
Staphyloccocusaureus + ve 9 11 13
Bacillus subtilus + ve 10 14 16
Salmonella -ve 13 17 17
Pseudomonas aeruginosa -ve 16 21 22




Fig. 3.5. CuO, PCuO and PCuOM nanoparticles against (a) S. aureus , (b) Bacillus

Subtilus, (c) Salmonella and (d) Pseudomonas aeruginosa.



4. CONCLUSION

In this study, CuO, lichen modified CuO (PCuO) and Molybdenum doped lichen
extract modified CuO (PCuOM) were successfully synthesized using co-precipitation method.
From the obtained UV-vis-DRS spectroscopy the Amax value is red shifted from UV to visible
region so it can be used in direct sunlight thus it is used in photocatalytic and solar cell
applications. The band gap is reduced to 2.74 eV for PCuO than that of CuO, which implifies
that lesser activation energy is required for the synthesis, so the energy consumption is low. FT-
IR spectrum confirms the metal oxide and various functional groups of phytochemicals present in
the lichen extract of parmotremaperlatum.The XRD confirms the formation of CuO with JCPDS
NO (01-080-1916) and the crystalline Nature is found as monoclinic phase of end center. Due to
Mo doping and lichen extract activity the PCuOM nanoparticle size was much reduced tol4
nm.The doping influences the grain shape to irregular rock like structure was formed, as it was
confirmed with SEM analysis. The presence of expected elements was confirmed with EDX
spectrum. The combined effect of phytochemicals and Mo doping shows higher zone of
inhibition against Bacillus subtilus and Pseudomonas aeruginosa about 16 mm and 22 mm
respectively, when compared to other bacteria.lt confirmed that the green PCuOM possessed an
improved photocatalytic degradation of Amaranth dye under visible light.The phytochemicals of
parmotremaperlatum lichen and Mo doping has played major role in structure, morphology

antibacterial and photocatalytic activity of CuO nanoparticle.
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