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Abstract

Copper doped Zinc Oxide nanoparticles were synthesized using co-precipitation method. The structural optical, antibacte-
rial activities were studied and compared with those of ZnO: Cu and the bare ZnO nanoparticles. XRD studies confirmed
that all the prepared nanoparticles have hexagonal wurtzite structure of ZnO without any secondary phase after doping and
the particle size was found to be within the range between 30 and 44 nm. By W-H (Williamson—Hall methods) analysis the
strain occurred in ZnO and Cu: ZnO samples were calculated. UV—vis absorption spectra of the samples show sharp absorp-
tion edges around 290 nm. Optical absorption analysis of samples shows a red shift in the absorption band edge in Cu: ZnO
nano-powders. The constituents of composites presence in Cu: ZnO samples were confirmed by FTIR data. The antibacterial
activity of synthesized un-doped and Cu doped ZnO nano powders was studied using disc diffusion technique against both
gram positive (S. aurous) and gram negative (E. coli) bacteria, which revealed the enhanced activity of Cu doped ZnO with
increasing content of the doping agent. The catalytic activity of the prepared samples was analyzed with RhB (Rhodamine

B) textile dye and 97% of efficiency was achieved for 5 wt% Cu doped ZnO nanoparticles within 6 min at pH 9.
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Introduction

Owing to its wide band gap (3.37), and exciton-binding
energy (60 meV), zinc oxide is a flexible and fascinating
semiconductor material. ZnO has been applied to many
fields such as light emitting diode, gas sensor, piezoelectric
transducers, transparent conductive contacts, UV detec-
tors, cosmetics, biomaterials, electronics, optics, photonics
[1-10]. It has abundance in nature and eco-friendly prop-
erty, inexpensive, toxic and chemically stable. Furthermore,
it's electrical and optical properties can be used in many
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applications such as photoconductions, integrated sensors
and transparent conduction oxides electrodes. S. Thota
et al. has already discussed and reported the solubility of
Ni, Co and Mn into the ZnO crystal lattices [11]. Cu is a fair
substance as a doping material for ZnO among the various
metallic dopants and the explanation is due to the increase in
luminescence by producing localized impurity energy levels,
have similar electronic shell structure, chemical identities
and physical properties to those of Zn and the fact that it
causes a shift in the optical properties and microstructure of
the ZnO host compound [12]. Further copper has a capabil-
ity to replace the atom of Zn easily because the ionic radii of
Cu s close to the ionic radii of Zn [13, 14]. These character-
istic make this material attractive for many applications such
as solar cell, optical coating, photo catalysts, and electrical
devices, UV photonic and transparent electronic applications
[15-19]. Recently, micro- and nanostructured ZnO has been
obtained by using various physical and chemical techniques.
For the preparation of the Cu-doped ZnO nanostructure,
numerous strategies were used, such as hydrothermal [20,
21], aqueous solution deposition [22], sol—gel processes [23,
24], mechano-chemical extraction [25, 26], spray pyrolysis
[27, 28], and precipitation [29, 30], etc. Among all these
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routes, however, the precipitation approach, due to its sim-
plicity and affordability, has gained more interest. Whereas
the Cu-doped ZnO framework has been carried out by sev-
eral scientists, a comprehensive study on the characteristics
and especially the catalytic performance on organic dyes
for Cu-doped ZnO nano-powders are still rarely reported
according to our literature survey. Thus, the Cu-doped ZnO
nanoparticles were synthesized by the process of co-pre-
cipitation and it’s catalytic cum anti-bacterial studies were
analyzed and reported in the present work.

The comparative study of antibacterial active of pure
and copper doped zinc oxide study is hardly available in
literature survey to the best of our knowledge. Considering
the above-mentioned points, in the present work, we have
synthesized pure and Cu doped ZnO nanoparticles by co-
precipitation and the antibacterial activity is studied by disc
diffusion method.

Experimental
Materials

Analytical grade Merck brand with 99% purity, zinc acetate
dihydrate (Zn (CH,COO),#2H,0), copper sulfate pentahy-
drate (CuSO,e5H,0), sodium hydroxide pellets (NaOH),
Sodium borohydride (NaBH,), potassium bromide (KBr),
rhodamine B dye (C,gH;,CIN,05) Sigma-Aldrich brand with
96% purity, and double distilled water (DD water) was used
without any purification in experimental procedure.

Pure ZnO, Cu doped ZnO nanoparticles synthesis

Cu doped ZnO nanoparticles samples have been synthe-
sized by precipitation method. For the pure ZnO nanopar-
ticle synthesis, analytical grade zinc acetate dihydrate (Zn
(CH;C0O0),2H,0) having 0.5 M equivalent weight, was
dissolved in 50 ml of de-ionized water to obtain a precur-
sor solution. Using magnetic stirrer, homogeneous solution
was obtained by stirring the solution continuously for half
hour. Then, 2 g of NaOH was dissolved in 50 ml of de-
ionized water and this solution was slowly added into zinc
precursor solution with continuous stirring at normal room
temperature up to getting white precipitate. The obtained
precipitated was rinsed with de-ionized water several times
and filtered. This product was dried in a vacuum air hot oven
at 100 °C for 3 h and then calcined at 400 °C for 6 h for
yielding pure ZnO nanopowder. Cu doped (1, 3, and 5 wt%)
ZnO nanoparticles were prepared by dissolving copper sul-
fate (CuSO,e5H,0) in the precursor ZnO solution and the
remaining synthesis procedures were the same as that of the
bare ZnO synthesis.

@ Springer

Characterization techniques

By using X ray diffraction (XRD) with analytical Model:
X’Pert PRO, the crystal structure, lattice constants, strain and
phase impurity were analyzed. Functional groups of samples
were studied using Fourier transform infrared (FTIR) meas-
urements with NICOLET AVATAR 360 Model. All spectra
were recorded on pressed pellet of the prepared samples in
potassium bromide (KBr). UV-Vis DRS were obtained using
spectrophotometer Cary 5000. The surface morphology of the
samples was examined using HITACHI S-3400.

Antibacterial activity

By disc diffusion method, the antibacterial activity of the ZnO
and Cu doped ZnO nanoparticles was tested for Escherichia
coli (Gram-negative) and Staphylococcus aureus (Gram-
positive) bacteria by using Mueller—Hinton agar was used as
a nutrient agar medium. The prepared medium was poured
into petri plates and fresh bacterial cultures were spread over
the plates by spread plate technique. The standard discs of
6 mm diameter containing nanoparticle samples (20 pg) were
dispensed on to the petri plates. The plates were incubated at
37 °C for 24 h. After the incubation period, the diameter of
the zone of inhibitions were measured and expressed in mm.

Catalytic studies of pure and Cu: ZnO nanoparticles

By observing the colour deterioration of the organic pollutant
Rhodamine B dye, the catalytic performance of synthesized
pure and Cu: ZnO nanostructures was determined. For this
analysis, 10 mg/L dye solution was making up from that 10 ml
of dye solution is mixed with 0.001 M of 10 ml NaBH, aque-
ous solution. 0.1 g of catalyst was dispersed thoroughly in
20 ml of double distilled water using ultrasonicate, and 5 ml
of catalyst solution from the completely dispersed solution is
taken and mixed with above-mentioned dye solution. The ali-
quots are collected regularly aid investigated using UV spec-
trophotometer. The degradation percentage is acquired using
the relation given below (Eq. 1) [31].

n= <1—£>><100 (%) )
o

Result and discussion

XRD analysis

Figure 1 shows the X-ray diffraction of ZnO pure and Cu

doped nanoparticles. The XRD patterns obtained were found
to be composed of a ZnO hexagonal wurtzite structure with
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wide peaks (JCPDS 36-1451) [16]. In XRD pattern, no addi-
tional impurity peaks were detected, indicating that; (1) Cu
ions have been fully assimilated into the lattice of ZnO. This
is due to the fact that ionic radius of Cu®* (0.73 A) [13]is
very close to that of Zn** (0.74 A) [14], due to which Cu
can easily penetrate into ZnO crystal lattice 1, 3 and Swt%.
The crystallites size of unit cell parameters (a) and (c) of
pure and Cu doped ZnO phases are represented in Table 1.
The following relationship was used to acquire the lattice
parameters of Cu: ZnO (Eq. 2) [32].

1 _ 3 (R +k+hk _I_ﬁ
&2 4 a? c?

@

The lattice parameters of pure ZnO particles were
a=3.2465 A, ¢=5.1992 A, which is similar to with a stand-
ard values [32]. For Cu—doped ZnO samples, the lattice
parameters are slightly higher than pure ZnO. The diffrac-
tion peak for sample doped with 1, 3 and 5 wt% of Cu can
be indexed to the hexagonal wurtzite structure of ZnO with

JCPDS NO: 36-1451
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1%Cu:Zn0A "“ A A A A
gg|s

Zn0 —

20 30 40 50 60 70 80
20 (degree)

Intensity (a.u.)

102)
(110)
103)
112)

Fig. 1 XRD pattern of undoped ZnO—Nanoparticles and Cu doped
ZnO—Nanoparticles

nine prominent peaks, clearly suggested that the samples are
in single phase within detection limit. No detectable diffrac-
tion peak for any secondary or impurity phase such as CuO
was found in both samples. Moreover, we can see the Bragg
peaks at our Cu doped ZnO slightly move to lower angle side
compared to that of the undoped samples. This indicates an
important evidence of replacement of Zn>** with Cu* ions.

The average crystallite size has been estimated by
Debye—Scherrer equation (Eq. 3) [31].

_ 094
h pcosé 3)

where D is the average crystalline size, 4 is the wavelength
of the incident X-ray beam, 0 is the Braggs diffraction angle
and S is the angular with of the diffraction peak at the half-
maximum in radius on 20 scale. The average crystallite sizes
of the samples have been found to be 31 nm for pure and 31,
30, 24 nm and 24 nm for Cu doped sample.

Micro strain (¢) can be calculated using the formula
(Eq. 4) [31]

ptan 6
E =
4

“

It is observed that the strain in Cu doped samples varies
with doping concentrations and is higher as the dopant is
increased. The increased strain may be due to the incorpo-
ration of Cu ions in the regular sites of Zn ions in the ZnO
lattice.

Fourier transforms infrared spectroscopy analysis

FTIR spectroscopy of Cu doped ZnO nanoparticles were
taken in the range 4000—100 cm™! and the results are shown
in Fig. 2. A highly intense broad band has been observed
at around 1470 cm™!. A broad band has been observed at
around 482 cm™! for the pure ZnO is corresponding to the
formation of Zn-O stretching vibration bond [30]. The
FTIR spectra of the main absorption band are due to ZnO
stretching of ZnO in the range of 500482 cm™'. The broad

Taple 1 Peak position 26, S. no. Cu% hkl(260) d-spacing Lattice parameters D (nm) (107
lattice constant (a & ¢), mean B —
particle size (D) and micro- a(A) c(A)
strain (¢) of Cu-doped ZnO
nanoparticles 1 Pure (100) 31.8293 2.81154 3.2465 5.1992 31.1440 7.0865
(002) 34.5024 2.59959
2 1% (100) 31.7945 2.81453 3.2504 5.2070 30.6460 7.7857
(002) 34.4494 2.60347
3 3% (100) 31.7893 2.81498 3.2508 5.2061 24.7525 8.9999
(002) 34.4554 2.60302
4 5% (100) 31.7772 2.81603 3.2517 5.2087 243811 9.3282
(002)34.4372 2.60436
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band in the coupled Cu—ZnO at 699 cm™! is assigned to
the characteristic stretching mode of Cu—O bond, whereas
other absorption bands found around [31], 1437 cm™~! are
mainly due to C=C stretching [33]. The peaks in the range
of 3781 cm™! are due to the physical absorption of water
H-O-H stretching and stretching and C—H stretching mol-
ecules by the carboxylic acid [33].

Optical properties

The room temperature UV-Vis DRS optical absorption
spectrum of Cu:ZnO and wavelength ranges from 300 to
800 nm was recorded and illustrated in Fig. 3. The absorp-
tion edge varies from 320 to 390 nm for pure and Cu-doped
ZnO nanoparticles. As 1 wt% of Cu is added into the Zn-O
structure, the absorption edge is moved to its maximum
shift, which may be due to the generated charge carriers.
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Fig.2 FTIR spectrum of Cu doped ZnO nanoparticles
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Further increase in Cu dopant concentration beyond 5 wt%,
the absorption is progressively red shifted because of the
rise in lattice distortion as the Cu dopant concentration rose
above 1 wt%. These distortion impacts the density of the car-
rier and the edges of absorption. With increasing Cu dopant,
the position of the absorption spectra is blue-shifted. Using
the Burstein-Moss effect, the widening of the band edge may
explained [34]. The Fermi level shifts towards the conduc-
tion band, increasing the carrier concentration and increas-
ing the energy difference in the band.

The optical band gap energy (E,) of the semiconductor
is calculated from Tauc’s relation. A plot of (ahv)? versus
hv shown intermediate linear region, the extrapolation of
the linear part can be used to calculate the E, from intersect
with hv axis as shown in Fig. 3b. For pure ZnO of wide
band gap energy is 3.08 eV. For Cu doped ZnO (1, 3, and 5
wt %), the band gap energies are 3.01 eV, 2.84 eV, 2.78 eV,
respectively, mentioned in Fig. 3b.

Surface morpholgical studies

SEM is a remarkably versatile technique that can be used to
obtain information about the surface topography and com-
position. Figure 4a—d represents SEM micrographs of pure
Zn0 and Cu doped ZnO nanoparticles observed at 2 pm
magnifications. The typical morphologies of Cu 1, 3, 5 wt%
samples are found to be in cluster form of hierarchical struc-
ture, observed at 2 um magnification. It is in good accord-
ance with XRD results. All SEM results suggest that the
shape and size of ZnO nanostructure prepared by precipita-
tion method is highly depending on Cu additive. In addition
the presence of O, Zn, and Cu in appropriate amounts and
concentrations are determined by EDAX spectrum shown in
Fig. 4al, bl, cl and d1, respectively, for ZnO and Cu 1, 3, 5
wt% doped ZnO nanoparticles.

1(b)

(ahv

Zn0 E,=3.08eV

1x10° 1% Cu:ZnO B
X109 1——3% cu:zno E =3.01eV
1 5% Cu:ZnO —E_=284eV
0 e =278V

T T [I T
1 2 3 4 5
ho(eV)

Fig.3 a Optical absorption spectra of pure and Cu doped ZnO nanoparticles and b (ahv)* versus bandgap energy of pure ZnO and Cu doped

ZnO nanoparticles
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Fig.4 SEM pictures of a ZnO, b 1% Cu: ZnO, ¢ 3% Cu: ZnO, d 5% Cu: ZnO and nanoparticles observed at 2 pm magnifications and al ZnO,
b1 1% Cu: ZnO, ¢1 3% Cu: ZnO, d1 5% Cu: ZnO are the EDAX spectrum, respectively

Antibacterial application

The antibacterial activity of synthesized un-doped and Cu
doped ZnO nano-powders was studied using disc diffusion
technique against both gram positive (S. aurous) and gram
negative (E. coli) bacteria. The zone of inhibition around

the disc is shown in Fig. 5a, b and the measured values of
inhibition are given in Table 2. From Fig. 5a, b, it is noted
that ZnO nano-powders show significant impact on the
growth of bacteria around the disc. No inhibition zone was
observed for control, prepared by the stack solution taken
in disc without ZnO nano-powders. It can be observed that

@ Springer



866

Journal of the Iranian Chemical Society (2022) 19:861-872

the antibacterial activity of Cu doped ZnO nano-powders
against all the bacteria remarkably increases compared to the
un-doped ZnO nano-powders, this may be due the decrease
in grain size as increasing Cu concentration in ZnO. The
antibacterial activity of ZnO nano-powders should be asso-
ciated with several mechanisms including (1) generation
of Reactive Oxygen Species (ROS) like super oxide anions
(0*) and hydroxyl radicals (OHe), (2) release of Zn** ions
from the ZnO nano-powders which simply penetrate into
the cell wall and they can cause severe damage to the bacte-
ria and kill the bacteria and (3) small grain size. Moreover,
nano-sized ZnO were attached to the bacteria and it disturbs
the usual function of bacteria and hence they can damage
severely to outer surface of the bacteria such as DNA, lipids
and proteins. From Fig. 5a and b, it is found that 5 wt %
of Cu doped ZnO nano-powders has robust antibacterial
activity on E. coli and (Gram negative) than S. aureu (Gram
positive) bacteria. This greater antibacterial activity against
gram negative bacteria is ascribed to the variation in cell
wall membrane of these bacteria. This greater antibacte-
rial activity against gram negative bacteria is ascribed to
the variation in cell wall membrane of these bacteria. The
gram negative bacteria such as E. coli consist of its thickness
range from (16, 20, 21, 23 nm) undoped and Cu doped at
pure, 1, 3, 5 wt%, respectively. On the other hand, the gram
positive S. aureus bacteria have a very thick cell wall mem-
brane, its thickness range from (14, 18, 20, 22 nm) and made
up of large number of mucopeptides, lipoteichoic and acids
murein. In addition, S. aureus has an antioxidant enzyme and
shows a strong oxidant resistance. Thus, super oxide anions,
hydroxyl radicals and released Zn>* ions can easily penetrate
into E. coli and S. aureus and destroyed the bacteria. From

Fig.5 a Antibacterial Activity
of Staphylococcusaureus and b
Escherichia Coli for ¢ control,
(p) pure ZnO, (1%) 1% Cu:
Zn0, (3%) 3% Cu: ZnO, (5%)
5% Cu: ZnO, respectively

this it is concluded that the better inhibition is obtained for
5 wt% Cu doped ZnO nano-powders against all the bacteria.

Catalytic activity

The catalytic mechanism of deteriorating RhB dye is stud-
ied by monitoring UV-Vis spectrum each 60 s for 10 min,
using NaBH, as a reducing agent and pure ZnO and Cu
doped ZnO NPs as a catalyst. Relative to other agents,
NaBH, is an effective reduction product and is also low
toxic than other existing reducing agents. Even so, some
sort of catalyst is required to carry out this reaction to
make it faster. By reducing the activation energy, the cat-
alyst (such as Cu: ZnO NPs) lowers the kinetic barrier
between the donor BH*~ and the accepter RhB*. Catalytic
reduction occurs when the donor BH*~ and accepter RhB*
are adsorbed on the surface of ZnO NPs, and the electron
is transferred from BH*~ to RhB™, leading in the faster
breakdown of RhB dye molecules. While the dye reduc-
tion shows fast progresses when adding the synthesized
catalyst, pure ZnO and Cu doped ZnO NPs into the solu-
tion mixture of NaBH, and RhB dye, confirmed by the
UV-Visible spectra shows the exponential reduction of the
maximal peak intensity at 554 nm, and also rapid transi-
tion dye solution from colored to colourless over 10 min
is displayed in Fig. 6a—e. Consequently, with regards to
the ZnO and Cu: ZnO catalyst, the BH, can behave as an
electron donor (nucleophile) while the MB works as an
electrophile. Therefore, the electrophile MB can obtain
electrons from the catalyst and the nucleophile BH, can
supply the ZnO and Cu: ZnO catalyst with electrons. And
thereby, for the RhB degradation in a NaBH, environment,
the Cu: ZnO catalyst serves as such an electron conduit.

Table 2 Assay of antibacterial

o S. no. Bacteria Zone of inhibition (mm in diameter)
activity
Control ZnO 1%Cu: ZnO 3%Cu: ZnO 5%Cu: ZnO
1 Escherichia coli - 16 20 21 23
2 Staphylococcus aureus - 14 18 20 22
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Therefore, the catalyst produced by this approach can  degradation of the dye molecules. In the reaction mixture,
also be applied to different commercial processes. The  between RhB dye and BH*" ions, the prepared ZnO and
energy of bond decomposition takes place at the moment  Cu: ZnO catalyst acts as a prospective pathway for electron
of the chemical process, wherein the older bond is bro- transfer. Therefore, in the presence of ZnO and Cu: ZnO
ken and new one built up. Hence, it leads to the complete  catalyst the rate of the degradation reaction has raised.
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Fig.6 a—e Time-dependent UV-absorption spectrum of RhB dye with respective catalysts
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The C/C, regarding to the reaction time (¢) for the decom-
position of RhB by pure ZnO and Cu: ZnO catalyst is seen
in Fig. 7a comparatively. Degradation efficiency (1) can be
determined using Eq. 1. (Refer “Catalytic studies of pure and
Cu: ZnO nanoparticles” section). The efficiency obtained is
mapped with time duration and is seen in the figures. Also
the inclusion of doping increases degradation efficiency
which is proven from that figure. In the case of RhB dye
catalytic degradation, the efficiency of degradation is high
for 5 wt% doped ZnO NPs relative to all other synthesized
products. Pseudo-first-order kinetics for the reduction of
RhB dye can be used to measure the rate constant. The for-
mula of reaction kinetics is shown below (Eq. 4) [31],

c —
In <C—0> =kt 4)

where (k) referred as the rate constant. The initial and
final RhB concentrations are C, and C, accordingly. The dif-
ference of In (C/C,) towards reaction time for the destruction
of RhB by ZnO and Cu: ZnO catalyst is illustrated in Fig. 7b.

Determination of point of zero charge (PZC)
for the materials

Figure 8a depicts the PZC of the developed catalysts. The
surface of the catalyst is negatively charged over the PZC,
resulting in a strong columbic charge contact between the
catalyst surface and the cationic RhB dye particles. Because
of the electrostatic attraction above PZC, so much dye mol-
ecules are adsorbed on the catalyst’s surface tends to result
in a greater degrading performance, while the columbic
electrostatic repulsion between the catalyst and the dye
molecules results in a low effectiveness at acidic pH. We

1.0 1

(a)

0.8 1

0.6

cicy

RhB
0.4

| 5% CZO+NaBH,
0.2 —O—3% CZO+NaBH,
—£—1% CZO+NaBH,
——ZnO+NaBH,
—O—NaBH,

0.0

0 2 4 6 8 10

Time (min.)

discovered that the effectiveness is optimum near this high-
est surface charge point after conducting trials at various pH
levels. This result holds true for both doped and undoped
ZnO nanoparticles, indicating that at this pH 9, the largest
negative charge causes the most adsorption.

Influence of pH in the degradation:

In catalytic breakdown reactions of dye molecules, the pH
of the reaction mixture is essential. By introducing suitable
doses of NaOH and HCl solutions to the experimental solu-
tion the acidic and alkaline pH of the solution was deter-
mined. Hence, the catalytic behaviour of better sample (5
wt% Cu: ZnO) was further analyzed by maintain the solution
with different pH (3, 5, 7, 9, 11). Once the pH of the RhB
dye solution is raised from 3, the catalytic degrading perfor-
mance of prepared catalyst (5 wt% Cu: ZnO) progressively
improves as seen in Fig. 8b. When compared to acidic and
neutral pH, 4 and 7, the rate of dye molecule breakdown in
the pH range 8-11 is significantly higher. It is noteworthy
that for each of the four synthesized samples, Fig. 8b clearly
shows the ideal pH required to achieve the best efficiency
is 9. Figure 9a reveals the UV absorption spectrum of RhB
dye with catalyst (5 wt% Cu: ZnO) at pH 9. We observed a
drastic change in the catalytic behaviour for the 5 wt% Cu:
ZnO sample at pH 9 that is it degrades up to 99% of RhB
concentration within 6 min. This may due to the attraction
of dye molecules on the surface of the catalyst material is
much more in pH 9, so the catalyst may easily transfer the
free electrons from NaBH, to dye molecule. The compara-
tive C/C versus time graph for bare NaBH,, NaBH, & 5
wt% Cu: ZnO and NaBH, & 5 wt% Cu: ZnO at pH 9 is seen
in Fig. 9b and corresponding leaner fit graph is shown in
Fig. 9c. The calculated rate constant, R? value, degradation

0.5
00 (b)
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’B '1 -5 -1
2 B
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s ]
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Fig.7 aand b C/C, versus reaction time and In(C/C,) versus reaction time of RhB dye with respective catalysts
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Table 3 comparative catalytic measurements of RhB dye with respective catalyst

Materials Dye used Photocatalytic activity
R? value Rate constant (k) Reaction time (min) Degradation percentage (%)
(x1073s7h
NaBH, RhB 0.99222 45.12 10 36
ZnO+NaBH, RhB 0.99754 88.15 10 58
1% Cu:ZnO+NaBH, RhB 0.99901 116.42 10 69
3% Cu:ZnO+NaBH, RhB 0.99178 177.84 10 82
5% Cu:ZnO+NaBH, RhB 0.98784 361.36 10 97
5% Cu:ZnO+NaBH, RhB 0.89097 668.26 6 99
atpHO9
Table 4 Comparative F:atalytic S. no. Materials Dye Reaction time  Degradation per-  References
measurements of previously (min) centage (%)
reported work with present
work 1 Ag/ZnO +NaBH, MB 2 99 [35]
CR 6 99
MO 4 99
2 Ag+NaBH, MB 13 98 [36]
3 CuO +NaBH, CR 14 99 [37]
4 MgO/ZnO +NaBH, MO 14 97 [38]
5 Ag/ZnO+NaBH, MO 12 86 [39]
6 ZnS +NaBH, MB 20 94 [40]
7 Cu:ZnO+NaBH, RhB 10 97 Present work
8 Cu:ZnO+NaBH, at pH 9 RhB 6 99 Present work

MB methylene blue, CR congo red, MO methyl orange, RhB rhodamine B

percentages for all the synthesized nanoparticles are com-
paratively listed in Table 3.

Conclusion

In overview, pure and Cu doped (1, 3, and 5 wt%) ZnO sam-
ples were progressively processed by precipitation process
at ambient temperature. It is verified from XRD data that
the whole material is of fine crystalline nature with a hex-
agonal structure of wurtzite. The lattice constants "a" and
"c" suggest that with growing Cu density, Cu*, Cu* ions
replace at the Zn location. The shift in unit cell volume may
be attributable to the voids or defects creation mostly dur-
ing diffusion process of Cu*, Cu?*, ions in the transition
phase. The absorption spectral data suggest that, attributed
to the impact of pressure, the value of the band gap energy
varies. FTIR spectra assess the chemical groups of prepared
samples from its transmittance IR peaks. The synthesized
pure and Cu doped ZnO nanoparticles showed remarkable
antibacterial activities against Escherichia coli and staphy-
lococcus aureus. SEM image demonstrated the shape and

@ Springer

size of as-prepared samples. It is in good accordance at 2 um
magnification with XRD results. The catalytic activity of the
prepared samples was analyzed with RhB textile dye and
99% of efficiency was achieved for 5 wt% Cu doped ZnO
nanoparticles within 6 min at pH 9. Such that the synthe-
sized Cu doped ZnO NPs is a potential remedy for catalytic
degradation of textile dye as well as in the field of antibacte-
rial activity (Table 4).
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