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Cu-Ag-ZnO nanocomposite (NC) has been successfully synthesized by mechanical alloying the Cu, Zn and Ag
powder mixture under Ar atmosphere within 4 h of milling. The nanocomposite is then conjugated with the
antifungal drug ﬂuconazole by adding 5 wt% powdered drug to the NC and mechanical alloying the total powder
mixture for one more hour. The Rietveld reﬁnement of XRD data and FTIR spectrum analyses reveal the detailed
structural and microstructural characterizations of the nanocomposite-drug conjugate (NC-DC). Presence of Cu,
Ag, ZnO and drug in the 5 h milled powder are conﬁrmed by analyzing TEM images and FESEM-EDS spectrum.
Results obtained from FESEM and TEM images reveal the measure of particle size of the nanocomposite-drug
conjugate and it agrees well with the crystallite size obtained from the Rietveld reﬁnement. A signiﬁcant antifungal activity of NC-DC against Candida sp. fungi has been revealed using disk agar diﬀusion method.
Minimum inhibitory concentration (MIC) test conﬁrms that NC-DC with only 5 wt% ﬂuconazole produces similar
antifungal activity of the pure (100 wt%) and conventional ﬂuconazole. Thus, the conjugation of conventional
drug to a nanocomposite results in enhancement of drug eﬃciency by a factor 20 folds. This is very important,
particularly, for those antibiotics which are very eﬀective in controlling several epidemic diseases but show
intense side eﬀects when used at higher dose and/or for a longer duration.

1. Introduction
In recent days, many diseases and fungal infections are caused by
Candida sp. and become very treacherous to many patients [1]. Candida
albicans were the most common cause of invasive mycoses [2]. Resistance to commonly used drugs in clinics is developing frequently
which becomes a challenging issue for the treatment of candidemia [3].
In a recent study, it is shown that non-albicans Candida sp. (NAC) becomes more responsible for candidemia than Candida albicans [4]. Intravascular catheters and parenteral hyperalimentation are the major
risk factors for candidemia. Particularly, for those patients treated with a
broad spectrum of antibiotics have these type of risk factors and they
usually suﬀer from a fever of unknown origin. Inﬂuence of ﬂuconazole
is less for NAC than Candida albicans [4,5] and for this reason, a greater
dose of ﬂuconazole is required to cure clinically [6]. Mostly, for the
patients having hematologic malignancies, many fungal infections are
caused by Candida sp. which causes morbidity and mortality in an

⁎

immune compromise situation [7–9]. It is reported that other Candida
sp. are responsible for increasing candidemia [10]. Candida krusei has
been demonstrated as an agent showing resistance to the drugs commonly available in the market, such as for the patients having ﬂuconazole exposure [11–13]. Thus, the new strategy of treatment and alternative agents against these fungal infections and diseases are the
urgent need for overcoming this situation.
It is now well established that due to high targeting eﬃciency and
penetrating power to the cell membrane, nanomaterials become an
attractive ﬁeld of research for targeting the drug into the speciﬁc sites
of various diseases with a highly eﬃcient and biocompatible manner to
achieve a high therapeutic potential with minimal side eﬀects [14]. The
unique structural properties, large surface to volume ratio and very
small size makes the nanoparticles to be more eﬀective for interacting
greatly with microbial membranes and showing long-range antimicrobial activity. The antimicrobial activity can be described by oxidative stress induction [15], metal ion release [16] or non-oxidative
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mill (P6, M/s Fritsch) for 4 h (15 min break after every 15 min of continuous milling) at room temperature with the ball to powder mass ratio
(BPMR) 40:1 and 350 rpm rotational speed. Then the pristine ﬂuconazole powder was added to this composite with 5% weight ratio and
further milled for 1 h under inert argon atmosphere. Both the unmilled
and NC-DC powders were characterized using diﬀerent tools.
For determination of phase purity, crystallinity and structure of
both the unmilled and NC-DC samples, XRD patterns were recorded
with an X-ray powder diﬀractometer (Bruker D8 Advanced, da Vinci)
operated at 40 mA and 40 KV with Ni-ﬁltered CuKα radiation. XRD data
were recorded within the scattering angle of 20°–80°2θ with a step size
of 0.02° 2θ and scanning time of 2 s/step. FTIR spectra of the NC-DC
and pristine ﬂuconazole powders were recorded with FTIR spectrometer (PERKIN ELMER, FRONTIER) using KBr disc within the
400–4000 cm−1 range.
Particle size and the elemental composition of the NC-DC sample
were revealed from the FESEM images and EDS spectrum (Carl Zeiss,
Sigma 300) respectively. Microstructure characterization of the NC-DC
sample was carried out by analyzing HRTEM (JEOL, JEM 2010) images,
which was operated at 200 KV and equipped with a GATAN CCD
camera. For HRTEM sample preparation, a pinch of powder of the
specimen was dispersed in ethanol by sonication for a long time. A
small drop of the dispersed solution was then placed on a 300 mesh
carbon-coated copper grid, dried for overnight and the dried grid was
then used for TEM study. The photo absorbance experiments of nanocomposite, ﬂuconazole and NC-DC samples were carried out in the
frequency range of 200–800 nm using a UV–Vis spectrophotometer
(SHIMADZU, UV-1800, JAPAN).

mechanisms [17].
Nowadays, silver nanoparticles (NP) are being successfully used as
antibacterial agents. Although the antifungal activity of these nanoparticles against Candida albicans shows a new path of research [18,19],
it has many disadvantages due to its high price. It is also easily agglomerated in tissue and causes several health hazards due to biological
side eﬀects in higher concentration [20]. But a powerful synergistic
action between polyene antifungals and AgNPs makes the combination
more eﬀective against fungi [21]. Inhibitory eﬀect of nanosized material as ZnO NPs on fungi now becomes an attractive ﬁeld of research.
However, ZnO is very much biocompatible and has no such side eﬀect
on the human body. For this reason, it is being extensively used in
sunscreen, toothpaste, anti-dandruﬀ shampoo etc. [20]. ZnO nanoparticles are toxic to the fungi because they can disrupt electron
transfer process in the mitochondrial inner membrane by producing
hydrogen peroxide with water which also induces reactive oxygen
species (ROS) generation in the mitochondria, resulting in the damage
of mitochondrial membrane potential [22]. Considering its toxicity,
ZnO has great potential for controlling the growth of fungi. Also, many
nanocomposites with ZnO can be developed and their activity can be
enhanced through reducing their toxicity by modifying the surface of
the nanocomposite using polymers, carbon nanomaterials etc. [23].
Evaluation of the synergistic antifungal activity of ZnO nanoparticles
has been made with many antibiotics such as ampicillin, ﬂuconazole,
amphotericin B etc. The inhibitory eﬃciency of the drugs is seen to
enhance when they are conjugated with ZnO nanoparticles, which can
decrease the overuse of drugs [24]. Copper is another important metal
which is usually used greatly as fungicide, pesticide, algaecide and
herbicides [25].
Fluconazole, a potent ﬁrst-generation antifungal drug is frequently
used to treat a number of fungal infections like candidiasis in mouth,
throat and vagina, infection in kidney joint, heart and central nervous
system [26]. It is used both in systemic and nonsystemic infections. It
kills the target organism by inhibiting the cytochrome P450 enzyme14αdemethylase and thus inhibits the conversion of lanosterol to ergosterol, the most essential membrane component of fungi [27–29]. The
major drawbacks of the drug are the side eﬀects like diarrhoea, vomiting, etc. and its prolonged administration may cause miscarriage or
birth defect [30–32]. Excessive use of this drug may cause side eﬀects
like diarrhoea, stomach pain, change in the ability to taste food, an
upset stomach appetite loss, extreme fatigue and many others [33]. In
recent time, scientists are trying to synthesize various types of nanoparticles and conjugating them with conventional drugs to make a
nano-drug composite for increasing the eﬃciency of the drug [34,35].
This is particularly important for those antibiotics which are very effective in controlling several epidemic diseases but show intense side
eﬀects when used with higher dose and/or for a longer duration.
In this study, we have developed ﬂuconazole drug conjugated CuAg-ZnO nanocomposite (NC-DC) with a small percentage of Ag for
lowering its toxic eﬀect and targeted successfully to Candida sp. with a
highly eﬃcient and biocompatible manner with minimal side eﬀects. It
is observed that only 5 wt% ﬂuconazole conjugated with NC produces a
similar antifungal eﬀect of pure (100 wt%) and conventional ﬂuconazole.

2.2. Bio-activity studies
Both synthesized pure nanocomposite (NC) and NC-DC were examined for their antifungal activity on Candida sp. using agar cup assay
[36]. An inhibition zone of growth around the resultant substrates was
evidenced as the antifungal activity. Deionized and triple distilled water
was used for preparing solutions of the pure NC, NC-DC and drug with
the same concentrations and ﬁltered through Millipore ﬁlters with
0.22 μm pore size before use.
Pristine ﬂuconazole and NC-DC samples, 24 h of a broth culture of
Candida sp. and 20 sterile culture tube containing 8.9 ml sterile glucose
yeast extract broth, all were taken as precursors. A dilution series of
ﬂuconazole and NC-DC was prepared in broth tubes in duplicate which
is as follows:
Each broth tube was inoculated with 0.1 ml of 24 h of Candida
culture. The ﬁnal volume with Candida culture, sterile glucose yeast
extract and ﬂuconazole was adjusted to 10 ml. These tubes were then
incubated at 35 °C for 48 h and growths were measured by determining
turbidity at 590 nm.
Optical densities (OD) were plotted against the concentration of
drug and NC-DC samples separately and a graph was prepared. MIC was
determined from these plots where the OD is near to zero (as initial
inoculums also show some OD) [37].
2.3. Cell viability assay

2. Materials and methods
The toxicity of NC-DC sample was tested on Human normal lung
ﬁbroblast WI38 cells by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assay [38]. WI38 cells were plated in 96-well
culture plate (104 cells per well) and treated with various concentrations of the nanocomposite (0–500 μg/mL) for 24 h. MTT (5 mg/mL)
was dissolved in PBS, added to each well (20 μL) and incubated until a
purple precipitate was visible. The precipitate was dissolved in 100 μL
of Triton-X and absorbance was measured on an ELISA reader (Multiskan EX, Lab systems, Helsinki, Finland) at a test wavelength of
570 nm and a reference wavelength of 650 nm.

2.1. Material synthesis and characterization
Analytical grade Cu (Loba Chem), Zn(Loba Chem) and Ag (SigmaAldrich) powders were used as precursors and weighed under static
inert (Ar) atmosphere using glove bag with the molar ratio 11:7:2 respectively. Powders were well-mixed in a mortar-pestle for about
30 min and then the mixture was transferred to an 80 ml chrome steel
vial containing 30 chrome steel balls of 10 mm diameter. The powder
mixture was then ball milled under Ar in a high energy planetary ball
2
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2.4. Rietveld reﬁnement of XRD patterns
The Rietveld reﬁnement method is one of the best methods for
obtaining several structural and microstructural parameters and estimation of individual phases in a nanocomposite by analyzing the X-ray
powder diﬀraction pattern. In this method, individual crystalline phases
of nanocomposite are identiﬁed and a theoretical XRD pattern is simulated (Ic) using MAUD 2.7 software with the respective structural
information available from corresponding ICSD/COD ﬁles, some
starting values of microstructure parameters and instrumental correction factors. Through the reﬁnement of diﬀerent structural and microstructural parameters, the experimental XRD pattern (Io) is ﬁtted with
the simulated pattern through Marquardt least-squares method using
pseudo-Voigt (pV) proﬁle ﬁtting function for accounting both the size
and strain broadening, as the peaks are signiﬁcantly broadened with
asymmetry. To ﬁt the background intensity of the XRD pattern, a
polynomial of degree 5 is used. The Rietveld reﬁnement reveals the
reﬁned values of lattice parameters, crystallite size, r.m.s. lattice strain,
atom position, thermal and site occupancy parameters, relative phase
abundances of individual crystalline phases of the nanocomposite. The
progress of reﬁnement towards ﬁtting the experimental XRD pattern
(Io-Ic) by successive iterations is monitored by the goodness of ﬁt (GoF),
which is deﬁned as the ratio of Rwp (weighted residual error) and Rexp
(expected residual error). The reﬁnement process was continued until
the GoF value becomes close to unity. In the present work, the GoF
value for the NC-DC sample was 1.8, which indicates that the quality of
reﬁnement is quite good [39–43].

Fig. 2. (a) Rietveld reﬁnement of XRD pattern of the unmilled powder mixture
and unmilled ﬂuconazole.

milling (4 h for NC + 1 h for NC-DC) the powder mixture, a signiﬁcant
change in the XRD pattern (Fig. 1) is noticed. Apparently, it is composed only of the Cu5.59Zn7.41, ZnO and Cu phases and all reﬂections
are quite broadened and shifted to low scattering angle. It indicates that
other ingredients like Ag, Zn and CuO phases are completely incorporated into Cu5.59Zn7.41, Cu or ZnO lattices. It may be noted that
there is no trace of precursor CuO and Zn reﬂections and in lieu of that,
all ZnO reﬂections appear with signiﬁcant broadening after 5 h of
milling. It clearly suggests that due to redox reaction with CuO and Zn
under Ar atmosphere during ball milling, the CuO phase has been reduced to metallic Cu and the metallic Zn becomes ZnO. Due to structural similarity, Ag seems to be incorporated into the Cu matrix and due
to lattice expansion, all Cu reﬂections are shifted to low scattering
angle. Broadening of the NC-DC reﬂections indicates that the crystallite
size of the composite is quite small and may contain a signiﬁcant
amount of microstrain originating from mechanical alloying as well as
by substitutional alloying.
The Rietveld reﬁnement outputs of the indexed XRD pattern of the
unmilled powder mixture and unmilled ﬂuconazole are shown in
Fig. 2(a). The XRD pattern of unmilled powder is simulated with Zn
(COD # 9008522, hexagonal, Sp. Gr. P63/mmc, a = 2.6648 Å,
c = 4.9476 Å), Cu (COD #4105681, cubic, Sp. Gr. Fm-3 m,
a = 3.6153 Å), CuO (COD #7212242, monoclinic, Sp. Gr. C2/c,
a = 4.6837 Å, b = 3.4226 Å, c = 5.1288 Å, β = 99.5400), Ag (COD
#9011607, cubic, Sp. Gr. Fm-3 m, a = 4.079 Å) and ﬂuconazole
(CCDC# 208863 (IVUQOF.cif), triclinic, Sp. Gr P-1, a = 7.4992,
b = 7.7869, c = 11.9817, α = 84.9470, β = 84.6250, γ = 75.8940).
Structural and microstructural parameters of the unmilled mixture and
ball-milled nanocomposite have been obtained by reﬁning all structural
and some microstructural parameters such as crystallite size, r.m.s
lattice strain etc. Peak positions all contributing phases are marked by
vertical markers below the XRD patterns. In the XRD patterns, the experimentally observed intensity (Io) is represented by hollow red dots
and the reﬁned calculated XRD pattern (Ic) is represented by a black
continuous line. The continuous green lines at the bottom of the respective XRD patterns represent the residual intensity between the experimental and reﬁned patterns (Io-Ic). The progress of the ﬁtting between the experimental (Io) and calculated (Ic) intensities is monitored
through iterative reﬁnement by the GoF value, which is deﬁned as:

3. Results and discussion
3.1. Analysis of XRD pattern using Rietveld reﬁnement
XRD patterns of the unmilled powder mixture, unmilled ﬂuconazole
and milled nanocomposite conjugated with drug ﬂuconazole are shown
in Fig. 1. In the unmilled mixture, several reﬂections of Zn (COD #
9008522), Ag (COD #9011607), Cu (COD #4105681), a few CuO (COD
#7212242) and ﬂuconazole (CCDC# 208863 (IVUQOF.cif)) [44] reﬂections are identiﬁed and indexed accordingly in the XRD pattern of
the unmilled sample. These CuO reﬂections appear due to surface oxidation of powdered Cu grains. As only 5 wt% ﬂuconazole was added to
the mixture and the scattering power of this organic compound is signiﬁcantly less in comparison to the other metallic species, some ﬂuconazole reﬂections also appear in the XRD pattern with weak intensities.
XRD pattern of pristine ﬂuconazole powder is shown in the ﬁgure and
the strongest reﬂection is indexed as per CCDC# 208863. After 5 h of

GoF = R exp /R wp

Fig. 1. XRD patterns of unmilled powder, NC-DC sample and unmilled ﬂuconazole powder.

where Rexp and Rwp are weighted residual error and expected residual
3
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Table 1
Structural and microstructural parameters of unmilled and milled nanocomposites.
Nano composite

Crystalline compound

Volume%

Cell parameters (Ȧ)
a

UNMILLED

MILLED

Cu

44.18

3.6136

Ag
Zn
CuO
Fluconazole
ZnO
Cu5.59Zn7.41
Cu

10.31
28.23
10.63
6.65
31.96
31.10
36.94

4.0842
2.6626
4.6759
7.7546
3.2521
9.0782
3.7205

b

Crysta-llite size (nm)

Planar direc-tion

R.m.smicro-strain
(×10−3)

139.75
142.86
153.55
161.31
208.18
315.12
109.48
128.09
9.58
13.53
11.76
6.65
16.95
12.60

(111)
(200)
(220)
(311)

0.04
0.03
0.04
0.04
0.35
0.22
3.34
5.26
0.51
7.86
3.33
3.50
5.20
4.33

c

2.6626
3.4222
7.9384
3.2521

4.9441
5.1514
12.3312
5.2175

(111)
(200)
(220)
(311)

contains an insigniﬁcant amount of r.m.s. lattice strain. However, after
5 h of milling, the content of Cu reduces signiﬁcantly from ~44.2% to
~36.9%, crystallite size reduces by a factor of ~10 and becomes more
anisotropic particularly along 〈200〉. Lattice parameter increases signiﬁcantly from 3.6136Ȧ to 3.7205Ȧ and Cu-nanocrystallites contain a
signiﬁcant amount of anisotropic r.m.s. strain. Such distinct structural
and microstructural changes in nanocrystalline Cu within 5 h of milling
can be account for the following reasons: (i) Cu content has been reduced due to formation of intermetallic Cu5.59Zn7.41 phase at the initial
stage of milling, (ii) overall increase in Cu content (including
Cu5.59Zn7.41 phase) is due to the diﬀusion of Ag and Cu atoms (obtained
from reduced CuO) into Cu lattice, (iii) cubic lattice parameter of Cu
has been expanded primarily due to substitution of some smaller Cu
atoms (atomic radius = 1.45 Å) by larger Ag atoms (atomic radius = 1.65 Å), (iv) both mechanical alloying and substitutional alloying result in reduction of crystallite size and increase in lattice strain.
From Fig. 1 it is evident that the CuO and Zn reﬂections appeared in the
XRD pattern of unmilled sample completely disappear after 5 h of
milling and there is no trace of these reﬂections in the XRD pattern of
NC-DC sample. Instead, several ZnO reﬂections appear in the pattern. It
indicates clearly that the metallic Zn in the unmilled mixture is completely transformed into ZnO and CuO is transformed into metallic Cu
through the redox reaction. The detailed Rietveld reﬁnement of the
XRD patterns of unmilled and milled samples corroborates the ﬁndings
as shown in Figs. 2(a) and 2(b). The reduction potentials of Zn/Zn2+
and Cu/Cu2+ are −0.763 V and +0.337 respectively, thus, Cu 2+ is
reduced to Cu continuously and simultaneously Zn is oxidized to Zn2+.
Due to oxygen inclusion in the Zn lattice and induced lattice strain in
the course of 5 h of milling several structural and microstructural
changes are noticed in the XRD pattern of 5 h milled powder. Results
obtained from the Rietveld reﬁnement are tabulated in Table 1. It is
evident that after 5 h of milling, Zn content has been reduced from
~28.2% to nil and simultaneously ZnO content increases from nil to
~32.0% due to ZnO formation and the ZnO lattice has been expanded
extensively after oxidation. A signiﬁcant expansion of ZnO lattice (ZnO,
COD #1011258, a = 3.25 Å, c = 5.2 Å) noticed after its formation is
due to the mechanical alloying. The crystallite size of Zn decreases from
~315 nm to 9.58 nm after 5 h of milling and lattice strain is increased
from 0.000225 to 0.000516, after ZnO formation. However, after 1 h of
milling the nanocomposite with drug, there is no trace of ﬂuconazole
reﬂection in the 5 h milled XRD pattern. It indicates that the 5 wt% drug
with very low scattering power (organic) has been homogeneously
dispersed within the nanocomposite containing metallic ingredients
with high scattering power.

error respectively.
The ﬁnal reﬁned output reveals the values of several structural
parameters, crystallite size, r.m.s. microstrain, relative phase abundances of individual phases present in the mechanical mixture and
unmilled ﬂuconazole are tabulated in Table 1.
Fig. 2(b) shows the Rietveld reﬁnement of the XRD pattern of the
nanocomposite conjugated with 5 wt% ﬂuconazole. It is clear from the
indexed XRD pattern that after 5 h of milling the precursor phases are
transformed to ZnO, Cu5.59Zn7.41 and Cu phases and the XRD pattern of
milled powder is simulated with ZnO (COD #1011258, hexagonal, Sp.
Gr. P63mc, a = 3.22 Å, c = 5.2 Å), Cu5.59Zn7.41 (COD# 4307124, cubic,
Sp. Gr. I-43 m, a = 8.8565 Å) and Cu (COD #4105040, Sp. Gr. Fm-3 m,
a = 3.5819 Å) phases and there is no trace of ﬂuconazole reﬂections.
The expansion of lattice parameters of both ZnO and Cu phases suggests
that in the course of mechanical alloying under Ar, CuO phase has been
reduced to Cu phase and the metallic Zn turns into ZnO in presence of
released O2 from CuO. As the atomic radius of Ag (1.65 Å) is larger than
that of Cu (1.45 Å), the inclusion of Ag atoms in the Cu lattice results in
the formation Cu-based CueAg solid solution with a signiﬁcant lattice
expansion. However, the presence of intermetallic Cu5.59Zn7.41 phase
with β-brass-like composition has been traced out from the residual
intensity of the Rietveld reﬁnement output. As the reﬂections of this
phase are superimposed with the reﬂections of ZnO and Cu phases, it is
diﬃcult to notice its presence in the XRD pattern of ball-milled powder
due to extensive peak-broadening and peak-overlapping.
It is evident from Table 1 that Cu and Zn are the major constituents
in the unmilled powder mixture and the content of ﬂuconazole is
~6.65 vol%, which is ~5 wt% added to the unmilled mixture. There is a
strong size anisotropy in unmilled Cu crystallites and powder sample

Fig. 2. (b) Rietveld reﬁnement of XRD pattern of the NC-DC powder.
4
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Table 2
Weight and atomic percentage of the elements present in NC-DC sample.
Element

Weight %

Atomic %

C
N
O
F
Ag
Cu
Zn

5.20
1.00
9.12
0.16
11.17
45.03
28.32

18.59
3.06
24.48
0.36
4.45
30.44
18.61

ﬂuconazole are shown in Fig. 3. The appearance of a broad peak at
3200 cm−1 is due to the OH stretching, which conﬁrms the presence of
the hydroxyl group in ﬂuconazole. Presence of a peak at 1620 cm−1
corresponds to C]N stretching indicating the presence of a triazole ring
in ﬂuconazole. Peaks at 1083 and 1112 cm−1 indicate the presence of
two types of CeF bonds. Absorption bands in the region of
1504–1619 cm−1 indicate the C]C stretching of the aromatic ring and
3060 cm−1 is due to the aromatic CeH stretching. The peak at around
3700 cm−1 indicates the presence of hydrogen-bonded OH group in CuAg-ZnO nanocomposite conjugated ﬂuconazole. The appearance of
absorption bands at 1106 and 1640 cm−1 are due to the CeF and C]N
stretching respectively (for NC-DC). The presence of the peaks at
around 1106 cm−1 (CeF) and 1640 cm−1 (C=N) in both spectra demonstrates the attachment of ﬂuconazole onto the surface of Cu-AgZnO nanocomposite. Moreover, the appearance of peaks at 1640 cm−1
and 2925 cm−1 in the IR spectrum of ﬂuconazole bonded Cu-Ag-ZnO
nanocomposite is due to the C]C aromatic stretching and alkyl CeH
stretching respectively. It also indicates the attachment of ﬂuconazole
to the nanocomposite. The strong absorption band at 625 cm−1 indicates the formation of Cu-O-Cu framework/skeleton whereas

Fig. 3. FTIR spectra of pristine ﬂuconazole and NC-DC powders.

3.2. FTIR spectra analysis of NC-DC and ﬂuconazole powder samples
The presence of the ﬂuconazole drug within the nanocomposite has
been conﬁrmed by analyzing the FTIR spectra of both the nanocomposite and drug ﬂuconazole. The results obtained from the Rietveld
reﬁnement of the XRD pattern of the nanocomposite are also correlated
with FTIR spectra analysis.
The IR spectra provide the information about the local molecular
environment of the organic molecules on the surface of the nanoparticle. In this work, FTIR spectral measurements are carried out to
study about the Cu- Ag-ZnO nanocomposite conjugated ﬂuconazole. IR
spectra of ﬂuconazole and Cu-Ag-ZnO nanocomposite conjugated

Fig. 4. (a) and (b) FESEM images of spherical ﬂower-like nanoparticles in NC-DC sample, (c) histogram representation of particle size distribution measured from
diﬀerent regions of the sample and (d) EDX spectrum of NC-DC sample.
5
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Fig. 5. (a) Spherical nanoparticles in NC-DC sample, (b) some large nanoparticles near the boundary of the sample, (c) magniﬁed image of spherical nanoparticles,
(d) histogram representation of particle size distribution measured from diﬀerent regions of the sample, (e) HRTEM image of an isolated spherical nanoparticle and
(f) indexed SAED ring pattern of NC-DC sample.
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Fig. 6. (a) UV–Vis spectra of pure ﬂuconazole, nanocomposite and NC-DC samples, (b) UV–Vis spectra of unmilled and milled ﬂuconazole.

497 cm−1demonstrates the AgeAg framework.
3.3. FESEM image analysis of NC-DC sample milled for 5 h
Fig. 4(a) and (b) represent the FESEM images of the NC-DC sample
having nano ﬂower-like morphology with diﬀerent magniﬁcations. It is
evident from these images that these nanoparticles are almost spherical
in shape and homogeneous in size, except a few agglomerated particles.
The size distribution histogram (Fig. 4c) of these nanoparticles reveals
the average particle size is ~13.9 nm. Energy-dispersive X-ray spectrum
(EDX) (Fig. 4d) reveals the presence of elemental Cu, Zn, Ag, C, N, O
and F in the stoichiometric ratio as tabulated in Table 2.
Elements like C, N and F certainly conﬁrm the presence of a small
amount of ﬂuconazole in NC-DC sample. The appearance of a weak Au
line in the spectrum is due to the very thin gold coating on the surface
of the NC-DC sample. It is to be noted that all spectral lines are distinctly identiﬁed and no impurity line has been traced out in the
spectrum. It clearly indicates that the 5 h milled NC-DC sample is free
from any contamination either from the milling media or from the ingredient precursors.

Fig. 7. (1) Pure nanocomposite without the drug and (2) NC-DC sample.

3.4. HRTEM image analysis of NC-DC milled for 5 h
Fig. 5(a) and (b) depict that the NC-DC sample is composed of
several almost spherical and identical nanoparticles which are scattered
throughout the whole matrix. These particles have diﬀerent sizes in
diﬀerent regions due to the anisotropic size distribution of nanoparticles with diﬀerent compositions of the nanocomposite. Fig. 5(c)
presents the highly magniﬁed HRTEM image. The size distribution of
these particles is presented in the histogram (Fig. 5d) which reveals the
average particle size is~ 14 nm, similar to as obtained from FESEM
images. Fig. 5(e) depicts the HRTEM image of an isolated spherical
nanoparticle of ~10 nm diameter in the NC-DC sample with clearly
visible lattice fringes. The interplanar spacing 2.47 Å measured from
the lattice fringes corresponds to the strongest (101) reﬂection of hexagonal ZnO. The SAED ring pattern of the nanocomposite conjugated
with the drug is presented in Fig. 5(f). The SAED pattern indicates the
crystalline nature of the nanocomposite. The measured d-spacings
2.83 Å, 2.47 Å,1.67 Å, 1.48 Å, 1.44 Å are very close to (010), (101),
(110), (103), (200) reﬂecting planes of ZnO phase respectively and
other d-spacings 2.13 Å and 1.88 Å are close to (111) and (200) reﬂecting planes respectively of CueAg solid solution phase and (330)
and (422) reﬂecting planes respectively of Cu5.59Zn7.41 phase. However,
a faint ring with d-spacing of ~3.45 Å depicts the presence of

Fig. 8. (1) NC-DC with concentration 0.1 mL from a 500 μg/mL stock, (2) distilled water, (3) ﬂuconazole with concentration 0.1 ml from a 500 μg/mL stock
and (4) NC with concentrations 0.1 mL from a 500 μg/mL stock, (5) deionized
water.

7

Materials Science & Engineering C 106 (2020) 110160

M. Ghosh, et al.

Table 3
Anti-fungal activity data of pure ﬂuconazole, NC and NC-DC samples.
Compounds

NC-DC
(500 μg/ml)

Fluconazole
(500 μg/ml)

NC
(500 μg/ml)

Distilled water

Deionized water

Diameter of inhibition zone

5.5 ± 0.0793 cm

4.9 ± 0.0404 cm

0 cm

0 cm

0 cm

mechanically forbidden and there is no signiﬁcant shift.
These UV–Vis spectra conﬁrm the conjugation of ﬂuconazole with
the nanocomposite and may help to predict the conjugation of any drug
molecule with a nanocomposite. From Fig. 6(b) it is evident that there is
no signiﬁcant change in the UV–Vis spectra of unmilled ﬂuconazole and
1 h ball-milled ﬂuconazole and apparently they have the same bandgap
energies. Thus, the bandgap remains invariant after milling the ﬂuconazole powder for 1 h and its conjugation with nanocomposite results in
a signiﬁcant change in the electrical and optical properties of NC-DC
sample.
It may be noted that the colour of ball-milled powder turns into
brass-like golden colour after 4 h of milling without drug and then
transformed to dark brown (Fig. 7) after further 1 h of milling with the
addition of 5 wt% ﬂuconazole. It indicates that this phase has been
formed at the initial stage of milling in presence of both Cu and Zn
powders and a distinct colour change due to the addition of the drug,
points out towards the conjugation of the drug molecule with the nanocomposite.

Table 4
Data for optical density (OD) of fungi for several concentrations of conventional
ﬂuconazole and nanocomposite conjugated with drug (NC-DC).
Concentration (μg/ml)

0
10
20
40
60
80
100

Optical density (OD)

Optical density (OD)

Fluconazole

NC-DC

0.168 ± 0.0030
0.16 ± 0.0020
0.142 ± 0.0021
0.010 ± 0.0006
0.01 ± 0.0010
0.01 ± 0.0011
0.01 ± 0.0015

0.16
0.15
0.04
0.01
0.01
0.01
0.01

±
±
±
±
±
±
±

0.0105
0.0011
0.0011
0.0005
0.0006
0.0005
0.0006

3.6. Antifungal activities of pure NC and NC-DC samples
The eﬃciency of the test compound as an antifungal agent has been
determined by Kirby Bauer (Agar Cup) Assay. Isodiametric cup was
prepared on a nutrient agar plate with the help of ﬂame sterilized crock
borer. The test organisms have been spread on the nutrient agar surface
using sterile swab from a freshly grown broth culture. The drug ﬂuconazole, pure nanocomposite (NC) and NC-DC with the same dilution
have been applied in the diﬀerent cup to test their antifungal eﬃciency
in terms of diameter of the zone of clearance generated after 48 h incubation of the test plate at an optimum growth temperature of the
respective test organisms. Pure drug (0.1 mL from a 500 μg/mL) stock
has been used as a positive control against Candida Sp. Result shows
(Fig. 8) that the NC-DC is most eﬀective against Candida Sp. as there is a
signiﬁcant zone of inhibition which is closed to the pure drug used in
same concentration but there is no any signiﬁcant zone of inhibition for
pure NC in this given concentration. The diameter of the zones of inhibition for pure NC, NC-DC and drug are shown in Table 3. Thus, it
may be assumed that the NC-DC compound can be used to treat fungal
infection whereas pure nanocomposite does not show any signiﬁcant
antifungal activity against Candida Sp. in this particular concentration.

Fig. 9. Eﬀect of Cu-Ag-ZnO nanocomposite conjugated with ﬂuconazole on
WI38 cell viability.

ﬂuconazole in the NC-DC sample with very low scattering power.

3.5. Bandgap measurements
In Fig. 6 (a) there is no prominent UV–Vis absorption peak in the
nanocomposite without any ﬂuconazole. The spectrum of pure ﬂuconazole shows a prominent peak at λmax = 253.9 nm, whereas in ﬂuconazole conjugated Cu-Ag-ZnO nanocomposite (NC-DC) the prominent
peak appears at λmax = 362.09 nm, indicating a signiﬁcant amount of
red-shift of the peak.
This result indicates the lowering of the bandgap of ﬂuconazole
from 4.88 eV by the strong interaction of Cu-Ag-ZnO nanocomposite for
which the bandgap reduces to ~3.42 eV and the insulator ﬂuconazole
becomes a wide bandgap semiconductor. This shifting of the peak
converted ﬂuconazole from an insulator to a semiconductor, due to the
doping of ﬂuconazole into the Cu-Ag-ZnO nanocomposite. Fluconazole
contains two triazole rings and a ﬂuorinated benzene ring. When ﬂuconazole is conjugated with the nanocomposite, the HOMO-LUMO
energy gap of the π-molecular orbital is signiﬁcantly decreased due to
the interaction which decreases the energy of π to π* transition [45].
This eﬀect shifts the peak maxima towards higher wavelength direction. Whereas nonbonding to π-antibonding transition being quantum

3.7. Determination of MIC of NC-DC and ﬂuconazole samples
In the present work, the MIC test of NC-DC sample has been carried
out against a pathogenic fungus Candida Sp. and compared its MIC with
conventional ﬂuconazole.
The result (Table 4) shows that the MIC of ﬂuconazole and NC-DC
samples are almost the same but it is to be noted that the NC-DC sample
contains only 5 wt% of ﬂuconazole. Thus, the activity of this NC-DC on
these fungi is much better than the drug ﬂuconazole alone. Here, only
5% drug can produce the same eﬀect as 100% drug does, when it is
conjugated with this nanocomposite.
Thus, the anti-fungal activity study reveals that ﬂuconazole conjugated Cu-Ag-ZnO nanocomposite shows about 20 times enhanced
anti-fungal activity with respect to pure ﬂuconazole. This drug targeting system would minimize the side-eﬀects and reduces both dose
and dose frequency of ﬂuconazole. In this regard, the main advantages
to use Cu-Ag-ZnO nanocomposite as drug targeting system are their
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analyzing HRTEM images. The antifungal activity of this nanocomposite conjugated with 5 wt% drug shows similar antifungal activity (MIC)
against the growth of Candida sp. fungus with pure (100%) ﬂuconazole.
This drug conjugated nanocomposite has insigniﬁcant cytotoxicity in
human cells when used in low dose. It can thus be concluded that the
mechanosynthesized Cu-Ag-ZnO nanocomposite conjugated with drug
ﬂuconazole has a great potential as a good antifungal agent which
seems to be a highly promising antifungal drug having a very low side
eﬀect in comparison to pure ﬂuconazole.

high surface-area-to-volume ratio, chemical and geometric tunability
and their ability to interact with bio-molecules to facilitate uptake
across the cell membrane. Here, the large surface area of Cu-Ag-ZnO
nanocomposite has a large aﬃnity for ﬂuconazole since, with the increase of surface area, the surface activity also increases and hence able
to load a large amount of ﬂuconazole on to the surface of Cu-Ag-ZnO
nanocomposite. This will reduce both dose and dose frequency and also
minimizes nanoparticle toxicity. The minimization of dose or dose
frequency of ﬂuconazole also lowers the mass of nanoparticle per mass
of ﬂuconazole which helps to achieve greater eﬃciency. Once eﬃcacy
is increased, more drugs are delivered to the target site and toxic side
eﬀects are lowered by minimizing the total level of drug in the body.
Also, the formation of protein-ﬂuconazole complex with various
transport proteins present in our body is stronger with respect to the
Cu-Ag-ZnO nanocomposite-protein complex. This stronger interaction
originates due to the presence of the two ﬂuorine atoms in ﬂuconazole
which have very high electron-withdrawing power and as well as the
presence of two triazole rings. So, in case of pure ﬂuconazole, a signiﬁcant amount of drug is expensed to form the protein-ﬂuconazole
complex leading to the most potent cause of adverse health eﬀects including diarrhoea, vomiting, etc. and its prolonged administration may
cause miscarriage or birth defect [30–32]. So, the bioactivity of the
drug is increased when it is conjugated with nanocomposite as it targets
the ergosterol pathway and disrupts the synthesis of ergosterol which is
an essential component of the cell membrane of the fungus [46]. The
nanocomposite helps the drug to overcome the biological barrier so that
the drug can enter into the targeted tissue. Thus, the nanoparticles have
great potential as drug delivery agents. It can transport the drug molecules to the target region and increases the eﬃcacy.
The presence of Cu with ZnO nanoparticle accelerates the generation of reactive oxygen species due to synergistic eﬀects. The doping of
Ag in Cu-ZnO nanocomposite results in the enhancement of antifungal
activity due to powerful synergism with antifungal drug ﬂuconazole.
Polyene antifungals bind to the plasma membrane of fungus which
causes the death of fungus whereas the nanoparticles bind with the
important cell structures proteins and DNA and cause cell damage. The
nanoparticles and polyene antifungals cause the cell death of fungus in
diﬀerent locations and thus it enhances the synergistic action. When
both the substances are combined the eﬀect is enhanced which shows a
large zone of growth inhibition. Pure nanoparticle does not have an
antifungal property in the given concentration of the applied drug as
the concentration of the applied drug is very low. However, in the
present study, nanocomposite has been used as a targeting agent.
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