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eywords: This study investigates the growth and properties of pure zinc tartrate (ZnT) and copper-doped zinc tartrate (Cu-
CC‘PP"H’“F‘_@‘j zinc tartrate ZnT) nanocrystals synthesized via a sol-gel technique using double-distilled water, sodium metasilicate, and
Copper doping tartaric acid. Controlled pH gels were prepared with the subsequent addition of zine chloride and copper chloride
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solutions to facilitate nanocrystal formation. The synthesized nanocrystals were characterized using various
techniques, including Energy-Dispersive X-ray analysis, Fourier Transform Infrared Spectroscopy, Thermogra-
vimetric analysis, UV-visible-near infrared spectral analysis, X-ray diffraction (XRD), and Field Emission Scan-
ning Electron Microscopy. EDAX confirmed the elemental composition of Zn, Cu, C, and O in the crystals. FTIR
spectra revealed the presence of functional groups corresponding to water of crystallization, tartaric acid moj.
eties, and potentially other compounds. TGA analysis indicated a two-stage decomposition process for ZnT and
the formation of zinc copper oxide in Cu-ZnT. UV-vis-NIR analysis yielded a low cut-off wavelength of 285 nm
for both crystals, suggesting electronic transitions below 350 nm. Both znT and Cu-ZnT nanocrystals are
transparent in visible and near-infrared light, absorbing strongly in the ultravioler. Copper doping enhances Cu-
ZnT light absorption. While both acl as insulators, Cu-ZnT exhibits significantly higher conductivity due to
copper doping. XRD analysis estimated an average crystalline size of 42 nm, while FE-SEM images revealed a
quasi-spherical morphology. Refractive index, extinction coefficient, and optical bandgap were further deter-
mined, highlighting the potential suitability of these nanocrystals for optoelectronic applications, Antibacterial
and antifungal assays demonstrated moderate effectiveness against tested microorganisms compared to standard

1. Introduction such as tartrate acids. Because these chemicals tend to break down
before reaching boiling point and have limited water solubility, con-

ﬁ The nanocrystals are essential to modern research and technology ventional methods are less effective, As such, gel-based approaches have
' because of their distinct features, which are determined by their physical emerged as the preferred method for successful crystal growth and
characteristics such ag atomic organization, packing, and composition, development |/, The transition metal ions such as Cu, Mn, and Co can

and promising in biosensing, catalysis, and optoelectronics applications be incorporated into the matrix to produce new materials with inter-

['1]. The initial and most significant phase towards understanding the esting and unique Pproperties. Zinc tartrate (2nT) is a versatile material
structure and possible uses of any nanocrystal is to produce crystals of with intriguing properties that hold promise for various applications,
appropriate size and packing. Metal tartrate compounds have been the This section is divided into the specific characteristics of ZnT across
focus of significant research due to their diverse properties and wide different domains. Limited information exists regarding ZnT thermal
applications | 2], The growth of nanocrystals using gel-based techniques behavior. However, studies suggest it decomposes at around 399.3 ° !

has gained significant attention among researchers, This method is Exploring its thermal stability further could the way for applications in
especially beneficial for the development of doped crystals, which have heat-resistant materjals. ZnT exhibits phosphorescence, the ability to
potential industrial and practical applications. Solution gel growth, an emit light after absorbing energy. This characteristic has potential ap-
early crystal growth technique, has regained significance for compounds plications in light-emitting devices and luminescent materials |17,
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Further research on its photoluminescence properties could unlock its
full potential in optoelectronics. While the detailed electrical conduc-
tivity of ZnT remains uninvestigated, its potential as a synergist in cos-
metics suggests interactions with electrical charges in the skin,
Understanding its electrical properties could lead to innovative cosmetic
formulations. Recent research indicates the potential antimicrobial ac-
tivity of ZnT against certain gram-positive bacteria. Exploring this
aspect further could lead to applications in antibacterial coatings and
hygiene products |51, Copper doping, known to significantly influence
superconductivity, photocatalytic activity, electrical behavior, and op-
tical properties in various materials, presents a fascinating avenue for
enhancing ZnT functionalities, This study aims to bridge the knowledge
gap by investigating the impact of copper doping on ZnT nanocrystals
synthesized using the gel technique (4], The characterization process
will utilize advanced analytical techniques such as Energy-Dispersive

“Tay spectroscopy, Thermogravimetric analysis, Fourier Transform
Infrared spectroscopy, UV-visible spectroscopy, X-ray diffraction, and
Field Emission Scanning Electron Microscopy. These techniques will
provide valuable insights into the elemental composition, thermal sta-
bility, functional groups, optical properties, crystal structure, and
morphology of the synthesized nanocrystals [7]. To complement the
comprehensive characterization techniques outlined above, this study
will also investigate the potential antimicrobial properties of the syn-
thesized nanocrystals |8.9]. The research by El Nahrawy et al, (2021)
contributes to the growing body of knowledge on doped ZnTiO3 nano-
crystals. Prior studies have explored how different dopant elements in-
fluence the properties of these materials [10). For instance, Bakr et al.
(2021) investigated the effects of aluminum (Al), iron (Fe), and copper
(Cu) on the microstructure, diffused reflectance, terahertz response, and
dielectric properties of ZnTi03 nanocrystals | 11 . Their work provides a
valuable reference point for understanding how Cu doping specifically
affects Cu-ZnTiO3 compared to the influence of other dopant elements.
Furthermore, El Nahrawy et al, (2019) examined the thermal, dielectric,
and antimicrobial properties of nanocomposites that combine copper
with other materials. In their study, polystyrene and copper were
incorporated into indium tin oxide (ITO) [12]. This research highlights
the potential functionalities of copper in nanomaterials. By drawing
connections to this earlier work, Fl Nahrawy et al. can offer insights into
how Cu might contribute to the properties of Cu-ZnTi03 nanocrystals
beyond the immediate scope of their current investigation [13]. This
additional facet will offer valuable insights into the broader applicability
of these materials. The present research holds significant promise for
advancing our knowledge of copper-doped ZnT nanocrystals, By eluci-
dating the structure-property relationships and exploring their potential
antimicrobial activity, this work provides the way for their future ap-
plications in optoelectronics and potentially in the field of antibacterial
materials [14,]15].

2. Materials and methods
2.1. Materials

Double-distilled water (Milli-Q or equivalent, 18.2 MQ.cm re-
sistivity), Whatman filter paper (Grade 1 qualitative filter paper), So-
dium metasilicate (NaySi03), high purity (> 99 %), L-(+)-Tartaric acid
(C4Hg0g), high purity (> 99.5 %), Zinc chloride (ZnCly), analytical
grade (> 99.0 %), Copper chloride dihydrate (CuCl,.2 H»0), analytical
grade (> 99.0 %)

2.2. Method

This study employed the gel technique for the synthesis of ZnT and
Cu-ZnT nanocrystals, High-purity double-distilled water (Milli-Q or
equivalent, resistivity > 18.2 M cm) was used throughout the experi-
ment to minimize impurities. The water was further filtered using
Whatman filter paper for additional purification. Separate solutions of
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1 M sodium metasilicate (NasSi0s, > 99 9, purity)and 1 M L-(+)-tartaric
acid (C4Hg04, > 99.5 % purity) were prepared in the double-distilled
water. To create the gel, the sodium metasilicate solution was gradu-

stirring. A pH meter was used to monitor the solution, and the addition
of sodium metasilicate was stopped when the pH reached 5.0 to ensure
controlled gelation |16 171, Continuous stirring throughout this process

2.3. Antibacterial and antifungal study

The effectiveness of the synthesized ZnT and Cu-ZnT nanocrystals
against bacteria and fungi was evaluated using the agar diffusion
method. Specific bacterial and fungal strains were selected for the study.
These organisms were first cultured in nutrient broth for 18 hours at 37
“C to achieve a standardized inoculum density, Meanwhile, Mueller-
Hinton agar plates were prepared according to the manufacturer's in-
structions. The agar diffusion assay involved creating wells of a defined
diameter (6 mm) using a sterile cork borer in the prepared agar plates.
Known volumes (10 uL) of test solutions, prepared by dissolving the
synthesized crystals in a specified solvent at a specific concentration,
were then pipetted into each well. To compare the effectiveness of the
test crystals against bacteria, a well containing a standard antibiotic
solution (Streptomycin, Gentamycin) was included as a positive control.
Similarly, wells containing standard antifungal solutions (Itraconazole,
Fluconazole) were incorporated as positive controls for the antifungal
activity test. After inoculation, the agar plates were incubated at 37 °C
for bacteria or at appropriate conditions specific to the chosen fungal
strains. Following incubation, the diameter of the clear zone of inhibi-
tion surrounding each well containing the test solution, standard anti-
biotic/antifungal control, was measured. This data was used to calculate
the mean zone of inhibition for each test organism and treatment group
(191 [20). By analyzing these results, the antimicrobial and antifungal
activity of the synthesized nanocrystals could be compared to the
standard controls. This comparison would allow for the evaluation of
ZnT and Cu-ZnT effectiveness against various bacteria and fungi relative
to established antibiotics and antifungals.

3. Result and discussion
3.1. UV-Vis-NIR spectral analysis

The optical properties of the synthesized ZnT and Cu-ZnT nano-
crystals were investigated using UV-visible (UV-Vis) spectroscopy. The
absorption spectra were recorded in the wavelength range of
200-800 nm with a Jasco Spectrophotometer. Both ZnT and Cu-ZnT
nanocrystals displayed a low cut-off wavelength of approximately
285 nm. However, ZnT exhibited a superjor transparency of around
96 % at this wavelength compared to Cu-ZnT with a transparency of
86 %. This suggests a stronger absorption of light below 285 nm in Cu-
ZnT nanocrystals |21 7], In both cases, the observed absorption below
350 nm is attributed to electronic transitions within the materia),

3.1.1. Optical Bandgap
ZnT nanocrystals exhibited a wider optical transmission window,
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reaching a transparency of approximately 96 %. This high transparency
makes ZnT a promising candidate for nonlinear optical (NLO) applica-
tions, where efficient light transmission is crucial | 2 |. The origin of the
slight peak observed near 400 nm in Fig. 1{a) is under investigation and
further studies are required to determine its exact nature. It is unlikely to
be a Cu plasmon peak signal as these are typically located within the
near-infrared (NIR) region, while Cu, Au, and Ag plasmons are generally
found in the blue-visible spectral range. The wide bandgap further em-
phasizes the potential suitability of ZnT for optoelectronic device ap-
plications [241.25].

3.1.2. Impact of copper doping

Cu-doped ZnT nanocrystals displayed an estimated optical bandgap
of 3.41 eV, which closely aligns with the experimentally determined
bandgap of 3.60 eV obtained from the UV-Vis spectra (fig. 1(1:)). This
observation suggests that copper doping influences the electronic
structure of ZnT, potentially leading to a slight decrease in the bandgap
energy. Copper doping in Cu-ZnT nanocrystals introduces new energy
levels within the bandgap, including shallow acceptor levels from Cu
substituting Zn and potentially d-d electron transitions. These levels can
influence electrical conductivity by increasing p-type character through
additional hole carriers, though scattering effects from dopants can also
play a role. Techniques like Hall effect measurements and temperature-
dependent conductivity studies can provide further insights into the
electrical property modifications caused by copper doping. Neverthe-
less, the wide energy gap exhibited by Cu-ZnT remains highly favorable
for photovoltaic applications, where efficient light absorption across a
broad solar spectrum is desired [26.27].

3.1.3. Extinction coefficient and refractive index

The extinction coefficient (K) and refractive index (n) of both ZnT
and Cu-ZnT nanocrystals were measured across a specific wavelength
range. The refractive index exhibited minimal variation throughout the
investigated wavelength range (320-850 nm) for both crystals (fig. 2(x)
and (b)). This suggests minimal dispersion within this spectral window.

The minimal variation of refractive index (n) across a broad wave-
length range (320-850 nm) in Cu-ZnT nanocrystals suggests a material
with constant phase velocity for light propagation, a desirable property
for optoelectronic applications. This constant refractive index translates
to minimal dispersion, ensuring minimal signal distortion in optical
waveguides and enabling sharp filters by allowing precise control of
light propagation within a specific wavelength range (7iz. 2(1)). These
properties make Cu-ZnT nanocrystals promising candidates for various
optoelectronic devices.
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Fig. 1(a). Absorbance vs wavelength (nm) of ZnT nanocrystals.
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and Cu-ZnT nanocrystals,
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Fig. 2(b). The refractive index (;) vs. wavelength (nm) of ZnT and Cu-ZnT
nanocrystals.

3.1.4. Absorption and transmittance
An interesting characteristic observed was the linear relationship
between transmittance (T) and wavelength for both ZnT and Cu-ZnT
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Fig. 3. Transmittance (%) vs wavelength (nm) of ZnT and Cu-ZnT nanocrystals.

(ig. 3). This finding emphasizes the critical role of reflection (R) in
determining the overall optical properties of these materials. The rela-
tionship between these parameters can be expressed by the equation: T
= 1-Kd - R, where d is the thickness of the sample. Optimizing both
absorption and reflection becomes crucial for designing efficient optical
devices [25],

The linear relationship between transmittance (T) and wavelength in
Cu-ZnT nanocrystals affirms the Lambert-Beer Law and signifies mini-
mal scattering losses. This linearity accentuates the critical role of
reflection (R) since any decrease in T can be attributed to the combined
effects of Kd and R. Therefore, for efficient optoelectronic devices uti-
lizing Cu-ZnT nanocrystals, optimizing both absorption and reflection
becomes essential for achieving desired light management.

3.1.5. Comparison of crystal properties

ZnT nanocrystals displayed superior transparency (around 96 %)
compared to Cu-ZnT (around 86 %) at a specific wavelength. Despite
this difference, both crystals exhibit promising optical characteristics for
diverse applications. The bandgap values, determined through appro-
priate methods showed slight variations between the two materials.
However, the wide bandgaps observed in both ZnT and Cu-ZnT suggest
their potential applicability in optoelectronic devices.

¢ _’ 3.1.6. Reflectance

The linear relationship between reflectance and the absorption
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coefficient observed in I'i¢. 4 highlights the importance of considering
both parameters simultaneously during material optimization. This is
because reflectance (R) and absorbance (A) are related through the
equation R +A + T = 1, where T is the transmittance. Here, T represents
the portion of light that passes through the material. By manipulating
the absorption coefficient (which influences A) and reflectance, re-
searchers can achieve the desired level of light transmission or absorp-
tion within the material. This control over the overall optical response
allows for tailoring materials for specific optoelectronic applications.
This concept aligns with previous research findings in the field of thin-
film optics, where optimizing both absorption and reflectance is
crucial for devices like antireflection coatings and optical filters |/

3.2. FTIR analysis

FTIR spectroscopy was employed to analyze the functional groups
present in both ZnT and Cu-ZnT nanocrystals. For ZnT nanocrystals, a
peak at 3458.71 cm ' suggests the presence of hydroxyl groups (OH) or
adsorbed water molecules. Another peak at 1607.38 cm ™! corresponds
to the C=0 stretching vibration of carboxylate groups (COO") within the
tartrate molecule. Additional peaks between 1377.89cm ' and
1112.73 cm™! can be assigned to various stretching and bending vi-
brations of the C-O bond and other functional groups in the ZnT struc-
ture. Lower wavenumber peaks (932.414 cm ™ to 513,936 cm ™) likely
represent out-of-plane bending modes involving functional groups
within the crystal lattice | 31,32 (g, ).

The FTIR spectrum of Cu-ZnT displayed a similar overall pattern with
some differences. The peak positions for Cu-ZnT exhibited slight shifts
compared to ZnT, particularly for the asymmetric and symmetric
stretching vibrations of the C-O bond in the carboxylate group (/5. ©),
These shifts might indicate subtle changes in the vibrational environ-
ment due to copper doping. While some peaks remained similar to ZnT,
suggesting the preservation of the core structure, the presence of copper
seems to influence the bonding interactions to a certain extent.

The FTIR analysis confirmed the presence of expected functional
groups associated with the tartrate molecule in both ZnT and Cu-ZnT
nanocrystals. The observed peak shifts in Cu-ZnT suggest a potential
influence of copper doping on the vibrational modes and local bonding
environment within the crystals | 47 14/,

3.3. Thermal decomposition analysis (TGA)

The TGA was performed to investigate the thermal decomposition
behavior of Cu-ZnT and ZnT nanoerystals. The analysis shows distinct
weight loss events at specific temperature ranges, suggesting a multi-
step decomposition process for both materials.

3.3.1. TGA of ZnT

ZnT also underwent a two-step decomposition process as revealed by
TGA. The first weight loss, occurring between 52.90 “C and 123.40 L{ o
resulted in a measured loss of 19.34 %, which is very close to the
calculated value of 20.03 %. Similar to Cu-ZnT, this initial weight loss is
attributed to the removal of adsorbed water molecules or surface hy-
droxyl groups on the Zn tartrate crystals (fi=. 7t and (). The close
agreement between observed and calculated values suggests an efficient
process for water desorption from the ZnT. The second weight-loss
event, corresponding to the decomposition of the tartrate molecule
within ZnT, occurred around 319.30 °C and 385.0 °C. Here, a total
weight loss of 47.72 % was observed, which is reasonably close to the
calculated value of 44.55 %.

This suggests a decomposition process for the organic component
similar to what was observed in Cu-ZnT. However, an interesting dif-
ference is the presence of two distinct peaks in the Zn tartrate weight loss
curve compared to a single broader peak for Cu-ZnT. This might indicate
aslightly different pathway for the decomposition of the organic moiety
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Fig. 6. FTIR spectra of Cu-ZnT nanocrystals,

within Zn tartrate crystals compared to Cu-ZnT [25,36] (Table 1),

3.3.2. Cu-Doped Zn tartrate (Cu-ZnT)

The TGA provided insights into the thermal decomposition behavior
of Cu-ZnT. The analysis revealed a two-stage weight loss process. The
initial weight loss observed between 36.06 °C and 64.95 °C with a
measured loss of 7.5 %, is likely due to the removal of water molecules
or hydroxyl groups adsorbed on the Cu-ZnT crystal surface. A slight
difference between the observed and calculated value (9.8 %) could be
attributed to factors like incomplete moisture removal during sample
preparation or variations in the initial water content. The second, more

significant weight loss occurred between 220.05 °C and 250.68 °C, Here,
a 53.01 % weight loss was observed, which closely matches the calcu-
lated value of 50.69 %. This significant decomposition is attributed to
the breakdown of the organic component, most likely the tartrate moiety
(C4HeOg) within the Cu-ZnT crystals. The decomposition products likely
include volatile species like carbon dioxide (CO,), water vapor (H0),
and potentially some organic fragments | 37,341,

3.4. XRD analysis

XRD analysis of ZnT and Cu-ZnT nanocrystals (fig. (a) and (b)),
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exhibiting an average crystallite size of 51.88 nm and 42.00 nm
respectively, is expected to reveal a characteristic diffraction pattern
with several distinct peaks. These peaks correspond to the constructive
interference of X-rays diffracted by specific crystallographic planes
within the ZnT and Cu-ZnT lattice [37]. The precise positions and
relative intensities of these peaks will be dictated by the unit cell pa-
rameters and crystallographic orientation of nanocrystals. However, due
to the small crystallite size (51.88 nm and 42.00 nm), the Scherrer
equation predicts the broadening of these diffraction peaks compared to
their counterparts in larger crystals. This broadening arises from the
confinement of diffracting domains within the nano-crystallites, leading
to a wider range of diffracted angles and consequently broader peaks
{291, Analysis of this peak broadening using the Scherrer equation can
be a valuable tool for confirming the average crystallite size of these
samples [40}].

The data analysis involved interpreting the XRD pattern using the

Nano-Structures & Nano-Objects 39 (2024) 101218

Rietveld refinement method with FullProf Suite software. This technique
allowed for a detailed analysis of the peak positions and intensities. To
identify the crystal structure, the Crystallography Open Database (COD)
was used, specifically the ZnT and Cu-ZnT CIF files corresponding to the
P-3112 space group. The analysis confirmed the crystallinity of the ZnT
and Cu-ZnT nanocrystals based on the sharp peaks in the pattern.
Furthermore, the analysis revealed a trigonal crystal system with spe-
cific lattice parameters and unit cell volume. The positions of the major
diffraction peaks were then assigned specific Miller indices based on
their intensity. Finally, the calculated d-spacings from the proposed unit
cell parameters matched well with the experimentally measured values,
further supporting the structural model |11/,

The Scherrer equation is D = K\ / [p cos(6)];

A = X-ray wavelength (typically 1.54 A for Cu Ka radiation),

K = Scherrer constant,

f = broadening of the diffraction peak at full width at half maximum
(FWHM) in radians. This can be calculated from the measured peak
width in the XRD pattern using p = §'n/180, where p’ is the FWHM in
degrees, 0 = diffraction angle. The average crystalline size is 51.88 nm
and 42.00 nm for ZnT and Cu-ZnT nanocrystals respectively.

3.5. FE-SEM and EDS analysis

The EDX analysis successfully verified the elemental composition of
both ZnT and Cu-ZnT nanocrystals. The presence of the expected ele-
ments (O, C, and Zn) and the absence of copper in ZnT confirm its purity
(Tuble 2). For Cu-ZnT, the detection of a small quantity of copper con-
firms the doping process. The observed weight and atomic percentages
provide quantitative information about the elemental composition of
these materials [47].

EDX analysis confirmed the composition of ZnT and Cu-ZnT. Pure
ZnT contained mainly oxygen (0), carbon (C), and zinc (Zn), with no
copper (Cu) detected. Cu-ZnT showed similar elements but with a small
presence of Cu, verifying successful doping (" ).

The FE-SEM image offers a glimpse into the surface morphology of
the ZnT and Cu-ZnT nanocrystals. The FE-SEM image shows a black-and-
white microphotograph of a rock-like substance (I'i¢. 10). The overall
size of the nanocrystals could potentially indicate the width of a
particular structure on the ZnT surface. The image shows a non-uniform
texture with both smooth and rough features. This suggests that some
features within the image of ZnT and Cu-ZnT might be around 235 and
65 nanometres in size respectively.

3.6. Antimicrobial assay

The antimicrobial activity of ZnT and Cu-ZnT nanocrystals with a

Table 2
Atomic and weight percentages of the constituent elements.
Nanocrystal Parameter Elements
o] C Cu Zn
InT Weight % 48.42 21.74 - 29.84
Atomic % 59.06 34.52 - 6.420
Cu-ZnT Weight % 49.02 23.43 0.21 27.34
Atomic % 59.82 34.71 0.07 5.400

Table 1
Decomposition process ZnT and Cu-ZnT nanocrystals.
Name of the Temperature (C)  Weight loss (%) Reaction
crystal Observed  Calculated  ZnCuC4H404.5 Hy0 — ZnCuCyHy0g.3 Hz0 + 2 Hy0ZnCuC4H404.3 Ha0 — ZnCu0 +5 H,0 + CO, + CO +
Cu-ZnT 36.060-64.950 7.500 9.800 2C
220.05-250.68 53.01 50.69
ZnT 52.900-123.40 19.34 20.03 ZnC4H406.7 H20 — ZnC4H404.3 H30 + 4 H20

319.30 & 385.0 47.72 44.55

ZnCsH406.3 H20 — ZnO + 5 H30 + COz + CO + 2C
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concentration of 200 ug/ml tested against Escherichia coli, Bacillus sub-
tilis, Staphylococcus aureus, and Pseudomonas Aeruginosa shows the
following results. ZnT exhibited antimicrobial activity against Escher-
ichia coli, showing a mean zone of inhibition of 15.3 mm, and against
Bacillus subtilis with a mean zone of inhibition of 15.6 mm. Against
Pseudomonas Aeruginosa, it showed a mean zone of inhibition of 11 mm.
Cu-ZnT showed antimicrobial activity against Escherichia coli, with a
mean zone of inhibition of 16.6 mm, and against Bacillus subtilis with a
mean zone of inhibition of 13.3 mm. Against Staphylococcus aureus, the
mean zone of inhibition is 12.5 mm. In comparison, the positive controls
(Streptomycin and Gentamycin) showed larger zones of inhibition,
indicating that the studied crystals are less effective than the positive
control (Fig. 11) [40]. While ZnT and Cu-ZnT showed antimicrobial
activity against the tested bacteria, their effectiveness is relatively lower
than that of the standard drugs, further studies are necessary to explore
the potential use of these nanocrystals as potent antimicrobial agents
(Fig. 12) [43,44).

In the antifungal activity tests conducted against Aspergillus Niger,
Candida albicans, Fusarium spp., and Penicillium Chrysogenum, both ZnT
and Cu-ZnT samples showed inhibitory effects.
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Fig. 12. A bar graph illustrating the diameter of the zone of inhibition (in mm)
produced by both ZnT and Cu-ZnT nanocrystals in the presence of bacteria.

(a)
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(d)

Fig. 11. The zone of inhibition (in mm) produced by both ZnT and Cu-ZnT nanoerystals in the presence of bacteria; (a) Bacillus subtilis, (b) Escherichia coli, (c)

Pseudomonas Aeruginosa, and (d) Staphylococcus aureus.
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ZnT demonstrated mean zones of inhibition measuring 13.5 mm and
12.6 mm against Aspergillus Niger and Candida albicans, respectively,
whereas Cu-ZnT has higher effectiveness with mean zones of inhibition
of 19.3 mm and 15 mm against the same microorganisms (!'iz. 13).

Comparative analysis with positive controls (Itraconazole and Flu-
conazole) affirmed the superior inhibitory activity of the samples |39,
401]. When tested against Fusarium spp. and Penicillium chrysogenum, ZnT
exhibited zones of inhibition measuring 13.3 mm and 12 mm, while
Cu-ZnT showed increased effectiveness with mean zones of inhibition of
15 mm and 12.6 mm, respectively. Despite their antifungal properties,
both ZnT and Cu-ZnT have lower effectiveness than the positive con-
trols. Cu-ZnT displayed the highest effectiveness against Aspergillus Niger
and Fusarium spp., although the positive controls remained more potent
in inhibiting fungal growth in both cases (Figz. 14).

4, Conclusion

This study successfully synthesized ZnT and Cu-ZnT nanoerystals
using a sol-gel diffusion technique. The optimized process yielded high-
quality, quasispherical nanocrystals with the desired size range. EDAX
confirmed the presence of expected elements (Cu, Zn, O, C) and vali-
dated the copper doping in Cu-ZnT crystals. Thermal analysis revealed
the presence of trapped water molecules within both nanocrystals.
Interestingly, Cu-ZnT exhibited a lower thermal stability compared to
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Fig. 14. A bar graph illustrating the diameter of the zone of inhibition (in mm)
produced by both ZnT and Cu-ZnT nanocrystals in the presence of fungus.

ZnT. Optical analysis showed strong UV light absorption by both
nanocrystals, with high transmittance in the visible and near-infrared
regions |45, Copper doping enhanced the light absorption capacity of
Cu-ZnT crystals. The wide bandgaps, confirmed through the analysis,
suggest their insulating behavior, valuable for specific applications |16
471. Electrical characterization demonstrated a significant increase in

(b)

(©)

(d)

Fig. 13. The zone of inhibition (in mm) produced by both ZnT and Cu-ZnT nanocrystals in the presence of fungus: (a) Aspergillus Niger, (b) Candida albicans, (c)

Fusarium spp., and (d) Penicillium Chrysogenum.
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conductivity due to copper doping. Cu-ZnT nanocrystals exhibited
nearly double the conductivity compared to ZnT. Antimicrobial testing
indicated an acceptable level of efficacy against studied bacteria, sug-
gesting potential for further exploration in this area.
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