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Abstract

Montmorillonite K10 (MMT K10) supported copper oxide nanoparticles (CuONPs) were synthesized by incorporating
CuONPs onto the surface of MMT K10 by reducing the metal precursor with the help of hydrazine hydrate. Effects of
various factors on the efficiency of composite to remove hexavalent chromium were studied to find out the optimum
conditions for maximum removal. Under optimum conditions 15 mg of the synthesized nanocomposite was found ca-
pable to almost completely remove (99.9%) hexavalent chromium in 30 min from a 10 ppm aqueous chromium solution
and that too in a wide range of pH from 2.88 to 5.56. The synthesized MMT K10 supported CuONPs were characterized
by UV, SEM-EDX, FTIR and XRD studies. The average particle size of supported CuONPs was found to be 22.9 nm.
Antibacterial potential of the prepared composite was also studied for one Gram-positive bacterium Staphylococcus
aureus (ATCC 25323) and one Gram-negative bacterium Pseudomonas aeruginosa (ATCC 27853). The prepared nano-
composite was found to have excellent bactericidal potential and its statistical analysis was performed using t-test which
indicates both bacterial strains of Pseudomonas aeruginosa and Staphylococcus aureus show different zone of inhibition

for different concentrations.
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1. Introduction

Recently water pollution due to heavy metals ions
has become a serious concern because metal ions are
non-biodegradable, accumulate easily in the environment
and even in a low concentration cause adverse health haz-
ards.! Presence of chromium in the effluents coming from
paint, metal finishing, textile and dyeing, electroplating,
and leather tanning industries? is of considerable concern
due to its highly toxic, carcinogenic and mutagenic nature.
It also has adverse effect on plant and animal tissues even
at low concentrations.>=> Out of many, Cr(III) and Cr(VT)
are the most stable oxidation states which are much differ-
ent in their chemical and toxicological properties. Cr(VI)
is more hazardous than Cr(III) species due to its greater
water solubility, mobility and bio-accessibility.>” Toxici-
ty of trivalent chromium toward a living cell is 500-1000
times less than hexavalent chromium.® Exposure to chro-

mium(VI) causes liver damage, pulmonary congestion,
oedema, skin irritation and ulcer.’

Out of many techniques proposed for the removal of
chromium(VI) from wastewater the extensively used tech-
niques include chemical precipitation, ion exchange, coag-
ulation, reverse osmosis, electrolysis, membrane process,
chemical reduction, photocatalytic oxidation, evaporation
and biosorption process.!%-1> All these methods have limi-
tations in the sense that they often involve high capital and
operational costs, require high energy consumption, and
may produce secondary pollutants. Adsorption method
has been found to be an attractive technique for the re-
moval of pollutants from wastewater because of its flexibil-
ity and simplicity of design, cost effectiveness, eco-friend-
liness and high efficiency compared to other conventional
methods. In addition, adsorption does not generate haz-
ardous substances and avoids the secondary pollution.
Due to all these properties adsorption technique has been
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extensively applied for the removal of heavy metal ions
from wastewater.16-18

Metallic nanoparticles have been extensively stud-
ied to be used to decontaminate aqueous solutions as
compared to conventional adsorbents due to their nano-
size which increases the surface area resulting in greater
efficiency, faster rate of adsorption and easier separation
after adsorption. Metal-based NPs have been found use-
ful in antiviral, antibacterial, antifouling, and antifungal
applications also.!*?0 Antibacterial activity of nanoparti-
cles has been widely studied for human pathogenic bac-
teria Pseudomonas aeruginosa and Staphylococcus aureus.
Pseudomonas aeruginosa is a multidrug-resistant path-
ogen known for its broad spectrum affecting both plants
and animals and its infection mainly spreads during hos-
pitalization, similar to ventilator-associated pneumonia
and various sepsis syndromes while Staphylococcus aureus
frequently found in the upper respiratory tract and on the
skin. It can adapt to extreme changes in external oxygen
concentration, able to grow even in the absence of oxygen
and responsible for causing skin infections including ab-
scesses, respiratory infections such as sinusitis, and food
poisoning.*!

The bactericidal property of nanoparticles depends
on their size, shape, stability, and concentration added to
the growth medium. Bacterial cell size usually lies in mi-
crometer dimension, with pores of nanometer dimension
in their outer cellular membranes. Nanoparticles having
size less than that of pore size of the bacterial cell mem-
brane, have a unique property of crossing the cell mem-
brane and restrict bacterial growth.?? Cu and CuO nan-
oparticles were analyzed as a plausible antibacterial agent
for many pathogenic species like E. coli, Bacillus subtilis,
Vibrio cholera, Pseudomonas aeruginosa, Syphilis typhus,
and Staphylococcus aureus.?®> Addition of silver nanopar-
ticles imparts antimicrobial properties in household prod-
ucts*% and growth of Escherichia coli and Bacillus subtilis
is inhibited by adding copper nanoparticles (CuNPs)2%27
probably due to interactions with -SH groups leading to
protein denaturation.?® Copper also shows a dual capacity
to act as a cofactor and biocatalyst with a critical balance
for proper intracellular metal homeostasis and metab-
olism.?>30 Metal oxide nanoparticles are 7-50 times less
toxic towards mammalian cells compared to ionic forms
of respective metals.” CuO nanoparticles show excellent
antibacterial activity against Klebsiella pneumoniae, Pseu-
domonas aeruginosa, Salmonella paratyphi and Shigella
strains,3! reduce (99.9%) concentrations of E. coli and S.
aureus after 24 h of incubation.?? CuO nanoparticles syn-
thesized with a Streptomyces species®® and naturally ob-
tained gum karaya?? showed excellent reduction of E. coli,
S. aureus, and Aspergillus niger. Polyaniline coated Cu,O
nanoparticles®** and have been found to be effective against
Gram-positive and Gram-negative bacteria.??

Difference in the outermost protective covering
of Gram-positive and Gram-negative bacteria may also

be a reason for their changed response towards various
bactericidal agents. Vast majority of bacteria follow the
color differentiation by giving different staining intensity
by the Gram technique and this leads to classify bacteria
in two major groups, Gram-negative and Gram-positive
bacteria. In Gram staining the decolorizing step with al-
cohol washes the primary stain (crystal violet) from the
cells and the secondary stain colors the bacteria red. In
contrast Gram-positive bacteria are covered with strong
and thick cell walls which do not allow the crystal violet
to be removed and thus remain purple.’® There are many
distinguishing features between the Gram-positive and
Gram-negative bacteria. Characteristic feature for both
classes is that their cytoplasmic membrane is surrounded
by a cell wall. Periplasm contains a wide variety of ions and
proteins that are needed for numerous functions involving
cellular (electron) transport, substrate hydrolysis, degra-
dation and detoxification.

In Gram-negative bacteria the periplasm occupies
the space between the plasma membrane and the outer
membrane. Existing above the plasma membrane and the
outer membrane the periplasm is an integral compart-
ment of the gram-negative cell wall.*® Outer membrane,
peptidoglycan layer, and periplasm along with plasma
membrane constitute the gram-negative envelope.>>*’ The
presence of the outer membrane in Gram negative bac-
teria next to the periplasmatic space is the major differ-
ence between those bacterial classes as it does not exist in
Gram-positive bacteria. This outer membrane is a lipid bi-
layer, where the inner leaflet is composed of phospholipids
and the outer leaflet of lipopolysaccharides.?® In both fam-
ilies, the cell wall contains peptidoglycan layers that sta-
bilize the cell membranes. The cell wall of Gram-positive
bacteria is made of many peptidoglycan layers of about
40-80 nm that is much thicker than the single layered 7-8
nm thick cell wall of Gram-negative bacteria.>® Therefore,
the periplasmic space between the inner and outer mem-
brane in Gram-negative bacteria is much larger than the
narrow periplasm of Gram-positive bacteria. Also specific
for Gram-positive bacteria is the occurrence of teichoic
acid in the cell wall that can be linked via a glycolipid an-
chor with the plasma membrane. Gram-positive bacteria
have larger fraction of negatively charged phosphatidylg-
lycerol whereas Gram-negative bacteria contain larger
proportions on zwitterionic phosphatidylethanolamine
in addition to phosphatidylglycerol. Presence of different
charges on the surface may influence the bactericidal po-
tential also. Peptidoglycan, due to its rigidity determines
the strength and cellular shape of bacteria and accounts
for around 90% of dry weight in Gram-positive and 10%
in Gram-negative bacteria.

To obtain better capacity to remove chromium(-
VI) from the contaminated water copper oxide nanoparti-
cles, synthesized with the help of hydrazine hydrate, were
supported on MMT K10. Montmorillonite K10 was select-
ed as a supporting material due to its unique properties of
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cation exchange and swelling ability in addition to its low
cost and eco-friendly nature. It was also observed that cop-
per oxide nanoparticles supported on MMT K10 showed
excellent capacity to remove chromium(VT) from the con-
taminated water compared to the unsupported ones. The
interlayer space of montmorillonite provides a very good
platform to accommodate the nanoparticulates. Prepared
copper oxide nanoparticles were characterized with the
help of SEM-EDX, XRD and FTIR spectroscopy. Anti-
bacterial nature of the nanocomposite for one Gram-pos-
itive bacterium Staphylococcus aureus (ATCC 25323) and
one Gram-negative bacterium Pseudomonas aeruginosa
(ATCC 27853) was also studied. Statistical analysis of two-
tailed t-test was also performed to show bacteria have dif-
ferent zone of inhibition at different concentrations.

2. Experimental

2. 1. Materials and Methods

To get the solutions of desired strengths the stock
solutions of K,Cr,0; and CuSO,.5H,0 (Merck) were di-
luted with double distilled water. Montmorillonite K10
(Sigma-Aldrich) was of the highest purity. All other chem-
icals like hydrazine hydrate, 1,5-diphenylcarbazide (Lo-
baChemie), H,SO,, HCI and NaOH (Merck), Luria ber-
tani broth, miller (SRL) and agar-agar (Fisher Scientific)
were of Analytical grade or chemically pure substances
which were used without further purification.

2. 2. Preparation of Clay-Supported Copper
Oxide Nanocomposites (CuONC)

500 mg montmorillonite K10 was added to 10 mL
(0.10 M) copper sulphate solution and after heating the
solution to 60 °C for 20 min, hydrazine hydrate (0.5 mL)
solution was added drop-wise over 5 min with constant
stirring. Change in the colour of solution from blue-brown
to black*” indicates the formation of copper nanoparticles
which in the presence of dissolved oxygen in water get
oxidized to copper oxide nanoparticles. It is important to
mention here that addition of 0.5 mL hydrazine hydrate to
10 mL copper sulphate solution of the mentioned strength
is necessary for getting the best results. Deviation of this
ratio decreases the removal efficiency of the composite.
It was observed that increase in the amount of hydrazine
hydrate results in the appearance of precipitate in the solu-
tion while if the lesser amount is added then proper colour
change is not observed. Stirring was continued for an ad-
ditional 60 min. UV-Vis spectrum of the solution showed
two peaks, one of the peak is situated at 243 nm while the
other one at 630 nm. The peak situated at 243 nm is due
to the Cu,O shell layer of the Cu-Cu,O (Copper core-cop-
per oxide shell nanoparticles) while that of peak around
630 nm correspond to the conversion of upper shell lay-
ers of the Cu,O into more thermodynamically stable

CuO layers. Appearance of the peaks in solution (Figure
1) confirmed*"*? the formation of MMT K10 supported
CuONPs.
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Figure 1: UV-Visible spectra of CuONPs

2. 3. Instrumentation and Measurement of
Chromium

The amount of Cr(VI) remaining in the filtrate was
measured with a double beam spectrophotometer (Sys-
tronics 2203). Standard solutions of NaOH and HCI were
used to maintain the desired pH of the solution which was
measured along with temperature with a digital pH meter
(u-pH System 361, Systronics). IR spectra were recorded
on a spectrum 2 Perkin Elmer spectrophotometer ver-
sion 10.4.00 FTIR spectrophotometer. SEM analysis was
carried out using a JEOL (JSM 6490 LV) scanning elec-
tron microscope equipped with EDAX after coating the
samples with platinum to investigate the morphological
changes in MMT K10 before and after being loaded with
CuONPs. Powder X-ray diftraction (PXRD) analysis was
carried out using Rigaku Smart lab 3KW to obtain struc-
tural information. The surface areas of samples under
varying conditions were calculated using a WT Classic
Brunaur, Emmett and Teller (BET) surface area analyzer,
WAKO, New Delhi India. Luria-Bertani (LB) agar solution
was autoclaved with Vertical Autoclave (Metrex), all plat-
ing and inoculations were done inside a Vertical Laminar
Air Flow (Impact Icon Instruments Company) and inocu-
lated plates were incubated inside BOD Incubator (Metrex
Scientific Instruments).

2. 4. Analysis of Remaining Cr(VI) By
1,5-Diphenylcarbazide (DPC) Method
In solution phase Cr(VI) strongly complexes with

1,5-diphenyl carbazide to give a dark pink chromium-di-
phenyl carbazide complex which absorbs strongly at 540
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nm.** Stock solution of diphenyl carbazide was prepared
by dissolving 250 mg of 1,5-diphenyl carbazide in 50 mL
acetone and the solution was kept at 5 °C in freezer. In a
typical procedure the calculated concentration of Cr(VI)
solution mixed with 0.8 ml of H,SO, (6N) and 1 mL DPC
was diluted up to mark in a 25 mL flask. Solution was left
for 10 min to develop the colour of Cr-DPC complex, in-
tensity of which depends on the concentration of Cr(VI)
in solution. Thus the remaining concentration of Cr(VI) is
determined directly with the help of a standard calibration
graph plotted between concentration vs. absorbance.

2iC
£ x100

1

% removal of contaminant =

where C;and Csare initial and final concentrations of con-
taminant

Stock solution of K,Cr,0, was diluted with double
distilled water to get the solutions of desired concentra-
tions. Calculated amount of MMT K10 supported CuNPs
(MMT-CuNPs) was added to the stirred solution of Cr(-
VI). Stirring was continued for a fixed time and then the
solution was filtered. Remaining Cr(VI) in the solution
was measured with DPC method. To find out the optimum
conditions effects of duration of treatment, amount of
CuONC, pH, and initial Cr(VI) concentration were stud-
ied by changing the variables one by one keeping other
factors constant. In all the cases, 10.0 mL of 0.1 M CuSO,
5H,0 and 0.5 mL of hydrazine hydrates were mixed. All
experiments were conducted at room temperature.

2. 5. Antibacterial Activity

Gradual increase of resistance in microorganisms
against drugs has increased the interest for the synthesis
and utilization of novel antimicrobial metal nanoparti-
cles.** Using disc diffusion method antibacterial activi-
ty of synthesized CuONPs against Staphylococcus aureus
(ATCC 25323) and Pseudomonas aeruginosa (ATCC
27853) bacteria was studied. In all cases, 10.0 mL of 0.1 M
CuSO, ' 5H,0 solution and 0.5 mL of hydrazine hydrates
were mixed for the synthesis of CuONPs. Different molar
concentrations of 40 mg/mL, 60 mg/mL, 80 mg/mL, and
100 mg/mL of CuONPs were used to determine the zone
of inhibition of aforementioned bacterial strains. Control
experiments were carried out in the presence of DMSO
solvent. Experiments were performed after sterilizing all
the equipment and Luria Bertani agar solution in an auto-
clave at 121 °C for at least 15 minutes under the pressure of
15 psi. For preparation of Luria Bertani agar solution, 2.5
gm of Luria Bertani Broth, Miller and 2 gm of agar-agar
were mixed in 100 ml of distilled water thoroughly and
then autoclaved. In brief, 20 ml of Luria-Bertani agar solu-
tion (pH 7.2 at 60 °C) was poured onto the petriplates and
then put to solidification for 20 minutes. The wells were
made by using 5 mm gauge which were punched out in

petriplates. With the help of micropipette, different con-
centrations of CuONPs samples i.e., 40 mg/mL, 60 mg/
mL, 80 mg/mL, 100 mg/mL were poured into the wells on
all petriplates. The petriplates were incubated at 37 °C for
24 h. The size of zone of inhibition was measured by ruler.

3. Results and Discussion

3. 1. Factors Affecting the Removal of
Hexavalent Chromium

In order to find out the optimum conditions for
maximum removal of Cr(VI) various factors affecting the
removal were changed one by one keeping other condi-
tions constant. Result of the change of time of treatment
on the removal efficiency is given in Table 1(entries 2—6)
and Figure 2A. Constancy in the efficiency of removal
of contaminant at later stages may be due to the relative
sizes of contaminant and pores if the size of contaminant
is small then stirring for longer duration may not be able
to expel the particles from the pores. This may be due to
the attainment of the saturation point on achieving al-
most complete removal. pH of the chromium solution was
maintained with the help of standard solutions of sulphu-
ric acid and sodium hydroxide. Removal efficiency of the
composite remains constant from pH 2.56 to 5.6 but later
on the removal efficiency decreases (Table 1, entries 7 to 10
and 5; Figure 2B). Probably after a particular pH surface
of MMT K10 becomes negatively charged and electrostat-
ic repulsion between the negatively charged surface and
the contaminants decreases the efficiency of the compos-
ite to remove the contaminants. Effect of increase in the
concentration of Cr(VI) sample on the removal efficien-
cy shown in Figure 2C (Table 1, entries 11 to 14 and 5)
may be because of the reason that further increase in the
concentration of contaminants beyond the capacity of a
particular amount of composite having fixed active sites
will not affect the removal and the excess ions of the con-
taminant will remain in the solution thus decreasing the
percentage of removal. It was observed that increase in the
amount of nanocomposite increases the removal efficien-
cy till almost complete removal of chromium is obtained
(Table 1, 15 to 18 and 5; Figure 2D). Effect of change of the
amount of HH on the removal efficiency (Table 1, entries
19 to 22 and 4; Figure 2E) may be considered in conjunc-
tion with the effect of change of pH of the medium. Initial
increase in the amount of HH increases the number of na-
noparticles formed which increase the removal efficiency
till a maximum is obtained for a fixed amount of copper
sulphate. Addition of further HH increases pH of the me-
dium and results of change of pH of the medium clearly
show that increase in pH above the optimum value has a
negative effect on the efficiency of removal. To determine
the effect of loading of CuONC on the solid support, ratio
of the amounts of copper sulphate and hydrazine hydrate
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Table 1: Effect of various factors on the removal of Cr(VI) from contaminated water (In all the cases 25.0 mL Cr(VI) solution was taken)

S. No. Time pH Conc Amount of Volume of Reaction volume Amount of % removal
(min) (ppm) nano-com- H.H [CuSO,5H,0+ HH] MMTK 10
posite (mL) (mg)
1. 30 5.56 10 - - - 15 11.0
2. 05 5.56 10 15 0.5 10+ 0.5 500 73.3
3. 10 5.56 10 15 0.5 10+ 0.5 500 85.0
4. 20 5.56 10 15 0.5 10+ 0.5 500 98.0
5. 30 5.56 10 15 0.5 10+ 0.5 500 99.9
6. 40 5.56 10 15 0.5 10+ 0.5 500 99.8
7. 30 2.58 10 15 0.5 10+ 0.5 500 99.8
8. 30 4.58 10 15 0.5 10+ 0.5 500 99.8
9. 30 7.59 10 15 0.5 10+ 0.5 500 93.0
10. 30 10.52 10 15 0.5 10+ 0.5 500 11.0
11. 30 5.56 02 15 0.5 10+ 0.5 500 99.5
12. 30 5.56 05 15 0.5 10+ 0.5 500 99.5
13. 30 5.56 15 15 0.5 10+ 0.5 500 92.0
14. 30 5.56 20 15 0.5 10+ 0.5 500 89.0
15. 30 5.56 10 05 0.5 10+ 0.5 500 325
16. 30 5.56 10 10 0.5 10+ 0.5 500 77.9
17. 30 5.56 10 12 0.5 10+ 0.5 500 91.8
18. 30 5.56 10 18 0.5 10+ 0.5 500 99.8
19. 30 5.56 10 15 0.2 10+ 0.5 500 80.0
20. 30 5.56 10 15 0.3 10+ 0.5 500 86.0
21. 30 5.56 10 15 0.4 10+ 0.5 500 93.5
22. 30 5.56 10 15 0.6 10+ 0.5 500 99.1
23. 30 5.56 10 15 0.5 4.0+0.2 500 383
24. 30 5.56 10 15 0.5 6.0+0.3 500 51.3
25. 30 5.56 10 15 0.5 8.0+0.4 500 80.6
26. 30 5.56 10 15 0.5 12 + 0.6 500 98.1

was varied (Table 1, entries 23 to 26 and 5; Figure 2F). It
was observed that use of 10.0 mL of copper sulphate mixed
with 0.5 mL of hydrazine hydrate with addition of 500.0
mg of MMT K10 gave the best results. It may be mentioned
that proper colour change was not observed if the ratio of
HH and copper sulphate was decreased from 1:20, while
formation of suspended particles takes place if the ratio is
increased. Proper formation of CuONPs takes place only
when 0.5 mL of HH was used to reduce 10 mL (0.1 M)
solution of copper sulphate. Maximum yield of 99.9 % for
Cr(VI) was obtained only when 1:20 ratio is maintained.
Coming to the control experiment negligible (11%) re-
moval of chromium(VI) was observed (Table 1, entry 1)
when the experiment was performed only by adding MMT
K10 in the contaminated water. This indicates that the clay
mineral mainly helps in preventing the agglomeration of
CuONPs prepared during the process and has no role in
the removal of Cr(VI) from the contaminated water.

3. 2. Powder X-Ray Diffraction Pattern Study

Powder X-ray diffraction patterns of pure MMT K10
and MMT K10 supported CuO nanoparticles are shown
in Figure 3. Peaks at 20 = 20.95 and 26.60 obtained in pure
MMT K10 are due to quartz impurity.*> In MMT K10 sup-
ported CuO nanoparticle peaks at 32.70, 35.48, 53.8, 61.8

are due to crystalline CuO which correspond well with the
(110), (110), (020) and (-113) planes of the monoclinic
copper(Il) oxide phase (tenorite, ICSD #01-089-2529).46
The average size of MMTKI10 supported CuO nanopar-
ticles was found to be 22.9 nm which was calculated by
using the Debye-Scherrer equation.

_09xA
"~ BxCos@

Where D shows crystallite size, A- wavelength and p- peak
width (FWHM).

3. 3. Scanning Electron Microscopy-Energy
Dispersive X-ray Analysis

SEM analysis of pure MMT K10 (Figure 4A) shows
asymmetrical particles while EDX spectrum (Figure 4B)
shows Si, O, Al and Mg as the main constituent in decreas-
ing order of concentration.*” SEM and EDX given in Fig-
ure 4C and 4D clearly shows that the irregular shape of
CuONPs particles are accommodated on MMT K10 sur-
face. The study also confirmed that the synthesized nan-
oparticles are supported on the surface of the MMT K10
by integration of metal in interlayer present on MMT K10
and are stabilized by the electronic alterations and Vander
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Figure 3: PXRD pattern of (A) pure MMT K10, (B) MMT K10 sup-
500/ [ ported copper oxide nanoparticles
500 |

i) Waals interactions. The EDX study for elemental compo-
sition confirmed the presence of the constituent elements
» 300 O, Si, Mg, Al, and Cu in reduction method. Removal of
| Cr(VI) was confirmed by taking SEM-EDX of the com-
= 2004 posite after the treatment of contaminated samples (Fig-
ure 4E and 4F). The SEM image shows many aggregates of
100 nanoparticles with the adsorbent particles which resulted
in a rough surface and porous structure. In EDX study ap-
0 pearance of the extra peak for chromium along with peaks

— T T T T T corresponding to O, Si, Al, Cu confirmed the removal of
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2 Theta (degree) chromium.
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Figure 4: (A) SEM image of pure MMT K10 (B) EDX image of pure MMT K10 (C) SEM image of MMT K10 supported CuONPs (D) EDX image of
MMT K10 supported CuONPs (E) SEM image of MMT K10 supported CuONPs after removal of Cr(VI) (F) EDX image of MMT K10 supported
CuONPs after removal of Cr(VI)
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3. 4. Fourier Transform Infrared Spectroscopy

In FTIR spectra of MMT K10 (Figure 5A) peaks ob-
tained at 455.60 cm™!, 526.79 cm™! are attributed to Si-O
bending and peak at 796.15 cm™! is due to Si-O defor-
mation. Peaks at 1031.90 cm™" and 1210.10 cm™! can be
attributed to Si-O stretching. Peak at 920 cm™ is due to
(Al, Mg)-OH vibration mode. Peak at 3622.20 cm™! cor-
responds to O-H stretching at 1367.0 cm™! due to atmos-
pheric CO,. FTIR spectra of CuONPs supported on MMT
K10 (Figure 5B) shows peak similar to those as obtained
in pure MMT K10 with slight shifting in the wave number
and intensity. New peak at 613.49 cm™! is observed which
is attributed to Cu-O stretching the FTIR spectra confirms
loading of CuONPs on the surface of MMT K10.48-52
FTIR spectra of CuONPs after the removal of chromium
(Figure 5C) shows disappearance of peak at 613.49 cm™!
(due to involvement of Cu-O in adsorption of chromium)
along with the shifting and decrease in intensity of other
peaks compared to MMT K10 supported CuONPs con-
firms the adsorption of chromium by CuONPs from the
solution.

3. 5. Antibacterial Activity of MMT-CuONC
Against Gram -ve and Gram +ve Bacteria

The prepared nanoparticles show excellent antibac-

itive bacterium Staphylococcus aureus (ATCC 25323) and
one Gram-negative bacterium Pseudomonas aeruginosa
(ATCC 27853). In all cases, 10.0 mL of 0.1 M CuSO, * 5H,0
solution and 0.5 mL of hydrazine hydrates were mixed for
the synthesis of CuONPs. It may be mentioned that if the
size of nanoparticles is less than that of pore size of the cell
membrane of bacteria then they can cross the cell mem-
brane without any hindrance. Control experiments were
performed only with MMT K10. It was found that MMT
K10 of same concentration shows no capability for antibac-
terial activity which is clear from Figure 6(A) and 7(A).

The antibacterial activity of CuONPs shows better
results against Pseudomonas aeruginosa where a maxi-
mum zone of inhibition was observed at 39 mm at 100 mg/
mL [Figure 6 (B)] in comparison to Staphylococcus aureus
where a maximum zone of inhibition of 37 mm, at 100 mg/
mL [Figure 7 (B)] was observed.

Different molar concentrations of MMT-CuONC
are very important in antibacterial activity. Maximum
zone of inhibition was observed with different molar con-
centration of CuONC against Pseudomonas aeruginosa
while less inhibitory action of CuONC was observed for
Staphylococcus aureus. On increasing the concentration of
CuONG, better inhibitory action can be seen against both
Gram-positive Staphylococcus aureus and Gram-negative
Pseudomonas aeruginosa bacteria. Table 2 confirm the re-

terial activity against two bacterial strains, one Gram-pos- sults.
-
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Figure 5: FTIR spectra of (A) MMT K10, (B) loading of CuO nanoparticles, (C) removal of hexavalent chromium
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Table 2: Maximum zone of inhibition of different concentration of MMT-CuONC against Gram -ve and Gram

+ve bacteria
Microorganisms CuONPs Maximum

Species of Category of Strain concentrations  Zone of Inhibition
Bacteria Bacteria (mg/mL) (In mm)
Pseudomonas aeruginosa Gram -ve ATCC 27853 40 32

60 34

80 36

100 39
Staphylococcus aureus Gram +ve ATCC 25323 40 18

60 21

80 35

100 37

Statistical measurements of zone of inhibition of two Table 3: Statistical measurements of the diameter of zone of inhibi-

tion of four samples of Pseudomonas aeruginosa and Staphylococcus

bacteria Pseudomonas aeruginosa and Staphylococcus au- aureus by implying two-tail f-test.

reus having standard deviations 35.25 + 2.98 and 27.75 +

9.63 was investigated by a two-tail t-test of alpha = 0.05 t-test Pseudomonas ~ Staphylococ-
and 6 degree of freedom (df), with a null hypothesis that aeruginosa cus aureus
no differences in the diameters of zone of inhibition for
different concentrations of both bacteria where the calcu- Mean 35.25 27.75

. Variance 8.916666667 92.91666667
lated value of t greater than the critical value for t, leads to Observations 4 4
acceptance of the null hypothesis. As mentioned in Table Pooled Variance 50.91666667
3, the calculated value of t = 1.48643622 which is less than Hypothesized Mean Difference 0
that of the critical value of t = 2.446911851 leading to re- df 6
jection of null hypothesis implying that Gram —ve bacte- t Stat 1.48643622
rium Pseudomonas aeruginosa and Gram +ve bacterium P(T<=t) one-tail 0.093858141
Staphylococcus aureus has different zones of inhibition at t Critical one-tail 1.943180281
different concentrations of CuONC. P(T<=t) two-tail 0.187716282

t Critical two-tail 2.446911851
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Figure 6: Zone of inhibition of MMT K10 (A) and synthesized MMT supported copper oxide nanoparticles (B) against Pseudomonas aeruginosa
(Gram negative) at different concentrations (40, 60, 80, 100 mg/mL)
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Figure 7: Zone of inhibition of MMT K10 (A) and synthesized MMT supported copper oxide nanoparticles (B) against Staphylococcus aureus (Gram

positive) at different concentrations (40, 60, 80, 100 mg/mL)

4. Conclusions

In the present study CuONPs, having an average size
of 22.9 nm, supported on MMT K10 were synthesized and
the prepared nanocomposite was used to remove chromi-
um(VI) from the contaminated water. Antibacterial effi-
ciency of the prepared nanocomposite was also studied
against two bacterial strains. It was observed that MMT
K10 apart from acting as a stabilizing agent increases the
efficiency of CuONC also. Most important observation
which to the best of our knowledge has not been reported
till now that the synthesized CuONC was able to almost
completely (99.9%) remove chromium(VI) from the con-
taminated water in a very wide pH range of 2.58 to 5.56
and that too within 30 min. Maximum removal of Cr(-
VI) (99.9%) was obtained at pH 5.56. The nanocomposite
showed good antibacterial activity against two bacterial
strains, Staphylococcus aureus and Pseudomonas aerugi-
nosa. 39 mm and 37 mm zones of inhibition at 100 mg/
mL were observed in case of P. aeruginosa and S. aureus
respectively. Thus, the prepared nanocomposite has good
potential for killing the reported bacterial strains. Moreo-
ver, the statistical analysis of two-tail t-test also shows that
both bacteria have different zone of inhibition for different
concentrations of CuONC.
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Povzetek

Nanodelce bakrovega oksida (CuONPs) na montmorilonitni K10 (MMT K10) osnovi smo pripravili z vklju¢evanjem
CuONPs na povr$ino MMT K10 preko redukcije kovinskega prekurzorja s pomocjo hidrazin hidrata. Preucili smo vpliv
razli¢nih dejavnikov na ucinkovitost odstranjevanje $estvalentnega kroma s pomocjo pripravljenega kompozita. Pod
optimalnimi pogoji smo lahko s 15 mg pripravljenega kompozita v 30 min skoraj popolnoma (99.9 %) odstranili Sest-
valentni krom iz vodne raztopine, ki je vsebovala 10 ppm kroma, v Sirokem pH obmo¢ju med 2.88 in 5.56. Sintetiziran
MMT K10 - CuONPs kompozit smo okarakterizirali z UV, SEM-EDX, FTIR in XRD. Povpre¢na velikost kompozitnih
delcev je bila 22.9 nm. Antibakterijski potencial pripravljenega kompozita smo preverili z gram-pozitivno bakterijo
Staphylococcus aureus (ATCC 25323) in gram-negativno bakterijo Pseudomonas aeruginosa (ATCC 27853). Ugotovili
smo, da pripravljeni kompozit izkazuje mo¢no baktericidno delovanje saj je statisti¢na analiza z uporabo t-testa pokazala
za oba bakterijska seva razli¢ne cone inhibicije pri razli¢nih koncentracijah.
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