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KEYWORDS Abstract In this paper, the microwave-assisted synthesis of carboxymethyl cellulose-cl-poly(lactic
Carboxymethyl cellulose; acid—co-itaconic acid)/ZnO-Ag nanocomposite [CMC-cl-p(LA-co-1A)/ZnO-Ag] has been discussed.
Nanocomposite; Lactic acid (LA) and itaconic acid (IA) monomers were grafted onto carboxymethyl cellulose
Lactic acid; (CMC) using potassium persulphate and N, N -methylene-bis-acrylamide (MBA) as initiator and
Anticancer; crosslinker, respectively at optimized conditions of temperature and pressure. The nanocomposite
Antioxidant; was characterized using different techniques such as Fourier transform infrared spectroscopy (FTIR),
Photocatalysis field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), X-

ray diffraction (XRD), thermogravimetric analysis (TGA) and energy dispersive X-ray (EDX). XRD,
TEM and FTIR spectral analysis confirmed the formation of the nanocomposite. The release of
amoxicillin drug-using nanocomposite as a function of pH and time has been investigated. The max-
imum drug release of 94.64% was pragmatic at pH 2.2 after 6 h. The degradation of congo red using
nanocomposite followed the pseudo-first-order reaction model with the regression coefficient (R?) val-
ues of 0.99312. The nanocomposite was also explored for anticancer behavior against yeast cells.
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1. Introduction

Nanotechnology is emerging as a rapidly growing field for the
manufacturing of new materials (Albrecht et al., 2006). Nano
molecules have well-defined chemical, mechanical, and optical
properties. Nanocomposites are multiphase materials with one
of the components present in the nanoscale. Since most of the
hydrogels derived from synthetic polymers are not environ-
ment friendly, so there is an emerging need to use natural
biopolymers to fabricate hydrogels and nanocomposite for
diverse applications. Cellulose and its derivatives having crys-
talline and fibrous structures are extensively used to synthesize
nanocomposites with significant biomedical applications
(Giammona et al., 1999; Krogars et al., 2000). Many attempts
for the modifications of biopolymers either by grafting to form
hydrogel or by combining them with metal/metal oxide
nanoparticles have been reported (Ding et al, 2011).
Nanocomposites obtained from hydrogels have been exten-
sively used in photocatalysis, antibacterial, drug delivery,
and tissue engineering (Diwakar and Rajat, 2010; Gupta
et al., 2015). In recent years, organic/inorganic nanocomposite
containing biopolymer and metal ions have been synthesized.
The biopolymer-based nanocomposites are preferred because
they are cheap, renewable, and available in excess. The
primary advantage of grafted polysaccharide is to formulate
compound with desired drug release. Drug delivery systems
have improved therapy periods of drug activity, appropriate

routes of administration, and improved site-specific delivery
to reduce the undesirable adverse effects. The literature studies
have revealed the formation and stability of nanocomposite
and microbeads for the targeted release of anticancer drugs
(Sun et al., 2020; Sun et al., 2019a; Sun et al., 2019b).

Biopolymers are chemical modifications due to their unique
properties such as biodegradability, nontoxic, economic nat-
ure, and bio-compatibility. Polymers possess large numbers
of hydroxyl groups which form complex with metal ions and
afford good milieu for the growth of semiconductor nanopar-
ticles. They have been used to encapsulate the proteins and
peptides. A majority of natural polymer-based drug delivery
systems are either protein (collagen, gelatin, and albumin) or
polysaccharide (starch, dextran, hyaluronic acid, pectin, and
chitosan). The properties like high cost, low elasticity, and
possible occurrence of an antigenic response have limited the
degree of protein drugs. The modification of pH-sensitive
functional groups such as —CONH,, —COOH/CH;, —NH,,
and SOszH has made their use in the controlled release of
drugs.

Carboxymethyl cellulose (CMC) is very important in food,
textile, paper, paint, pharmaceutical, and cosmetic processing.
It is a natural, non-toxic, and degradable biopolymer. Cellu-
lose polyacrylamide nanocomposite has been effectively used
for photocatalytic degradation of methylene blue dye (Zhou
et al., 2014). The cellulose and its different derivatives are bio-
compatible (Shukla et al., 2013).
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Itaconic acid is an unsaturated organic acid having various
industrial applications. The polymeric esters of itaconic acid
have been used in plastics, adhesives, and coatings. Many
hydrogels have been reported using itaconic acid as monomers
(Lanthong et al., 2006; Koetting and Peppas, 2014). Itaconic
acid has two —COOH groups and hence a very small amount
is required for making pH-sensitive hydrogel.

Lactic acid is an aliphatic biodegradable acid obtained
from renewable sources, is gaining more interest in recent years
(Edlund et al., 2005; Slivniak and Domb, 2005; Chen et al.,
2005). Polylactic acid has many biomedical applications due to
its biocompatible and biodegradable nature (Nouvel et al.,
2004; Gupta et al., 2016). The use of lactic acid has provided more
active sites for the binding of drugs (Ikada and Tsuji, 2000).

Zinc oxide nanoparticles synthesized by the green method
showed antimicrobial and antioxidant properties (El-Sayed
et al., 2020). Noble metal cations doped on films of CMC/
PVA/Zeolite displayed excellent biological properties
(Youssef et al., 2019). Literature studies further show that
nanocomposites involving synthetic and natural polymers
eco-friendly showed excellent antibacterial and optical proper-
ties (Youssef et al., 2017a; Youssef et al., 2017b; Noah et al.,
2017; El-Nahrawy et al., 2016; Moustafa et al., 2019)

Nanosized metal oxide with suitable band gaps is effectively
used for the removal of toxic organic pollutants from aqueous
systems (Zhao et al., 2015; Jing et al., 2013; He et al., 2013).
Zinc oxide (ZnO) is one of the most commonly used metal oxi-
des. It is cheap, non-toxic, environment friendly. It has a suit-
able bandgap of 3.37 eV (Wang et al., 2011; Li et al., 2011).
Many efforts have been attempted to improve the photocat-
alytic activity of ZnO in visible light which depends upon the
inhibition of the electron-hole recombination process. This
can be achieved by doping ZnO either with metals or non-
metals (Ansari et al.,, 2013; Ullah and Dutta, 2008; Han
et al., 2012; Jiang et al., 2008; Shinde et al., 2012; Qiu et al.,
2008). The use of noble metals for doping has further increased
the corrosion resistance. The ZnO based nanocomposites have
found enhanced photocatalytic efficiency. Metal-ZnO
nanocomposite has a higher surface to volume ratio than con-
ventional materials. Out of different noble metals, silver metal
is of great interest due to its ability to augment the photocatal-
ysis along with antibacterial properties (Zhang et al., 2012;
Duan et al., 2006; Xie et al., 2010; Pathania et al., 2015).

In the present work, carboxymethyl cellulose-cl-poly(lactic
acid—co-itaconic acid)/ZnO-Ag nanocomposite has been dis-
cussed. The nanocomposite was characterized using Fourier
transform infrared spectroscopy (FTIR), field emission scanning
electron microscopy (FESEM), transmission electron micro-
scopy (TEM), X-ray diffraction (XRD), thermogravimetric
analysis (TGA) and energy dispersive X-ray (EDX). The release
of amoxicillin drug-using nanocomposite has been investigated.
Their potential roles in photocatalysis, drug delivery, and anti-
cancerous behavior of nanocomposite have been explored.

2. Materials and methods

2.1. Materials

All chemicals used in this study were of analytical grade car-
boxymethyl cellulose (CMC), lactic acid (LA), itaconic acid
(IA), potassium persulfate (KPS), zinc nitrate, N,N’-methy

lene-bis-acrlymaide (MBA) and sodium hydroxide were pur-
chased from Loba Chemie Pvt. Ltd., India. Amoxicillin, silver
nitrate, and sodium borohydride were obtained from Himedia
Pvt. Ltd., India. All glassware used during experiments were
cleaned thoroughly and rinsed with acetone before use. All
the solutions were prepared in double-distilled water.

2.2. Synthesis of CMC-cl-p(LA-co-14)|Zn0O-Ag nanocomposite

2.2.1. Synthesis of ZnO|Ag nanocomposite

Ag/ZnO nanoparticles were synthesized using the co-
precipitation method. In this method, 50.0 mL of 0.1 M zinc
nitrate solution was stirred at about 40-50 °C. To the above
solution 40 mL of 0.1 M sodium hydroxide was added dropwise
with constant stirring till turbidity appeared. This mixture was
stirred for one hour on the magnetic stirrer. In another beaker,
25 mL of 0.1 M silver nitrate was stirrer for half an hour at
40-50 °C. It was followed by the addition of 50 mL of 0.1 M
sodium borohydride solution dropwise with stirring till the for-
mation of precipitates of silver. Now mixed these precipitates
into the mixture prepared in the first beaker. The resultant mix-
ture was stirred for 2 h at 60 °C. It was then cooled and filtered.
The obtained precipitates were dried at 50 °C in hot air for 12 h.

2.2.2. Preparation of CMC-cl-p(LA-co-14)/Zn0O-Ag
nanocomposite

CMC-cl-p(LA-co-1A)/ZnO-Ag nanocomposite was synthe-
sized by the coprecipitation method using microwave radia-
tions. In this method, in the first beaker 0.5 gm of CMC was
dissolved in 10.0 mL of double-distilled water. It was followed
by the addition of 0.3 gm of potassium persulphate with con-
tinuous shaking. In another beaker 0.05 gm of MBA was
added into the mixture of 1.0 gm of IA and 2.0 mL of LA.
The above mixtures taken in two different beakers’ solutions
were mixed and stirred for 10 min. It was followed by the addi-
tion of ZnO/Ag powder prepared above in Section 2.2.1 with
shaking. The resultant mixture was exposed to microwave
radiations at 100 W for 3 min. The mixture was kept for
24 h undisturbed to complete the process of hydrogel forma-
tion. The obtained precipitates were washed with double dis-
tilled water and acetone. The final precipitates were filtered
and dried in a hot air oven at 60 °C. The nanocomposite
was then powdered and stored for further studies.

2.3. Characterization

2.3.1. Fourier transform infrared (FTIR) spectroscopy

CMC-cl-p(LA-co-1A)/ZnO-Ag nanocomposite was character-
ized by Fourier transform infrared (FTIR) spectroscopy for
the structure and functional group present in it (Pathania
et al., 2012). An FTIR spectrum was recorded in the region
between 400 and 4000 cm~'. The FTIR spectrum was obtained
using a spectrophotometer (Perkin Elmer Spectrum-BX USA).

2.3.2. Field emission scanning electron microscopy (FESEM )
FESEM analysis was used to analyze the surface morphology
of nanocomposite. The morphological images of the nanocom-
posite were obtained using Nova Nano SEM 450 (FEI Tech-
nai) scanning electron microscope. The micrographs of
samples were recorded at different magnifications.
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2.3.3. Transmission electron microscopy (TEM)

Transmission electron microscopy (TEM) was used to study
the anatomy of nanocomposites. In this analysis, the sample
was prepared by dispersing 2-3 drops of (I mg/mL) nanocom-
posite solution into a 3 mm copper grid and dried at ambient
temperature. Transmission electron microscopy was used to
study the size of particles. It was studied by transmission elec-
tron microscope (FEI 200 KvTecnai) using an accelerating
voltage of 15 kV.

2.3.4. X-ray diffraction (XRD)

X-ray diffraction is a non-destructive analytical technique used
for the identification and quantitative analysis of various crys-
talline forms of molecules. This technique is used for the char-
acterization and identification of polycrystalline phases. XRD
analysis of nanocomposite was attempted using a Model D/
Max-2500Pc X-ray diffractometer.

2.3.5. Thermogravimetric (TGA/DTA/DSC) analysis

The thermal analysis technique was used to determine the
physical changes in the substance when subjected to a con-
trolled temperature program. TGA is very helpful to study
the effect of temperature on the stability and behavior of a
substance (Yang et al., 2014). In this technique, nanocompos-
ites were heated in a nitrogen atmosphere in the temperature
ranging from 50 °C to 750 °C.

2.3.6. Energy dispersive X-ray (EDX) studies

Energy-dispersive X-ray was used to confirm the elemental
constituents and purity of the nanocomposite. Moreover, the
atomic ratio obtained after the analysis confirmed the stoichio-
metric ratio of the elements present in the nanocomposite.

2.3.7. Anticancer activity of the CMC-cl-p(LA-co-14)]Zn0O-Ag
nanocomposite

Yeast cells were used to calculate the anticancer behavior of
nanocomposites. Saccharomyces cerevisiae strain tsal A(MATa
his3AI1 leu2AO met15A0 ura3AOtsal: KAN) was used, in which
the TSA1 gene was deleted using kanamycin cassette (Wong
et al., 2002). To analyse the effect of CMC-cl-p(LA-co-1A)/
ZnO-Ag nanocomposite nanoparticle, tsalA yeast -cells
(ODgpp 0.05) in YPD (2% yeast extract, 1% peptone
and 2% dextrose in H,O) liquid medium was treated with
CNC nanoparticle at different concentration 0.25 mg/ml,
0.5 mg/ml and 1 mg/ml for 16 h at 30 °C on shaking. Later
cells were harvested and washed with water and serial dilutions
of the equal number of cells were spotted on YPD or YPD
agar media containing 2 mM H,0,.

2.3.8. Drug delivery

2.3.8.1. Drug loading. The loading of amoxicillin drug was
carried out by immersing 100 mg of nanocomposite in the
form of pellets into 100 mL of 100 ppm amoxicillin solution.
The drug loading was optimized for different physiological
conditions at 24 °C. The concentration of the drug was
determined by taking out 3 mL of supernatant solution
and recording the absorbance using a double beam
UV-Vis spectrophotometer. The drug loading efficiency of
CMC-cl-p(LA-co-1A)/ZnO-Ag was calculated using the
following formula:

Total amount of drug— Free drug
Total amount of drug

x 100

Percentage of drug loading =

Since the drug loading was found maximum in distilled
water hence it was selected for further loading studies.

2.3.8.2. Drug release studies. Drug release of nanocomposite
hydrogel mainly depends on the swelling behavior of the
hydrogel and interaction of the drug with the polymers and
the solubility of the drug in the release media (Brazel and
Peppas, 1999). The drug release by CMC-cl-p(LA-co-1A)/
ZnO-Ag was studied at different physiological conditions like
double distilled water, simulated gastric fluid (SGF) (pH 2.2)
and simulated gastrointestinal fluid (SIF) i.e. at pH 7.4 and
pH 9.4. To study the drug release, amoxicillin loaded dried
nanocomposite were added into 100 mL each of double-
distilled water, SGF (pH 2.2), SIF (pH7.4), and 9.4 pH solu-
tions. The 3 mL test sample was withdrawn at different time
intervals and absorbance was noted using UV—Vis spectropho-
tometer. All drug release studies were performed in triplicate
and the means of all measurements were calculated. The results
were presented in terms of cumulative percentage release. The
drug release in water was found to be least because of the sta-
bility of the nano composite-drug complex. The percentage of
drug release was calculated by using the formula as (Pathania
et al., 2016):

Amount of drug released

1
Amount of drug loaded 00

Percentage drug release =

2.3.8.3. Kinetics of drug release. A mathematical model was
used to study the drug release behavior of nanocomposite
(Brannon-Peppas and Peppas, 1989; Khare and Peppas, 1993;
Alfrey et al., 1966). The drug release behavior was described
using the generalized empirical equation. The liquid uptake of
the sample is described by following empirical Eq. As follow:

M, =kt

where ‘k’ and ‘n’ are constants. ‘n’ = 0.5 reveals the normal
Fickian diffusion and the value of ‘n” = 1.0 signifies case II dif-
fusion. The value of ‘n’ lies between 0.5 and 1.0 for anomalous
diffusion (Ritger and Peppas, 1987a). The drug release mecha-
nism of the drug was evaluated using the following Eq. (Ritger
and Peppas, 1987b):

M, /M, =kt

where M /M, is the fraction of drug released at time t and oo,
respectively, k is the apparent release rate constant, and n is
the diffusion exponent. The value of n determines the nature
of the release mechanism. The equation represents pure diffu-
sion or Fickian controlled drug release if the value of n is 0.5.
The value of n = 1 represents the swelling controlled drug
release or case II transport which is non-Fickian and for other
values, the release mechanism is abnormal i.e. a combined
mechanism of pure diffusion and case II transport will be oper-
ating (Lin and Metters, 2006).

2.3.9. Photocatalysis using nanocomposite

Congo red (CR) (Ci3H»oNgNa,O4S,, molecular weight:
696.67) was used as a model dye to investigate the photocat-
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alytic activity of CMC-cl-p(LA-co-1A)/ZnO-Ag nanocompos-
ite. In this, 50 mg of the CMC-cl-p(LA-co-1A)/ZnO-Ag
nanocomposite was added into 50 mL of CR solution of
30 mg/L ion concentration in the beaker. The above mixture
was magnetically stirred for 60 min in dark and then the bea-
ker was kept in the light. Another set containing the same was
directly kept in the sunlight. The changes in the concentration
of both the solutions were recorded at 498 nm by using a spec-
trophotometer. The % degradation was calculated using the
following equation (Kansiz et al., 1999):

C—C,

t

% degradation = x 100
where C, is initial absorbance and C, is the absorbance at any
time

Further, to calculate the reaction rate of photodegradation,
pseudo-first-order kinetics were applied by plotting the values
of log Ay/A with time and the rate constant was calculated as

k = 2.303 x slope
where the slope is obtained from the plot of log Ay/A and t.

3. Results and discussion
3.1. Characterisations

3.1.1. FTIR spectra of CMC-cl-p(LA-co-14)]Zn0O-Ag
nanocomposite

Fig. 1 (a-c) shows the FTIR spectra of carboxymethyl cellulose
(CMC), hydrogel, and its nanocomposite. The presence of a
strong absorption band at 3162 cm™' indicated —OH bond
stretching vibration in the nanocomposite. A peak at
2961 cm~' was assigned due to —C—H stretching of —CH,
group (Liu et al., 2015). Another peak at 2343 cm™' was due
to overtones and combinations of —OH bending and —C—O
stretching vibrations (Singh and Sharma, 2017). The peak at
1710 cm™" was assigned to —C=O0 stretching in the nanocom-
posite introduced due to LA and IA. A band at 1568 cm ™! was
due to ring stretching of glucose. Another band around
1368 cm™' was assigned to —OH bending vibrations. The
appearance of peaks at 1098 cm™! and 1021 cm™' may be
due to —C—O and —C—O—C stretching vibrations of ether

150
Q
=
<
-
<
=
]
=
g
= 1203 1029
8 50
= 1725
a 2952
3362 1412
1577 1029
0 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)
Fig. 1 FTIR spectra of (a) carboxymethyl cellulose (b) GCP

hydrogel and (c) GCP/ZO-S nano composite.

and alcoholic groups. An absorption band absorbed at
785 cm ™! showed the presence of a pyranose ring in the hydro-
gel (Prashar et al., 2012). An absorption peak recorded at
603 cm ™" was due to the presence of Ag and Zn in CMC-cl-
p(LA-co-IA)/ZnO-Ag.

3.1.2. SEM analysis

SEM images of CMC-cl-p(LA-co-IA) hydrogel and its
nanocomposites were reported in Fig. 2(a-b). The images
shows the particles of enough size diversity. The surface mor-
phology of nano composite was found to be rough, porous,
and heterogeneous compared to smooth surface of car-
boxymethyl cellulose. The surface of the hydrogel clearly
showed two different shaped structures. The shining rod-
shaped particles correspond to ZnO and spherical particles
attached on the surface indicated Ag.

3.1.3. TEM analysis

TEM images of the nano composites were reported in
Fig. 2(c—d). The particles can be easily classified into two dif-
ferent groups by different shapes and sizes. As silver has a
higher atomic number, it shows a greater contrast than ZnO.
So, the darker particles in Fig. 2(c) were assigned to silver
while the lighter corresponds to ZnO. The particles with small
agglomerates nearly have spherical shapes. Two different con-
trast fringes can be found in the boundary of the Ag nanopar-
ticle Fig. 2(d). The indistinct grain boundary of the Ag
nanoparticle is seen due to diffusion contact with ZnO. This
confirmed the formation of Ag/ZnO nanoparticles. The parti-
cle size of the Ag nanoparticle embedded in the hydrogel was
in found in the range from 15 to 20 nm.

3.1.4. X-ray diffraction (XRD)

XRD pattern of CMC-cl-p(LA-co-IA)/ZnO-Ag nanocompos-
ites was demonstrated in Fig. 3. The broad peaks at 20 value of
20-30° were assigned to a polymeric network of carboxymethyl
cellulose. Peaks at 21.42, 23.34, and 26.8°where corresponds to
the partial crystalline structure of CMC. A definite line broad-
ening of the XRD peaks indicates that the prepared material
consists of particles in the nanoscale range. The peaks at
38.33°, 44.40% and 64.49°corresponds to (111), (200) and
(220) planes indicating cubic crystalline face structure of silver
nanoparticles (Prakash et al., 2013). The diffraction peaks
located at 31.63°; 34.4% and 35.37° associated to (100),
(002) and (101) planes of ZnO nanoparticles (Lu et al.,
2017; Sood et al., 2017).

3.1.5. Thermal curves

The effect of temperature on the stability of CMC-cl-p(LA-co-
IA)/ZnO-Ag nanocomposite is presented in Fig. 4. It was seen
that nanocomposite first loses weight with a rise in tempera-
ture. This weight loss may be due to loss of moisture upon
heating. Upon further increase in temperature, the gradual
decrease in weight was observed. This weight loss was very
slow which indicates the stability of the nanocomposite.

3.1.6. Energy dispersive X-ray (EDX) studies

EDX spectrum (Fig. 5) of CMC-cl-p(LA-co-1A)/ZnO-Ag
nanocomposite revealed a strong signal of the silver and zinc
(two peaks each). In the analysis elemental ratio of Ag
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Fig. 2 SEM images of (a) GCP (b) GCP/ZO-S nano composite and (c-d) TEM images of GCP/ZO-S nano composite.
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Fig. 3 XRD spectra of GCP/ZO-S nano composite.

(0.28%) and Zn (0.24%), the present was very close to their
molar ratio (1:1) used during their preparation. EDX profile
also showed weak oxygen peaks arises from the biomolecules
that were bound to the surface of nanocomposite indicating
the reduction of silver ions to elemental silver. Another peak
corresponding to Cu in the EDX was due to the Cu grid on
which the sample was coated. All these peaks in EDX con-
firmed the formation of Ag/ZnO based nanocomposites.

3.1.7. Anticancer activity of CMC-cl-p(LA-co-14)]ZnO-Ag
nanocomposite

Fig. 6 shows the anticancer activity of CMC-cl-p(LA-co-1A)/
ZnO-Ag nanocomposite. It has been observed that

redox-mediated apoptosis of cancer cells using anti-cancer
drugs or chemotherapy decreased by redox scavenging activ-
ity of cellular antioxidants (Trzeciecka et al., 2016). Yeast cells
lacking tsal gene were sensitive to oxidative stress and using
this property we looked for the effect of CMC-cl-p(LA-co-1A)/
ZnO-Ag nanocomposite on normal cells and oxidatively
stressed cells. Indicated cells in Fig. 6 were grown in YPD med-
ium with CMC-cl-p(LA-co-IA)/ZnO-Ag nanocomposite for
16-hour serial dilutions of grown cells were spotted on YPD
or YPD agar media with 2 mM H,0,. It was indicated that
CMC-cl-p(LA-co-1A)/ZnO-Ag nanocomposite is not toxic to
the unexposed cells.

It showed dramatic effects in exacerbating the effects of
H,0,. We found that cells are completely dead in the presence
of H,O; at 1 mg/ml concentration. Since high expression of
peroxide quenching enzymes leads to the development of can-
cer CMC-cl-p(LA-co-1A)/Zn0O-Ag nanocomposite could be an
answer to further induce apoptosis in the cells.

3.1.8. Drug delivery

3.1.8.1. Drug loading. The loading efficiency of nanocomposite
using amoxicillin drug was studied in four different physiolog-
ical conditions (Pathania et al., 2016). The drug loading of
54%, 49%, and 42% was obtained at pH 2.2, 7.4, and 9.4,
respectively after 24 h. The maximum drug loading of 56%
was observed in distilled water.

3.1.8.2. Cumulative drug release. Cumulative drug release of
amoxicillin was studied using CMC-cl-p(LA-co-1A)/ZnO-
Ag nanocomposite at different physiological conditions like
double distilled water, simulated gastric fluid (pH 2.2) and
simulated gastrointestinal fluid (pH 7.4, pH 9.4). The results
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cps/eV drug loading and drug release using nano composite is
1 shown in scheme 1.
12
10—: 3.1.9. Photocatalysis by the CMC-cl-p(LA-co-14)]ZnO-Ag
1 nano composite
8] CMC-cl-p(LA-co-1A)/ZnO-Ag nanocomposite was investi-
;"Tgo o gated for the photocatalytic degradation of congo red at differ-
)@l Icu Ag cu IzZn ent time intervals. Fig. 8 (a) described the adsorption of congo
1 red in dark (1 h) followed by degradation in sunlight (3 h)
4‘: whereas Fig. 8(b) showed the degradation directly in sunlight.
5] In the dark about 14% degradation (60 min) was observed. It
1 increases to 92.47% in the presence of sunlight (next 180 min).
o It was further noted that direct exposure to sunlight for
! B 5 - VR ‘ . 20 240 min degraded the dye to 93.19%. Moreover, with an
increase in the irradiation time, there was an increase in degra-
Fig. 5 EDX spectra of GCP/ZO-S nano composite. dation of dye. The CMC-cl-p(LA-co-IA)/ZnO-Ag can pho-

of cumulative drug release were shown in Fig. 7 (a). It was
observed that the initial release of drugs was faster and
decrease with time. It may be due to the reason that initially
the drug nearer to the surface was released faster than the
drug incorporated deeply (Liu et al., 2008). From the graph,
it was recorded that 71.43% of loaded amoxicillin was
released within the first three hours of administration
at pH 2.2. The mathematical treatment of drug release
(Fig. 7 (b)) showed non Fickian release. The mechanism of

todegrade congo red dye due to the presence of Ag and ZnO
nanoparticles which generated electron-hole pairs leading to
the formation of free radicals that disrupted the conjugation
of dye molecules (Pathania et al., 2014).

The degradation of dye may be due to reactive oxidizing
species (O*, OH*) which were generated by simultaneous
reactions. The kinetics of congo red degradation showed a lin-
ear correlation with time as shown in Fig. 8 (c). The pho-
todegradation of congo red by nanocomposite follows
pseudo-first-order kinetics. When a graph of log Ag/A and
time was plotted for adsorption + photocatalysis Fig. 8(c)
and direct photolysis Fig. 8(d), we got reaction rate constant
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values of 0.01149 min~—' and 0.01119 min~' with regression
coefficient (R?) values of 0.98889 and 0.99312, respectively.

4. Conclusion

Microwave-assisted green synthesis for the preparation of
CMC-cl-p(LA-co-1A)/ZnO-Ag nanocomposite was presented
in this paper. TEM images of CMC-cl-p(LA-co-IA)/ZnO-Ag
showed nanoparticles in the range between 10 nm and
25 nm. Further, the XRD analysis confirmed the crystalline
nature of nano composite. The EDX analysis of the nanocom-
posite established the presence of the elemental silver and zinc
and no peaks for impurities. CMC-cl-p(LA-co-IA)/Zn0O-Ag
nanocomposite was also studied for the controlled release of
amoxicillin at various pH prevailing in the gastrointestinal
tract. The maximum drug release of 94.64% was observed at
pH 2.2 after 6 h, The drug release rate was found higher in
acidic pH. The nano composite was also studied for the pho-
todegradation of congo red dye with a high degree of effi-
ciency. Maximum degradation of 93.2% was observed after
4 h of photocatalysis directly in the sunlight. Experimental
results indicated that prepared CMC-cl-p(LA-co-IA)/ZnO-Ag

nanocomposite has great potential for an effective role in drug
delivery and photodegradation.
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