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ABSTRACT

Zinc oxide (ZnO) nanorods were fabricated using Cellulose Nano Rods (CNR) as a new
stabilizer material. Synthesized of ZnO-CNR nanocomposites, with a molar ratio of ZnO to
CNR (1/29) were prepared in distilled water. The nanocomposites were distinguished using X-
ray diffraction (XRD), ultraviolet-visible (UV-Vis), and Field Emission scanning electron
microscope (FESEM) techniques. XRD data were showed, the ZnO nanorods with a hexagonal
wurtzite structure such readily scattered inside CNR with an average size 20-40nm. (FESEM)
images showed the homogenous morphology of Zinc oxide rods. The optimum ratio of ZnO-
CNR was selected to be the tiny size of the ZnO nanorods that yielded a good stabilizer material
and antibacterial activity. The ultraviolet-visible (UV-Vis) absorption spectrum of the ZnO-
CNR nanocomposites appeared absorption peaks in the ultraviolet region at (350-360 nm)
wavelength attributes with the energy gap of (3.41eV) of ZnO-CNR. The antibacterial activities
of samples have been investigated against the Gram-positive (pneumonia) and gram-negative
(pseudomonas). The maximum antibacterial activities against the Gram-positive (pneumonia) of
Zn0 nanorods and of ZnO- cellulose nanorods are 16mm and 22mm respectively. The optimum
anti-bacterial activities versus the Gram-negative (pseudomonas) of zinc oxide nanorods and
zinc oxide- cellulose nanorods are 17mm and 19mm respectively. The optimum anti-bacterial
activities versus the Gram-negative (pseudomonas) of zinc oxide nanosheet and of zinc oxide-
cellulose nanorods are 17mm and 22mm.

KEYWORDS: ZnO; Nanocomposite; Cellulose nano rods; stabilizer material; antibacterial
activity.
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INTRODUCTION

Zinc oxide is a semi-conductor material that is
very significant in many applications, like solar
cells, transparent windows, gas sensors, photo
catalysts, laser diodes and acoustic wave
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devices[1]. Zinc oxide has a wide energy gap of
(3.3 eV), weak resistivity and height transparency
in the visible range. ZnO nano rods have been
mainly synthesis by many methods such as:
sputtering[2], chemical vapor deposition[3], sol-
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gel  process[4], drop-casting and spray
pyrolysis[5]. Drop casting; is a good technique
because it is characterized by a simplicity,
effectively and not contaminating production[6].
Nano-sized cellulose has a good properties such as
large aspect ratio[7], good dissolvability in
water[8], mechanical properties[9], minimal
thermal degradation behavior[10], and a high
ability for the absorption of metallic particles[11].
It is used in bioenergy, chemical reaction,
catalytic, and biomedical applications[12]. In most
studies, Cellulose Nano Crystal (CNC) has been
applied as a reinforcing phase to improve the
chemical and physical properties of materials.
Recently, cellulose CNC has been used as a
substrate to fabricate nano-sized metallic
particles[13]. Cellulose nanocrystals (CNCs) are
crystalline nano-rods with a thickness of 3-10 nm
and a length of a few hundred nanometers[14].
They are extracted from pulp fibers using an acid-
mediated procedure, which has already been
industrialized[15]. (CNCs) can also be extracted
directly from wood and lignocelluloses using a
variety of reagents and processes[16]. CNCs of a
length in the micrometers can also be obtained
from tunicate cellulose[17]. In the present study,
ZnO nanoparticles were prepared with Cellulose
Nano Rod (CNR) in order to stop the formation of
aggregated ZnO nano particles and improve the
stability and antibacterial activity of nano particle
dispersion. The ZnO-cellulose hanocomposite was
obtained in the form of a white crystalline
powder[18]. The use of antibacterial agents is
necessary to prevent microorganism growth and
reduce the harmful effects in our life at the same
time[19, 20]. Inorganic antimicrobial agents are
promising such as metal salts, nano-sized metals
and metal oxides[21, 22].

EXPERIMENTAL METHODS

Materials
The purity and origin of the product are shown in
Table 1.

Preparation of Cellulose Nano-rods

The cellulose powder harvested from (2 @)
hydrolyzed with a sulfuric acid solution (20 mL,
64 w/w%) at 45 °C for 60 min. The resultant
suspension was diluted 10-fold with cold water (6
°C) followed by centrifuging and dialysis until
getting a neutral pH = (7). Finally, the sample
located inside the fridge to make freeze-dried.
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Table 1. Properties of materials were used.
Specifications

Material Origin (purity) %
Cellulose powder Germany (99.99)
L Germany/
Sulfuric acid Scharlau (98)
USA/Sigma
Ethanol Aldrich (100)
Sodium hydroxide | N ewzealand/ 97)
AjaxFinechem
(Zn (NO3), .6H,0) Germany (99.99)

Preparation zinc oxide nano rods

The zinc oxide (ZnO) nano rods were prepared
from 1 g of zinc nitrate (Zn(NO3),.6H,0 99.9%)
was dissolved in 10 ml of distilled water. The zinc
nitrate solution will be formed. The sodium
hydroxide solution was prepared froml 1 g of
sodium hydroxide dissolved in 5 ml distilled
water. Zinc nitrate with sodium was mixed then
the mixture has been located on hot plate stirr at
60 °C for 6 h to fully blend the mixture. The
mixture was placed in the centrifuge with repeated
washing two times to remove the sodium
hydroxide residues. The liquid mixture was
deposited on a glass slide using drop-casting
method. The slide is placed on a hot plate at 500
°C for 3 h to obtain the zinc oxide nano
particle[23].

Preparation ZnO-CNR

The precipitation of zinc oxide precipitate and the
cellulose was mixed with each other by magnetic
stirring. The weight ratios of ZnO: CNR
nanocomposites were (1:2) g put in the centrifuge
and washing by distilled water to remove the extra
CNR. After complete washing, the specimen was
dried at 100 °C for 6 h to complete the conversion
of the remaining zinc hydroxide to zinc oxide[23].

RESULTS AND DISCUSSION

X-ray diffraction

Figure 1 reveals ZnO film of ten pronounced
diffraction peaks, (31.7, 34.4, 36.2, 47.5, 56.6,
62.8, 67.9,68.2, 69.0 and 77.8 of 2 theta scale)
corresponding to (100), (002), (101), (102), (110)
(103), (202), (112), (201) (004) and (202) planes
of the crystallized wurtzite structure of ZnO
respectively. Figure 2 shows the XRD of cellulose
film with three pronounced diffraction peaks at 26
= (16.3°, 22.6°, and 34.7°) corresponds to the (1 0
1), (0 0 2), and (004) crystallographic planes,
respectively. Figure 3 show XRD cellulose which
represent the pronounced diffraction peaks of



Al-Mustansiriyah Journal of Science
ISSN: 1814-635X (print), ISSN:2521-3520 (online)

16.3, 22.6, 34.4, corresponds to the (1 0 1), (0 0
2), and (0 4 0) crystallographic planes and ZnO
diffraction peaks which represent the pronounced
diffraction peaks (31.7, 34.4, 36.2, 47.5, 56.6,
62.8, 67.9,68.2, 69.0 and 77.8 of 2 theta scale)
corresponding to (100), (002), (101), (102) , (110)
(103), (202), (112), (201), (004) and (202) planes.
The narrow full width at half-maximum (FWHM)
of the peaks corresponding to the samples of ZnO,
cellulose and ZnO- CNR, these are good to
crystalize form. Crystalline sizes are calculated
using the Scherrer equation (1)[24]. Support this
explanation the XRD results which reveal the
broadening of FWHM peaks lead to a decrease in
crystal size. This happened because the inversely
effect of full width half maximum on the crystal
size as shown in Table 2 [25, 26].
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Figure 1. XRD of ZnO nano rods.
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Figure 2. XRD of pure cellulose powder.
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Figure 3. XRD of ZnO-cellulose nano rods.
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Table 2. The Crystal size, full width at half
maximum, and diffraction angle of cellulose and
ZnO films deposited on glass substrates.

. Crystal FWHM
Material size (nm) 2theta (deg) (deg)
Cellulose 1.67 22.58 4.82

ZnO 0.2224 36.30 37.40

Morphological properties

Figure 4 shows the FESEM images of pure ZnO
nano rods, cellulose, and ZnO—cellulose nano rods
deposited on glass substrates. Field Emission
Scanning Electron Microscopy (FESEM) is a
convenient technique to show a close-packed
morphology for both ZnO and ZnO-cellulose nano
rods, which decrease in grain size. The treatment
of cellulose powder with both ZnO and NaOH
solutions led to the nucleation and growth of
discrete ZnO seeds at the cellulose surfaces.

(@) § '

(b) pure cellulose and (c) ZnO — cellulose nano rods.
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Optical properties

UV-Vis absorption spectrum

UV-vis absorption spectrum of ZnO nano rods is
shown in Figure 5. The excitation absorption
peaks of the samples were in a range of 275 to 320
nm. The UV-Vis absorption spectrum of ZnO-
cellulose nano rods is shown in Figure 6. The
absorption peaks of the samples are in a range of
350 to 360 nm. The increased surface area of nano
rods and their uniform distribution on the
cellulose surface might increase the UV
absorption efficiency.
1.2

1
0.8

0.6

Absorbance

0.4

02

0

250 350 450 550 650 750 850 950

Wavelength (nm)
Figure 5. UV-Vis absorption spectrum of ZnO nano
rods.
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Energy band gap

The direct band gap of ZnO nano rods estimated
from a plot of (ahv)? versus the photon energy
(hv) is 3.16 eV as shown in Figure 7.

Figure 8 shows the direct band gap of ZnO with
CNR nanocomposite which equal 3.4 eV. There is
a small increase in the energy band gap, due to the
addition of cellulose. Polymers have a wide
energy band gap, and that is the bigger band gap
bulk which is increase nano formatting, as a result
conclude to increasing band gap of the ZnO.
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Figure 8. Energy band gap of ZnO nano- cellulose nano
rods.

Antibacterial activity

The antibacterial activities were carried out by the
disc diffusion method. Antimicrobial activities of
samples (ZnO nano rods, and ZnO-Cellulose nano
rods) have been investigated against the Gram-
positive  (pneumonia) and  gram-negative
(pseudomonas). The maximum antibacterial
activities against the Gram-positive (pneumonia)
of ZnO nano rods and of ZnO- cellulose nano rods
are 17 mm and 22 mm respectively. The
maximum antibacterial activities against the
Gram-negative (pseudomonas) of ZnO nano rods
and ZnO- cellulose nano rods are 17 mm and 19
mm respectively. The antibiotic Gentamicin (CN)
was applied to Gram-positive (pneumonia) and
found that the Kkilling area of antibiotic

(Gentamicin  CN) is 17 mm either for
pseudomonas, the antibiotic (genemycin) did not
kill the bacteria but was discouraged and the area
of discouraged was (20 D) mm where (D) is
inhibition zone and the antibiotic (Erythromycin
(E)) did not give any effect on gram-negative and
gram-positive bacteria indicated an enhancement
by composition of ZnO- cellulose nano rods. The
area of killing for all types of positive, negative
bacteria and antibiotic (Gentamicin),
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(Erythromycin (E)) is shown in Table 2, Figure 9
and Figure 10.

(a) Pneumonia (b) Pseudomonas

Figure 1. Optical micrographs of agar plates, showing

the variation in the zone of inhibition zone a (1), b (1)
ZnO nano rods a (2), b (2) ZnO-cellulose nano rod.

Pseudomons aerugino

Pneumonia

Figure 10. Optical micrographs of agar plates, showing
the inhibition zone of 1- Gentamicin 2- Erythromycin.

Table 2. show antibacterial activity of ZnO, ZnO-
cellulose nano rods.

. Pseudomons
N compounds Pneumonia .
aerugino
1 ZnO 17 17
2 ZnO-cellulose 22 19
3 Cellulose - -
Antibiotic
4 Gentamicin (CN) 17 0
5 Antibiotic i )
Erythromycin (E)
CONCLUSION
ZnO nano rods with a hexagonal wurtzite

structure and average crystal size around 30 nm
were successfully prepared with CNR using a
drop-casting method. Optimum zinc oxide peak
was at 2 theta 36.6 corresponding to (101) while
for the cellulose was 22.8 corresponds to (002)
and the two peaks (101) (002) were optimum as
the highest peaks of Zinc Oxide — Cellulose. In
SEM images the surfaces of ZnO nano rods were
relatively homogenous. These nano rods are
interlaced with each other, which create an
excellent absorbance. The UV-Vis for ZnO-
cellulose nano rods synthesized at 100 °C was
observed at 360 nm which is higher than of pure
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ZnO. The cellulose was crucial for the
improvement of the porosity of the ZnO surface
responsible for enhanced absorption of UV
radiation. The energy band gaps were 3.16 eV and
341 eV of ZnO and ZnO-CNR nano rods
respectively.

The homogenous dispersion of ZnO in polymer
blend matrix CNR, it can be concluded that the
stabilization of ZnO nano rods by cellulose nano
rods could help to increase their dispersion in the
polymer blend matrix  and prevents
agglomerations.
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