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      Abstract: In this work, zinc oxide nanoparticles have been 
synthesized by cost-effective and based on the efficient cetrimide 
and varying solvents are using the method of co-precipitation 
annealing at 350 C. The resultant powder samples were 
characterized well by means of XRD, SEM, FT-IR, PL and 
UV-visible DRS spectroscopy. Among them, XRD exhibits ZnO 
has the structure of hexagonal wurtzite with a preferred 
orientation of 101 planes. It is noted in ZnO represented in SEM 
images have different solvents and cetrimide has a strong 
influence on the morphology of ZnO nanostructures that are to be 
sized are 50nm, 70nm, 90nm 100nm. It confirms that the changes 
in the band-gap from UV-vis DRS data. The presence of Zn-O 
confirms various functional groups decomposed in the sample 
from FTIR data. The PL study states that the emission band 
available at approximately 410nm and checks the recombination 
level shows low, further, it correlates with good photocatalytic 
properties. The sunlight measured by Lux meter and dye 
degradation studies is done by a simple aeration photocatalytic 
technique represents 95% degradations and under UV light is 
85%. Besides, the scavengers of the responsive species of during 
the degradation were additionally examined for photocatalytic 
mechanism. An antibacterial activity is enhanced significantly, 
which is based on the attribution of Nano features of ZnO 
nanostructures for p. aeruginosa bacteria. Thus, this study paved 
the way for potential applications of photocatalytic and 
antibacterial activities.  

Keyword: Among them, XRD exhibits ZnO has the structure 
of hexagonal wurtzite with a preferred orientation of 101 planes. 

 

 

 
I. INTRODUCTION 

Environmental pollution is one of the major hazards to 
human, animal life and environment [1]. The industrial 
effluents contain organic dyes which are highly toxic, 
non-biodegradable and carcinogenic materials [2].  
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Generally, organic dyes are applied in the industries like 
paper, textile, solar cell, medicinal and plastic industries.  
Such industrial effluents are, before, being discharged into the 
environment, the pollutants need to be removed and make 
them into acceptable quality [3]. The waste water contains 
organic pollutants can be degraded by Photocatalytic 
degradation method and it has a good efficiency, comfortable 
operation, inexpensive process and preferably making 
nontoxic final products [4-6]. The photo-degradation 
procedure uses efficiently accessible semiconductors which 
prompt, complete degradation of natural products to CO2, 
water, and mineral acids [7]. The ZnO nanomaterial is more 
economical for the treatment of organic dye than other 
semiconductor materials [8-11]. Since the space group of 
ZnO its P63mc, and a lattice parameter value of a = 0.3245 
nm and c = 0.5209 nm is a significant II-VI and n-type 
semiconductor that has a wide-ranging band gap value of 
3.37eV the formation of nano-ZnO involves a hexagonal 
wurtzite structure 12.  In the past decades, ZnO nanoparticles 
synthesized by using different techniques such as sol-gel, ball 
milling, hydrothermal process, combustion technique and 
co-precipitation methods. The ZnO nanoparticles prepared by 
the various methods differ in their properties, which is mainly 
due to synthesis procedures [13]. The co-precipitation the 
technique is an alternative procedure for the preparation of 
ZnO nanoparticles at room temperature for photo catalytic 
properties because of its simple, economical and easy process 
[14]. However, quality of prepared nanoparticles highly 
depends the nature of the precursor solution of higher order 
homogeneity and chemical stability. In order to change the 
morphology, size and shape for avoiding agglomeration of 
nanoparticle use surfactant is the best way for preparation of 
nanoparticles. One of the efficient surfactants for the 
preparation of nanoparticles of ZnO using Cationic surfactant 
[15].The current work adopted very fast and facile strategies 
to improve the morphology of nano-ZnO. Some surfactants or 
organic solvents used to control the size of nanoparticles and 
its consequences on dye degradation characteristics [16]. The 
impact of surfactant with different solvent and the changes in 
morphology of ZnO nanoparticles was investigated with the 
help of XRD, SEM, FTIR, PL and UV–visible spectroscopy 
investigation techniques. In particular, the influence of the 
surfactant and solvent on the photocatalytic behavior of 
nano-ZnO also the possible mechanism of Methylene blue 
(MB) dye-degradation is also proposed.  
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In the dye industry, the pH of effluent is about 9. So, the dye 
degradation was carried out at pH 9.  
The antibacterial assays were performed on different 
microorganisms like Pseudomonas aeruginosa, 
staphylococcus aureus, salmonella typhi and bacillus subtilis 
by the standard agar disc diffusion method.  

II. EXPERIMENTAL 

Materials Required 
Zinc acetate dehydrate was purchased from Merck 99% (Zn 
(CH3COO)2•2H2O) and 99% Cetrimide (surfactant), ethanol 
99.9%, sodium hydroxide 98%, and methylene blue (MB) 
98%. All the chemicals are purchased at analytical grade and 
utilized as received. The double distilled water is used for the 
preparation of ZnO and dye solutions.  
ZnO nanoparticles preparation 
0.15 M of Zinc Acetate dihydrate and 0.05 M of Cetrimide 
(C17H38BrN) were dissolved in an appropriate amount of 
water. This solution was stirred at room temperature for 2 
hours, 1.2 M of sodium hydroxide solution was added into the 
above solution in drop wise. After centrifugation, the resultant 
precipitate is washed with double distilled water and liquid 
ethanol, then the resultant precipitate was dried at the 60oC. 
The dried precipitate was transferred in the agate mortar and 
then ground well. Lastly, it has annealed at 350C in a muffle 
furnace for 2 hours and then allowed for slow cooling to reach 
at the room temperature. The flow chart shows the detailed 
synthesis process of nanoparticles (named as SA1), the same 
procedure was followed in the remaining samples, namely 
SA2, SA3 and SA4 for different combination of solvents such 
as water with Cetrimide, ethanol and ethanol with Cetrimide 
respectively as shown in Figure 1. 

 

            
Figure 1. Synthesis of ZnO nanoparticles (SA1, SA2, SA3 

and SA4) 
 

Characterization 
Powder X-ray diffraction was carried out using PAN 
analytical of X-ray Diffractometer using Cu Kα source 

(λ=1.5418 Å) to confirm the crystalline nature of ZnO 

samples. The FTIR spectrum of ZnO samples was recorded 
by SHIMADZU 8400 FTIR Spectrometric Analyzer 
instrument using KBr pellet methods and the range of 

400-4000 cm-1. The Photoluminescence (PL) study has 
recorded at room temperature utilizing Varian Cary Eclipse 
Spectrophotometer. The surface morphologies of ZnO 
samples have been studied by scanning electron microscope 
(SEM VEGA3 TESCAN). The elemental analysis is done by 
EDX spectrometry instrument (Brucker Quantax 200 AS).  
To analyze band gap, Shimadzu UV-2450 Spectrophotometer 
type of UV diffuse reflectance spectra (DRS) was utilized. 
Photocatalytic Analysis 
The photocatalytic properties of ZnO were calculated by 
monitoring the speed of degradation of MB in a UV lamp (30 
W, 365 nm, Philips TL-D K 30W, ACTINIC BL, Hg) a 
home-made apparatus and solar radiation source. In this, each 
photocatalytic experiment was carried out by 100 ml reaction 
bottle, 0.25 gm of ZnO photocatalyst was spread in 100 ml of 
100 ppm of MB solution and prepared using distilled water. 
The solution containing ZnO suspension was agitated by fish 
motor aeration in the dark for 30 mins. Then the MB solution 
was exposed to the sunlight and UV-lamp light source 
radiation, then 5 ml of the sample utilized in the uniform time 
interval of 1 hour. The sample solution was centrifuged and 
filtered, finally, then the supernatant solution was collected 
and diluted to 10 times, then further analyzed different 
concentrations of MB using UV-Vis spectrophotometer. The 
characteristic absorption peak of MB observed at 663nm was 
monitored. 
Antibacterial assays  
The antibacterial evaluations were performed on different 
micro-organisms such as gram-positive bacteria’s(G.P) 

(staphylococcus aureus and bacillus subtilis) and 
gram-negative bacteria’s(G.N) (Pseudomonas aeruginosa and 

salmonella typhi) by using disc diffusion method. The 
cultivation of bacterias was done by the medium of Luria 
Bertani (LB) broth/agar. Luria agar plates spread of the 
culture of inoculums (50 µl) during overnight. In diffusion 
method, discs of 5 mm diameter used to keep 30 µg/ml 
samples along with standard antibiotic (30 μg/ml) were 

positioned in every plate as a control. All Plates were 
incubated at 37 C for overnight. The inhibition zones were 
measured on the next day around the discs. 

III. RESULTS AND DISCUSSION 

X-Ray Diffraction Analysis 
The Figure 2 shows the XRD pattern of all the preparations of 
ZnO samples. All the obtained diffraction peaks were in good 
promise with a characteristic wurtzite type ZnO nano crystal 
structure (hexagonal, JCPDS No. 36-1451). There were no 
other diffraction peaks for impurities in the XRD patterns of 
all the samples.  The spectra of pure ZnO nanoparticles show 
the sharp several peaks (100), (002), (101), (102), and (110) 
planes. Singh et al. discuss the edge of the sharp peaks reveals 
a great level of crystallinity of the prepared ZnO nanoparticles 
[17]. 
 

https://pubchem.ncbi.nlm.nih.gov/#query=C17H38BrN
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Figure 2- XRD pattern of all the preparations of ZnO 

samples 
 Figure 2. shows the XRD graph of ZnO nanoparticles 
prepared using solvents and surfactants such as Water (SA1), 
water with a Cetrimide (SA2), ethanol (SA3), and ethanol 
with Cetrimide (SA4). 

XRD peak intensity and half width reveal that all the 
synthesized samples have a well-defined crystalline structure 
at room temperature. The marginal changes in intensity of 
different peaks indicate the influence of solvents viz., Water, 
ethanol and cetrimide. 
                 The average crystallite size (D) of nano-ZnO was 
calculated using Debye-Scherrer equation [18],[19]. 

cos

0.9λ
D 

 
Here, the wavelength is  and the X-ray Cu Kα 

radiation 1.54056 A,  is a half the maximum intensity [half 
width full maximum], and the Bragg’s diffraction angle in 

radians is .  
A micro strain (ε) of nano-ZnO is calculated from this 
expression [20],[21].  

                                      4

βcosθ
ε 

 
The dislocation density (δ) value was calculated and using the 

procedure in relation 20. 

2D

1
δ 

 
The sample SA2 shows the smaller 

crystallite size (higher defects) as shown in Table 1, SA4 is, 
thus, representing the improvement of crystallinity of the 
nanoparticles. The crystallinity improvement led probably to 
decrease the strain of ZnO nanoparticles [22].   
Table 1. XRD data to find Crystal size, Micro strain and 

Dislocation density 

Sample 
Crystal Size 

D 
nm 

Micro strain 
ε 

x 10-4 

Dislocation Density 
δ 

x 10 14  (lines/m2) 

SA1 33.00883 14.26298 0.92 

SA2 31.09346 15.37 1.0 

SA3 31.47229 14.98 1.0 

SA4 36.18741 13.48626 0.76 

 

FTIR spectroscopy 
Configuration molecular species change and decomposition 
compound were studied using Fourier Transformed Infrared 
Spectroscopy. As shown in Figure 3 the synthesized ZnO 
nanoparticles analysis by 400-4000 cm-1 range of FTIR 
spectrum. In the region 2800-3000 cm-1 no bands are 
observed and attributed to absence of Cetrimide surfactants 
[23], [24].  The results indicate that Cetrimide has been 
decomposed at higher temperatures in all nanoparticles. The 
acetate group band appearing in 2381cm-1 are clearly 
recognized during the vibration mode of CO2 stretching of 
asymmetric and symmetric. The peak 1400-1500 cm-1 region 
has sharp bands recognized to the molecular deformation and 
the formation of the vibrations of C=C, C=O at the 
assimilated Cetrimide surfactants in nanoparticles of SA2 and 
SA4. The peak at 847 cm-1 is C-H stretches indicate the long 
chain cetrimide. The IR band of Zn-O bonding corresponding 
to the ZnO nanoparticle is observed at 438 cm-1  [25] .  There is 
a broad band near at 3400cm-1 correspond to stretching, 
vibration modes of OH group, indicating some water 
molecule adsorbed on ZnO crystal surfaces at the 
nanoparticles is SA2, SA3, SA4. These three nano samples 
attribute to the force of attraction between water- cetrimide, 
ethanol - water, Ethanol, cetrimide and water, respectively. 
The SA4 sample has surfactant strongly bound with ZnO with 
presence of ethanol by representing peak of 1500cm-1. 

 
Figure 3. FTIR analysis of ZnO nanoparticles prepared 

with different solvents Water (SA1), water with a 
Cetrimide (SA2), ethanol (SA3), and ethanol with 

Cetrimide (SA4). 
DRS spectroscopy 
The photocatalytic study of nano-ZnO analyzed from UV-Vis 
diffused reflectance data seen in Figure 4. The UV-Vis DRS 
spectra of nano-ZnO (SA1 and SA3) was found at 375nm, 
while the other samples of nano-ZnO (SA2 and SA4) had 
shown the reflectance spectra at 365nm and 370nm, 
respectively with blue shift which may be due to the presence 
of surfactant during synthesis. The band gap energy of 
nano-ZnO is calculated using the formula follows.  
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                 Eg(eV) = hc / λ = 1240 / λ 
Where, Eg is the band gap energy (eV), h is Planck’s 

constant, c is the velocity of light and the wavelength is λ 

(nm) of absorption onset [26]. The band gaps SA1, SA2, 
SA3 and SA4 are 3.31eV, 3.4eV, 3.31eV and 3.35eV, 
respectively. In the case of SA2 and SA4, the band gap of 
zinc oxide value is different due to the presence of surfactant 
during synthesis. 

 
Figure 4. UV visible DRS studies of ZnO Nanoparticles 

prepared with different solvents (SA1) Water, (SA2) 
Water with Cetrimide, (SA3) Ethanol and (SA4) Ethanol 

with Cetrimide. 
 Photoluminescence Spectra  
Photoluminescence spectra is a fundamental instrument to 
examine the electron/hole pair recombination procedure 
happening in a semiconductor. The excitation wavelength of 
375 nm and the resultant spectra are appearing in Figure 5. 
The emission peak at 410 nm, the ZnO samples have 
absorbed the photons with sufficient energy to create the 
electron/hole and the energy released when the recombination 
of charge carrier. Ku et al. said this is essentially different 
redox energy levels of the valence and conduction band of the 
ZnO, which lead to the reduces the electron and hole 
recombination by interfacial electron charge transfer [27].  

 
Figure 5. Photoluminescence spectra of SA1, SA2, SA3 
and SA4 and the excitation wavelength  was 365 nm. 

 
 
 

Surface Morphological Studies 

Figure 6.SEM images of ZnO nanoparticles prepared 
using (SA1, SA3) Water and ethanol assisted SEM images 

of the Zinc Oxide, (SA2, SA4) Water  and Cetrimide, 
Ethanol and Cetrimide assisted. 

The progress of crystal morphology is affected by Solvent 
and are well-recognized in organic chemistry.  Weissbuch et 
al, reported the solvent-surface interactions are generally 
understood in various types such as Vander Waals force, 
hydrogen bonding, electrostatic attraction [28]. Some solute 
molecules are hampered at specific crystal face interactions 
with inhibit the agglomeration and on the growth of crystal 
faces. The different surface morphology of ZnO nanoparticles 
is prepared in four-way method such as ethanol and water 
with and without surfactant i.e. cetrimide Figure 6. 

Figure 7. EDX pattern of ZnO nanoparticles (SA1, SA2, 
SA3 and SA4) 

Prepared SA1 using water indicates agglomeration to pin 
like structure and particle size in the range of 250 nm length 
and 100 nm breadth. The sampled SA2 prepared in water and 
surfactant indicates the thread like structure and particle size 
is 180 nm length and 50 nm breadth. The sample Cetrimide 
prepared in ethanol SA3 sample depicts sponge like structure, 
then, the particle size is 120 nm length and 70 nm breadth. 
Finally, SA4 sample is synthesized in ethanol and the 
surfactant Cetrimide is rice like structure and the particle size 
is 250 nm length and 90nm breadth.  
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The synthesized SA2, SA3 and SA4 nanoparticles are 
homogeneous structure and distributed uniformly throughout 
the sample. The ZnO growth process is different for solvent in 
the presence of cetrimide shows Figure 1. The cetrimide is a 
long chain cationic compound, which ionizes completely 
dissolved in water also. This cation part is the hydrophilic 
head positively charged tetrahedron with a long hydrophobic 
tail in the water solvent but cetrimide behaves in ethanol 
solvent, long hydrophilic tail with a hydrophobic head. So 
that SA2, SA4 particle size and shapes are varied depends on 
the solvent and Surfactant interaction [29]. The surface 
tension of water is nearly triple times higher than ethanol 
solution and solvent interaction are variable. Water and 
Ethanol is a very polar molecule, but ethanol, organic 
molecule has a polar response of hydroxyl (OH) group and 
other end of a non-polar alkyl group of ethyl (C2H5) in 
ethanol, consequently, information is changing particle size 
and shape of sample SA1 and SA3. 
 

Table 2. EDAX data for nano ZnO 
Atom% SA1   SA2 SA3 SA4 

Oxygen 50.8
5 

  46.8
9 

42.5
7 

50.2
9 

Zinc 49.1
5 

  53.1
1 

57.4
3 

49.7
1 

EDAX analysis is helping to analyze the any elemental 
composition of ZnO all nanoparticles. Figure 7 shows the 
electron density distribution of different orbital states of zinc 
and oxygen of the as prepared Nanoparticles. This graph 
reveals about the prepared ZnO samples has no other 
elements, primary O. Table 2 shows the SA2and SA3 samples 
in Zn and Oxygen composition compare, the Zn percentage is 
higher than the oxygen for SA2 and SA3 samples. The result 
reveals that the oxygen vacancy is present in the surface of the 
nanoparticles, furthermore, the carbon peak indicates the 
sample preparation of SEM analysis. 

IV. PHOTO CATALYTIC REACTOR AND STUDIES 

 
Figure 8. Schematic representation on study of 
degradation of methylene blue under UV light. 

 
For an estimation of the photo-catalytic action of the ZnO 

nanoparticles and degradation of methylene blue solution was 
undertaken. The UV light degradation setup process is, the 
UV light is centered and Surrounded by all Photocatalytic 

reactors (100ml reaction bottle) kept in standing 4cm distance 

between UV light and simultaneously degrade all samples of 
SA1, SA2, SA3 and SA4. Using fish tank motor, the air 

supply tube is connected to a glass tube in the reactor that 
helps air to keep agitated with Nano ZnO and help to involve 

photocatalytic mechanisms associated to ZnO and 
demonstrated in UV light setup Figure 8. The Sun light 
degradation setup same as UV light and photo reactors 

focused standing in Sun light direction Figure 9.               

 
Figure 9. Schematic representation on study of 
degradation of methylene blue under sunlight. 

 
An experiment consists of 3cm diameter of glass reactor 
contains 100 ml of 100 ppm dye solution, then add NaOH to 
raise up to pH 9 and 0.25 g of catalyst. This MB solution was 
treated by UV light of 30 W and UV bulb, with the 
wavelength of 365 nm. The atmospheric oxygen passed 
through via a glass tube in a reactor container by using fish 
tank motors. The air is pumped at the speed of 1litre/40 
seconds. The passing air helps us keeping the catalysts in 
suspension and also involving in the photo degradation 
mechanism reaction. The light source and reactor distance are 
4cm. Another degradation source of solar light irradiation in 
this experiment was carried out the summer duration between 
9 am to 5 pm with noted solar flux intensity Figure 10c. 

The MB and catalyst mixture were stirred in the dark 
room for 30 minutes when dye molecules develop the 
adsorption equilibrium between catalyst surfaces. Then, the 
light is illuminated on the reactor, decolorization of dye 
molecules occurred, moreover, the rate of decolorization 
increased due to availability of active sites like peak, corner, 
defects etc. So, catalyst surface increases adsorbed number of 

dye molecules [30].  The photo-catalyst activity sample SA1 
and SA4 MB degradation are slow compared to SA2 and 
SA3samples. The reason is high catalytic activities of the 
sample SA2 and SA3 may be due to their thread and sponge 
like structures, respectively Figure 10a. The SA2 and SA3 
samples exposed to the sunlight due time it degrades the 
methylene blue solution, finally, the complete discoloration 
process was achieved within 360 minutes and reach MB 
degradation is 95%. The morning sunlight Lux values were 
low, even though well adsorption is found initially and 
degradation occur in MB as a result the degradation is fast. 
Then, afternoon 12 pm to 2 pm higher degradation is found 
due to the high flux intensity of sunlight in Figure 10b,c. 
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Figure 10. (a) and (b) The ZnO catalytic activity of 
degradation of MB  under sunlight irradiation,  (b) Day 

time Lux intensity of sunlight at the time of Photo 

degradation. 
 

Figure 11. (a) and (b) The ZnO catalytic activity of  
degradation of MB  presence of  UV light irradiation 

       
In UV initial light irradiation time, all ZnO samples have 
higher degrade than the MB, later, gradually slow down the 
degradation still 460 minutes of 85% of MB degrade Figure 
11a, b. When comparing UV and sunlight, the UV light has 
the same intensity from starting to the end of the reaction, but 
the Sunlight Lux intensity value varies, it means increasing 
then decreasing accordingly. 
Photocatalyst Mechanism 
Li et al. reported that photocatalytic response incorporates 
photoexcitation of electron by and large, charge division and 
relocation, and surface oxidation– reduction reactions [31]. 
The UV light is illuminated when the reactive species 
produced the photocatalysts are h+, •O2

− and •OH.  It has 
comprehended the ZnO mechanism for degradation of MB 
dyes, it is important to recognize which receptive species 
assumes a noteworthy job in the photocatalytic degradation 
method. The observation is the absence of holes, the 
degradation rate is reduced. So that hole (h+) is mainly 
involved in photocatalytic degradation MB dye than •O2

− and 
•OH. This result correlates the PL spectra describe the h+ hole 
recombination inhibition of electron. The •O2

− scavengers 
result connected with EDX spectra   attribute the surface 
oxygen vacancy of nanoparticles. 

 
Figure 12. Removal of MB over ZnO in the presence of 

various scavengers (75 min irradiation time, 0.25gm/L of 
ZnO, initial concentration MB is 2x10-5 M and pH = 6.8)          
In light of the above outcomes, the fundamental mechanism of 
photocatalytic degradation of MB pollutants over ZnO under 

light illumination is proposed in Scheme Figure 13. These 
shifted electrons are adsorbed (scavenger) by an oxygen 

molecule to give the superoxide radical •O2. This •OH radical 

is an enormously good oxidant for the degradation of MB [35, 
36]. The Photo catalytic studies carried out for the prepared 

samples at all together.  
Table 3. Comparison of degradation of MB using 

different nano particles 
Light 
source 

Catalyst Concen
tration 
(MB) 

Duration % 
 

degradatio
n 

Reference 

Sun 
Light 

0.010g 
ZnO 

5 ppm 165 min 100 [37] 

Sun 
Light 

0.025g 
ZnO 

10 ppm 
(pH 
6.3) 

90 min 100    
[38]  

Visibl
e light 

0.01g 
ZnO 

(H202) 

1X10-5 
M 

(pH7) 

210 min 100 [39] 

UV-Vi
sible 

1.5 g 
ZnO 

10 ppm 
(pH7.7

) 

25 min 98   
  [40]  

UV-Vi
sible 

0.25 g 
ZnO 

20 ppm 180 min 92.5 [41] 

UV-Vi
sible 

0.25g 
ZnO 

(SA2) 

100 
ppm 

(pH 9) 

460 min 85 Present work 

Sun 
Light 

0.25g 
ZnO 

(SA2) 

100 
ppm 

(pH 9) 

360 min 95 Present work 

The ZnO sample SA3 prepared from ethanol solvent has been 
extra defects greatly de-generates the nano particle size and 
shape   [42] . The surface morphology and surface defects  
which are well suitable for Photocatalytic dye degradation. 
The Table 3 shows the SA2 and SA3 the ZnO nanoparticles 
are proving to be efficient materials for degrading MB from 
previous work.  
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 cc 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 13. Schematic demonstration on mechanism of 
photocatalytic dye degradation. 

 

V. AAntimicrobial activity of ZnO 

As it is shown a clear inhibition zone, using regular antibiotic 
disc (30 μg/ml) tetracycline is used as a control and these 

results shown in Figure 14 and Table 4. The ZnO 
nanoparticles produce reactive oxygen species which is 
reacted with a bacterial membrane at room temperature. 
Divya et al. stated that this bacteria cell membrane is damaged 
by ZnO nanoparticles that extruded to the part of cytoplasmic 
substance and causing the kill the bacterium [43]. Dimapilis et 
al. reported the antimicrobial activity increase in ZnO 
nanoparticles depends mainly on particle size [44]. 

             
Figure 14. Antibacterial activity of ZnO NPs against (A) 
p. aeruginosa, (B) b. subtilis, (C) s. typhi and (D) s. aureus 
 
Table 4.  Antibacterial activities of the compounds treated 

against bacterial pathogens 

 
Test organisms 

Zone of inhibition in millimeter (in 
diameter) 

Positive control 

Negative 
control 

SA2 
Sample 

(µg) 

Standard 
Tetracycline 

30µg 
10 30 

B.substillas(G.P) - 20 24 - 

P. 
aeruginosa(G.N) 

- 29 22 - 

S.typhi(G.N) 3 22 21 - 

S. aureus(G.P) - 23 27 - 

VI.       CONCLUSIONS  

In brief, nano-ZnO is prepared by co-precipitation technique 
using different solvents with and without cetrimide as a 
surfactant. From the obtained results, solvents and cetrimide 
has a strong influence on the morphology and also found the 
notable changes in optical properties of nano-ZnO. The SEM 
images prove the excellent changes in all sample morphology 
depends the various solvents and cetrimide. The XRD and PL 
data indicate the particle size decreases with increase of 
Surface defects. DRS spectra good agree with band-gap value 
changes from 3.31 eV to 3.35 eV when the addition of 
surfactant cetrimide. EDX spectra shows the surface oxygen 
vacancy in the SA2 and SA3 samples and scavengers studies 
h+ holes are the main responsible for photocatalytic activities. 
It has well to correlate the photocatalytic activity mechanism 
of nano -ZnO demonstrated the excellent degradation of MB 
under the UV lamp and solar irradiations. The SA2 and SA3 
ZnO nano particles are proving to be efficient materials for 
degrading Methylene blue among the four samples in sunlight 
95%. This may be due to the fact that sampled SA2 and SA3 
are sized, defects, strain and morphology respectively. The 
SA3 sample degraded to MB even without the addition of 
surfactant. Therefore, ethanol acted both as a solvent and 
stabilizer. The samples SA1 and SA4 show the slow rates of 
degrading MB due to agglomeration which led to big particle 
size and good crystallinity of nano-ZnO. In addition, the 
radical scavenging investigation on the degradation MB when 
the ZnO created valence band holes are the principle 
responsive species demonstrating that the MB dyes have an 
affect the degradation mechanism. The antimicrobial 
activities of smaller size SA2 nanoparticle sample had a 
significant performance against both gram-negative bacterias 
(Pseudomonas aeruginosa and Salmonella typhi) and 
gram-positive bacterias (Staphylococcus aureus, and Bacillus 
subtilis) showing the best results. It is noted that nano-ZnO 
have better respondent against p. aeruginosa compare to other 
bacterias tested in the present study. Hence, the SA2 sample 
can be suggested to be an effective medicine to cure or to 
inhibit the pain, itch and skin disease especially by the 
bacterial infections. 
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