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OPTICAL, PHOTOCATALYTIC AND ANTIBACTERIAL 

PROPERTIES OF ZINC OXIDE NANOPARTICLES 

OBTAINED BY A SOLVOTHERMAL METHOD 

Ludmila MOTELICA1, Luciana MARINOF2, Alina HOLBAN3, Bogdan Stefan 

VASILE4, Anton FICAI5 

Nanocrystalline ZnO powder was prepared by solvothermal method from 1-

buthanol at boiling point. The sample was characterized by X-ray diffraction (XRD), 

transmission electron microscopy (TEM), thermal analysis (TG-DSC), UV-Vis and 

fluorescence spectra (PL). ZnO is one of the well-known photocatalysts along TiO2. 

In each report, it is tested against one pollutant model, and literature data is 

abundant, but with no possible comparison when different colorants are used. The 

aim of present study is to compare the photocatalytic properties of ZnO 

nanoparticles against different colorants used as models for organic pollutants. In 

this respect, we have used methyl orange, methylene blue, rhodamine B and gentian 

violet. The strongest photocatalytic activity was found against gentian violet and 

methyl orange.  

The antibacterial activity of ZnO nanoparticles was also tested against 

Gram-negative and Gram-positive strains Escherichia coli, Staphylococcus aureus, 

Pseudomonas aeruginosa and Salmonella sp. The best activity was found against 

Escherichia coli. 

Keywords: ZnO, photocatalysis, luminescence, antibacterial activity. 

1. Introduction 

ZnO is one of the few zinc compounds recognized as safe (GRAS) by the 

U.S. Food and Drug Administration. Its synthesis is reported in literature by 

various methods such as thermal decomposition [1], spray pyrolysis [2], 

solvothermal reaction [3], forced hydrolysis [4], sol-gel method or CVD [5]. ZnO 

has many applications in various domains like drug delivery [6, 7], cosmetics [8], 
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paints [9], medical devices [10], dentistry [11], textile industry [12] etc. The use 

of ZnO as sunscreen is not limited to cosmetics [13], but also for rubber or 

protecting the textile fibers [14-16]. In such applications, the photocatalytic 

activity must be diminished in order to avoid the degradation of the support 

material [17-19]. But there are also applications in which a good photocatalytic 

activity is desirable, like water depollution [20-22], autocleaning films [23] or 

bacteriostatic applications [24-26]. 

ZnO effect on epithelialization of wounds and its intrinsic bacteriostatic 

property promote it as a topical wound dressing in combinations with other 

substances like chitosan, polylactic acid, cellulose, hydroxyapatite and antibiotics 

[27-29]. It can also be used in treatment of burns, diaper rashes, blisters, various 

dermatitis and open skin sores. It has a mild astringent and antibacterial properties 

and therefore it is used as topical agent in eczema and slight excoriations, in 

wounds and for hemorrhoids [15]. The antibacterial activity of ZnO is known for 

some time, but the exact mechanism is still under debate. There are some 

evidences that the antibacterial activity of ZnO is dependent of size and presence 

of light, but the data are contradictory regarding which strains are more 

susceptible: Gram-positive or Gram-negative ones. The presence of light indicates 

also that the photocatalytic activity might be involved into the promotion of the 

antibacterial activity [10]. During the light activation, the ZnO nanoparticles are 

producing reactive oxygen species (ROS) which are responsible of photocatalytic 

activity but also for oxidative stress which is damaging the bacterial membrane.  

The ZnO nanoparticles are proposed to be used as antibacterial agent and 

UV protective shield in textile industry, especially for clothing. The intrinsic 

photocatalytic activity of ZnO might be problematic in this kind of applications. It 

will protect the cotton fibers and colorant from UV degradative action, but in the 

same time, it can act as a photocatalyst, degrading the material it is supposed to 

protect. The literature is abundant about the photocatalytic activity of ZnO 

nanoparticles [2-5], each author reporting the results on one particular colorant 

used as pollutant model. In this paper, we are reporting for the first time to our 

knowledge a comparative study of photocatalytic activity on four of the most used 

colorants: methyl orange, methylene blue, rhodamine B and gentian violet. The 

results indicate that not all the colorants are susceptible to the photodegradation in 

same measure. Therefore, it can be useful not only to compare in this way the 

results reported in literature by different research groups, but it can also help the 

industry in choosing the best suited dye for antibacterial cloths (e.g. from thiazine 

class). 

Due to the competition of photocatalysis and luminescence associated with 

the recombination and transportation of photon-induce charge carriers, we have 

also determined the fluorescence spectra of ZnO nanopowder as a possible 

fingerprint to ease the comparison with other reported samples [30]. 
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2. Materials and methods 

2.1. Experimental procedure 

Zinc acetate dihydrate, Zn(Ac)2·2H2O, with 99.9% purity was obtained 

from Merck. 1-buthanol was used as received from Sigma without further 

purification. 

ZnO synthesis was done as described in [31]. Briefly, 2.1950g 

Zn(Ac)2·2H2O were solved in 25 mL 1-buthanol and heated under magnetic 

stirring. The temperature was 117oC, the boiling point of 1-buthanol. The higher 

temperature allowed a shorter reaction time, 6 hours. 

2.2. Experimental techniques 

Electron microscope images.  

The transmission electron images were obtained on dried, finely powdered 

samples using a Tecnai G2F30 S-TWIN high resolution transmission electron 

microscope from FEI, operated at an acceleration voltage of 300 kV obtained 

from a Schottky field emitter with a TEM point resolution of 2Å and line 

resolution of 1.02 Å. 

X-ray diffraction.  

X-ray powder diffraction patterns were obtained with a Shimadzu 

XRD6000 diffractometer, using CuKα (1.5406 Å) radiation operating with 30 mA 

and 40 kV in the 2θ range 10–70o. A scan rate of 1o min−1 was employed. 

Thermal analysis.  

Thermal behavior of the final ZnO nanopowder was followed by TG-DSC 

with a Netzsch TG 449C STA Jupiter. The sample was placed in alumina crucible 

and heated with10 K min−1 from room temperature to 900oC, under the flow of 50 

mL min-1 dried air. 

Photoluminescence spectrum.  

Photoluminescence spectrum (PL) was measured with a Perkin Elmer P55 

spectrometer using a Xe lamp as a UV light source at ambient temperature, in the 

range 350–600 nm, with the sample dried and finely powdered. The measurement 

was made with a scan speed of 200 nm min−1, slit of 10 nm, and cut-off filter of 

1%. An excitation wavelength of 320 nm was used. 

Diffuse reflectance spectra measurements were made with a JASCO 

V560 spectrophotometer with solid sample accessory, in the domain 200–800 nm, 

with a speed of 200 nm min−1. 

Photocatalytic activity was determined against four dyes: methylene blue 

(MB) 10-3% solution, methyl orange (MO) 2∙10-3% solution, gentian violet (GV) 

0.5∙10-3% solution and rhodamine B (Rh) 1.197∙10-3% solution by irradiation with 



62       Ludmila Motelica, Luciana Marinof, Alina Holban, Bogdan Stefan Vasile, Anton Ficai 

a fluorescent lamp of 160W / 2900 lux, placed at 20 cm distance. Samples of 

0.0250 g powder were inserted in 20 mL solution of each dye. At defined time 

intervals a sample of 3mL was put in a quartz 10 mm cuvette, and its UV-Vis 

spectra was recorded. 

For qualitative antimicrobial assay, the tested bacterial strains were 

inoculate on solid agar medium in Petri dishes and drops with volume of 5 μL of a 

10 mg/mL ZnO suspension were added as spots at equal distances. The Petri 

dishes were incubated 24h at 37oC and after that inhibition diameters were 

assessed. 

For quantitative assay, minimum inhibitory concentrations (MICs) of 

tested ZnO nanopowder were assessed using a binary dilution method. Briefly, 

5mg/mL ZnO suspension was added to the first well of each row and after that 

with a micropipette were obtained 12 binary dilutions, so that last well has a 

concentration of 2.441406∙10-3 mg/mL. In each well were added 15 μL microbial 

suspension of E. coli, Salmonella, S. aureus and P. aeruginosa respectively, with 

a density of 0.5 McFarland. Plates were incubated for 24 h at 37oC. After the 

incubation period, MICs were established by measuring the absorbance (620 nm), 

using a lab spectrophotometer. All experiments were performed in triplicate and 

repeated on at least three separate occasions. 

3. Results and discussions 

The thermal analysis of the resulting white powder was used to monitor 

the synthesis of ZnO nanopowder. The results are presented in Fig. 1. 

 
 

Fig. 1. The TG-DSC curves for ZnO sample obtained by forced hydrolysis in 1-buthanol 
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Table 1 

Thermal analysis data 
Temperature interval RT-150oC 150-280oC 280-410oC 410-900oC 

Mass loss 0.63% 3.42% 1.14% 0.62% 

DSC Peak 73.1oC 198.9oC 340.4oC - 

Enthalpy (area) -18.04 J/g 14.17 J/g 132.9 J/g - 

 

The obtained powder is losing 5.81% of initial mass when heated up to 

900oC, in three processes. At low temperature the physically weak bonded solvent 

molecules are removed in an endothermic process, while at higher temperatures 

there are two exothermic processes in which strong bonded solvent molecules and 

some acetate impurities are burned. The numerical data from thermal analysis are 

presented in table 1. 

In order to determine the cristalinity and presence of ZnO, the sample was 

investigated by X-ray diffraction. The XRD pattern for the nanopowder, Fig. 2, 

has indicated the formation of single-phase compound. The pattern can be indexed 

to a hexagonal wurtzite structure [ASTM 80-0075]. The crystallite size of the 

samples can be estimated from the Scherrer equation, D = 0.89·λ/β·cosӨ, where 

D is the average grain size, λ is the X-ray wavelength (0.15405 nm), Ө and β are 

the diffraction angle and FWHM of an observed peak, respectively. The strongest 

peak (101) at 2Ө = 36.27o was used to calculate the average crystallite size (D) of 

ZnO particles. The estimated average crystallite size was 18.5 nm. 
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Fig. 2. XRD pattern of the ZnO sample 

 

The TEM bright field image, Fig. 3a, obtained on ZnO reveals that the 

powder is composed from polyhedral shaped particles, with an average particle 

size of approximately 20 nm. By correlating the TEM and the XRD information, 
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as crystallite size is roughly equal with the nanoparticles size, we can conclude 

that every nanoparticle is a monocrystal. The nanopowder presents a low tendency 

to form soft agglomerates. 

The HRTEM image, Fig. 3b, shows clear lattice fringes of interplanar 

distances of d = 2.60 Å for nanocrystalline ZnO, corresponding to Miller indices 

of (0 0 2) crystallographic planes of hexagonal ZnO. In addition, the regular 

succession of the atomic planes indicates that the nanocrystallites are structurally 

uniform and crystalline with almost no amorphous phase present. The histogram 

of the particle size distribution for the ZnO sample indicates a mode value of 20 

nm (Fig. 4). 

 

Fig. 3. TEM (a) and HRTEM (b) images and SAED pattern of ZnO particles 
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Fig. 4. Particle size distribution histogram for ZnO sample 
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The sample has a narrow, homogeneous particle size, with more than 85% 

of them measuring between 15 and 25 nm. 

In the photoluminescence spectrum of the as-synthesized ZnO sample 

(Fig. 5a) there are two regions, one at about 400 nm (near ultraviolet) and 440-530 

nm (blue-green), respectively. The ZnO presents a weak UV emission band at 399 

nm, corresponding to the near band-edge emission (NBE). 

The four other emission bands at 457, 480, and 515-524 nm in the blue-

green range are defect-related emissions, indicating a high concentration of 

surface defects, as expected for polyhedral shape particles. The 480 nm band is 

relatively common for semiconductor oxides like MIn2O4 (M = Ca, Sr, Ba) or 

SnO2 confirming that it is caused by the oxygen related defects. 
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Fig. 5. Photoluminescence (a) and UV-Vis (b) spectra of ZnO nanopowder 

 

The electronic spectrum recorded for the ZnO powder is presented in Fig. 

5b. The band gap energy value was calculated by Kubelka-Munk plot to a value 

of 3.225 eV, in good agreement with the literature. The maximum absorbance for 

the sample is at 365nm. 

The results of photocatalytic activity are presented in Fig. 6.  

For diluted solutions the reactions exhibit apparent first-order kinetics, 

ln(C0/C) = kt, where C0 is the initial concentration of the dye, C is the 

concentration of dye at time t (min) and k is the rate constant of the apparent first 

order.  
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Fig. 6. Photocatalysis activity: methylene blue solution (a); rhodamine b solution (b); gentian 

violet (c); 
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Fig. 6. Photocatalysis activity: determination of the rate constant k (d). 
 

The control samples (only dye solutions) indicate that direct 

photodecomposition of colorants does not occur. 

The determination of the rate constant, k, was done by plotting the 

ln(C0/C) versus time (Fig. 6d). The values are presented in table 2.  
 

Table 2 

Calculated rate constant value for each dye solution 
Dye Methyl orange Gentian violet Rhodamine B Methylene blue 

Rate constant 

value (k) *10-3 47.97 22.56 9.11 5.91 

 

For MB solution we can observe a decrease of both 614 and 664 nm 

absorption peaks, indicating that bot monomer and dimer are decomposed by ZnO 

nanoparticles. Nevertheless, the photocatalytic activity against MB presented the 

lowest value from the tested solutions, without being a low value per se. The best 

photocatalytic activity was found against MO solution, with a rate constant that is 

eight time higher than the one for MB and more than double versus the calculated 

value for GV, which was on second place. The results indicate that a careful pick 

of the dye used as model pollutant in photocatalysis studies must be done in order 

to obtain results that can be compared across different substances or even for 

same compound [32]. 
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Fig. 7. The antimicrobial assay: minimum inhibitory concentration (a); growth inhibition diameter 

(b). 

The antimicrobial assay, presented in Fig. 7, demonstrates that the ZnO 

nanoparticles has a good antibacterial activity, especially against Gram-negative 

strains (E. coli and Salmonella), but with some noticeable results even on the 

Gram-positive strain (S. aureus). Even if P. aeruginosa is a Gram-negative 

bacterium, the poor results against it might be indicate a native resistance to ZnO 

action mechanisms (it is also known for its low antibiotic susceptibility). 

6. Conclusions 

In conclusion, we are presenting for the first time to our knowledge a 

comparative study of photocatalytic activity for ZnO nanoparticles on four of the 

most used colorants: methyl orange, methylene blue, rhodamine B and gentian 

violet. The photocatalytic activity against MO solution was eight time higher than 

the values recorded for MB solution. This may help researchers understand that a 

low value obtained against MB is not a particular bad result while a low activity 

against MO solution may indicate in fact the lack of photocatalysis. The 

photoluminescence spectrum for ZnO was also recorded to help comparison 

among various ZnO samples. The antimicrobial assay indicates also a good 

activity against all strains, except P. aeruginosa. 
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