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Abstract. The article is devoted to exploration of biological effects of crystalline PrF3 
nanoparticles toward Salmonella typhimurium TA 98 bacteria under the laser irradiation. 
Obtained results show bactericidal activity of PrF3 nanoparticles and optimal parameters of 
laser irradiation (power of laser irradiation, wavelength, diameter of the laser spoil, and 
exposure time) have been found under which the effects of bactericidal activity become the 
most significant. Survival of bacterial cells under laser irradiation with wavelength 532 nm in 
colloidal solution of PrF3 nanoparticles was 39%, 34%, 20% for exposure times 5 minutes, 15 
minutes and 30 minutes, correspondingly. 

1.  Introduction 
Nanosized materials are used in different application of industry. Because of the unique physical and 
chemical properties of nanoparticles they can be used in a broad range of biological applications. 
Several last researches [1-4] have reported that photoactive nanoparticles could cause oxidative stress 
and they can be activated by UV and visible irradiation generating reactive oxygen species (ROS), 
such as hydroxyl radical OH· and superoxide anion O2

-. In consequence, the photoactive nanoparticles 
can be applied in waste water treatments as bactericidal medium, in environmental remediation, 
organic contaminants mineralization, and cancer treatment [5, 6]. There are three traditional methods 
of cancer treatment: chemotherapy, surgery, and radiotherapy. Undoubtedly there are alternative 
methods of cancer treatment that can be used as independent methods or with traditional methods 
jointly. Therapy with photoactive nanoparticles is one of those alternative methods. The ROS, 
produced by photoactive nanoparticles, can damage cellular components like proteins and DNA and 
cause the death of treated cells. Selective oxidative stress is sometimes desirable and can be used 
therapeutically also. Semiconductor nanostructures TiO2, ZnO with photocatalytic activity have 
already found a wide range of applications [1-4]. But these semiconductor nanostructures have 
relatively low photocatalytic activity. Besides, they could be activated by UV irradiation only. On the 
other hand there are very few reports devoted to biological effects of photoactive fluoride 
nanoparticles. In spite of this they are discussed as very promising nanosized materials for different 
biological applications because of their high absorption capacity in the wavelength range of 450 nm -
550 nm and high photoenergy conversion efficiency and they can be used in different biological 
applications, including cancer treatment [7]. Tests on procariotic sells is the first step of toxicity 
investigation according to traditional methodics. 
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The main aim of present investigation was to test hypothesis of toxicity of photoactive fluoride 
nanoparticles PrF3 towards procariotic cells under laser irradiation. 

2.   Materials and methods 
Team of Laboratory of Quantum Electronics and Radiospectroscopy named after S. A. Altshuller at 
Kazan Federal University has utilized a technology of synthesizing fluoride crystalline nanoparticles 
PrF3 by chemical methods. The method is based on deposition from colloidal solution and 
hydrothermal reaction and is described in [8-12]. The HRTEM images of nanoparticles output are 
shown in the figure 1. The material used in present experiments consisted of crystalline nanoparticles 
with size about 30 nm. In the experiments we used CW lasers with wavelength 532 mn (green light) 
and 473 nm (blue light) with power 30 mW as activation irradiation sources. We have investigated 
toxicity of floride nanoparticles PrF3 under the laser irradiation towards S. typhimurium. S. 
typhimurium TA 98 was cultivated in LB medium with 50 µg/ml ampicillin sodium for 18 h at 300C, 
then centrifuged (3000 g, 20 m) and the cell pellet was resuspended in physiological saline solution to 
the final concentration 106 cell/ml. 200 µl per well of bacterial cell suspension together with colloidal 
solution of PrF3 nanoparticles was placed into white opaque 96-well microplates (PerkinElmer) and 
irradiated with lasers. Concentration of PrF3 nanoparticles was kept at the level 0,1 mg/l in the well. 
Also control wells were kept without PrF3 nanoparticles solution. After the irradiation cell suspension 
was diluted with physiological saline solution in 105 times and plated onto agarised LB medium with 
50 µg/ml ampicillin sodium. After 2 days of incubation at 300C the number of colony-forming units 
was counted.  

  

Figure 1. The HRTEM images of fluoride 
photoactive nanoparticles PrF3 synthesized by 
means of hydrothermal reaction according to 
method described in [8]. 

Figure 2. The experimental set up for 
photoactivated toxicity studies of PrF3 
nanoparticles. 

 

The toxicity test consisted in exposure of the well with cells and nanoparticles to the laser radiation as 
it is illustrated at the experimental set-up scheme in the figure 2. We have made experiments for laser 
wavelengths 473 nm and 532 nm. Laser spot at the cell sample was formed by the lens with 7,5 cm 
focal length. We have investigated the influence of laser irradiation on the cells using three 
configuration of experimental set-up: well exposure under the laser irradiation without the lens 
(irradiation power density 637 mW/cm2), the well in the visual focus of the lens (irradiation  power 
density 1,3 W/cm2), and the well behind the visual focus of the lens (irradiation power density 285 
mW/cm2). We have also investigated the influence of nanoparticles without the laser irradiation and 
the influence of laser irradiation without the nanoparticles. 
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3.  Results and discussion 
The first experiments at 473 nm and 532 nm wavelengths of irradiation have shown higher 
photoenergy conversion efficiency for the wells behind the visual focus of the lens under laser 
irradiation with wavelength 532 nm. Results of the toxicity tests have shown in Figure 3. Laser 
irradiation at 473 nm and 532 nm appears to be toxic itself with the higher effect of green light 
(survival index is 81 % for 473 nm light and 57 % for 532 nm light). Increasing the power density 
leads to increase of the toxic effect. Also the toxicity of PrF3 nanoparticles is well pronounced. 
Presence of nanoparticles increases toxic effect in about 20 %. The toxic effect of irradiated 
nanoparticles showed some saturation as it slightly decreased with increasing the power density. The 
most significant toxic effect appeared to be for cases of 637 mW/cm2 of 532 nm laser light with 22 % 
of survival index and 285 mW/cm2 of 473 nm laser light with 62 % of survival index. 

 

Figure 3. Survival of the S. typhimurium TA 98 cells with PrF3 nanoparticles under various power 
density of irradiation. 

In the second series of experiments we have investigated S. typhimurium TA 98 cells survival treated 
with nanoparticles at various exposure times of the laser irradiation. Three duration of exposure time: 
5 minutes, 15 minutes, 30 minutes were chosen. It is seen from the diagram in Figure 4 that cells 
survival index decreases with increase of exposure. The number of CFU was 39%, 34%, 20% for 
exposure time 5 minutes, 15 minutes and 30 minutes compared with the control, correspondingly, 
under laser irradiation with wavelength 532 nm. The result of almost complete bacterial inactivation is 
apparently due to both effects of nanoparticles photoactivation and 532 nm irradiation itself. Behavior 
of survival for cells irradiated at wavelength 473 nm also speaks for bactericidal effect and appears to 
be exposure dependent but laser irradiation at this wavelength does not show good conversion 
efficiency. And treatment by PrF3 nanoparticles increases the bactericidal effect. 
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Figure 4. The influence of exposure time of laser irradiation at 532 nm and 473 nm on survival of S. 
typhimurium TA 98 cells treated with the PrF3 nanoparticles for exposures 5, 15 and 30 min. 

We have confirmed the hypothesis toxicity of photoactive fluoride nanoparticles PrF3 toward S. 
typhimurium TA 98. These nanoparticles show photoactivated bactericidal activity of the same level as 
widely investigated materials on the basis of semiconductor nanoparticles (ZnO, TiO2 [1-3,6]) which 
is about 18 % at 1,3 mW/cm2 of 532 nm laser irradiation. Hypothetical mechanism of photoactivity 
could be also the same. It is known that H2O inevitably appear at the surface and in the pores of 
fluoride nanoparticle prepared by hydrothermal method of growth [13-15]. When light is absorbed the 
photoexcited nanoparticle stores energy by charge separation and creating electron−hole pairs. These 
free charge carriers react with the adsorbed H2O and thus formed hydroxyl radicals and holes (named 
as ROS) are responsible for bactericidal activity during irradiation of nanoparticle. Pure 
semiconductors usually exhibit low photoenergy conversion efficiency probably because of their 
relatively low charge separation efficiency and faster recombination of charge carriers [6]. It might be 
supposed that fluoride nanoparticles have the same mechanism of generating ROS. Laser-induced 
ROS production by photoactive nanoparticles may be one of the reasons for their toxicity. This effect 
is shown for titanium dioxide nanoparticles, which have bactericidal [16] and virucidal [17] activity 
because of ROS production induced by radiation. We suppose a similar mechanism of activation for 
PrF3 nanoparticles. 

4.  Conclusion 
In this work the photoactivated toxicity of crystalline PrF3 nanoparticles towards Salmonella 
typhimurium TA 98 bacteria has been tested. The fluoride photoactive PrF3 nanoparticles were 
synthesized in the laboratory by chemical method consisting in deposition from colloidal solution and 
hydrothermal reaction. The nanoparticles used were monocrystals with size of about 30 nm. We have 
confirmed the bactericidal effect of photoactive fluoride nanoparticles PrF3 for S. typhimurium TA 98 
under 532 nm laser light irradiation and it appeared to be significant (about 18 % of survival index) 
compared to semiconductor nanoparticles but the laser light have shown small bactericidal effect 
itself. 
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