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Optical diagnostics of nanoparticles in Culex pipiens molestus Forskal
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The photoluminescence spectra of stage II and IV larvae of Culex pipiens molestus Forskal gnats are studied. A 337 nm pulsed nitrogen laser with 1.7 mW power is the excitation source. In most cases, the gnat larva spectra consist of two wide bands at 460 and 530 nm. As the temperature decreases, the luminescence efficiency rises and the relative intensities of the bands are changed; the yellow band at 530 nm is amplified in most cases. As a rule, the luminescence intensity of age 4 larvae is higher than that of the younger ones. No correlation between the PL spectrum composition and the larva age is found. The dried remains of the animals keep the possibility to emit these bands. The bands at 460 and 530 nm can be related to the impurities assimilating by the organism together with water. The impurities being in water as a low-dispersed suspense are supposed to be origin of the luminescence. The quantum-size effects that affect the luminescence of nanoparticle suspended in water can manifest itself in such impurities. The mean size of the particle determines spectral position of the luminescence band and the band shape is caused by the statistical distribution of the particles by sizes. 

Introduction
The current rapid development of nanotechnological researches which is caused by the fact that these technologies give a possibility of controlling a matter on the level of individual atoms and molecules, create the materials with unique structure, such as carbon nanotubes, the thinnest semiconductor layers, high-strength composites et al. Apart from the semiconductor and metals, the systems of biology nature can be source material for nanoproduction.
Many molecules properties specificity and originality make them perspective for creating new highorganized functional hybrid bio-organic and bio-inorganic nanosystems. There are macromolecules that regulate forming of inorganic substances crystallization germ and forming morphological perfect and functionally compound spatial structures in natural biological systems. It opens the possibility for nanomaterial designing and biomolecules “transfer” from the biological sphere to the technical one.

Nanomaterial and nanosystems containing biological and synthetic components have considerable scientific and practical interest as far as purposeful combination at nanolevel different by their nature nanocomponents opens a wide possibility for receiving new materials with structure functional characteristics which are important for different practical application. 

The nanoobjects are both known to be built inside the cell and to penetrate from outside through the membrane [1]. Such particles are usually detected by electron microscopy. However, there is a possibility to use the quantum-sized effects inherent in such objects. In particular, these effects manifest itself in the optical spectra of semiconductor nanoparticles, e.g., absorption, photoconductivity, luminescence spectra [2-4]. This is caused by the phenomenon of energy size quantization of in nanoobjects well described within quantum-mechanical theory [5]. 
It should be noted that the optical diagnostics methods have some advantages as compared to the traditional methods of nanosystem diagnostics which use X-ray or electron emission. Under this emission, the reconstruction processes of the delicate nanosystem structure can occur, so as the obtained results show the initial state not always. Attraction of just the luminescent method lies in simplicity of the study result treatment, in particular, obtaining the size distribution function of the nanoparticles.

Because of size effects, the amplification of material luminescence can occur. This phenomenon was first found in porous silicon [4]. The theoretical studies show [6] that the silicon being an indirect-gap semiconductor with a low luminescence yield, transforms to the direct-gap one, as a result, the luminescence efficiency increases.
The luminescent methods are known to be a lot used in biology object research [7]. From the luminescence spectrum, one can conclude about existing some components in a cell. External effects change the intensity of live organisms luminescence, therefore the spectrum parameters can be a guide of the cell functional state.

Based on the fact that cells of plant and animal origins can accumulate nanosized  impurities, we investigated luminescence spectra of gnat larvae. The aim of this work was to reveal the features of photoluminescence in organisms that can be described by the content of natural impurities with quantum-size effects and luminescence bands that could characterize physical condition of organism. 
1. Methods and Results

Development stage II and IV larvae of Culex pipiens molestus Forskal gnats were the research objects. They were grown in ecology and zoology research laboratory of  Taras Shevchenko Kyiv National University. Their homogenate, both as prepared and dried and 4 days stored, was used in the work. The PL was excited by ILGI-503 nitrogen laser of 337 nm wavelength and 1.7 mW average power. A slight bluish emission is observed under such irradiation. As a rule, the PL efficiency rises as the temperature decreases. The spectra were measured at the room temperature and near the temperature of boiling the liquid nitrogen.

The luminescence spectrum examples of the as-prepared homogenate of stage II and IV larvae of C. p. molestus gnats are presented in Fig. 1 and 2. The magnitude proportional to the quantum energy per spectral interval unit is given along the ordinate axis. Two mean bands can be separated on the spectra (see Fig. 2): the blue band with the peak at 450-470 nm and the green one at 510-535 nm. 
Fig. 1. PL spectra of homogenate of stage II C. p. molestus larvae at different temperatures.

Fig. 2. PL spectra of homogenate of stage IV C. p. molestus larvae. The curve measured at the room temperature is approximated with two Gausses.
The luminescence intensity of the development stage IV larvae is higher than that of younger larvae. As for the PL spectrum structure, no correlation with the larva age is found. It is important to note that the homogenate luminescence of one age but different lots larvae can also significantly differ by both the efficiency and the intensity band relation.

This causes us to doubt that the spectral composition of luminescence in this region may be a guide of the functional state of larva organism. In addition, it should be noted that the homogenate keeps the ability to emit even being dried. In so doing, the same bands which are observed in the as-prepared samples may be distinguished in the spectrum (Fig. 3).
Fig. 3. PL spectra of dried homogenate of stage IV C. p. molestus larvae (4 days after preparation) at room temperature.
Decreasing the temperature, the total intensity of luminescence increases, the relative intensity of the bands changes, as a rule, the green band is amplified. The PL above 700 nm is sometimes observed at low temperatures. These relatively narrow bands disappear when the animal tissues are dried.

As for the nature of luminescence in the range from 400 to 600 nm, one can say the next. If the components of larva tissues are its origin, they are undoubtedly the components which are not decomposed after the animal death. Similar bands [7] are identified to be the ones of oxidized flavoproteins (520 nm) and deoxidized pyridin nucleotide (470 nm) emission. However, another luminescence nature may be suggested if our investigation of the water luminescence [8] is taken into account.

Under 337 nm wavelength excitation, no luminescence is observed in the distill water. At the same time, the natural water shows a slight PL of bluish colour. Its registration is complicated by week absorption of the ultraviolet in water. The obtained spectrum is a 100 nm wide somewhat asymmetric band peaked near 440 nm (curve 1 in Fig. 4).
Fig. 4. Normalized PL spectra of pipe water (1), its deposited impurities (2), deposit after 7 days (3) and dried deposit (4).
As no emission is found in pure distillate at the same conditions, it is reasonable to suggest that the observed PL is caused by natural impurities present in the water. These impurities were concentrated as a precipitate near the cathode of the electrolytic setup. The precipitate emitted essentially more intense luminescence which spectrum is shown in Fig 4. as curve 2. One can see that this band is noticeably wider and its peak is shifted to longer waves about that of curve 1.

In 7 days after electrolyze, the precipitate spectrum is further shifted to long waves and its width a little bit reduces as compared to curve 2. Finally, The PL band of the dried precipitate (curve 4) is most shifted to low energies of quanta and peaked near 550 nm.

2. Discussion

The obtained results may be explained if to suppose that the radiative recombination occurs in the nanosized particles where the quantum-size effects happen. In this case, the emission wavelength is determined by the nanoparticle size. The spectral band shape is caused by the size distribution of particles. 
2.1. Theory of the luminescence spectrum shape of nanosized impurities in water
Two cases are possible here.

First, the emitting transitions may happen between two energy levels of the quantum well for an electron, which positions are known [5] to be described as
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where Li are linear sizes of the quantum well along 3 coordinates, ki are the respective quantum numbers and m0 is an electron mass. In this case, the emission wavelength does not depend on the chemical nature of the particle but only its size. Suggesting the emitting transitions happen between the 1st an 2nd electron levels of the quantum well, one can conclude that the size cannot exceed 1.5 nm along if only one of the coordinates. 
Supposing that the size distribution function of the particles has the Gauss shape, the oscillator number N per size scale unit is
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Taking into consideration that the particle linear size, according to (1), is L ( (h()‑1/2 ( (1/2, the luminescence intensity expressed as the number of quanta per spectral range unit may be written as
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Taking into account that the luminescence intensity expressed as the energy per wavelengths is written by the quantum one as 

r( = h2c2·n(/(3
(here h is the Planck constant and c is light velocity), we have the shape of the spectral band 
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where L ( (1/2 is the linear size of the particle, L0 and (L are the constant values. The curve 1 of Figure 4 and its approximation by (4) are presented in Fig.5.
Fig. 5. PL spectra of water (curve 1 in Fig. 4) and its theoretically calculated shape (4).
Secondly, the observed PL may be the intrinsic or dopant-related luminescence of the dielectric particle, whose bandgap is enlarged due to the quantum-size effects. In this case, the luminescence wavelength depends on the particle chemical nature, in particular, on the bandgap of the particle material, depth of the dopant level, etc. For example, the spectral curve shape of the band-to-band luminescence should be described by (4) as well, but the expression for the particle linear size as a function of wavelength is another, namely, 
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where (g is the bandgap of the nanoparticle material and n is the refractive index of the material.

In both the cases, the modification of the spectrum in Fig. 4 may be explained by the following. The concentration of the corresponding impurities in the natural water is comparatively low, they are mainly diluted and sizes of the not numerous nanoparticles are minimal, the spectrum is therefore shifted to short waves (curve 1). Under electrolyze, the impurities are clustered near one of the electrodes, its local concentration increases, the particles with larger sizes appear. Therefore, the luminescence intensity rises, the spectral band becomes more asymmetric and expanded whereas the peak is shifted to long waves (curve 2). Drying the suspense, the particles increase in value further but there is obviously some limit for the particle size. Due to this, the peak shifts further, but the width of the band and its asymmetry decrease (curves 3 and 4).

The quantum-size nature of the water impurity luminescence is supported by the fact that the luminescence band width does not depend essentially on the temperature (Fig. 6).
Fig. 6. PL spectra of the dried deposit of water at room temperature (1) and at 80 K (2).
This means that broadening the band is not caused by electron-vibration interaction. Instead, the same width of the band at different temperatures is easily explained suggesting that the broadening is due to the size distribution of the emitting nanoparticles. A slight but noticeable shift of the band to short waves when decreasing the temperature may be related to the temperature change of the particle value (narrowing the quantum well).

There is one more reason for the quantum-size nature of the water impurity luminescence. It is a well noticeable asymmetry of the PL experimental curve which manifests itself as the long-wave tail in Fig. 5. This may be explained within our model by a deviation of the real nanoparticle size distribution from the normal distribution supposed in (2). Strange as it may seem, but it is the situation that occurs in the nanomaterials artificially made by the different technologies [9], e.g., nanopowders by electrical explosion of wire (Fig. 7, a), by pulsed CO2 laser evaporation (Fig. 7, b), microwave plasma-chemical synthesis of ultra-dispersed materials (Fig. 7, c).
Fig. 7a. Particle size distribution for Al2O3 nanopowder prepared by electrical explosion of wire [9]. 

Fig. 7b. Particle size distribution for GdDCe nanopowder prepared by pulsed CO2 laser evaporation [9].

Fig. 7c. Particle size distribution for producible powders by microwave plasma-chemical synthesis [9]. 

The impurities of the natural waters are classified [10] according the graininess range in the truly-dissolved ones (ion- or molecular-dispersed ones) which are located in water as separate ions and molecules, colloid-dispersed ones with the particle sizes from 1 to 100 nm and roughly-dispersed ones with the particle sizes above 100 nm (0.1 (m). Colloid impurities are the agglomerates of large number of the molecules with the boundary surface between the solid phase and water. Due to small sizes, the colloid particles do not lose the ability to diffuse and have the large specific surface. The colloid particles are not separated from water under the gravity force and cannot be filtered out by usual filtering materials such as sand and filter paper. There are different derivates of silicon acid and iron, organic matters such as the products of plant and animal organism decomposition in the natural waters.

The roughly-dispersed impurities, so-called suspended materials, have so large mass that are not essentially able to diffuse. A certain sedimentative equilibrium is established with time, and the impurities either precipiate or come to the surface depending of the particle density.

The calcium and magnesium ions are assigned to the most important inorganic impurities of the water and make it possible to use water for different aims, because these ions produce the sparingly soluble compositions with some anions in water, e.g., CaSO4, Ca(OH)2, CaSiO3, Ca3(PO4)2; MgCO3, Mg(OH)2, MgF2, Mg3(PO4)2.

Obviously, these impurities have property of being accumulated in an organism and are present in tissues in concentrated form. Therefore, the luminescence of the living creatures and their remains is more intense than that of water. It should be expected that the impurities in different tissues are concentrated in different manner and have different mean sizes. In particular, this explains existence of more than one luminescence band in the spectrum.

Thereupon, the results of fluorescent signal analysis for different mineral nutrition of plants are of immediate interest [11]. Change of soil composition or another nutritious ground causes redistribution of fluorescence intensity inside spectrum and laser-induced fluorescence peak shift to long waves.

2.2. Conclusions

It was found that development stage IV gnat luminescence intensity in the region of wavelengths from 400 to 600 nm is higher, than that for development stage II. Concerning the photoluminescence spectrum composition, we can say that no correlation was revealed with gnat age. Gnat homogenate luminescence of the same age but from various groups are different by both the efficiency and the spectrum structure. All this give cause for doubt that luminescence spectrum composition in the spectrum range can be an index of physical condition of gnat organism. Moreover, homogenate keep capacity for radiate even in dry condition. We may conclude that investigated luminescence is mainly of the impurity nature.

Since the objects chosen for the study develop in water that is the main constituent of their organisms, we concentrated our efforts to careful investigation of luminescence spectra of the impurities in this water. The obtained photoluminescence spectrum of crude water is a somewhat asymmetric band about 100 nm wide with a peak at 440 nm. There was no luminescence found on the same condition in clear distilled water. After water impurities were concentrated on precipitate near cathodic electrode of electrolytic, photoluminescence intensity grew up noticeably, the respective spectral band widened greatly and its peak moved to long waves with regard to previous curve. In 7 days after electrolysis, precipitate spectrum moved further to long waves, and its width decreased a little in comparison with that of initial curve. And, finally, dry precipitate photoluminescence band moved the most to long waves, its peak was at 550 nm.

It is just the way, in our opinion, that photoluminescence spectra of nanosized objects have to behave. Their aggregation in precipitation condition resulted in thickening of the energy levels according to the law quantum mechanics. Hence, the obtained results can be explained assuming that radiative recombination takes place in nanosized particles as a result of quantum-size effects. Then, the emission wavelength is determined by nanoparticle sizes. Spectral band shape is determined by distribution of particles by sizes. Appropriate theoretical calculation confirms this suggestion. A comparison of theoretical and experimental photoluminescence spectral curves testifies in favour of some asymmetric (that is different from the normal (Gauss) statistical distribution) of nanoparticles by sizes. As described in the literature, the same situation is realized in nanomaterials artificially created by different technologies.
Naturally, we are far from idea that the photoluminescence spectra of investigated organisms are determined by inorganic impurities alone. We set ourselves the task of planned, purposeful and systematic study of natural objects. And then we will be able to solve the actual problems of both ecology and engineering. 
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Fig. 1.
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Fig. 2. 
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Fig. 4. 
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Fig. 7a. 
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Fig. 7b. 
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Fig. 7c. 

Figure captions
Fig. 1. PL spectra of homogenate of stage II C. p. molestus larvae at different temperatures.

Fig. 2. PL spectra of homogenate of stage IV C. p. molestus larvae. The curve measured at the room temperature is approximated with two Gausses.

Fig. 3. PL spectra of dried homogenate of stage IV C. p. molestus larvae (4 days after preparation) at room temperature.
Fig. 4. Normalized PL spectra of pipe water (1), its deposited impurities (2), deposit after 7 days (3) and dried deposit (4).
Fig. 5. PL spectra of water (curve 1 in Fig. 4) and its theoretically calculated shape (4).
Fig. 6. PL spectra of the dried deposit of water at room temperature (1) and at 80 K (2).
Fig. 7a. Particle size distribution for Al2O3 nanopowder prepared by electrical explosion of wire [9]. 

Fig. 7b. Particle size distribution for GdDCe nanopowder prepared by pulsed CO2 laser evaporation [9].

Fig. 7c. Particle size distribution for producible powders by microwave plasma-chemical synthesis [9]. 
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