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Introduction. The opal matrixes (OM), which is one of the photonic crystals, are the regular 

packing of spherical SiO2 particles of the same diameter [1, 2]. Spherical particles pack forms 

ordered 3D-system of pores (voids), taking ~26% of OM volume. When filling voids with different 

substances, nanocomposites related to metamaterials are obtained. The periodic structure of the 

arrangement of nanoparticles in OM voids significantly changes the properties of the material, often 

making them unique. Metamaterials with spatial dispersion of properties make it possible to apply 

new solutions when developing electronics devices in the frequency range from tens of GHz up to 

units of THz [3–5]. Nanocomposites based on OM are functional media for generating x-rays and 

acoustic waves; can be used to create bio-organ transplants of organs and tissues [6, 7]. 

Практический интерес вызывает создание 3D-магнитных нанокомпозитов, за счет введения в 

пустоты ОМ магнитных материалов. In present study, the vanadates and phosphates of metals 

were selected as the magnetic substance. The goal of the research is to study the structure of 

nanocomposites based on OM, the voids of which are filled with metal vanadates or double 

phosphates (ОМ:GdVO4, ОМ:DyVO4, ОМ:LiCoPO4, ОМ:LiNiPO4), and the influence of the 

nanocomposite structure on their dielectric and magnetic properties. 

Experimental methods. ОМ have been obtained from from the emulsion prepared by mixing 

NH4OH, С2Н5ОН and Si(ОС2Н5)4. Nanocomposites based on ОМ were manufactured by synthesis 

of vanadates or phosphates at the temperatures up to 1475 К in pores directly. Nanocomposite 

composition was investigated by scanning electron microscope Carl Zeiss Supra 40-30-87; X-ray 

diffractometer ARL X'tra and laser spectrometer with Raman scattering LabRAM HR800. The 

frequency dependences of the dielectric and magnetic permeability of nanocomposites were 

measured using a dielectric spectrometer with a coaxial measuring cell Novocontrol BDS 2100, 

controller Agilent N5260А and analyzers Agilent 4291B and Agilent Е4991А.  

Results and discussion. ОМ were manufactured with volume up to до 3 сm
3
 with spherical 

particle diameter ~260 nm (Δd ≈ 2%) and monodomain size (regions with regular spherical 

particles packing) ≥ 0,1 mm
3
. In ОМ pores there were synthesized LiCoPO4 (space group Pnma); 

LiNiPO4 (Pnma); DyVO4 (I41/amd) and GdVO4 (I41/amd). The tested nanocomposites contained 

orderly distributed throughout the volume of OM the crystallites of the synthesized substances. 

Crystallite size LiCоPO4 was 20–65 nm; LiNiPO4 – 25–50 nm; DyVO4 and GdVO4 – 16–65 nm. 

With increasing of the annealing temperature, the degree of crystallinity (the concentration of the 

crystalline phase in the mixture of amorphous and crystalline components) of vanadates increased. 

The crystallite size does not depend on the degree of crystallinity of the synthesized substances. In 

the interaction of the synthesized substances with SiO2 in some cases crystalline phases were 

formed: Co2SiO4 (R 3 ); Si5(PO4)6O (R 3 с); Li2Si2O5 (Cсс2); Ni2SiO4 (Fd 3 m); Li2(Si2O5) (Ccc2)) 

and Dy2Si2O7 (Pbam).  

Dielectric characteristics of nanocomposites. The frequency dependences demonstrate that 

the real (ε′) component of the dielectric constant of nanocomposites is higher in comparison with ε′ 

by ОМ. Dielectric losses of nanocomposites remain low (at the level equal ε" ≈ 0,06) in frequency 

range 10
7
–10

10
 Hz for nanocomposites ОМ:DyVO4 and ОМ:LiCoPO4. Dielectric losses increase 

both towards the low frequency range (< 10 MHz), and towards to THz frequencies. Under 10
-1

 Hz 
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for nanocomposites ОМ:DyVO4, ОМ:LiCoPO4 and ОМ:LiNiPO4 ε′ is equal to 2
.
10

4
, 10

4
 and 10

6
, 

as well as  ε′′ – 5
.
10

7
, 3

.
10

5
 and 10

8
, respectively. With increasing frequency up to 10

13
 Hz ε′ and ε′′ 

are changed slightly. Nanocomposites have direct current conductivity; this is indicated by the low-

frequency plateau associated with the presence of x-ray amorphous phases. Loss and conductivity at 

high frequencies differ not much from the parameters of OM. Nanocomposites: ОМ:LiNiPO4, 

ОМ:LiCoPO4, ОМ:DyVO4 and ОМ:GdVO4 are referred to dielectric conductors with a low level of 

conductivity in the low-frequency range. 

Made research have demonstrated that there is the influence by the phase composition 

(concentration of crystalline and x-ray amorphous phases) and the size of crystallites synthesized in 

the substance pores on the measured parameters. 

Magnetic characteristics of nanocomposites. The type of frequency dependences of the 

magnetic permeability parameters depends on the synthesis conditions determining the phase 

composition, the degree of crystallinity and the crystallite size of the synthesized materials, the 

structural and magnetic state of substances. The influence of the crystallinity degree for the 

LiCoPO4 phase on the frequency characteristics of the nanocomposite was demonstrated. The 

presence of interaction products of synthesized substances with SiO2 and other phases (for example, 

Ni2P4O12 (С2/s)) in OM pores results to change in frequency dependencies. 

The crystalline phases of SiO2 have no impact on magnetic or electrical properties of the 

samples. 

Conclusion. Измерены Frequency dependences of conductivity; the real and imaginary 

components of the dielectric and magnetic permeabilities in the ranges of 10
-2

–10
12

 Hz and 

200 MHz – 3 GHz have been measured. Made research have allowed to define the relationship 

between the frequency characteristics and the phase composition of nanocomposites, as well as to 

obtain the data necessary for the application of such materials. 
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