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элементного состава LEA-S500®
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Опрелеляемые элементы 
от Н ло U

Пределы обнаружения 
от 0.01 ppm ло 100%

•  Imaging Монохроматоры - спектрографы
с фокусным расстоянием от 200 м м  до 1 м

•  Imaging Спектрографы
•  Imaging Компактные спектрометры 
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•  LPSS Nd:YAG лазеры 
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OPTICAL PROPERTIES OF SUBSTITUED BY Gd, Nd AND Gd-La 
CERAMICS OF Bi1-xGdxFeO3, Bibx NdxFeOs, AND Bi1 - x - y GdxLayFeO3 TYPE

1Sobol V., 1Korzun B., 2Dubina T., 3Mazurenko O.

1Belarus State Pedagogical University, Minsk, Belarus
2 Brest State University, Brest, Belarus 

3Belarusian Republican Foundation for Fundamental Research

The crystal structure and some optical properties of Bi1-xGdxFeO3 , Bi1-xNdxFeO3 and Bi1 _ x - 
y Gdx Lay FeO3 solid substituted solutions as ceramic compound samples with x < 0.2 and x + y < 
0.2 have been estimated by means of X-ray diffraction and reflection spectroscopy in visible and 
near infrared region of spectrum. Mentioned Bi1-xGdxFeO3 , Bi1-xNdxFeO3 compounds show at 
room temperature the crystal structure with space group of R3c type at concentration of the doping 
element x < 0.1 and also detect the presence of the optical absorption due to electronic transitions 
with frequencies of the order of 20000, 16000, 12500 and 900 cm-1 due to the transitions of the 
three-charge iron ions, positioned in the distorted oxygen octahedra.

Materials being simultaneously both a ferroelectrics and magnetic have an attracted increasing 
attention due to benefits of potential applications for new devices taking advantage of such 
coupling on an example of a distorted bismuth ferrite perovskite where electric and 
antiferromagnetic orders coexist at room temperature [1-15]. The observation of an 
antiferromagnetic domain switching by an external electric field in bismuth ferrite films indicates 
that there is a principal possibility of applying these materials in novel electronic technic [7]. The 
anti ferromagnetic spin configuration of bismuth ferrite, as assumed, can be destructed by any 
action on to a spiral modulated spin structure, having a 620 A periodicity [8] that suppresses the 
macroscopic magnetization. Chemical doping of bismuth ferrite as supposed can modified both the 
electric conductivity and a spiral spin structure to intensify the macroscopic magnetization.

The ferroelectric distortion of this material as accepted is a result of a hybridization of the Bi 
6s electrons with the s/p orbits of O. Particularly to intensify the macroscopic magnetic properties 
usually it is proposed to use some rare earth elements for the substitution of Bi. The three charged 
ion radius of lanthanum, neodynium and gadolinium being equal to 0.101, 0.099 and 0.0938 nm 
respectively are close to three-charged ion radius of bismuth being equal to 0.096 nm. So the 
replacement of Bi on to La, Nd, Gd would weaken the hybridization and affect the ligand field at 
the Fe ions. Thus, it is desirable to extent the investigation on the mixed system on the base of 
bismuth ferrite in order to get an understanding of the underlying physics processes. Here Bi1- 
xGdxFeO3, Bi1-xNdxFeO3 and Bi1-x_yGdxLayFeO3 polycrystalline ceramic samples with x < 0.2 and 
x+y < 0.2 respectively were prepared and identified at room temperatures by X-ray powder 
diffraction (XRD). The optical reflection in visible and near infrared region spectra at close to 
normal inclination for testing incident beam have been recorded and analyzed.

Bi1-xGdxFeO3 , Bi1-xNdxFeO3 and Bi1-x-y Gdx Lay FeO3 ceramic samples with x = 0.0, 0.05, 
0.1, 0.15, 0.2 for single substitution and x = 0, 0.05, y = 0.15 also x = 0.15 y = 0.05 and x = 0.1, y = 
0.1 for double substitution respectively were synthesized by usual solid-state reaction. Bismuth (III) 
oxide (Bi2O3), gadolinium (III) oxide (Bi2O3), lantanum (III) oxide (Bi2O3), and iron (III) oxide 
(Fe2O3) powder ingredients have been used for synthesis in accordance with the next transformation

xGd 2O3 + (1 -  x) Bi2O3 + Fe2O3 = 2Gdx3+Bi13+xFe3+O32 -

xNd 2O3 + (1 -  x) Bi2O3 + Fe2O3 = 2 N d3x+Bi13+xFe3+O32- 
xLa 2O3 + yGd 2O3 + (1 -  x) Bi2O3 + (1 -  y) Bi2O3 + 2Fe2O3 = 2 La3x+Gd3y+Bi3+x - yFe3+O32 “
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Particularly the dried starting materials, for an example Bi2O3, Fe2O3 and Gd2O3 (purity 
>0.9999) were measured by using a high-precision balance and have been taken in stoichiometric 
proportion (for composition Nd015Bi0.85FeO3 the start ingredient quantity was taken: Nd2O3 -  
0.08326 g, Bi2O3 -  0.65332 g; Fe2O3 -  0.26342 g) . The powders were mixed thoroughly with a 
mortar and pestle with a small amount of high-purity isopropanol. The prepared powder was 
precalcined at 750 °C for 3 h (the heating velosity of 10 °C/min, furnace colling) before being cold 
pressed into pellets. Than the pellets have been heated up to 820 °C with a velocity of 7.5 o C/min 
and sintered for a further 2 hours with consequent furnace colling. Further grinding was applied too 
before leaching the powder in 15 ml of 1.0 M solution of nitric acid for 4 h to remove unwanted 
impurities. To carry out the phase control of synthesized samples the X-ray diffraction method was 
applied on the base of high-resolution diffractometer Dron-3 with Cu Ka radiation. To register 
optical reflection spectrum characteristics the experimental geometry was used with an angle of 
incidence of radiation on the test sample being rather small namely only about one or two 
hundredths of a radian to neglect the state of polarization of radiation.

XRD analysis (Fig. 1) indicates that almost pure perovskite-like Bi1-xGdxFeO3 and Bi1-x 
NdxFeO3 ceramics were achieved by mentioned sintering techniques especially for low degree of 
substitution. As to Bi1-xGdxFeO3 system at increasing of Gd3+ content there observes qualitative 
transformation of X-ray spectrum indicating on to the appearance of transition to another crystal 
phase whereas at 0.05 and 0.1 Gd3+ content a crystal phase of discussed material is unperturbed and 
corresponds to BiFeO3 structure (space group R3c). The further increasing of a Gd3+ content up to 
0.2 at. % leads, obviously, to the two consequent phase transitions near 0.15 and 0.2 Gd3+ content 
respectively. Actually in the diapason of Gd3+ concentration near 0,05 -  0.1 there was no observed 
of any essential transformation and a shift of the diffraction lines perhaps presences on the reason 
of neglecting variation for doping element. Nevertheless it is nessesary to stress the presence both

the lines of base phase and some slight lines 
corresponding to phase of inclusion.

Fig. 1. X-ray diffraction spectra for system 
GdxBi1-xFeO3 at Gd3+ content in the range 

0.05<х<0.2.

X-ray diffraction spectrum for system 
NdxBi1-xFeO3 at х<0.2 indicates that under Nd+3 
content of the order of 0.05 at.% there forms a 
solid solution phase corresponding to space group 
of Pnma. This phase as Nd-content increases 
transforms qualitatively into state having space 

group R3c that coincides with symmetry for pure BiFeO3.. Further increasing of Nd3+ content up to 
0.2 at.% stimulates obviously the next transformation. Both for GdBiFeO system and for NdBiFeO 
system there are some weak diffraction lines corresponding to the finite quantity of some other 
phases perhaps slightly influencing on to physical properties.

Following to optical experiment it is seen that a material symmetry structure influences 
definitely on transition oscillators in visible and near infra red spectrum diapason. This 
circumstance is probably realized in spectra where the curves for reflectivity are close to these for 
sample being free on doping element. The observed total decrease of reflectivity versus of radiation 
wave length means that for almost all spectrum diapason starting from short wave region of 0.05 
nm there takes place in hole normal dispersion law with consequent changing on to absorption 
regime near 0.11 nm (Fig. 2).
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Fig. 2. Reflection spectra for system GdxBi1-xFeO3 at 
Gd3+ content in the range 0<х<0.20 for x: 0 (4), 0.05 (5), 

0.10 (3), 0.15 (2), , 0.20 (1)

The introduction of doping elements activates 
stronger the high frequent part of spectrum and increases 
a refractive index. For undoped sample the reflectivity on 
the level of 0.165 _ 0.170 corresponds to the value of real 
part of refractive index of the order of 2.35 _ 2.40. Here 
for undoped sample the imaginary part of refractive index 
can be accepted as zero because the appearance of 

absorption is observed only in long wave length range. At least the maximal change of reflective 
coefficient being of the order of 25 % on starting level means that refractive index increases by to 
30 % in the region of 0.03 _ 0.04 nm that also means the forming of absorption line at 0.01 _ 0.02 
nm for material modified by doping of Gd. The significant transformation of short wave length part 
spectra probably correlates with the observed X-ray spectra indications on the formation of phase 
structural transitions at Gd+3 _ content on the level 0.15 and 0.20 at.%.

For system on the base of the replacement of bismuth on to neodymium the reflection spectra 
show that Nd3+ content of the level of 0.05 and 0.10 at.% corresponding to the appearance of some 
phase having a space group Pnma are realized in increasing of short wave length reflectivity in 
comparison with the case of harder doping. The farther increase of Nd3+ content in the samples 
transforms the short wave length part of spectrum close to that as for the start undoped bismuth 
ferrite having the space group R3c. So the appearance of the strong absorption oscillator in short 
wave length range is due to structural modification in more degree. For pure ferrite bismuth there 
can observe three absorption activity at approximatively 0.06 nm 0,08 nm and 1.1-1.2 nm 
respectively. The doping activates the appearance of absorption at 0.03-0.04 nm. It should be noted 
that the symmetry elements of the space group, which at first glance should be involved to describe 
the properties of the material, in fact, may be omitted due to a high complexity of the analysis 
process and to the impossibility of precise comparing for calculation and experiment when it is 
taken into account the iron ion influence. That is to analyze problem it is enough to use the 
approaching the point symmetry. Indeed, the whole number of optical materials including yttrium 
iron garnet, rare earth ortoferrites and also multiferroics have an iron ion with unfilled electron d  _ 
shell which play a definite role in the formation of physical properties.

Three-charged iron ion is known to contain five d  - electrons. Electronic energy states for free 
Fe3+ ion in accordance with Hund's rule have the following sequence of term 6S, 4G, 4D, 4S, 2J, 2G, 
2P  etc. In the materials of the type of Ndx Bi1-x FeO3 etc. iron ions occupy octahedral positions, 
namely the centers of distorted oxygen octahedra. Within the framework of the discussed 
procedure, you must display a representation of three-dimensional rotation group D(l) ( here l _ 
orbital quantum number) through a combination of irreducible representations for the octahedral 
group O. Following this procedure, we find that D(l=0) corresponds to Г 1 , D(~l) corresponds to Г4, 
D(l=2 corresponds to Г3 + Г5 , D(l=3 corresponds to Г2 + Г4 + Г5 , D(l=4 corresponds to Г1 + 
Г3 + Г4 + Г5 . Respectively the observed absorption zones may be ascribed to electron transition 
from the base state (6S) to Г4 with frequency about 900 cm-1, to Г5 _ 12500 cm-1 , to Г3 _ 16000 cm_
1 and to Г1 -  20000 cm-1 . The long wave region is formed in such a way by the electronic transition 
between the main S  as indicated degenerate state and the lowest level after splitting of 4G term 
which is referred to Г4.

The single (Gd or Nd) and the double (Gd, La) substitution of Bi in ceramics samples of 
BiFeO3(namely by the results of the getting and study of ceramic samples of the type Bi1-xGdxFeO3,
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Bi1-xNdxFeO3 and Bi1-x-y GdxLayFeO3 with x < 0.2 and x + y < 0.2) have shown the definite 
sensitivity of crystal structure to small amounts of doping ions when the appearance of 10-20 
atomic % of substituting ions transfers space group symmetry from the R3c form to another. 
Respectively for optical absorption three charged ions of iron being placed in distored oxygen 
octahedra form some wide absorption lines with increasing refractive index at frequencies of the 
order of 20000, 16000, 12500 and 900 cm-1 somewhat like the behavior of optical spectra in given 
diapason for iron ittrium garnet and also for the rare earth orthoferrite with distored perovskite 
structure.
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