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Glasses with compositions xZn0.(35-x)Ba0.65V20s (x=1, 3, 5, 7, 10, 15 and 20 mol%) were prepared using a
conventional melt quenching method. XRD, DTA and DSC analysis were performed. The results of XRD analysis
confirm amorphous nature of the samples. The ternary glasses possess low glass transition temperatures T4 and
crystallization temperatures Tx. The measured density decreases with increase of ZnO content from 3.974 g/cm® to 3.245
g/cm®. The theoretical refractive index, electronic oxide ion polarizability and optical basicity of the glasses were
calculated by Lorentz-Lorenz equation. The glasses were found to possess high refractive index (2.112-2.421), high
electronic oxide ion polarizability (2.692-2.725 A3%) and high optical basicity (1.050-1.057). The third order nonlinear
optical susceptibility ¥ was determined by generalized Miller’s rule. It was established that ¥® is high in the 0.58-
2.24x10? esu range. The average single bond strength By.o and interaction parameter A(no) were calculated. The bond
strength was found to vary from 251 to 253 kJ/mol and interaction parameter was in the 0.049-0.053 A= range, thus
suggesting the presence of weak chemical bonds. Such bonds, namely Ba--O=V, V-NBO (nonbridging oxygen), V-O-Zn
and V-0O-V were confirmed by IR-spectra of the glasses. The high polarizability of the oxide ions in these bonds accounts
for the observed linear and nonlinear optical properties of the glasses. A structural model of glasses containing VOs, VO4

and ZnO4 groups is proposed.
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INTRODUCTION

One of the most important properties of materials,
which is closely related to their applicability in the
field of optics and electronics, is the electronic
polarizability of ions. It demonstrates the ease of
deformation of their electronic clouds by the
application of an electromagnetic field. It is closely
related to interionic interactions as well as to many
properties of the materials such as refraction,
conductivity, electro-optical effect, ferroelectricity,
optical basicity along with optical nonlinearity [1-4].
An estimate of the state of polarization of ions is
obtained using the so-called polarizability approach
based on the Lorentz-Lorenz equation [5]. The
polarizability = approach was  systematically
developed in our recent investigations concerning
the origin of electronic ion polarizability and optical
basicity of numerous simple oxides and oxide
glasses [6-8].

According to the pioneering studies of Duffy
and Ingram [9], the bulk optical basicity, A, of an
oxide medium is a numerical expression of the
average electron donor power of the oxide species
constituting the medium and can be a measure of the
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acid-base properties of oxides, glasses, alloys, slags,
molten salts, etc.

V.05 containing oxide glasses are non-
conventional group vitreous materials and their
electronic  conductivity and  semiconducting
properties are well known [10, 11]. Recently, the
optical properties of vanadate glasses have attracted
much attention because of possible application in the
field of nonlinear optics. The nonlinear optical
properties of V,0s thin film and TeO,-V:0s bulk
glasses have been investigated and high values of the
third order nonlinear optical susceptibility ¥® have
been obtained [12, 13]. Also recently, ¥©® of BaO-
VzOs, Fezos-BaO-Vzos, B,03-Ba0-V,05 and TiOQ-
BaO-V-0s glasses has been predicted [14-16]. The
obtained values of y©® based on experimental data
and predicted data are rather large, indicating that
such glasses are interesting materials for non-linear
optical devices.

On the other hand ZnO possess interesting
mechanical, thermal, electrical and optical
properties. That is why today ZnO-based materials
and devices including magnetic semiconductors,
light emitting devices, photodiodes, metal-isulator-
semiconductors, transparent thin-film transistors and
nanostructures  are  very attractive  [17].
Simultaneously, the oxide glasses containing high
ZnO content seem also promising materials from
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optical nonlinearity point of view. For example,
Ticha et al. have reported high values of nonlinear
refractive index for PbO-ZnO-P,Os glasses [18].
Recently, Zawadzka et al. have measured second and
third harmonic generation of ZnO thin film for NLO
applications and obtained high values for nonlinear
optical susceptibility [19].

That is why it is of scientific and practical interest
to check the together influence of V,0s and ZnO on
the optical properties of the glasses. In this
connection the purpose of the present study is to
investigate the electronic oxide ion polarizability
that is optical basicity, interaction parameter and
average single bond strength of ZnO-BaO-V:0s
glasses and have looked for some intrinsic
relationship between them and predicted third order
nonlinear optical susceptibility. The correlation with
the structure of the glasses has been also estimated.

EXPERIMENTAL

Glasses with composition of xZnO.(35-
x)Ba0.65V,0s (x=1, 3, 5, 7, 10, 15 and 20 mol %)
were prepared by using a conventional melt-
guenching method. Chemical powders of reagent
grade ZnO, V.05 and BaCOs; were mixed together
and melted in a porcelain crucible at 900 — 950°C in
an electric furnace for 15 min. The melts were
poured onto an aluminum plate and pressed to
thickness of 1-2 mm by another copper plate.

Densities of the glasses at room temperature were
determined by pycnometer using distilled water as
immersion liquid. The IR-spectra of glasses were
recorded in the 2000 — 400 cm™* range by using FT-
IR spectrometer Varian 600-IR. The samples for
these measurements were prepared as KBr — discs.
The precision of the absorption maxima was +3 cm’
1. DSC curves were made at 10 °C/min using STA
PT 1600 TG-DTA/DSC LINSEIS Messgerate
GmbH calorimeter. The glass transition temperature
Tgand crystallization temperature Ty were estimated
from the DSC curves. The amorphous nature of the
samples was identified using X-Ray diffractometer
Philips APD15 Cu k, graphite monochromator.

RESULTS AND DISCUSSION
Density, X-ray diffraction and DSC/DTA analysis

The obtained results of the density of the glass
samples are presented at Table 1, column 2. As can
be seen with increasing ZnO content the density
decrease from 3.974-3.245 g/cm?.

X-ray diffraction investigation of the studied
glasses reveals no diffraction peaks and the results
indicate that the prepared samples were of high
guality glasses. An example of X-ray diffraction

pattern of 5Zn0.30.Ba0.65V,0s glass is presented
in Fig. 1.

The values and compositional dependence of the
glass transition temperature Ty and the
crystallization temperature Tx of ZnO-BaO-V:0s
glasses were similar to each other. The glasses
possess low glass transition temperatures T4 of 262°
— 303 °C and crystallization temperatures Ty of 315°
— 372°C. For example the DTA and DSC curves of
glass with composition 5Zn0.30Ba0.65V,0s are
shown in Fig. 2. As can be seen Tg4 is 299 °C and
sharp exo effect corresponding to Tx exist at 372°C.
At the same time the difference AT = Tx - Ty is small
in the 50 - 73 °C range which indicates for low
thermal stability of ZnO -BaO-V:0s glasses.
Recently, similar results were obtained for BOs-
BaO-V.0s and TiO,-BaO-V,0s glasses [15,16].

180 4

i 27.279

140 4 M{ﬁ
} \

120 4 f ‘|\‘

39.479

W
g,

100

Intensity

804 VI

J

#
1 AW‘.WM

20

T T T T T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60 65
2 theta

Fig. 1. XRD pattern of glass with composition
5Zn0.30Ba0.65V0s.
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Fig. 2. DSC curve of glass with composition
5Zn0.30Ba0.65V0s.
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Table 1. Composition, density d, molar mass M, molar volume V, , optical basicity A, electronic oxide ion

polarizability ao® and molar refractivity Rm of ZnO-BaO-V,0s glasses

Composition d, g/cm? M, g/mol  Vn At ao?, A3 Rm

1Zn0.34Ba0.65V,0s  3.974 171.17 43.07 1.057 2.725 26.63
3Zn0.32Ba0.65V,0s  3.928 169.73 43.21 1.056 2.721 26.56
57n0.30Ba0.65V,0s  3.852 168.29 43.69 1.056 2.718 26.50
7Zn0.28Ba0.65V,0s  3.591 166.86 46.47 1.055 2.714 26.43
10Zn0.25Ba0.65V,0s 3.415 164.70 48.23 1.054 2.709 26.33
15Zn0.20Ba0.65V,0s 3.337 161.10 48.28 1.052 2.701 26.17
20Zn0.15Ba0.65V,05 3.245 157.51 48.54 1.050 2.692 26.00

Application of polarizability approach to ZnO-
BaO-V,0s glasses

Electronic polarizability and optical basicity of
Zn0O-Ba0-V,0s glasses

Determination  of electronic oxide ion
polarizability is an object of so called polarizability
approach. Polarizability approach in glass science is
based on the Lorentz-Lorenz equation which relates
molar refraction R, to refractive index n, and molar
volume Vn, of the substance by,

This equation gives the average molar refraction
of isotropic substances, i.e., for liquids, glasses and
cubic crystals. Rm can be expressed as a function of
molar polarizability am. With am in (A% the
following equation can be used,

Rm = 2.520m (2

Assuming that molar polarizability am of a glass
is additive quantity, it follows that for ternary oxide
glass with general molar formula xZnO.(0,35-
x)Ba0.0,65V,0s the molar refraction could be
presented as follows,

ny2-1
Ry, = m- m 1)
Rm =252 + Nagz-) = 2.52 (a. azp,2+ + b.agye+ + c.ays+ + N.agz-) (3)

where X o; denotes molar cation polarizability, a2+ optical basicity of the oxide medium A, proposed by

, Apqz+ and a5+ are cation polarizabilities of Zn?" |
Ba** and V°* respectively, a,z-is electronic oxide
ion polarizability, a, b, ¢ are numbers of cations and
N is number of oxide ions in one molecule of glass.
According to [6] the cation polarizabilities are:
f\““ =0.283 A%; ap,2+=1.595 A%; a5+ =0.122
3

The electronic oxide ion polarizability a,2-
which participate in Eq. 3 we have calculated from
theoretical optical basicity An of ZnO-BaO-V,0s
glasses in accordance with the approach proposed by
Duffy and Ingram [20]:

Ath = XznoAzno T XpaoABao + Xv,0,Av,05:

(4)

where X750, Xpaoand Xy, o are equivalent fractions
based on the amount of oxygen contributed by each
oxide to the overall glass stoichiometry, Az, Agqo
and Ay, . are optical basicities of individual oxides
(Azn0=1.08; Agyp=1.22 and Ay, =1.04 [7,21]).

On the basis of an intrinsic relationship between
electronic polarizability of the oxide ions ¢,2- and
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Duffy [22] the oxide ion polarizability can be

calculated by using this equation:
1,67

o>~ = Te7-2 ©)
Using the obtained basicity data with Eq. (4) the
oxide ion polarizability «y2- of ZnO-BaO-V:0s
glasses was determined my means of Eqg. (5). On the
basis of the data for oxide ion polarizability the
molar refraction Ry of the glasses was calculated
using Eq. (3). The molar volume Vn, was estimated
on the basis of the molar mass and density of the
glasses. The data for molar volume Vn, theoretical
optical basicity Awm, oxide ion polarizability 2~ and
molar refraction Ry are listed in Table 1. It is seen
that the glasses possess high optical basicity (~1) and
high electronic oxide ion polarizability (2.725 -
2.692 A% which indicate for their basic nature.
Refractive index of ZnO-BaO-V:0s glasses

According to the Lorentz-Lorenz equation the
refractive index n, of the substance can be presented
as,
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We have estimated the theoretical refractive
index of ZnO-Ba0-V,0s glasses using Eq. 6. The
data are listed in Table 2, column 2. As can be seen
the glasses possess high values of refractive index in
the 2.421-2.112 range. The results shown in Table 2
are in good agreement with experimental data for
refractive index of thin films of V.05 (n,=2.59) [12]
as well as crystalline ZnO (n,=2.008) [6].

Chemical bonding of the glasses
Average single bond strength of the glasses

Based on Sun’s fundamental condition of glass
formation [23] Dimitrov and Komatsu [24] proposed
an approach for calculation of average single bond
strength Bw-o of oxide glasses using values of single
bond strength Bwm-o for corresponding simple oxides
and taking into account the molar part of each oxide
in the glass composition. The bond strength of
different glasses such as phosphate, silicate,

germanate, tellurite and bismuthate glasses has been
estimated [24, 25]. In the case of ZnO-BaO-V:0s
glasses the following equation can be used,
Bm-o= XBzn-o + yBga-o + (1-X-y) Bvo (7)

where Bzn.o, Beao and Bv.o are single bond
strength of M-O in the corresponding individual
oxide ( 138 kJ/mol for BaO, 151 kJ/mol for ZnO and
313 kJ/mol for V.0s (see Ref. 26)). We have
determined the average single bond strength Bm.o of
the glasses by means of Equation (7). The obtained
data are presented in Table 2, column 3. It is seen
that with increasing ZnO and decreasing BaO
content the single bond strength show small increase
from 251.2 to 253.7 kJ/mol. These values of Bu-o
suggest predominantly ionic character of the bonds
in the glass structure. Probably V-NBO, V-0-Zn
along with V-O-V chemical bonds are formed in
their structure. Similar type of bonds namely Te-
NBO, Te-O-Te, Bi-O-M (M=B, P, Si and Ge) and
Bi-O-Bi with high ionic contribution are formed in
the structure of tellurite and bismuthate glasses [24,
25].

Table 2. Composition, refractive index no, single bond strength Bm.o, interaction parameter A and third-order nonlinear
optical susceptibility ¥® of ZnO-BaO-V,0s glasses.

Composition No Bwm-o, A A3 @ (no).

kJ/mol 102, esu
17n0.34Ba0.65V20s 2.421 251.2 0.049 2.24
3Zn0.32Ba0.65V20s 2.406 251.5 0.050 2.11
57n0.30Ba0.65V,0s 2.372 251.8 0.050 1.84
7Zn0.28Ba0.65V,0s 2.227 252.0 0.050 0.99
10Zn0.25Ba0.65V,05 2.147 252.4 0.051 0.68
15Zn0.20Ba0.65V,0s5 2.133 253.1 0.052 0.64
20Zn0.15Ba0.65V705 2.112 253.7 0.053 0.58

Interaction parameter of the glasses

Yamashita and Kurosawa [27] have proposed
a general theory of the dielectric constant of simple
ionic crystals based on quantum-mechanical
treatment of the electronic structure of constituent
ions in order to take into account the effect of charge
overlapping  between neighboring ions. A
quantitative measure of this complex interaction is
given by the so-called interaction parameter A,
which in fact for a chosen cation-anion pair
represents the charge overlapping of the oxide ion
with its nearest positive neighbor. Dimitrov and
Komatsu have proposed approach for calculation of
the interaction parameter in the case of oxide glasses

(3,921 — ape-)

[8,26]. According to this approach the interaction
parameter of ZnO-BaO-V,0s glasses was calculated
by us using the following equation, where Xzno, Xgao
and Xvzos are equivalent fractions based on the
amount of oxygen each oxide contributes to the
overall glass stoichiometry, oo.- IS oxide ion
polarizability in the glass and oz+**, aea®*, and ow®*
are cation polarizabilities. Pauling’s value of 3.921
A3 for the electronic polarizability of the free oxide
ion is used. The calculated data of interaction
parameter of ternary ZnO-BaO-V;0s glasses are
given in Table 2, column 4. The glasses possess
small values of the interaction parameter in

(3,921 — ape-)

A= X + X
0 2 (agnz+ + 3,920 (pz- + aznz+) P90 2(agge+ + 3,921)(apz- + apge+)
(3,921 — ap2-)

+ Xy,

% 2(ays+ + 3,921)(apz- + ays+)

(8)
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the 0.049-0.053 A® range. Small interaction
parameter means week interionic interactions
resulting in large unshared electron density at one
averaged oxide ion. Since both interaction parameter
A(no) and average single bond strength Bm.o are
assigned to an average chemical bond M-O in the
glass structure, it is of scientific interest to
investigate the correlation between them. For that
purpose we have plotted the data of interaction
parameter A against the data of single bond strength
Bumo of ZnO-BaO-V,0s glasses in Fig. 3. A
systematic increase in the interaction parameter with
composition corresponds to a systematic increase in
the average single bond strength. Simultaneously,
the average single bond strength and interaction
parameter of the ternary vanadate glasses are close
to these of pure V205 (Bv-0=313 kJ/mol and
A(ny)=0.057 A?) which means that the interaction
along V-0 bonds in ternary glasses have significant
effect [26].

IR spectra of ZnO-BaO-V,0s glasses

The IR-spectra of ZnO-BaO-V.0s are presented in
Fig 4. Three well defined maxima at 910 cm™*, 796-
774 cm® and 658 cm? are outlined in the IR spectra
of the glasses with small ZnO (1-5 mol%). A

0.0530

0.0525 o
0.0520

v, 0.0515

A3

o

0.0510

A(nD);

0.0505 "
0.0500 .
00495

0.0490
2510 2515 2520 2525 2530 2535 2540

By.o, kl/mol

Fig. 3. Interaction parameter as a function of single bond
strength of the glasses.

shoulder appears at 972-969 cm™ and the band at
796-774 cm disappears in the spectra of glasses
containing 7-20 mol% ZnO. At the same time, the
intensity of the band at 910 cm™ decreases and the
band is shifted to lower frequencies up to 896 cm™.
The assignment of these bonds could be made on the
basis of large number of previous results on IR
spectra of crystalline and vitreous phases [28-33].
On this basis the band at 910 cm? is assigned to

80
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Fig. 4. IR spectra of ZnO-BaO-V:0s glasses.

Fig. 5. Structural model for glass with high ZnO content.

while the band at 796-774 cm* could be attributed to
asymmetrical stretching vibrations vyg, of these
groups. The appearance of the shoulder at 972-969
cm? could be connected with the transformation of
part of VO, tetrahedra into VOs trigonal bipyramids.
VOs groups are formed in the structure of crystalline
and vitreous V.0s Their IR spectra show band at
1020 cm?, assigned to the vibrations of isolated
V=0 bonds in VOs trigonal bipyramids [28].
According to the mechanism suggested in Ref. 28
Ba?* ions occupy a position between V-O-V layers.
This is why they have a direct influence on the
isolated V=0 bonds of the VOs groups according to
the scheme:
Ba2+...O:Vs+

This leads to an elongation of the affected V=0

bonds and a drop in the frequency down to 972-969



T. R. Tasheva &V. V. Dimitrov: Electronic polarizability, optical basicity and chemical bonding of ...

cmt. The shift of the band at 910 cm™ to lower
frequencies up to 896 cm* could be explained with
formation of V-O-Zn bridging bonds created by the
influence of Zn?* ion on non-bridging oxygen from
VO, groups. According to Ref. 33 the band at 658-
648 cm? could be assigned to asymmetrical
stretching vibrations vi7* ,_,,. At the same time the
shift to lower frequencies with increase of ZnO
content is probably due to Zn-O vibrations of
tetrahedral ZnO.. Such vibrations in the spectra of
glasses were reported in the range of 550-400 cm'?
[34]. On the basis of obtained IR spectral results we
presented in Fig 5 possible structural model of glass
with high ZnO content. VO4, VOs and ZnO4 groups
participating in the model. V-O-V, V-O-Zn and
Ba?*-O=V** chemical bonds are formed between
the groups.

Third order nonlinear optical susceptibility of the
glasses

The third order nonlinear susceptibility yx® of
Zn0-Ba0-V,0s glasses was estimated by

generalized Miller’s rule,

x® = [y®]". 107, esu ©)
where @ is linear optical susceptibility, calculated
by,
1) _ noz -1
A== (10)

The obtained data are presented in Table 2,
column 5. ZnO-Ba0-V,0s glasses show high values
of the third order nonlinear optical susceptibility in
the 0.58-2.24 x 102 esu range, which is about 100
times larger than that of pure silica glass (2.8x101*
esu). The obtained results are in good agreement
with the experimental data obtained by Hashimoto
and Yoko [12] for the third order nonlinear optical
susceptibility of thin films of V,0s (y®=1.1x10""
esu). This means that ZnO-BaO-V,0s glasses are
probably good candidates for nonlinear optical
applications. Recently, detailed analysis was made
on the relationship between electronic oxide ion
polarizability —and third nonlinear  optical
susceptibility of different binary oxide glasses [35].
It was established that third nonlinear optical
susceptibility »® of the glasses increases with
increasing electronic oxide ion polarizability, that is
optical basicity. This is associated with the high
electron donor ability of the oxide ion and the high
refractive index. In this connection we have plotted
the data of the third order nonlinear optical
susceptibility ¥® as a function of refractive index n,
of ZnO-Ba0-V,0s glasses in Fig. 6. It is seen that
¥ increases with increasing the refractive index.
The high values of the third order nonlinear optical

susceptibility of ZnO-BaO-V,0s could be attributed
to the presence of V-O-Zn, V-O-V and Ba?*~0=V>*
bonds in their glass structure. Such bonds were
confirmed by the IR spectra. Probably, the high
electronic polarizability of the oxide ions in these
bonds is responsible for high optical nonlinearity of

the glasses.
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Fig. 6. Third order nonlinear optical susceptibility as a
function of refractive index of the glasses.

CONCLUSIONS

Ternary ZnO-BaO-V,0s glasses have been
investigated by means of XRD, DTA and DSC
analysis. XRD analysis confirmed amorphous nature
of the samples. DTA and DSC analysis show that the
glasses possess low glass transition temperatures Tq
of 262° — 303 °C and crystallization temperatures Ty
315° — 372°C. The experimental density was found
to be in 3.974-3.245 g/cm?® range. The polarizability
approach based on Lorentz-Lorenz equation has
been applied to ZnO-BaO-V;0s glasses. With a view
to elucidate theoretical refractive index, electronic
ion oxide polarizability and optical basicity of the
glasses was calculated. It was established that the
glasses possess high refractive index (2.421-2.112),
high electronic ion polarizability (2.725 - 2.692 A3)
and high optical basicity (1.050-1.057). The
theoretical  third order nonlinear  optical
susceptibility ¥®® was determined and it was found
that the glasses possess high values of ¥ in the 0.58-
2.24 x10%? range. It was established that the glasses
have small single bond strength and interaction
parameter, thus suggesting the presence of weak
chemical bonds. Such bonds, namely VV-O-Zn, V-O-
V and Ba?*~O=V>" where confirmed by IR spectral
analysis of the glasses. The high polarizability of
oxide ions in these bonds accounts to the observed
linear and nonlinear optical properties of the glasses.
Structural model of glass with high ZnO content
containing VOa, VOs and ZnO4 groups is proposed.
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EJIEKTPOHHA TIOJIIPU3YEMOCT, OIITUYECKA OCHOBHOCT U XUMWYECKO
CBDBP3BAHE HA IMHK-BAPUN-BAHATATHHU OKCHUIHU CTBHKIIA

T. P. Tamesa*, B. B. Jlumurpon

Kameopa ,, Texnonozus na cunuxamume *“, Xumuxomexnoaocuuen u memaiypeuien ynugepcumem, oyi. Ki. Oxpuocku 8,
Cogpus 1756, bvreapus

[octpnuna va 27 1onu, 2016 r. kopurupana Ha 11 HoemBpH, 2016 T.
(Pesrome)

Crpkia cse cbetaBu xZn0.(35-x)Ba0.65V.0s (x= 1, 3, 5, 7, 10, 15 u 20 mon %) 6sxa CHHTE3UPAHU MOCPEACTBOM
PSI3KO OXJIaXKIaHe Ha CTOIMIKH. [IpoOuTe Osxa aHATM3MPaHU MOCPEACTBOM PEHTTEHOCTPYKTYPEH M TEPMUYEH aHAJIM3.
PesynraTure OT PEeHTreHOCTPYKTYPHHS aHaJIM3 JOKa3axa amop¢Hara npupoja Ha oOpasuure. TpHKOMIIOHEHTHHUTE
CTBKJIa NIPUTEkKABAT HUCKU TeMIlepaTypH Ha 3acTbKisaBaHe Tg u kpucranusauus Tx. MI3MepeHara mirbTHOCT HamalsiBa ¢
yBeNMuaBaHe chabpikanueto Ha ZnO ot 3.974 g/em® mo 3.245 g/cm®. Teoperuunus nokasaTen Ha NMpeYyNBaHE Ha
CBETJIMHATA, KUCIOPOAHATA EJIEKTPOHHA IOJIIPU3yEMOCT M ONTHYECKaTa OCHOBHOCT Ha CTBKJIATa Oelle M3YHCICHA
nocpencTeoM ypasaenuero Ha Jlopenti-Jlopeni. CThKiIaTa puTeXaBaT BUCOK MOKa3arel Ha npeaymnBane (2.112-2.421),
BHCOKA KMCIOPOJIHA IeKTPOHHA moyspuzyeMoct (2.692-2.725 A3) u Bucoka omrtmuecka ocuoBroct (1.050-1.057).
Henunueiinata ontuyecka Bb3MIPMEMYMBOCT OT TpeTH mnopsabk y© Geiie ompejeneHa MOCpeacTBOM MUJIEPOBOTO
npasuio. belle ycTaHOBEHO, e CTHKJIATAa NMPHTEXkaBaT BHCOKM croiHocTH 3a ¥ (0.58-2.24x107%2 esu). CpenHaTa
3/paBMHA Ha XUMHUYHATa Bph3ka Bm.o M mapamerspa Ha MEXIYHOHHO B3auMoJeicTBHE A(no) CHINO OsiXa W3YUCIICHU.
3npaBuHaTa Ha XMMHYHAaTa Bpb3Ka Bapupa B rpanunu ot 251 mo 253 kJ/mol , a mapamerspa Ha MeXIyHOHHO
B3aumojieiictare ot 0.049 1o 0.053 A, koeto mpeanonara HaTMUKETO Ha clabM XMMHYHHM BPB3KU. TakuBa BPb3KH, a
nmenHo Ba...O=V, V-NBO (uemocroBu kuciopon), V-O-Zn u V-O-V 0sxa norBbpaeHu ¢ HH(ppadepBeHa
crekrpockonus. Bucokara monsipu3yeMoCcT Ha KHCJIOPOJIHUTE HWOHM B Te3W BPBH3KM € NMpPUYMHATA 32 HaOJI0JaBaHUTE
JIMHEHHU ¥ HEJIMHEHHM ONTHYHM CBOMCTBA Ha cThKiIaTa. [IpeasoxkeH e CTpYKTypeH MOAeN Ha CThKia chabpkamy VOs,
VO4 u ZnO4 rpymnu.
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