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Equivalent curcuits were used to study peculiarities of polarization processes in
PbMoO4:Nd3+ and PbWO4:Nd3Jr crystals depending on a doping method. The method of
doping was found to influence the formation of dipoles defining the polarization processes
in these crystals. On the base of the obtained data the models of activator centers in
PbMoO4:Nd3+ and PbWO4:Nd3+ crystals are proposed.

C mOMOIILI0 PKBUBAJTEHTHLIX CXeM 3aMeIll[eHUs M3YyUeHLI 0COOEHHOCTH MOJAAPU3ANMOHHELIX
IIPOLECCOB B KPHCTAIAX PbMoO4:Nd3+, PbWO4:Nd3+, AKTUBMPOBAHHBIX PASJMYHBIMH CIIOCO-
OaMu. YCTAHOBJEHO BJMSAHNE cIIoco0a BBemeHUA aKTUBaTopa Ha (GopMUPOBaHME IUIIOJEH,
OIIPeEeNANINX [IPOILECChl IOAAPUIANNNA B 9THUX KpPHCTAIaaxX. Ha OCHOBAHMHM IIOJyYEHHBIX

NAaHHBIX IIPeJJIOXKEHBl MOJeJM AKTHUBATOPHBIX LeHTPpoB B Kpucramrax PbMoO,:N

PbWO,:Nd3*.

1. Introduction

One of significant parameters of the
crystals simultaneously used as active laser
medium and SRS converter is the damage
threshold. This is bound up with consider-
able rise of the efficiency of SRS transfor-
mation depending on the pumping power
[1]. The study of PbMoO4:Nd3+ (PMO) crys-
tal damage threshold depending on the dop-
ing method allowed to establish the depend-
ence of the damage threshold of these crys-
tals on the doping method and the Nd3*
concentration in the crystals [2]. The
change of the damage threshold may be
caused by the appearance of activator cen-
ters in the crystal. These centers can affect
the formation of electron avalanche at ab-
sorption of laser radiation and serve as cen-
ters of localization or delocalization of elec-
trons. Thus, the activator centers can raise
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or reduce the damage threshold of the
crystals. The change of the activator center
structure depends on the concentration of
the dopant in the crystals and the method
of doping. Structural inhomogeneties
stronghly influence the dielectric properties
of the crystals, in particular, the activation
energy of relaxation processes. Therefore,
the study is devoted to the investigation of
PMO:Nd3+ and PbWO4:Nd3+ (PWO) crystals
by means of dielectric relaxation spectros-
copy depending on the Nd3* concentration
and doping method.

2. Experimental

Nd3+-doped, PMO and PWO single crys-
tals were grown in air from Pt-crucibles by
the Czochralski method using the "Analog”
automatic set-up equipped with a weight
control system. To dope PMO crystals
Nd;O5 (sample #1), as well as previously
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Fig. 1. Cole-Cole plots of complex impedance for PbMoO4:Nd3+ crystals: a — PbMoO,:Nd,O3, b —
PbMoO,:NdNbO,, ¢ — PbMoO,:Nd,;(MoO,);, d — PbMoO,:NaNd(MoO,)s.

synthesized Ndy(MoQO,); (sample #2),
NaNd(MoO,), (sample #3) and NdNbO,
(sample #4) compounds were used. To dope
PWO crystals Ndy,(WO,); was used only. The
growth parameters were the same for all the
crystals.

E7-20 impedance meter was used for im-
pedance analysis. Au contacts were sput-
tered on opposing planes. Dielectric meas-
urements were carried out at various tem-
peratures ranging from 300-600 K and
with wvarious frequencies ranging from
25 Hz—1 MHz by use the parallel plate ca-
pacitor method. Every temperature step was
stabilized for 30 min.

3. Results and discusion

The dielectric and optical properties of
PbMOO4:Nd3+ crystals doped with Nd3+
using different compounds, as well as the
samples of the crystals with different Nd3+
concentrations were investigated in [3, 4].
This study allowed to establish essential dif-
ferences between the activation energies of
relaxation processes in these crystals. De-
pending on a doping method of crystal one
or few activation energies were observed.
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The magnitudes of activation energies were
different. The curve of luminescence decay
of Nd3* 4F3 ,—>14I, 5 transition was ap-
proximated by one or sum of two exponets.
The constants of decay time were different,
too. Such distinctions may be caused by dif-
ferent surrounding of Nd3+ ions in the crys-
tal lattice [4].

In the mentioned papers we determined
the values of activation energy for the re-
laxation processes observed in the crystals,
from the analysis of the graphs of the de-
pendences In(F,,,,) on 1/T, where F,,, are
the maxima of the curves of dielectric loss
angle tangent, T, the temperature in Kelvin
degrees. In the general case the relaxation
process can be characterized by the presence
of one or several dipoles and have the form
of the superposition of several relaxation
processes with an averaged activation en-
ergy. Separation of individual constituents
of the relaxation processes may be useful at
determination of the dipoles which form the
said process.

To get more information about the po-
larization processes in the crystals, the ob-
tained data were treated by simulating
these processes by means of equivalent cur-
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cuits (EC). For this purpose, the experimen-
tal frequency-temperature dependences of
capacitance C = f(F,T) and conductivity G =
f(F,T) of the samples were used to calculate
the complex impedance Z = Z'+Z” (Fig. 1).
Then, the EC of the sample was calculated by
the method of numerical simulation (Fig. 2).

Using the method of successive approxi-
mations and changing the values of the EC
elements, we achieved the coincidence for the
simulated and experimental data: Z” = f(Z').
This allowed to determine the values of the
elements for the EC of the samples doped by
different methods (Table 1). The X-ray dif-
fractometry data are presented in Table 2
[6]. As seen from this Table, in all the cases
Nd3+ ions occupy the crystallographic posi-
tions of Pb2*. The samples #1, #2 and #3
are found to contain vacancies in the Mo+
sublattice (— are molybdenum vacancies).
In the sample #4 vacancies in the sublattice
Mo®* are not. It is established that Na* ions
(sample #3) occupy the crystallographic po-
sitions of Pb2+,

As seen from Fig. la—d, the Cole-Cole
plots obtained for different crystals essen-
tially differ. According to [3, 4] the samples
#1 and #2 are characterized by different
number activation energies of the relaxation
processes, as well as by different number of
the luminescence decay times. Essential dis-
tinctions are also observed in the Cole-Cole
plots calculated for these Samples (Fig. 1a, ¢)
and, consequently, in the EC and the values
of their elements (Table 1). In particular,

RO

CO C1 Cn

Fig. 2. Equivalent RC circuits used for the
simulation of the relaxation processes.

R1 Rn

the EC for Sample #1 has 3 curcuits,
whereas that for Sample 2 contains 4 cur-
cuits. Thereat, the values of EC parameters
essentially differ. This can testify to consid-
erable distinctions in the dipoles for these
samples. On the other hand, in accordance
with the data contained in Table 2, there
are no essential difference in the real com-
positions of these samples. Both crystals
have approximately the same Nd3* concen-
tration. According to the X-ray structure
data (Table 2), the Nd3* ions occupy the
same crystallographic positions — those of
Pb2*. Both samples contain molybdenum va-
cancies and do not have vacancies in the
oxygen sublattice.

Thus, essential distinctions in the dipoles
observed in these samples may be explained
by different location of the molybdenum
and Nd3+ vacancies with comparatively to
each other in the crystal lattice. Proceeding
from the structural formulae determined by
means of X-ray diffractometry, the most

Table 1. RC circuits and their values for PbMoO4:Nd3+ crystals

Sample #1; 0.75 wt.% | Sample #2; 0.8 wt.% | Sample #3; 0.8 wt.% | Sample #4; 0.8 wt.%
C, pF R, Ohm C, pF R, Ohm C, pF R, Ohm C, pF R, Ohm
1 60700 3-10° 3 1.95.106 100 6200 5 3.4.10°
2 60700 2.55-108 7-105 1-108 410* 2500 1.7:104 2-104
3 8 2.55-10° - - 1.5-10% 3500 5-10* 410
4 - - - - 2.1-10° 1-10° - -
E, eV 0.45 0.46 0.24, 0.27, 0.37 0.32, 0.51

Table 2. The composition of PbMoO,: Nd3* crystals

# Crystal Structure formula
PbMoO,:Nd,Og (Pb%*5.9702)NA>* 5.030) (MO®>* 5 095(2) =0.005)O4
2 PbMoO,:Nd,(MoO,); (Pb?*0.0802N9** 0,020/ (M0 997(2) =0.008)C
3 PbMoO,:NaNd(MoO,), (Pb?*5 954Nd* 5 n3sNa*g 011) (M06+O.996(2)_O.004)O4
4 PbMoO 4:NdNbO, (Pb2+o.975(2)Nd3+o.025)(M°6+o.975 ND®*4 625)04
160 Functional materials, 20, 2, 2013
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Fig. 8. Cole-Cole plots of complex impedance for PbWO4:Nd3+: a— 1.5 wt.%,b — 1.7 wt.%.

probable way of charge compensation for
Sample #1 and Sample #2 is

6(ngJB)'+(VKA%)’”’” [8]. Thereat, in the for-

mer case, the neodymium ions and molybde-
num vacancies will be uniformly distributed
in the bulk of the sample, whereas in the
latter case they will be located close to each
other. Insignificant distinction in the acti-
vation energies in Sample #2 may be caused
by different special location of Mof* vacan-
cies and Nd3* ions in the crystal lattice. In
the case when the crystals are doped with
NaNd(MoO,), (3), the Cole-Cole plots is
simulated by means of the EC including 3
curcuits. The resistances in the curcuits are
higher in comparison with those in the sam-
ples doped with Ndy(MoQOy,)3, but lower than
the ones in the rest of the samples.

Since in this case the ions of neodymium and
sodium are located in the lead sublattice, the
charge compensation is most likely realized ac-

cording either to the scheme 6(Nd&})*+(Vy0)”"”
or to the scheme (NdEﬁB)’+((Nan)’, that gives

rise to the appearance of an additional con-
tour in the EC in comparison to the EC
calculated for samples #1 (Nd,Os3).

The structural formula of the sample #4
distinguishes from the rest formulae by the
absence of molybdenum vacancies. This con-
firms the assumption that in this case the
charge compensation is realized according to

the scheme (Nd%JB)°+(NbE’,|‘B)'. The EC of the

sample is characterized by the presence of
only two curcuits with high resistances.
Thereat, the temperature at which the Cole-
Cole plats suitable for the analysis was ob-
tained, considerably exceeded the corre-
sponding temperatures for the rest of the
samples. This speaks for an essential role of
the molybdenum vacancies in the formation
of the observed dipoles.

There were obtained the PbWO4:Nd3+
crystals containing Nd3* 1.5 (sample #5)
and 1.7 (sample #6) wt. % of Nd3*. The
Cole-Cole diagrams are presented in Fig. 3.
As show the data contained in Table 3, the
rise of Nd3* concentration in the crystal
PbWO4:Nd3+ leads to changes of its dielec-
tric properties. Unfortunately, we could not
manage to determine the parameters of the
curcuits with high-resistance constituents.
Such curcuits are denoted as "*". However,
as seen from the Fig. 3, the curcuits with
low-resistance constituents undergo essen-

Table 8. RC circuits and their values for PbWO4:Nd3+ crystals

# 1.5 wt.% Nd®* 1.7 wt.% Nd3*

C, pF R, Ohm C, pF R, Ohm
1 13 15x103 20 2.2x108
2 40 16.4x108 600 2.3x108
3 450x103 55x10° 3200 4.3x108
4 * * 15000 1x108
5 - - * *

E, eV 0.6 0.48
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tial changes. The resistance in the curcuits
and their number considerably increase with
the concentration of neodymium. This un-
ambiguously points to essential transforma-
tion of the dipoles in the crystal.

It is known that the most probable way
of the charge compensation in PbWO4:Nd3+

crystal is 2(NdB)*+(Vpp)” [6]. The rise of

Nd3+ concentration is accompanied with the
transformation of the activator center into

(NABE)*+(Nd)"—(Vp)** [6]. This may be the
cause of the changes in the dielectric and opti-

cal properties of PbWO4:Nd3+ crystals at the
increase of the concentration of neodymium.

4. Conclusions

According to the simulation of polariza-
tion processes results by means of equiva-
lent curcuits it was shown, that depending
on a concentration and doping method of
crystal the different types of dipoles are
formed. In particular, the use of Nd,O3 and
Ndy(MoO4)3 compounds leads to the same
composition crystals, but with essentially dif-
ferent dipoles observed in these crystals. It is

found that the vacancies of Mo influence the
relaxation processes in the crystals.

The use of the co-activators Na and Nb
leads to the change of activation energies in
comparison to PMO:Nd,O3. Similar changes
are also observed for PWO:Nd3* crystals
when the concentration of Nd in the crystals
rises from 1.5 to 1.7 wt. %. Based on the
results of [3—5] and the data obtained in the
present study, the models of activator cen-
ters formed in PbMOO4:Nd3+ and
PbWO4:Nd3+ crystals are proposed.
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Bmime cnoco6iB akTuBanii i kormenTpamii Nd3+
Ha (popMyBaHHA AMIIOJNIB i aKTHBATOPHUX I[€HTPIB
y kpucramax PbMoO,:Nd3+ i PbWO,:Nd3+

IO.M.I'opobeys, O.M .Illlexo6yoé, B.Il. Ha3apenko

3a JOIOMOIOI EKBiBaJIEHTHUX CXeM 3aMillleHHS BHBUYEHO OCOOJHMBOCTI HOJSpH3aIiliHUX
[IPOLeCciB y KpucTasax PbMoO4:Nd3+, PbWO4:Nd3+ aKTHBOBAHUX pisHMMH cilocobamu. YcTa-
HOBJIEHO BILIMB cmocolGy BBeJeHHs aKTUBaTopa Ha (QOPMYBAHHSA AWIONIB, AKi BM3HAUAIOTH
npoliecu moJsapuaarnii y nmx Kpucranax. Ha migcTai oTpuMaHMX ZaHUX S3aIlIPOIIOHOBAHO
Mofesii aKTUBATOPHUX IEHTPIB y KpUCTAIax PbMOO4:Nd3+ i PbWO4:Nd3+.
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