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The results of our study deal with the NQR spectra of 2’| at 77 K in mixed layered
semiconductor crystals (Pblz)(1_x)(Bi|3)X in a wide range of content Pbl, and Bil, 0 < x < 1. It is
shown that in the range of content 0 < x < 0.02 the crystal (BiI3)(1_X)(PbI2)X has the properties of
the impure crystal Pbl,, which contains intralayer Bily clusters, and in the range 0.8 < x <1 it
contains intralayer clusters Pbl,. Under the concentration x = 0.10 and x = 0.80 the crystal
(Pblz)(1_x)(BiI3)X undergoes a phase transition and in the concentration range 0.1 < x < 0.8 there
is a new crystal (Pblz)(1_x)(BiI3)X, in which groups of atoms Pbl, and Pbl; are intercalants fully
or partially ordered in the crystal system.

Ipencrasaens: pesdybTarsl nccaenosanuil cuektpos AKP 27| mpu 77 K mosympoBosHIKOBEIX
CMeIIIaHHBIX CJIOUCTHIX KPHCTAJIJIOB (Pblz)(1_x)(Bi|3)X B IIMPOKOM HHTepBaye comep:xanus Pbl, u
Bil; 0 < x < 1. Ilokasano, uto B gmanasoHe cojep:xanua 0 < x < 0.02 xpucramn (Bi|3)(1_x)(Pb|2)X nMeeT
cBolicTBa TpMMecHoro Kpucramia Pbl,, comepsxamuii BHyTpHCIOeBEle Ejaactepwl Bil;, a B muamasone
0,8 < x < 1 comep:xuT BHyTpHCIOeBke Kaacteps! Pbl,. ITpw copepsxammr x ~ 0,10 u x ~ 0,80 xpucramn
(Pblz)(1_X)(BiI3)X WCIILITBIBACT KOHIIEHTPAIMOHHbBIN (asoBeiil nepexon u npu 0,1 < x < 0,8 cymecTsy-
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€T HOBBII KPHCTAJLI (Pblz)(1_x)(BiI3)X, B KoropoM rpynmer atomos Pbl, u Bil; —

HNHTEPKAJIAHTBL

IIOJTHOCTBIO MJIM YaCTHUYHO YIIOPAIOYECHBI B RpHCTaJIJIH‘IeCKOfI CrcTeMe.

1. Introduction

Actuality of the investigations of solid
solutions of layered semiconductor crystals
(Pbl3)(1_x)(Bil3), has been mainly associated
with the possibility of cluster structures
formation in such crystals that can signifi-
cantly change their physical properties. It is
known [1] that in cluster structures an ex-
citation associated with changes in the con-
figuration of clusters and their sizes may be
observed, that can lead to phase transforma-
tions and significant changes in the properties
of the crystals. Besides, the layered semi-con-
ductor crystals Pbl,, Bil;, Cdl, have properties
[2, 5], which allow to use them as detectors of

high energy resolution of y-radiation.
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In this regard, it may be actual in the
current research to investigate the proper-
ties of mixed crystals (Pbly)1_y)(Bil3), and to
determine the concentration dependences of
the crystals parameters, which may vary de-
pending on changes in state of the impuri-
ties. Nuclear quadrupole resonance spectra
(NQR) of 27| nuclei of chemically pure crys-
tals Bil; and Pbl, (x = 0 and x = 1), as well
as mixed layered crystals Pbl, - Cdl, with
isovalent iodine atoms we have studied in
[6, 7]. Absorption and reflection spectra, as
well as X-ray analysis of the mixed crystals
(Pblz)(1_x)(BiI3)x were investigated in [8]. In
this paper it was shown that for 0 < x < 0.2
there is a phase similar to that of Pbl,, and
for x>0.80 the phase is similar to Bil;
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Table. Concentration dependence of 127l NQR spectrum parameters for mixed layered semiconduc-
tors (Pblz)(1_X)(Bi|3)X

x v,, MHz Uy, MHz Av,, MHz n ¢’Qq,,, MHz
+1/2¢543/2 +8/2¢545/2
0 4.475 8.95 0.21+0.01 0 29.8310.02
0.02 4.515 8.952 0.32+0.01 0.01 29.91+0.1
0.1 5.21 10.28 1.440.1 0.09+0.03 34.4140.1
phase. NQR spectra of mixed -crystals vy at 77 K. The results are in agreement

(Bi|3)(1_x)(Pb|2)X at 1271 nuclei of Bil; group
we have studied in [7-11]. '27] NQR spec-
trum of the mixed semiconductor crystal
(Pblz)(1_x (Bil3), on the group Pbl, have been
studied for the first time. The aim of this
study was to investigate an influence of the
content of Pbl, and Bil; on the value and
symmetry of the electric field gradient of
iodine nuclei for solid solutions of semicon-
ductor layered crystals (Pbly)_y)(Bil3)y.

2. Experimental

1271 NQR spectra of these crystals
(Pb|2)(1_x)(Bi|3)X at temperature T = 77 K in
the frequency range 2—300 MHz were meas-
ured using quasi-coherent spectrometer an
ISSH NQR-2-13. We also used a digital
storage device required for the detection of
weak and broad lines 1271 NQR spectrum.
Crystals were examined at the following
concentrations x: 0, 0.02 and 0.10. v; and v,
frequency '271 NQR measurement corre-
sponding to the transitions +1/2<+83/2 and
13/215/2, allowed on the basis of tables
[10] to determine the concentration depend-
ence of the constants €2Qq,,(x) of quadru-
pole interaction and asymmetry parameter
n(x) of electric field gradient tensor (n =
(Gox — ny)/(Izz)- The data of our measure-
ments are shown in Table 1. The accuracy of
determination of the asymmetry parameter
and quadrupole coupling constants were deter-
mined by the lines width and were no worse
than 1.5 %+0.1 % of their absolute values.

3. Results and discussion

It was found that for chemically pure
crystal Pbl, (x = 0) at 77 K 127] NQR fre-
quencies v; and v, of the two transitions of
electric field gradient tensor are equal respec-
tively to 4.475 and 8.950 MHz. The quadru-
pole  interaction  constant = €2Qg,, =
(29.8310.01) MHz and asymmetry parameter
of the electric field gradient tensor n = 0 cor-
respond to given values of frequency v; and
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with those of [6].

With increasing x of Bil; content in the
basic crystal Pbl, matrix from 0 to 0.02 the
quadrupole interaction constant eZquz and
asymmetry parameter 1 of the electric field
gradient of 127| nuclei vary slightly. The
observed change of v; and v, frequencies
does not exceed of 1 % of the absolute val-
ues (Table).

The width A v of the line v, of 127 NQR
spectrum in the same range of content x
increases approximately in half: Av|,_, ~
0.2, Av|,_gg2 -~ 0.3 MHz. Note that the
value of the constant equzz in the same
range of content Bil; varies slightly. This
may indicate that the introduction of Bil;
for this range of concentrations
(0 £ x £0.02) causes a slight increase of the
intralayer symmetry and does not change
the interlayer structure of the crystal. In
this case, the symmetry of the layered crys-
tals (Pblz)(1_x)(Bi|3)X in the range of Bil; con-
tent (0 <x<0.02) remains the same Dg,.
This assumption is based on the fact that
the axes x and y of components ¢, and ¢,
of the electric field gradient tensor lie in
the crystal lays plane and the axes z — are
perpendicular to the layers [6]. Therefore,
we can also assume that for the concentra-
tion range 0 < x <0.02 the layered struc-
ture of the crystals (Pb|2)(1_x)(Bi|3)X is pre-
served and Bil; groups locate within the
crystal layers. In addition, Bil; groups may
form intralayer clusters of the "islanding”
type whose sizes increase with increasing x
content.

For Pbl, crystals with Bil; content 0.10
we detected at 77 K a new line in the NQR
spectrum of 127]. Thus, for x = 0.10 line v
at 77 K is characterized by the following
parameters: vy = 5.2, vy =10.28 MHz,
equzz = 34.4 MHz, n=0.09. It is impor-
tant to note that for the given new line v of
127 NQR spectrum asymmetry parameter n
is increased on 9 %: nlI = 0.09 and n!=0.
In this case the value of electric field gradi-
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ent constant e2Qq,, on 127] nuclei increases
on 15 %: €2Qq,,' = 29.83 and €2Qqg,,l =
34.4 MHz. This allows to conclude that
with x increasing intralayer symmetry of
the crystal decreases. It should be noted
that line v of '27] NQR spectrum with pa-
rameters equZZI = 29.83 MHz and n =0 in
the interval x > 0.1 is no longer observed.

It is known [10] that the product of
width and intensity values of the NQR line
is proportional to the number of resonant
nuclei that form a given line. Therefore, the
fact that in the concentration range x > 0.1
vl line of 271 NQR spectrum with parame-
ters e2Qq,,! = 29.83 MHz and nl =0 is no
longer observed, may indicate a substantial
reduction of the number of resonant nuclei
127] which form the line v.

In [7, 11] during investigating the con-
centration dependence of the asymmetry pa-
rameter as well as the line width of NQR
spectrum on 1'27 nuclei of Bil3 group in
(Pbl )(1_X)(B|I )x crystal at the concentration
x ~ 0.80 we discovered the so-called "con-
centration” phase transition. In this case on
the basis of the results analysis we showed
that when Pbl, content is larger than 0.8 in
the structure of (Pbl )(1 X)(BII )x islet impu-
rity or clusters Pbl, are formed which are
located within the layers of the crystal Bils.
At the same time, at the concentration of
x < 0.80 investigated crystal (Pb|2)(1_x)(BII3)X
has the properties of a solid solution of sub-
stitution type.

Analysis of the obtained in this work ex-
perimental concentration dependences of the
asymmetry parameter as well as the line
width v; indicates that at the concentration
x ~0.10 in crystal (Pbly)_y)(Bil3), a "con-
centration” phase transition takes place.
Taking into account that the total number
of resonant nueclei 27| in (Pb|2)(1_x)(BII3)X
crystal must be constant it may be con-
cluded that a new line vl in 27| NQR speec-
trum for x > 0.10 is formed by the previous
line. These results indicate that in Bil; con-
tent range 02>x>0.02 in the structure

332

(Bil )(1 X)(Pbl )x the islet clusters or impurity
of Bil; can be formed which are located within
the layers of Pbl, crystal. It is shown that in
the concentration range x > 0.10 the investi-
gated crystal (Pbl,) X) (Bil3), has the proper-
ties of a solid soluilon of substltutlon type.
In this case the formed virtual crystal Bilg
Pbl, is characterized by isotropic glassy
properties.

4. Conclusions

Thus, these results indicate that in the
layered mixed semiconductor (Pbly).s_y)(Bils)y
for the content of Bil; and Pbl, 0 > x > 0.02
and x > 0.80 the islet clusters of Pbl, and
Bil; are formed which are located within the
layers of the crystal. In the concentration
range of 0.10>x>0.80 the synthesized
crystals are glassy solid solutions of substi-
tution type in which groups of atoms of
Pbl, and Bil; are intercalants which are
wholly or partially ordered in the crystalline
semiconductor Pbl, Bil; system both within
the crystalline layers and between them.
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Oco6auBocTi cuMeTpii BHYTPIIIHBOKPUCTAJNIYHUX IOJIiB
NMapyBaTHX HAMIBIPOBITHMKOBMX KPHCTAJiB

(Pbly)1_(Bils),

O.1.Bapa6aw, I.I''Bepmezen, €./] .Yecrnoxos, O.1.06uapenko,
JI.C.Ieanosa

B pobori mpuBogAThCs pesynbTati gocaimxens crexktpis AKP 27| mpu 77 K mamismposi-
JHUKOBUX SMillIaHMX MIAPYyBaTHUX KPUCTAJIIB (Pblz)(1_x)(BiI3)X B IIMPOKOMY MHTEpPBaJi BMicTy
Pbl, i Bil; 0 < x < 1. Tlokasaro, mo B guamaszoni smicty 0 < x < 0.02 Kpucraxn (Bil3)(1_x)(PbI2)X
Mae BiacTuBocTi momimkosoro kpuctary Pbl,, axuit mae BryTpimmpomraposi xaacrepu Bils,
a B gianasoni 0.8 < x < 1 mae BryTpimEbOmaposi kaacrepu Pbl,. IIpu emicti x = 0.10 i x =
0.80 B kpucraii (Pblz)(1_x)(BiI3)X Bim0yBaerhesa KoHIeHTpauiiinuii gasoBuil mepexim i mpu
0.1 < x £0.8 yTBOPIOETHCS HOBUM KPHUCTAJ (Pblz)(1_x)(BiI3)X, B axKomy rpynu aromis Pbl, u
Bil; — imTepransrT; noBHicTIO 260 YACTKOBO BHOPAZKOBAaHI B KpucTaxiumiii cucremi.
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