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The '27| NQR spectra of semiconductor mixed crystals Pb,_,Cd,l, at 77 K have been
investigated. It is shown that at low values of Cdl, concentration, the intra-layer symme-
try of the basic crystal becomes distorted considerably. This occurs due to formation of the
intra-layer mechanical strains which are defined by the size difference between the main
and impurity atoms (Pb and Cd, respectively). At x>0.10, intra-layer heterophasic two-di-
mensional Cdl, islets have been shown to be formed. The results are discussed that
evidence the formation of amorphous glassy phase of the mixed Pb,_,Cd,l, crystal at
x>0.10.

Uccnegosansr cmextpbl 12/| SIKP HOBBIX IIOJYIPOBOZHUKOBBIX CMEIIAHHBIX KDPHCTAIIOB
Pb,_,Cd,l, mpu 77 K. Iloxasano, uro npu HUSKUX 3HAaYeHHAX KoHuenrtpanuu Cdl, mpoucxo-
IUT CYIIEeCTBEeHHOe MCKAaKeHHe BHYTPHCIOeBOl cuMmerpuu Gasosoro Kpucrasima Pbl,. 9ro
mpoucxomuT Guarogaps GOPMUPOBAHMUIO BHYTPUCIOEBLIX MEXAHHYECKNX HAIPAKEHUH, KOTO-
pbl€ OIPENeNSIOTCS PAsINYMeM PasMePOB OCHOBHBLIX M IIPHMECHBIX ATOMOB (COOTBETCTBEHHO
Pb u Cd). IToxkasano, uro npu x>0,10 obpasyooTca BHyTpUCI0eBble reTepodasHbie (OCTPOBKO-
Bele) crpyKTypsl Cdl,. O6cysxaroTca pesynbTaThl, yKaselBaiomue Ha 00pasoBaHME CTEKJIOIIO-
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mobHO# amop@Hoil (passl cMemanHoro kpucramia Pb,_,Cd,l, mpr x>0,10.

It is known [1-3] that layered semicon-
ductor materials (e.g., Cdl,, Pbl,, having
cubic symmetry T, [3, 4]), possess some
characteristic providing their use as high
resolution X-ray detectors at room tempera-
tures. Moreover, those crystals are used
successfully in optical and acoustic devices
due to their anisotropy of properties. The
efficiency of materials used as X-ray detec-
tors is depends on the presence of structure
defects and impurities affecting the elec-
tronic characteristic and defining radiation
resistance of these materials. In this con-
nection, it is of interest to study the mixed
crystals Pb,_;Cd,l, and to determine the
concentration dependences of parameters
defining the changes in the crystal struec-
ture and state of the impurities [5, 6]. In
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[7], the band structure of the Pbl,—Cdl, sys-
tem was investigated for the first time at
fixed concentrations of components. The re-
sults from that work has allowed to extend
vastly the possibilities concerning the use of
mixed Pbl,—Cdl, crystals, although the con-
centration dependences of the structure and
characteristics have not been studied.

Unlike NQR 27| spectra of pure Pbl, and
Cdl, crystals [1, 2], the NQR spectra of the
mixed crystal are investigated in this work
for the first time. The aim of the work is to
study the concentration dependences of the
Pb,_;Cd,l, mixed crystal structure, which
are obtained basing on the analysis of NQR
127) gpectra.

The single Pb,_,Cd,l, crystals were
grown by Bridgman method. Pb,_,Cd,l,
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samples with various contents of Cdl, impu-
rity (x = 0; 0.02; 0.1; 0.2; 0.4 and 0.5)
have been investigated. The 1271 NQR spec-
tra of the Pb,_;Cd,l, crystals were obtained
using a quasi-coherent pulse radio-spec-
trometer IS-3 by the double-pulse method in
the frequency range 2—30 MHz at 77 K. To
detect the weak NQR signals, a digital inte-
grator (storage device) was used. The quad-
rupole coupling constant e?Qq,, and the
asymmetry parameter 1 of the electric field
gradient tensor were obtained from tables
for two NQR frequencies: v; and vy, which
correspond to two transitions +1/2«<>+3/2
and £3/2<>15/2, respectively.

It is important to note [1, 2] that, the
asymmetry parameter n (n = (qxx—qyy)/qzz)
for pure Pbl, crystals is zero. This is ex-
plained by the fact that the main axes ¢,
and Tyy of the electric field gradient tensor
lie in planes which coincide with the pre-
ferred layers of Pbl, crystal. The concentra-
tion dependences of the parameter n and
quadrupole coupling constants equzz for
NQR 27| bands are presented in the Figure.
It follows from the experimental data ob-
tained, when the concentration x of Cdl,
impurity in a Pbl, crystal increases up to
0.02, the frequencies of the NQR bands for
two transitions (v; and vy) at 77 K increase
from 4.475 up to 4.700 MHz and from
8.950 up to 9.180 MHz, respectively. This
corresponds to the increase of the asymme-
try parameter n from zero up to 0.14, while
the quadrupole coupling constant e2quz in-
creases insignificantly from 29.830 up to
30.708 MHz. In other words, at insignifi-
cant amount (x<0.02) of the Cdl, impurity
in a Pbl, crystal, the intra-layer symmetry
of doped Pb,_;Cd,l, crystals changes essen-
tially, while the inter-layer symmetry
changes much less. Thus, the low content of
the Cdl, impurity in the Pbl, crystal matrix
can be assumed to result in a significant
deterioration of the intra-layer symmetry.
At the same time, when x<0.02, the ob-
served insignificant change of the coupling
constant equZZ, (relative shift being no
more than 0.03) allow to assume that the
inter-layer symmetry remains unchanged,
so the doped Pb,_,Cd,l, crystals could be
presented as layered crystals. The observed
intra-layer symmetry deterioration may be
connected with size difference between the
impurity Cd atoms and isovalent Pb ones
forming the basic crystal matrix.

A further increase of the Cdl, impurity
concentration in the basic matrix of Pbl,
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Fig. Concentration dependences of the asym-
metry parameter n (n = (qxx—qyy)/qzz) (A) and
quadrupole coupling constant e2Qq22 (O) for
27| nuclear resonance in Pb,_Cd,l, crystals.

crystal (up to 0.10) results in a considerable
widening of the 1271 NQR bands: the rela-
tive broadening of both v; and v, 127 NQR
bands amounts approximately 0.33. Besides,
all the observed 27| NQR bands have a com-
plex structure including several maxima.
The '27] NQR frequencies for two NQR
transitions v; and v, are equal to 8.9 and
12.2 MHz, respectively, that correspond to
the further increase of NQR spectra pa-
rameters at 77 K: e2Qq,, = 43.429 MHz,
and n = 0.63. The obtained experimental
data can be explained by formation of doped
two-dimensional (heterophasic) Cdl, islets
inside the layers of the basic matrix Pbl,
crystal.

At a further increasing of the impurity
concentration (x>0.10), the 27| NQR bands
become broader and NQR spectra at 77 K
becomes unobservable. The observed disap-
pearing of the 27| NQR spectra can be ex-
plained by formation of a glassy crystal
phase. It should be noted that in this case,
when x<0.10, the relative shift of the quad-
rupole coupling constant e2QqZZ is about
0.30. At the same time, we must note [2,
9], that intercalation of the Pbl, crystals
with organic molecules results in a signifi-
cant changing of the quadrupole coupling
constant e2QqZZ (the corresponding relative
shift of the eZQqZZ constant being about
10.0). This is possible to be explained under
assumption that new inter-layered bonds are
formed at intercalation of the Pbl, crystal
with some organic molecules. As to
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Pb,_;Cd,l,, no additional (or new) inter-lay-
ered bonds are formed at x<0.10.

The results obtained by NQR methods for
Pb,_;Cd,l, crystals agree with results of our
studies of the photoluminescence spectra of
those crystals at 4.5 K [8].

Thus, the studies of the NQR 127| spectra
have shown that at low Cdl, impurity con-
centrations (x<0.02), the layered symmetry
of the base Pbl, crystal becomes distorted
essentially. This occurs due to formation of
the intra-layer mechanical stresses defined
by the size difference between the main and
doping atoms (Pb and Cd, respectively). It
is shown that at x<0.1, a further distortion
of intra-layer symmetry (n = 0.63) is due to
formation of two-dimensional Cdl, (hetero-
phase) islets within the layers of the basic
Pbl, crystal matrix. It is to note that no
additional (or new) ginter-layered bonds are
formed at the investigated impurity concen-
trations in Pbl, crystal.

Authors wish to thank Dr.A.V.Bondar
for his assistance with the measurements.
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AKP mocaigskeHHsA 0COOJUBOCTEH CTPYKTYPH IIAPYBATHX
Hanisnposigaukis Pb, ,Cd,l,

IO.Il1.'namenko, 1.A.Beiinuk, A.1.Bapabaw, 1.I''Bepmezen,
€./].9Yecnokos, A.1.O6éuapenko, JI.C.Iéanoséa

Hocaim:xeHo cHoexkTpu 127)

SAKP HoOBuX HAIiBIPOBIZHMKOBHX 3MiIIaHMX KPHUCTAJIB

Pb,_,Cd,l, mpu 77 K. Ilokasano, mio Ipu HM3BKMX 3HAUeHHAX KoHnenrpanii Cdl, Bixby-
BAacThCA 3HAUHE BUKDPUBJEHHs BHYTPiNIHBOIIapoBoi cumerpii 6aszoBoro kpuctana Pbl,. Ile e
HacJaiZKoM (POpMYBaHHS BHYTPINIHLONMIAPOBUX MEXaHIUHUX HAMNpPYT, KOTPi BU3HAYAIOTHCA
pPisHUIlEI0 PO3MipiB OCHOBHMX Ta JOoMimIKoBUX aToMiB (Bigmomizumo Pb ta Cd). ITokasano, mio
npu x>0,1 yTBOpIOIOTBCA BHYTPimHELOmIapoBi rerepodasui (ocrpiskosi) crpyxrypm Cdl,.
OOroBopOOTHCI MNUTAHHA BiJHOCHO YTBOPEHHS CKJOMOAIOHOI (hasu 3MilIaHoro Kpucraia

Pb,_,Cd,l, mpu x>0,1.

Functional materials, 15, 2, 2008

177



