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Study of phase transitions in compounds stigBX, STRUCTUREB-K,SO; NQR halogens at high
and atmospheric pressure.

General characteristics of the work.

Relevance of the topic.

Method of nuclear quadrupole resonance (NQR)idehy used as a method to study the structure
of substances including the phase transitions ystals. Recently, a special place in such studiss h
been paid partially disordered state, one of thesds which are dielectric crystals with a strigctifr
B-K2SQy, were unearthed disproportionate (Inc) phase. Uddproportionate means special structural
state of the crystal, which is formed by the intéicn of crystalline functions with differing peds.
Theoretical models disproportionate state in dielex show that the period of the structure of the
dipoles can be both multiple and non-multiple grgtperiod of the original high-temperature phase.
When converting to the low-symmetric phase, theeond depending on the nature of atomic
interactions may be effected in various ways. Gndhe hand through a series of long-period phase
states by transformations of the first kind, and dther, a continuous way: according to the actual
change of the wave vectay;, corresponding to the minimum mode (or the maximcmapling
constants) responsible for the stepwise behavéadlied simple devil's staircase 'Devil ‘s Starcaseas
recorded and investigated in magnets. After opettiegdisproportionate state dielectrics diffraction
radiospectroscopic and experimental data indicditedmportance of continuous charge
By the beginning of our studies and, there veenlg a few compounda,BX,, from the family of

B-K2SO4, where it was possible to detect incommensurassgdand study them in detail. Due to the
fact that the NQR method is very sensitive to thedgnt of the intracrystalline electric fieldss iise
for research disproportionate state in the dipglstesn is not in doubt. However, when initially
applying it to this class of crystals detected wagak signals of radio frequency absorption mainly
the low temperature region of the incommensuragsehin this regard, the intermediate objective was
to increase the sensitivity of the method, from alihdepended the success of the study compounds
with B-K,SO, type and finds in them a thorough study of incomsoeate phases.

Objective.



Study of nuclear quadrupole resonance of ha®w@€h Br, J), and other methods, the family of
crystals withp-K,SO, structural disproportion. Elucidation of changesthe spectral features of the
resonance parameters in phase transitions; Analysestigated the local environment of the nuclei,
and its transformation into compounds of the sendgn the high temperature and hydrostatic
pressure. Study processes of spin dynamics in c@atbn with other methods of analysis of the
crystal symmetry changes at structural phase transi

New scientific results.

First NQR using the methods of X-ray diffractionalarimetry, electro-optics and dielectric
measurements studied sequence of transitions icotm@ound<sCdJl, Cs,Znd. and(NH),.ZnJ, with
an incommensurate phase.

The spatial point symmetry groups and commensuyofahses.

In compoundRkb,ZnBr, , Cs,Znd, and found two polymorphs andf. While B-modification, where
realized sequence of phase transitions with inconsomate structure is unsustainable and stabilizatio
of metastable conditions, such as moisture, becanmesdification.

In a first forCs,ZnJ; A-BX, family connections with cesium cation registereti fange™’J NQR
frequency scale throughout the incommensurate pbelssv Ti. BeforeTC found wide temperature
range before ordering transition. Change NQR spectin this area can be interpreted in terms of
phase transitions with clusters predecessors.

In B-Rb,ZnBr, updated temperature frequency dependence of thR Bj§gctrum at
atmospheric pressure and obtained navye data. lEk&d that the phase transition at Ti decreases
fluctuations before the first race. At low temperas, the incommensurate phasé& @t along with the
basic structure according to a tripling of the watl of the crystalds; ~1/3), in the form of the NQR
spectrum indicated a different structure. In stadiader a pressure established that the lattersrade
the state of the crystal, characterized wavevegtet/4 and the other branch fashign “®'Br NQR
under high pressure is detected and investigatedetail the sequence of highly symmetric and
disproportionate-ordered phases3iRb,ZnBr.. The phase P-T diagram in the region of 170°R6&t
pressures up to 1 GPa. Recorded sequence of ptasstions in the Inc P-T fiel®Rb,ZnBry,
interpreted in the framework of the ™devil's stase.” Analysis of transformation of the NQR
spectrum indicates that the low temperature ponifotine incommensurate phase observed behavior of
the type simple stairs (complete D'S), and in treglionm temperature is possible mixed (incomplete)
view "satanic stairs" A comparison-with the themadt phase diagrams of pseudo-spin model with
phonon coupling.

Scientific and practical value.

1. Realizovany Methods and devices that increasesémsitivity of pulsed NQR spectrometer for
the purpose of detection of weak signals of rademdency absorption and precision temperature
measurements under high hydrostatic pressure.

2. Construct a high pressure, which is used wigthaadard NQR spectrometer in the study of the
structural features of the phase transitions inrdisred crystalline systems,

3. New experimental data on the structure transdtion in compounds with symmetry Pnma
A,BX,temperature changes. Not detected previously obdgriase transitions,

4. NQR built P-T phase diagram pRb,ZnBr,. Existing data can be used to construct a molecula
model of the transformation of the family structuréhe compoundB-K,SQ,

5. First, in some connectidkuBX,4, revealed the existence of another polymorphWe propose
to search for new members of the fanAlyBX, with a metastable structure typel,SO,

6. The spin-spin and spin-lattice relaxatiomotlei halogen NQR incommensurate phases. Shown
that the new level of quality research is necessagxtend the lower range of equipment for tempora
permission microsecond limit.

7. NQR analysis of spectral data indicated thednt® revise the previously accepted model to
describe the shape of the resonance lines in toenmensurate phases.

Personal contribution of the author.

Developed and implemented a device for tempexadnd hydrostatic pressure vysokog research.
Synthesized compound3s,ZnJ, and(NH) »ZnJ,. Conducted all the experimental NQR measurements
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and their analysis. Developed and used applicafmmsumerical simulation of the NQR line shape in
the modulated phases. The author participated @ pgreparation and implementation of other
experimental studies of teaching and learning, supd by research quadrupole resonance.

Testing work.

The main part of the dissertation presenteddisclissed at the All-Union scientific conferences:

-on rf, Kazan, 1984.

-on the physics of ferroelectrics: Chernivtsi8&9 Rostov-on-Don, 1989.;

- International conferences and symposia; -Xlfemnce MAVRID .. High Pressure Science and
Technology. Kiev. 1987.:

-X Symposium on NQR, Takayama, Japan, 1989.;

Crystallographic-European conferences:

XI-Poznan (Poland), 1987. , XlI-Moskva, 1989.; Symjpm - Sat 23rd Congress Ampere,
Novosibirsk Shushenskoe 198g.;

-1V Japan-Soviet Symposium on ferroelectrics, 1988;

-7th Symposium on ferroelectricity Sarbryukery@any, 1989;

-Soviet-Polish seminar on ferroelectrics, Lvo99Q;

-X1I Symposium on NQR, Zurich, Switzerland, 1993.

PublicationsiOn the topic of the dissertation is published g8tgobs.

Structure and scope of work:

The work consists of an introduction, four chaptemclusions, list of references of 135 titles.

Dissertation presented in 172 pages of text, ®$abhd 70 figures.

* HIGHLIGHTS OF WORK.

Introduction. The place of research topics in teeegal range of problems in solid state physics.
The features of dielectric crystals, where thet fplace stands the ordering of chemical bonds via
dipole-dipole interaction. Is the objective of rassh.

Chapter 1.

Disproportionately - modulated phases in dielestwith a structure d¥-K,SO.

A brief overview of the theory of phase transitiamshe concept of the soft mode and Ising models,
taking into account for the nearest neighbors au#gon cluster picture of phase transitions of the
displacement type and order-disorder.

The theoretical principles of the NQR method asdajplication to the study of critical phenomena
and phase transitions. Presented a phenomenologaxid! of the line shape of the nuclear quadrupole
resonance in the plane-wave approximation and ehtois. The theoretical data on the processes of
nuclear relaxation in the incommensurate phase.

Discussed the experimental data on the studytnabspheric pressur@&,BX, compounds with
tetrahedral coordination of the anions and the Heghperature phase with the space group Pnma:
Rb,Znd,, CsHQBr, and others.

Given P-T phase diagram. investigated in dielectrystals of various experimental methods. At
the end of an overview chapter summarizes the sfatesearch in dielectrics structysek ,S0O,, and
formulated the problem of work.

CHAPTER 2. Equipment and measurement technique.

2.1 equiv ... remote sensor NQR and conditionsrapti adaptation to the measuring chamber. The
ways to increase the sensitivity of pulse NQR expents in conditions of prolonged tracking of
temperature and pressure dependences. As followstfre dissertation in electrodynamic calculations,
signal to noise ratio (SN) radio spectrometer iases with radius r and length | of the receivinusse,

r * as the square root of . However, there is ptinoal ratio between the size of the sensor and the
internal dimensions of the measurement chambevhioh a balance is achieved between the reduction
in the ratio of SN, because of the inductive-capaeicoupling and receiving radio frequency
measurement and hardware circuits, and an incrieaS& due to increased take-up spool. Taking
account of this and the use of suitable materiatsgh allows ultimately increase the sensitivitythoeé
method. The fruitfulness of this approach was caordd after manufacturing thermal tops and high-




pressure cells for measuring weak signals irfi6é NQR K,ZnCl,, where the author of the absorption
line not to register earlier.

2.2. Temperature consoles to the spectrom&®H research phase transitions. Set out details of
the construction of thermo-gradient-top boxes Fa $tudy of phase transitions NQR. The basic idea
underlying the action of liquid thermal camera ieeplacement for liquid gas environment, providing
better heat transfer properties. The design ofttlésmal camera was not realized by the authordbase
on the standard thermo-top box to the spectrom&@&H. As coolants used N-pentane (a liquid-state
138-308K), hexane, high oilTw: <600C). With vigorous stirring, the temperature gradienthe
fluid volume measuring chamber out (with an accyafct0.0K/sm).

Due to the fact that the storage of liquids @im temperature with a melting point <2&0
requires special measures that impede the usqud Ithermal cameras below these temperatures was
developed another design that has a heat transifier dirculation mode and can be used in an
embodiment of the gas conditioning. The designhid tamera is significantly different from the
presentation. In a liquid coolant mixing mode isrieal Circulator. To equalize the gradients atdhe
conditioning (blowing), a system of grids and chalencontributingself-mixing hydrodynamic gas
streams. In this case the temperature gradierteaample was 0:0.2°K/sm.

Distance of the sensor to the NQR solderless etos&nsor NQR spectrometer and using the
principles of optimal m&Ching possible to increase the ratio of SN to 1&8m

2.3. Synthesis of sampl@sade inA,BX, labopatory crystallophysics Institute of Physidd@ S
RAS, and I.T.Kokov , V.A.Grankina based on chemigal and BX, as Bridgman method from the
melt and from aqueous solutions.

Connection ofA,BX, type structureB-K,SO, usually crystallized in the form of single-crystal
plate splices sizes up to 40mm and a thicknessnoh.5Some samples, to remove impurities, two;
recrystallized three times. Before NQR measuremeants samples were ground in a thin-walled
container placed in NQR sensor. Been tested inflei@perations preconditioning on the measurement
results, and found that the samples grown andr{bomogeneously deformed in the temperature range
of the incommensurate phase have different spettaiacteristics in comparison with the samples or
are born in the high-temperature phase. Detailéatrimation on this, the exampkb,ZnBr, given in
paragraph 4.1 of the dissertation,

2.4. Apparatus for NOQR studies under high hy@tispressureDescribed, created with the direct
participation of the author and requires the highegel of the experiment, setting the research in
atmospheric and high hydrostatic pressure P-T pt@ggams and critical behavior near singular P-T
states of crystals. Instrumental complex includ€Ryulsespectrometer ISSH1-181&de in the USSR
, electronic assembly changes, control and maintiaén temperature and pressure, high-pressure
apparatus nfultiplier, pumping station, a high-pressure bomb)tl@rmo-console, precision graphic
recorder

Particular attention is paid to the design af thssertation high-pressure chambers (HPC) for
studies at low temperatures. One of them - HPClngaa lumen diameter of 16mm, allowed to
observe NQR signals at pressures up to 1.5 GPhp&darmed indentation chopper with a set of rings
on the chamfer channel bomb. This design allows t@uwork with the sample to 3sm3 has
radiospectroscopic sensitivity and a half ordersmafjnitude lower than the standard dimensionsand i
designed for intensive observation NQR signals. thAeo cell (HPC2) specially developed by the
author for registration absorption signals from dpu@olar nuclei in incommensurate phases at
pressures up to 400MPa. Diameter of the channekreviihe coil NQR increased to 40mm.
Construction of the obturator and seal have fundaahedifferences from the standard and are to
reduce its axial size; increasing the diameterhef ¢hannel under electric high voltage input; ie th
hydraulic seal cavity bombs flattening bronze rafigriangular section. To reduce RFadio frequency
interference)and delinking conductors and high frequency P+isses, the latter is supplied through an
additional seal. This design has achieved the tiongi of observation NQR signals approximate to
standard conditions.
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Chapter 3.Sequence of phase transitions in compoukglaX, (X = J). Experimental data on the
study of phase transitions in compounds not prehostudiedA,BX, NQR: Cs,CdJ, (CCJ),CsZnd,
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(CZJ) andNHy)2ZnJ, (AZJ).

3.1. Phase transitions @5,CdJ,. In 1986, by
NQR method in CsCdJ}, author found two
modifications -a and p. Modification of a is
stable in conditions of high humidity and changes
in B modification by drying the crystal, for
example, after heating the sample in vacuum

above 108C When thermally induced. — P
transition, there is no reduction of the sample
weight and absent (with an accuracy of ~ 2%)
NMR signals from protons associated crystal. On
this basis, it is concluded that thephase is the
phase of the polymorphic compoufidsa
metastable phase, since in the presence of
atmospheric moisture rapidly inlomodification.

In CsCdl, NQR in the range 42&/r7°K
found three phase transitionsTay=335; T¢,=260
and Tcs = 184K with changes multiplicity range
from three to four lines of equal intensity 16 (Fig

). In the temperature range 335 260K
absorption recorded in the narrow neighborhood
beforeTc,, where the view of the spectrum typical
for Inc phase. As was explained, the absence of
signals due to the fact that the spin-spi and
spin- lattice Tg:  relaxation are below the
resolution limit of the temporary pulse
spectrometer T < 10%). Below Tc; is fixed
below 4 absorption signal abruptly transforming
at Tcz in 16 singlet NQR lines. In this case the
temperature dependence of the frequency, critical
slowing To1 and phase coexistence %2clearly
indicates close to the tricritical point phase
transition at T ¢3 Multidisciplinary studies
involving methods calorimetry, electro-optics and
X-ray diffraction allowed to establish a
framework for the transformation gfmodified
tetra-iodo-cadmiat cesium

Pnma (Z=4) JCc o
P2/n (Z=4) - P1(Z=8)

Figure 1. Temperature dependence of NQR
frequencies in*’J Cs,Cdd,.

In the incommensurate phase detected X-ray
satellites in the positiongs ~0.24-0.25a*.
Symmetry ofa-modification identified by us aB2/m
(Z=2). A relaxation of the NQR data indicate the
nature of its slow spin dynamicsT & > | ms;

Tq2 = 200uks) with respect to tifiephase.



Fig. 2. Temperature dependence of the NQR fratjesn’’J Cs,ZnJ.

3.2. Investigation of the sequence of phesesttions inCsZnJd,.

In CZJ change the multiplicity of the spectruittte complex spectrum through three to eight,
and again to eight lines, and the temperadependence of the frequency quadrupole transifane 3/2
isotope’?’J observed three phase transitions at Ti = I8; =108, andTc; =95K (Fig. 2). In the
temperature range 11808K throughout the frequency scale for the first tiwigh cesium cation of
compounds AXB, registered NQR spectrum of the detected auththreoincommensurate phase. With
the use of complementary techniques were establisggpnmetry phase®®nma(Z=4) - Jc, g =
(1+d)a*/2 - P2/n(Z=8) -~ P1 (Z=4) and X-ray studies recorded belowsBtellite reflections with
the value g~ 0.15a * at T = 11%X.

According to the quadrupole transitiol/2- 3/2 times the temperature dependence tratkgcandT

Q2 In 380:-77°K from all cores*’J nonequivalent positions structure Pnma.

Feature relaxation characteristics CZI is a nesttwo-scale character associated with structural
features. In a wide temperature range “KOObefore T signals recorded as the decay of free
precession and asymmetric inhomogeneous broadesfintbe spin-echo signals nuclear response.
Changes in the relative intensity of the longitadimnd transverse contributions absorption and
asymmetry last indicates abnormal change in thaereaif atomic motions at 320, below which
develop cluster-type fluctuations structure ofitteommensurate phase.

Fig. 3. Temperature dependence of the
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I. . | | ‘”‘mg,oo F f 3.3. NOR study of phase transitions in
g o | } “hag, % a5 (NHaoZnd, | |
6 - : Author first synthesized and studied by NQR
OBie_To. | 1273 compound(NH4):Znk. In the temperature
]' Lo S P | range 77400°K found three phase transitions at
i { ﬁ% }Bo Ti=165K, Tcy, = 126K andTc,= 87°K (Fig. 3).

- I Above Ti observed three intense absorption line
{ B o Posan, | ’ T L (1/2 « 3/2) with the character of the dependence
|9 E Sou | f Bayer v (T). When Ti marked decrease in the
Iif < | VPzxx intensity of lines and race frequencies. Shapéef t

= L vaco- | g5 Spectrum, fixed belowT c; indicates disparity
“12 o . <2829V ‘ F observed structure. BelowTc; — multiplicity

o = eyl spectrum ghanggs to seven broader]gd Iineg are not
P /3, Tennepa g Hos TacToT DrEkTHS of equal intensity, and at the boiling point of
S9KP 271 5 (NHa)=ZnIa. nitrogen absorption signals recorded 12 NQR.
Stroke frequency(T), intensities, and shapes NQR
signals are comparable with those observeRlyZnCl, andRb,ZnBr,, confirms the assumption that
the author of symmetry transformationtétra-iodoammonium zincate under the scheme:
Don®(Pnma) « Incl o Inc2 o G (Pn2a) ,
while the phase between 125 anc9l<87nay be interpreted as incommensurate ratherrarpiand is rather
long-periodic (5 = 2/7) with symmetry Pna. Noted the existence of another structure of the
compound with the same observation conditions fodifging o - CCdJ.



At the end of the third chapter of the comparisiata for NQRA,BHal, compounds, which
exhibit phaselnc. The greatest amount of frequency decoupling), , noted for ammonium
compounds (31%) and the smallest for cesium (up. ’o9 poorly explained from the viewpoint of
crystal chemical relationships, because radii efdationdNH, and Cs are close in value, and indicates
significant chemical (electronic) contribution teetnature of this splitting. Temperature dependerce
v(T) below T, unusual and poorly explained by known types ofeuoolar motions. Significant line
widths in the initial phases Inc and at extreméigrs time values To: and Tg, indicate structural
dynamic disordering of the molecular fragments. geat Av,.; and especially in the form of
componenty, celebrated a special position compo@sZnJl,.

Significant impact on the correctness of thelear dynamics registering frequency spectral
characteristics NQR involves revising the phenontegical model describing the shape of the
resonance line Inc phases.

Comparison of the data with the results of NQR spscopy in other crystal systems (with charge
density waves, one-dimensional organic conductamctghedral crystals with Jahn-Teller complexes)
allows to plan a way to explain the data NQR thioetpctron-nuclear movements in the two-scale
timeline.

3.4. Polymorphism in the familg,BX,. After the discovery of the author in 1986polymorphic
modifications Cs,CdJ, and laterRb,ZnBr,, K>ZnBry etc. , with symmetry grougP2/m and the
establishment of the fact that in these compousdséatastabl@-form, the question arisedout the
generality of this phenomenon in the famiyBX,. The classification of compounds,BX, on
experimentally known for their space groups: Pnmad R2/m and the method of implementation of
the structure typg-K,SOy in other compounds of the family.

On the basis of experimental data the mecharoénthe a -  transition: through surface
orientation orderingp structure tax, the dipoles of water molecules. The reverse p®cecarried out
by removing traces of water and thermal inductiormetastable modification with the accelerated
nature of the spin dynamics.

At the end of this section discusses the catifeecbserved phenomena in terms of mathematical
theory for systems with long-range interatomic iatéons.

Chapter 4. Sequence of phase transitiongRin,ZnBr, at atmospheric and high hydrostatic pressure.
The results of studies of phase transitions irmbebmzincates rubidium NQR. High pressure is aofact
that allows to obtain fundamentally new information the transformation of the structure in the
compoundsh\,BXa.

4.1.”°®%Br absorption spectra in the incommensurate phiaagnospheric pressure

At the initial stage of the study iRb,ZnBr, using NQR found: 1) the dependence of signal
intensity on the number of cycles in the coolin@gd Inc; 2) that the majority of freshly grown or
present during wet(50%) atmosphere crystals are fully or partiallyate moving to another structure
with symmetry P2m. Conditions for its stabilization and transititonthe metastabl@-modification
with an incommensurate phase completely analogou$ transformation irCsCdJ, and differs only
significantly longer duration of —~ B process; 3) induction of non-hydrostatic stressidualgrowth
and thermal stressasonequilibriumstate structur@-Rb,ZnBr,, disappearing after annealing.

Precision study of the temperature dependenteedfiQR frequencieRb,ZnBr, in T; transition at
1 atm revealed races frequency spectral lines Bomuclei in positions Il and Ill structure Pnma, a
well as unusual splitting frequency spectrum congmbfi; in the incommensurate phase. On these
grounds it has been found that a phase transitianTa close to firsterder. In the transition to the
ferroelectric phase F was registered racing fregesnand additional absorption lines not previously
observed. The complex shape of the spectrum wasmcatly explained: 1) manifestation in the
crystal structure of another type (different frohe tsymmetry of the soft mode submission) or
another branch (except) symmetry; 2) the coexistence of multiple modaatsequences of "devil's
staircase." To clarify these issues, the studywsasl at high pressure.

4.2. P-T phase diagraRi,ZnBr,.

In the first part of this section examines thedure of the phase P-T diagram RZB obtained using
HPCL1. In this first tracked P-T region existenceap&ectric (P), F , Inc phases and detected
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lines of phasetransitions. All of these transitions Sl 4 o,

have the firsorderwith the values of the pressure

hysteresisAP from 20 to 160MPa, and\P

increases  with increase decreasing T and
decrease P, and essentially depends on the 0.5 |
direction of change of P-T parameters. Changing
pressure phase transition temperature of the
paraelectric phase to the incommensurate
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3 P
F : - )
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4.3. Features transformations spectrum figaComparison with the diffraction data.

Considered parts of a complex transformatiothefNQR spectrum and analyzed its performance
in the low P-T region N incommensurate phase rigarwhere we assume a step change in the
structure. Analysis of non-monotonic changes initihensities and spectral distributions of asymsnetr
possible to detect characteristic mild anomalidsveen different structurally related stateg N,, N3,

N4 modulated phase. In an embodiment of the NQR idétapretation in the framework of "devil's
staircase" structure;Morrespond to states

. . ) l4abc 4abc >600MMa (Z=4)
with different values of a step change in >150MNa Z=28 »>250MMa  Z-16 G
the wave vector £ and observed P-T - Fn2.a —— Pn2;a
overlapping area. This interpretation wag y . M H M

firmed by NQR acti th ey e
confirmed by NQR active on the same.;; t >100Ma 47K Zed
samples by neutron diffraction in then2.a L Ic, g=(145)a*/4 «— Ic,q=(1-8)a*/3 <» Pama
international scientific center of Orsay f 199K  g=(1-8)a%/3 210K P

(France). Satellites have been detected,



the values o&* in units which can be placed on an upward stégs/a7 - 3/10- 7/23- ...1/3) and
down (3/10- 8/27- 5/17- 7/24- 2/7- 1/4) of stairs. At this pressure the followirggeence of
transforming the structufe Rb,ZnBr.. Fig. 6.

4.4. Discussion The phase diagram in the framewbtke "devil's staircase."

A comparison of the experimental phase P-T dragRZB with the theoretical phase diagrams
«Ds" S» and found that phase IM;, M, Ms, meet stepwise reduction of the vectgr when
approaching a Lifshitz point.

At the end of paragraph NQR data discussed base¢lle theory of the existence of Baka random
phase is an intrinsic property of systems with thatgg interactions. In this case, incommensurate
phases with wave vectors, for examplgsl/4+d u (s=I/3 can have different states with topologically
overlapped structure, different phase shift. On lihsis of this comparison indicated that in the M
phase diagram observed smoothed (incomplete) mbde S ", in Inc - classical (smooth), and N
region close to the step (complete) behavior.

Based on this discussion, involving the analydisolutions@-model, which is applicable to
describe compounds,BX4 with B-form elements proposed model explaining changelkerstructure
Rb,ZnBr, no diffraction data and microwave spectroscopy.

In concluding the discussion, based on reseammducted by the author, analyzed the
experimental data on the temperature change ofélve vector of all known at the time of writing the
work, A,BX, compounds with the structure $fK,SQO,, and proposed a generalized P-T diagram
predicts the possible phase diagrams of theseatsysthile cesium compound was isolated subclass,
characterized by a particular sequence of symnteinsformations associated with the softening efghonon
spectrum nedr point of the Brillouin zone, and the rest - in théclass Z along the line.

MAIN RESUL TS the operation.

1. NQR for precision studies of phase transitioreated gradientlesthermo-consoles and high-
pressure chamber having an optimal agreement \wghréceiving part of the standard quadrupole
resonance spectrometer.

2. Studied the sequence of phase transitiorissi@dJ,. First detected NQR incommensurate phase
in B-modification of the crystal.

Complementary experimental methods given schaymmetry changes. X-ray diffraction analysis
confirmed the presence of the incommensurate phase.

3. The sequence of phase transitions in the crggdind. NQR *2J registered incommensurate
phase, found a wide temperature range subtransideting. The assumption is made and confirmed
the change of symmetry in phase transitions indbmpound.

4. Measurement3o; and Tq, wide range of temperatures show a significantcefté halogen
nuclear spin relaxation on the shape of the NQ&slin the incommensurate phase.

5. Author synthesized and studied by NQR compound {pEhJ,. Nuclear quadrupole absorption
between levels 1/2 3/2 isotope'?’J found three phase transitionsystal structure. Form lines and
features of the temperature behavior of the frequeniggests that the intermediate phaséénystal
state are disproportionate.

6. Polymorphic crystal€s,CdJ, modifications andRb,ZnBr, - a. andp. The conditions of the « 3
transition.

7. Method of nuclear quadrupole resonaingestigated P-T phase diagraRb,ZnBr,. Revealed two
high-symmetry phase high pressure. Change in thetispin the intermediate P-T field indicates g ste
change of the wave vector, which is consistent wiite diffraction measurements, and does not
contradict the theoretical pseudo-spin model obmmensurate phases.
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