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Basing on experimental investigations, the role of elastically anisotropic straining
stresses in the formation and change of structural phase transitions and properties of
magnetic dielectric have been proposed and explained. From experimental investigations of
the resonance properties of CuCl, - 2H,0 single crystal, being a low-temperature magnetic
dielectric, a correspondence between the T, H and P influence (1 K, 4 kOe, 3 kbar) on
structural phase transition has been determined. The thermomagnetic and thermobaromag-
netic effects have been revealed. Their peaks have the same temperature Tpp = 0 K coinci-
dent with the temperature T'g; of structural phase transition. Sign alternation in "cooling”
and "heating” effects of Tp(H) shifting are also found. The critical points Py, Ty and P have
the temperature parameter Tp = 9.2 K that differs significantly from the known T, = 4.3 K
in these materials. The magnetization, field-temperature, and field-frequency dependences
have been considered, and a conformity in changes of the properties before and after the
structural phase transition has been established. The effect of thermo-EAS striction is
found, which is a regularity in the phase state changing under thermostriction influence
in magnetic dielectric. The competitive mechanisms of thermo- and magnetostriction caus-
ing changes in the high-frequency properties give rise to two resonances before and after
the structural phase transition.

Ha ocHoBe sKCIEpUMEHTATbHBIX WCCIEJOBAHUIN IPENJIOKeH M IIOACHEH MEXaHU3M POJIH
YIOPYTHUX AaHU30TPONHBIX NeOPMUDYIOIMUX HANPAKEHUH B BO3HUKHOBEHUU U H3MEHEHUAX
(has3oBBIX TIEPEXOLOB U CBOMCTB MAarHUTHBIX AUIJIEKTPUKOB. U3 9KCIEPMMEHTANbHBIX TaHHBIX
II0 Pe3OHAHCHBIM cBoiicrBaM MoHOKpHcTamia CuCl, - 2H,0, apnarmeroca HU3KOTeMIIepaTyp-
HBIM MATHUTHBIM [UAJIEKTPUKOM, OIpPeAeIeHO COoOTBeTcTBue Mexxay Biausauem 1, H um P
(1 K, 4 kOe, 3 kbar) ma cTpyKTypHBIA (asoBblii mepexon. OGHAPYKeHBI TEPMOMATHUTHBIA U
TepMOOapPOMATHUTHEINA 3(peKThl. X MaKCHMyMbI UMEIOT OJUHAKOBYIO Temmeparypy Tpp = 0 K,
COBIIAJAIOIIYIO C TeMnepaTypon Tgp CTPYKTYDPHOTO (basoBoro nepexona. Ob0Hapy)KeHa TaKXKe
3HAKOIEPeMEeHHOCTh ~OXJaiKJaiollero” u "Harpesaiomero” sddexTos B capurax T p(H). Kpu-
TuuecKue TouKu Py, Ty m P umernor TemmepaTypHbI# napamerp Tp = 9.2 K, sHaunrenbHO
OTJIMYAOIMUACA OT W3BecTHOro 3HaueHusa T, = 4.3 K mna sTux marepuanos. PaccMoTpeHEBI
HaMarHUYWBaHNE, TeMIEePATYDPHO-IOJEBble U YaCTOTHO-IIOJIEBble 3aBUCUMOCTH M YCTAHOBJIE-
HO COOTBETCTBUE B M3MEHEHUSX 9TUX CBOMCTB A0 U IOCJE CTPYKTYPHOro (a3oBOro mepexona.
Ob6uapy:xeH sapdekT Tepmo-Y A CTPUKIUY, ABIAIOININICA 3aKOHOMEPHOCThIO U3MeHeHusd (a-
30BOT'0 COCTOSHWS MATHUTHOTO AMAJEKTPUKA IIOJ BINSHUEM MAarHUTOCTPUKUIuU. KOHKypu-
pyloIye MeXaHW3Mbl T€PMO- M MArHUTOCTPUKIIWK, BBI3HIBAIOIVE M3MEHEHUS BBICOKOYACTOT-
HBIX CBOMCTB, SIBJSIOTCS NPUUYMHOM ABYX PE30HAHCOB IO U IIOCJIE CTPYKTYPHOTO (hasoBOro

mnmepexoza.
Practically simultaneously, nontrivial physics. In experimental works [1, 2],
phenomena were observed in the solid state sudden correlation between electrical con-
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ductivity and ferromagnetic state in the in-
itially dielectric manganese perovskite
LaMnO3; has been investigated and shown.
In [3-5], unusual changes of magnetic,
magneto-thermal, and resonance properties
of low-temperature magnetic dielectric
CuCl, - 2H,O0 have been shown. The noted
features and related phenomena were stud-
ied during last decade in detail. The results
obtained have brought a significant contri-
bution to fundamental physics of phase
transitions. However, discovery of the so-
called "super-effect”, e.g. a colossal magne-
toresistance of manganites in the Curie
point vicinity and conductivity in HTSC,
rise a question about the nature of the phe-
nomena [6]. The understanding of the
mechanisms of those effects and processes
and also defining the causal base of phase
transitions and properties would provide a
considerable advance in application of the
effects and would be an achievement of the
physical science as a whole.

Now, there is a trend to investigate
properties and phase transitions under tem-
perature T, magnetic field H and a hydro-
static pressure P action. Significant results
have been reached, and new effects and
regularities have been revealed. We would
pay attention to consequent and generaliz-
ing analysis of the data concerning changes
in phase transitions (PT) and properties of
magnetic semiconductors under T-P-H in-
fluence [7—11]. In these works, thermody-
namic mechanisms of elastically anisotropic
straining (EAS) stresses under temperature,
magnetic field and pressure influence on
the phase transitions and properties of man-
ganites have been determined, and the sign
alternation concept of T-H-P influence has
been introduced. This makes possible to es-
tablish identical mechanisms of T-H-P in-
fluence on the structural phase transition
and properties of other magnetic materials.
The study of the low-temperature magnetic
dielectric CuCl, - 2H,0 single crystal is the
most representative in this case. From the
first investigation data, the main concepts
of models and theories of ferro- and antifer-
romagnetism were formulated [12-15].

The considerable attention to this mag-
netic dielectric and comprehensive investi-
gation of its properties was reflected in nu-
merous works [16—23]. One of the aims is
the study of magnet-containing single crys-
tal interaction with high-frequency electro-
magnetic field under applied magnetic field.
It should be noted that the same fine reso-
nance technique allows to solve a number of
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relevant thermodynamic problems concern-
ing phase transitions and properties, and to
determine a number of parameters, to test
and evaluate the theoretical models, as well
as to suggest the nature of explored physi-
cal processes. A comparative analysis of
magnetization and high-frequency behaviors
of CuCl, - 2H,O single crystal [12, 14-18]
depending on both temperature and mag-
netic field intensity has allowed to explain
the properties and nature of antiferromag-
netism (AFM). The fundamental theory of
AFM and the basic states of its phase tran-
sition energy distribution are stated in [24,
25]. In monographs [26-28] and [29-32],
the detailed theory considering the AFM
features was described. In these works, the
substantiation of fundamental phenomena
and effects of antiferromagnetism in easy
and hard planes was developed, the high-
frequency properties of the meter and deci-
meter range in magnetic fields up to 15 kOe
at temperatures T < 4.2 K were deter-
mined. This attracts attention to
CuCl, - 2H,0 investigations, and the ob-
tained results turned acceptable for a num-
ber of magnetic materials and they have
much contributed to the fundamental bases
of phase-transition physics.

One of the relevant directions in AFM
experimental research is the study of reso-
nance in CuCl, - 2H,0 single crystal under
hydrostatic pressure [33—-35]. In those
works, extensive information on the phase
equilibrium curves, the elastic and magne-
toelastic parameters has been obtained, and
the dependences of exchange and magnetic
interactions on interatomic distances have
been shown. Correlation between these re-
sults and research data for magnetic semi-
conductors [8—10], where elastically anisot-
ropic straining nature and sign alternation
of T-H-P influence has been established, al-
lowed to define the main aim of this work:
to establish an identical mechanism of tem-
perature, magnetic field and pressure influ-
ence on properties and phase transitions in
CuCl, - 2H,0 single crystal, and also to
prove that these mechanisms are universal
for both magnetic semiconductors and mag-
netic dielectrics.

Using the analytic methodology of the ex-
periments with magnetic semiconductors [8—
10], we try to consider the AFM resonance
data in copper chloride dihydrate under
T-H-P effect [34, 35]. The resonance has been
observed at frequencies v;=0.7 GHz,
vy = 2.85-3.15 GHz and v3 = 4.5-4.88 GHz
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in the temperature range 1.68<T7 <4.2 K
under hydrostatic pressures P = 0; 5.2; 9.2;
11.2 kbar by a specially developed method
presented in [11]. The investigations have
been carried out under thorough optical and
X-ray orientation. In this case, of interest
is the research of lattice features and an-
isotropy of elastic properties in
CuCl, - 2H,0 along the marked directions at
hydrostatic pressure [30].

Now let attention be paid to experimen-
tal technique. The external magnetic field
in the range 0-12 kOe was oriented along
the ab plane of the crystal. The resonance
was observed at all the selected frequencies
(except for v; = 0.7 GHz) in the pressure
range 0-11.2 kbar at two values of mag-
netic field, if the angle y between the field
direction H and the easy axis a did not exceed
the AFMR failure angle y;. At v; = 0.7 GHz,
the resonance was observed only in mag-
netic field H,yp belonging to the phase tran-
sition field. The resonance disappeared at
weak deviations of field H from axis a in
the ab-plane. In the isoc hronous diagrams,
the resonance absorption was observed reli-
ably only at T <3.5 K and P=0 in the
whole temperature range. As the pressure
increases (P > 9 kbar), the temperature
range of resonance is increased up to 4.2 K.
We take the temperature-field dependences
(Fig. 1a) of phase transition change H_/(T)
= Hp(T) under T-H-P effect from [34, 35].
It can be noted that Hp(T) dependence at
Hl|la has a peculiar character of linearity
observed in [20, 36] in the temperature
range up to 4.2 K at P =0 (Fig. 1la, curve
1). Some discrepancy in numerical values is
explained by high response of resonance pa-
rameters to the sample orientation with re-
spect to magnetic field. However, the
linearity on the dependences is maintained.

Form the linear regions of temperature-
field dependences (Fig. 1a), we can estimate
the conformity parameters of T-H-P in-
fluence on the phase transition shift.
Using the approximation method, we can
mark and numerically estimate the linear
phase transition shifts at T and H variations
(Fig. 1a) at fixed pressures P; = 0 kbar (curve
1), Py =5.2 kbar (curve 2), Pg= 9.2 kbar
(curve 3) and P, = 11.2 kbar (curve 4). It
is found that AP/AT =3 kbar/K and
AH/AP = 1.3 kOe/kbar. This means that tem-
perature variation by AT =1 K and magnetic
intensity variation by AH = 4 kOe result in the
same phase transition shift in Hp(T) depend-
ence as the pressure variation of P = 3 kbar.

Functional materials, 11, 3, 2004

Fig. 1. Temperature-field dependence of the
field of the phase transition at different pres-
sures on a frequency v = 0.73 GHz: I — P = 0;
2 — P=15.25 kbar; 3 — P =9.25 kbar; 4 —
P =11.2 kbar. (b) Temperature dependence of
thermomagnetic effect: I — P = 0 and thermo-
baromagnetic effect: 2 — P = 5.25 kbar; 3 — P
= 9.25 kbar; 4 — P =11.2 kbar.

These results define numerical estimations for
the T-H-P influence (1 K ~4 kOe ~ 3 kbar)
proving a significant role of the EAS stress
mechanism in the low-temperature range.

The same Tpp temperature of magneto-,
baro-, and baromagnetoresistive peaks has
been established in magnetic semiconduc-
tors [8—10] coincident with T, temperature
of metal-semiconductor phase transition
that is the regularity of a structural phase
transition. Using the same methods, we will
show analogous regularities in magnetic di-
electrics. We introduce the concept of ther-
momagnetic (Hy;, — Hy,;y)/Hg,p and thermo-
baromagnetic effects (Hg,y — Hggp)/Hgg
(Fig. 1b) from temperature-field depend-
ences (Fig. 1a). Here, H,, is the basic parame-
ter of intersection of linear approximation
with field axis at the point Hy = 5.5 kOe at P
= 0. Hg,yg is the regularity of structural
phase transition shift under magnetic field;
H,yp is the variation of structural phase
transition under magnetic field and pres-
sure. These constructions and techniques
grounding the final result are justified and
do not contradict the physical sense as well.
They show a possibility for subsequent
analysis and conclusions that do not differ
from the accepted ones.

The constancy and equality of maxima
temperature for thermomagnetic and ther-
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mobaromagnetic effects are analogous to
the same results in magnetic semiconduc-
tors. It follows (Fig. 1b) that the maxima of
magneto-, baro- and baromagnetoresistive
effects have the same temperature T'pp coin-
cident with the temperature of structural
metal-semiconductor phase transition. This
made it possible to affirm that Tpp coin-
cides with Tgp temperature of structural
phase transition of the magnetic dielectrics.
These results first published in [37] enable
the following conclusions from the analysis
of approximated dependence (Fig. la, curve
1). The numerical parameter Hy = 5.5 kOe
is defined for detected critical point Ty =
0, showing that magnetoelastic anisotropy
by "heating” effect [10] of the magnetic
field realizes the structural phase transition
at Hy(T = 0) = 5.5 kOe. The same regulari-
ties of the role of magnetoelastic anisot-
ropy, but in stronger fields, has been
marked by the critical line Ty with parame-
ter Hy(T = 0) [10]. This is seen in magne-
tostriction dependences of LaMnO3; single
crystal. These conclusions allow to define
identical mechanisms of magnetoelastic an-
isotropy.

We would draw attention to correspon-
dence estimations of P and H influences
(3 kbar ~ 4 kOe) that shift the phase transi-
tion by the same magnitude as temperature
elevation by 1 K. We will explain the im-
portance of mechanisms of EAS stress of P
and H influence, in regularities of "cool-
ing” and "heating” effects in dynamics of
Tp(H) Tp(H,P) dependences that was first
revealed in [9, 10]. First, with magnetic
field increasing at P = 0, the magnetoelas-
tic striction mechanism in Tp(H) depend-
ence causes the "cooling” effect. For the
phase transition realization in this case, an
additional thermoelastic expansion is neces-
sary and thus a temperature increase. Tpp
remains constant. The inverse, "heating” ef-
fect is as follows: as the magnetic field
strength drops, the magnetostriction influ-
ence weakens, and as temperature de-
creases, the thermo-EAS stress mechanism
provides conditions necessary for the phase
transition. In this case, Tpp remains con-
stant again. Second, regularities of the ef-
fect of hydrostatic pressure and magnetic
field simultaneous influence are the most
interesting. Here, we mark a very impor-
tant result: sign alternation of the effects.
To overcome “supercooling” due to pressure
rising up to 11.2 kbar, an additional change
of the magnetic field strength close to Hy
at T =0 K plays a "heating” role down to
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critical point Tgp = 0 K where magnetoelas-
tic anisotropy provides the phase transition.
The further growth of magnetic field
strength causes of “"cooling”™ effect: this
means that pressure and magnetic field
shift the phase transition by the sign rever-
sal mechanism of the effects. Conditions of
phase transition realization remain con-
stant, Tpp is a constant, too. Analogous
"heating” effect of the magnetic field is
realized in LaMnOj; at the temperatures
below the structural phase transition that is
seen in H,(T) dependence [10].

This means that the "cooling” and the
"heating” effects define the competition of
baro- and magnetoelastic stresses on the one
hand, and thermoelastic expansion on the
other hand. The role of these mechanisms
appears in sign reversal of properties and
phase transitions that has been first estab-
lished in [10]. Explicit correspondence of
estimations of T-H-P influence on the phase
transition shift allows to explain the linear
and nonlinear regions of temperature-field
dependences (Fig. la). As the temperature
rises, the linear segment appears in the case
of priority of the thermal expansion force
over that of magnetoelastic compression.
This is the explanation of Tp(H), Tp(H,P)
behaviors. The role of both "cooling™ and
"heating” effects of P and H influence does
not contradict the physical sense in this case.

It is to note that at different pressures,
the temperature-field dependences of phase
transitions (Fig. la) tend to approach to
each other that allows to mark critical
points P and Ty by approximation. The
sense of such constructions is justified
physically and is very significant. It is nec-
essary to specify and generalize the regu-
larities of the marked critical points. Ty is
the original point of the approximated tem-
perature-field dependence (Fig. la (curve 1))
with coordinates Hy = 5.5 kOe and Ty = 0 K.
This result was already considered in [37],
and the same coordinates have been ob-
tained from the phase diagram. The same
critical point is shown in Fig. 2¢. Such con-
struction means that the phase transition at
T=0 K and Hx = 5.5 kOe is realized by
magnetoelastic anisotropy. The revealed
critical point P is a result of the above
considerations; it is fixed at the intersec-
tion of approximated temperature-field de-
pendences under varying pressures (P, P,
P;, P,) and has coordinates Tp = 9.2 K and
Hp=11.5 kOe (Fig. 1a). Note that the tem-
perature parameter of critical point Tp = 9.2 K
exceeds more than twice the critical tem-
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Fig. 2. Behavior of magnetization of

CuCl, - 2H,0 monocrystal at external magnetic
field directed along the easy axis: I — 1.59 K,
2 — 3.02 K, 3 — 4.1 K. (b) Temperature-
field dependence of the field of the phase tran-
sition at pressures: 1 — P =0; 2 — 11.2 kbar.
(c) Frequency-field dependence of AFMR in
CuCl, - 2H,0 at Hla and T =165 K: I — P =
0,2 — P=11.2 kbar.

perature T = 4.33 K, known from numer-
ous investigations [4, 5, 38]. As a conse-
quence, the described reasoning and regu-
larity of the obtained results has caused
additional research of the true thermody-
namic mechanism in the chosen magnetic
dielectric.
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To ascertain the features of these mecha-
nisms, let the magnetic susceptibility in
CuCl, - 2H,0 single crystal presented in [3]
be considered (Fig. 2a). These results were
among the main arguments for the forma-
tion of basic concepts of the antiferromag-
netism model. The study of magnetization
was done on single crystal samples in the
form of disks (2.5 x5 mm3) oriented and
fixed manually, without optical and the X-
ray control, that gave a relevant error and
affected further interpretation of the re-
sults. Fig. 2a illustrates the dynamics of
magnetic susceptibility under H oriented
along the easy axis at fixed temperatures T
= 1.59; 3.02; 4.1 K. Here, some interesting
features are to be noted:

(a) At H<H, (let Hy= Hgr) and tem-
peratures T =1.59; 3.02; 4.1 K, the
authors [3] observed slight changes in mag-
netic susceptibility vs. field rise depend-
ence, while the temperature variation (ther-
moelastic striction) influences essentially
the slope of magnetization. As the tempera-
ture rises, the dependence is deviated
counter-clockwise. As a consequence, in the
same figure it is possible to construct an
approximation of the dependence (Fig. 2a,
the dashed line) at T = 0 K, that does not
contradict the logic of the experiment.

(b) At H > H{ and for the same tempera-
tures, a clockwise deviation of the depend-
ence is observed with temperature rise. Be-
havior of the properties at T = 0 is marked
by dashed line. The similar changes in the
slopes of magnetostriction dependences at
temperature rise are observed in a single
crystal of the magnetic semiconductor
LaMnO5; [10]. This is explained by the
changes due to the competitive effect of
thermo- and magnetoelastic strictions.

To understand better the magnetization
jump (Fig. 2a, dashed line), we superpose
the behavior thereof with temperature-field
dependences Tp(H), Tp(H,P) (Fig. 2b) using
the method of common coordinates for both
the magnetic field and temperature. Note
that temperature axis is presented in angu-
lar coordinates. Such coordinates are more
evident for explanation of the change in
properties and phase transitions under
thermo-, magneto- and baro-EAS stresses.
But in these constructions and considera-
tions, it is very difficult to to take into
account the main error associated with the
single crystal adjusting with respect to the
magnetic field; however, the main tenden-
cies are maintained.
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The magnetization jump marked by
dashed line is observed at the point with
coordinates Tx =0 K and Hx = 5.5 kOe
(Fig. 2a), it defines the structural phase
transition at temperature 0 K. Such meth-
odology of the analysis is justified and
agrees with analogous results in [10] but
concerning LaMnO5;. The extrapolations of
all the magnetization dependences intersect
in one point Py (PPyx). This is the regular-
ity in changes of properties under the influ-
ence of magnetic field and temperature in
magnetic dielectric. Such intersection is de-
termined by symmetry and lattice features
of CuCl, - 2H,0 structure before and after
the phase transition (Fig. 2a). In contrast,
the locations of critical points Py and PPy
in magnetostriction dependence for LaMnO,
are located at different sides of the phase
transition. This is the regularity of mag-
netic semiconductors structural feature, be-
cause the position difference for these
points is a result of structural variety of
multicomponent magnetic systems.

The results presented and their substan-
tiation are significant for the interpretation
of regularities in changes, as well as in
forming the properties and phase transi-
tions in physics of low-temperature mag-
netic dielectrics and in other materials.
This makes it possible, first, to define, bas-
ing on the described concepts and estima-
tions of correspondences (Fig. 2a,b), the
regularities of the phase transition change
in the dynamics of magnetization and high-
frequency properties under temperature ef-
fect and "cooling”/"heating” effect of mag-
netic field and pressure via the of EAS
stress mechanism. Second, to demonstrate,
taking the “cooling”™ effect of magnetic
field influence on the phase transition
Tp(H) dependence as an example, a regular-
ity of oppositely directed effect of thermo-
striction on changes in magnetization prop-
erties. This regularity is showned by the
dashed line at T = 0 K. Such regularity es-
tablishes the presence of the elastically
straining stress mechanism, that fixes the
structural phase transition in a wide tem-
perature range. Such redistribution of
stresses under temperature influence can be
treated as an effect of thermoelastic strain-
ing striction (Fig. 2a).

Now let the effect of thermoelastic
straining striction be defined and ex-
plained. The changes in the structural phase
transition taking into account the symmetry
and lattice features at temperature vari-
ation via the EAS stress mechanism imple-
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ment the conditions for jump-like changes
in properties of the sample under study at
the structural phase transition temperature
Tgr =0 K. In the dependence indicated in
Fig. 1a by a dot-and-dash line, there is a
jump and a maximum. This means that as
the temperature rises, a sudden change in
properties occurs in the region of phase
transition due to the EAS compression
mechanism, that has the form of a jump in
the magnetization curve, and, as we think,
a resistivity jump but already under the
superconduction effect. Those are the regu-
larities of lattice and symmetry features of
the structure. In this case, the magnetic
field causes the "cooling”™ and "heating” ef-
fects. Using these mechanisms and the ef-
fect of thermoelastic striction on the prop-
erties of other magnetic materials, we can
trace the correlation with the obtained re-
sults. It was noted before that the under-
standing of regularities of structural phase
transition in low-temperature magnetic di-
electric CuCl, - 2H,0 is a key to supercon-
ducting effect insight and, as we think, to
CMR effect in magnetic semiconductors as
well as conductivity of HTSP materials.

The investigation of the role of the EAS
stress mechanism in regularities of changes
in phase transitions and properties defines
the interest to determining the nature of
high-frequency properties in CuCl, - 2H,0
under H and T influence. There are a lot of
publications [12-18] devoted to resonance
properties of copper chloride dihydrate in
wide ranges of temperature and magnetic
field. The most comprehensive explanation
of models and theory using the molecular
field approximation for the same sample is
presented in [16, 17]. Changes in resonance
properties in a rotating magnetic field has
been theoretically explanined in [18, 23, 36].
However, the proposed models do not estab-
lish reliably the mechanisms, or define the
constants, nor show the complete spectrum
of the frequency-field dependences at fixed
temperature T = 0 K. The extensive infor-
mation on experimental investigations of
low-temperature properties in a wide mag-
netic field range defines the direction of
our analysis.

Let the low-frequency branch (Fig. 2c¢) of
frequency-field dependence [36] be consid-
ered. It is consistent with the results de-
scribed above (Fig. 2a,b,c). Here, it is easy
to see the point b (Fig. 2¢) that is located on
the critical line Tp(H). The point (b) with
coordinates H, = 6.8 kOe T = 1.68 K cor-
responds to the critical line Tp(H) (Fig. 2c)
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that is a consequence of "cooling” effect of
magnetic field on the phase transition
change. In the initial segment of frequency
dependence in weak fields and fixed ther-
moelastic expansion (T = 1.68 K), the non-
linear dependence is a consequence of com-
petitive influence of thermoelastic expan-
sion and magnetostriction. Such
non-linearity may be estimated using the
correspondence described above. It is the
pressure of 5 kbar that corresponds to the
temperature 1.68 K. At temperatures ex-
ceeding the phase transition (Fig. 2c), with
the same correspondence estimations, tak-
ing into account at fixed thermoelastic ex-
pansion (T = 1.68 K), the magnetoelastic
compression became of priority. The field
from 6.8 kOe and higher is adequate to
pressure of 5 kbar and higher, respectively.
It follows that the behavior of magnetiza-
tion after the phase transition follows the
behavior of magnetostriction in LaMnOj
[10], where the temperature and magnetic
field influences on properties are oppositely
directed.

As a consequence, the low-frequency
branch of the frequency-field dependence is
nothing but plurality of different magnetic
resonances in magnetic properties before
and after the structural phase transition.
All the above denotes the basic role of the
established of EAS stress mechanisms of T
and H influence, that is the reason for ad-
ditional interpretation of resonance condi-
tions differing from conventional ones. This
will be discussed later on.

It should be noted that the revealed
regularities prove that the EAS stress
mechanisms of T-H-P influence are identi-
cal in low- as well as in high-temperature
range. As a consequence, this allows to con-
sider the phase diagram of CuCl, - 2H,0 [5,
18, 21], using namely the described mecha-
nisms. The dependence shown in [5] allows
to consider magnetic properties under ac-
count for the competitive mechanism of
thermo-, magneto-EAS stresses, and "cool-
ing” effect of the magnetic field. In its in-
itial region, this dependence demonstrates a
significant priority of thermoelastic expan-
sion (close to 4.3 K). As the field increases,
a slight change in properties results in the
slope angle change before and after the
phase transition. The phase transition dy-
namics in this case is a consequence of
"cooling” effect of the magnetic field close
to critical point P with coordinates (Hp,Tp).
At further magnetic field increasing at
fixed temperature, with correspondence es-
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timations of T-H-P influences (1 K ~ 4 kOe
~ 3 kbar) taken into account, results in the
priority change. This appears as non-linear-
ity (sign reversal) of properties in high-in-
tensity magnetic field. Such interpretation
of the EAS stresses role forms a basis for
explanation of the phase diagram regulari-
ties and of high-frequency properties [23]
for the sample type considered. It is logi-
cally and physically justified by the de-
scribed analysis.

The experimental detection of changes in
properties can point to the presence of both
critical points and lines. Establishing of
their variety, conditions of existence, and
attributes allow to judge the mechanism
forming the behavior of magnetic suscepti-
bility, heat capacity, resonance properties
not only in the phenomenological models
and theories, but it can also be a subject of
independent investigations. Now, there is
no consistent analysis of physical mecha-
nism that is responsible for the variety of
critical lines and points. No analytical
methods have been developed to study
thereof in both physically accessible and in-
accessible regions, that is a missing link in
a chain of scientific investigations. It is
possible to fill the gap by analyzing the
true thermodynamic mechanism of EAS
stresses that realize physical regularities di-
rectly in described variety of critical lines
and points and associate the symmetry and
lattice structure features with phase transi-
tions and properties.

To establish the role of the EAS stresses
mechanism of T-H-P influence on magnetic
susceptibility and high-frequency properties
(Fig. 1a, Fig. 2a,b), we define regularities
in the construction of both the critical lines
and points in low-temperature magnetic di-
electric. Tp(H), Tp(H,P) are the tempera-
ture field dependences of phase transitions
shift under H and P influences; Py, PPy
are intersection points of extrapolated lin-
ear dependences before and after the phase
transitions (Fig. 2a). Those are due to struc-
tural features; T'y is the intersection point of
the approximated temperature-field depend-
ences. It has coordinates T =0, Hx(T = 0) =
5.5 kOe (Fig. 1a, Fig. 2a, b); P is the critical
point with coordinates Tp=9.2 K, Hp =
11.5 kOe that is formed by intersection of
approximated linear temperature-field de-
pendences of the phase transition shift at
fixed pressures (Fig. la, Fig. 2b). It is the
point of correspondent equality of thermo-
and magnetoelastic anisotropies; Tp =
9.2 K is the temperature parameter of criti-
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cal point; Ty = Tpp =0 K is the intersec-
tion point of Tp(H) dependence with H axis
at Hy = 5.5 kOe. This point coincides with
maxima of thermomagnetic and thermobaro-
magnetic effects and defines the position of
the structural phase transition at T = 0 K.
Such displacement of critical lines and
points and their correspondence allow to es-
tablish and explain regularities of relations
between structural, symmetry features and
mechanisms of thermo-, baro-, magneto-
EAS stresses in changes of properties and
phase transitions in CuCl, - 2H,0.

To that end, using the construction re-
sults of the critical lines Tp(H), Tp(H,P)
and points Ty, Hx(T = 0), Px, PPx in mag-
netic dielectric, we define their values in
the course of competitive influence of
thermo- and magneto-EAS stresses and the
role of elastic anisotropy in formation of
the phase transitions and properties.

a) When comparing the magnetization
(Fig. 2a), temperature-field (Fig. 2b) and
frequency-field (Fig. 2c) dependences, it is
to note that the temperature shift is con-
nected with the thermo-EAS stress priority,
where the elasticity anisotropy implements
a jump of structural phase transition in
critical point Ty as well as the effect of
thermoelastic straining striction at tempera-
ture rise. In this case, Ty = Tpp=Tgyr =0 K
at H = 0. The further increasing of mag-
netic field results in the appearance of ef-
fects, properties, and Tp(H) changes.

b) By analogy with magnetic semiconduc-
tors [10], we show regularities of magneto-
EAS stresses (Fig. 2a,b,c). The influence of
"heating” effect of the magnetic field via
the magnetoelastic anisotropy realizes the
structural phase transition that is displayed
as a magnetization jump in the critical point
Ty at Hyx(T = 0) = 5.5 kOe and T = 0 K. The
further increase of magnetic field strength
appears in "cooling” effect of Tp(H) shift.
In the critical point P, elastic and magne-
toelastic anisotropies are equal to one an-
other (Fig. 2a,b,c).

c) Let the simultaneous effect of H and
T on the phase transition and properties be
considered. The phase transition dynamics
is explained by linear and nonlinear depend-
ences of Tp(H), Tp(H,P) according to mag-
nitude of T and H, using the described
above estimations, mechanism of EAS influ-
ence and very significant sign reversal of T
and H influences. The same regularities are
displayed in frequency-field dependence
(Fig. 2¢), and in the phase diagram that de-
fines the role of T and H influence via the
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EAS stress mechanisms in the low-tempera-
ture investigations.

It is to note that comparison of similar
results for magnetic semiconductor LaMnO4
[10] shows correspondence and differences
(sign reversal) in displacement of critical
points and lines, that define regularities in
properties and phase transitions. In this
case, the EAS stress mechanism remains
constant.

To conclude, using the non-typical but
substantiated analysis, it is possible to asso-
ciate the entire lattice, electrical, magnetic
and elastic properties of investigated mate-
rials. The role of T-H-P influence, its rela-
tive correspondence in properties and phase
transitions via the EAS stresses mechanism,
and relation to the structural binding en-
ergy through pressure parameter in both
the high-temperature as well as low-tem-
perature regions for different classes of
substances allowed to colligate the results
obtained. According to the analysis of ex-
perimental results for high-frequency prop-
erties and magnetic susceptibility of
CuCl, - 2H,0 single crystal under high hy-
drostatic pressure, magnetic field and tem-
perature, the following features have been
established: (i) the linear regularity of
phase transition shift Tp(H), Tp(H,P), esti-
mations of correspondence of T-H-P influ-
ence (1 K ~ 4 kOe ~ 3 kbar); (ii) the role of
thermomagnetic and thermobaromagnetic
effects being maximum at the same tem-
perature Tpp coincident with the structural
phase transition temperature Tgp =0 K;
(iii) the role of "cooling” and "heating” ef-
fects. By analogy with magnetic semicon-
ductors, sign reversal of effects have been
revealed and explained through mechanism
of EAS stresses at phase transition shifting;
(iv) the critical point P with the tempera-
ture parameter Tp = 9.2 K is the result of
regularity of coincident equality of elastic
and magnetoelastic anisotropies; (v) the role
of EAS stresses mechanism of T and H in-
fluences in changes of magnetization behav-
ior and effect of thermoelastic straining
striction; (vi) the role of regularities of T
and H influences via the EAS stress mecha-
nism in high-frequency properties, and ex-
istence of two resonances in properties be-
fore and after the structural phase transi-
tion; (vii) effect of competitive mechanism
of thermo- and magneto-EAS stresses in
phase diagrams; (viii) variety of critical
lines Tp(H), Tp(H,P) and points Ty, Py,
PPy, Hx(T = 0) and P.
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Considering revealed critical lines and
points for the investigated material class,
the correspondence and sign reversal of
competitive T and H and the influence on
properties and phase transitions shown in
critical lines Tp(H), Tp(H,P) and points Ty,
via the of EAS stress mechanism have been
established. The thermo- and magnetoelastic
anisotropies have a significant role in these
processes. Comparing critical lines and
points Py, PPy, Tx with parameter Hx(T = 0)
in both investigated systems: magnetic
semiconductor LaMnO5; [10] and dielectric
CuCl, - 2H,0, defining differences (sign re-
versal) of its displacement allow to deter-
mine of causal role of the mechanisms of
EAS stresses that are forming and changing
structural phase transitions and properties.
In consequence, it may be stated that such
explanation of experimental results evi-
dencess that it is necessary and important
to account for regularities of the thermo-,
magneto-EAS stresses mechanism that form
and change the properties and phase transi-
tions. The presented and justified analysis
of experimental data allows us to predict
the involvement of the same mechanisms in
realization of long-time studied effects of a
colossal magnetoresistance (CMR) and con-
ductance in HTSC structures. Drawing the
analogy in the influence of EAS stress
mechanism in manganites and magnetic di-
electric CuCl, - 2H,O on dynamics of struc-
tural phase transition, properties, effects
with the revealed regularities of critical
lines and points taken into account, it may
be stated, according to authors of [6], that
understanding of the described analysis
would favor a faster and forecasted applica-
tion of these results for making new models
and theories and explanation the variety of
remarkable phenomena and effects in solid
state physics.

These results show that at investigation
of a wide class of materials, the revealed
regularities and mechanism of bulk elastic-
ity may be used. Their application would
promote establishing and understanding of
true physical processes at investigations in
solid-state physics, as well as the law of
corresponding states could be interpreted as
the law of elastically straining conform-
ities, and established regularities of tem-
perature, magnetic field and pressure influ-
ences could be treated as laws of elastically
anisotropic straining stresses and sign re-
versal. Constancy of Tpp temperature could
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be interpreted as the law of elastic and
magnetoelastic anisotropies.
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TepMoauHaAMiYHI MeXaHI3MM NPYKHO-aHI3OTPOIHUX
nedopMyrUYnXx Hampyr y 3mMiHax (pa3zoBoro mepexoay Ta
BJIACTHBOCTEN MaraitrogiejeKTpuka mig BmiauBom 1-H-P

I1.1.Ilonaxoe, C.C.Kyuepenxo

Ha ocHOBi eKcIeprMeHTAJLHUX AOCIiAKeHb 3alIPOIIOHOBAHO Ta MOACHEHO MeXaHi3M poJIi
IPYKHUX aHi30TPONHUX AeOPMYIOUNX HANPYT V BUHUKHEHHI Ta 3MiHax (asoBUX IePeXOXiB
Ta BJIACTUBOCTEH MATHiTHUX AieJeKTPUKiB. 3 e€KCIEePpUMEHTAJbHUX AAaHUX IPO DPE30HAHCHI
BaacTusocti MorOKpucTary CuCl, - 2H,0, mo € Hu3pPKOTEMIEPATYPHUM MATHITHHM JieTeKT-
puKoOM, Bu3HaueHO BigmosimmicTs mixk Bmamsom T, H i P (1 K, 4 kOe, 3 kbar) Ha cTpyKTyp-
HuH QasoBuil mepexis. BuaBieHo TepMOMAarHITHHMI Ta TepMoOapoMarHiTHHII ederTH. Ix
MaKCHMyMHU MalOTh OAHAaKOBY Temmeparypy Tpp = 0 K, axa cmismagae 3 temmepaTypoio Tgp
CTPYKTYPHOTO (Pa3oBoro mepexony. BUSBI€HO TAKO0 3HAKO3MIHHICTD ~OXOJOMKYBAJIBLHOTO
Ta "HarpiBanpHOro" edexTiB y scysax Tp(H). Kpuruuni Touku Py, Ty Ta P MaoTh TeMIle-
parypHuit napamerp Tp = 9.2 K, axuit 3HauHO BiApisHAETLCA Bix Bimomoro sHavenHa T, =
4.3 K pna mux marepianiB. PosriasHyTo HaMarmiuyBaHHs, TeMIIepaTypPHO-IIOJLOBI Ta 4acTOT-
HO-IIOJIOBi 3aJIeXKHOCTI Ta BCTAHOBJEHO BiANOBiAHICTH y 3MiHaxX IIMX BJIACTHUBOCTEH OO Ta
micada CTPYKTypHOTro (ha3oBoro mepexony. BuaBieno edekT Tepmo-YIA cTpukIiii, mo €
3aKOHOMipHicTI0O 3MiHEM ()a30BOTO CTaHy MAaTHITHOTO [AieJIeKTpPUKAa I BIJIMBOM MAaTHIiTO-
crpukiii. KoHKypeHTHI MexaHisMm TepMoO- Ta MAarHiTOCTpPUKINii, AKi BUKJIMKAIOTH 3MiHU
BHCOKOYACTOTHUX BJIACTUBOCTEHM, € NMPUUYMHOIO ABOX PE3OHAHCIB MO Ta MiciA CTPYKTYPHOI'O

($azoBOTO IEepexony.
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