crement is given by (32), with the substitution (38)
necessary in the region ¢,>» ¢,. A strong resonance is
described in a somewhat more complicated manner.
Outside the narrow resonance region, the resonance

is weak as before. In the immediate vicinity of the
resonance, however, where the condition (26) is satis-
fied, it is necessary to use Eqs. (34) and (35).

We note in conclusion that the study of the anomalous
skin effect in a magnetic field has been shown here to
be a most effective method of investigating the surface
scattering of conduction electrons. The calculations
presented apply to an isotropic metal. This restric-
tion, however, is not essential, since the current is
determined by a narrow “strip” on the Fermi surface,
where v, =0. The specularity of reflection of such elec-
trons and the vanishing of the diffuseness coefficient
in accord with Eq. (4) are simple consequences of the
indistinguishability of the electronic states near this
strip. In the other limiting case (¢,> ¢,) we used in
general form only the sharp directivity of the scattering
indicatrix,
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The phase diagram and isobaric heat capacity of NH,Br are investigated up to 2.65 kbar using an improved
adiabatic calorimetric technique. The pressure is maintained constant to within 10~? bar. The coordinates of
the triple point are T, = 203.35+0.15 °K and P,, = 1730+ 20 bar. The coordinates of the tricritical point on
the 5-8 transition line are T, = 207.9%0.3°K and P, = 2250+ 35 bar. The heat of the §~y transition is
found to vanish in the vicinity of the triple point, which can thus be regarded as a “distorted” bicritical point.

PACS numbers: 64.70.Fx, 64.60.Kw, 65.20. + w

I. INTRODUCTION

A large number of experimental' ™ and theoretical
papers are devoted to the study of the phase transitions
in ammonium halides. Ammonium halides are of in-
terest because of the nature of the phase transitions in
these compounds changes with pressure. Ammonium
halides have all important advantage over ferroelec-
trics and magnets: they have no depolarizing and de-
magnetizing fields complicating the interpretation of
the experimental data. Ammonium bromide is especi-
ally attractive; in this compound, there are three types
of orientational phase transitions in a relatively acces-
sible pressure range.

14-18

Two orientations of the NH," tetrahedron are possible
within the crystal lattice. On the NH, phase diagram
(Fig. 1) there arethe orientationally disordered$ phase,
the 6 phase with parallel ordering of the ammonium
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ions, and the ¥ phase with antiparallel ordering. As
has been shown'™® both types of ordering are due to
the ammonium octupole interaction: direct interaction
leads to parallel ordering, and indirect interaction
(through the hydrogen-halogen dipole) leads to anti-
parallel ordering. The interaction potentials depend
primarily on the polarizability of the halide ion, which
is a strong function of pressure.

Previously available data on the NHBr phase diagram
have been very crude. Thus, in Ref. 6 the pressure at
the tricritical point” on the 6-pB transition line is indi-
cated to be in the interval 2.5~3.65 kbar, and the uncer-
tainty in the triple point coordinates amounted to sev-
eral hundreds of bars. We have set ourselves the task
of significantly refining the nature of the phase diagram
and investigating the isobaric heat capacity of NH,Br
up to pressures of 2.6 kbar with an accuracy that is no
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worse than that attainable in calorimetric measure-
ments at low pressures.!

1l. EXPERIMENTAL TECHNIQUE

The calorimetric investigation of critical phenomena
at high pressures requires fundamentally new techni-
ques, in which the isobaric heat capacity is a directly
determinable quantity. With this goal, an apparatus
was designed and constructed for the measurement of
Cp at pressures up to 2.5 kbar.?'® In such an appara-
tus, an additional source of uncontrolled energy flow
may arise—as a result of pressure fluctuations. Mini-
mization of these flows required construction of a sys-
tem for pressure stabilization.

The piston manometer MP-2500 used to maintain the
pressure in the system haz an accuracy rating of 0.05.
However, leakage of fluid into the gap between the pis-
ton pair causes the piston to drop to the stop after
a time on the order of 10-100 sec, and its operating
lifetime ends. Attempts to correct this deficiency by
means of a relay regulator were not successful, since
pulsations arose which were connected with the finite
accelerations of the piston. At a pressure of ~2 kbar
in the system, the pressure oscillations amounted to
about 1 bar. This, in turn, led to error in the heat-
capacity determination. Indeed, in the vicinity of the
transition a strong Cp(P) dependence developed. Inves-
tigations of ammonium bromide showed that on going a
distance 57 =0.1 °K from the transition, a change in
pressure of 1 bar changes the heat capacity by 8%. In
turn, an adiabatic pressure change of 1 bar induced a
temperature change of 0.01 °K, If the width of the
calorimetric step is 0.05 °K, this leads to an error of
20% in the determination of C,, which is two orders of
magnitude poorer than the present capabilities of calo-
rimetry in this temperature range. Therefore we took
on the task of improving the pressure stability by two
orders of magnitude. It turned out to be possible to
solve this problem by obtaining stability of the piston
position at a fixed height as a result of including a ther-
mocompressor in the stabilization system.24

The stabilizer works as follows: when, as a result of
fluid leakage, the manometer piston is displaced, a
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photoelectric sensor of the piston position gives a sig-
nal; under the action of this signal, the power released
by the heater of the thermocompressor increases. The
volume of fluid increases, and as a result the mano-
meter piston returns to its original level. Experi-
ments showed that the vertical position of the piston

is stabilized by such a method to within 0.1 mm. Asa
result, the absolute stability of the pressure amounts
to 107 bar.

The contribution of temperature-drift oscillations to
the error in determination of the calorimetric step was
thus diminished to 2 *10® °K, while the total error
amounted to 1-10* °K. The hydraulic system of the
apparatus is shown schematically on Fig. 2. A bel-
lows divider separated two loops—pentane and oil.
Pentane has a low freezing point and therefore is used
as the hydrostatic compression medium for the test
sample at relatively low temperatures—up from 150 °K.
But a very viscous fluid must be used as the working
medium in the piston manometer. For this reason, the
hydraulic system was separated into two loops.

The method of vacuum adiabatic calorimetry is used
in the apparatus. Steps were taken to reduce the gra-
dients along the calorimeter and the shields, and also
for adiabatic support of the capillary relative to the
calorimeter.”

In the critical region, the form of the anomaly in the
heat capacity depends strongly on the impurities.
Therefore special attention was paid to purification of
the material. A powdered sample of “very pure”
grade was subjected to repeated sublimation from its
solution in tridistillate. After this, it was dried under
vacuum in the presence of zeolite, and the latter was
itself previously calcined under vacuum. Spectral ana-
lysis revealed no traces of alkali and alkaline earth
ions—except for potassium ions, the content of which
amounted to less than 0.002%.

The specifies of the given method result in a vari-
able mass of pentane entering into the calorimeter. In
order to eliminate the error due to the fact that the
mass of pentane is not constant, a calibration experi-
ment is performed with a copper sample which has the

FIG. 2. Hydraulic system of the apparatus: 1) high-pressure
calorimeter; 2) bellows divider; 3) pulsation filter; 4) piston
manometer; 5) thermocompressors.
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same volume as the investigated sample. In the pres-
sure range under consideration, copper has no phase
transitions; its heat capacity is practically independent
of pressure and is tabulated in detail. Calculation of
the heat capacity of the test sample is reduced to this
procedure: C,= C;+C; - C;, where C, is the total heat
capacity of the calorimeter, the test sample, and pen-
tane; C; is the heat capacity of the copper sample; C,
is the total heat capacity of the calorimeter, the copper
sample, and pentane.

The calibration experiment does not completely eli-
minate the ballast heat capacity of the calorimeter and
of the variable-mass pentane. In order to take into
account the difference between the compressibility co-
efficients of the test sample and copper as well as the
difference between their thermal expansions, we must
introduce corrections. The systematic errors are
primarily due to the inaccuracy of these corrections.
Far from the phase transition point, they amount to
0.1% of the regular part of the heat capacity of the test
material. At the transition point, an additional error
appears in connection with the jump in volume; the up-
per limit of the error is equal to 0.12% of the regular
part of Cp. The mean square deviation of the experi-
mental Cp values from the smoothed curves amounts
to 0.15-0.3% for the sample.

The apparatus described allows us to obtain the adia-
bats, i.e., the pressure dependence of the temperature
for constant entropy. The measurement technique is
as follows: At zero isobaric temperature drift, the load
on the piston manometer is varied in rather small steps,
waiting at each pressure value until temperature equi-
librium is established. The nonadiabaticity of the cal-
orimeter is estimated as 2° 102 J/hr. The T(P)s de-
pendences obtained are adiabatic for the complex sys-
tem composed of the tested material, the calorimeter,
and the pressure-transmission medium. Due to the
monotonic character of the thermodynamic properties
of the calorimeter and the transmission medium, singu-
lar points on the adiabats correspond to singular points
of the phase diagram.

1ll. PHASE DIAGRAM OF AMMONIUM BROMIDE

The P-T diagram of NH;Br plotted from our results
is presented in Fig. 1. The triple point has the coordi-
nates T, =203,35+0.15 °K and P, =1730+20 bar. The
slopes of the phase-transition lines are described by
the following values: for the y—B transition line, dP/
dT==56 bar/°K; for the 5-8 line, this value is equal
to 117 bar/°K; for the 5~y line it is equal to 19 bar/°K.
These phase-diagram parameters differ significantly
from the results of other authors.?***®'** In all these
papers, the accuracy in the pressure determination is
low (the error reaches several hundred bar); the dif-
ferences between triple-point coordinates obtained by
various authors reach 30° and 300 bar.

The adiabat method allows us to investigate hystere-
sis phenomena on the phase-transition lines. The
calorimetric methods are poorly adapted to this goal,
since in this case it is difficult to realize the cooling
regime.
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FIG. 3. Adiabats in the vicinity of the y-g transitions: temp-
erature hysteresis decreases with decrease in pressure.

The adiabats T=f(P)s form in the vicinity of the y-8
transition hysteresis loops which are characteristic
for first-order transitions. The sizes of the loops vary
markedly along this transition line, as is evident from
Fig. 3. At high pressures, close to the vicinity of the
triple point, this loop is large; at P =1,67 kbar, the
temperature hysteresis amounts to 0.2 °K and the pres-
sure hysteresis is equal to 42 bar. On lowering the
pressure, these dimensions monotonically decrease and
at P=0.15 kbar they amount to 0.044 °K and 2.4 bar,
respectively. At P <0.9 kbar, the temperature hys-
teresis of the adiabats is practically linearly depen-
dent on the pressure, as Fig. 4 demonstrates. Extra-
polating the hysteresis size to zero, we may assume
that the heat of transition will disappear on the continu-
ation of the y—p transition line to the negative pressure
region (at P~—~0.5 kbar). Press ef al.,® studying the
integrated intensity of neutron scattering by an NHBr
single crystal as a function of temperature at different
pressures, also observed hysteresis in the correspond-
ing curves. These authors indicate that the hysteresis
is minimized in the region P =0.4 kbar,; however, our
data have not confirmed this.

On the 6-F transition line, the temperature hystere-
sis on the adiabats is also maximum in the vicinity of
the triple point, decreases with increasing distance

AT, K
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FIG. 4. Pressure dependence of the width of the hysteresis

loop on the y-3 line.
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FIG. 5. Adiabats in the vicinity of the §— transitions: temp-
erature hysteresis decreases with approach to the triple point.

from the triple point, and finally disappears at pres-
sures of =2.2 kKbar—i.e., at the tricritical point. The
hysteresis of the 6—v transition line behaves different-
ly: its magnitude tends toward zero as the triple point
is approached (see Fig. 5). This shows that the triple
point in NH,Br is not an accidental point of intersection
of three first-order transition lines. We should point
out that the hysteresis loop on a given transition line

in the 173 °K region changes size discontinuously.
Furthermore, the transition line itself has here a slight
break,

In Refs. 2 and 13, a new phase was observed at P 2 4
kbar in NHBr. The continuation of the transition line
from this phase to the 6 phase ends up approximately
at the same place on the 8~y transition line where we
observed the anomaly. However, at pressures less
than 4 kbar, the authors of Refs. 6 and 17 did not ob-
serve a new phase. Our data are only an indirect indi-
cation of the possibility of the existence of such a
phase, so that additional investigations are necessary
for the ultimate resolution of this question.

IV. NATURE OF THE HEAT-CAVITY SINGULARITY
CLOSE TO THE PHASE TRANSITION LINES

We studied the anomaly in the heat capacity on the
orientational ordering lines., The measurement re-
sults” are approximated by a formula with a singular
and a regular part:

Co=AT|t|*+7T (4,+4:7), 1=(T~T)/T., (1)

T, is the fitting parameter, the extrapolated tempera-
ture of the divergence in the heat capacity, which does
not coincide with the first-order-transition temperature.
The statistical analysis method used is described in
detail in Ref. 26. The unbiased estimates of the
parameters a, A;, Ay, A3, and T, are given by mini-
mization with respect to the parametric sum of the
weighted square deviations. However, due to the pos-
sible inadequacy of the model, a biased estimate may
be obtained for the confidence intervals AA; of the
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parameters A;. Therefore the adequacy of the model
was tested for each variant of the calculation.

In the statistical aralysis program, a limiting param-
eter llogl-r Ilm is introduced to compare computational
variants of different proximity to the transition. If,
beginning with a certain variant, further narrowing of
the treated temperature interval does not lead to a sig-
nificant change in the parameters (primarily, the criti-
cal exponent), then this choice of computational variant
must be considered satisfactory.

Transitions on the 5-3 line

The Cp(7T) dependence was studied on four isobars: at
P=1.9, 2.17, 2,47, and 2.57 kbar; and furthermore the
neighborhood close to the transition at P =1.77 kbar
was studied. It is found that close to the triple point
on this transition line, the power-law divergence is
characterized by an exponent close to the tricritical
value @=0.,5. Thus, on the P=1.9 kbar isobar, a is
found to equal 0,533+ 0.016 at T< T, (see Fig. 6) for
959, -confidence probability. On Fig. 7 is presented the
959 confidence region for the model of the approxima-
tion in Eq. (1), and the same region for the extended
model, comparison with which allows us to judge the
adequacy of Eq. (1). All five parameters are varied:
a, Ay, Ay, Az, and T,. The confidence corridor has a
form typical also of our other measurements: for val-
ues of |7| from 10™ to 2.5 -10%, the corridor half-
width is 0.04-0.05%; upon decrease of |7| to 107, the
half-width increases to 0.12%; and at |7| =510 the
corridor half-width increases up to 0.25%. At the
same time, the confidence corridor of the approxima-
tion to the experimental data in the extended model
fluctuates about the axis of the confidence corridor of
the basic model in Eq. (1), for the most part overlap-
ping it, which means that the model used is adequate.

In order to study the close vicinity of the phase tran-
sition, we need to decrease the width AT of the calori-
metric step. The absolute error in the determination
of AT in our experiments is about 10* °K. Far from
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FIG. 6. Dependence of the excess heat capacity on the rela-
tive temperature for P=1.9 kbar. The slope of the straight

line corresponds to the value @ = 0.533+0. 016. The horizon-
tal bars give the width of the calorimetric step.
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Confidence interval

FIG. 7.
the heat capacity at P=1. 9 kbar (dotted lines) and for the
extended model (solid lines) for confidence probability of
0.95.

Confidence corridors for approximation model for

the transition, where AT=1 °K, this contributes ~0.019
to the error of the heat capacity. Close to the transi-
tion, the width of the experimental points decreases to
0.013 °K (see Table 2 in Ref. 27). At the same time,
the increase in the equalization time in this region in-
creases the error in the determination of the step

width to 10® °K—i.e., to 3%. This explains the in-
crease in the scatter of the experimental data at the
peak of the curve, when the values of the heat capacity
exceed 400 J/mole* °K.

The presence of “frozen” impurities in the solid ex-
plains why the sample “remembers” its previous his-
tory, and in different series of measurements several
differing (by an amount on the order of 107 °K) values
of the transition temperature are obtained. This com-
pelled us to include in the statistical reduction the
points of both measurement series only up to l'r| =4
10 and to restrict ourselves to only the points of the
second series for the close vicinity of the transition.

Despite the indicated difficulties, the power-law di-
vergence was traced up to very close to the transition
point (|7|=2:10%, i.e., Tym, — 7=0.04 °K), which
could not be obtained in other solid-state systems in
which the tricritical point was observed.

Despite the fact that the power-law divergence is
traced practically to the very transition temperature,
the transition itself at P =1.9 kbar must be classified
as first-order, since a heat Q. ., =95+ 8 J/mole is
absorbed in the disordering process. It is well known
that this leads to the appearance of a 6 function in the
Cp(T) plot. Due to the “frozen” impurities, the & func-
tion is broadened. The region of broadening of the 6
function practically coincides with the steep portion of
the high-temperature branch of the heat capacity dis-
torts the power-law characteristic dependence at T
> T, and does not make it possible to determine the ex-
ponent by statistical reduction of this branch,

An analogous pattern is observed at the pressure of
P=2,17 kbar. The power-law for the divergence is
adequate up to |7|=2:10% for T< T,. The heat of
transition is @ .., =21+ 5 J/mole. The heat of transi-
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FIG. 8. Disappearance of the é function on the Cp(T) curves
for pressures higher than the tricritical pressure .

tion disappears at P =2250+ 35 bar, 7=207.9+0.3 °K,
Of course, this point is taken as the tricritical point.

In this region of temperature and pressure, the hys-
teresis of the adiabats and the 6 function (Fig. 8) dis-
appears.

Disappearance of the signs of the first-order transi-
tion (the 6 function and the region of its broadening,
within which a transition heat is released) contributes
to the fact that at higher isobars, an adequate descrip-
tion of the high-temperature branch by a power law for
the divergence seems possible. Thus, for P=2.57
kbar, at T> T, and ITF: 410" we have @=0.483
+0.053. Regarding the low-temperature branch, a
lowering of the effective exponent is observed here:
a=0,37 at P=2.57 kbar. This apparently means that
the system is in a region of transition from tricritical
behavior to critical behavior, although the available
experimental data is not sufficient to confirm this un-
ambiguously.

At pressures lower than tricritical the values obtain-
ed for the heat of transition and for the difference be-
tween the transition temperature and the divergence
temperature T, agree within the framework of the Lan-
dau theory®’'?® (see Table I).

Transitions on the y-£ line

The results of the investigation of the heat capacity
at normal pressure and at P =0.35 kbar were published
previously.za‘29 We repeated the statistical analysis of
these papers. Furthermore, measurements were car-
ried out on the P =1.67 kbar isobar (see Fig. 9). The
experimental data, approximated by Eq. (1), are de-

TABLE 1.
o Qtrans -
Ttrans ¥ P, kbar ]/t,:gi; T~ Toandexp | Te Tirans calc.
20717 217 21 0.005 0.0016
204.72 1.9 95 0.02 0.037
203.58 1.77 142 - -
*According to the Landau theory.
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scribed adequately by the exponent @ =0.32+0.07 at
normal pressure and @ =0.30+0.03 at P=1.67 kbar.

It is essential that in this case all five parameters of
the model in Eq. (1) were free. Heat capacities on the
y-B transition line at atmospheric pressure which are
close to our results are obtained by Lushington and
Garland,* who varied only the critical exponent & and
obtained @ =0.2 for an inadequate description. They
extracted the regular part of the heat capacity from the
experimental data by resorting to additional assump-
tions.

The value a@=0.3 does not follow from the familiar
theoretical models usually used to describe the orien-
tational transitions in NH;Br. There may be two
causes for this value of the exponent. First of all, it
could be due to the crossover from tricritical behavior
to critical behavior. LThus, data on the heat capacity
of liquid crystals® (exponent a=0.33) could be inter-
preted using the interpolation crossover mode.] Sec-
ondly, such an exponent could be due to broadening of
the 6 function. Although the narrow neighborhood of
the transition point was excluded in the statistical treat-
ment of the data, it may turn out that the broadening
of the 5 function at the y-B transition can occur also at
larger distances from the transition point.

The reduction at the crossover was carried out, as in
Ref. 31, according to the model

T

Cp= —————
"Bl + Bylel®

+T.(Bs+B:1).

An adequate description is achieved for 0 < @< 0.15. In
all cases, the ratio of the constants By/B; *10—i.e.,
critical behavior appears in the immediate vicinity of
the transition line (|7]| <3+107®). On approaching the
tricritical point from the first-order transition side,
there can be no crossover to critical behavior. Appar-
ently, the break from the second-order transitions to
those of first order occurs for a reason not associated
with the tricritical point.

The value of the heat of transition, determined from
the calorimetric experiment, was equal at normal
pressure to 72+ 9 J/mole, and at P =1.67 kbar it in-
creased to 153+ 19 J/mole.

V. ANOMALOUS CHARACTER OF THE 6-y
TRANSITION IN THE VICINITY OF THE TRIPLE POINT

On the P=1.67 kbar isobar, we observed two peaks
(Fig. 9). The low-temperature 5-7 transition was
found only after painstaking searches by means of suc-
cessive narrowing of the calorimetric steps. The dif-
ficulty in detection of this peak is associated with the
fact that it arises without any pretransitional pheno-
mena as a very narrow (less than 0.05 °K) almost un-
broadened 5 function (see Fig. 10) with an unusually
low heat of transition, which does not exceed 0.9 J/
mole (Q/RT=5-10"). Such an anomalous absence of
heat of transition is at first glance unexpected, since
from symmetry considerations it follows that the tran-
sition itself is of first order. The vanishingly small
value of the heat of transition in this case is confirmed
by the fact that the heats of the 5-8 and y-8 transitions
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FIG. 9. General form of the Cp(T)dependence for P=1.67
kbar.

close to the triple point are practically equal, 142116
J/mole at 1,77 kbar, and 153+19 J/mole at 1.67 kbar,
i.e., their algebraic sum, equal to the heat of the 56—
transition, is insignificantly different from zero. The
absence of heat in the 5-7% transition close to the triple
point would be reasonable if this point were a bicritical
point. A bicritical point arises on interaction of two
order parameters ¢ and 7. In our case, ¢ may be cor-
related with the parallel ordering of the ammonium
tetrahedra, and 1 with the antiparallel ordering. Know-
ing the symmetry of the NH,Br phase (8- 0,!,6 - T, v

- D},), we may find the invariant combinations of order
parameters that enter in the thermodynamic potential.
The parameter of the B-5 transition transforms in ac-
cordance with a one-dimensional irreducible represen-
tation of the group O;. The corresponding invariants
are ¢?, ¢*, etc. The parameter of the 8- transition
transforms in accordance with an irreducible three-
dimensional representation belonging to the star K
=(4,4,1). The corresponding invariants are: n%+n;
+n2, M2 +nZ+n2)%, 1} +n*+nj etc. The mixed in-
variant of lowest order has the form @?(n? +nZ +n3),
since in fact the three-component order parameter has
only one independent component, we obtain as a result
the thermodynamic potential®:
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FIG. 10. Anomalies in the heat capacity for the first-order
5~y transition: Qup.e <0.9 J/mole. The bars indicate the
width of the calorimetric step.
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O=0,+' /7. ¢*+/ @+t + '+ vein?, (2)

where Ty=T ~ Ty, T3=T- T,3; T,(P) and T,(P) are
the temperatures of the second-order transitions from
a disordered phase to ordered phases. Minimization
of this potential with respect to ¢ and 71 gives four pos-
sible phases®: 1) ¢ =n=0 (8 phase); 2) ¢=0,7#0 (y
phase); 3) ¢ #0,n1=0 (6 phase), 4) ¢# 0,7#0. Phase
4) is unstable under the condition wuyu; < v*, which in
our case should be satisfied since this phase is absent
in NH,Br. In this case, at the bicritical point—the co-
ordinates of which are determined by the expressions
Ty = To1(Py,) = T,5(P,,)—according to theory, the two
second-order transition lines (Y-8 and 5-8) and the
one first-order transition line (6-¥) should converge.
The entropy discontinuities AS on the 6-v line are
equal to AS = T,y — T,3/2(usup)'*~i.e., as the bicritical
point is approached, the heat of the 6-v transition tends
toward zero.

The triple point of the P-T diagram of NH Br is in
fact not bicritical, since on the ordering lines (5-8
and 7-B) second-order transitions do not occur, and
they break away to first order. However, the close-
ness of these transitions to a second-order transition
(Q/RT =< 10™) makes it possible to consider the triple
point in NH,Br as a “distorted” bicritical point.

Vi. CONCLUSIONS

The investigation of the phase diagram and of the heat
capacity of ammonium bromide left unanswered several
questions. Primarily: the existence of an additional
phase at low temperature, the value of the critical ex-
ponent of the heat capacity in the region of the §-8
second-order transitions, and the nature of the change
in the heat of transition. From a theoretical point of
view, the mechanism by which the tricritical point
arises on the 6-8 transition line remains unclear. A
universal approach to polycritical phenomena, based on
consideration of interactions of several order param-
eters,* may prove to be effective in this case. For
this, it is necessary to understand the nature of such
additional order parameters, the interaction with which
determines the nature of the transitions. We can note
here the substantial role of phonons ® and of polarized
dipoles

The authors thank C. Garland for kindly making avail-
able a pgeprint of his work, L. N. Baturov, E. E. Go-
rodetskii, and Yu. F, Kiyachenko for valuable discus-
sions. )
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