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The effect of pressure on the phase diagram of copper chloride dihydrate was investigated. It is shown that
the law of corresponding states holds for this crystal. The effect of high hydrostatic pressure on the Néel
temperature and on the flipping of the sublattice magnetic moments is studied.

PACS numbers: 75.30.Jy, 76.60.—k, 75.50.Ee

Flipping of the magnetic moments (FMM) of the sub-
lattices can take place in antiferromagnets places in an
external magnetic field. FMM was first observed in
copper chloride dihydrate. "'’ A study of the resonant
properties of the antiferromagnet (AFM) CuCl, . 2H,0
at high hydrostatic pressures has revealed a strong de-
pendence of the flipping fields H, on the hydrostatic
compression of the sample. 2!

It is quite urgent to study the FMM under the influ-
ence of high hydrostatic pressure and to trace the vari-
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ation of the Néel temperature and of the field H, by

plotting the phase diagram for the given single crystal.
We chose the NMR method, 13 3nd used the spectrom-
eter employed in similar researches. ©1 A high hydro-

‘static pressure, on the order of 10 kbar, was produced

in an autonomous chamber in the temperature interval
1.6-5.4°K. The pressure was measured by determin-
ing the temperature of the superconducting transition on
the pressure with accuracy +100 bar. The behavior of
the proton-resonance line near the Néel temperature®’
has made it possible to plot Ty =f(P) (Fig. 1). The
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FIG. 1. Pressure dependence of the Néel temperature.

Néel temperature was measured in a 4-kOe external
field. The low intensity of the external magnetic field
was chosen from considerations of its influence on the
transition temperature. This value of the field lies
within the temperature-measurement error + 0. 005 °K,
and the influence of the magnetic field can be neglected.
Measurement yielded d7T,/dP=1.6x10™ deg/bar,

We investigated in detail the effect of pressure on the
field H,, and also on the triple point of the phase dia-
gram H, (Fig. 2). The value of H, was measured by
two methods, by determining the character of the pro-
ton resonance near the easy magnetization axis, ! and
‘by the NMR signal from the domain walls. At a field
orientation along the easy axis, in the zone where the
intermediate state was produced under the infiuence of
the external magnetic field, one can see the signal from
the domain walls. ™’ H, was determined from the max-
imum of the intensity. The results obtained by the two
methods were in good agreement. The measurement
accuracy was £1 Oe. The triple point H; was deter-
mined from the vanishing of the signal from the domain
walls.

Figure 3 shows a plot of H,/H,=f(T/T;). The depen-
dence is quadratic, and the plot itself confirms the law
of corresponding states for antiferromagnets, i.e.,
H,/H, is a function of the ratio T/7;, where T, is the

temperature of the triple point on the HT phase diagram.

The value of the pressure does not affect the shape of
the presented curve.

Owing to the magnetostriction, the external hydro-
static pressure leads to a redefinition of the exchange
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FIG. 2. Phase diagram of CuCl,* H,O. Curves 1, 2, and 3

are drawn for P=0,2, 5 kbar, and 3 kbar, respectively. The
numbers I, II and II designate the spin-flop, antiferromag-
netic, and paramagnetic regions.
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FIG. 3. Diagram of corresponding states: x—5.3 kbar, 02
kbar, A—P =0, 0-10 kbar,
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integral and of the anisotropy constants. These re-
normalizations can be carried out by starting from the
following expression for the magnetostriction energy

Hm=)“il,¢)'” i lh“pq+'\$‘2k),pq"‘i My, (1)
where 2 and A? are the exchange-magnetostriction
constants corresponding to the vectors I and m, while
the indices ¢, p, k, and g serve to denote the projec-
tions of these vectors on the axes x, y, and z.

Allowance for the symmetry causes only the compo-
nents Ay (@,B<3) and Ay, A5, and A (where o and g
are the Voigt indices) to be different from zero.

Without dwelling on the calculations, we present an
expression for the exchange integral under pressure

P
1Py =1, + (a0 -A”’]%, , (2)

where k is the summary compressibility, P is the pres-
sure, Sis the spin (equal to 1/2), Iis the exchange in-
tegral (I=3;1(R;)), and AP = {1},

The renormalization of the anisotropy constants X
leads to

K(P) =K + kP(Ny, =~ 1Y), 3)

Noting that the transition field H, and the field H; are

proportional to v 2K, and that T;=5bI (b is a constant
coefficient), we represent the equation for H,(P, T) in
the form '

2 " 2
it 1) =i o U L), @)
s\ e

The ratio of the transition field to the triple-point
field then becomes

(P, T) 9 .
B VRS (l )2 . (5)
H(P) 3\ T,

where a is the constant coefficient in the formula H,
=av2IK . ¥ormula (5) is a reflection of the law of cor-
responding states.

The temperatures 7; and 7y (Fig. 2) satisfy at all
pressures the relation 7,/ 7Ty= 0. 95.

From the curve of Fig. 3 and from (5) we obtain
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is in this case I, =(T;/b)p,=117. 8 °K. The value of the
exchange integral I, can be obtained by using the value
of the exchange field H, =1.2x10° Oe. 1

Recognizing that 281, =2u,H,, where L, is the Bohr
magneton, we obtain I,=17.6 °K. These values of /,
are in good agreement.

From I, we can calculate T, by using different theo-
retical variants,

MFT HTE CcS TS EXP

Ty K 8.9 4.45 3,91 3.02 4.33

where MFT, HTE, CS, TS, and EXP stand for the mo-
lecular field theory, I8 the high-temperature expan-
sion, I the Callen splitting of the Green’s function, '’
the Tyablikov splitting of the Green’s functions, ! and
the experimental data, B respectively.

It is seen from the table that the best agreement with
experiment is obtained with the high-temperature ex-
pansion,

The results indicate that a high hydrostatic pressure:

a) exerts an influence on the field H, at which the flip-
ping of the magnetic moments of the sublattices takes
place in CuCl,» 2H,0; b) shift the Néel temperature

wwaiup wpuel values; ) cnanges nnearly the value of
the exchange integral.

The law of corresponding states holds in the antifer-
romagnetic single crystal CuCl, - 2H,0.

The authors take the opportunity to thank E. P Stef-
anovsku V. L. Sobolev, and D, A. Yablonsku for a
discussion of the results.
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