CRITICAL POINT OF PHASE TRANSITIONS OF FIRST ORDER BUT CLOSE TO SECOND ORDER

A.M. Korotkikh and V.M. Nabutovskiil

Institute of Inorganic Chemistry, Siberian Division, USSR Academy of
Sciences

Submitted 29 December 1970

ZhETF Pis. Red. 13, No. 4, 208 - 211 (20 February 1971)

It is known that in certain ferroelectrics and magnetics the phase transi-
tion is of first order but is close to second order. Larkin and Pikin [1] have
shown for the elastic-isotropic model that the first-order transition is con-
nected with the compressibility of the lattice and with the influence of the
long-wave phonons in the case when the specific heat becomes infinite in the
absence of this influence.

In real experiments there are always factors that "smear out" the peak of
the specific heat, namely the electric fleld E or the magnetic field H of the
impurity. We shall show that there exist critical values of the parameters,
such that the phase transitions of the described type vanish; we shall obtailn
the critical field HC and the critical concentration \ and investigate the

thermodynamics near such a critical point.

To simplify the exposition, we confine ourselves to magnetic materials.
We use as the models the Ising model in a magnetic field (MIM) and the deco-
rated Ising model (DIM) [2]. In the former case, the Hamiltonian, with allow-
ance for the compressibility, takes the form
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Here Ky and p are the moduli of hydrostatic compression and shear, aua/BrB the

strain tensor, I the exchange integral, q = (0/3I)(31/3a), a the interatomic
distance, Gi = 1, T; Gj = 0, *1, and m is the magnetic moment of the site.

We perform the transformation described in [1] and expand the expression
for free energy (Egq. (3.1) of [3]1) in inte%§r powers of T, obtaining the Gibbs
poftential ¢ for the MIM in parametric form
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where ® is a smooth function of the temperature T and of the pressure p, Ho =

1)It should be noted that it is l1mpossible to make a continuous transition
to the 1limit h +~ 0 in (3), since any field is strong in a region sufficiently
close to the Curie point.

147



I/m, h = H/Ho is the dimensionless magnetic field, X = MuKocz/[Tc(3Ko + 4u)7,
c = (q/Ko)(QTC/Sa), z is a parameter, T, is the transition temperature, a, b,

dnvl, p=va/(6 =-v1), €= (6 —-2v2)/(6 - Vv1), ¢ = (18 - bvy)/(6 5. Vi), and
the critical exponents v; and v, are defined by the relations <<m(r)m(F')>>
|; - ;'l—\)i and <<&(P)S(F')>> & v - B!

model we have v; = 1 and vy, = 2.8.

|™V2, For the three-dimensional Ising

It follows from (4) that x, meaning also ®, becomes a non-unique function

of the temperature when h < h (Ab)l/e, with x1 > X» as h ~+ h (x1 and %, are
the roots of (L4)).

Formulas (3) and (%) make it possible to construct the thermodynamics of
the system near the critical point in the (h, t) plane. For simplicity iet us
consider the thermodynamic quantities along the lines t = 0 and h = hc (y de-
notes the singular part of y, n = (HC - H)/Hc, and g ™ 1).

For t » 0%, > 0,
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For the DIM we obtain for small Yy, using (1) and (2),

o0 p? o Ax 1-q Blx[? @/ @ —(Ax B ))‘
T Yie Jaafice 2Zly T P
! (7

/(1 ~a)
T-T -cp AMx  ABxxV 07

re — - =x - +
T Y y

Q2-a)/( —a)

Here vy 1s the concentration of the nonmagnhetic impurities, A, B v 1, and
o 1s the critical exponent of the specific heat in the Ising model, a =
(6 ~ 2v2)/(6 - vz). The first-order phase transition vanishes at y > Yo = AA.

The singular parts of the thermodynamic quantities, obtained from (5) at t = 0
and £ = (y, - Y)/y_, > 0, are glven by
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and foré =0, r £0:
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It is clear from formulas (3) and (9) that in our case the thermodynamics
differs appreciably from the classical one near the critical point of a ligquid-
gas syste?,(u). For the MIM, in particular, cp is proportional to t-2/% and
not to t—°.

The region of applicability of formulas (6) and (8) is bounded by the

conditions |t| << (Xb)l/u and |t| << (kA)l/u for the MIM and DIM, respectively.
Such a strong dependence on A (1/a = 8 for the three-dimensional Ising model)
makes it possible to observe experimentally the described effects only in sub-
stances with Ab (or AA) sufficiently close to unity.

For a similar reason (1/e = 12), the first-order transitions described in
[1] are suppressed even by weak magnetic fields.

The authors are grateful to A.Z. Patashinskil for interest in the work.
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When a semiconductor is placed in crossed electric and magnetic fields
then a current or a potential difference i1s produced in the third direction,
depending on the boundary conditions. This is the well-known Hall effect. It
1s also known that in strong electric fields the Hall coefficient begins to
depend on the field and can strongly deviate from the value in weak fields.
Moreover, it was observed that in p-tellurium [1] the sign of the Hall constant
is even reversed (the type of conductivity remaining the same). On the other
hand, the current-voltage characteristics of crystals placed in a strong mag-
netic field have revealed not ordinary current saturation but fthe inverse ef-
feet, voltage saturation [2, 3]. Moreover, Moore has observed [3] a gradual
transition from current saturation to voltage saturation with changing magnetic
field. We shall show below that all these effects are of the same nature and
are closely linked to phonon generation by supersonic carrier motion in a
strong electric field [L4].
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