PHYSICAL REVIEW B

VOLUME 24, NUMBER 3

1 AUGUST 1981

Correction of experimental values of the critical exponent 8 of
high-temperature ferromagnets to constant volume

P. C. Riedi*
Department of Physics, University of St. Andrews, St. Andrews, Scotland
(Received 11 February 1981)

It is shown that for a high-temperature ferromagnet the critical exponent derived from mag-
netization or hyperfine-field measurements at constant pressure (8p) is related to the value at
constant volume by the expression: 8p=pB,[1+Bry;(37,/3P)], where By and y are the
average values of the isothermal bulk modulus and coefficient of thermal expansion in the criti-
cal region, respectively, T, is the Curie point, and P the pressure. For nickel 8, =0.9668p and
the correction is of the same order as the estimated random error in the experimental value

of ﬁp.

Shaham et al.! (afterwards referred to as I) have
recently reported NMR measurements of the hyper-
fine field in pure iron, nickel, and cobalt in the criti-
cal region T = T, where T, is the Curie point. Ac-
cording to the theory of critical phenomena the mag-
netization and, it will be assumed here, the hyperfine
field in the critical region, obey a law of the form

My/Mo=vr/ve=Bt"" 1)

where M7 and vy are the magnetization and hyper-
fine field at temperature 7 and constant volume,
t=(T,—T)/T, and By is the critical exponent. The
subscript on 8 is usually omitted but is introduced
here to emphasize that in a theoretical discussion the
system is always considered to be at constant volume.
In I a fit to Eq. (1) was obtained using hyperfine-
field measurements made at constant pressure lead-
ing to an exponent we shall call 8p. A thermo-
dynamic calculation was then given which claimed to
show that (8, —B8p) =1 x 1073, an order of magni-
tude less than the random error in B8p. In the present
note we show that this conclusion is incorrect, be-
cause it neglects the volume dependence of T, and
that in particular (8 —Bp) =—0.012 for nickel which
is close to the random error given for 8p(0.354
+0.014) in I and some six times greater than the
random error claimed for the most accurate values of
Bp (see Table I of I).

The thermodynamic equation
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where Br is the isothermal bulk modulus and yr the
coefficient of thermal expansion at temperature 7,
was integrated in I, to correct the hyperfine-field

measurements to constant volume, by ignoring the
temperature dependence of By and (91nv/9P) ; and
using the values found from experiments at room
temperature. It is true that By is only a weak func-
tion of temperature, even in the critical region,? but
it will be shown that it is not permissible to ignore
the temperature dependence of (31nv/3P) .
Provided that at constant volume the temperature
dependence of the hyperfine field can be written in
the form, vy/vo=f(T/T,) it is simple to show that
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and, on replacing vy by My throughout, a similar
equation must hold for the magnetization.> Equation
(3) has in fact been shown* to describe the depen-
dence of the magnetization of Ni Cu alloys on pres-
sure in the temperature range 0—0.87/7T,. We as-
sume that Eq. (3) will continue to hold in the critical
region and hence

dInT,
oP

0 ll’lVT
P

dlny
apr

dlInt
alnT]V @

T

4

T

where 8, = (d1nv;/91nt),, in agreement with
Eq. (1). -

Equation (4) is now substituted into Eq. (2). The
constant volume of the system is defined to be that
at the experimental value of 7, under a pressure of 1
atm and the equation is integrated over the range of
temperature T, to T, for which the measurements
were taken to be in the critical region at constant
pressure. Since at constant volume (7, —T,)
= T.(t,—t;) the equation becomes
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(for simplicity we ignore the weak-temperature
dependence® of both By and y for a ferromagnet
of high T,). On dividing throughout Eq. (5) by
In(t,/t;) the left-hand side is simply 8, and the first
term on the right-hand side is equal to the experi-
mental value of Bp found in I by ignoring the pres-
sure dependence of T.. Taking the range 2 x 1073
<t =<10"" used in I for nickel the second term on
the right-hand side is found to be =107* in agree-
ment with the conclusion in I that the direct effect of
thermal expansion is negligible® but the third term

gives
T,

The experimental values for By and y7 of nickel in
the critical region are®> 1.75 x 103 kbar and 5.5 x 1075
K™, respectively, and the value of 87,/9P is’
(0.35 £0.02) K kbar™ so 8, =0.9668p.

The correction from Bp to By for nickel is there-
fore not ~ 1073 as suggested in I but ~3 x 1072

Bp=Byv|1 +Bryr

r

which is of the same order as the estimated random
error for Bp given in I. The correction for iron, how-
ever, is very small because (97,./3P) =0 +0.1

K kbar™! and is not known for cobalt since Patrick
was only able to estimate a value of 0 +1 K kbar~
for (87,/9P).

It is clear that Eq. (6) can also be derived for the
magnetization and hence the values of B8p and 8y
found from magnetization and hyperfine-field mea-
surements should be identical provided that bulk
values of Br and yr are appropriate to the
hyperfine-field correction. This point is certainly
open to question when the hyperfine field of an im-
purity in a ferromagnet is measured to find B8p
although experiments® seem to support the view that
the value found is independent of the impurity. One
interesting example of an impurity for which 8p
might be quite different from that of the host is Au
in iron for which the hyperfine field has a most
unusual temperature dependence at low temperature’
that may be due to a local lattice mode at the Au site.
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