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Specific heat, thermal diffusivity, and thermal conductivity of FeF, at the Néel temperature
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Photopyroelectric simultaneous measurements of the specific heat, thermal diffusivity, and thermal
conductivity of single-crystalline FeF, at the antiferromagnetic-paramagnetic phase transition have been
performed. An Ising-like behavior has been found for the specific heat for [¢| <1.2X 1072, while, in the
same reduced-temperature range, the thermal-diffusivity critical behavior has been described according
to a dynamic model for a uniaxial system with energy conservation with a critical exponent
b=—0.11+0.02. No clear power-law anomaly has been found in the thermal conductivity.

INTRODUCTION

The static critical behavior of uniaxial magnetic sys-
tems has been widely studied in the past. Very many ex-
perimental results confirm the theoretical predictions
based on the Ising model. Critical dynamics, on the oth-
er hand, is, generally speaking, somewhat less well estab-
lished, both from the theoretical and experimental point
of view. In the case of uniaxial systems, for example, two
different models have been suggested:' model 4 in which
the order parameter and the energy are nonconserved
quantities and model C where the energy is conserved but
the order parameter is not. In the case of uniaxial anti-
ferromagnets, where the order parameter is the staggered
magnetization, which is not conserved, the more ap-
propriate model depends on the rate of energy transfer
from the spin system to the phonons. If this process is
slow then model C seems to be more appropriate, other-
wise model A should be considered. Moreover, the pre-
dictions! for the dynamic critical exponent z resulting
from these two models are connected to static exponents
by the scaling laws z=2+cn for model 4 and
z =2-+a/v for model C. Since a/v~0.17 and ¢1~0.02
this results in a very small deviation from the z =2 value
which is expected for the conventional van Hove theory. !
If critical dynamics is investigated through the study of
thermal transport properties, such as the thermal con-
ductivity (k) and the thermal diffusivity (D =k /pc,
where p is the density and c is the specific heat), the situa-
tion is even more complicated due to some experimental
difficulties. High-resolution measurements are needed, of
course, and this essentially means that thermal gradients
in the sample should be as small as possible. This is in
conflict with the intrinsic need of thermal gradients in a
thermal transport measurement.

A photopyroelectric technique has been recently used
to simultaneously investigate the critical behavior of
specific heat, thermal diffusivity, and thermal conductivi-
ty of Cr,0O; at the antiferromagnetic-paramagnetic (AF)
phase transition.? It has been shown that if
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[t|=|T —Ty|/Ty <1073 the critical behavior of the
thermal diffusivity can be explained in terms of model C.
It has also been shown that in the same reduced-
temperature range the critical exponent for the specific
heat is «=0.1010.02 which agrees with the Ising predic-
tion. Cr,0; is a weakly anisotropic system and this is the
reason why the above-mentioned behavior could be found
only in a very narrow reduced-temperature range around
Ty. It would be therefore very interesting to see if the
same conclusions can be drawn for a strongly anisotropic
system whose static critical behavior can be clearly de-
scribed in terms of the Ising model.

In the present paper, high-resolution simultaneous
measurements of the specific heat, thermal diffusivity,
and thermal conductivity of FeF, in the vicinity of the
Néel temperature are reported. FeF, is a well known,
strongly anisotropic antiferromagnet whose static critical
behavior can be well described by the Ising model.® It
should be pointed out that the possibility of a simultane-
ous measurement of both static and dynamic quantities
on the same sample under the same experimental condi-
tions, such as thermal gradients, heating rate, etc., can
greatly help when using the results of the measurements
in scaling laws. It will be shown that the thermal
diffusivity shows a dip at T due to the critical slowing
down, which can be interpreted in terms of the above-
mentioned model C, in the same reduced temperature
range where the specific heat shows a clear Ising-like
behavior. Data on the thermal conductivity are also re-
ported.

FeF, PROPERTIES

FeF, is a well-characterized insulating two-sublattice
antiferromagnet with a large anisotropy, making it an
ideal system for the study of the Ising model. The mag-
netic Fet™ jons form a body-centered tetragonal lattice
and interact through the fluorine superexchange interac-
tion. With no field or stress applied, the two sublattices
are magnetically equivalent. The magnetic interactions

8897 ©1995 The American Physical Society



8898

can be well described by the Hamiltonian*
H=J 3 S; S -G 2 S; z* (1)
(i, j)

where only next-nearest-neighbor interactions, J =0.435
meV, between the body-center and body corner ions are
included and G =0.861 meV. All other exchange in-
teractions are negligible. The uniaxial anisotropy is
largely single ion in nature and is large enough such that
the asymptotic Ising power-law behavior is observed for
reduced temperature |¢/ <2X 1072 in experimental criti-
cal behavior experiments.

The sample used in the present experiments is a single
crystal grown using the Bridgman technique and has lat-
tice parameters a =b =4.70 A and ¢c=3.31 A. A
single-crystal plate of 1 cm diameter was cut and polished
to a finished thickness of 620 um with the ¢ axis perpen-
dicular to the faces of the plate.

The static critical behavior of this system has been
determined through a comprehensive series of experi-
ments. The specific heat has been measured using adia-
batic heat pulse techniques and optical linear
birefringence.” The staggered susceptibility and correla-
tion length have been determined using quasielastic
neutron-scattering techniques.® The critical behavior of
the staggered magnetization has been determined using
Modssbauer techniques.® All of these results have been
summarized,” along with the corresponding theories.
The agreement between all of the experimentally and
theoretically determined universal exponents and ampli-
tude ratios is exceedingly good.

The dynamic critical behavior has been investigated®
using spin-echo neutron scattering. The result
z=2.0%0.1 is not particularly enlightening with regard
to distinguishing between models 4 and C since the pre-
dicted exponents of both models fall within the experi-
mental error estimates. The present pyroelectric tech-
nique, on the other hand, does have the capability to
make that distinction.

3

EXPERIMENT

The photopyroelectric technique is based on the py-
roelectric detection of temperature oscillations intro-
duced in a sample by a modulated heating source. ° In
the so-called back detection configuration, the sample,
which is usually a thin slab, is heated on one side and the
temperature oscillations are detected on the opposite
side. In the present work, one surface of the 620-um-
thick FeF, was in thermal contact, by means of a very
thin, thermally transparent, silicone grease layer, with a
300-um-thick LiTaO; pyroelectric single crystal. To heat
the sample on the opposite side, we used a 633-nm, 10-
mW He-Ne laser beam acousto-optically modulated at
f =78 Hz. Since FeF, is transparent in the visible, we
coated that surface with a 200-nm Ti overlayer. As will
be shown later on, the effect of the silicone grease and
that of the metallic coating on the heat transport process
is negligible. It has been shown that in a one-dimensional
heat flow process, if the sample and the transducer are
optically opaque and thermally thick, ¢, k, and D can be
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simultaneously measured,!® provided that the sample
density p and the transducer properties are known. As a
matter of fact, only two of these quantities, usually D and
¢, can be obtained from the measurements while the third
one is calculated from D =k /pc. The FeF, density is
well behaved near T and it decreases by only 0.4% from
room temperature to liquid-helium temperature.!!

The sample and the transducer were contained in a
variable temperature cryostat and the light intensity
impinging on the sample was controlled by means of a
negative lens. It is known that too fast a heating rate and
too high a power density can decrease the resolution of
the measurements, the sample not being in thermal equi-
librium. We successively decreased the power density
and the heating rate to values where a further decrease
gave no effect on the experimental resolution. The tem-
perature rate change we used was (10+1) mK/min and
the data were collected every 3 mK. The use of the nega-
tive lens also ensures the one-dimensional geometry of
the heat flow in the system, since the dimension of the il-
luminated area was much greater than the sample thick-
ness. We also made some measurements at frequencies
other than 78 Hz but the results we obtained for the
thermal parameters did not show any significant change,
thus making sure that there is no contribution in the heat
transport process coming from the Ti coating and the
coupling fluid.

As stated before, the simultaneous determination of c,
k, and D is possible only under certain experimental con-
ditions. In particular if the sample and the pyroelectric
are thermally thick (u,<<l; and p,<<l, where
u=V'D/wf is the heat diffusion length, I is the thick-
ness, f is the modulation frequency, and subscripts s and
p refer to the sample and the transducer, respectively),
the sample is optically opaque (ug<<I; where ug is the
optical penetration depth) and the optical penetration
depth is much smaller than the heat diffusion length
(mg<<my), then the photopyroelectric signal amplitude
and phase are

'\/17f/DI
2
Vi \/1+(27rf'r » (e /et D) 7 ?
¢=—arctan(2wf7,)—V/ wf /DI, , (3)

where the f,=1/277, is the transducer plus detection
electronic cutoff frequency, e =vpck pck is the thermal
effusivity. The thermal diffusivity can be calculated from
the signal phase and then submitted in the signal ampli-
tude to obtain the sample thermal effusivity. Specific
heat and thermal conductivity can be calculated as fol-
lows:

¢;=e,/p,V/'D,, k,=e\/D,

if p; and e, are known and constant.

Provided that 2mwf7,>>1, Egs. (2) and (3) can be

rewritten as In( fle|)°c —(Va/DIWVSf and
¢ —(Vm/DI,)V'f, respectively. It can be seen that if

the conditions for which these two expressions have been
obtained are valid then the plots of In(fx|¥]) and ¢ as a
function of V/f must give two straight lines with the
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same slope. Moreover from the slope an absolute value
of the sample thermal diffusivity can be obtained once [,
is known. Figure 1 shows the results of a frequency scan
made at 87.85 K where a linear dependence in the fre-
quency range 30—200 Hz can be easily seen. The 78-Hz
frequency we have chosen in our experiment is well
within that linear region thus confirming that a simul-
taneous determination of ¢, k, and D is possible. It
should also be noted that the slopes we have obtained are
the same, thus giving one more experimental evidence
that the results are not affected by the presence of the
coating and the silicone grease. We obtained
D =(0.196+0.016) cm?/s. A normalization for the am-
plitude and phase has been performed using the data re-
ported in Ref. 3 for the specific heat at T=87.85 K,
which is a temperature far away from the transition tem-
perature. We have also used for the normalization the
absolute value for the thermal diffusivity we have mea-
sured at the same temperature with a frequency scan.
The normalization is necessary to make sure that the re-
sults are only dependent on the sample parameters. The
normalization temperature has been chosen sufficiently
away from the transition temperature to make sure that
possible differences in purity and homogeneity between
our sample and that of Ref. 3 are not relevant.

EXPERIMENTAL RESULTS

Figure 2 shows the results we have obtained for the
specific heat in the temperature range 72-90 K, com-
pared with some selected data points taken from Ref. 3.
The normalization has been done at 7 =87.85 K using
one data point taken from Ref. 3, but the two curves su-
perimpose quite well over the whole temperature range.
This comparison gives an indication of the quality of the
measurement which is of course applicable to dynamic
quantities also since they are measured simultaneously.
As stated before we have also performed measurements
at different frequencies, but the data we obtained did not
show any significant difference with respect to the ones
reported in Fig. 2.

The thermal conductivity data, reported in Fig. 3,

Phase (rad)
"

—
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I
n

FIG. 1. and frequency-

Photopyroelectric phase (OJ)
amplitude product (M) vs the square root of the modulation fre-
quency.
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FIG. 2. Specific-heat data as a function of temperature. ()
are specific-heat data taken from Ref. 3.

show a very broad peak around T, with some additional
features at Ty. In particular, a slight decrease is evident
on the low temperature side of Ty, while there is an in-
crease close to Ty as shown in the inset of Fig. 3.

Figure 4 shows the thermal diffusivity data where a
dip, due to the critical slowing down, is clearly evident
near Ty. A similar behavior has been reported for the
AF transition in Cr,0;.

DATA ANALYSIS: FITTING FUNCTIONS

To fit the specific-heat data we have used the following
fitting function:

C,=A|T—Ty| *1+D|T —Ty|*)+B+E(T—Ty) ,
@)

where a, 4, B, D, and E are adjustable parameters and,
as usual, primed parameters will be used for T < T. The
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FIG. 3. Thermal conductivity data as a function of tempera-
ture. k data as a function of the reduced temperature in the vi-
cinity of the transition temperature are reported in the inset.
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FIG. 4. Thermal diffusivity data as a function of tempera-
ture.

linear term represents a nonsingular contribution to the
specific heat and we therefore expect E =E’'. We also
know that a=a’. The fitting procedure is the same that
has been used in Ref. 2. Data have been fitted with a
nonlinear least-squares routine, initially assuming
D=D'=0,B=B’',a=da’,and E =E’'. After first rough-
ly estimating data which are affected by rounding and
eliminating them, we fit the remaining data. Next, we in-
cluded more and more data points nearer to T, which
did not affect the fit quality. For every fit we considered
not only the rms value but also the deviation plot. After
this, all the constraints were released and the data fitted
again. Finally we allowed a nonzero value for D and D’.
The function we minimize is a y>-like function and the
uncertainty in the case of the specific heat was 0.08%
while in the case of the thermal diffusivity was 0.03%.
For the thermal diffusivity we used a similar expression
with a regular term plus a singular one, with a correction
term:

D =U|T —Ty| "1+ FIT —Ty|**)

+V+W(T —Ty, (with b <0). (5)

The constraint on b is due to the fact that D, which in
our case decreases, cannot go to minus infinity at Ty.
The correction term we have used is similar to the one
which has been used in Ref. 2.

RESULTS

The results for the specific heat are reported in Table 1.
Fit 1 has been obtained with D =D’'=0. The values of
the critical exponent a=0.101£0.02 and of A4/A4’
=0.5310.08 seem to agree quite well with the prediction
of the Ising model'? (a=0.110+0.0045 and
A/A'=0.51) and previous experimental results.” It is
not clear why we have smaller ¢_;, values for T > Ty
with respect to the ones for T' < T, but it could be due
to some rounding effects introduced by residual thermal
gradients in the sample. Fit 2 has been performed with
D+#D'#0 in approximately the same reduced tempera-
ture range of fit 1 and the results, as far as the critical ex-
ponent and the critical amplitude ratio are concerned, are
again in very good agreement with the Ising-like model
predictions. The deviation plot reported in Fig. 5(a),
which is very similar to the one of fit 1 (not shown), ap-
pears to show a good fit quality. On the other hand, the
ratio D /D'=—0.4 does not agree with the prediction
D /D' ~1 for the Ising model. '3 This disagreement can be
explained if the statistical errors corresponding to D are
considered. Let us remember that the statistical error is
defined as the variation of the fitting parameter which
causes a variation of one standard deviation in the func-
tion which has to be minimized, adjusting all the other
parameters. The rather poor influence that D has on the
fit quality is reflected in the large estimated error. Fit 2
seems moreover to have problems as far as the E parame-
ter is concerned. A value of E ~2X 1073 can be obtained
considering high-temperature ¢ data reported in Fig. 2,
which can be described by the expression
B +E(T —Ty). It should be noted however that the
difference between the value obtained from the fit and the
one obtained from the figure is within the statistical er-
ror. As a check we tried to fit the data with E =2X1073
fixed and the constraint D =D’. Fit 3 shows the results
which have been obtained and the deviation plot is re-
ported in Fig. 5(b). The fit quality is very good and no

TABLE I. Results of the fits for the specific heat.

Fit 1 Fit 2 Fit 3 Fit 4
f max 1.2X1072 1.2X1072 1.2X1072 8.0x1073
tmin (T <T.) 1.6 X103 1.5x1073 1.6x1073 1.5X1073
tmin (T>T.) 6.9%X107° 6X1073 8X1073 8x 1073
T, (K) 78.56+0.02 78.55+0.02 78.56+0.02 78.5540.02
a 0.10+0.02 0.1140.03 0.1040.03 0.11+0.03
A" (J/gK) (6.0+0.4)X 107! (5.8+0.3)X 107! (5.410.4)X 107! (5.8+0.3)x 107!
A4 (J/gK) (3.24£0.3)X 107! (3.240.2) X 107! (2.74£0.3)X 107! (3.410.3)X 107!
E (3/gK) (2+2)X 1072 (2+2)X 1072 2X1073 (6+4)X 1072
B (3/gK) (1.1£0.9) X 107* (5£7)x107* (7£3)X 1072 (5+3)x 1073
D’ (5£4)X1072 (—4%3)x107? (6+3)x 1072
D (—2+4)X 1072 (—4+3)X1072 (—2+1)X107!
A/A™ 0.53+0.08 0.5540.06 0.5040.09 0.5740.08
rms 0.0090 0.0089 0.01 0.0097




s1 SPECIFIC HEAT, THERMAL DIFFUSIVITY, AND THERMAL . . .

(=)
o0
Sub

(a)

e
»

©
N

LT(FN T>Tn

Deviation ( % )
o

0.8}
10 107 10”
[t]
0.8} (b)
& 04!
=
g 0 :
£ X
g 0.4 ———
T<Tn T>TnN
0.8} :
107 10° 107
[t]

FIG. 5. Deviation plots corresponding to fits of Table I: (a)
fit 2, (b) fit 3.

significant changes can be detected for a and for the criti-
cal amplitudes with respect to fits 1 and 2. As a con-
clusion we can say that even if the Ising-like behavior
seems to be confirmed, the data do not allow any con-
clusion on the D /D’ ratio. Moreover the E and B pa-
rameters seem not to affect significantly the fit in the re-
duced temperature range we have considered. The sta-
tistical errors on these terms can be decreased if a wider
temperature range is considered, but in this case an in-
crease in error on a and A is observed. We have also
tried a range of reduced temperature closer to T to see
if this affects the critical exponent and the fitting parame-
ters. The results correspond to fit 4 where no significant
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FIG. 6. Specific-heat data vs reduced temperature. Symbols
are much larger than the experimental uncertainties (see text).
The solid line corresponds to fit 2 of Table I. The dotted line

corresponds to the reduced temperature region which has not
been considered in the fit.

change can be detected with respect to fit 3. It should be
noted that the number of data points included in fits 1, 2,
and 3 are more than 550. Figure 6 shows the specific-
heat data together with the best-fit curve corresponding
to fit 2.

The results for the thermal diffusivity are reported in
Table II. Again fit 5 has been obtained putting
F=F'=0. The critical exponent b =—0.09+0.03 and
the critical amplitude ratio U/U’'=1.741+0.08 are quite
close to the values of —0.09+0.01 and 1.95+0.08 ob-
tained for the thermal diffusivity of Cr,0; in the reduced
temperature range where the data could be described in
terms of model C. The fit quality seems to be quite good
as it turns out from the deviation plot (not shown). Fit 6
has been obtained with F7#F’#0 and the corresponding
deviation plot is shown in Fig. 7(a). This fit has a smaller

TABLE II. Results of the fits for the thermal diffusivity.

Fit 5 Fit 6 Fit 7 Fit 8
? max 1.2X1072 1.2X1072 1.2X1072 8.0Xx1073
tmin (T <T.) 1.3X107? 1.5X1073 1.3X1073 1.4x107?
tmin (T>T,) 2.6X107* 1.2x107* 3X107* 2.0X107*
T, (K) 78.5240.02 78.53+0.02 78.51+0.02 78.53+0.02
b —0.09£0.03 —0.11£0.02 —0.11+0.04 —0.114+0.02
U’ (cm¥/s) (1.21£0.04)X 107! (1.15£0.03)X 107! (1.31£0.04)X10~! (1.14+0.03)X 10!
U (cm?/s) (2.10£0.04)X 107! (2.2540.04)X 107! (2.25+0.04)X10~! (2.25+0.04)X 10!
W (cm?/s) (—8.5+£0.9)X 107  (1.2+0.6)X1072  (—8.0+0.8)X10™*  (1.1+0.7)X 1072
V (cm?/s) (5+5)x 1074 (5+8)x 1073 (1£2)x 1074 (5+£7)%x1073
F’ (2+4)x 107! (—7+6)X1072 (2+3)x 107!
F (—2+3)x107! (—7+6)X1072 (—2%2)X107!
u/u’ 1.74+0.08 1.97+0.08 1.724+0.08 1.97+0.08
rms 0.0050 0.0036 0.0044 0.0043
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FIG. 7. Deviation plots corresponding to fits of Table II: (a)
fit 6, (b) fit 7.

rms value and shows a slight improvement in the devia-
tion plot. We obtained b=—0.11+0.02 and
U/U'=1.97+0.08. Also in this case we obtained F and
F' which are opposite in sign. Although there are no
theoretical predictions on the ratio F/F’, since we have
found a rather constant thermal conductivity, we should
expect F/F'~1 as in the case of the D parameter in the
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t

FIG. 8. Thermal-diffusivity data vs reduced temperature.
Symbols are much larger than the experimental uncertainties
(see text). The solid line corresponds to fit 6 of Table II. The
dotted line corresponds to the reduced temperature region
which has not been considered in the fit.
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specific heat. Also in this case the statistical errors on F
and F’ are large and we therefore tried to fit the data with
the constraint F =F'. Fit 7 shows the results obtained:
the deviation plot [Fig. 7(b)] and the rms value tell us that
the fit quality is very close to the one of fit 6 and no
significant variations of b and U/U’ can be detected.
Again the data in the reduced temperature we have con-
sidered in the fit do not allow any conclusion on the ratio
F/F'. Also in this case we tried to reduce the fitting in-
terval but no significant change can be obtained as shown
in fit 8. Figure 8 shows the thermal diffusivity data with
the best-fit curve corresponding to fit 5.

DISCUSSION

The specific-heat data confirm the Ising-like behavior
of FeF, at the AF transition as previously reported by
several authors. These data can be used as a check on the
reliability of the measurements. It should be noted that,
while the thermal diffusivity is derived from the phase of
the photopyroelectric signal, the specific heat is obtained
by considering both the amplitude and phase, thus being
affected by the uncertainties of both. Hence, if the ¢ data
are reliable, the D data must be even more reliable.

The fits of the thermal diffusivity data give results that
are very similar to the ones which have been obtained for
Cr,0; for [t| <1073, For that material, due to its very
weak anisotropy, a crossover behavior was found if wider
reduced temperature ranges were considered. In the
present case approximately the same power-law behavior
has been obtained for |#| <1.2X 1072, FeF, is a strongly
anisotropic uniaxial material which can be considered a
more ideal Ising-like system. The energy of the spin sys-
tem can or cannot be the only conserved quantity, since
the staggered magnetization, which is the order parame-
ter, is not conserved. As already stated the energy con-
servation depends on the rate of energy transfer from the
spin system to the phonons: if this process is slow, the
spin system can be considered isolated, the energy is con-
served, and the critical dynamics can be described in
terms of the model C; if the transfer is not relatively slow,

model 4 should be more appropriate.

Assuming that the dynamic scaling hypothesis is appli-
cable to the energy (extended scaling'®), it has been
shown' for model C that wgz =iDg> ¢, where g is the
mode wave vector, z; =2+& /v and & =max(a,0). If the
energy is conserved we have only purely diffusive heat
conduction modes! and, since D «|T — T.| ™% we obtain
wp=iDg* < E*/Yq2=(g£)*/"q>~b/¥ where £ is the corre-
lation length and therefore z;=2—b/v. We therefore
expect for model C that —b =q and this is what we ob-
tained from the fits. This means that the heat conduction
mode does not couple with the order-parameter mode.
These conclusions are the same conclusions which have
been drawn for the Cr,0; in a very narrow reduced tem-
perature range around T'y. In that case, however, the sit-
uation was more complicated since a crossover behavior
was obtained for a wider reduced temperature range.
This was also confirmed by the specific-heat data which
show in the same narrow reduced temperature range an
Ising-like behavior and a crossover on a wider ¢ range. In
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the present case the conclusion is somewhat less ambigu-
ous since, as stated before, FeF, is an ideal Ising-like sys-
tem. We would like to stress that approximately the
same value for U/U’ has been obtained for the two sys-
tems. As far as we know, no universal predictions are
available in literature for this quantity. However, if
= —a, it is not unlikely that 4 /A4'=~U'/U, and this is
certainly within the fitting error of these two ratios.
Whereas the diffusivity and the specific heat appear to
have the same critical exponent, it is clearly evident in
Fig. 3 that the thermal conductivity has a broad peak
with some additional features superimposed at 7. The
critical exponent of the thermal conductivity has been
generally derived in theoretical works'> considering only
the singular terms of the thermal diffusivity and of the
specific heat. This approach seems not to be correct be-
cause the critical behavior of these two quantities is de-
scribed not only by the singular terms but also by regular
terms as shown in Egs. (5) and (4). It seems more correct
in deriving the critical exponent of the thermal conduc-
tivity from the specific heat and from the diffusivity to
consider the whole expression for their critical behavior.
This explains the small anomaly background seen in Fig.
3, but does not explain the large spike very close to T,
nor the slight dip just below Ty. The latter features only
occur approximately for |t/ <1073 and we believe are at-
tributable to thermal gradients which occur at this level.
If b =—a, the power-law behaviors cancel everywhere
except in the region where thermal gradients occur. The
failure of the power-law cancellation results in the spike
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observed. Assuming that the influence of the gradients
for D is slightly smaller than for ¢, the downward
deflection below T, will occur. Finally, unless
A/A’'=U'/U, the simulation indicates a large step at
Tx. Indeed no large step is indicated by the data. All of
these conclusions are supported by qualitative computer
simulations of the effects of gradients on the conductivity
similar to those reported for the specific heat alone. !¢

CONCLUSIONS

A photopyroelectric technique has been used to simul-
taneously measure the specific heat, thermal diffusivity,
and thermal conductivity critical behavior of FeF, in the
vicinity of the Néel temperature. Specific-heat data are
in agreement with the ones previously reported and show,
as expected, an Ising-like behavior. The thermal
diffusivity data can be explained in terms of a dynamic
model (model C) for uniaxial systems with energy conser-
vation for the spin system. We obtained for the
diffusivity critical exponent b = —0.1140.02 which satis-
fy the scaling law —b=a which is valid for the above-
mentioned model. The thermal conductivity data show a
broad peak with some structures in the vicinity of the
transition but no clear anomaly has been detected.
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