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The magnetic susceptibility X(T,P) of TiBe, is determined at a field strength of 2.1 T as a func-
tion of both temperature from 3 to 300 K and hydrostatic pressure up to 1.3 GPa (13 kbar). At low
temperatures, X is found to decrease under pressure, the degree of depression diminishing rapidly
with increasing temperature from dInX /3P =(—9.6+0.4)%/GPa at 3 K to (0+0.3)%/GPa at 300
K. Pressure is also found to suppress strongly the low-temperature anomaly in the field dependence
of X(H) at 5.6 T. An increase in the spin-fluctuation temperature with pressure is indicated,
3T s /dP~+3.5 K/GPa, where Tsp(0)~24 K, although it is not possible to account for the present
results in terms of the variation of a single characteristic energy. The Stoner factor appears to de-
crease rapidly under pressure. The pressure dependence of the lattice parameter for TiBe, at room
temperature is determined up to 27 GPa, yielding the initial compressibility K =(7.6+0.4)X 103
GPa~!. It is shown that the ferromagnetism of TiBe,_,Cu, for x >0.15 cannot be due solely to the
volume expansion associated with increasing x. Preliminary measurements indicate that substitut-
ing Mn for Ti in TiBe, causes a strong decrease in the total magnetization in analogy with previous
studies involving Fe substitution. A simple qualitative model of the electronic structure of TiBe,
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near Ey is suggested. TiBe, is not superconducting at temperatures above 150 uK.

I. INTRODUCTION

It is now generally recognized that the Cl5-structure
compound TiBe, is a particularly interesting example of
strongly exchange-enhanced systems such as Pd, CeSn;,
YCo,, and UAlL,! The low-field magnetic susceptibility
X(T) of TiBe, rises rapidly with decreasing temperature,
passing through a maximum at approximately 8 K.%3
That TiBe, is almost capable of developing spontaneous
magnetism at low temperatures is indicated by its large
Stoner enhancement factor S~65 (Ref. 1) and low spin-
fluctuation temperature Tgp~22 K.* Indeed, even the ad-
dition of only a few percent of (nonmagnetic) Cu to TiBe,
suffices to make it ferromagnetic>>; on the other hand,
the addition of Fe is found to suppress the enhanced
paramagnetism>® instead of provoking the buildup of gi-
ant moments as in Pd. In addition, a curious maximum in
the dependence of X(H) on magnetic field at ~5 T has
been noted at low temperatures,”° leading to speculations
of metamagnetism,'® Fermi-liquid behavior,” and/or the
onset of the quenching of spin fluctuations.* Unfor-
tunately, the experimental results for TiBe, depend to
some extent on the details of the sample preparation,'—°
particularly at low temperatures; investigations carried out
on a single sample are thus of particular importance.

In this paper the influence of high hydrostatic pressure
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on the magnetism of two polycrystalline TiBe, samples is
determined. A relatively large pressure dependence of X is
found for T <20 K, which would appear to be correlated
with the low-temperature X(7) and X(H) anomalies. A
preliminary discussion of some of the present results was
given earlier.!!

Wu et al.'> found the Curie temperature of
TiBe,_,Cu, compounds to decrease linearly with pres-
sure. Although this decrease in T, is consistent with the
observed decrease in the Stoner factor S of TiBe, with
pressure, we show that the appearance of ferromagnetism
in TiBe,_,Cu, for x >0.15 cannot be solely accounted for
by the observed volume expansion as Cu is substituted for
Be. Our results are compared to those derived from the
recent magnetostriction experiments of Creuzot and
Campbell,!* some of which were carried out on the same
sample. We also determine the pressure-volume relation
V (P) at room temperature and discuss preliminary experi-
ments on a Ti;_,Mn,Be, compound.

II. EXPERIMENT

The polycrystalline TiBe, samples used in the present
work were taken from the same ingot as sample 2 of Ref.
14 or sample B of Ref. 15 and spark cut into cylinders of
4 mm diameter and 4 mm in length for insertion into the
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high-pressure clamp. The residual resistance ratio was ap-
proximately 110. See Ref. 14 for details of the sample
preparation techniques.

The pressure dependence of the magnetic susceptibility
of TiBe, was studied using a Faraday magnetometer locat-
ed in Bochum employing a 90-g hydrostatic pressure
clamp machined from pure binary Cu-Be alloy. The X(T)
data were taken using a 2.1 T main field and 0.024 T/cm
gradient field, whereas the X(H) run at 3 K was carried
out by varying the main field from 0 to 6 T in a fixed gra-
dient field of 0.040 T/cm. See earlier publications'®!” for
further details of the experimental technique.

The V(P) studies at room temperature were carried out
in Paderborn, using a gasketed diamond-anvil cell!® in the
energy dispersive mode and averaging over the (220),
(311), (400), and (331) diffraction lines. A 4:1 mixture of
methanol-ethanol was chosen as the hydrostatic pressure
medium, and the ruby R, fluorescence method was used
for the pressure determination.!®

III. RESULTS

In Fig. 1 we compare directly the temperature depen-
dence of the molar magnetic susceptibilities X(7) of Pd,!’
CeSn,,'% and TiBe,. The low-temperature susceptibility of
TiBe, is seen to soar well above those of the other two sys-
tems, indicating a lower value of the spin-fluctuation tem-
perature and a possible larger exchange-enhancement fac-
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FIG. 1. Temperature dependence of the magnetic susceptibil-
ity at ambient pressure of TiBe,, CeSn; (Ref. 16), and Pd (Ref.
17) at fields of H=2.1, 5.6, and 5.6 T, respectively.
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FIG. 2. Temperature dependence of the magnetic susceptibil-
ity of TiBe, at 2.1 T for 0 and 1.3 GPa pressure. X /0P is
strongly temperature dependent.

tor S =X(0)/Xpaui- We obtain the values S=9.5, 5.6, and
69 for Pd, CeSnj;, and TiBe,, respectively, using the values
of the Pauli susceptibility 0.078 <1073 emu/mol for
Pd,'” 0.34x 1073 emu/mol for the reference compound
LaSn;,'® and 0.14 X 103 emu/mol for TiBe, (Ref. 1) to-
gether with the following values of the impurity-corrected
susceptibility X(0) at T=0 K: 0.74X10~° emu/mol
(Ref. 17, 19%X107°emu/mol (Ref. 16), and
9.7%x 1073 emu/mol (Fig. 1) for Pd, CeSn;, and TiBe,,
respectively. The temperature dependence of the magnetic
susceptibility of TiBe, in Fig. 1 agrees well with previous
studies,>>!* although the value at low temperature is
characteristically  sample dependent; our  value
X(0)=(9.7+0.02) X 10~3 emu/mol at 2.1 T for two neigh-
boring samples taken from the top-center section of the
arc-melted bead compares with 9.5%10~3 and
8x 107> emu/mol from Ref. 14 at 1.5 T and
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FIG. 3. Pressure derivative of the magnetic susceptibility of
TiBe, vs temperature. Experimental accuracy is not sufficient
to determine if the apparent minimum in 3X /9P at ~ 10 K actu-
ally exists.



5816

X(F,T)HO'Qemu/mol)

10 20 30 40 50
TI(K)

FIG. 4. Temperature dependence of the susceptibility at
several pressures on an expanded scale.

9.75% 10~* emu/mol from Ref. 9 at 0.05 T. The former
(higher) value from Ref. 14 was obtained for a sample tak-
en from the equator of the same bead as our samples.
Whereas we find a well-defined maximum in X(7T) at 8.6
K, Stewart e al.'* do not, even though the susceptibility
maximum should be slightly more pronounced in their
case due to the lower (1.5 T) field value they used.” The
above results evidently reflect the variation of the magnet-
ic properties of this system within a large arc-melted bead.

In Fig. 2 we show the susceptibility of TiBe, over the
temperature range 3—300 K at pressures of 0 and 1.3
GPa. At low temperatures the application of pressure is
seen to decrease the susceptibility, the magnitude of this
depression decreasing rapidly with increasing temperature,
as seen in Fig. 3. At the lower temperatures the relative
pressure  dependence reaches the sizable value
dlnX /0P=(—9.6+0.4)%/GPa, which compares with the
values — 15%/GPa for CeSn; (Ref. 16) and —1.6%/GPa
for Pd.!” In a separate experiment the pressure was varied
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FIG. 5. Magnetization at 3 K vs magnetic field to 5.6 T at
ambient pressure.
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FIG. 6. Differential magnetic susceptibility X(H)=AM /AH
at 3 K vs magnetic field for three pressures.

at a fixed temperature of 300 K; within the experimental
accuracy of +0.05X10~* emu/mol GPa, which corre-
sponds roughly to the width of the data points in Fig. 3,
no change whatsoever in X(300 K) could be detected to 1.5
GPa. The data at lower temperatures are less accurate
(see error bars). A less dramatic decrease in the magni-
tude of the pressure derivative |9X /3P | as temperature
increases is also observed for Pd (Ref. 17) and CeSn;.!®

In Fig. 4 we display the low-temperature data on an ex-
panded scale. Within experimental accuracy, no pressure
shift of the susceptibility maximum at 7,,~8.6 K can be
resolved, although the maximum appears to broaden with
pressure. A similar result was obtained for Pd,!” whereas
for CeSnj; the susceptibility maximum was observed to
shift to higher temperatures at the rate 97, /0P~ + 34
K/GPa.'s

As seen in Fig. 5, the field dependence of the magneti-
zation M (H) at 3.0 K shows the TiBe, characteristic up-
turn.”~° The data are of sufficient accuracy to determine,
even under high-pressure conditions, the differential sus-
ceptibility X(H)=AM /AH displayed in Fig. 6. The am-
bient pressure curve is in remarkably good agreement with
previous studies at 1.45 and 4.17 K by Acker ef al.® In
Fig. 6 the application of pressure is seen to suppress the
susceptibility X(H) at all fields to 5.6 T and shift the
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FIG. 7. Pressure dependence of relative sample volume of
TiBe, at room temperature.
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FIG. 8. Temperature dependence of magnetic susceptibility
for TiBe,, TipsMny ¢7Be, (off stoichiometry), and Tig ¢sFeo 0,Be,

(Ref. 3). Calculated Curie-law susceptibility for 7 at. % Mn
with S = 3 is also shown for comparison.

peaked anomaly at 5 T to somewhat higher field values.
It should be noted that the derivative |dX(H)/dP |
reaches its maximum value for H =H,,~5 T, decreasing
particularly rapidly for higher fields H > H,,. This is in
agreement with the magnetostriction results of Creuzet
and Campbell,’* which indicate that 3X /0P passes
through zero near 6 T and changes sign; their estimate of
the value of dX /9P is also in reasonable agreement with
our low-temperature value.

The pressure dependence of the relative sample volume
V(P)/V(0) of TiBe, to 27 GPa is shown in Fig. 7. From
the initial pressure dependence, the compressibility value
K=—V5'oV/aP=(7.6+0.4)x10"° GPa~' can be ex-
tracted.

The results of a preliminary study of the influence of
the substitution of Ti with Mn in TiBe, are shown in Fig.
8. The substitution of a few percent of Mn is seen to de-
crease the total susceptibility at all temperatures in analo-
gy with previous studies on Fe-substituted compounds.>®
For comparison, also shown in Fig. 8 is the calculated
paramagnetic susceptibility (Curie law) for the same
volume concentration of free Mn spins as in the com-
pound. The substituted Mn ions are not only unable to
develop any local-moment free-spin paramagnetism of
their own, but they, in fact, actually suppress the
enhanced susceptibility of their TiBe, matrix.

IV. DISCUSSION

Perhaps one of the more interesting results of the
present studies is the strong temperature dependence of
the pressure derivative dlnX /9P seen in Figs. 2 and 3. At
high temperatures TiBe, appears magnetically ‘“hard,”
such as Fe or Co, with a magnetization which is initially
relatively insensitive to volume change; on the other hand,
at lower temperatures the stability of the magnetism ap-
pears more precarious, like in the weak itinerant ferromag-
nets® or valence-fluctuating compounds, where modest
pressures can cause large changes in the magnetization.!!
This separation of the high-pressure behavior into two
temperature regimes suggests the existence of a charac-
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teristic temperature, a point we will return to below. In
any case, a reduction in the magnitude of the value of
dlnX /0P with increasing temperature would appear to be
a property of a large number of compounds whose magne-
tism either increases (e.g., Ce compounds) or decreases
(e.g., Yb compounds) under pressure.'!

A. Low-temperature susceptibility

The appreciable size of the enhancement factor S=69
for TiBe, would imply that paramagnon effects should
dominate at sufficiently low temperatures, giving the ex-
pressions! for the initial functional dependence of the sus-
ceptibility on temperature

2 NII E
Xpara( T):SXPauli 1+TT— 2J
6 |“ N(Ep)
—_ .__[N’(EF)]Z S2T2 (1)
[N(Ep)T

and field
Xpara(H)::SXPauli[ 1 +f(N(EF ), N'( 'F )7N”(EF))S3H2] .
(2)

Here f is a function of the density of states N and its first
and second derivatives, N'=0N /3E and N''=9’N /3E?;
f is believed to be similar in form and magnitude to the
corresponding function in parentheses in Eq. (1).! It
would be expected from Eqgs. (1) and (2) that X(T,H)
should initially increase quadratically with 7" and H only
if N is sufficiently large and positive; such behavior is in-
dicated for TiBe, by Acker et al.’ and by our own data in
Fig. 5 for X(H). The present experiments did not go suffi-
ciently low in temperature to check for a X(T)~T? law,
although a positive curvature in X(7T) for T <5 K is indi-
cated.

From the Maxwell relation oM /3T =93.% /0H, where
& is the entropy, it follows that

e
oT?

oy(H)

H
oH

, (3)

H T

where y is the linear coefficient of the electronic specific
heat. When using Eq. (3) care must be taken to evaluate X
and y at the same temperature T, pressure P, and field H.
A positive curvature in X(7) thus implies that ¥ should
increase with H. However, Acker et al.® have shown that
X(T) for TiBe, may continuously change from positive to
negative curvature at T<4 K as the field H is increased
from zero to a value somewhat above 2 T. The recent
specific-heat results of Stewart et al.,* who find that y de-
creases with field for H>5 T, with 3y /0H~0 at lower
fields, are thus not inconsistent with the above susceptibil-
ity results. Recent susceptibility studies by Acker et al.’®
on TiBe, have shown convincingly that Maxwell’s relation
in Eq. (3) is indeed obeyed.

There is a second Maxwell relation connecting the
change of the magnetic susceptibility with pressure to the
volume change with magnetic field:
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Recent magnetostriction studies on our TiBe, sample by
Creuzet and Campbell!® to 20 K and 7 T agree within ex-
perimental error with our direct pressure measurements,
thus confirming the validity of Eq. (4). In light of the
above, it seems likely that apparent violations of the
Maxwell relations will disappear if these relations are
properly applied to measurements on a single sample.

B. Pressure dependence of susceptibility

From Eq. (1) we have at T=0 K

N (Ep)
=opp——— 5

X(0)= =
1—IN(EFp)

SX Pauli —

where pp is the Bohr magneton and I the screened
Coulomb-Coulomb interaction. From Eq. (5) it follows
that

alnX(O) _10InX(0) dlnS
— = 6
dlnV K oP dlnV ()
and
olnf 1 3InS . 7

dlnV ~ S —1 dlnV

where y, =[dInN (E)/0InV]g —g,.

culated or measured value of y, for TiBe,, we assume
Ye=~ + 1.1 as estimated for two other related systems
ZrZn, (Ref. 21) and Pd.?> Such a value lies relatively
close to the value y, = + + expected for the simple pres-
sure broadening of d bands.?® Inserting our experimental
values into Eq. (6) we find that JInX(0)/dInV
= +12.6+1.2 so that JInS/dlnV= + 12.6—1.1
= + 11.5 for TiBe, compared with, for example, the
small value + 0.6 for Pd.'” In TiBe,, therefore, the
exchange-enhancement factor would appear to decrease
quite rapidly with pressure.

From Eq. (7) we derive the volume dependence of the
exchange interaction 9Inl/3In¥V=(68)"'(+ 11.5)—1.1
= —0.93, which is opposite in sign but almost equal in
magnitude to the above value y,= + 1.1. Such a near
compensation of the pressure increase of the exchange in-
teraction by a pressure decrease of the density of states
was also found for Pd (Ref. 17) and other compounds.!!
In contrast to Pd, however, for TiBe, both
S=[1—IN(E;)]~! and X(0) decrease rapidly under pres-
sure due to the very large value of the enhancement factor
S'=69 in the later case.

In the absence of a cal-

C. Pressure and field dependence of susceptibility

In Fig. 9 we plot the low-temperature magnetization
data M (H) for TiBe, at several pressures in the form of
an Arrott plot. Also shown are ambient pressure results
on Ti;_,Fe,Be, and TiBe,_,Cu, compounds. Whereas
substituting Cu for Be initially moves TiBe, towards
ferromagnetism, applying pressure moves it away, as im-
plied by the decrease of the Stoner parameter IN (Ef)
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FIG. 9. Arrott plot from the field dependence of the magneti-
zation of TiBe, at 3 K for 0, 0.4, and 1.3 GPa. Rest of data is

from Ref. 6 where Fe was assumed to substitute for Be. More
recent results indicate that Fe substitutes for Ti (Ref. 25).

with pressure (from the above it follows that
[61n(1N)/81nV]E=EFz + 0.17).  Since, for S§=69,

IN(Ef)~0.986, it follows that a 1.4% increase in IN (Ef)
should drive TiBe, ferromagnetic [i.e., IN (Ep)=1]. From
our present results we would thus predict that this would
require a volume increase of AV /Vy~1.4%/0.17~8% or
a negative pressure of approximately 11 GPa. Since the
critical concentration for ferromagnetism in TiBe,_,Cu,
occurs at x=0.15 where the lattice has only expanded in
volume by 1.8%, it is clear that ferromagnetism in
TiBe; §sCup 5 cannot be a simple volume expansion effect,
but must arise predominantly from the changes in electron
density and impurity scattering as Cu is substituted. A
similar conclusion was reached by Creuzet and Camp-
bell'® and Giorgi and Stewart.?*

The explanation for the loss of magnetism as Fe or Mn
are substituted is not clear. However, since it is believed
that these ions reside on Ti sites,?” it has been argued?®
that the disturbance of the strong nearest-neighbor Ti—Ti
bond in TiBe, by Fe or Mn substitution leads to a smear-
ing out of the highly peaked density of states in TiBe,
near Ep (Refs. 21 and 27) and to a consequent lowering of
N (EF). Certainly, studies involving the substitution of Ti
with other 3d impurities would be of considerable interest.

D. Landau expansion

We now discuss the present results in terms of the Lan-
dau expansion of the free energy F in powers of the mag-
netization M, field H, and pressure P:

=aM?+bM*—MH +cP +gP*+ePM*+ fPM*+ - - - |
(8)

where a, b, ¢, g, e, and f are coefficients assumed to be in-
dependent of field H and pressure P.?! Minimizing F
with respect to M yields

H/M =2(a +eP)+4M*b +fP) , 9)

which is appropriate for the description of straight



28 TEMPERATURE AND FIELD DEPENDENCE OF THE MAGNETIC. ..

lines on an Arrott plot. From the low-field (H<4 T)
data in Fig. 9 for TiBe, we obtain the values
a=(50.0£0.4) mol/emu, b =(—1.08+0.01)x10~° mol*/
emu’, e=(4.841.0) mol/emuGPa, and f=(1.0%0.2)
% 1076 mol3/emu® GPa. At higher fields the lines in the
Arrott plot bend over, indicating the need to include fur-
ther terms in the Landau expansion. However, Acker
et al.’ point out that even including the next two higher
powers of M in Eq. (8) or (9) does not allow a fit of the
data with a single set of coefficients.

We now examine the temperature dependence of the
susceptibility at different pressures using Eq. (9). Defin-
ing X =M /H, we obtain the pressure derivative

242

_I_EZ_TZLTV—HX_Z_Q‘e ——4sz)(2, (10)

X2 9P 14 8bH*?
the simplification following since here 8bH?X> << 1 for
H <4 T. Inserting into Eq. (10) the above values of the
coefficients e and f, we find that 2e dominates over
4fH?x?, from which it follows that

ax 2

ap =~ 2eX* . (11)
We conclude from Eq. (11) that the rapid decrease of
| 8X /0P | with increasing temperature observed for TiBe,
in Fig. 3 can be qualitatively understood as arising from
the observed rapid decrease in X itself with increasing
temperature (see Figs. 1 and 2). To facilitate a more
quantitative analysis, we plot in Fig. 10 X X T)3X(T)/dP
vs XX T), which should give a straight line if Eq. (10) is
appropriate and e and f are constants. Inserting the above
low-temperature values of e and f into Eq. (10) gives the
dashed line in Fig. 10 which is nearly horizontal, support-
ing the approximation leading to Eq. (11). The fact that
the present data in Fig. 10 exhibit for 7> 50 K a strongly
nonlinear dependence is evidence that the Landau coeffi-
cients possess non-negligible temperature dependences.
The nonlinearity in Fig. 10 is another expression of the
fact that X becomes very insensitive to pressure for T> 50
K, much more so than would be expected on the basis of
Eq. (10) or (11).
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FIG. 10. Plot of X ~%3X /3P) vs X? at different temperatures.
Dashed line is fit using Eq. (10) with e=4.8 mol/(emu GPa) and
f=1.0%10"% mol*/(emu® GPa) (see text).
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E. Spin-fluctuation temperature

Because of the apparently very large exchange enhance-
ment in TiBe,, it is natural to attempt to account for the
temperature and pressure dependences of the susceptibility
X(T,P) in terms of a spin-fluctuation picture with charac-
teristic temperature Tsg(P). Such an analysis in terms of
a single characteristic energy kT'sg has been very success-
ful for both intermediate-valence compounds'®?>* and
dilute impurity alloy systems?® 3! where XT =f(T /Tsg)
was shown to depend only on T/Tse. To determine if the
present data on TiBe, obey such a law, we plot in Fig. 11
XT/C =[u(T)/u(x)]% “the effective-moment squared,”
versus InT. Here C=Nu?*(«)/(3 K) is the Curie constant
which we arbitrarily set equal to the value appropriate for
trivalent Ti ions with S =+ and quenched orbital angular
momentum, i.e., u()=1.73up. The quantity XT/C is
seen to have a rather peculiar temperature dependence
with a slope change near 40 K. In addition, at different
pressures the temperature dependence of XT/C changes
shape, so that the present data, in contrast to the data for
the above systems,'®?°=3! cannot be interpreted in terms
of a single characteristic energy kTsg. We can, however,
use the data for T <100 K to obtain the rough estimate
that Tsp(0) =25 K and T'sg (1.3 GPa)=~29.5 K, where T
is defined as that temperature where XT/C
=+.2 This gives the value ysp=—3InTsp/dInV
=K ~(dInTsp /0P)~ + 18 for TiBe,. Another way to es-
timate ygg is to assume the validity of the scaling rela-
tion?30 Tgp ~X(0)~!, which gives the value ysp~ + 13,
in reasonable agreement with the first estimate. We com-
pare these values of ysp with those for CeSn; ( + 7.6),'¢
Pd (+2),'7 (Up.06Thg 04)S (+ 2.7),3? and values between
+ 8 and + 84 for various dilute magnetic alloys.>!

F. Simple model

One of the possibly more significant results of the
high-field specific-heat studies by Stewart et al.* is that a
critical value of the field H.~5 T must be exceeded before
the apparent suppression of the spin-fluctuation effects in
TiBe, actually begins. It would seem to be no accident
that the anomaly in the low-temperature susceptibility
X(H) occurs near the same field value (H~5.6 T) and that
the low-field susceptibility maximum occurs at T,~8 K

0.50 |

XT/C= [(T)/ule)

pl@)= 173 g

0.00 . e
2 5 10 100 500
TIK)
FIG. 11. Relative moment squared vs InT for TiBe, at two
pressures.
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FIG. 12. Hypothetical fine structure in the energy depen-
dence of the density of states near E for TiBe,.

which is equivalent to the field ~6 T [for g=2, H
(T)=0.74T (K)]. A X(P) anomaly at low T and H has not
yet been observed, but would be anticipated. We also note
that if any of the parameters exceed their critical values,
the X anomalies for the other parameters either disappear
or are at least strongly diminished. Thus the X(7) max-
imum vanishes for H>5 T (Ref. 15) as does the X(H)
maximum for 7> 10 K.®° From Figs. 4 and 6 we see that
a pressure of P>1 GPa is quite effective in broadening
the X(T) anomaly and suppressing the X(H) anomaly. It
is interesting to note that from Fig. 7 the work done on
TiBe,, AE = | PdV, for a pressure increase of 1 GPa
equals ~1 meV per formula unit, corresponding in energy
to ~10 K or 7 T, which are near the critical values T, or
H,. It thus appears that the parameters P, T, and H are
all capable and willing to do away with each others’ X
anomalies.

The above discussion would seem to indicate that cer-
tain critical values of the parameters must be exceeded in
order to suppress the anomalous X dependences. In the
spirit of Egs. (1) and (2), which contain both spin-
fluctuation and band-structure effects, we suggest that the
above anomalies can be qualitatively accounted for by a
simple hypothetical model of the electronic structure of
TiBe,. In this model the Fermi energy at T=0 K would
lie in a narrow (~10 K or ~1 meV) local minimum of
the density of states, as represented schematically in Fig.
12. We emphasize that this discussion is purely specula-
tive and is not based on microscopic evidence; indeed, the
width of this local minimum would be well below the
resolution of current band-structure calculations?!"?%>?’ or
photoemission experiments.

Since according to Fig. 12 we would have N” >0 and
N'=0 at the Fermi energy Er, it would be expected from
Egs. (1) and (2) that X(T,H) should initially increase with
either temperature or field. This can also be easily under-
stood directly from Fig. 12 since increasing T or H would
shift Er towards the local N (E) maximum, thus increas-
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ing both N(Er) and X. Pressure would broaden the N (E)
structure and shift Er, which could account qualitatively
for the pressure effects seen in Figs. 4 and 6. From Fig.
12 it would also be anticipated that the X(H) anomaly
should be broadened and shifted to lower field values as
the local maximum in N (E) is effectively smeared out by
an increase in temperature, as observed in experiment.’

In this picture the strong increase in the magnetic
response of TiBe, as the temperature is lowered would be
associated with the Fermi energy Er moving to lower en-
eriges and up the steep flank in N(E) in Fig. 12. Fer-
romagnetism would be, however, prevented when Ey falls
into the local N (E) minimum for T< 10 K. On the other
hand, because of the initial pinning of Ep at the local
minimum in N (E), the suppression of spin-fluctuation ef-
fects would only begin for fields greater than 6 T which
are large enough to push Ey past the local maximum and
down the steep flank in N(E). Stewart et al.* estimate
that H >25 T would be required to completely suppress
the spin fluctuations, corresponding to the temperature
Tsgp~34 K, a value which is close to both our estimate
and those of others.*!* The present description would,
of course, cast doubt on the validity of using low-
temperature data (here 7' < 10 K) to determine the value of
Tsr for TiBe,. We note that the rather sensitive variation
in the temperature dependence of the susceptibility at low
temperatures from one TiBe, sample to another could be
accounted for by considering the smearing effect of defect
scattering on the fine structure in N (E).

In the present picture, we suggest that the low-
temperature X(7') and X(H) anomalies may arise from fine
structure in the energy dependence of the density of states
N(E). Spin-fluctuation and band-structure effects are
considered here as two distinct but interrelated entities.
Because of these possible complexities, it would be easy to
understand why the susceptibility data over a wide range
of the parameters T, H, and P cannot be accounted for by
including only the first few terms in the Landau expan-
sion with a single set of coefficients. A quantitative inter-
pretation of the highly anomalous behavior of TiBe,
remains a challenge for the future.

In conclusion, we would like to point out that a TiBe,
sample taken from an adjacent section of the same melt as
ours was found to be nonsuperconducting at temperatures
above 150 K.
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