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Modification of the magnetic-field dependence of the Peierls transition by a magnetic chain
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The magnetic-field dependence of the metal-to-insulator transition temperat(B), in the quasi-one-
dimensional system&ep,M(mnt),, with M=Au and Pt, was studied by magnetoresistance measurements
under fields up to 18 T. In the Pt compound, our results showTk@) is anisotropic: T.(B) decreases as
B2 up to 18 T with a slope similar to that found in the Au compound when the magnetic field is applied parallel
to the chain axis, whild .(B) decreases faster and does not follow a @Bfelependence when the magnetic
field is applied perpendicular to the chain axis. This anisotropy of the field dependence denotes the coupling of
the Peierls transition in the perylene chains to a spin-Peierls-like transition in(thetpt chains, correlated
with an anisotropic magnetic susceptibility, while in the Au compound a pure Peierls transition takes place.
[S0163-18296)08445-1

I. INTRODUCTION depending on the metd¥l [e.g., S=1/2 for P{mnt), and
S=0 for Au(mnt),] and therefore these solids can present
In the past twenty years the physics of quasi-one-unique properties derived from the coexistence in the same
dimensional1D) solids has experienced significant advance-structure of magnetic chains and conducting ch&ilrsthe
ments. Many 1D metals have been studied and quite accural=Au compound, the Atmnt); units are diamagneti¢S
models to explain their properties, namely the charge aneé=0) and the magnetic susceptibility is just due to a small
spin density wave instabilities, have been developed. Sever®auli-like contribution (1.7X10°* emu/mole at room
one-dimensional magnetic systems have been also studieeémperatur® down to the MI transitiof T ,(0)~12 K]. In
and the instability of the spin chains toward a lattice distor-the M =Pt compound, the magnetic susceptibility is domi-
tion, the so-called spin-Peierls instability, is also well known,nated by the much larger contribution of the paramagnetic
both theoretically and experimentally in some of these solidsP{mnt), units (18x10* emu/mole at room temperatire
However, the possible situation of solids containing both deThis contribution reaches a maximuf=70x10 % emu/
localized conducting chains and localized spin chains in thenole) between 10 and 20 K and sharply decreases at the
same lattice is much more rare and their physics has rd¢emperature where the metal to insulator transition is
mained almost unexplored. observed[T (0)~8 K]. This last result as well as the results
The molecular compound$Pen,M (mnt),, where Per obtained from specific heat measurem&ptsve that a mag-
=perylene and mrtmaleonitriledithiolate withM =Pt and  netic order occurs simultaneously with the MI transition in-
Au, first prepared more than 15 years ago, are onedicating a coupling between the two types of chains.
dimensional metals undergoing metal to insuldidi) tran- The structural investigation of the transitions in these
sitions at low temperaturés® These compounds are isos- compounds has been limited by both the low transition tem-
tructural and their unit cell contains four equivalent peryleneperatures and the relatively small sample dimensions. In the
molecules and twdvl (mnt), units, both stacking regularly M =Pt compound(S=1/2), one-dimensional precursor ef-
along theb axis!® Their metallic properties are due to the fects, as diffuse lines &*/2 whose intensity diverges ds
regular stacking of partially oxidized perylene molecules,is approached, have been obser¢éthese lines have been
(Pep, , giving rise to a 3/4 filled one-dimensional bahd. attributed to a dimerization of the @nt); units, as in a
Early since their first studies, it was recognized that, in adspin-PeierlSSP) transitiorf and in agreement with the expo-
dition to the delocalized conduction electrons in the perylenaential decrease of the magnetic susceptibility beTow A
stacks, theM(mnt), units can also have a localized spin 2k tetramerization of perylene chains, as expected for a
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Peierls transition in a 3/4-filled band, could not yet be ob-the sample holder, the results were obtained, in the same
served in these compounds mainly due to the low temperasamples, for thé axis either parallel or perpendicular to the
ture of the transitions and the small single crystal size. Howmagnetic fieldB. For the perpendicular configuration it was
ever, from the comparison with other members of thisnot possible to ascribe a precise orientation of the magnetic
family, namely the Ni and Cu compound becomes clear field in the (a,c) plane. However possible anisotropy effects
that the MI transition is due to a simultaneous tetramerizain the (a,c) plane were tested by 90° sample holder rotation
tion of the Perylene chains and a dimerization of thearound theb axis.
M (mnt), units® Further evidence of a CDW transition in Due to the low temperature range of the measurements
these compounds has been provided by the nonlinear tranand the high magnetic fields used, special care was dedicated
port observed below their transitioH*! The competitions to the thermometry. Both a calibrated carbon glass resistance
effects between the Peierls and SP mechanisms as well as thrd a capacitance thermometer were used. The latter one is
origin of the coupling between the two types of chains invirtually field independent but exhibits relaxation phenom-
these solids, i.e., why and how they both experience differenéna at low temperature leading to a poor reproducibility over
wave vector distortions at the same critical temperature, havan extended temperature or time range. On the other hand,
remained so far unclear. the carbon glass resistance, much more reproducible, pre-
In this paper, we address the study of these transitions bgents a magnetic field dependence not negligible in respect to
magnetoresistance and namely by the determination of thine expected temperature shifts. In order to overcome these
magnetic field dependence of the MI transition temperaturéwo limitations, the procedure previously descritfedias
under fields up to 18 T. As already denoted in our previoudollowed. Before each measurement op@) curve under
measurementSthe rather low temperature at which occurs magnetic field, a few thermal cycles with amplitudes of 2 K
the Peierls transition in the Au compound provides an rar@bove and below the transition were made under zero field in
opportunity for an experimental study of the behavior oforder to ensure minimum capacitance drifts. In the last cycle
such a transition over a large range @fB/kT.(0) [for (cycle ) the capacitanc€ was calibrated as a function of
T.(0)=12 K, ugB/kT;(0)~1 for B=18 T, ug: magnetic the temperatur@, determined by the carbon glass thermom-
moment of the conduction electrdn¥he first measurements eter. Then the magnetic field was raised to the desired value
up to 8 T showed a similar field dependenceTgrin the Pt and the electrical resistivity(C) were recorded during a
and Au compound$.More recently, we reported measure- similar thermal cycldcycle 1l) together with the capacitance
ments in the Au compound up to 18 T providing the first C. Finally the field was removed and during a third thermal
experimental measurements of a Peierls transition under sudycle (cycle Ill) the capacitanc€(T) was again calibrated
a high magnetic field®> However, since in the Pt compound, as a function of the temperature given by the carbon glass
the Ptmnt), magnetic chains are coupled to the perylenethermometer. If the two calibrationS(T) obtained during
conducting chains, th& (B) is expected to present under the cycles | and Ill showed no significant differendésss
higher magnetic fields a different behavior, similar to that ofthan 50 mK their data was used to determine the tempera-
the SP transition as experimentally studied in TMIBDT  ture in thep(C) measurements of cycle II.
(M=Au and Cy and MEMTCNQ),,'3 or even to present a The magnetization of several crystals bounded along their
possible decoupling of the different transitions in the twob axis (needle directionwas measured in a SQUID magne-
types of chains. In this paper the study of the Pt compoundometer under a magnetic field & T either in theBIllb or
under fields up to 18 T is reported and compared to the AB.Lb configurations.
analogue. At variance with the Au compound, the field de-
pendence ofT. in the Pt compound is anisotropic and
present a complex behavior at high field. lll. RESULTS AND DISCUSSION

As shown in Fig. 1 for théllb configuration, the tempera-
ture dependence of the electrical resistivity measured along
the b axis of a(Pep,Ptimnt), crystal, under different mag-

The needle shapeden,Ptmnt), single crystals used in netic fields, clearly denotes a large magnetic field depen-
this work, with typical dimensions»0.5x0.01 mnt, were  dence of the Ml transition temperature. As usual in this type
obtained by electrocrystallisation using galvanostatic condiof transition, the transition temperatuiie,(B), is defined by
tions in a standard procedure for these matetfials. the maximum in the derivative log p/d(1/T). This maxi-

Electrical resistivity measurements were performed withmum, although tending to become less pronounced under
the current flowing along thé axis, corresponding to the larger magnetic fields, is much sharper than in the Au
needle long axis and by the usual four probes technique; folsample¥’ and, as shown in the inset to the Fig. 1, it clearly
25 um gold wires, used as current and voltage leads, wershifts to lower temperatures as the magnetic field is in-
attached with platinum pain{Demetron 308 A to four creased.
evaporated gold pads covering all sides around the crystal. The transition temperatures determined in this way for the
The electrical resistivity was measured at low frequeficd  different configurations and in two samples under fields up to
Hz) using currents in the range 1-1@@ and the voltage 18 T are displayed in Fig. 2. For the parallel configuration
was measured with a lock-in amplifier. Samples with un-the transition temperature  shift, AT /T ,=[T.(B)
nested to nested voltage ratio, as defined by Schaffat,’*  —T(0)]/T(0), is proportional toB? up to 18 T, with the
larger than 5% were rejected. Measurements were performesame slope for the two samples. For Bieb configuration,
in a helium cryostat equipped with a 18 T superconductingl'.(B) decreases faster than in tB#b configuration. From
magnet, the samples being in exchange gas. By rotation dhe crystal shape, we were not able to specify the orientation
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FIG. 1. Electrical resistivity ofPey,Pt(mnt), (Illb, Blib), nor- FIG. 3. Comparison of the MI transition temperature shift,
ma!lzed to the room temperature va!EAaT, as a func.tlor? of t'he ATIT,(0), in (Pep,Ptmnt), and (Ped,Au(mnt), using reduced
reciprocal temperature and under different magnetic figiadi- units [T,(0)=8.2 and 12.2 K, respectivelyThis figure illustrates

cated on the figuje The inset shows the logarithmic derivative of ina identical field dependence §(B) for the Au (in the parallel
the resistivity,d In p/d(1/T), with the maximum used to define anqg perpendicular configuratipand for the Pt samples in the par-
Te(B). allel configuration. The dotted line is E(L) and the solid lines are
guides to the eye.

of the magnetic field in théa,c) plane, referred in the figures
asa. However, a significant anisotropy @f(B) towards the
magnetic field orientation in the,c) plane is demonstrated
by the two different curves obtained with the same sampl

rotated 90° around thé axis (sample 2,Blb, « and
a+90°). This result indicates that the different field depen-
dencies ofT, for samples 1 and 2 are due to a different
%rientations ofB in the (a,c) plane. It is also worth noting
that while for theBllb configurationT(B) varies proportion-
ally to B2 in the whole field range, for the transverse con-
figuration, a more complex behavior is followed above 12 T.
16 18 These results in the Pt compound contrast with those
found for the Au analogue, where the field dependence is
isotropic’?> A comparison between the field dependence of
transition in the two compounds is made in Fig. 3, where the
H/lb, sample 1- & | resultsAT.(B)/T.(0) are plotted in reduced units of mag-
sample2-0 netic field, ugB/kT.(0). There it becomes evident that the
main differences are observed for tBd b configuration,
while for Bllb the behavior of the two compounds is quite

\1} . 1 similar.

03 ,,}? \i\ 4 These results should be compared with the theoretical pre-
L H.Lb, sample 2, o _/ N dictions for both a Peierls and a SP transition under magnetic
o4l HLb, sample2, 0L+904/\l\/ o field as well as with experimental data in a few SP systems.

Hib , N Within the mean field approximation and taking into account
Lb, sample 1, o f\\ ] the Zeeman energy of the spin-up and spin-down energy
bands, the following magnetic field dependence of the

ATe [/ Te(0)

05 e
R Peierls transition temperature was obtained by Dietrich and
Fulde®®
0.6 : ' : ' : '
0 100 200 300 IN[T(0)/To(B)]=Re{ ¢ 1/2+i ugB/l2wkT(B) ]} — #(1/2),
B2(T?) 1)

where (x) is the digamma function. For low fields
FIG. 2. Transiton temperature shiftAT/T.=[T(B) [ugB<2wkT.(0)], this gives a relation linear iB? as first
—T4(0)]/T(0), plotted as a function ofB? for different applied to TTF-TCNQ*
(Pen,Pt(mnt), samples and configurations. For sample 2 inBhé
configuration, two sets of measurements with a 90° degree rotation AT(B)/T(0)=[T«(B)—T.(0)]/T(0)
of the sample holder around theaxis (@ angle are shown. The
lines are guides to the eye. =— [ ugBlkgTc(0)]?, 2
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TABLE I. Summary of the low field behavior df(B) in the Au and Pt compounds. Thg,,is obtained
by a fit of Eq.(2) to the experimental data f@<10 T. v, is the value predicted by Eql) at low field

(7=0.20.
Yexpt
Sample(Ref.) Configuration (ExperimentalB<10 T) (Yexpt— Y0 Vi
Au (Ref. 12 I and.L 0.135 (B<18T) -0.36
Pt 1 (This work) I 0.147 -0.30
Pt 2 (This work) Il 0.157 -0.25
Pt 1 (This worKk 1 0.190 -0.10
Pt 2 (This worKk 1, 0.166 -0.21
Pt 2 (This worKk 1, a+90° 0.185 —-0.12
Pt (Ref. 5 1 0.21
Pt (Ref. 26 1 0.21

with y=~0.21. For higher fields, higher order terms must bethat of Ref. 5 in which Eq(2) was found in agreement with

added to this last equation. the experimental results. Equati@®) is then found in quan-
For a SP transition, the problem becomes formallytitative agreement with the experimental results only in some

equivalent to the Peierls transitioit’ by converting the lo-  special perpendicular configurations in the Pt compound and

calized spin operators to pseudofermions operators. In thgever in the Au compound or in the Pt compound in the

same mean field approximation, the field dependence of thﬁarallel configuration.

transition temperature is given by H@) in which ugB must For the Pt compound at 18 T, the value of the argument of

be replaced by the Fermi level of the pseudofermions banqu. (1) reaches 1.5 and therefore the full Ed) should be

e, measured from the center of the balﬁld;inléower order of  ,sed(dotted lines of Figs. 3 and)4However, this equation

field, for g=2 andS=1/2, eg=—1.44ug “"Then EQ.()  annot fit the experimental data in the high field regime,

gives a field dependence m(B). twice that predicted above edicting a curvature much higher than observed. Equation
in the same approach for a Peierls system. For both types %’) was recently claimed to agree with the magnetic field

transition, a quadratic dependenceTgfB), like Eq. (2), is ependence of the transition temperature(@e),PLmny),

expected at low fields and a faster dependence given by E ; : o
(1), or its corresponding one for the spin Peierls, should be btained by high frequency conductivity measurements

observed at higher fieldglotted lines of Fig. B A change of
the wave vector of the distortion, with possible discommen-
suration phenomena, are also expected to take place in the
high field regime'® While for Peierls systems, besides 0.0dk
(Pen,Au(mnt), there are no clear data on the field depen- [
dence of the transition temperature, in a few SP systems as in i
TTF-MBDT  (with M=Au and C0** and 04 f
MEM(TCNQ),,?? Eq. (2) has been used to fit experimental [
data with success:*

For the Pt compound in thBllb configuration, as well as 7
for the Au compound in the two configurations, the results
gives theB? dependence as predicted by EB) but with a + BibRefs
slope v significantly smaller(see Table)l than the expected 03T [0 eubRer2s
value. The observedy value smaller than the prediction @
could be explained by the strong fluctuation effects existing i
in quasi-1D systems. For instande,(0) asT.(B) in Eqg. (1) R Equation 1 :
and Eq.(2) are mean field values which, due to fluctuations, I Bquation 2 ]
are expected to be largéthan the actual transition tempera- 05| o
ture as defined by the maximum in the derivative Tt ol ]
d log p/d(1/T).}2%5 Such type of corrections are not unex- o s T T T T
pected in these compounds since the fluctuations are known B(T)
to be of major importance, as clearly denoted by the large
temperature range between the minimum resistance tempera- g\ 4, Transition temperature shitT/T.(0), as aunction of
ture (circa 17 and 16 K for the Au and Pt compounds, re-the magnetic field in order to clarify the low field behavior. The
spectively and the actual transition temperature. For som&yiangles are experimental data of Ref. 12 obtained on the Au com-
perpendicular configurationgsample 1, and sample 2, pound(closed triangleB.Lb; open trianglesBlb). The other sym-
a+90°), the initial slopesy,,,are found significantly higher pols represent the results obtained on Pt samples in this work and
than in the parallel configuration and not so far of the theothe results of Refs. 5 and 26. The solid lines represenBthbe-
retical prediction in the low field rang@ig. 4). These con-  havior[Eq. (2)] with the yey, of Table I. The dotted line represents
figurations correspond probably to configurations closed tdq. (1).

A Bib, Ref 12 |
/\  Bilb,Ref.12

0.2
r BI//b, sample 1, this work -

ATc ! Te(0)

B1b, sample 1, this work
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500 _ B inorganic SP system CuGgQPmore recently studied, pre-
T L S R S B R T / . ) : H
Y sents a significant magnetic anisotrépydue to the g
B”b// 1 factor?® leading to an anisotropic field dependence of the SP
/ transition temperature in agreement with E2), taking into
400 1 ot A account the field dependence of the Fermi IéVelh our
case, the anisotropy of the Curie consté80%) would lead
) 0 to 70% change of the slope between the two configurations,
300 |- ,@/ n” 7 which is clearly too high to explain th&.(B) anisotropy.
g / ] The fact that the field dependence of the transition tem-
@ . perature in the Au compound, in which there is no chain of
! . localised spins, is approximately the same than that in the
(Pen,Ptimnt), for the parallel configuration, indicates that
the main driving force for the transition in these two com-
pounds is thee-phonon interaction in the perylene chains.
For the Au compound, no anisotropy effects in the magnetic
L : 1 field dependence of the transition temperature were detected,
e ' and therefore the anisotropy effects fi(B) in the Pt com-
P — pound must be ascribed to the magnetic chains. The stronger
0 5°T ® 100 150 field dependence df ., for BLb, is probably a consequence
of the larger magnetic susceptibility along this direction and

FIG. 5. Inverse magnetic susceptibility; %, of (Pep,Ptmnt), the observed anisotropy of the field dependencé&.¢B) in

single crystals with the field parallél) and perpendiculat.) to the  the (a.c) plane (a and a+90° configuration also corre-
chain axisb as a function of temperatufe. sponds to a magnetic anisotropy in this plane. .
In other words, to describe the transitions in these quasi-

along theb axis under smaller fieldaup to 10 T?° applied  one-dimensional compounds, two kinds of terms, corre-
perpendicular to this axis. As shown on the Fig. 4, measuresponding to the two different chains, must be used in the free
ments up to 10 T with the accuracy obtained in this experienergy. The first one describes the conduction electron en-
ment are not enough to clearly distinguish between (&y. ergy with thee-phonon energy, leading to the Peierls transi-
(dotted ling and a pureB? dependence of.(B) (solid lineg  tion, and, under magnetic field, the Zeeman energy of the
as in Eq.(2). Our results demonstrate that thg(B) behav- conduction bands which modifies the Peierls transition tem-
ior obtained in that work, equal to that of Ref. 5, agrees withperature. In the Au compound, only this kind of term exists
Eq. (2) as a result of a special perpendicular configuratiorand a more careful treatment could explain the slope smaller
and of the anisotropy in thé,c) plane. than calculated by mean field theory. The second kind of
Besides the importance of the fluctuations neglected in théerms describes the localized spins energy with the exchange
above mean field model, it is clear that it cannot explain thenteraction (~—xJ;;,,5-S.,;) and the Zeeman energy
T.(B) anisotropy found for the Pt compound. Magnetization(~—=gugS -H). This second kind of terms leads to the SP
measurements in SP systérts indicate a field dependence transition and its dependence under magnetic field. In the Pt
of T,(B) in agreement with the above model, i.e., aboutcompound, the two kinds of terms exist and the evolution of
twice faster than that predicted for a Peierls system. Thereheir respective weights on an increase of the magnetic field
fore it is tempting to ascribe the faster and anisotropic fieldnust be taken into account. As already mentioned, the fact
dependence of the MI transition temperature in the Pt comthat the low field slopey for the Pt compound varies only
pound to a coupling of the perylene conducting chains to théetween 10%(Blb) and 40%(B.Lb) in respect to the Au
magnetic Rimnt), chains that enter a SP state beldyw. The  compound shows that the first kind of terms is dominant and
anisotropy of the magnetization was measured in the Pt conthe localized spins chains acts as a perturbation leading to
pound and the results, shown in Fig. 5, support this picturethe higher slope. Therefore, the SP state of the magnetic
In the magnetization measurements of severathain is a consequence of the distortion of the conducting
(Pen,Ptimnt), crystals aligned, either for thBllb or BLb  chain. This result is coherent with the similar transition tem-
configurations, the MI transition is associated with anperature for the two compounds. An alternative explanation
anomaly, as a knee &t., followed by an exponential de- would require the two kinds of chains to have independently
crease upon cooling that is typical of the SP systéM$3At  the same transitiotPeierls or SPtemperature, which is very
higher temperatures, the data follow a Curie-Weiss law withunlikely. At higher fields, the problem is more complex. The
the same Curie temperatui=25 K) for both configurations effect of the magnetic chain on the instability increases as
(Fig. 5. However, an anisotropy is observed correspondinghown by the emergence of an anisotropic dependence of
to a Curie constant 30% smaller for tiBib configuration, T.(B). Under high magnetic field, the Zeeman energy of the
for which a smaller field dependence Bf(B) is observed. localized spins can become rapidly comparable with the ex-
This result is in agreement with the specific data abdye change energy, and the spin-Peierls state is progressively
which were not described by the isotropic Heisenbergmodified or destroyed, leading, for instance, to the so-called
Hamiltonian® “intermediate state” as in the canonical SP compouhids.
While in the organic based SP systems so far studied, dsi Pep(PYmnt,, this modification of the magnetic chain can
MEM(TCNQ), or TTF-MBDT (with M=Au and Cy, the induce some consequences on the distortion of the adjacent
magnetic susceptibility was found essentially isotrdfithe ~ perylene chains: the Peierls state is modified and with it, the

200 -

1/y (mole/emu)
)
N
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magnetic field. It is not clear if this behavior is induced by
the interaction between the two kinds of chain and therefore
characteristic of(Pep,Ptimnt), or is specific to the Peierls
b ] transition.

o
=]

g & | IV. CONCLUSION

I + Bib, sample 1
L O Blb,', sample 1 * 1 By measurements of the electrical resistivity of
| & Blb,a, sample2 (Pep,M (mnt), (M =Au and P} compounds in high fields, we
T S S T S showed that the magnetic field dependence of the Peierls
0.5 1 15 2 25 transition is not yet fully understood. For the Au compound,
(naBKT(0))? the B? dependence predicted by mean field approach is fol-
lowed up tougB/kT.(0)~1 but with a slope almost twice
FIG. 6. Differences between the experimental results and Egsmaller than expected. For the Pt case andBfgrarallel to
(2): These data are obtained by subtracting from the mean experthe chain axis, th&? dependence, with the same discrepancy
mental results oAT./T.(0) the term—ye.xp,‘[,uBB/ch(O)]2 fitted on the value of the slopg, subsists up tagB/kT.(0)~1.3
for B<10 T (cf. Table ). in clear contradiction with Eq(1). A more careful treatment
of the effects neglected above, such as fluctuations, electron-
temperature dependence of the Peierls transition. In theglectron interactions or possible discomensuration, should be
framework of this description, it is natural to obtain strongerdedicated to this problem to allow a complete description of
effects of the magnetic field when it is applied along a direc-the Pejerls transition behavior under high magnetic field.
tion of higher susceptibilityB1 b). When the field is applied At low magnetic field, the slopey for the Pt(S=1/2)
parallel to theb axis, the effect of the magnetic field on the compound in thé|lb configuration is almost equal to that of
localized spins is smaller and a higher magnetic field woulthe Au compounddiamagneti; and we take this result as a
be necessary to modify significantly the magnetic and conproof that the SP state of the magnetic chain is induced by
ducting chains and, consequently, B&law. the distortion of the whole lattice due to the Peierls transition
If our explanation is correct, it is not simple to obtain the of the conducting chain. THE,(B) anisotropy(<30%) mea-
theoreticalT.(B) law. However, it is clear that two regimes sured in our experiment gives the order of magnitude of the
will be obtained: a low field regime where the Peierls meCha-perturbation caused by the magnetic chain on the Peierls
nism is dominant and an high field regime where the magmechanism. At high magnetic field, the coupling of the lo-
netic chains strongly affect the Peierls state. In order to charcalized spins to the magnetic field becomes important in re-
acterize this crossover, we dlsplay in Flg 6 the differencespect to the exchange energy and toehghonon energy and
between theA T (B)/T.(0) experimentally measured on all the Peierls state is modified as shown by the stronger depen-
the magnetic field range and the low field behaviordence ofT (B). Our results suggest that this crossover oc-
[AT/T(0)=—nugB/kT(0))?, ¥ given by Table J. In  curs for ugB/KT,(0)~1.
spite of the error bars of our data, this figure suggest that the
T.(B) behavior is badly described by a simple additional ACKNOWLEDGMENTS
fourth order term(solid lines on Fig. & In agreement with
our previous considerations, a new regime seems to appear We thank Margarida Godinho for the access to the
for ugB/kTc(0)>1. Let us note that this description does SQUID used at the Faculdade de @i@s da Universidade
not explain why, for the Pt compound in the parallel configu-de Lisboa. This work was partially supported by JNICT un-
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