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We have investigated the magnetic-field-induced metal-insulator transition inghase organic conduc-
tors, which occurs in fields above 35 T and below 14 K, by magnetization, thermoelectric, and pressure-
dependent transport methods. Our results show that the transition is a bulk thermodynamic process where a
magnetic-field-dependent gap opens upon entry into the insulating state. We argue that the transition involves
a magnetic-field-induced change in the electronic structure.
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[. INTRODUCTION with more than one type of isomer are racemic, notedrby
o . [see Refs. 3-5 for a more detailed view of the crystal struc-
We report magnetization, thermoelectric, and pressurey,re]. For 7~(EDO~(S,9)-DMEDT-TTF),(AuBr,), ., (hereaf-
dependent transport measurements of the magnetic-fielqlér, ~EDO-AuBr,), EDO represents the ethylenedioxy
induced metal-insulator(MI) transition in the ~-phase  groyp. This material does not show a pronounced Ml transi-
organic conductorst-(P-(S,S)-DMEDT-TTF);(AUBro)14y,  tion, and differs from the pyrazino compounds in other as-
7(P-(r)-DMEDT-TTF),(AUBrp)1.y,  and  ~(P-(S,9-  pects, as discussed below. The ground state below 36 T in
DMEDT-TTF),(Aulry),.y, [hereafter, -AuBr,, =(r)-AuBry,  this class of materials has been studied by magnetoresistance
and r-Aul,, respectively. The MI transition has been previ- (MR), magnetization, and pressif&éMany anomalies arise
ously reported as a rapid rise in the resistance from a metal that suggest magnetic moments and magnetic memory ef-
an insulator in the range 30—50 T at temperatures beloviects occur.
14 K12 The MI transition is hysteretic in field, and is also  The tight-binding band structure and FS is shown in Fig.
observed in magnetocaloric and skin-depth measurements; based on refined crystallographic studies at 290 K. An
The threshold field for the MI transitiofBy,) is found to be  unusual feature of the electron band is the narrow, nearly
nearly independent of field direction and may be driven bydispersionless appearand@rita et al. have considered the
isotropic spin rather than Fermi surfa@S) nesting effects.  possibility that the very flat band may lead to the appearance
Although a metallic state with Shubnikov-de Ha@dH)  of magnetic properties, including the pronounced negative
oscillations is often observed below the threshold field, thavir at low fields®) The resulting FS has a fourfold symmetry
resistance above the threshold field in the insulating state i&ith a single SdH frequency of about 900 T. The in-plane
immeasurable. angular dependent MR exhibits a fourfold symmetry in high
For 7(P-(S,S)-DMEDT-TTF),(AuBr,),.,, P represents fields® However, there are multiple SdH oscillations
the pyrazino group in the organic cation. The Aulinear  observed?!'and the highest frequendys is only ~500 T.
anions reside stoichiometricall2:1) in the square network Moreover, althouglfs is seen in both the pyrazino and EDO
of cations(as shown in Fig. JLin the ab-conducting planes, compounds, a lower frequendy,=180 T, with smaller am-
and also nonstoichiometricalljfy~0.75 in between these plitude thanF; is observed for pyrazino. Three frequencies,
molecular layers. Due to the low symmetry of the donor, andncluding the lowestF;=50 T, are seen for-EDO-AuUBT,,
the additional interplanar anion arrangement, the unit cell isvhereF; has an amplitude much larger theg or F5 in the
large and involves four donor layers, with crystallographicFFT spectrum.
axesa, b, andc=7.3, 7.3, and 68 A, respectively. Materials  As discussed above, the Ml transition appears to be driven
containing one type of isomer of the donor molecule areby an isotropic spinZeeman effect, but the temperature
noted by(S,S) or (R,R) in the stoichiometry, while materials dependence of the phase diagram is contrary to the behavior
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FIG. 1. (a) Star-shaped FS arth) calculated band structure of 15 20 D 35 20 45
7(P~(S,5)-DMEDT-TTF)(AuBr,)14, (drawn after Ref. # The Magnetic Field (T)

Fermi level lies very near to the band edge. (& and (b), the FIG. 2. Interplane resistanciR,) at T=0.5 K for (a) (r)-

dashgd line represenys=0 and the sqlld line represenys~0.75. AUBF,, (b) ~AuBr,, and(c) -EDO-AuBI,. Small pressure,, left

The inset to(b) shows the transfer integrals between the donor__. . ] : ) - ST

molecules of the conductingb plane. axis rgsst_ance, 1 kbar, right axis resistance. The fleld-lnduced_ Ml
transition in completely suppressed by 1 kbar, and the SdH oscilla-
tions indicate a well-defined metallic state to the maximum field.

of a standard charge-density-wave ground state which is refhe large background MR in the case sEDO-AUBT, is also

moved at the Pauli limit. The transition resembles a field-suppressed by 1 kbar of pressure. The insébtpAt lower fields,

induced spin-density-wave stat&,, increases with field the large hysteresis, characteristic of thphase materials, is ob-

but the transition does not follow conventional 1/@)sbe-  served, even under 5 kbar of pressure. The insef®) and(c): The

havior. The magnetocaloric data were highly suggestive of a-AuBr, and --EDO-AuBr, donor molecules.

thermodynamic mechanistbut the nonequilibrium nature

of the measurement left open questions about eddy curreiield Laboratory: pulsed field50 T—20 m$ experiments

effects and further experiments were necessary to charactefere done at Los Alamos, and dc fiel@s T Hybrid) were
ize the MI transition. For this, we have undertaken magnetiysed in Tallahassee.

zation, magnetothermopower, and pressure studies.

Ill. RESULTS
Il. EXPERIMENT
We first consider the MI transition as seen in electrical

Samples were grown electrochemically by methods previtransport measurements under pressure and in magnetic field
ously described? Magnetization measurements were carriedgirection dependent MR studies. Comparisons are made be-
out in pulsed fields with a sample extraction susceptibilitytween the pyrazino and the EDO compounds. This is fol-
coil, and in dc fields with an AFM piezoresistive cantilever lowed by a description of magnetization measurements taken
in a bridge configuratiof®** The cantilever is placed at the with both cantilever torquédc field and extraction(pulsed
center of the magnetic field so that the response is predomiield) methods. Finally, we present the temperature depen-

nantly from torque, and not gradient, forcés. Meissner-  dence of the high-field thermopower which reveals a gap
type measurement was carried out independently at 1.7 l§pening for fields above the MI transition.

with a spherical lead sample to obtain an approximate cali-
bration of the cantilever sensitivilyMagnetothermopower
studies were done in dc fields using a low-frequency digital
method!® The pressure measurements were electrical trans-
port in an interplanar, four-terminal configuration using gold  To explore the effects of lattice constant changes on the
wires and graphite paint. For pulsed field studies, a low-MI transition, pressure-dependent MR studies using a BeCu
pressure grease encapsulation method was employed, anddiamped cell were carried out simultaneously on three
dc fields a standard BeCu pressure clamp was used. Meaamples(r)-AuBr,, m-AuBr,, and-EDO-AuBT,, as shown
surements were carried out at the National High Magnetién Fig. 2. Measurements for the “finger tight” configuration

A. Pressure dependence of the MI transition
in dc magnetic fields
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TABLE I. Summary of the Shubnikov—de Haas oscillation fre-
quencies forr(r)-AuBr,, ~AuBr,, and -~EDO-AuBr,. Where the
temperature dependence of the SdH was measured, the effective-

w

H
mass parameter, m*/gnis given in parentheses after the SdH ‘{y £
frequency. A 42

g g
2 3l
Pressure Frequencyr-(r)-AuBr,  7AuBr, 7m~EDO-AuBK, g g
€1 F1 47.3 '2) 2§
1 kbar R 58 (1.97) 5
€1 F> 166 175 7 8
1 kbar =4 185(4.75 185(4.45  200(2.14 rTeEa— ’ 5 0
€1 Fs3 497 505 465 Magnetic Field (T)
L kbar i 494(7.66  507(7.80 484(3.94 FIG. 3. Low-pressure study of the field-induced MI transition in
5 kbar ) 537

the 7(r)-AuBr, material in pulsed fields at 0.5 K. Dashed line: am-
bient pressure signal, solid lines; bar pressure signal for different

. - . temperatures. The thin, solid arrows represent the direction of the
of the pressure cell showed behavior very similar to previougig g sweep while the thick, dotted arrow shows the pressure-

studies. Here the samples are encapsulated in the pressyi&endent shift for the down-sweep.
fluid, but there is no further compression of the fluid at room

temperature. Hence, the pressure at low temperatures i?ore with the standard pressure clamp system. Therefore, a
nearly zero, but indeterminate, i.@=0+s,.16 The Ml tran- P P ol ' ’

sition typical of all pyrazino compounds was observed inJrease encapsulation method was used to apply a small pres-

7(r)-AuBr, and -AuBr,, as was the large background MR in sure (0+s, kban below 1 kbar'® (This also avoided eddy

- current problems associated with BeCu clamped pressure
the T-EDOTAUBYZ sample ab_ove 30 T. SdH oscillations were lls thaFt) arise in pulsed fieldsThe MR was stLI?diedpin a
also seen in all three materials. However, under a pressure §E T pulsed maanet. as shown in Figa. 3. The sample. first
only 1 kbar, the MI transition in the pyrazino was com- P gnet, 9. °. PIe,

pletely suppressed, and SdH oscillations persisted to th@easured without the grease, showed the characteristic

highest fields. Likewise, the MR background in the EDOabrupt change at the MI transition accompanied by transients

sample was dramatically reducédhe MR background will in the signal, as prewogsly repor.t;éthen the _sample was
be discussed in more detail belowiote the low-field hys- measured under identical conditions, but with the grease

teresis of the negative MR persistaset, Fig. 2b)], even at pressure, the threshold field increased at a rate in the range of

5 kbar, well above the threshold pressure needed to suppre§510_100 T/kbar. With pressure, the transient effects were

the MI transition. Under these same conditions, changes iw?dlkjnce?gvlig(rjI%ﬁ;n%vi-cfégiiﬁgl(:&g ?r?:rr:f?)srg ég;gfnlgzl{{ﬁé
the SdH frequencies were observed whe#uBr, showed a 9 ' P y

6% increase above measurements at lower pressures. F%>§treme sensitivity of the M transition to pressure.
convenience, we provide a summary of SdH frequencies and o )
associated effective masses for these materials in Table 1. € Pulsed magnetic field studies—Angular dependent effects
The racemic material exhibited SdH oscillations for small in the EDO compound
pressure(0+e, kbar which previously had not been ob-  Although there is no dramatic MI behavior in the EDO
served in this variant of the pyrazino family in dc or pulsed material, there is a background MR that appears above 30 T.
field MR under ambient pressuféig. 2(a)]. The Dingle  Since in the pryazino compounds the MI transition is nearly
temperature of ther-AuBr, sample is lower than for the independent of field orientatiohwe carried out angular de-
racemic7(r)-AuBr,, which is consistent with the more dis- pendent MR measurements on the EDO system to examine
ordered nature of the racemic material. Using the Dinglehe behavior of this background. Our results are shown in
temperature to estimate the relaxation time, (Tp Fig. 4(a) for pulsed magnetic fields at low temperatures for
=h/47’kg7), and the fundamental oscillation frequer(@)  different field orientations. We find that the background MR
to estimate the Fermi velocityy, we obtain a mean free above 30 T is present in tti&fc (6=0°, whered is the angle
path of 170 A aff=0.5 K for the racemic sample. From the between the applied field andaxis) data, and it remains,
simple Drude picture, the zero field in-plane resistance yieldgven for theBllab plane(6=90°) orientation where no SdH
a mean free path of the order of the unit ddld A). Hence, oscillations appear. This indicates that there is a contribution
although the temperature-dependent resistivity suggests ta the MR in the EDO material that is independent of FS
“bad metal,” the quantum oscillations show metallic topology. The background MR increases significar(iy-

character. though not as dramatically as the MI transition in the
pyrazino systemsabove 30 T. Since the SdH oscillation am-
B. Pulsed magnetic field studies—Pressure effects plitude is proportional to the background MR, in Figb}
in the pyrazino compound we have plotted the same results versus inverse perpendicu-

The high sensitivity of the MI transition to pressure, lar field [B cog6)], where we have normalized thé=0°,
which is completely suppressed by 1 kbar, is difficult to ex-30°, and 60° data by dividing out thé=90° background
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FIG. 4. The angular dependent MR of th&DO-AuBr, system
at 0.5 K in pulsed fields. All traces are offset for clarit@ MR AuBr, at 0.5 K. The overall background signal depends on the ori-
data for different field orientationsb) Left axis: 0° data without  entation of the cantilever with respect to field. The inset shows

normalization vs inverse field. Right axis: Oscillatory MR Vs detailed behavior of the hysteresis in the magnetization in the field-
1/B cog6) normalized to the background MR from the 90° data in induced MI transition region. The arrows indicate the direction of

panel(a). See text for discussion. the field sweep. The double arrow indicates reversible behavior be-
tween the upper and lower threshold limits.

FIG. 5. Cantilever torque magnetization signal frofr)-

MR. For comparison, we also show tl#e=0° data in Fig.
4(b) without normalization. If we focus on the low-frequency lute moment, we have further quantified this change in mag-
(50 T) SdH oscillation, it is clear that its amplitude above netization by employing the extraction method in pulsed
30 T deviates significantly from standard Lifshitz-Kosevich magnetic fields at 0.46 K, as shown in Fig. 6. Here the dif-
theory, since the amplitude is much larger than theference in the integrated sample-in and sample-out signals is
exp(-T/B) dependence. However, upon normalization withshown versus the magnetic-field up-sweep. The magnetiza-
the background MR, the final oscillation falls into the tion, which increases linearly with magnetic figjsaramag-
exp(-T/B) description. Hence we conclude from this study netic, shows a slight increase in slope above 30 T. This
that there is an isotropic background MR which rises signifi-further rise in magnetization is indicated as the deviation
cantly above 30 T in the EDO system which is not part offfom linearity plotted against the right scale. The sizes of the
the SdH signal. total magnetization signals are in reasonable agreement, even
with the difficulties in obtaining an absolute calibration for
the very small samples on the cantilever and the correspond-
D. Magnetization ingly small moment changes observed.
To test the thermodynamic nature of the MI transition in
the pyrazino materials, we carried out two complementary
studies of the magnetization. In Fig. 5, we present the

14 T T T T 140
[Magnetization from ©(r)-AuBr, at 0.46 K|
s Total

- = = Linear fit (below 30 T)

—_
»N
T

torque magnetization signal for ar-(P-(r)-DMEDT- 210 [—— Magnetization jump w B
TTF),(AuBr,),,, single crystal at 0.5 K mounted on an o 8
AFM-type cantilever. The overall change in the background 208 0 =2
signal with field is characteristic of the sample+cantilever g 06 0 §
response, which can change sign with different orientations g 3
in field1” However, the behavior of the hysteretic envelope 5% B
above 35 T remains the same for all measurements. This = 02 0 =

behavior, shown in the Fig. 5 inset, is the signature of the Ml .
transition in the magnetization. Of note, within the magneti- ’ . .
zation envelope that defines the hysteretic Ml transition re- 0 10 Maégeﬁcﬁefgm
gion, the signal appears reversible for increasing and de-

creasing fields. Since cantilever measurements are well FIG. 6. Magnetization of(r)-AuBr, at 0.46 K from a sample
suited for the measurement of the relative, but not the absaextraction susceptibility coil system in a pulsed field magnet.

(=4
=]
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FIG. 8. Cantilever torque magnetization signal frosr)-

FIG. 7. Cantilever torque magnetization signal frorfr)-  AUuBr; for Blic vs temperature(a) The up-sweep and down-sweep
AUBr, at 0.5 K vs field orientation. Threshold fields are determinedtraces for each temperature have been offset to show the tempera-
from the peak in the derivative of the signal at the hysteretic field-ture dependence of the threshold field regions Bgy-up and
induced MI transitions(a) Bllc axis: magnetization signatlashed ~ Bwmi-down, respectively. Solid arrows indicate the direction of field
lines), derivative of signalsolid lineg. (b) Bllab planes: magneti- Sweep.(b) Summary of the phase diagram f@fy vs By. The
zation signal(dashed lines derivative of signal(solid lines. (c) threshold fields were determined from the peaks in the derivatives
Field orientation dependence of hysteretic threshold figigsup ~ ©Of the traces, as indicated in Fig. 7. The increasByji-up at lower
and By, -down for full angular range. ltempera(;gres is consistent with previous transport and magnetoca-

oric studies.

The signature of the field-induced MI transition was fur- _ ]
ther explored through the angular and temperature depefid- 9 shows the zero field temperature dependendaul,
dence of the magnetization in dc fields. In Figa)7we show IS isostructural to the other pyrazino compounds and exhibits
the total magnetization for the field perpendicular to the conthe same high-field insulating state.
ducting layers(Blic axis and in Fig. 7b) parallel to the We first _dlscuss the zero-field thermo_power data, where
conducting layer¢Bliab planes. To mark the hysteretic tran- Several points should be noted) The sign of the ther-
sition field thresholdgB,, -up andB,,-down), we have used MOPOWer is negative, which is consistent with the Hall effect
the peaks in the derivative of the signal, as indicated in Figgheasurement results OﬁAUBVZ-l?’lg (i) The temperature
7(a) and 7b), and a complete plot of the angular dependencélependence shows a broad maximum at around 50 K, below
of the threshold fields is shown in Fig(cJ. The temperature

dependence of the magnetization at the MI transition is ;"‘.45.14'1" or

shown in Fig. 83), where we have separated the up and 60l
down sweeps to highlight the different behavior of the two
branches. We have used the derivatives of the sigiaalsn

Fig. 7) to obtain the threshold fields, which are presented in )
Fig. 8b) versus in aT-B phase diagram. The low- %
temperature appearance of the Ml phase diagram is in good % F,
agreement with that obtained by transport, skin depth, and 201
magnetocaloric measurements. This includes the behavior of : E
the high-field phase boundary which has a negatiVédB ~ ! S
slope forT—0. 0k s - M- N

10 15 20
Temperature (K)

E. Magnetothermopower study of the MI transition )
FIG. 9. Magnetothermopower measurements7éul, carried

Magnetothermopower measurements _fOF(P'(S,S)' out in constant dc fields vs temperature in the region of the
DMEDT-TTF),(Aul,)14, were carried out in constant dc field-induced MI transition. Inset: zero-field thermopower vs
fields versus temperature as shown in Fig. 9. The inset akmperature.
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T 30_' S e The brqad peak in th(_armopower below, Thas also bee_n
PYREZ ‘-..\_ 2l . qbserved in other_org_anlc conductétsyhere the MI transi-
W1y K tion temperature is high enough so that the lower tempera-
%or faria, “r * ] ture behavior can be observed. This behavior may be due to
g «f \ N iy 43'.%(1%4'.0 9] carriers from impurities or defect levels that become impor-
2 SANG I G tant when the band carrier density decreases below the
% or N g impurity/defect density.
20

IV. DISCUSSION

. . ! . . ! The field-induced MI transition is a general feature of the
005 010 015 020 o 025 030 pyrazino r-phase materials. All measurements to date, in-

oF

Inverse Temperature (1/K) X i . .
cluding electrical transport, skin depth, magnetocaloric ef-

FIG. 10. ST) vs 1/T representation of magnetothermopower f€Ct, magnetization, susceptibility, and thermopower, show
measurements in the field-induced MI regime. Lines are fits to thdéhat for many different pyrazino samples, there is a bulk,
activated behavior below the transition for each field. Inset: Fieldfield-induced, hysteretic transition from a metallic state to an
dependence of the activation energy. insulating state. Although the temperature dependence of the

phase boundary is similar to that seen in the field-induced
which thermopower shows normal metallic behavior, i.e., despin-density-wave(FISDW) states in the Bechgaard salts,
creases to zero almost linearly. This behavior is often obthere is little evidence that the MI transition involves FS
served in the in-plane thermopower of many two-nesting since the MI transition is only slightly dependent on
dimensional organic conductol$.Merino et al. suggested field direction. Moreover, in the FISDW phases the conduc-
that the peak in @) can be explained by the destruction of tivity remains finite, whereas in the pyrazinephase mate-
the Fermi liquid quasiparticles, resulting in a “bad” méfal. rials it vanishes along all crystallographic directidnand
In this model, a smooth crossover from coherent Fermi ligthere is no evidence for imperfectly nested FS pockets re-
uid excitations at low temperatures to incoherent excitationsnaining, as is generally the case in a FISDW system. In this
at high temperatures leads to a nonmonotonic temperatudiscussion, we consider several possible mechanisms that
dependence in transport properties. The slope of the metallicould either lead to, or strongly influence, the field-induced
thermopower region of-Aul, is large compared to other MI transition.
organic conductor®’ indicating a small bandwidth, or large The present work reveals that the Ml transition is thermo-
density of states at the Fermi level. We will return to this dynamic, and from the value of the magnetization change we
important point in the discussion section. The ratio of Cou-estimate that the transition involves an itinerant-to-localized
lomb repulsion to small measured bandwidtYW) would  transformation of about fOelectrons/cri Indeed, this
be large, revealing a tendency towards an insulating state, @bhange in carrier concentration is not far from that involved
seen in MR measurement§ii) Recalling the anomalous in the MI transition in, for instance, doped-semiconductor
upturn in the resistance of the-AuBr, and 7-Aul,  systems. The thermopower measurement further confirms the
compound3™ for T—0, the thermopower in the same re- thermodynamic nature of the transition, since it shows that a
gion shows no anomalous behavior. Since thermopower ifield-dependent energy gap opens above the MI transition.
extremely sensitive to changes of electronic properties, butis In these materials, field-induced changes in electronic
rather insensitive to disorder, it is likely that anomalous be-structure of order 10 meV or less could cause a catastrophic
havior observed in the zero-field resistance measuremewhange, including a gap opening at the Fermi level. The
may be due to disorder inherent in this material. tight-binding electronic structure indicates that the band-

In the magnetothermopower, the MI transition for B width below the Fermi energfsee Fig. 1is relatively shal-
>By, is clearly seen as an abrupt increase in S below théow, of order 10 meV, and the band is very flat. Zero-field
transition temperature . Upon further cooling, the ther- thermopower measurements are consistent with this narrow
mopower decreases again, showing a broad peak. At lowdrandwidth. The thermopower measurement also sets the rel-
temperatures, it was impossible to measure the thermopowerant energy scale for the MI transition: the MI activation
signal since the sample impedance was too high and exnergy is field-dependent, and reachgs EmeV by 45 T
ceeded the range of the nanovoltmeters. (note A=2E,). The other energy scales include the Fermi

If we focus the thermopower behavior just beloyy,;Tthe  energy, the Zeeman band splitting, the Landau spectrum, and
increase of thermopower can be explained as the opening dfoadening due to disorder. If we consider a field of 40 T,
an energy gap in the insulating state. In Fig. 10, the data arand the largestFs;) orbit, thengugB=4.6 meV, (.eB/m*)
presented to show the slope of S versus 1/T belqy, T =0.6 meV, E=AeF/m*=8.4 meV, and F=0.1 meV, re-
which is a measure of the activation energy gag, &ince  spectively. Due to the smaller values, the Landau gap and
S(T) is proportional to the temperature dependence of thelisorder probably do not strongly affect the MI transition.
transport conductivityr through Ifo(T)], S(T) can be ex- Rather, the bandwidth,&ZE,, and the Zeeman energy appear
pressed a§(T) ~E,/T and E, determined in this manner, is to be the competing energy scales.
shown in the inset of Fig. 10. The energy gap opens at A simple model which would produce a field-dependent
around B=42 T and it increases with magnetic field. energy gap is where the flat conduction band shifts relative to
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TABLE II. Band-structure calculation results for different or at the N-S coupling sites slightly, it would change the
samples of the pryazino and EDO compounds studied by XRDelectronic structure, and it would be coupled to the lattice.
Directions of {, t,, and § given in the inset to Fig.(b). See textfor  Two nearly equivalent molecular configurations could give
discussion. rise to the hysteretic behavior. The apparent reversibility
within the hysteresis loops in Fig. 5, coupled with the wid-
Compound  Crystal No. ;t(meV) t; (meV) tz (meV) Method  ening of the hysteresis region at low temperatures, suggests a
double-well process which is thermally activated. Previous

EDO 1 206 24 2 EHT . . Lo . )
magnetocaloric studies are also indicative of this kind of
EDO . 2 184 16 EHT two-state switching, and also show the widening of the hys-
Pyrazino 3 138 16 EHT  teretic region at low temperatures. The high sensitivity of the
EDO 1 96.2 01 4.6  VBHF M transition to pressure further supports the role the lattice
Pyrazino 3 78.2 0.2 6 VBHF  plays in the close proximity of the MI and metallic phases.

The observation of a field-induced MI transition in com-

the Fermi level with increasing field. However, although theP!€x organic materials is not without precedent. The Q2D
spin-down band will increase, the spin-up band will decreas@'9anic  superconductor, x-(BEDT-TTF),CUN(CN),]Cl,
in energy, and this cannot produce an insulating state if th@lso shows a field-induced Ml transition in MR. The unit cell
Fermi level remains fixed. Experimentally we do not seeinvolves two donor layers, and the anion structure is some-
evidence for spin-split Landau levels, nor is there any indi-times referred to as “polymerié* Moreover, in this class of
cation of a change in the SdH frequency at the entry into the«-(ET) salts, there is variable configurational order in the
MI phase [Even a careful investigation of the SdH structure ethylene groups that affects both the superconducting transi-
on the rapidly rising resistance signals at the Ml transition, irntion and the appearance of SdH oscillatié?$/ The nonme-
Fig. 2(a) for instance, shows that it is not shifted in fre- tallic state measured ir-(BEDT-TTF),CUN(CN),]CI has
guency or phase from the SdH waveform in the lower fieldbeen described in terms of loosely bound molecules that are
fully metallic phasel. susceptible to small perturbations of external paraméters.
There are three other important factors in the behavior oGiven that ther-phase materials have a four-donor-layer re-
the MI transition. The first is that it is highly suppressed inpeat unit cell, combined with a complex, nonstoichiometric
the EDO materials. The second is that the MI transition isanion structure, a similar sensitivity to perturbations can be
hysteretic, indicating coupling between the electronic andexpected.
lattice structures. The third is the very high sensitivity of the  The coupling of the magnetic field to the electronic struc-
MI transition to pressure. Differences in the behavior of theture may involve an enhanced susceptibility. Previously,
pyrazino and EDO materials may result from small varia-Arita et al® have considered the flat band character of the
tions between these structures. The asymmetric donor moélectronic structure where it is argued that the magnetic sus-
ecules are arranged in a square lattice where each neareseptibility is enhanced due to the flatness of the bands along
neighbor donor has an opposite orientatioloted by the k. andk,. It would be instructive to examine tight-binding
shaded and unshaded rectangles ofgbglane in the inset band-structure calculations where we could explore the Zee-
to Fig. Ab)]. Using the crystallographic data from several man and diamagnetic effects of high magnetic fields on the
crystals of the pryazino and EDO compounds at roommolecular orbitals, since the field dependence of the elec-
temperaturé;?? the electronic band-structure calculations bytronic structure could be estimated. Likewise, structural
extended Huckel tight-bindingEHT)*22 and valence bond probes including Raman, ultrasonics, or even x-ray diffrac-
Hartree-Fock(VBHF)?223 methods have been performed. tion would be very useful to gauge the role of the lattice at
Both methods and both materials give a star-shaped Ferntlie transition.
surface. The values of the transfer integrals are given in
Table Il. The { term is the largest ir)tera}ction in every case. It ACKNOWLEDGMENTS
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