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Role of the anion layer's polarity in organic conductors
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ABSTRACT: A 2D organic conductor 3 -(BEDT-TTF).CIC,H.SO; (1) crystallized in the P2:/m and has a polar anion located on the mirror
plane, parallel to the 2D BEDT-TTF conducting layer. A temperature-induced phase transition tilts the anion such that a component of its
electric dipole becomes perpendicular to the conducting plane. This low temperature phase 3 "-B""-(BEDT-TTF).CIC;H:SO; (1L) has two
crystallographically independent donor layers, A and B, each of which is bordered by the positive or negative side of the anion’s dipole
(¢«-B—>A<«B—A<). This exposes each donor layer to different effective electric fields and leads to layers of A and B with dissimilar oxidation
states. Consequently, the transition can be called temperature induced non-doped-to-doped transition. The low temperature phase (1L) is
isomorphous with - “-(BEDT-TTF).BrC,H4SOs (2) from room temperature to at least 100 K, suggesting that 2 is also doped and it shows
avery broad MI transition at 70 K. Applying only 2 kbar of static pressure sharpens the MI transition, indicating that the tilted anion straightens
and therefore we suggest that it can be termed a pressure-induced doped-to-non-doped transition.

Introduction

Over the past five decades, molecular charge transfer (CT) salts have
been developed, leading to the discovery of many conducting mate-
rials such as semiconductors, semimetals, metals, and superconduc-
tors." > After the discovery of the BEDT-TTF-based paramagnetic
superconductor, B’’-(BEDT-TTF).[(H;O)Fe(C.04);]-PhCN,?
organic conductors incorporating magnetic moieties were attracted
great interest. In particular, the A-BETS;FeCls family has unique
electromagnetic properties that emerge from the interplay between
magnetic (localized) and conducting (itinerant) electrons.®

During the past two decades, we have also prepared purely organic
magnetic conductors consisting of donor molecules, such as TTF or
BEDT-TTF, and organic magnetic anions.*'! Each anion combines a
sulfo group (-SO5”) with an organic stable radical. We have also pre-
pared magnetic conductors of M(dmit), salts, where M = Ni, Pd, or
Pt, with purely organic cationic aminoxyl radicals.””"* The resulting
salts have not yet shown any clear evidences of the interaction be-
tween the localized and itinerant electrons, although some have
short contacts between S atoms of the donors and O and/or N of the
spin center.**® The sulfonates also have relatively large dipole mo-
ments and we have noted that some of these polar ions provide CT
salts with unique structural features, which we have classified into
four types as shown in Figure 1. Almost all donor-anion type and ac-
ceptor-cation type salts consist of 1D or 2D conducting layers inter-
leaved by insulating counterions with or without incorporated neu-
tral molecules. Type I-IV salts have structurally unusual ionic layers,
in which each individual polar ion aligns in the same orientation as
the other ions in the same layer. The result is that each layer has a
diploe moment.®"* In type I salts,”®'° the dipole moments of succes-
sive ionic layers oppose each other, as shown in Figure 1a, therefore
there is no net dipole moment. However, type I salts have two crys-
tallographically independent conducting layers (A and B) where one
layer (A in Figure 1a) is bordered by the positive end of the dipole

moment of the ionic layer and the other (B) is bordered by the neg-
ative end. We also observed self-doping in the type I salts, where the
B layers were more positively charged than the A layers. By contrast,
type 111 salts (Figure 1c)'>"* provide no self-doping because the di-
pole moments of the ionic layers lie parallel to the conducting layers.
Although Type III salts are similar to Type I, in that there is no net
dipole moment. The self-doping effect of Type I salts has been re-
ported by other groups. Tadashi Kawamoto, Takehiko Mori, et al. re-
ported ku-(DMEDO-TSeF),[Au(CN)4](THF), in which the elec-
tric dipole of tetrahydrofuran gives rise to interlayer charge dispro-
portionation. This was confirmed by observing a difference in band
fillings for the crystallographically independent two donor layers, as
determined by Shubnikov—de Haas oscillations."* Tetsuo Kusamoto,
Reizo Kato, et al. reported (Et-4BrT) [Ni(dmit).]» where Et-4BrT is
ethyl-4-bromothiazolium,*"'® which has a type I structure. The mag-
netic susceptibility and heat capacity measurements by Ryo Yo-
shimoto and Yasuhiro Nakazawa, et al. indicates that the salt is a Na-
gaoka ferromagnet, as a result of the partial hole doping of a Mott
insulator. This means that electron-doped layers do not become fer-
romagnet. In fact it is clear that only one of the two crystallograph-
ically independent [Ni(dmit).] layers becomes a ferromagnet."”

Thus far, type I, type II” "' and type I1I salts have been provided
from ions baring aminoxyl radicals from our group, but we have not
yet reported any type IV salts. Reports of type I salts from other
groups suggest that non-magnetic, smaller, and simpler anions can
also provide polar anionic layers in organic conductors. Accordingly
we have reported the BEDT-TTF, BEST, and BETS salts of the
HOC;H:SOs™ anion' and the BEDT-TTF and BETS salts of
BrC,H,SOs"."" In this article, we report a new BEDT-TTF salt of
CIC,H+SOs™ and a new interpretation of the electronic structure of
the previously reported BrC,H4SOs™ salt of BEDT-TTE."
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Figure 1. Schematic diagrams of the crystal structures of Type I-IV
salts where the electrical dipoles of the counterions are indicated by
arrows. Conducting layers are shown as green squares, and counter-
ion layers are shown as blue rectangles.

Methods

BEDT-TTF and CIC,HsSOsNa were purchased from Tokyo Chem-
ical Industry and Chem-Impex International, Inc., respectively and
used without further purification. Conventional constant current
electrocrystallization (0.3 HA) at 10 °C in a mixed solvent of PhCl
(18 mL) and EtOH (2 mL) with 10 mg of BEDT-TTF, 44 mg of
CIC,H4SO:Na, and 67 mg of 18Crown6 ether in a H-shaped cells
gave black needles. The X-ray diffraction measurements from 100 to
290 K were performed on a Rigaku XtaLAB Synergy Custom with
MicroMax-007 HF/VariMax rotating-anode X-ray generator with
confocal mono-chromated MoKa radiation. The crystal of 1L is
twinned consisting of two components 1 and 2, where the latter is
rotated by 179.99° around the c-axis. A twin deconvolution with
CrysAlis Pro (Rigaku 2015) and shelx] refinement™ on olex2*" gave
the ratio of 1 and 2 of approximately 50: 50. Electrical resistivity
measurements were performed by the conventional four-probe
method using a HUSO HECS 994C1 four channel resistivity meter
with cooling and heating rates of approximately 0.5 K/min. Mag-
netic susceptibility of a polycrystalline sample was measured from 2-
300 K using a Quantum Design MPMS-2S SQUID magnetometer.
The data were corrected for a contribution from the aluminum foil
sample holder. The diamagnetic contribution of the sample was es-
timated from Pascal’s constants. Dipole moments of the anions were
calculated using MOPAC2016” with PM3 Hamiltonian on Win-
mostar V9.2.5, using the molecular geometries from the crystal
structures with no further structure optimization. Effective voltages
caused by the anion layers were estimated following Suda et al.”®
Band structures were calculated using a tight binding calculation
package based on extended Hiickel theory written by Prof. Takehiko
Mori.**** Raman spectra were measured on a Renishaw Ramascope,
in Via Reflex. A diode laser (785 nm) was used to excite the sample,

focused on an area of diameter ca. S pm, with ~0.1 mW power. The
single crystal was fixed with silicon grease on a copper sample holder.
The incident light was polarized to ¢ and b axes for 1H and 1L, re-
spectively. A low temperature spectrum was measured using a he-
lium-flow cryostat Oxford MicrostatHe. Magnetoresistance meas-
urements were performed in a *He-cryostat with a non-destructive
60 T pulse magnet. The duration of the pulsed magnetic fields is
about 36 ms.

Results & discussion

Black needle-shaped crystals (1) were prepared by electrocrystalli-
zation. Variable temperature electrical resistivity of 1 is shown in Fig-
ure 2. Large resistivity jumps were observed at 210 K (cooling) and
260 K (heating), suggesting a drastic 1*-class phase transition. Un-
fortunately, after the phase transition, almost all measured crystals
became cracked. Therefore, figure 2 shows the resistivity curve of
one of the measured twelve crystals. Several measured crystals show
the resistivity jumps at the same temperatures as shown in figure S1.
The room temperature conductivity of 1 is 6.5-190 S cm™. It is diffi-
cult to clearly state whether 1 is metallic or not from the curvature of
the resistivity curve below the phase transition at 210 K. However, it
is clear that the high temperature phase is metallic and the low tem-
perature phase is not completely insulating because the highest re-
sistivity value is less than twenty times larger than that at room tem-
perature. This issue will be discussed in the final section.
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Figure 2. Temperature-dependent electrical resistivity of 1.
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Figure 3. Crystal structure of 1H at 290 K.



The crystal structure at 290 K, before cooling through the phase
transition, gave the stoichiometry B’ ’-(BEDT-TTF).CIC:H.SOs.
The crystallographic data are shown in Table S1 and the crystal
structure is shown in Figure 3. Hereafter we call the structure 1H to
indicate it is the high temperature phase. There is one BEDT-TTF
and a half of anion in the asymmetric unit of 1H. The salt crystallizes
in the P2,/m space group with the anion located on the mirror plane
with disorder of the oxygen atoms of the sulfo (-SO;) group. The
large and elongated thermal ellipsoids suggests that the sulfo group
is rotationally disordered.

The salt crystallizes in a centrosymmetric space group, indicating
no net dipole moment. The dipole moment of the anion, assuming
no disorder is calculated using MOPAC2016” to be 5.7 debye. The
anion is located on the mirror plane therefore the direction of the
dipole’s vector is plumb to the b-axis. Thus, 1H is categorized as a
type 111 structure (Figure 1). Thus far no special structural and/or
electronic phenomena has been found in Type III salts.**
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Figure 4. (a) A donor arrangement with intermolecular interactions,
(b) band dispersions, and (c) Fermi surfaces of 1H. Transfer inte-

grals of p1, p2, al, a2, and r are -1.86, -5.19, -9.01, -8.59, and -14.82
x 107, respectively.

Band structure calculations of the donor layer in 1H were per-
formed.**** There are large electron Fermi surfaces and small hole
pockets as shown in Figure 4, confirming that it is a stable metal, con-
sistent with the resistivity behavior shown in Figure 2.

We have observed the phase transition by variable temperature X-
ray analyses (Table S1). On cooling, the 1H phase was present from
290 t0 210 K and 1L from 200 to 100 K. On heating 1L persists from
100 to 250 K and then 1H appears at 260 and 270 K. On cooling the
crystal became twinned after the phase transition. In addition, crys-
tals that were cooled below the phase transition temperature (210
K) and subsequently heated to above 260 K provided excellent re-
flections and low R values for 1H, although the mosaicities are higher
than for an uncooled sample. The crystal structure of 1L is shown in
Figure 5. The space group lowers to P1 in 1L. As noted above, 1L is
a twinned crystal, in which there are two components, component 2
(b) is rotated by 180° around the c'-axis from component 2 (a), as
shown in Figure S. The asymmetric unit of 1L has two crystallo-
graphically independent donors, forming two independent donor
layers, and one anion. Thus, we indicate the donor layers by writing
1LasB’’-B’ -(BEDT-TTF).ClC,H4SOs The sulfo group of the an-
ion is ordered and not rotated, indicating that the order-disorder
transition of the sulfo group occurs at the transition temperature.
The anion is located on a general position. We used C=C and C-S
bond lengths to estimate the charge on each BEDT-TTF molecule
of 1L,% although the R value of the X-ray analysis is not particularly
low. The resultant charges for A and B are +0.57 and +0.55, respec-
tively. The charges, normalized by the total number of holes in the

asymmetric unit, are +0.51 and +0.49, respectively, suggesting the
oxidation states of A and B donors are almost +0.5.

As shown in Figure 3, there is a V-shaped arrangement of adjacent
donor columns in the be plane of 1H. By contrast, the donors in ad-
jacent columns in 1L are almost parallel. Thus donors of half of the
layers located around y = 0.0 of 1H turn one way and donors of the
other layers located around y = 0.5 turn in the opposite direction
during the phase transition. These movements are probably respon-
sible for the single crystal of 1H becoming a twinned crystal of 1L.
As mentioned above, if a crystal is cooled down to 100 K and subse-
quently heated up to room temperature, it provides a low R value,
implying that the domain size of a single crystal region is small.

,’e{d/”é Alayer f‘N/// B layer Alayer
. (a)
e .
" \\‘ -
T Cli\v; é\\ tq ~— 0
s SIS TN
SV o3I
K\T‘i\\‘,\\ \:\él:’:dé\\\:\{\\ v A—,— Jﬁ >~ 1h ?"
':&\I qw "\' \\\ K \v»" . N, /\\\\,\\—\g‘r
B AN T S
A layer \—\f;i I, '¢ﬁ\ -

A layef\‘\% ,

‘}3&

(b)
Figure S. (a) Crystal structure of 1L at 100 K, component 1, and (b)
the structure rotated by 180° around the c'-axis, component 2 in the
twin crystal.

Band structure calculations of A and B layers were performed®** as
shown in Figure 6a and b, where both band fillings of 0.75 were used.
The ratio of transfer integrals, [p1 / p2| (if |p1| > |p2| or |p2 / p1| if
|p1| < |p2|) are 1.24 and 2.44 for layers A and B, respectively, sug-
gesting that the dimerization in layer B is stronger than that in layer
A. The other values of both layers are quite similar and results in sim-
ilar Fermi surfaces. The Fermi surfaces of 1L are also like that of 1H,
the latter of which has slightly smaller hole pockets. The |p2/p1| ra-
tio for 1H of 2.79 suggests that dimerization in 1H is stronger when
compared to layers A and B in 1L.

Here we discuss the structural differences between 1Hand 1L. The
anion in 1H is located on a special position, m (mirror), therefore
the dipole’s vector is exactly aligned in the same direction as the con-
duction plane. On the other hand, the anion in 1L islocated at a gen-
eral position such that the direction of the dipole is slightly tilted
from the 2D plane of the donor layer as schematically shown in Fig-
ure 7. The dipole moment of the anion in 1L was calculated using
MOPAC2016,” giving a value of 6.9 debye. The value is slightly
larger than that in 1H despite both molecules being the same. The
disparity is caused by the difference of the geometries in each crystal



because no geometry optimization was applied in the MOPAC cal-
culation, so that the atom positions obtained by each X-ray analysis
were used. The anion in 1L is tilted by approximately 9° from the
conducting plane of the donor layer. This means that 1L almost be-
longs to type III with some character of Type I. It is possible to esti-
mate the effect of the tilt of the dipole moment on the nearest donor
layer in terms of voltage using an equation as follows.”
uN cos @
AP = ——
€,

where AQ is an effective field in eV applied by the dipole moment,
N is the surface density of dipoles, y is the effective dipole moment
of the moiety, €, is the permittivity of vacuum, € is the dielectric
constant of the layer (~2), and 6 is the tilt angle of the moiety with
respect to the conducting layer normal. The resultant value is 0.40
eV, meaning that the anion position applies an effective voltage of
+0.40 V to donor layer A and -0.40 V to layer B. This suggests that
layer B is more positively charged than layer A, namely interlayer
charge disproportionation is expected. In addition, in 1L there are
two S---O contacts, shorter than the van der Waals distance (3.37 A),
between S atoms of BEDT-TTF and O atoms of -SO5, at 3.024(8)
and 2.956(8) A for donor A and B, respectively. An asymmetry in the
interactions between BEDT-TTF and -SOs™ often provides a charge
disproportionation,®”* however in 1L both interactions are similar,
suggesting that the short S.-O contacts are not compliant in this re-

gard.
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Figure 6. Donor arrangements (left), band dispersions (middle) and
Fermi surfaces (right) of Alayers (upper) and B layers (lower) of 1L,
where both band fillings are 0.75. Transfer integrals of p1, p2, al, a2,
and r are -6.05, -7.51, -10.43, -10.24, and -15.59, respectively for A
layer and -5.78, -2.37, -10.17,-10.53, and -15.25 X 1073, respectively
for B layer.

Here we try to estimation of the difference in charges between do-
nors A and B caused by the 0.4 V effective voltage. Figure 8 shows
the relationship between the difference of the formula charges be-
tween both independent donor layers and the effective voltage. At
present, two metallic (orange circles)” ' and three semiconducting
(pink circles)®'*"” type I salts have been reported, the parameters of
which are plotted in Figure 9. Roughly, each set of metallic and sem-
iconducting data points show linear tendencies, shown as orange
and pink straight lines, respectively. The orange metallic line has a
larger gradient than that of the pink semiconducting line. The x-in-
tercept of the metallic line is zero but that of the semiconducting line
is ® 1 V, suggesting that there is 1 V effective voltage threshold,

below which no doping effects are observed. The black dashed line
in Figure 8 indicates the effective voltage for 1L, 0.40 V. The line
crosses at approximately 0.02 for the difference in charges between
cation layers. This value is too small to be confirmed using bond
lengths determined by X-ray analysis (the error is +0.1). Therefore,
the doping level of 1L should be confirmed using another method,
which we will discuss in the final section. Since 1H has no doping
effect but 1L does, the temperature-induced phase transition can be
called “non-doped-to—doped transition”. Now, we speculate on the
mechanism of the transition. On cooling the rotation of the sulfo
group stops, the anion tilts, the donor moves, and finally an electron
hops from layer B to layer A.
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Figure 7. Comparison of the crystal structures of the high tempera-
ture (1H) and low temperature (1L) phases, where the arrow indi-
cates the dipole moment of the anion.
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Figure 8. Relationship between effective electric field caused by the
dipole moment of the anion layer and the difference of the charge
between two independent donor layers in type I salts. Orange and
pink circles indicate metallic and semiconducting salts, respec-
tively.”® The points were obtained from the salts, *1: ku-(DMEDO-
TSeF):[Au(CN),](THF), * *2: «x-B’’-(BEDT-TTF).(PO-
CONHC,H:SOs) where PO is 2,2,5,5-tetramethyl-3-pyrrolin-1-
oxyl,”® *3: o’-0.’-(BEDT-TTF).(PO-CONH-m-CsH4SOs)-H. O,
*4; (TTF)3(PO-CON(CHs)C.HiSOs),,* and *S: the midpoint of
(Et-2,5-DBrP)[Ni(dmit)]> and (Et-2I-5BrP)[Ni(dmit).]. where
Et-2,5-DBrP is ethyl-2-iodo-5-bromopyridinium and Et-2I-SBrP is
ethyl-2,5-dibromopyridinium."’

1L is isomorphous with 3"'-B“-(BEDT-TTF).BrC.H.SOs (2)
from room temperature to at least 100 K. The crystal structure and



physical properties of 2 have already been reported.”” 2 does not
have a 1*-order phase transition but shows a broad MI transition at
70 K. Inref. 19, it was stated that 2 belongs to the type III category.
However, in light of the discussion above, a more detailed analysis
shows that the anion in 2 has a dipole moment of 9.9 debye®* and is
tilted by approximately 5.5° away from the conducting plane. The
resultant effective voltage is 0.35 eV.” This suggests that salt 2 is in
the interlayer charge disproportionate or doped state. However, the
estimated molecular charges from bond lengths are +0.492 and
+0.508 for A and B molecules, respectively, a small difference of only
0.016. The error in this empirical method* is approximately +0.1 so
this does not support doping in 2. Nevertheless, there is evidence
that 2 is doped. Ref. 19 and Figure 9 show the temperature depend-
ences of the electrical resistivities under pressure for 2. At ambient
pressure (1 bar) there is a very broad MI transition at 70 K. The ra-
tios of the resistivities of P12k and Powest of only 24.7, 17.9 and 12.2
for samples 1,2, and in ref.19, respectively. The broad MI transitions
imply that the doping effect makes the insulating ground state con-
ductive. Moreover, applying only 2 kbar of pressure sharpens the MI
transitions. The ratio of the resistivities of ps2x and Plowest at 2 kbar
are 9.00 x 10% 7.26 x 10% and 1.62 x 10* for samples 1, 2, and in
ref.19, respectively. These are 365, 40.6, and 1330 times, respectively,
larger than those at 1 bar. The MI transitions at 2 kbar seems to be
typical for B “-salts.'"**** We speculate that applying the static pres-
sure changes the tilt angle of the anions to almost zero, which in-
duces a doped-to-non-doped transition. At first the anion straight-
ens and the tilt angle becomes zero, then the donor may move
(which will be confirmed in future work), and finally an electron
jumps from layer A to layer B in order that both layers have the same
band fillings. Namely compound 2 at 2 kbar is in the non-doped state,
leading to a typical sharp MI transition.
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Figure 9. Temperature-dependent electrical resistivity under several
static pressures of sample 1 (a) and 2 (b) of 2.

The temperature-dependent magnetic susceptibility of 1 is shown
in Figure 10. On cooling (red circles), there is an anomaly at 205 K,
where the curve is bent. On heating (blue squares), an inflexion
point is observed at 250 K. These anomalies appear to coincide with
the structural phase transitions in 1. The transition temperatures are

slightly different from those observed from the resistivity curves, 210
and 260 K for the cooling and heating processes, respectively. The
disparity may be caused by different rates of temperature change,
0.72 and 1.0 K/min for cooling and heating, respectively. On cooling,
after the phase transition, the magnetic susceptibility decreases with
decreasing temperature, which follows the same form as that of 2"
from room temperature to the MI transition temperature (70 K).
Below 70 K the susceptibility of 2 decreases toward zero. By contrast
1 does not show zero susceptibility, suggesting that it does not show
a MI transition. The magnetic susceptibility of 1 at the lowest tem-
perature is & 1.0 x 10* emu mol”, which is relatively small when
compared to Pauli paramagnetic metals of organic conductors (typ-
ically 2-6 x 10™* emu mol™).! Moreover, Pauli paramagnetism is usu-
ally temperature-independent, so linear decrease is somewhat
anomalous. Both salts have the same magnetic behaviors which are
somewhat curious, suggesting that both electronic structures are
quite similar.
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Figure 10. Temperature-dependent magnetic susceptibility per (BEDT-
TTF),CIC2H4SO; of 1 after subtracting 0.074 and 0.081 % of S = 1/2
spins of Curie tails for cooling (red circles) and heating (blue squares)
curves, respectively. The figure before the subtraction is shown in Figure
S2. The directions of the temperature changes are shown by dotted ar-
rows. The solid arrows indicate anomalies associated with the phase
transition.

Finally, we tried to confirm the doping level of 1L using several
methods. Raman spectra of 1 and 2 were taken from 10-297 K (Fig-
ure S3). It is known that there is a linear relation between resonance
1, and Q (molecular charge of BEDT-TTF), wherev, = 1447 +
120(1 - Q).*** Therefore, the 15 peak would be expected to become
a doublet on doping below the non-doped-to-doped transition tem-
perature. However, only single peaks of 14 at 10, 100, 240, and 297



K were observed. The width of the expected doublet can be calcu-
lated and is 2.4 cm™ for Qa=0.49 and Qs = 0.51. The width 0f 2.4 cm’
'is shown by two vertical lines on each figure in Figure S2, suggesting
that this difference would be too small to detect using the optical
method. Moreover, the peak height reduces, and the peak broadens
with increasing temperature, which is another barrier to determine
Qprecisely. In addition, the spectra of 1 and 2 at all temperatures are
quite similar to each other, indicating that both electronic structures
are quite similar.

Temperature-dependent electrical resistivity of 1 under high mag-
netic field was determined. For the measurement 10 um¢ of gold
wires were used instead of 15 pm¢ used for the other resistivity
measurements, which affords a better result from 1.4 to 200 K on
heating as shown in Figure 11 together with that of 2."° As previously
mentioned, the MI transition of 2 is very broad, which is, we specu-
lated, because of doping. Figure 11 indicates that the p - log T plots
of both 1 and 2 are linear in the low temperature regions. The unu-
sual temperature dependence was also observed in a charge-order-
driven superconductor, B’ -(BEDT-
TTF)s[(H:0)Ga(C204)3]PhNO; (T = 6 K),* where the p-log T
plots are linear from T to 100 K. The authors addressed that this was
caused by a weak localization with scattering centers introduced by
the growth of small charge-ordered states. In our compound, the
weak localization will be caused by significant doping of the strongly
localized (perhaps charge-ordered) semiconducting phase.
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Figure 11. p - logT plots of 1 and 2.

The Shubnikov-de Haas (SdH) effect is one of the most sensitive
methods to detect differences in molecular charges.” > '* According
to our band structure calculations at 100 K, the estimated area of
each Fermi surface of A and B layers, without doping (Qa= Qs =0.5),
0f 3.9 (330) and 4.5 % (387 T) of the total Brillouin zone. With dop-
ing (Qa=0.49, Qs =0.51), each area of A and B layers are estimated
tobe 3.6 (302) and 5.0 % (420 T). The measurement results of 1 are
shown in Figure 12. Figure 12c indicates that there is a Fermi surface
with 106 T of amplitude, 1.3 % of area of the total Brillouin zone.
The area is much smaller than estimated from band structure calcu-
lations of 1L. A similar situation was observed in B’'-(BEDT-
TTF).AuBr,. Although Band structure calculations using X-ray
data at room temperature provided only one hole pocket,*”**
SdH experiments gave three frequencies. Several literatures®*

stated that this was due to Fermi surface nesting by a spin den-
sity wave (SDW), which occurred at 8 K at which a slight upturn
with hysteresis in resistivity was observed. However, hysteresis
was usually not occurred by SDW formation so that the upturn
appeared to be caused by an antiferroelectric transition, similar
to the transition of 1. The calculated Fermi surfaces of 3"'-
(BEDT-TTF).AuBr; are similar to that of 1, indicating that the
similar nesting provides similar sharp and several Fermi surfaces.
However, this is not the case that 1 provides only one and not
so sharp fast Fourier transform (FFT) peak. We speculate that it
is again indirect evidence of doping. The system becomes an insula-
tor below 100 K, however the doping provides small hole and elec-
tron pockets, which were observed as an FFT signal. However, we
were not able to determine the doping quantitatively from the SdH
effect, but it will be qualitative evidence of the existence of doping.
BC NMR measurements using C-rich 1 may detect the differ-
ence.

Conclusions

The temperature or pressure induced tilt of a polar anion of less than
ten degrees in two BEDT-TTF-based purely-organic conductors
brings about a doping effect in the donor layer. These compounds
are B"'-(BEDT-TTF).XC,H4SOs where X = Cl (1) and Br (2). 1 at
room temperature (1H) is not doped, but shows a hysteresis in a
temperature-induced non-doped-to-doped transition at 210 (cool-
ing) and 260 K (heating). Salt 2, shows a broad MI transition at 70
K, and it is isomorphous to 1L with a tilted anion, suggesting that 2
is also doped. Applying only 2 kbar of static pressure sharpens the
MI transition and it is suggested that this corresponds to straighten-
ing of the tilted anion. Hence 2 displays a pressure-induced doped-
to-non-doped transition.
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Figure 12. (a) R(QY) - H(T') and (b) Rosc/ Rec (%) - toH(T) plots
of magnetic field dependence of electrical resistivity and (c) fast Fourier
transform (FFT) spectrum of Shubnikov-De Haas (SdH) oscillation of
1.
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