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Chemical pressure effect on bandwidth and dimensionality of quasi-one-dimensional organic
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Thermopower is systematically studied for quasi-one-dimensional~Q1D! organic conductors (DMET)2X
@X5Au(CN)2 , AuI2 , AuCl2 , IBr2 , I3 , AuBr2 (Z51), and SCN#. The field-orientation dependence of mag-
netoresistance of (DMET)2AuCl2 was measured by rotating magnetic field within its most conducting plane
and the third angular effect~TAE! was observed at and below 4.2 K. Bandwidth estimated from the ther-
mopower and its anisotropy~or dimensionality! from TAE are compared among (DMET)2X to discuss chemi-
cal pressure effect on the low temperature state of Q1D conductors. It was found that bandwidth varies
drastically ~25 %! by changing the counter anions, while the dimensionality is almost the same for
(DMET)2AuBr2, (DMET)2AuCl2, and (DMET)2I3, which show different temperature dependence of the
electric resistivity at low temperature from one another. An analytical formula is presented for the thermopower
of dimerized one-dimensional~1D! metals within the tight-binding and the relaxation time approximations. It
is shown that the effect of the dimerization is small on magnitude and sign of the thermopower of 1/4-filled 1D
metals, while large deviation from the uniform case is predicted if band filling is changed. An approximate
simple expression is also given for the angular width of the TAE anomaly as a function of the anisotropy of the
transfer integrals and the lattice constants of a triclinic crystal for easy application of this new method.
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I. INTRODUCTION

DMET @dimethyl~ethylenedithio!diselenadithiafulvalene#
is a hybrid organic donor made of each half of TMTSF~tet-
ramethyltetraselenafulvalene! and BEDT-TTF@bis~ethylene-
dithio!tetrathiafulvalene#, both of which have provided a va
riety of organic superconductors. DMET construc
conducting radical salts with inorganic monovalent anio
such as PF6

2 , BF4
2 , I3

2 , and so on. Among them the salts
the linear anions (DMET)2X @X5Au(CN)2 , AuI2 , AuCl2 ,
AuBr2 (Z51), I3 , IBr2, SCN, I2Br] ~Refs. 1,2! constitute a
group of quasi-one-dimensional~Q1D! metals whose crysta
structures and physical properties are similar
(TMTSF)2X, (X5PF6, ClO4, and so on!. Three kinds of
ground states, namely, semiconducting spin-density w
~SDW! @X5Au(CN)2 ~Refs. 3,4! and AuI2 ~Ref. 4!#, super-
conducting@AuCl2,5 I3, and IBr2 ~Ref. 6!# and metallic ones
@AuBr2 (Z51),7 I2Br,6 and SCN~Ref. 1!# are observed for
(DMET)2X at ambient pressure, while (TMTSF)2X is intrin-
sically at the SDW state at low temperature and shows
perconductivity only under pressure.8 One should note tha
the ambient pressure superconductivity of (TMTSF)2ClO4
does not occur when the anion-ordering transition at 24
which results in reconstruction of the Fermi surface, is inh
ited by rapid cooling.9–11 Thus the Q1D DMET salts are
0163-1829/2003/67~3!/035111~9!/$20.00 67 0351
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considered to be suitable for studying the so-called ‘‘che
cal pressure’’ effect on the ground state of the Q1D cond
tors by anion substitution.

Since the suppression of the SDW in (TMTSF)2X by hy-
drostatic pressure is well explained by the ‘‘standard theo
of the SDW transition by Yamaji,12,13 the effect of both hy-
drostatic and chemical pressure is often understood as
increase in dimensionality of the Q1D Fermi surface res
ing in its worse nesting. Here the dimensionality refers to
anisotropy of the transfer integral (uty /txu) within the most
conductingxy plane, wherex, y, andz are the first, second
and third conducting axes and correspond toa, b, andc in
(TMTSF)2X and tob, a, andc in (DMET)2X, respectively.
Our recent uniaxial strain study,14 however, revealed that th
SDW transition of (TMTSF)2PF6 is suppressed not only b
the y8-axis strain but also by that alongx and z* axes, re-
spectively. Since thex strain is considered to increase th
absolute value of bandwidth orutxu but not dimensionality,
the uniaxial strain study suggests the importance ofutxu as a
key parameter to determine the ground state of the Q1D
tem. Indeed Miyazakiet al.15 theoretically showed that the
increase inutxu results in the decrease in the density of st
at Fermi energy and makes the SDW phase unstable. Th
is necessary to determine experimentally not only the dim
sionality but also the magnitude of the bandwidth to elu
©2003 The American Physical Society11-1
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HARUKAZU YOSHINO et al. PHYSICAL REVIEW B 67, 035111 ~2003!
date the key parameter of the suppression of the SDW t
sition. For this purpose we propose a new combinatio
method to determine both of the absolute value of bandw
and its anisotropy~or dimensionality! of the Q1D metals by
measuring thermopower and magnetoresistance.

We have utilized thermopower to estimateutxu of the me-
tallic Q1D DMET salts. Thermopower of (DMET)2I3 ~Ref.
16! was reported previously as well as other DMET sa
containing semiconducting Q1D salts such as (DMET)2PF6
and a k-type quasi-two-dimensional salt (DMET)2AuBr2
(Z52) that is a polymorph of Q1D (DMET)2AuBr2 (Z
51).7 An improved sample holder than that in the previo
study was used for more precise measurement below 80
the present study. By using this holder, thermopower
(DMET)2Au(CN)2 and (DMET)2AuI2 was measured an
the large critical anomaly probably due to the fluctuation
the SDW transition, which was also pointed out by the H
effect study,17 was reported.18 In addition to these salts, w
present the thermopower of the I3 , IBr2 , I2Br, AuCl2 ,
AuBr2 (Z51), and SCN salts and estimateutxu from its tem-
perature dependence in this study.

We also compareuty /txu of (DMET)2I3, (DMET)2AuBr2,
and (DMET)2AuCl2, each of which shows different tem
perature dependence of the electric resistivity from one
other at low temperature. (DMET)2I3 and (DMET)2AuBr2
are metallic and the former becomes superconducting at
K at ambient pressure.1,2,6(DMET)2AuCl2 is also metallic
but shows the very slight resistivity upturn around 3 K and
undergoes the superconducting transition at 0.83 K.1,2,5 By
considering that (DMET)2Au(CN)2 and (DMET)2AuI2 un-
dergo the SDW transition, the resistivity upturn
(DMET)2AuCl2 is probably the trace of the SDW transitio
The salt is, therefore, at the phase boundary between
SDW and superconducting phases in the general
pressure-temperature phase diagram similar to that
(TMTSF)2X and their analogs19 and it is important to esti-
mate the dimensionality of (DMET)2AuCl2. It must be noted
that (DMET)2AuCl2 is not isostructural to the other DMET
salts studied.20 It will however, be shown later that the elec
tronic state of (DMET)2AuCl2 is very similar to that of
(DMET)2I3, (DMET)2AuBr2 (Z51), and (DMET)2AuI2 in
the metallic state and comparison of the band paramete
possible among the salts.

The dimensionality of (DMET)2I3 and (DMET)2AuBr2
was previously studied by utilizing the third angular effe
~TAE! of magnetoresistance of Q1D metals.21,22 The TAE is
observed in the angular dependence of the magnetoresis
on rotating the magnetic field around thez* axis, while the
first and second effects of ‘‘Lebed resonance’’23–29 and
‘‘Danner-Kang-Chaikin oscillation’’30 are observed for the
rotation around thex andy8 axes, respectively. In TAE two
local minima of the magnetoresistance develop when
field direction is close to the inflection angles of the Q1
Fermi sheet.31–36The TAE was first observed for (DMET)2I3
~Ref. 21! and also found for the relaxed~R! state of
(TMTSF)2ClO4 ~Ref. 31! and (TMTSF)2PF6 under
pressure.34 The TAE is closely related to the warping of Q1
Fermi sheet and, therefore, the dimensionality,uty /txu can be
estimated from the angular width,Df of the anomaly. For
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(DMET)2I3 and (DMET)2AuBr2, the experimentally ob-
tained values ofDf528° and 27° giveuty /txu51/9.7 and
1/10, respectively.22 In this study, the TAE is measured fo
(DMET)2AuCl2 and its dimensionality is compared with th
of (DMET)2I3 and (DMET)2AuBr2 as well asutxu.

II. EXPERIMENTAL

Single crystals of the DMET salts are obtained by t
usual chemical oxidation method described elsewhere.3,5–7

All the crystals are black plate-like with typical dimension
of 0.730.130.03 mm3.

Thermopower was measured along the most conductinx
axis. Each sample was mounted on the copper blocks w
thermal and electric contacts by using carbon paste. T
perature difference (DT) was controlled step-by-step an
thermoelectric power (DE) was measured simultaneousl
The maximum temperature difference was typically 0.5 a
1.5 K below and above 20 K, respectively. Thermopower~S!
of the sample was determined by subtracting that of Cu fr
the slope ofDE to DT. The sample holder used in this stud
is an improved one18,37 from that reported previously.38 Au-
Fe~0.07 atom%! chromel thermocouple is used in the prese
holder instead of Cu-constantan to achieve higher sensiti
below 80 K.

The TAE was measured for (DMET)2AuCl2 at ambient
pressure. To measure thez* -axis magnetoresistance by th
four-probe method, two pairs of annealed gold wires of
mm in diameter were attached with gold paste on each c
tal surface that is parallel to the most conductingxy plane,
on which gold pads were previously evaporated. The mag
toresistance was measured by applying the magnetic fiel
to 7 T rotated within thexy plane at 4.2 and 1.5 K, respec
tively.

III. RESULTS AND DISCUSSION

A. Thermopower of „DMET …2X

The thermopower of (DMET)2X is shown in Fig. 1.
Among them (DMET)2Au(CN)2 and (DMET)2AuI2 un-
dergo the SDW transition at low temperature. Gradual
crease in the thermopower toward theTSDW524 and 16 K
from higher temperature is followed by its sharp decre
and sign reversal belowTSDW. The increase in the ther
mopower is probably due to the fluctuation of the SDW tra
sition as noted above. The thermopower and the SDW tr
sition of the (DMET)2Au(CN)2 and (DMET)2AuI2 are
discussed in detail in the literature.18 The thermopower of
(DMET)2Au(CN)2 shows another anomaly concerning
structural phase transition of higher order at 180 K.38,39

(DMET)2AuCl2, (DMET)2IBr2, and (DMET)2I3 are su-
perconducting belowTc50.83, 0.53, and 0.47 K, respec
tively. No phase transition has been reported
(DMET)2AuBr2 (Z51) and (DMET)2SCN. Although all
the salts show good linear temperature dependence of
mopower in the metallic region as expected for normal m
als, each own character is revealed by subtracting linear
of S. Figure 2 showsDS5S(T)2(S300 K/300 K)T. The ther-
mopower at 300 K,S300 K is tabulated in Table I. It was
1-2



re

y

em

-

o

for
-
-

r-
. 1.

CHEMICAL PRESSURE EFFECT ON BANDWIDTH AND . . . PHYSICAL REVIEW B67, 035111 ~2003!
found that the present DMET salts are classified into th
types based on the similarity ofDS in the metallic state. The
first type of salts are (DMET)2AuI2, (DMET)2AuBr2,
(DMET)2AuCl2, and (DMET)2I3. Their thermopower has
quite linear temperature dependence as represented b
most zeroDS (,1 m V K-1) above 100 K as in Fig. 2~a!. DS
is almost identical except for (DMET)2AuI2. Below 100 K,
DS of these salts gradually increases with decreasing t
perature. Although the anomalous enhancement ofS ~or DS)
of (DMET)2AuI2 toward theTSDW516 K is considered to

FIG. 1. Thermopower of (DMET)2X, @X5Au(CN)2 ~Ref. 18!,
AuI2 ~Ref. 18!, AuCl2, IBr2, I3, SCN, and AuBr2 (Z51)]. Each
data curve is shifted by a step of 10mV K-1. Each broken line is
drawn to fit itself to the experimental result at 300 K.
03511
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be critical anomaly of the SDW transition,18 similar upturn is
also seen for (DMET)2AuBr2, (DMET)2AuCl2, and
(DMET)2I3 above 25 K. Since (DMET)2AuCl2 has shallow
minimum of the electric resistivity at 3 K, the similarity be
tween theDS of (DMET)2AuI2 and (DMET)2AuCl2 is not
surprising. Indistinguishable DS of (DMET)2AuBr2,
(DMET)2AuCl2, and (DMET)2I3 as in Fig. 2~a!, however,
suggests that~i! the fluctuation of the SDW transition als
affects the thermopower of (DMET)2AuBr2 and (DMET)2I3
which are metallic down to low temperature or~ii ! the
anomalous enhancement of the thermopower observed
(DMET)2AuI2 below 100 K (.5TSDW) has another mecha
nism in addition to the critical anomaly that is probably im
portant at temperature close toTSDW.

FIG. 2. Deviation of thermopower from the behavior propo
tional to temperature as represented by the broken lines in Fig
TABLE I. Thermopower at 300 K (Sx,300 K), x-axis transfer integral (utxu) and a lattice constant (x or b)
of (DMET)2X.

aRef. 7. eRef. 42.
bRef. 40. fRef. 43.
cRef. 41. gRef. 44.
dRef. 20. hRef. 45.
1-3
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HARUKAZU YOSHINO et al. PHYSICAL REVIEW B 67, 035111 ~2003!
(DMET)2Au(CN)2 and (DMET)2SCN are the second
type of salts whoseDS shows stepwise increase at about 1
K in the metallic state by lowering temperature. The anom
observed for (DMET)2Au(CN)2 is due to a kind of phase
transition of higher order, which also associates the ano
lies of electric resistivity46 and heat capacity38,39at about 180
K. A similar anomaly of the electric resistivity was reporte
for (DMET-TSeF)2Au(CN)2,

47 where DMET-TSeF is dim-
ethyl~ethylenedithio!tetraselenafulvalene, an analog
DMET. Thus some kinds of molecular motion of the ani
Au(CN)2

2 must play a role in the phase transition, thou
its detailed mechanism is unclear up to now. Very simi
temperature dependence ofDS of (DMET)2Au(CN)2 and
(DMET)2SCN with each other above 150 K in Fig. 2~b!
implies that such anion-associated phase transition also
curs in (DMET)2SCN.

The estimation of the bandwidth from the thermopowe
carried out for the salts of the first and second types w
little uncertainty of determining slope of the thermopow
By using Eq.~1!,48 which is based on the tight-binding ap
proximation for one-dimensional~1D! metals, the absolute
value of the transfer integral,utxu is estimated fromS/T or
]S/]T.

S5
2p2kB

2T

6ueuutxu

cos
1

2
pr

12cos2
1

2
pr

, ~1!

wherekB is the Boltzmann constant,T the absolute tempera
ture, e the electron charge,r51.5 the number of free elec
trons per donor for the 2:1 salt, respectively.
i
(
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The third type of (DMET)2IBr2 shows rather strong
change in]S/]T above 200 K as compared with that of th
other DMET salts. Thus the estimated value ofutxu changes
from 0.17 to 0.34 eV from 200 to 300 K for (DMET)2IBr2

when the numerical derivative ofS is used. Here we attemp
to estimateutxu from S/T at 300 K for comparison of the
bandwidth (;4utxu), whereS at 300 K is determined from
the least-squares fit to the data above 200 K. These va
are listed in Table I with the lattice constant,x ~or b) at room
temperature for comparison as is discussed in the Sec. I

B. Effect of dimerization of donors on thermopower

In the real Q1D metals such as (DMET)2X, donor mol-
ecules often dimerizes along its stackingx direction. Since
the thermopower is closely related to the first and sec
derivatives of the dispersion relation at Fermi energy,
least, within the relaxation time approximation,48 the dimer-
ization resulting in the band splitting may affect sign a
magnitude of thermopower significantly. It is, howeve
shown that the deviation of the thermopower of the dim
ized system from that of the uniform one is not so large
the 2:1 salts.

The dispersion relations are written for such a system

Ek56Atx1
2 1tx2

2 12utx1uutx2ucoskx, ~2!

wheretx1 and tx2 are alternating transfer integrals. Then t
temperature dependence of the thermopower is expresse
S5
kB

2p2T@2~ tx1
2 1tx2

2 !cospr1utx1uutx2u~31cos 2pr!#csc2pr

6ueuutx1uutx2uAtx1
2 tx2

2 12utx1uutx2ucospr
, ~3!
e
ect

the

tore-
based on the tight-binding approximation as is derived
Appendix A when the upper band is the conduction one
,r,2). Figure 3 shows the ratio of Eq.~3! (Sdimer) to Eq.
~1! (Suniform) for r51.4, 1.5~2:1 salts!, and 1.6 as a function
of Dt under the condition that

utxu5 t̄ 5~ utx1u1utx2u!/2, ~4!

utx1u5 t̄ 1Dt, ~5!

utx2u5 t̄ 2Dt. ~6!

The ratio is simplified as
n
1

Sdimer

Suniform
5

1

A11~Dt/ t̄ !2
, ~7!

for r51.5. Then the deviation is small (;0.1) even in case
of strong dimerization (Dt/ t̄ 50.5). This is because th
Fermi level is in the middle of the upper band and the eff
of the band splitting is small. Since the extended Hu¨ckel
molecular orbital calculation suggests thatDt/ t̄ is between
0.01 and 0.08 for the present (DMET)2X,49 the deviation is
expected to be about 0.3 % at most, though this is not
case if band filling is varied fromr51.5.

C. Third angular effect of „DMET …2AuCl2

Figure 4 shows the angular dependence of the magne
sistance,rz* (f) of (DMET)2AuCl2, wheref is the angle
1-4
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between the magnetic field and thex axis within the xy
plane. The overall angular dependence of the magnetor
tance is very similar to that of (DMET)2I3 and
(DMET)2AuBr2. The TAE anomaly is clearly observed b
tweenf5615° at 1.5 K and 7.0 T, while its magnitude
rather small at 4.2 K as compared with (DMET)2I3 ~Ref. 21!
and (DMET)2AuBr2.

22 Since (DMET)2AuCl2 has the shal-
low resistivity minimum around 3 K, it is considered that th
weak TAE anomaly reflects the trace of charge localization
low temperature. The width of the TAE anomaly,Df is
about 28° and almost the same as that of (DMET)2I3 (28°)
~Ref. 21! and (DMET)2AuBr2 (27°).22

The ratio utx /tyu is estimated as 9.8 fromDf528° for
(DMET)2AuCl2 following the procedure reporte
previously.22 Since the TAE is closely related to the warpin
of Q1D Fermi surface, we assume the following anisotro
dispersion relation for the present Q1D metals:

Ek522utxucoskxx22utyucoskyy, ~8!

FIG. 3. Ratio of the thermopower of dimerized 1D metal@Eq.
~3!# to that of uniform one@Eq. ~1!# when degree of the dimeriza

tion (Dt/ t̄ ) is varied under the condition thatutxu5 t̄

5(utx1u1utx2u)/2, utx1u5 t̄ 1Dt, andutx2u5 t̄ 2Dt.

FIG. 4. Angular dependence of the magnetoresistanceRz* of
(DMET)2AuCl2 for the electric current along thez* axis and the
magnetic field rotated within the conductingxy plane. The magne-
toresistance is normalized by the zero-field value ofRz* 50.275 and
0.142V at 4.2 and 1.5 K, respectively. The angle,f is zero when
the magnetic field is parallel to the most conductingx axis. The
TAE anomaly is observed between615° as bends of the magne
toresistance. The definition of the width of the TAE anomaly
illustrated by the bar in the figure.
03511
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wheretx andty are transfer integrals along thex andy axes.
The slight dimerization of donor molecules along thex axis
is ignored in addition to the smallz-axis dispersion. Since
Df is close to the angle between two normals to the Q
Fermi surface at two inflection points,31–33the dependence o
Df on uty /txu is numerically calculated using the lattice co
stants determined experimentally and the band filling of
from the 2:1 stoichiometry of the donor and the monoval
anion as shown in Fig. 5~solid curve!. It is noted that the
function Df(uty /txu) is independent of how to take th
primitive lattice vectors in a Q1D organic metal, because
shape of the Q1D Fermi surface is always identical as fa
one neglects the small dimerization along thex axis. Now
one can determineuty/txu inversely from the experimenta
value ofDf. On the other hand, it may be convenient to u
an approximated analytical expression ofDf as derived in
Appendix B.

Df @rad#52A2
y

x

utyu
utxu

sing. ~9!

This function is illustrated for (DMET)2AuCl2 by the broken
line in Fig. 5. The ratioutx /tyu is estimated as 9.9 from th
lattice constants@x5b/253.871 Å, y5a57.021 Å, andg
570.82° ~Refs. 20,40!# and the experimental value,Df
528°. The correspondence is fairly good between the val
of Df estimated by the numerical calculation and the a
lytical formula by the lowest order of approximation
utx /tyu;10.

The solid curve in Fig. 5 is almost the same among
present (DMET)2X. This is becauseDf is related not to the
absolute value of the lattice constants but to their ratioy/x
which variesDf little as compared withuty /txu. This allows
us to combine the lattice constants at room temperature
Df at low temperature to estimateuty /txu and, furthermore,
to utilize the present method under hydrostatic pressure.50

D. Chemical pressure effect on the band parameters

The values listed in Table I are plotted in Fig. 6. It see
that utxu ~or Sx,300 K) and the lattice constant,x have fairly
good and reasonable linear relation, namely the smallex

FIG. 5. The width of the TAE anomalyDf for (DMET)2AuCl2
calculated as the sum of the inflection angles of Q1D Fermi surf
using the lattice constants at room temperature by varyinguty /txu
based on Eq.~8! numerically~solid curve! and from the analytical
formula ~9! ~broken line!, respectively.
1-5
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HARUKAZU YOSHINO et al. PHYSICAL REVIEW B 67, 035111 ~2003!
results in the larger utxu. The larger utxu of
(DMET)2Au(CN)2 ~0.23 eV! and (DMET)2AuI2 ~0.24 eV!
than that of (DMET)2I3 ~0.21 eV! was previously reported
by measuring the polarized reflectance spectra.51 The change
in utxu amounts to;20% at most by the substitution of an
ions. The solid line in Fig. 6 is fitted to the data points
(DMET)2I3, (DMET)2IBr2, and (DMET)2AuBr2 which do
not show any sign of the SDW transition. The donor pack
of (DMET)2SCN is rather dense along the intercolumn
direction reflecting the small size of SCN2 as compared with
the other isostructural DMET salts.44 This probably explains
the large deviation of the data point of (DMET)2SCN from
the solid line in Fig. 6. It seems that (DMET)2Au(CN)2
(TSDW524 K) and (DMET)2AuI2 (TSDW516 K) also devi-
ates from the solid line and the distance from the solid l
depends onTSDW. (DMET)2AuCl2 has a marginal characte
between the SDW and superconducting natures with met
resistivity down to 3 K. It is, therefore, reasonable th
(DMET)2AuCl2 is close to the solid line in Fig. 6.

It is also interesting that (DMET)2I3, (DMET)2IBr2, and
(DMET)2AuCl2, which are superconducting at ambient pre
sure, have largex and smallutxu because this implies th
small density of states at Fermi energy. There is, howe
unusual relation betweenTc and utxu among these salts
namely, higherTc for the salt with wider bandwidth. This
implies thatTc is not determined only by the density of stat
that is simply deduced fromutxu.

As for the dimensionality, it has been revealed th
utx /tyu5 9.8, 9.7 and 10 for (DMET)2AuCl2 ~present study!,
(DMET)2I3, and (DMET)2AuBr2, respectively. This mean
that the dimensionality is almost the same or very sligh
lower ~more 1D! for smaller lattice constantx for these three
salts, whose electric resistivity shows different temperat
dependence at low temperature from one another. It is, h
ever, difficult to find simple chemical pressure effect on t
ground state of these DMET salts through the bandwi

FIG. 6. Thermopower of (DMET)2X at 300 K, Sx,300 K mea-
sured along thex axis and transfer integralutxu from Sx,300 K/300 K
using Eq.~1! plotted versus the lattice constant,x (5b) at room
temperature. The symbols represent the ground state of (DMET2X
at low temperature, namely, closed circles, open circles, and squ
are for SDW, superconducting, and metallic states, respectively.
solid line is fitted to the points of (DMET)2I3, (DMET)2IBr2, and
(DMET)2AuBr2, all of which do not show any sign of the SDW
transition.
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and/or the dimensionality. Namely, (DMET)2AuCl2, which
shows the resistivity minimum, has the magnitude of t
bandwidth between that of (DMET)2I3 and (DMET)2AuBr2
both of which show no sign of SDW, while no significan
difference is found for their dimensionality.

Recent development of the theory on the SD
transition15 predicts that the SDW becomes unstable by
increase in magnitude of the bandwidth as well as in dim
sionality. Thus the largestutxu for (DMET)2AuBr2 and the
largestuty /txu for (DMET)2I3 among these salts may expla
that (DMET)2AuBr2 and (DMET)2I3 do not undergo the
SDW transition. The following inequality, however, exclud
this simple picture. The standard theory12,13 predicts the re-
lation between the amplitude of the band along theky axis
(2«0) and the SDW gap (2M0) at 0 K that

«0,M0 ~10!

as the stability condition of the SDW. Here«0 and M0 are
expressed as

«05
ty
2 cosXF

2utxusin2XF

, ~11!

M052D expS 2
1

N~0!I D , ~12!

D5
4utxusin2XF

cosXF
, ~13!

N~0!5
N

4putxusinXF
, ~14!

I 5U/N, ~15!

XF5xkx,F , ~16a!

5p/4 ~1/42filled case! ~16b!

andN is the number of sites andU the electron correlation
energy, respectively. Then Eq.~10! is reduced to

8S tx

ty
D 2

expS 2
2A2putxu

U D .1. ~17!

This condition is fulfilled in the area between the so
curves andutxu axis as shown in Fig. 7 for several values
U. The band parameters of (DMET)2I3, (DMET)2AuCl2,
and (DMET)2AuBr2 are also plotted and almost on the br
ken line of utyu5utxu/10. It is clear that there is no combina
tion of the values of utxu, utyu and U for that only
(DMET)2AuCl2 is expected to undergo the SDW transitio
It is probably one aspect of the reality that the largest ba
width for (DMET)2AuBr2 and the largest dimensionality fo
(DMET)2I3 among the three salts are the reason why eac
(DMET)2AuBr2 and (DMET)2I3 does not undergo the SDW
transition. Another important band parameter is probablytz

res
he
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as suggested by the suppression of the SDW transitio
(TMTSF)2PF6 by the uniaxial strain along thez* - ~or c* -!
axis.14

It is important to note again that (DMET)2AuCl2 is not
isostructural to the other (DMET)2X studied. The DMET
molecules in the neighboring columns interact with ea
other in the different manner in (DMET)2AuCl2 from that in
the others. Thus one may consider that using onlyuty /txu as
an adjustable parameter is too simple to describe the de
ting feature of (DMET)2X and its analogs as has bee
pointed out in the standard theory in case of multip
transverse interactions.13,52,53The temperature dependence
S in Fig. 1 andDS in Fig. 2~a!, however, strongly suggest
that the electronic system of (DMET)2AuCl2, (DMET)2I3,
and (DMET)2AuBr2 is very similar to one another. Furthe
more, since the TAE directly observes the degree of Fe
surface warping and it is almost the same for the three s
the estimated dimensionality probably reflects one aspec
the denesting feature of their electronic system.

IV. CONCLUSION

We applied a new method to evaluate bothutxu andutyu of
Q1D (DMET)2X by combining the thermopower and ma
netoresistance measurements. Fairly good linearity betw
utxu and the lattice constant~x! was found for the salts that i
metallic at low temperature. The magnitude ofutxu changes
by 25% at most by the anion substitution, whileuty /txu is
almost the same among the DMET salts that show differ
temperature dependence of the electric resistivity at low t
perature. This suggests the chemical pressure effect on
ground state of the Q1D organic conductors works as

FIG. 7. The condition where the SDW state is stable at 0
based on the mean-field theory~Refs. 12,13!. Equation~17! is ful-
filled within the area between each curves andtx-axis for several
values of on-site Coulomb energyU. The broken line isutyu
5utxu/10 and the solid circles show the experimental values
(utxu,utyu) for (DMET)2I3, (DMET)2AuCl2, and (DMET)2AuBr2

(Z51). The dotted line isutyu5utxu/3 below which the open Ferm
surface is expected when Eq.~8! is assumed.
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change in the bandwidth rather than that in the dimensio
ity at least in a family of materials. It was found that th
standard theory of the SDW transition does not explain
different ground states of (DMET)2I3, (DMET)2AuBr2, and
(DMET)2AuCl2 from one another when theirutxu anduty /txu
are compared. The estimation ofutzu is probably needed to
understand the stability of the SDW from the view point
the denesting of the Q1D Fermi surface.
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APPENDIX A: THERMOPOWER OF DIMERIZED 1D
METALS BASED ON THE TIGHT-BINDING

APPROXIMATION

By solving the Boltzmann equation under the relaxati
time approximation for the 1D system, one obtains the f
lowing expression for the temperature dependence
thermo-
power:48

S52
p2kB

2T

3ueu F Ek9

~Ek8!2
1

t8~E!

t~E! G
«5m

. ~A1!

Since the dispersion relation for the dimerized 1D system
given as

Ek56Aq, ~A2!

q5tx1
2 1tx2

2 12utx1uutx2ucoskxx, ~A3!

by the tight-binding approximation, wheretx1 and tx2 are
transfer integrals andx is the lattice constant, the first an
second derivatives ofEk are calculated as

Ek852
xutx1uutx2usinkxx

Aq
, ~A4!

Ek952
x2utx1uutx2ucoskxx

Aq
2

x2utx1uutx2usin2kxx

q3/2
, ~A5!

for the upper band and similarly for the lower one. When o
neglects the energy dependence oft around the Fermi level,
the thermopower is expressed as follows by using the lin
relation betweenkxx and the number of carriers per si
~0<r<2!.

f

S56
kB

2p2T@2~ tx1
2 1tx2

2 !cospr1utx1uutx2u~31cos 2pr!#csc2pr

6ueuutx1uutx2uAtx1
2 tx2

2 12utx1uutx2ucospr
. ~A6!
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The plus and minus signs are taken forr.1 and,1, re-
spectively. This equation is reduced to Eq.~1! when tx1
5tx2 and to Eq.~A7! for the 3/4~1/4!-filled case, respec
tively.

S56
kB

2p2T

3ueuAtx1
2 1tx2

2
. ~A7!

APPENDIX B: INFLECTION ANGLE OF Q1D FERMI
SURFACE IN THE TRICLINIC SYSTEM

Starting with a normalized dispersion relation within
two-dimensional model

«[E/~2utxu!52coskx2d coskyr , ~B1!

d5uty /txu, ~B2!

r 5y/x, ~B3!

one can obtain an analytical expression of the two inflect
anglesf i of the Q1D Fermi surface of a material with lattic
constantsx, y, and g, and transfer integralstx and ty be-
tween the nearest neighbor sites along thex and y axes,
respectively. Trace of the Q1D Fermi surface is drawn
solving Eq.~B1! when«5«F . The solutions are

kx,F56cos21~2«F2d coskyr !. ~B4!

The inflection anglef i is one between the normal to th
Fermi surface at the inflection point and the most conduc
x axis within thexy plane. The slope of the Fermi surfac
]kX,F /]kY is calculated as

]kX,F

]kY
5

]kX,F

]kx,F

]kx,F

]ky

]ky

]kY ~B5a!

5singk

]kx,F

]ky
S ]kx,F

]ky
cosgk11D 21

,

~B5b!
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