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Thermopower is systematically studied for quasi-one-dimensi@@aD) organic conductors (DMETBLX
[X=Au(CN),, Aul,, AuCl,, IBr,, I3, AuBr, (Z=1), and SCN. The field-orientation dependence of mag-
netoresistance of (DMEBAUCI, was measured by rotating magnetic field within its most conducting plane
and the third angular effe¢lTAE) was observed at and below 4.2 K. Bandwidth estimated from the ther-
mopower and its anisotropypr dimensionality from TAE are compared among (DMEJ¥ 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),AuBr,, (DMET),AuCl,, and (DMET)l;, 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-dimension&l D) 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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[. INTRODUCTION considered to be suitable for studying the so-called “chemi-
cal pressure” effect on the ground state of the Q1D conduc-

DMET [dimethylethylenedithigdiselenadithiafulvalene tors by anion substitution.
is a hybrid organic donor made of each half of TMT&&t- Since the suppression of the SDW in (TMTS$K)by hy-
ramethyltetraselenafulvalenand BEDT-TTF[bis(ethylene-  drostatic pressure is well explained by the “standard theory”
dithio)tetrathiafulvaleng both of which have provided a va- of the SDW transition by Yamaji?® the effect of both hy-

riety of

organic superconductors. DMET constructsdrostatic and chemical pressure is often understood as the

conducting radical salts with inorganic monovalent anionsncrease in dimensionality of the Q1D Fermi surface result-
such as PF, BF, , I5, and so on. Among them the salts of ing in its worse nesting. Here the dimensionality refers to the
the linear anions (DMET)X [ X=Au(CN),, Aul,, AuCl,,  anisotropy of the transfer integralt(/t,|) within the most
AuBr, (Z=1), I3, IBr,, SCN, LBr] (Refs. 1,2 constitute a  conductingxy plane, where, y, andz are the first, second,
group of quasi-one-dimension@1D) metals whose crystal and third conducting axes and corresponditd, andc in

structures

and physical properties are similar to(TMTSF),X and tob, a, andcin (DMET),X, respectively.

(TMTSF),X, (X=PF;, ClO,, and so on Three kinds of Our recent uniaxial strain stud§,however, revealed that the
ground states, namely, semiconducting spin-density wav8DW transition of (TMTSF)PF; is suppressed not only by
(SDW) [ X=Au(CN), (Refs. 3,4 and Aul, (Ref. 4], super- they’-axis strain but also by that alongand z* axes, re-

conducting AuCl,,® I, and IBK, (Ref. ] and metallic ones spectively. Since thex strain is considered to increase the

[AuBr, (Z=

1),” 1,Br,® and SCN(Ref. 1)] are observed for absolute value of bandwidth dt,| but not dimensionality,

(DMET),X at ambient pressure, while (TMTSR is intrin-  the uniaxial strain study suggests the importancg,pfas a
sically at the SDW state at low temperature and shows sukey parameter to determine the ground state of the Q1D sys-
perconductivity only under pressuteéOne should note that tem. Indeed Miyazaket all® theoretically showed that the
the ambient pressure superconductivity of (TMTSHD, increase int,| results in the decrease in the density of state
does not occur when the anion-ordering transition at 24 Kat Fermi energy and makes the SDW phase unstable. Thus it
which results in reconstruction of the Fermi surface, is inhib-is necessary to determine experimentally not only the dimen-
ited by rapid cooling~'! Thus the Q1D DMET salts are sionality but also the magnitude of the bandwidth to eluci-
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date the key parameter of the suppression of the SDW trafDMET),l; and (DMET)AuBr,, the experimentally ob-
sition. For this purpose we propose a new combinationajained values of\ ¢=28° and 27° givelt, /t,|=1/9.7 and
method to determine both of the absolute value of bandwidth /10, respectivel§? In this study, the TAE is measured for

and its anisotropyor dimensionality of the Q1D metals by (DMET),AuCl, and its dimensionality is compared with that

measuring thermopower and magnetoresistance. of (DMET),l; and (DMET),AuUBr, as well aslt,|.
We have utilized thermopower to estimatg of the me-
tallic Q1D DMET salts. Thermopower of (DMETI) (Ref. Il. EXPERIMENTAL
16) was reported previously as well as other DMET salts
containing semiconducting Q1D salts such as (DMJPF} Single crystals of the DMET salts are obtained by the

and a k-type quasi-two-dimensional salt (DMEBuBr, usual chemical oxidation method described elsewheré.
(z=2) that is a polymorph of Q1D (DMETAuBr, (Z  All the crystals are black plate-like with typical dimensions
=1).” An improved sample holder than that in the previousof 0.7x0.1x0.03 mn¥.
study was used for more precise measurement below 80 K in Thermopower was measured along the most condugting
the present study. By using this holder, thermopower ofxis. Each sample was mounted on the copper blocks with
(DMET),Au(CN), and (DMET)Aul, was measured and thermal and electric contacts by using carbon paste. Tem-
the large critical anomaly probably due to the fluctuation ofperature difference XT) was controlled step-by-step and
the SDW transition, which was also pointed out by the Hallthermoelectric power XE) was measured simultaneously.
effect study?’ was reported® In addition to these salts, we The maximum temperature difference was typically 0.5 and
present the thermopower of thg,I1Br,, 1,Br, AuCl,, 1.5K below and above 20 K, respectively. Thermopo(&r
AuBr, (Z=1), and SCN salts and estimatg| from its tem-  of the sample was determined by subtracting that of Cu from
perature dependence in this study. the slope ofAE to AT. The sample holder used in this study
We also compartt, /t,| of (DMET),l;, (DMET),AuBr,, is an improved oné*" from that reported previousf§. Au-
and (DMET)AUCI,, each of which shows different tem- Fe(0.07 atom% chromel thermocouple is used in the present
perature dependence of the electric resistivity from one anpolder instead of Cu-constantan to achieve higher sensitivity
other at low temperature. (DMEJly and (DMET),AuBr,  below 80 K.
are metallic and the former becomes superconducting at 0.47 The TAE was measured for (DMEJZAUCI, at ambient
K at ambient pressur]ez.'G(DMET)zAuCIz is also metallic pressure. To measure tlzZ&-axis magnetoresistance by the
but shows the very slight resistivity upturn arou K and  four-probe method, two pairs of annealed gold wires of 10
undergoes the superconducting transition at 0.8°RBy ~ um in diameter were attached with gold paste on each crys-
considering that (DMET)Au(CN), and (DMET)Aul, un-  tal surface that is parallel to the most conductikygplane,
dergo the SDW transition, the resistivity upturn of on which gold pads were previously evaporated. The magne-
(DMET),AUCl, is probably the trace of the SDW transition. toresistance was measured by applying the magnetic field up
The salt is, therefore, at the phase boundary between tHe 7 T rotated within thexy plane at 4.2 and 1.5 K, respec-
SDW and superconducting phases in the generalizetively.
pressure-temperature phase diagram similar to that of
(TMTSF),X and their analod$ and it is important to esti- [1l. RESULTS AND DISCUSSION
mate the dimensionality of (DMETBAUCI,. It must be noted
that (DMET),AuCl, is not isostructural to the other DMET
salts studied® It will however, be shown later that the elec- The thermopower of (DMET)X is shown in Fig. 1.
tronic state of (DMET)AUCI, is very similar to that of Among them (DMET}Au(CN), and (DMET)Aul, un-
(DMET),l;, (DMET),AuUBr, (Z=1), and (DMET)Aul, in  dergo the SDW transition at low temperature. Gradual in-
the metallic state and comparison of the band parameters gease in the thermopower toward thigpy=24 and 16 K
possible among the salts. from higher temperature is followed by its sharp decrease
The dimensionality of (DMET)l; and (DMET),AuBr, and sign reversal belowgspy. The increase in the ther-
was previously studied by utilizing the third angular effectmopower is probably due to the fluctuation of the SDW tran-
(TAE) of magnetoresistance of Q1D met&$?The TAE is  sition as noted above. The thermopower and the SDW tran-
observed in the angular dependence of the magnetoresistargigon of the (DMET)AuU(CN), and (DMET)Aul, are
on rotating the magnetic field around tze axis, while the  discussed in detail in the literatuté The thermopower of
first and second effects of “Lebed resonante®® and (DMET),Au(CN), shows another anomaly concerning a
“Danner-Kang-Chaikin oscillation® are observed for the structural phase transition of higher order at 186°PR°
rotation around the andy’ axes, respectively. In TAE two (DMET),AUCl,, (DMET),IBr,, and (DMET)l; are su-
local minima of the magnetoresistance develop when thg@erconducting belowl ;=0.83, 0.53, and 0.47 K, respec-
field direction is close to the inflection angles of the Q1Dtively. No phase transition has been reported for
Fermi sheet!~36The TAE was first observed for (DMEJly ~ (DMET),AuBr, (Z=1) and (DMET)SCN. Although all
(Ref. 21 and also found for the relaxedR) state of the salts show good linear temperature dependence of ther-
(TMTSF),CIO, (Ref. 31) and (TMTSFPR; under mopower in the metallic region as expected for normal met-
pressure” The TAE is closely related to the warping of Q1D als, each own character is revealed by subtracting linear part
Fermi sheet and, therefore, the dimensionality/t,| can be  of S Figure 2 shows\ S=S(T) — (Sz00 /300 K)T. The ther-
estimated from the angular widtih ¢ of the anomaly. For mopower at 300 K .Sz is tabulated in Table I. It was

A. Thermopower of (DMET ),X
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FIG. 2. Deviation of thermopower from the behavior propor-
FIG. 1. Thermopower of (DMETEX, [X=Au(CN), (Ref. 18, tional to temperature as represented by the broken lines in Fig. 1.

Aul; (Ref. 18, AuCl, IBr;, I3, SCN, and AuBj (Z=1)]. Each  pe critical anomaly of the SDW transitidfisimilar upturn is
data curve is shifted by a step of 30/ K. Each broken line is 5)s0 seen for (DMET)AuBr,, (DMET),AuCl,, and
drawn to fit itself to the experimental result at 300 K. (DMET),l; above 25 K. Since (DMETAUCI, has shallow
minimum of the electric resistivity at 3 K, the similarity be-
found that the present DMET salts are classified into thre@ween theAS of (DMET),Aul, and (DMET),AUCI, is not
types based on the similarity &fS in the metallic state. The surprising. Indistinguishable AS of (DMET),AuBTr,,
first type of salts are (DMETBAul,, (DMET),AuUBr,, (DMET),AuCl,, and (DMET)l; as in Fig. Za), however,
(DMET),AuCl,, and (DMET)l;. Their thermopower has suggests thati) the fluctuation of the SDW transition also
quite linear temperature dependence as represented by alffects the thermopower of (DMEJAuUBr, and (DMET),l4
most zeraAS (<1 u V K™Y) above 100 K as in Fig.(. AS  which are metallic down to low temperature Gri) the
is almost identical except for (DMEFAul,. Below 100 K,  anomalous enhancement of the thermopower observed for
AS of these salts gradually increases with decreasing tem{DMET),Aul, below 100 K (-5Tgpy) has another mecha-
perature. Although the anomalous enhanceme&(of AS) nism in addition to the critical anomaly that is probably im-
of (DMET),Aul, toward theTgpyw=16 K is considered to portant at temperature close Tepyy.

TABLE I. Thermopower at 300 K$, 300 ), X-axis transfer integrall{,|) and a lattice constank(or b)
of (DMET),X.

Group based S 300K |2,] x (or b)
on AS (T) X (u VKDY (eV) A Note
1 AuBr, 252 0.206 7.687%P Metal
Aul, 25.8 0.201 7.7245¢ Topw=16 K, p,=5 kbar
AuCl, 284 0.182 7.74254 T...=3 K, T,=0.83 K
I, 305 0.170 7.7695¢ T,=047K
2 Au(CN), 242 0.214 7.710% Tspw=24 K, p,=2.5 kbar
SCN 275 0.188 7.6548 Metal
3 IBr, 29.1 0.178 7.74858 T,=058K
%Ref. 7. ‘Ref. 42.
bRef. 40. 'Ref. 43.
°Ref. 41. Ref. 44.
dRef. 20. "Ref. 45.
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(DMET),Au(CN), and (DMET),SCN are the second  The third type of (DMET}Br, shows rather strong
type of salts whosA S shows stepwise increase at about 180change ingS/JT above 200 K as compared with that of the
K in the metallic state by lowering temperature. The anomalyother DMET salts. Thus the estimated valug/tpf changes
observed for (DMET)AuU(CN), is due to a kind of phase from 0.17 to 0.34 eV from 200 to 300 K for (DMETJIBr,
transition of higher order, which also associates the anomawhen the numerical derivative &is used. Here we attempt
lies of electric resistivit§® and heat capacit§**at about 180  to estimatelt,| from S/T at 300 K for comparison of the
K. A similar anomaly of the electric resistivity was reported pandwidth ¢ 4|t,|), whereS at 300 K is determined from
for (DMET-TSeF)Au(CN),,*" where DMET-TSeF is dim- the least-squares fit to the data above 200 K. These values
ethyl(ethylenedithigtetraselenafulvalene, an analog of are listed in Table | with the lattice constart(or b) at room

DMET. Thus some kinds of molecular motion of the aniontemperature for comparison as is discussed in the Sec. 1l D.
Au(CN),” must play a role in the phase transition, though

its detailed mechanism is unclear up to now. Very similar
temperature dependence AfS of (DMET),Au(CN), and B. Effect of dimerization of donors on thermopower

(DMET),SCN with each other above 150 K in Fig(h2 In the real Q1D metals such as (DMER), donor mol-

implies that such anion-associated phase transition also OCules often dimerizes alond its stackinglirection. Since
curs in (DMET),SCN. g :

The estimation of the bandwidth from the thermopower isthe_thgrmopower IS 'closel'y relateq to the flrst'and second
derivatives of the dispersion relation at Fermi energy, at

qarried out f.o r the salts Of. t'he first and second types Wiﬂ]east within the relaxation time approximatihthe dimer-

lttle u_ncertalnty4<§f de_zterr_nmmg slope of the the_rm_opower. izatio’n resulting in the band splitting may affect sign and
By using Eq.(1), Wh'.Ch IS l_aased on the tight-binding ap- magnitude of thermopower significantly. It is, however,
proximation for one-dimensiondlLD) metals, the absolute shown that the deviation of the thermopower of the dimer-

:;glllj;_ of the transfer integralt is estimated from&/T or ized system from that of the uniform one is not so large for

the 2:1 salts.
1 The dispersion relations are written for such a system
— wzkéT cos;mp
S 6lell T .
X
1-cos'5mp Ex= = V2, + 12+ 2|t to cOSKX, )

wherekg is the Boltzmann constant, the absolute tempera-
ture, e the electron chargey=1.5 the number of free elec- wheret,; andt,, are alternating transfer integrals. Then the
trons per donor for the 2:1 salt, respectively. temperature dependence of the thermopower is expressed as

< K372 T[2(t2,+12,)cosmp+ |ty |ty| (3+ cos 2mp)]cs@mp -

6| €]|teal|tyol VEEstE,+ 2|ty [ tyo| cOSTP

based on the tight-binding approximation as is derived in S. 1

Appendix A when the upper band is the conduction one (1 dimer _ , @)
<p<2). Figure 3 shows the ratio of E(3) (Sgime) t0 EQ. Suniform V1+(At/t)?

(1) (Suniform) for p=1.4, 1.5(2:1 salts, and 1.6 as a function

of At under the condition that for p=1.5. Then the deviation is smal0.1) even in case

of strong dimerization 4£t/t=0.5). This is because the
. Fermi level is in the middle of the upper band and the effect
[t =t=(t 1| +tx2])/2, (4)  of the band splitting is small. Since the extendedckal
molecular orbital calculation suggests th¥t/t is between
0.01 and 0.08 for the present (DMER),*° the deviation is
|tx1|:t_+ At, (5) expected to be about 0.3 % at most, though this is not the
case if band filling is varied fronp=1.5.

[tyo| =t—At. (6) C. Third angular effect of (DMET ),AuCl,

Figure 4 shows the angular dependence of the magnetore-
The ratio is simplified as sistancep,(¢) of (DMET),AuCl,, where ¢ is the angle
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FIG. 3. Ratio of the thermopower of dimerized 1D mdtad). FIG. 5. The width of the TAE anomal ¢ for (DMET),AuCl,

(3)] to that of uniform ondEq. (1)] when degree of the dimeriza- cajculated as the sum of the inflection angles of Q1D Fermi surface

tion (At/t) is varied under the condition thatt,|=t using the lattice constants at room temperature by varjind,|

= (Jtya] +|tx2)/2, [tya| = t+ At, and|t,,|=t— At. based on Eq(8) numerically(solid curve and from the analytical
formula (9) (broken ling, respectively.

between the magnetic field and theaxis within the xy Wheret, andt, are transfer integrals along theandy axes.
plane. The overall gngular dependence of the magnetoresigy slight dimerization of donor molecules along thaxis
tance is very similar to that_ of (DMEE); and is ignored in addition to the sma#i-axis dispersion. Since
(DMET) AuBr,. The TAE anomaly is clearly observed be- A ¢ is close to the angle between two normals to the Q1D
twtehemj): t“1?4a2té.5 K and 7'OdT’ _\t'\r’]h'lg'\'/:s Pagn;téde 'S” Fermi surface at two inflection points; 33the dependence of
raderDsl\TéT aA B 2?§F0mp&gfﬂE\-’rwA (CI Eg(the ' hj)l A¢ onlty/t,| is numerically calculated using the lattice con-
and ( o .)2 ubly. ince ( .)Z.u 2 has e shal * ants determined experimentally and the band filling of 3/4
low resistivity minimum around 3 K, it is considered that the rom the 2:1 stoichiometry of the donor and the monovalent
weak TAE anomaly reflects the trace of charge localization agnion as éhown in Fig. Esolid curve. It is noted that the
Iok;/v tter2n8r1erat(ljjrel. Th(;:thwdth of thetr;I'At\EfarlgomaTI&{,gSls function A¢(|t,/t,]) is independent of how to take the
aRofu 5 aCT [?MmEO'? A %san;;aszz at of (DM&4(28%) primitive lattice vectors in a Q1D organic metal, because the
( eTh 2 an (/ . ) ubr ( q )- 9.8 from b= 28° f shape of the Q1D Fermi surface is always identical as far as
DMEPZI'ra:MCtIX ty|f 'ﬁ espmateh as 2. r% b= or q one neglects the small dimerization along thexis. Now
( . )2 lé' 2 following the procedure reported .o cqn determingt,/t,| inversely from the experimental
previously” Since the TAE is closely related to the Warping 5 1ye ofa ¢. On the other hand, it may be convenient to use
of Q1D Fermi surface, we assume the following anisotropic, approximated analytical expression/ob as derived in

dispersion relation for the present Q1D metals: Appendix B.
Ex= —2|t,|cosk,x— 2|ty|coskyy, 8 A [rad=242 X%siny. )
X |ty
|||y' ”Ix |||y' ”Ix This function is illustrated for (DMET)AUCI, by the broken
(DMET),AuCl, line in Fig. 5. The ratidt,/t,| is estimated as 9.9 from the

lattice constant§x=b/2=3.871 A, y=a=7.021 A, andy
=70.82° (Refs. 20,40] and the experimental value)¢
=28°. The correspondence is fairly good between the values
of A¢ estimated by the numerical calculation and the ana-
lytical formula by the lowest order of approximation at
|ty /ty|~10.
The solid curve in Fig. 5 is almost the same among the
0 : - present (DMET)X. This is becausd ¢ is related not to the
-180 -90 4 deoree) 9 180 absolute value of the lattice constants but to their rafio
¢ which variesA ¢ little as compared witht, /t,|. This allows
FIG. 4. Angular dependence of the magnetoresistahgeof  US to combine the lattice constants at room temperature and
(DMET),AuCI, for the electric current along the* axis and the A ¢ at low temperature to estimate//tx| and, furthermore,
magnetic field rotated within the conductimg plane. The magne- to utilize the present method under hydrostatic presgure.
toresistance is normalized by the zero-field valuRgf=0.275 and

0.142€) at 4.2 and 1.5 K, respectively. The angigjs zero when D. Chemical pressure effect on the band parameters

the magnetic field is parallel to the most conductingxis. The

TAE anomaly is observed betweenl5° as bends of the magne-  The values listed in Table | are plotted in Fig. 6. It seems
toresistance. The definition of the width of the TAE anomaly isthat [t,| (or S, 300K) and the lattice constanx have fairly
illustrated by the bar in the figure. good and reasonable linear relation, namely the smaller

AR/ R0 T)
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24 and/or the dimensionality. Namely, (DMEZuCI,, which
0.21 shows the resistivity minimum, has the magnitude of the
lo ~ bandwidth between that of (DME7Jl; and (DMET),AuBr,
020 i both of which show no sign of SDW, while no significant
= Z difference is found for their dimensionality.

% 0.19 —428 E Recent development of the theory on the SDW
- o transitiort® predicts that the SDW becomes unstable by the
0.18 . . . - L

increase in magnitude of the bandwidth as well as in dimen-
0171 1; 30 sionality. Thus the largest,| for (DMET),AuBr, and the

165 XT3 largest|t, /t,| for (DMET),l; among these salts may explain
) ‘ : that (DMET),AuBr, and (DMET)l; do not undergo the
x(A) SDW transition. The following inequality, however, excludes
FIG. 6. Thermopower of (DMET)X at 300 K, S x0x mea- IS Simple picture. The standard thetr} predicts the re-
sured along the axis and transfer integréi,| from S, 500¢/300 K lation between the amplitude of the band along kheaxis
using Eq.(1) plotted versus the lattice constamt(=b) at room  (2€0) and the SDW gap (,) at 0 K that
temperature. The symbols represent the ground state of (DMET)
at low temperature, namely, closed circles, open circles, and squares g0<Mj (10

are for SDW, superconducting, and metallic states, respectively. The - ..
solid line is fitted to the points of (DMET)s, (DMET),IBr, and &S the stability condition of the SDW. Heeg and M, are

(DMET),AuBr,, all of which do not show any sign of the SDW expressed as
transition.

2

- ty co-sXF , (11
results in the larger |t,|]. The larger |t,|] of 2[tJsinXe
(DMET),Au(CN), (0.23 eV and (DMET)Aul, (0.24 eV
than that qf (DMET)l5 .(0.21 e\) was previously reported Mo=2D exp{ B 1 ) (12
by measuring the polarized reflectance spetiighe change N(O)I
in |t,] amounts to~20% at most by the substitution of an-
ions. The solid line in Fig. 6 is fitted to the data points of 4|t,|sinfXg
(DMET),l5, (DMET),IBr,, and (DMET)AuBr, which do = cosxp (13
not show any sign of the SDW transition. The donor packing
of (DMET),SCN is rather dense along the intercolumnar
direction reflecting the small size of SCNas compared with N(O)=—————, (14
the other isostructural DMET salt§ This probably explains 4m|ty|sinXe
the large deviation of the data point of (DMEBCN from
the solid line in Fig. 6. It seems that (DMEJAuU(CN), I=UI/N, (15
(TSDW: 24 K) and (DMETbAUIZ (TSDW: 16 K) a|SO deVi'
ates from the solid line and the distance from the solid line Xe=xKy g, (163
depends o gpy. (DMET),AUCI, has a marginal character
between the SDW and superconducting natures with metallic =mxl4 (1/4—filled case (16b
resistivity down to 3 K. It is, therefore, reasonable that
(DMET),AUCI, is close to the solid line in Fig. 6. andN is the number of sites arid_ the electron correlation

It is also interesting that (DMET)s, (DMET),IBr,, and  €nergy, respectively. Then E(LO) is reduced to

(DMET)AUCl,, which are superconducting at ambient pres-
sure, have largex and smalllt,| because this implies the te|? 2\/§7T|tx|
small density of states at Fermi energy. There is, however, a g S0 Y =1 (17)

unusual relation betweeii; and |t,|] among these salts,
namely, higherT, for the salt with wider bandwidth. This This condition is fulfilled in the area between the solid
implies thatT is not determined only by the density of statescurves andt,| axis as shown in Fig. 7 for several values of
that is simply deduced front,|. U. The band parameters of (DMEJ}, (DMET),AuCl,,

As for the dimensionality, it has been revealed thatand (DMET)AUBTr, are also plotted and almost on the bro-
|ty/t,|= 9.8, 9.7 and 10 for (DMET)AUCI, (present study ~ ken line of|ty|=|t,|/10. Itis clear that there is no combina-
(DMET),l5, and (DMET)AUBT,, respectively. This means tion of the values of|t,|, [ty and U for that only
that the dimensionality is almost the same or very slightly(DMET),AuCl, is expected to undergo the SDW transition.
lower (more 1D for smaller lattice constantfor these three It is probably one aspect of the reality that the largest band-
salts, whose electric resistivity shows different temperaturavidth for (DMET),AuBr, and the largest dimensionality for
dependence at low temperature from one another. It is, howtDMET),l; among the three salts are the reason why each of
ever, difficult to find simple chemical pressure effect on the(DMET),AuBr, and (DMET),l; does not undergo the SDW
ground state of these DMET salts through the bandwidthransition. Another important band parameter is probaply
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change in the bandwidth rather than that in the dimensional-

T
U=0.3¢eV

025

02

0.15

Iq

JAuc,
AuBrj

Al l=1e1/10

ity at least in a family of materials. It was found that the
g standard theory of the SDW transition does not explain the
different ground states of (DMETJl),, (DMET),AuBr,, and
(DMET),AuCl, from one another when théit,| and|t, /t,|

are compared. The estimation [#f| is probably needed to
understand the stability of the SDW from the view point of
the denesting of the Q1D Fermi surface.

0.1

0.2

| &1 (eV)
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as suggested by the suppression of the SDW transition of
(TMTSF),PF; by the uniaxial strain along thg*- (or c*-)

axis*

It is important to note again that (DMEJAuUCI, is not
isostructural to the other (DMEJ}X studied. The DMET

APPENDIX A: THERMOPOWER OF DIMERIZED 1D
METALS BASED ON THE TIGHT-BINDING
APPROXIMATION

By solving the Boltzmann equation under the relaxation
time approximation for the 1D system, one obtains the fol-
lowing expression for the temperature dependence of
thermo-

molecules in the neighboring columns interact with eachpower#®
other in the different manner in (DMEJAUCI, from that in

the others. Thus one may consider that using ¢glt,| as
an adjustable parameter is too simple to describe the denes-
ting feature of (DMET)X and its analogs as has been

m?k3T
3el

Ex +7"(E)
(En? 7(E)

(A1)

e=p

pointed out in the standard theory in case of multiple-gjyce the dispersion relation for the dimerized 1D system is

transverse interactiortd>>°*The temperature dependence of

iven as

Sin Fig. 1 andAS in Fig. 2(a), however, strongly suggests

that the electronic system of (DMEJAuUCI,, (DMET),l,,

Ek:i\/a,

(A2)

and (DMET)AUBr, is very similar to one another. Further-

more, since the TAE directly observes the degree of Fermi
surface warping and it is almost the same for the three salts,
the estimated dimensionality probably reflects one aspect %
the denesting feature of their electronic system.

We applied a new method to evaluate bfith and|t,| of

IV. CONCLUSION

q=1tZ; + 5+ 2|ty tyo| cOSK,X, (A3)

y the tight-binding approximation, whetg; andt,, are
ransfer integrals and is the lattice constant, the first and
second derivatives dE, are calculated as

X|tx1||tx2|5inkxx

NG :

Ei=— (A%)

Q1D (DMET),X by combining the thermopower and mag-

netoresistance measurements. Fairly good linearity between
[t,| and the lattice constaiix) was found for the salts that is
metallic at low temperature. The magnitude|tf changes
by 25% at most by the anion substitution, whitg/t,| is

. letxl| |tx2| COSkxX o

Va

for the upper band and similarly for the lower one. When one

2 n2
X4t tyo|Sinfk, X
E[(, |xl|| x32/|2 X , (!5)

almost the same among the DMET salts that show differenteglects the energy dependenceraround the Fermi level,
temperature dependence of the electric resistivity at low temthe thermopower is expressed as follows by using the linear
perature. This suggests the chemical pressure effect on thelation betweerk,x and the number of carriers per site
ground state of the Q1D organic conductors works as th¢d=p<2).

K32 T[2(t2,+12,)cosmp+ |ty |ty| (34 cos 2mp)]csCarp

(AB)

66|ty [tyol VE21t2,+ 2|ty | teo| cOSTTP
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The plus and minus signs are taken for1 and <1, re- Ky F rd sink,r
spectively. This equation is reduced to HEd) when t,, P > (B6)
=t,, and to Eq.(A7) for the 3/41/4)-filled case, respec- y \/1_(_8F_d‘305kyr)
tively. .
kx,F =Ky F Sinyx, (B7)
K3
S= A7 -
3|e|\/w (A7) Ky=Ky F COSYt Ky, (B8)
V=T, (B9)

APPENDIX B: INFLECTION ANGLE OF Q1D FERMI
SURFACE IN THE TRICLINIC SYSTEM where theX andY axes refer the Cartesian coordinate and
the latter is taken to be parallel to tlyeaxis. The maximum
and the minimum 0f9kx r/oky are calculated based on the
condition azkx F/&kY 0. Theng, is calculated as follows:

Starting with a normalized dispersion relation within a
two-dimensional model

e=E/(2|ty])= —cosk,—d cosk,r, (B1)
tan ! Ky F - ssinyy
d=|ty/t,, (B2) $i= oKy | +2+5C0Syy)’
r=yix, (B3) (B10
one can obtain an analytical expression of the two inflection _ 2,42 a2, 2, 122
anglesg; of the Q1D Fermi surface of a material with lattice \/—r \/1 e td \/ Aspd™H(~1tertd )(Bll)

constantsx, y, and y, and transfer integralg, andt, be-

tween the nearest neighbor sites along thandy axes, When ¢ is approximated to ber o= 1/\2, that is the
respectively. Trace of the Q1D Fermi surface is drawn byFermi energy for the 3/4-filled band in the pure 1D case, Eq.
solving Eq.(B1) whene=¢g. The solutions are (B11) is simplified as

ke p=*cos *(—ep—dcosk,r). (B4)

o s=rv1+2d%— \1— 1202+ 4d°. (B12)
The inflection angleg; is one between the normal to the

Fermi surface at the inflection point and the most conducting’he second term of Taylor’s series of E@®10) with Eq.
X axis within thexy plane. The slope of the Fermi surface (B12) gives asymmetrical critical angles addp for the tri-

dky g/dky is calculated as clinic system
Ikx _ IKxr Iy 9Ky #i=*2rd siny,—2r2d? cosy,siny,, (B13
dky kg Ky, dky (B5a)
1 A¢p=2./2rd siny,=2+2rd siny. (B14)
akx F akx F 1
=SV - aky \ dky ok, COSTT ' This result matches with that obtained for the orthorhombic

(B5b) system wherey==/2 (Ref. 3]).
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