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Crystal structure and magnetic properties of the organic antiferromagnet(C,TET-TTF ),Br
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The organic charge transfer complé®, TET-TTF),Br was investigated for its crystal structure, band
structure, resistivity, electron spin resonance, and static susceptibility. The crystal structure is characterized by
two-dimensionald-type donor sheets, where the donor arrangement consists of uniform stacking with the
absence of dimerized donor molecules. The electrical resistivity shows semiconductive behavior in conflict
with the quasi-two-dimensional metallic band structure calculated by the tight binding approximation. These
findings show characteristics of the Mott insulating state in this complex. The magnetic susceptibility indicates
the feature of ar6=% two-dimensional triangular lattice Heisenberg antiferromagnet comprising localized
magnetic moments on the donor molecules. It shows an antiferromagnetic transitidiy=a8 K.
[S0163-182697)03506-9

[. INTRODUCTION absence of dimerized structure that most charge transfer
complexes of ET have. Thus, the investigations of this com-
In organic charge transfer complexes composed of TTHound are expected to reveal interesting features of the mag-
derivatives, ther-electron systems form a large variety of netic properties among organic magnetic insulators in con-
electronic structures among the superconducting statdfast to ordinary ET salts. Moreover, it is possible to compare
charge density wave, spin density wave, and Mott insulatinghe C,TET-TTF salt with ET salts in detail in view of the
state in low-dimensional frames through the competitionCrystal structure, electronic structure, and physical properties
among the transfer integral, on-site Coulomb interaction, an##ecause the molecular structure of ET-TTF is very close
electron-phonon interactiont’ In recent years, these com- to that of ET. In the present paper, we report the crystal
plexes have been found to show interesting features in mestructure, the band structure, the electrical resistivity, elec-
tallic state around the Mott boundary in relation to tron spin resonanc&SR), and the magnetic susceptibility in
superconductivity~** Contrary to this, the complexes be- order to clarify the correlation between the crystal structure
longing to the Mott insulator regime remain not so well un-and the magnetic properties.
derstood, although they are expected to give a class of
molecule—bqsed Io_w—dimensional magnets. We are in_terested Il. EXPERIMENT
in the Mott insulating state in the view of the magnetism of
the organic charge transfer complexes, because the unpairedSingle crystals of (C;TET-TTF),Br were prepared
electrons delocalized over the molecutarorbitals on the by the electrochemical method from ;CET-TTF and
molecules in the Mott insulating state lead to features in theif(C,Hs),N],CuBr, in ethanol under Argon atmosphere at
magnetic behaviol? Moreover, various types of low- room temperature. In the electrochemical cell,
dimensional structures will come to hand on the basis of thé¢(C,Hs),N],CuBr, was decomposed into Gl and Br, so
modification of the donor molecule arrangements as well aghat the produced crystal did not contain even a trace of
the designing of donor molecules, providing the diversity of Cl?* ions, according to energy-dispersive x-r&gDX)
magnetic behavior. Consequently, the detailed investigationanalysis. After the crystal growth period of two weeks, we
of organic magnetic insulators will provide aspects of theobtained black plate or block type single crystals with typical
magnetism in view of the low-dimensional magnetic systemslimension of X 1x0.05 mn? or 2x1x 0.5 mn?, respec-
that have been studied in inorganic compounds througtively. It was found that the crystals with different shapes
many experimental and theoretical approacfiéé.In the  have the same crystal structure from the x-ray analysis. The
past, several organic Mott insulators such a$ and found composition is €28.07, H=2.37, and $60.25 %
B'-(BEDT-TTF) ,X [X=AuBr,, CuCl,, IBr,, ICl, (Refs. from elemental analysis, which is in good agreement with
1-6)] have been targeted as low-dimensional antiferromagthe calculated from the x-ray analysis @@, TET-TTF),Br
nets, in all of which a localized magnetic moment with (CygH,0S,6Br); C=28.15, H=2.36 and $-60.12 %.
S=1/2 is generated in a BEDT-TTbbreviated as ET here- In the x-ray crystal structure analysis, the intensity data
after) dimer unit associated with dimerized-donor basedwere collected from Rigaku four-circle diffractometer
crystal structures. On the other hand, a class of organi&FC-7S with graphite-monochromated M radiation us-
magnetic insulator (C,TET-TTF),Br (C,TET-TTF: ing w-scan technique (2<55°), then the absorption was
bis(methylthigethylenedithio-tetrathiafulvaleneve synthe- corrected. The structure was solved by the direct method
sized recently, has a uniform donor arrangement with thésHELxs86'° and refined using 3536 reflections by full-
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TABLE I. Crystallographic data ofC,TET-TTF),Br. TABLE II. Fractional atomic coordinates and equivalent isotro-
pic displacement parameters @&, TET-TTF),Br (see Fig. 1 for
Chemical formula GoH 20S16Br the atom indicels Displacement parametds., is defined on the
Chemical formula weight 853.23 basis of the following equatiot .= (1/3)2;Z;U;; & a;* .
Cell setting Monoclinic
Space group P2,/a Atom X y z Usq /A2
a(d) 27.715) c1 0.22602)  0.57775  0.148711)  0.03%1)
b (A) 11.112) c2 0.18562)  0.575946) -0.012312)  0.0341)
c®) 5.0318) c3 0.29182)  0.52196)  0.492412)  0.0341)
B (°) 90.61) c4 0.30462)  0.63005)  0.398212)  0.0341)
V (A%) 1551(4) C5 0.10662) 0.51336) -0.248812  0.03Q1)
Z 2 c6 0.11912)  0.61746) -0.366211)  0.0341)
Dc (Mgm~?) 1.827 c7 0.37483)  051837) 0810113  0.0452)
Radiation type MK a cs 0.39542)  0.59027) 0.585813)  0.0442)
Wavelength(A) 0.71073 c9 0.04583)  0.33529) -0.063G17)  0.0713)
TemperaturgK) 293 C10 0.04973)  0.78867) -0.429616)  0.0592)
Crystal sizemm®) 0.50x0.37x0.33 s1 0.2388%) 0.45851)  0.36363) 0.037
No. of independent reflections 3537 S92 0.2680%) 0.69272) 0.14933) 0.041
No. of observed reflections 2304>20(l)) s3 0.14457®) 0.45772) -0.000%3) 0.040
R[F?>20(F?)] 0.0685 sS4 0.1726®) 0.68642)  -0.24883)  0.039
wR(F?) 0.1988 S5 0.321847) 0.43132)  0.72634) 0.050
Weighting scheme w=1/ O'Z(FOZ) + (0.14523)2 S6 0.356746) 0.71272) 0.47964) 0.047
+1.7684, where s7 0.053747)  0.43582)  -0.33624) 0.052
P=(Fo*+2F?)/3 S8 0.086185) 0.68652)  -0.62273)  0.043
Br 0.0000 0.0000 0.0000 0.053

matrix least-squares methdgHELXL93).1® Anisotropic tem-
perature factors were used for all non-hydrogen atoms, and
for hydrogen atoms we adopted calculated positions and iso= —4.49x10™* emu/mol [1 mol=(C,TET-TTF),Br)]
tropic temperature factors. The crystallographic data arérom the total susceptibility. In the calculation of the core
listed in Table 1. diamagnetic susceptibility, the contribution of, CET-TTF

We calculated the molecular orbitals of thg TET-TTF  donor is obtained from the observed value
donor on the basis of the extended dial methodt” The  x=—2.09x10"* emu/mol of neutral GTET-TTF donor at
transfer integrat was estimated from the overlap integsal room temperature.
using the equatioh=Es, where thekE is the constant value
of the order of highest occupied molecular orbiidlOMO) Il RESULTS

17 .

energy —10 eV:' The band structure was calculated by
means of tight binding method. The HOMO level of the At the beginning of this section, we present the crystal
donor is considered to be 3/4-filled from the chemical for-structure of(C,TET-TTF),Br. The atomic coordinates and
mula. the displacement parameters are listed in Table Il and the

The electrical resistivity to the axis was measured by intramolecular distances and bond angles are in Table I,
four-probe method under ambient pressure in the temperavhere the molecular structure and the atom indices are
ture range 190-300 K. ESR measurements were carried oghown in Fig. 1. Also, the crystal structure is shown in Fig.
in the applied field parallel to tha*, b, andc axes in the 2. There is one independent donor molecule in a unit cell,
temperature range 3—300 K, using a conventiokddand  while a Br atom is at the position of inversion center. Since
ESR spectrometddEOL JES-TE20Dand a helium continu- all donor molecules are crystallographically equivalent, they
ous flow type cryosta{Oxford ESR910 for temperature are expected to have the same partial charQes taking into
control. The magnetic field and the microwave frequencyaccount the donor-to-anion ratio of 2:1. There is the absence
were calibrated by a GaussmetdEOL NMR field meter of disordered sites of ethylene groups and methylthio groups
ES-FC5 and a frequency countefAdvantest microwave attached to the TTF moieties, although the thermal motions
counter TR521p, respectively. A single crystal was mounted of methylthio groups are a little large. The shortest intermo-
on a Teflon rod by silicone grease, and sealed in an ESHecular S - - S contacts are 3.57@) A (S3-S§ in the intrast-
quartz tube with thermal exchange gd$e 10 Tor). The ack direction ¢ axis) and 3.5867) A (S6-S7 in the inter-
temperature dependence of the magnetic susceptibility wastack direction p axis), respectively, which are smaller than
measured by a superconducting quantum interference devitke sums of the corresponding van der Waals radii 3.60 A.
magnetometefQuantum Design MPMS)5in the applied As a consequence, ;CET-TTF donors form a two-
field H=10 kOe parallel to thea*, b, andc axes in the dimensional lattice in thbc plane, where the donor arrange-
temperature range 1.8—400 K. The single crystals, where thment has zigzag feature with a head-to-tail configuration in
crystal axis were collimated, were mounted on a plastic strawhe interstack direction. Every {TET-TTF molecule is sur-
with silicone grease. The spin susceptibility was estimatedounded by six neighboring donor molecules as shown in
by subtracting the Pascal diamagnetic contributipp,  Fig. 3, which results in the formation of two-dimensional
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TABLE Ill. Bond lengths and angles of TET-TTF (see Fig. 1

for the atom indices
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Bond length(A)
C1l-C2
C1-S2
C1-s1
C2-S3
C2-s4
C3-C4
C3-S1
C3-S5
C4-S2
C4-S6
Bond angle (°)
C2-C1-S2
C2-C1-s1
S2-C1-S1
C1-C2-S3
C1-C2-S4
S3-C2-S4
C4-C3-S1
C4-C3-S5
S1-C3-S5
C3-C4-S2
C3-C4-S6
S2-C4-S6
C6-C5-S3
C6-C5-S7

1.3779)
1.7287)
1.7485)
1.737)
1.7427)
1.3409)
1.7487)
1.7527)
1.7487)

1.7587)

123.6)
120.6)
115@)
121.%)
123.6)
115@)
117.65)
128.6)
114.@)
117.55)
127.5)
115.4)
117.6)
122.(5)

C5-C6
C5-S3
C5-57
C6-S8
C6-S4
C7-C8
C7-S5
C8-S6
C9-57
C10-S8

S3-C5-S7
C5-C6-S8
C5-C6-S4
S8-C6-S4
C8-C7-S5
C7-C8-S6
C1-S1-C3
C1-S2-C4
C2-S3-C5
C2-54-C6
C3-85-C7
C4-S6-C8
C5-S7-C9
C6-S8-C10

1.3469)
1.7407)
1.7507)
1.7507)
1.7657)
1.50110)
1.8048)
1.81(8)
1.788)
1.8068)

120.@)
124 .¢6)
116.65)
1192)
115.(5)
113.6)
95.()
95.@)
95.@)
95.@)
103.®)
99.03)
102.8Y)
99.8))

c

FIG. 2. Crystal structure ofC,TET-TTF),Br.

in Fig. 3, which shows the coexistence of intrastack &nd
interstack p,, b,) interactions. The estimation provides
b,=5.4, b,=4.3, andc=5.8x10 3, that reveals a two-
dimensional character in the energy band caused by small
differences in the strengths of the transfer integrals in all the
in-plane directions. Figure 4 shows the band structure and
the Fermi surfaces calculated by the tight binding method.
The band calculation suggests the presence of two-
dimensional metallic bands that generate two sets of quasi-

hexagonal packing structure with the absence of dimerizationne-dimensional Fermi surfaces, though these band widths

similar to the9-ET,X salt (X=I3, Cu(CN)[N(CN),],).1%%°

are narrow ranging about 0.4 eV due to the small overlap

In view of the symmetry of the structure, the donor mol-integrals. Since the degeneracy in theY dispersion is
ecules of thed-ET salts are known to locate at centrosym- caused by the crystallographic symmetry, the 3/4-filled na-
metric sites, in contrast to the present salt. The dihedral anglire is intrinsic. On the other side, the first Brillouin zone has
is estimated at 57(8)° between the molecular planes of ad- the half-filled feature taking into account the Harrison con-
jacent donors interrelated by the screw axis symmetry. Wetruction.

note that the asymmetric donor molecules are oriented in the The electrical resistivity behaves semiconductive in the
same direction within a column, which is not so commoninvestigated temperature range 190—300 K with a single ac-
among the asymmetric TTF derivative salts where donor

molecules used to have a head-to-tail configuration in the

column except the cases of the present salt and some other

C,TET-TTF salts? 9) J)
The overlap integrals of the donor HOMO are calculated S =
on the basis of the two-dimensional donor arrangement given DZ/ %% / bl
J C$ N J)
&< b b2 Vs
2
s
) c 9)

FIG. 1. Molecular structure of TET-TTF drawn by ORTEP

(see Ref. 18

& C{L b2 5
R
b
FIG. 3. The arrangement of {CET-TTF donors projected on

the bc-plane. The calculated overlap integrals abd=5.4,
b2=4.3, andc=5.8x 103,
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TTF),Br. The energy scale is given on the basis of donor HOMO

energy 10 eV). FIG. 6. Temperature dependence of magnetic susceptibility and

reciprocal susceptibility in the field di =10 kOe applied parallel

tivati —06 eV and th ¢ t . to thec axis. yo=—1.1X 10~ % emu/mol denotes the temperature-
Ivation energyE,=0.6 eV and the room-temperature 'eSIS-independent term in the susceptibility. The mole unit corresponds to

tivity value of p,=40 {)cm. This observation is in disagree- the formula unit of(C, TET-TTF) ,Br. The best fitting with a single

ment with the band calculation which suggests metalliccie-weiss contribution gives the spin densiy=1.2 spin/mol
nature. This discrepancy will be discussed later. The ESRq the Weiss temperatuge=—17.3 K.

signal shows the line shape of single Lorentzian type whose

g values and peak-to-peak line widths agg«=2.0113, K, which suggests the presence of the magnetic short-range
gp=2.0061, g.=2.0055, and AH.x=15.6, AH,=14.6, order effect. And, they exhibit a broaden out abruptly below
AH=17.6 G at room temperature in the applied field paral-5 K, indicating the onset of antiferromagnetic ordering in the
lel to thea*, b, andc axes, respectively. Taking into account jow-dimensional antiferromagnet. The values show
that theseg values resemble those of ET dorférbaving  temperature-independent behavior above 20 K and a slight
similar electronic structure, the unpaired-electrons ob- decrease with lowering the temperature below 20 K that is
served in the ESR measurements are considered to reside generated by the short-range order efféand then finally
the C,TET-TTF molecules. The temperature dependence ofhey increase suddenly with the concomitance of the broaden
the line width and they value are shown in Fig. 5. The line out in the line width below 5 K.
widths show a weak increase below about 100 K with de- Figure 6 shows the temperature dependence of the mag-
creasing the temperature and tend to saturate below about 2@tic susceptibility and the reciprocal susceptibility as a
function of temperature in the applied field parallel to the

300 . axis. The susceptibility shows the Curie-Weiss behavior in
3007 the high-temperature range, and then it shows a broad hump
- 200 of low-dimensional antiferromagnetic short-range order
¢ 200 100l 1 around 12 K, that is considered to be related to the weak
& . increase in the line width observed in the same temperature
Ny % 10 20 range. In the temperature range 30—290 K, the susceptibility
< 100 i data in the field parallel to the*, b, andc axes are well
Bgag 1 represented by the sum of a Curie-Weiss term and a tempera-
o BRI ACRZOr ture independent one after the correction of Pascal diamag-
netic contribution;
2.04 04
I C
© P 202 X= 3= X0 D
‘g 2.025 200 . Using this equation, the analysis of theaxis data gives the
6) L 0 10 20 ] Curie constantC=0.454+0.002 emu K/mol, the antiferro-
000 OO0 00O0O0O0O0O0 | magnetic Weiss temperatur@=—17.3+0.7 K and the
%Bﬁmﬁa@@mﬂﬂ%emﬁﬁﬁﬂ temperature-independent diamagnetic susceptibiliy=
2.00 ' ' ' ' ' —1.1+0.1x 10~ * emu/mol, where 1 mol involves one for-
0 100 200 300 mula unit(C, TET-TTF) ,Br. These values for the axis are
T (K) in good agreement with those for tla@ andb axes. From

the Curie constant, the spin density=1/2) is estimated at
FIG. 5. Temperature dependence of ESR line widthandg ~ N=1.2 spin/mol using the ESB value; namely, there exists
values(b) in the applied field parallel to tha* (O), b (A), and  ©One localized magnetic moment 8f1/2 in two donors. It is
¢ (O) axes. The insets show the detailed behavior in the low temhoticeable that the susceptibility contains the temperature in-
perature range, which suggest the presence of an antiferromagnefiependent terry,, even after the correction of Pascal dia-
ordering atTy=3 K. magnetic contributioryy,. The magnitude of thg, amount
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. . . T T reduction in theS=1/2 Heisenberg antiferromagnet with
quantum spin fluctuation is suppressed by the external field
in the ordered stat&:?°

—
(9]
T
|

IV. DISCUSSION

—
o

The semiconductive nature with large activation energy
and the presence of localized magnetic moments on
C,TET-TTF donors evidence features of Mott insulator gen-
erated by the competition between the on-site Coulomb in-
I teraction and the transfer integral. Comparison to the re-
) 4 8 ported ET-based Mott insulatdf€ provides a good

0 | ! ! : ! suggestion on the electronic structure of the present com-
0 10 20 30 pound. For instancey’- and 8'-ET ,X-type Mott insulators
T(K) have intrinsic half-filled bands, which are realized by the
band splitting due to the strong dimerization of donor mol-

FIG. 7. Temperature dependence of magnetic susceptibility a?CUIe?" Thus, in thgse cases, the compeFltlon be.tween the
low temperatures below 30 K in the applied field 410 koe ~ Interdimer transfer integral and the effective on-site Cou-
parallel to thea* (0J), b (¢), andc (O) axes. The solid line omb interaction, the latter of which is given by the in-

denotes the theoretical fitting for the two-dimensional square latticéradimer transfer integrélr, generates the Mott insulating
Heisenberg antiferromagnet mod@ef. 31 in the temperature state, where the magnetic moment Is well localized around

range 8—290 K, where 0.5 spin wit8=1/2 is allotted to one the region confined in the dimerized unit of ET molecules.
C,TET-TTF donor according to the charge distribution. The ex-On the contrary, the present compound has the 3/4-filled
change interaction is estimatedJat — 6.1 K. An antiferromagnetic  band structure due to the uniform donor stacking, indicating
transition is observed afy= 3 K. The inset shows the detailed that this compound is not likely to the ordinary Mott insula-
behavior in the vicinity of the transition. tor, although the band structure of this compound has the
half-filled nature in the first Brillouin zone as shown in
- . : Fig. 4. In this sense, the picture of the donor-dimer-based
about 25% of the(d‘?' The orlgln'of theyo is possibly due to Mgtt insulating state is fail%d here, suggesting that the re-
be the_q-r-el_ectron ring current in the donor molecule. The ion, where a localized moment exists, is extended widely in
correction is expected to be affected by the valence state Qf it cell. Consequently, the features of the electron local-
the donor, namely, we have used the observed core diamagiion are considered to be situated far from those of Mott
netic susceptibility of the neutral donor_for the evalluatlon iNinsulator state realized in the ordinary ET complexes and are
the charge transfer complex by neglecting the partial valencmst around the Mott boundary in this compound. Moreover,
feature(+0.5) in the actual case. However, the temperatureit js possible that this less localized nature affects the mag-
independent term is not solely explained by the correction ofetic behavior ifC,TET-TTF),Br.
the core susceptibility because the enhancement in the core Now, we discuss the magnetic structure and the exchange
diamagnetism of ET complexes having similar extendednteraction mechanism in details. Taking into account that all
ar-electronic structure to CTET-TTF is only 4% from the donors molecules are crystallographically equivalent, all the
corresponding neutral donét.Therefore, the origin of the donor molecules are equally charged due to the charge trans-
temperature-independent term remains unsolved fofer to anions. Here, it is likely to assume that 0.5 spin with
(C,TET-TTF),Br. S=1/2 exists on a donor molecule within the consideration
Figure 7 represents the detailed susceptibility behavior irof the x-ray average structure, although the underlying phys-
the temperature region below 30 K in the applied field pardics behind it remains to be clarified in the future. The anti-
allel to thea*, b, andc-axes. The susceptibilities have an ferromagnetic exchange interactidrc —t?/U between the
antiferromagnetic short-range order hump around 12 K. Thelonor molecules is described in terms of the transfer integral
difference of the susceptibility between th& axis and the t and the on-site Coulomb interactidsh. Thus, the above
b, ¢ axes is explained by the difference in tgevalues. consideration leads to the estimation of the exchange inter-
Below T=3 K, the susceptibility shows an abrupt increaseactions J,;= —ty;%/U~—t2/U and J,*—t,,>/U for mag-
for thea*, b, andc axes. The behavior of the susceptibility netic neighbors in the different three directions in the
and the ESR line width broadening in the low-temperatureplane, where the ratio of the exchange interactions is given to
range suggest the appearance of an antiferromagnetic ordee J,/J;~ 0.5 from the extended tkel electronic structure
at Ty=3 K. It is worth noting the absence of magnetic an-calculation discussed before. From the information on the
isotropy belowTy among the susceptibilities in the field ap- structure and the band calculation, as shown in Fig. 8, the
plied parallel to the three independent crystallographic axegpredominant exchange interactiony form a distorted
Although a possible explanation for this is the deviation ofsquare magnetic lattice, whilly causes the frustration in the
the easy spin axis from these crystallographic axes, the orspin arrangement. Therefore, the exchange interaction net-
gin remains unspecified. Magnetization curves in the fieldvork is described in terms of a triangular lattice with two
parallel to thea*, b, andc axes &2 K up to 5 Tshow a  kinds of antiferromagnetic exchange interactidasand Js,
slightly concave with the absence of an apparent spin-flopvhere the magnetic moments in the distorted square lattice
transition. The concave feature indicates that the large spiformed by the stronger interactiods are coupled to each

o
1
T
(=]
T
%é
i

x (107%2emu/mol)
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J2

J

the transfer integral is also in the same range. In this case, the
ratio of the exchange interactions estimated4f,=0.1 is
considerably smaller than that in the present compound, sug-
gesting that the predominance &f makes spin frustration
considerably depressed. Consequently, the difference in the
exchange interactions between the present compound and the
above ET salts is supposed to be associated with the frus-

Jo trated spin arrangement through the competition between the
. antiferromagnetic interactiorly andJ,. In other words, the
competition between antiferromagnefic and J, is consid-
ered to strengthen the features of spin frustration in
Ji (C,TET-TTF),Br, resulting in the reduction of the apparent
value of the estimated exchange interaction. It is also worth
. pointing out the importance of the electronic structure for the
magnetic features, that is, the less localized nature in the
. electronic structure, discussed before in relation to the pecu-
liar features realized in Mott boundary, is suggested to cause
the reduction in the strengths of exchange interactions in
FIG. 8. Schematic representation of the triangular magnetic latcomparison with the ordinary organic magnetic insulators

tice for the ClTET-TTF Iayer with antiferromagnetic interactions having well localized magnetic moments on the donor mol-
J; andJ,. ecules.

J2

J J

ANaANGY
VaNaN

other through the weaker interactiods. In the case of V. SUMMARY
J;=J,, the magnetic system is described as a two- . . .
dilmer213ional regu%ar triangular lattice antiferromagnet, which we mvestlgatg the grystal structure and physical proper-
provides interesting models for classical and quantunfi€S Of the organic antiferromagnéC, TET-TTF),Br. The
spins?2° Meanwhile, in the present case havihg>J,, the donor molecu!es form two-d|men5|0naﬂ-'pre_ do_nor ar-
magnetic lattice is expected to be the distorted triangulafangements with the absence of donor dimerization that the
one. It is possible to compare this compound withordinary ET complexes behaving as Mott insulators have.
CuCl-graphite intercalation compound§IC), where C@* The resistivity behaves semiconductive with a single activa-
magnetic moments form a®=1/2 two-dimensional dis- tion energyE,=0.6 eV, which is in disagreement with the
torted triangular lattice Heisenberg antiferromagiieThe  band calculation. ESR and the magnetic susceptibility prove
susceptibility of CuC}-GIC has a magnetic short-range or- the presence of localized magnetic momessl/2 on donor
der hump characteristic of low-dimensional antiferromagnemolecules, whose concentration is given to be the assump-
around 60 K and no magnetic phase transition above 0.5 Kjon of 0.5 spin/donor. These findings appreciablely evidence
which is explained by the spin frustration in t&e=1/2 tri-  the features of Mott insulating state in this compound, al-
angular lattice Heisenberg antiferromagnet. though the absence of donor dimerization suggests that the
Here, we examine the presence of the spin frustration inmagnetic moments are less localized. The temperature de-
view of the estimation of the exchange interaction in thispendence of ESR line width broadens out abruptly below
compound. To our knowledge, there is no theoretical predics K. The susceptibility shows Curie-Weiss behavior having
tion for the susceptibility of the two-dimensional distorted the antiferromagnetic Weiss temperatére —17.3 K in the
triangular Heisenberg antiferromagnet. Thus, we analyze theigh-temperature range, it shows a broad hump of low-
susceptibility with a hump by means of the two-dimensionaldimensional antiferromagnetic short-range order around
square lattice antiferromagnetic Heisenberg mtdelith 12 K, and finally suggests the presence of antiferromagnetic
predominant exchange constadpt The susceptibility is well  long-range ordering beloWy=3 K. The consideration based
described by the two-dimensional square lattice Heisenbergn the calculation of the transfer integral reveals the feature
antiferromagnet model with the exchange energyJof& of an S=1/2 two-dimensional distorted triangular Heisen-
—6.1 K as shown in Fig. 7. It is worth reminding that the berg antiferromagnetic lattice with exchange interactidns
estimated exchange interaction is one order of magnitudandJ, having different strengthsl{>J,). The fitting to the
small in comparison with the exchange interactionse6f = model of a square lattice Heisenberg antiferromagnet gives
B’-ET,X, and 6-ET,Cu,(CN)[N(CN),], salts. Actually, the estimate of exchange interactiby~—6 K by neglecting
the transfer integral between the adjacent dimera'irand  J,, which is considerably small in comparison with the simi-
B'-ET,X salts, which have a two-dimensional square anti-ar systems belonging to ET complexes. This demonstrates
ferromagnetic lattice with dimerized donors having the important role played by the spin frustration in the trian-
S=1/22*5is in the same range to the transfer integrals of thegular antiferromagnetic arrangement formed through compe-
present compound in spite of the large difference in the magtition of two antiferromagnetic interactions with different
nitudes of the exchange interactions. Furthermore,fin strengths. The less localized electronic state realized in the
ET,Cu,(CN)[N(CN),], which has the similar distorted trian- 3/4-filled band structure is also considered to be responsible
gular antiferromagnetic lattié® to the present compound, for the features of magnetism.
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