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[Ni(tmdt),] (tmdt = trimethylenetetrathiafulvalenedithiolate) is
the first single-component molecular metal where metal electrons
are automatically generated by self-assembly of neutral [Ni(tindt)
molecules. Recently, a rigorous experimental evidence for the

. @2 _ —~ it tiail
existence of three-dimensional electron and hole Fermi surfaces - {20 ESE
was obtained by detecting the de Haaan Alphen (dHVA) effect g
[Au(tmdt),] is isostructural to [Ni(tmdg)], but the electronic band 5 | -
structures of these two systems are completely different to each £ H 13 =
other because the neutral bis(dithiolato)gold complex has an odd ) L] 28
number of total electrons. In fact, [Au(tmgf)was reported to = : — 1%
undergo a possible antiferromagnetic transition around 100 K 0S8
Wlthqut Igss of |t_s high conduct_lwt?/.ln this paper, we present I h‘ Oe?
detailed information on the antiferromagnetic transition of [Au- e
(tmdt),] around 110 K Ty) and its spir-flop behavior and the 0 100 200 300
electromagnetic properties of the “molecular alloys” of [Ni(tnat) T (K)
and [Au(tmdt}]. Figure 1. Temperature and magnetic field dependences of the susceptibili-
It is very difficult to prepare single crystals of [Au(tmeltwith ties of the crystalline powder sample of [Au(tmdt)The inset is theH

sufficient quality, but we have recently succeeded in obtaining the dependences dft (black line) and #1/dH (blue line) at 40 K. The red
crystals with the size of about 30m. By the single-crystal X-ray arrow indicates the spirflop field.
structure determination using Rigaku VariMax Saturn70 X-ray
system equipped with confocal mirror, we could determine the
crystal structure. Unlike the Ni atom of [Ni(tmd}) the Au atom
was found to have a large temperature factor, indicating the
possibility of large thermal motion perpendicular to the molecular
plane and/or small deviation from the central position at room
temperature. The susceptibility of newly obtained high-quality
crystalline powder sample was re-examined by a SQUID magne-
tometer up to 50 kOe and down to 2 K. As shown in Figure 1, the
susceptibility f) was 4.2x 104 emu mof?* at room temperature,
which is attributable to the paramagnetismsommetal electrons.
Between 150 and 110 K, it decreased gradually from>4.00~4
to 3.6 x 10* emu moftl And below 110 K,y showed
characteristic temperature and magnetic field dependences, sug
gesting an antiferromagnetic transition at 110TK)( which is 10
K higher than the previously reported transition temperature. The
H dependence d¥l was measured at 40 K because the accuvate
values were hardly obtainable at low temperature because of
paramagnetic impurities. As shown in the inset of Figure 1Hhe
dependences dfl and dM/dH suggested the spitflop transition
around 23 kOe.

Theab initio electronic band calculation of [Au(tméfsuggested
that the partial nesting of the Fermi surfaces occufig,aand Fermi
surface pockets remain in the magnetic pHa€ansequently, it
will be natural to assume that can be explained by the
contributions from the antiferromagnetically ordered magnetic

moments gar) and temperature-independent paramagnetism of
conduction electronsyf) (x = xar + xp) at T < Ty (=110 K).
Then, the magnitude of the magnetic moment producdd, §t)

was roughly estimated from the magnitude of the decrease of the
susceptibility belowTy by approximately assuming the well-known
very simple relation of the powder sample of the antiferromagnet
with the localized moment, [¥ar(0 K)/xar(Tn) = /3 at weak
magnetic fieldyar(Tn) ~ 1% (3ksTn)]. As seen from Figure 1y
decreased from about 36 10~ to about 2.6x 104 emu moi?
below Ty at low magnetic field. Thugy, was estimated to be about
0.30ug. The large low-temperature magnetic susceptibility of 2.6
x 1074 emu mof? at low magnetic field is consistent with the
theoretical calculation suggesting the existence of the Fermi surface
pockets belowTy. To our best knowledge, [Au(tmd)is the first
molecular conductor where the sameelectrons bear electrical
conductivity and magnetic order.

Since [Ni(tmdt}] and [Au(tmdt}] are isostructural to each other,
we have tried to obtain the alloy systems {NAuy(tmdt),]. Black
microcrystals of [Nj—xAuy(tmdt),] (0.0 < x < 1.0) were prepared
by the electrochemical oxidation from the mixed solution of
(MegN)[Ni(tmdt),] and (BusN)[Au(tmdt),]. The synchrotron radia-
tion powder X-ray diffraction experiments were performed because
the size of the crystals of [NiAuk(tmdt)] was very small. The
diffraction peaks were shifted systemically to the lower angle with
the increase of Au concentratiox),(and no extra peaks attributable
to other phases were observed, showing that the alloys jliy-

— (tmdt),] with arbitrary mixing ratio could be synthesized. In the
;Lg‘;cgg"j;?\'fgr;go"yo- case ofx ~ 0.25, the black plate-like tiny single crystals were
#Insiitute for Molecular Science and JST-CREST. obtained, and the single-crystal resistivity measurement @f7gNi
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the sample purification, the conductivity of the alloys was relatively
small, probably due to the relatively low sample quality and the
possible effect of randomness of the distribution of [Ni(trgldiind
[Au(tmdt),]. The resistivities of [Ni—yAuy(tmdt)] were almost
temperature-independent dowm4 K for x < 0.6, despite of the
compressed pellet samples. The sample wits 0.8 showed a
slight increase of the resistivity with lowering temperature, but the
apparent activation energy was about 1 meV, indicating [y~
(tmdt),] to be essentially metallic at-4300 K.

ESR spectra of polycrystalline samples ofj{NAu,(tmdt),] were
measured in the temperature range o380 K. As shown in the
inset of Figure 2b, ESR intensity of [Au(tméf)showed a sharp
drop at 110 K Ty), which agrees well with that of the susceptibility
change obtained by the SQUID magnetometer (see Figure 1). The
peak-to-peak line widthH,;) decreased with lowering temperature
down to 120 K, below whiclAH,, tended to increase (Figure 2b).
Similar but much more sluggish behavior was also observed for
~ 0.8, probably due to the random distribution of [Au(tmyignd
[Ni(tmdt),] and the insufficient quality of sample. A slight increase
of AH, around 60 K coincides with the onset of the gradual
decrease of the ESR intensity, suggesting Thaif [Ni;— Au(tmdt))]
is lowered with decreasing The temperature dependencet,,
of the sample withx ~ 0.6 became very weak below 15 K, but no
clear increase oAHp, was observed.

In conclusion, the temperature dependence of the resistivities of
the compressed pellet samples of the novel alloys of single-
component molecular metals, [NjAu(tmdt)], showed the system
to be essentially metallic down to low temperature. In [Au(tzjdt)

Figure 2. (a) The temperature dependences of the resistivities of compacted the antiferromagnetic transition was observed around 110K (

powder samples of [Ni Auy(tmdty] (x = 0, 2, 0.4, 0.6, 0.8, 1.0) and the
single crystal of [Nj7sAug2s(tmdty] (x = 0.25). (b) The temperature
dependence of the peak-to-peak line widHg,) of ESR of [Nii—xAux-
(tmdt)]. The arrows indicate the on-set temperatures of antiferromagnetic
phase transitions. The insets are the ESR intensities (left) affd-thphase
diagram (right) of [Ni—yAux(tmdtp]: M = normal metal, AFM =
antiferromagnetic metal.

Aug 2ftmdt),] was made down to 0.5 K by the four-probe method.
The size of crystals was about 0:10.05 x 0.025 mn3. The room-
temperature conductivity was 180 S tinThe resistivity deceased
monotonically with lowering temperature, showing §MNAUo 25
(tmdt)] to be really the “alloy” of single-component molecular
conductors (Figure 2a). Similar to [Ni(tmdl) the temperature
dependence of the resistivity was very smai(4 K)/p(300 K) ~
3 ([Ni(tmdt),])* and 2 ([Nb.7sAUg 25tmdt)]).

The resistivities of compressed pellet samples of [Mu,(tmdt),]
were also measured dowm4 K (Figure 2a). The room-temperature
conductivity of [Au(tmdt}] (x = 1.0) was 50 S cm¥, which is

more than three times larger than the previously reported value

(15 S cn1!).3 The room-temperature conductivities of the alloys
with x = 0.2—0.8 were 46-10 S cnt?, which tended to be smaller
with increasingx. Compared with the conductivity of [Au(tmd})
whose crystal quality was much improved by the many trials of

and in the Au-rich alloy X ~ 0.8), the broad antiferromagnetic
transition was observed around 60 K.
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