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Intrinsically metallic molecular materials become in most cases
activatedsemiconductors when prepared as thin films due to the

formation of segregated domains (grains) separated by boundaries.
The transport properties are thus determined by the morphology

of the films. To date, only two examples of thin molecular organic
films exhibiting metallic behavior down to liquid helium temper-

atures have been described, despite their polycrystalline character.

The first one corresponds &(BET-TTF),Br-3H,0, BET-TTF=
bis(ethylenethio)-tetrathiafulvalene, grown on polycarbonate sub-

strates upon exposure to bromine vapor with room-temperature

conductivitiesort ~ 120 S cm™.! The second example is TTF-
[Ni(dmit),], dmit = dithiolethionedithiolate, prepared as thin films
on silicon wafers by electrocrystallizati@rin this second case a
reversible metal—insulator transition at 12 K has been observed.

Figure 1. SEM image of a neutral thin film of Ni(tmdt)(thickness~ 4

There is tremendous interest in circumventing the extrinsic effects 4m) grown on a passivated silicon wafer.

of grain boundaries to exploit the intrinsic physical properties of
the pristine materials when targeting technological applications.
However, the effect of grain boundaries is not always detrimental.

Thin Ni(tmdt), films have been grown on silicon substrate2(
x 1 cn¥) from an acetonitrile solution (40 mL) of (NME[Ni-

In some cases the optical and magnetic properties are essentiallytmdt),] (1.02 mmol %) by the galvanostatic techniqéeThe

preserved.
In this study, we confirm that electrocrystallizatfois the
technique of choice to obtain truly metallic, organic thin films of

dianionic precursor has been prepared as described elseWwhere.
H-type and one-compartment cells have been used with the silicon
wafer as the anode and a platinum wire as the counter electrode.

single- and multicomponent materials, a necessary step toward thethe electrodeposition has been performed in a glovebox, with a

preparation of superconducting filra€vidence of this statement
is provided here with the single-componeméutral molecular
material Ni(tmdt) (Scheme 1) grown on silicon substrates, tmdt

Scheme 1
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= trimethylenetetrathiafulvalenedithiolate. Ni(tmgias the honor
to be the first synthesized single-component molecular metal, at
least down to 0.6 Kd¢rr ~ 400 S cn1!).6 The possibility of
obtaining such metals was predicted by theoretical work on the

~
~

so-called two-band systems by showing that electron transfer couldPoundary effectsygr

be induced internally between two types of bands of the same
component and that transition metal bis(dithiolene) molecules could
lead to single-component molecular mefalfectrical conductivity

in crystalline molecular materials is achieved by electron transfer,
either by charge transfer or by doping, leading to partial filling of
at least one band.
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current density of 2..xA cm~2 at 300 K during 5 days, due to the
high air sensitivity of (NMg)2[Ni(tmdt),].

The polycrystalline morphology of the films is evident from the
SEM image shown in Figure 1. XRD patterns reveal that the
deposits are composed of Ni(tmgtinolecules and that they
crystallize in the same crystallographic phase (triclinic) as single-
crystal Ni(tmdt) (see Supporting Informatios).

Figure 2a shows the electrical behavior of the electrodeposited
material measured with the standard four-probe method. The studied
sample exhibits a clear metallic behavior down to 6 K. Taking into
account the size and shape of the sample, we obtaire 100 S
cm ! ando(6 K) ~ 135 S cml. As expected, because of grain
is clearly lower than the conductivity values
found in single crystals (400 S crhat 300 K). The contraction of
the silicon substrate for decreasing temperatures (thermal expansion
~ 2.6 x 107% K~1) improves the intergrain contacts favoring the
electrical conductivity of the film. However, silicon exhibits a
negative thermal expansion belows0 K, inducing the positive
slope of theo(T) curve in the 75105 K range. Below 75 K, the
band-like metallic behavior of the film dominates over the substrate-
induced semiconducting behavior. A similar effect has been
observed for TTF[Ni(dmit), films.2 Note that, despite the passi-
vation procedure, a thin oxide layer remains on the silicon surface,
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the case of (TMTTRPR; two equally intense components separated
(a) by ~1 eV are observed. The lower (higher)-energy line corresponds
to the neutral (charged) state. Both dynamical configurations
TMTTF® and TMTTF! can be observed with XPS because
photoemission is an intrinsically rapid processlQ~1° s). Analo-
gous S2p spectra have been obtained for TTF-TCNQ single crystals,
with two components separated by ca. 1%€V.
Summarizing, the most intense contribution of Ni(tmdb) the
S2p feature (continuous line) corresponds to molecules in the neutral
state, whereas the less intense one (discontinuous line) corresponds
' ! ' ' to charged species. Surface charging effects can be excluded, since
501 1Eroal il 4501|2007 [|:250|[-300 ) . ) . . .
P, the fll_ms are m_etalllc. Th_e fit does__ rlo_t improve wher_1 using a single
, : : contribution with a DoniachSunji¢ line shapé? which models
S2p - (b) the effect of screening by the conduction electrons of the holes
f\ generated during the photoemission process.
In conclusion, we present here the first example of a thin film
of the single-component neutral molecular metal Ni(tegitgserv-
ing its intrinsic metallic behavior. The versatile and well-known
electrocrystallization technique appears to be the most convenient
technique to prepare metallic films of molecular organic materials.
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Figure 2. (a) Temperature dependence of the electrical conductivity and : ; ; . _
(b) room-temperature XPS spectra (black full dots) of a neutral thin Ni- Suppgrctjlng -Ilnfo][n”;]atllgn ?v:ﬂasb;e. Raman s;f)eﬁ.tru’:l'r?, XFétD pat
(tmdt), film grown on a silicon wafer. The substrate shows a semiconductor €M: @nd details of the fit of the S2p spectrum of thin Ni(tmétns.
behavior withorr &~ 10-3 S cnTl. See Supporting Information for details ~ This material is available free of charge via the Internet at http:/
on the fit in (b). pubs.acs.org.
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