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We report the room-temperature polarized infrared reflectance spectra of two radical cation salts
based on halogenated TTF and two-dimensionaynpatic iodoplumbate or Ag-doped iodoplumbate
anions. These salts wefe(EDT-TTF-I,),(Pbsdl6l2)s and S-(EDT-TTF-15)2(Pbyz1A01/3.200x12)3, Where
x = 0.05 and is a vacancy. Both materials display a metalliqpoese, characteristic of quasi-one-
dimensional organic conductors. TREEDT-TTF-1,)2(Pby31,Ag13.20412)3 salt, withx = 0.05 is partly
transparent along the lowest conductivity direction in the infrared frequency range. The single-crystal
polarized absorption spectrum recorded in this direction displays a number of vibrational features related
to the intramolecular modes of the EDT-TTFrholecule, which are assigned using available normal
mode calculations. In addition, the absorption spectrum offttlEDT-TTF-15)2(Pbyz.4AT1/3.20 04 2)3
material dispersed in a KBr pellet is reported and discussed.
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1. Introduction

The manipulation of weak noncovalent mmlecular interactions for designing
new low-dimensional solids has received @aging attention (see [1, 2] and refer-
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ences herein). Recently, two metallic radical cation salts based on two-dimensional
polymeric iodoplumbate anions and halogenated TTF, naméEDT-TTF-L),
(Pt},/eml/(;lg)g and ﬂ-(EDT-TTF'Iz)z(Pb2/3+xAgl/3.3(|:|X|2)3, where x = 0.05 andO is
a vacancy, have been synthesized (EDT-TJI5-la shortcut for ethylenedithio-1,2
-diiodo-tetrathiafulvalene) [1]. In thes materials, organic—halogen:--inorganic
—halogen (I---1) van der Waals interactitnvedp stabilise the organic—inorganic inter-
face.

Both ﬂ-(EDT-TTF'Iz)z(Pbg,/GDJ_/GI2)3 andﬂ'(EDT'TTF-I2)2(PQ/3+XA91/3.3(|:|XI2)3, with
x = 0.05, have a similar triclinic layered structure with the space gRoll].

A conducting layer parallel to thab-plane is formed by EDT-TTFE-Imolecules,
which are arranged in the well-knowfmotif with loose stacks of one-electron-
oxidized dimers along thie-direction. In the charge compensating inorganigABy,
slab, the edge-sharing octahedra form a polymer of thet@# [1]. Unlike the two-
dimensional electronic wicture typical of thes-(BEDT-TTF)LX family [3], the in-
termolecular interactions within a conductidonor layer are characterized by weak
interchain interactions, accompanied bygndicantly stronger uniform interactions
along the EDT-TTF4 chains. The specific one-dimensional-like electronic band
structure [1] is related to the head-td-tarangement of asymmetric donor molecules
in the stack. In spite of the close similarities betwgdEDT-TTF-L)>(Pbseliel2)s
andf-(EDT-TTF-b)(Phys:xAgus-2dx )3, With x = 0.05, both in their crystal and elec-
tronic structures, there is a significantfeience between their room temperature d.c.
conductivities, which are 2@ cm™ and 1102 "cni?, respectively.

In order to characterize the optical propertieg-GEDT-TTF-I,),(Phbsd]16l2)s and
S-(EDT-TTF-L)(Phy3isAg1sadxl2)s, with x = 0.05, we have measured the room tem-
perature polarized reflectance and absomptipectra of single crystalline samples.
Our overall goal is to investigate the sturet—property relationships in this class of
low-dimensional solids.

2. Experimental

Single crystals of both materials wereepared by the electrochemical method as
described elsewhere [1]. SampleGEDT-TTF-I)x(Phsd116l2)s were square-shaped
shiny platelets with a typical size of about 8.9.2x 0.05 cmi. On the other hand,
S-(EDT-TTF-I)2(PbssxAgusadixl2)z, with x = 0.05, crystallizes in very thin, flat, and
partly transparent brown needles; the tesgof the largest samples used for meas-
urements were about 1.3 mm. Samples were oriented based on the polarized infrared
reflectance spectra and calculated intgoaic energies [1]. Near-normal incidence
polarized reflectance and absorption spectra in the condwaitiptane were meas-
ured using a Perkin-Elmer 1725 X Fourimnsform infrared spectrometer, equipped
with an infrared microscope (650—7000 ¢mesolution 2 cit) and a gold wire grid
polariser. The absorption spectra of the KBr pellets were recorded using a Bruker
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Equinox 55 Fourier-transform infrared spectrometer (400—7008 msolution 2 cr)

and a Perkin Elmer Lambdi® spectrophotometer (5000—40 000 9nOptical con-
ductivity spectra were calculated by the Kramers—Kronig analysis, based on the ex-
trapolation of infrared reflectance to low frequencies with a metallic Hagen—Rubens
equation; standard extrapolatiomsere used for higher frequencies.

3. Results and discussion

Figure 1 shows the reflectance (upper paaed) optical conductivity spectra (lower
panel) Ofﬁ-(EDT-TTF-Iz)z(Pb;/djl/GI2)3 and ﬁ-(EDT-TTF-|2)2(Pb2/3+xAgl/3_3(|:|X|2)3, with
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Fig. 1. Infrared reflectance (a) and optical conductivity (b) spectra of
S-(EDT-TTF-I,)5(Pbsddyel2)s (dotted line) an@-(EDT-TTF-l)2(Phy34Ag1/3204 2)s,
with x = 0.05 (solid line), polarized along thelirection

x = 0.05, polarized in thb-direction. Both materials display similar behaviour, char-
acteristic of one-dimensional organic conductor [4, 5]. Inkiukrection which is
parallel to the stacks of EDT-TTk-molecules, reflectance is high and metallic in
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character, with a plasma edge about 4000".cfihe Lb spectra (not shown) are flat
and generally structureless but influencedrigrference fringes (weakly in the case

of S-(EDT-TTF-L)(Pbsddyelz)s, and very strongly in the case @fEDT-TTF-
15)2(PhyznAgisaiido)s, With X = 0.05), which appear because both materials are par-
tially transparent to infrared light. In tljb optical conductivity spectra (lower panel),
two distinct low-energy electronic bandse observed in the frequency range of
1000-2000 cm. They are possibly related to charge transfer excitations along the
EDT-TTF-I, stack. The Drude peak, which is expected in a metallic material, does not
appear in the two spectra due to the limited frequency range (above 6%0tben
Drude feature can be very narrow for organic conductors [4].
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Fig. 2. Absorption spectrum Gf(EDT-TTF-L,)2(Pby/z5Ad1/3-200x 2) 3
with x = 0.05, polarized along thib direction, in the frequency range of
intramolecular modes; the bands discussed are shown by arrows

The Lb absorption off-(EDT-TTF-L)2(PlysisxAgisadxl2)s, with x = 0.05, meas-
ured in the transmission mode in the fraguerange of the vibrational features, is
displayed in Fig. 2. The spectrum is pidad approximately parallel to the short
EDT-TTF-, axis in the crystal structure. Here, a number of vibrational bands are
shown, and we assign them as intramolecular modes of the EDT; Tidldcule. In
addition, a weak electronic esation is observed about 1300 ¢rranother weak and
very broad electroniband appears about 3000 ¢ninot shown). Due to the low
symmetry off-(EDT-TTF-L),(Phyz.xAg1320 0kl 2)s With x = 0.05, which results from an
asymmetric donor molecule, all intramolemumodes can appear both in Raman and
infrared spectra. Using normal mode calculations, infrared spectra, and Raman spectra
for neutral EDT-TTF-[6], we attribute the 1468 crhfeature as a stretching C=C
mode, whose frequency is downshifted from 1516'dthe Raman mode in neutral
molecule) due to oxidation and also possitd electron-molecular vibration (EMV)
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coupling with low-lying electronic excitatiorig, 8]. In the case of an asymmetric donor
molecule, only weak coupling is expected, basically all intramolecular vibrations are
allowed for coupling In fact, the C=C stretching vibration is barely seen in the infrared
spectra of neutral EDT-TTh-[6], and it is the strongest band in the infrared spectrum
of f-(EDT-TTF-b)x(PhysxAguz.200xl2)3 with x = 0.05. This can serve as a proof that the
band is activated by EMV coupling. Other telaly strong and broad features that are
possibly EMV-activated include the mode at 1283"amlated to C—H wagging, 1253
cm* (C—H wagging), 1014 crh(C—H rocking, C—C stretching), 920 ¢nC—S stretch-
ing, C—I stretching), 867 ct(C—H rocking), 775 cm (C—H rocking, C-S stretching),
and 701 crt (C-S stretching, C—I stretching).
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Fig. 3. Infrared and optical (inset) absorption spectfa@&@DT-TTF-1,),(Pby/zx AQ1/3. 20040 2)3,
with x = 0.05, dispersed in a KBr pellet (unpolarised)

Figure 3 shows the unpolarised absorption spectruni-(@&DT-TTF-L)x(Phyz«
Aduz2{x2)s, With x = 0.05, dispersed in a KBr pellet. We relate most of the bands in the
spectrum to electronic excitations. In th&aned frequency range, we observe features
polarized in both thdb- and_Lb directions. The Aband is probably related to the low-
est energy excitation in thedirection (Fig. 1b), and to théb excitation (the dashed
line in Fig. 2). A very broad Aband is probably connected to both the 2000'cm
excitation polarized in thbe direction (Fig. 1b) and the 3000 chexcitation inLb-
direction. The sequence of higher energy ekoma (the inset in Fig. 3) is somehow
reminiscent of the classification develdpby Torrance et al. for one-dimensional
TCNQ-based compounds (TCNQ - tetracyanoqumetiane) [9]. In this picture, A
and B bands both involve charge trandbetween donor molecules (B excitation

“In the case of the lowest symmet6), all intramolecular modes are of tAeype and can be cou-
pled with the electronic states.
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leads to a double-charged donor molecule, so its energy can serve as a rough estima-
tion of the electron Coulomb interamti U); C and D bands correspond to in-
tramolecular excitations. On the other hand, EDT-TJ KIsubstantially different

than TCNQ, and it is well known that iodoplumbate compounds can have excitations
in the visible frequency range, whichwhere C and D bands are located [10].

4. Conclusions

We investigated the room temperaturegpiaked response of the organic conduc-
tors p-(EDT-TTF-I)x(Phydlielz)s and B-(EDT-TTF-b)o(PhysuAdisadilz)s,  with
x = 0.05, in the infrared frequency range. These materials exhibit similar one-
dimensional metallic behaviour, as exmecfrom electronic band structure calcula-
tions [1]. In the vibrational frequencynge, signatures of EMV coupling are found.
The strongest bands, arising from intramolacwhodes, are assigned. Further studies
are on the way to give more information oe ttomplicated picture of charge transfer
excitations and EMV coupling in both materials.
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