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New conducting radical cation salts (EDT�TTF)3Hg2Br6, (TMET)5Hg(SCN)4–xIx
(x ≈ 0.35), and (EDT�TTF)3Hg(SCN)3I0.5(PhCl)0.5 were synthesized. Their conductivities,
ESR and polarized reflectance spectra were studied. It was shown that the organic conductors
with differently oriented conducting layers (EDT�TTF)3Hg2Br6 and (TMET)5Hg(SCN)4–xIx
(x ≈ 0.35) are characterized by the quasi�one�dimensional character of electron motion. The
conductivity along and across conducting layers has a semiconductive character. It was estab�
lished by ESR and polarized reflectance spectroscopy that the properties of such conductors are
a superposition of the properties of individual conducting layers.
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Molecular conductors based on radical cation salts are
widely investigated in recent decades. On cooling, many
of these compounds exhibit metallic properties and un�
dergo phase transitions into the superconducting or di�
electric state.1,2 Their structures and properties strongly
depend on counterions that determine the character of the
radical cation salts. The mercury�containing anions with
the halogen, thiocyanate, and mixed�type ligands with
diverse compositions and structures are used as counter�
ions. A whole class of low�dimensional molecular con�
ductors based on the radical cation salts with the mercury�
containing metal complexes as anions has arisen.3,4

The radical cation salts with the thiocyanatomercu�
rate anions with the composition (ET)xMHg(SCN)4 (ET is
bis(ethylenedithio)tetrathiafulvalene, M is a monovalent
cation), depending on the nature of the cation M, are
characterized by a wide
range of electroconducting
properties, from semicon�
ducting to superconducting
ones (see Ref. 4 and refer�
ences cited therein). The crystals of molecular conductors
with the mixed halogenothiocyanatomercurate anions

(ET)2Hg(SCN)3–nXn (X = F, Cl, Br, I) undergo the phase
transitions of the type metal—insulator upon lowering
of temperature.3 Among the radical cation salts with the
halogenomercurate anions, there are superconductors
(ET)4Hg2.89Br8 (see Refs 3, 5), (ET)4Hg2.78Cl8 (see Ref. 3),
(BETS)4Hg2.84Br8 (see Ref. 6), and (EDT�TTF)4(Hg3I8)1–x
(see Ref. 7) and conductors remaining the metallic state
in a wide temperature range,8,9 as well as conductors man�
ifesting the transition metal—insulator3,10—12 (BETS
is bis(ethylenedithio)tetraselenafulvalene, EDT�TTF is
ethylenedithiotetrathiafulvalene).

In general, layered conductors based on radical cation
salts are built of conducting layers with identical orienta�
tions of stacks of the radical cations. However, among the
radical cation salts with the stacked structure of the con�
ducting layer, several compounds are known, for which
the orientations of stacks in the adjacent conducting
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layers are different: these are the superconductors
β″�(ET)4(H3O)M(C2O4)3(PhCN)13, the semiconductor
(TMTSF)3[Y(NO3)5]2(PhCl)14 (TMTSF is tetramethyl�
tetraselenafulvalene, Y is ittrium), the organic metals
(BETS)4MBr4(PhX)15,16, and the conductors with the
composition α�β″�(ET)4NH4M(C2O4)3(Solv)17 (Solv is
PhNMeCHO, PhCH2CN, PhCOMe) and β´�θ�(ET)2�
[C(SO2CF3)3] characterizing by the transition metal—in�
sulator at 150—180 K.18 In the latter case, the stacks
from the adjacent layers differ in both the orientation and
structure.

The preparation and investigation of new electrocon�
ducting radical cation salts with differently oriented con�
ducting layers that are characterized by reduced dimen�
sionality of the electron system are important for discov�
ery of new physical properties and more in�depth study of
the nature of electronic phenomena in organic conduc�
tors. In addition, the layered crystals with different struc�
tures and/or different orientations of conducting layers
can serve as nanocomposites consisting of the layers with
somewhat different properties. It is important to establish
whether the properties of such a system is a superposition
of properties of individual layers or a new ground state
arises.4 In the present work, we considered the relationship
between the properties and structures of the layered orga�
nic conductors (EDT�TTF)3Hg2Br6, (TMBEDT�TTF)5�
Hg(SCN)4–xIx, and (EDT�TTF)3Hg(SCN)3I0.5(PhCl)0.5.

Results and Discussion

Based on the electron�donating molecules of ethyl�
enedithiotetrathiafulvalene3 and bis(dimethylethylene�
dithio)tetrathiafulvalene (TMBEDT�TTF), we synthe�
sized new radical cation salts (EDT�TTF)3Hg2Br6 (1) and
(TMBEDT�TTF)5Hg(SCN)4–xIx (x ≈ 0.35) (2) with dif�
frent stacking directions in the adjacent conducting layers
and studied their electroconductivities, ESR and polar�
ized reflectance spectra. For comparison, compound
(EDT�TTF)3Hg(SCN)3I0.5(PhCl)0.5 (3) with identical
stack orientations in the conducting layers was synthesized.
In the presently known salts EDT�TTF and TMBEDT�
TTF, the adjacent conducting layers are built of unidirec�
tional stacks.19,20

Salts 1—3 were prepared by electrochemical oxida�
tion of the corresponding tetrathiafulvalene (EDT�TTF
or TMBEDT�TTF) in the presence of tetrabutylam�
moniummercury(II)  salts {Bu4NHgBr3 + HgBr2} or
[Bu4N]CsHg(SCN)3.5I0.5. In the presence of the tri�
bromomercurate(II) anion, EDT�TTF forms a salt with

another stoichiometric composition, viz., (EDT�TTF)2�
HgBr3, along with salt 1. Upon increase in the
HgBr2 : Bu4NHgBr3 ratio in the supporting electrolyte
from 5 : 1 to 50 : 1, the composition of electrocrystalliza�
tion products was not changed. Electrochemical oxida�
tion of EDT�TTF and TMBEDT�TTF in the presence of
[Bu4N]CsHg(SCN)3.5I0.5 affords the salts only with the
mixed iodothiocyanatomercurate(II) anions. All com�
pounds were obtained as single crystals with the β�type
packing of conducting layers, i.e., they are composed of
the stacks of one type.21 According to the data from X�ray
diffraction,22 the angle between the stack orientations of
the adjacent conducting layers is 79—80° for crystals of 1
and 73—76° for crystals of 2. In the single crystal of 3, the
stack orientations for all conducting layers are identical.22

The availability of single crystals allowed us to study the
longitudinal and cross conductivities, the ESR and polar�
ized reflectance spectra.

The conductivities of the crystals of 2 in the shape of
elongated hexagonal plates with dimensions of 2×1.2×0.1 mm
were studied for two directions (σ||1 and σ||2) in the plane of
the plate (hereinafter referred to as the conducting plane)
and perpendicular (σ⊥) to this plane. For the crystals
of 1 and 3 having smaller dimensions, σ||1 and σ⊥ were
studied. Table 1 shows the room�temperature conduc�
tivities of compounds under study, as well as the ratio
of conductivities along and across the conducting layers,
which characterizes crystal anisotropy. As a comparison,
the data20 on the conductivity anisotropy of compound
(TMBEDT�TTF)3(ClO4)2 are given. It follows from the
data of Table 1 that the conductivity in the plane of the
plate for the crystal of 2 with differently oriented conduct�
ing layers is almost isotropic (σ||1 : σ||2 = 3), while the con�
ductivity in the layer for the crystals of (TMBEDT�
TTF)3(ClO4)2 with identical stack orientations in the con�
ducting layers20 is significantly anisotropic (σ||1 : σ||2 = 300).

Upon reduction of the temperature, the conductivity
along layers in the crystals of 1, 2, and 3 has a semicon�

Table 1. The room�temperature conductivity and anisotro�
py of conductivity of the crystals of 1—3 and (TMBEDT�
TTF)

3
(ClO

4
)

2
*

Crystal σ||1 σ||2 σ⊥ σ||1 : σ||2 : σ⊥

/S cm–1

1 6 — 2•10–2 0300 : 1
2 2 0.6 2•10–3 1000 : 300 : 1
3 80 — 2•10–2 4000 : 1
(TMBEDT� — — — 1000 : 3 : 120

   TTF)3(ClO4)2

* σ
||1

 and σ
||2

 are conductivities of crystals for two orienta�
tions in the plane parallel to the crystal plane; σ⊥ is a con�
ductivity in the derection perpendicular to the crystal plane;
σ

||1
: σ

||2
: σ⊥ is anisotropy of conductivity.
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ductive character with the activation energies (Ea) of about
0.09, 0.05, and 0.01 eV, respectively. The electron state of
salts 2 and 3 in the temperature range of ~230—200 K and
170—160 K changes into the semiconductive state with
higher activation energies of ~0.24 and ~0.025 eV, respec�
tively. Upon lowering of the temperature from 200 to 70 K,
the activation energy in salt 1 decreases ca. ninefold and,
at the temperature less than 70 K, Ea becomes constant
and is ~0.01 eV.

Thus, all compounds under study exhibit the semicon�
ductive character of temperature dependence of conduc�
tivity with variable activation energies. The study of the
conductivity of salt 2 in the conducting plane suggests that
the character of the electron system is close to isotropic in
two orientations.

ESR spectroscopy allows one to obtain information on
the crystal packing and electronic structure of organic con�
ductors based on radical cation salts, as well as on struc�
tural phase transformations occuring upon the tempera�
ture change. The analysis of experimental data reported in
Ref. 1 showed that the ESR linewidth (ΔHpp) of the radi�
cal cation salts based on ET is a characteristic parameter,
which is related to the structural packing of radical cations
in the layer. This allows one to suggest the packing motif
of radical cations in the conducting layer according to the
ESR linewidth and to use the parameter ΔHpp for identifi�
cation of various crystalline phases of the radical cation
salts based on ET.1

Depending on the sample orientation, the room�tem�
perature ESR spectra of all compounds under study had
the Lorentz� or Dyson�type shape. If the microwave
electric field was parallel to the conducting plane of
the crystal, the Dyson line appears due to the formation
of the skin layer and nonuniform distribution of electric
and magnetic fields throughout the sample bulk.23,24

At room temperature, the ratio of the low�field portion of
the Dyson line to the high�field one (А/В) is 1.5, 1.86,
and 1.3 for salts 1, 2, and 3, respectively. The Dyson�
type line shape evidences high conductivity in radical
cation salts.

According to the X�ray diffraction data,22 all salts un�
der study have the β�type packing of the cationic layer.
However, depending on the crystal orientation in the res�
onator cavity, the ESR linewidths (ΔHpp) of the com�
pounds under study are 6—7.5 G for 1 and 7—8.5 G for 2
and 3, which is ca. twofold smaller than in the quasi�two�
dimensional ET salts with the β�type packing. Such values
of ΔHpp are typical of the quasi�one�dimensional salts
based on tetrathiafulvalene.23 As a comparison, in the qua�
si�two�dimensional organic metal with the composition
β�(EDT�TTF)4(Hg3I8)1–x (see Ref. 7), the linewidth is
~20—22 G, which is typical of the β�type salts. Thus, the
narrow ESR lines of the studied compounds together with
the sufficiently high conductivity suggest the quasi�one�
dimensional character of electron motion.

We studied the dependences of the g�factor and ΔHpp
of compounds 1 and 2 (Fig. 1) on crystal orientation in the
magnetic field. The character of such dependences is si�
nusoidal and, for the g�factor, is determined by the change
in the g�tensor of crystal, which can be expressed in the
molecular system of coordinates by the equation

g2 = Σgij
2(cosi•cosj),

where gij are the anisotropic components of the g�tensor
and сosi and cosj are the directional cosines relative to the
molecular axes i and j. The linewidths of the organic con�
ductors and the g�factor are interrelated by the Elliot for�
mula and change in parallel upon rotation of a crystal in
the magnetic field. However, for the crystals of 1 and 2
whose feature is different stack orientation in the adjacent
conducting layers, an unusual character of the angular
dependence of ΔHpp at such sample orientation when the
rotation axis of the crystal coincident with the microwave
field direction H1 is perpendicular to the conducting layer
and the constant magnetic field H0 is parallel to the con�
ducting plane (Fig. 1, c, d) was found. The maxima
of ΔHpp appear upon rotation of the crystal by ~90°,
while the g�factor changes upon rotation by 180°. Proba�
bly, this is associated with overlapping of the signals
for the adjacent differently oriented conducting layers,
the Elliot formula being not valid for the crystals of 1
and 2. In the quasi�two�dimensional organic metal
β″�(ET)4(NH4)Cr(C2O4)3(DMF) having also different
stack orientations in the adjacent layers (the angle of ~70°),
the iteration of maxima typical of radical cation salts was
observed after rotation by 180° with ΔHpp changing lit�
tle (within 27—30 G).24 However, in the structure of
β″�(ET)4(NH4)Cr(C2O4)3(DMF), the ET+• planes from
the adjacent layers are almost parallel whereas, in 1 and 2,
the planes of radical cations from the adjacent layers are
almost perpendicular.

The temperature dependences of ΔHpp and spin sus�
ceptibilities (χ) of compounds 1, 2, and 3 in the range of
140—293 K are shown in Fig. 2. In all compounds, ΔHpp
decreases with reduction of the temperature, however,
for 1, ΔHpp begins to increase at the temperature be�
low 160 K. The spin susceptibility (χ) of this compound
remains almost constant upon reduction of the tempe�
rature to 160 K and then begins to increase, which proba�
bly evidences the appearance of the localized electrons
in the conducting radical cation layer. In contrast to
salt 1, salt 2 shows the temperature behavior of spin sus�
ceptibility typical of the Heisenberg homogeneous anti�
ferromagnetic chain1 and described by the Bonner—Fis�
cher model. In the case of compound 3 with identical
stack orienations in the layers, a qualitative change in
the temperature dependence of the parameter χ occurs at
210—220 K, which indicates the transition from the acti�
vation susceptibility to the Curie�type dependence typical
of the localized spins.
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Fig. 1. The dependence of the g�factor (a, c) and ESR linewidth (ΔHpp) (b, d) of the crystals of 1 (а, b) and 2 (c, d) on the rotaion
angle of the crystal in the magnetic field upon horizontal setting of the crystal.

Fig. 2. The temperature dependence of the ESR linewidth (a, c, e) and relative spin susceptibility (b, d, f) of the crystals of 1 (a, b),
2 (c, d), and 3 (e, f).
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Thus, the results of the investigation of the ESR spec�
tra suggest different character of the electronic spin inter�
actions in the conducting layers of these compounds and
the structural reorganizations that occur in compounds 1
and 3 upon lowering of the temperature and result in the
states with the localized spins.

For the electroconducting organic radical ion salts,
the relevant information on the state of electronic system
can be retrieved from the polarized reflectance spectra. In
these spectra, high reflectance in the low�frequency re�
gion with the plasma edge of reflectance typical of metals
and the effects associated with the interaction of intramo�
lecular vibrations with the conductivity electrons are ob�
served.25—27 We studied the polarized reflectance spectra
of the crystals of salts 1, 2, and 3 in the frequency range of
700—6500 cm–1 for two orientations in the crystal plane
parallel to the conducting layers.

Figure 3 shows the polarized reflectance spectra of the
crystal of 1 at 300 and 8 K. The reflectance spectra were
measured in the polarizations wherein the electric vector
of the optical wave E is parallel (E||) and perpendicular
(E⊥) to the main diagonal of the rhombic plate. This means
that E is parallel to the stack orientations in the adjacent
conducting layers (the angle between the stacks is 79—80°).
At 300 K, in both incident light polarizations, high elec�
tronic reflectance (up to 0.7) with the pronounced plasma

edge near 5000—5500 cm–1 and an intense vibrational
structure of the spectrum in the region of 1000—1500 cm–1

caused by electron�vibrational interaction (EVI) are ob�
served. In the optical conductivity spectra, the broad elec�
tronic band with the maximum at 1300 cm–1 (0.16 eV)
caused by the intraband electron transition is complicated
by the deep notch at 1350 cm–1 associated with EVI. The
intraband transition corresponds to the charge�transfer
process (EDT�TTF)0 + (EDT�TTF)+ → (EDT�TTF)+ +
+ (EDT�TTF)0. The position of electronic bands, the ab�
sence of anisotropy, and sufficiently high optical conduc�
tivity (more than 700 S cm–1 at 700 cm–1) suggest the
isotropic character of the electronic system of this com�
pound in two orientations, which is caused by overlapping
of the optical responses of the quasi�one�dimensional
stacks in the adjacent layers, since, according to the X�ray
diffraction data, the stack orientations in the adjacent con�
ducting layers are virtually orthogonal. At 8 K, the reflec�
tance of crystal 1 in the region of 700—1500 cm–1 is sig�
nificantly lower (R ≈ 0.5) and there was a change in the
character and intensity of the vibrational structure in both
polarizations. The optical conductivity spectra at 8 K have
the pattern typical of semiconductors. The observable
shifts of electronic maxima from 1300 cm–1 (0.16 eV) to
2430 cm–1 (0.3 eV) for the orientation along acute angle
bisectrix of the rhombic plate and to 1790 cm–1 (0.22 eV)

Fig. 3. The reflectance (а, c) and optical conductivity (b, d) spectra of the crystals of 1 in the polarizations perpendicular (1) and
parallel (2) to the long crystal axis at 300 (а, b) and 8 K (c, d).
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for the orthogonal orientation evidence the increase in the
intraband electron transition energy, which may be due to
possible structural reorganizations within the radical cat�
ion clusters. The term "cluster" (see Ref. 28) means the
packing of n radical cations into "n�mers", the overlap
integrals of the wave functions outside and inside "n�mer"
being different. The ESR spectral data indicate probable
structural changes in the radical cation layers. The vibra�
tional features in the optical conductivity at 8 K appear as
narrow intense bands on the frequencies corresponding to
the vibrations of the EDT�TTF molecule (intense lines on
the frequencies of 1324, 1424, 1289 cm–1 and less intense
lines on the frequencies of 1224, 1186, 1094, 882, 749,
695, and 665 cm–1). The different positions of the elec�
tronic maxima for two polarizations suggest the differenc�
es in the electronic structure of the adjacent conducting
layers in the crystal of 1 at 8 K.

Figure 4 shows the polarized reflectance spectra of the
crystal of 3 at 300 and 8 K measured in two orientations:
parallel (Е||) and perpendicular (Е⊥) to the long axis of the
platelike crystal. It is seen from Fig. 4 that the reflectance
spectra have the patterns typical of the quasi�one�dimen�
sional conducting crystals: the reflectance in the polariza�
tion E|| is about R ≈ 0.4 in the wide spectral region from
700 to 4000 cm–1 and the fuzzy plasma edge having the
minimum in the region of 7500—8000 cm–1 is observed

upon increase in the frequency. The strong vibrational
feature positioned on the frequency of 1350 cm–1 is caused
by the electron�vibrational interaction of the quasi�one�
dimensional electronic system with the intramolecular vi�
brations of the fragments EDT�TTF in the stacks. The
reflectance in the polarization E⊥ is weak (R ≈ 0.18—0.2)
and slightly changes with the change in the light frequency.
The optical conductivity spectrum calculated from the
Kramers—Kronig relations has the pattern typical of semi�
conductive compounds in the polarization E||: the elec�
tronic band with the maximum at 3000 cm–1 (0.37 eV)
and the half width of 2950 cm–1, the low�frequency wing of
which has the peak at 1319 cm–1. Upon reduction of the tem�
perature, the maximum of the electronic band for the
orientation E|| in the optical conductivity spectrum is shifted
to 1800 cm–1 (0.22 eV) and noticeably shrinked to 670 cm–1.
These changes in the optical conductivity spectra seems to be
associated with the increase in the number of radical cations
comprising the clusters. The vibrational feature at 8 K has
the shape of a "hook" with the maximum at 1305 cm–1

and satellites at 1290 and 1430 cm–1. In the polarization
E⊥, the reflectance and optical conductivity spectra change
slightly upon reduction of the temperature. Thus, the anal�
ysis of the optical properties shows that, at 300 and 8 K,
the crystals of 3 are characterized by the quasi�one�di�
mensional electronic structure of conducting layers.

Fig. 4. The reflectance (а, c) and optical conductivity (b, d) spectra of the crystals of 3 in the polarizations parallel (1) and
perpendicular (2) to the long crystal axis at 300 (а, b) and 8 K (c, d).
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The polarized reflectance spectra of the crystal of 2 at
300 and 5 K are shown in Fig. 5. The reflectance spectra
are measured in the polarizations at where the electric
vector of the light wave E is parallel (Е||) and perpendicu�
lar (Е⊥) to the long axis of the platelike crystal, which
approximately coincides with the stack orientations of
TMBEDT�TTF in the adjacent layers. At 300 K, the spec�
tra of salt 2 display the electronic reflectance (R ≈ 0.5 for
E|| and R ≈ 0.4 for Е⊥ at low frequencies) with the intense
vibrational structure in the region of 1500 cm–1, which is
smaller as compared with compound 1. In contrast to 1,
the crystal of 2 shows weak anisotropy at 300 K (which
agrees well with the conductivity anisotropy of this salt):
the spectra for two main orientations E|| and E⊥ in the
crystal plane parallel to the conducting layers somewhat
differs in the intensity, the positions of both reflectance
maxima and minima in the spectra being close. The
plasma edge at 4000 cm–1 is well defined for the orien�
tation Е|| in the crystal, whereas the reflectance edge for
another orientation, viz., Е⊥, is poorly defined. In the low�
frequency region, the growth and relatively high reflec�
tance remain in both polarizations. The optical conduc�
tivity spectra at 300 K are characterized by a weak anisot�
ropy in the conducting plane (the maximum optical con�
ductivity along Е|| reachs the value of 300 S cm–1 com�
pared to 200 S cm–1 in the orientation Е⊥). The vibration�

al feature is characterized by the deep notch at 1500 cm–1

(0.186 eV) being approximately in the maximum of intra�
band electron transition. In our opinion, the reason for the
weak anisotropy of the reflectance spectra of compound 2
having the one�dimensional stacks of the TMBEDT�TTF
radical cations in the layer is overlapping of the optical
response of the alternating quasi�one�dimensional layers
with the orthogonal stack orientations as in the case of the
crystal of 1. At 5 K, the reflectance spectra of salt 2 display
decrease in the reflectance in the low�frequency region (to
R ≈ 0.25 in both polarizations) and the spectra become
more isotropic for the orientations E|| and E⊥. The optical
conductivity spectra calculated for the reflectance spectra
at Т = 5 K acquire the form typical of dielectric: the gap
forms in the low�frequency region of the spectrum of
electronic states, the electronic maximum is shifted to
2200 cm–1 (0.27 eV) at 5 K compared to 1500 cm–1

(0.186 eV) at 300 K, and the electronic�vibration feature
acquires the form of the peak on the flank of electronic
line at 1410 cm–1 with the satellites on the frequencies of
1435 and 1442 cm–1. The above�mentioned changes in
the optical conductivity spectrum of the crystal of 2 upon
reduction of temperature correlate well with the changes
in the corresponding spectra of the crystal of 1 and are
caused by structural reorganization in the clusters of the
corresponding cations. At 5 K, the reflectance and optical

Fig. 5. The reflectrance (a, c) and optical conductivity (b, d) spectra of the crystals of 2 in the polarizations parallel (1) and
perpendicular (2) to the long crystal axis at 300 (а, b) and 5 K (c, d).
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conductivity spectra become isotropic for two orientations
in the plane of conducting layers.

Thus, in the present work, we synthesized new organic
conductors based on the electron�donating compounds
TMBEDT�TTF and EDT�TTF with the composition
(EDT�TTF)3Hg2Br6, (TMBEDT�TTF)5Hg(SCN)4–xIx
(x ≈ 0.35), and (EDT�TTF)3Hg(SCN)3I0.5(PhCl)0.5.
It follows from the analysis of the linewidths of the ESR
spectra that the character of electron motion is quasi�one�
dimensional in both crystals with identical orientation of
conducting layers and the crystals with differently orient�
ed layers. As it follows from the polarized reflectance spec�
tra, the crystals with identical orientation of conducting
layers are quasi�one�dimensional conductors and, in the
case of the crystals with differently oriented layers, the
conductivity is close to isotropic in two directions of the
conducting plane. The electrical conductivity of compound
(TMBEDT�TTF)5Hg(SCN)4–xIx with differently orient�
ed conducting layers has almost isotropic character in two
directions of the conducting plane. The crystals with
identical orientation of conducting layers are character�
ized with a higher (by one order of magnitude) conductiv�
ity. The cumulative results allow one to conclude that the
properties of organic conductors with differently oriented
conducting layers and the quasi�one�dimensional charac�
ter of electron motion are determined by superposition of
the properties of individual layers.

Experimental

Electron probe microanalysis (EPMA). The compositions of
the crystals of radical cation salts were established by EPMA
with application of a CamScan MV 2300 electron microscope
equipped with an energy�dispersive X�ray spectrometer with
a semiconducting Si(Li) detector using the INCA Energy 200
software program at a thousandfold magnification and electron�
beam energy of 20 keV. The depth of beam penetration into
the sample was 1—3 μ. The crystals of reference compound
(ET)4Hg2Br6(PhCl) were prepared according to a known pro�
cedure.29

Conductivities of single crystals were measured by the stan�
dard four�probe method at direct current (10 μA) on an auto�
mated device upon reduction of the temperature from 293 K to
20, 100, and 5 K for 1, 2, and 3, respectively. Gold contacts
(diameter 10 μm) were glued to the crystal using a graphite paste.

Optical properties of crystals were studied on a FT�IR Per�
kin—Elmer 1725X spectrometer equipped with an infrared mi�
croscope having an effective diameter of light ray of 100 μm
and a flowing helium cryostat (Oxford Instruments). Polarized
reflectance spectra in the frequency range of 650—7000 cm–1

were studied at room temperature at 8 K (salt 1 and 3) and 5 K
(salt 2) from different sites of one or more crystals. Optical
conductivity spectra were calculated from reflectance spectra using
the Kramers—Kronig transformation on the assumption that
the reflection index on the low frequencies behaves like that for
semiconducting compounds at 300 K and by the standard extra�
polation at high frequencies.30 The reflectance spectra at 8 K
in the low�frequency region were represented by a constant.

ESR spectra were measured using a RADIOPAN SE/X�2547
spectrometer with the modulation frequency of 100 kHz and
the microwave power of 100 mW, which was equipped with
Radiopan TC�660 and RR�221 cooling systems. The tempera�
ture was changed in the range of 300—90 K. The temperature
dependences of the ESR linewidth (ΔHpp) and spin susceptibil�
ity (χ) were measured at the vertical crystal orientation in
a resonator (the long axis and planar surface of a crystal are
arranged perpendicularly to the static magnetic field H0).
At such crystal orientation, the power absorption in the skin
layer have no effect on the pattern of ESR spectrum.

Ethylenedithiotetrathiafulvalene (EDT�TTF) was synthe�
sized by a known procedure.31 Bis(dimethylethylenedithio)�
tetrathiafulvalene (TMBEDT�TTF) was prepared by the pre�
viously described procedure.20

The salt (EDT�TTF)3Hg2Br6 (1) was prepared by electro�
chemical oxidation of EDT�TTF (8.8 mg, 0.03 mmol) in freshly
distilled THF (11 mL) in the galvanostatic regime (I = 0.5 μA)
at 18 °С. A mixture of Bu4NHgBr3 (6.8 mg, 0.01 mmol) and
HgBr2 (18 mg, 0.05 mmol) was used as a supporting electrolyte.
The crystals of two phases, viz., the orthorhombic plates and
thickened needles, formed simultaneously on a platinum anode
for 15—18 days. According to the EPMA data, the S : Hg : Br
atomic ratio is 9 : 1 : 3 for the plates, which corresponds to the
formula (EDT�TTF)3Hg2Br6, and 6 : 1 : 3 for needles, which
corresponds to the stoichiometric formula (EDT�TTF)2HgBr3.

The salt (TMBEDT�TTF)5Hg(SCN)4–xIx (x ≈≈≈≈≈ 0.35) (2) was
prepared by electrochemical oxidation of TMBEDT�TTF
(13.2 mg, 0.03 mmol) in a 10% solution of EtOH in PhCl
(11 mL) in the galvanostatic mode (I = 0.2 μA) at –15 °С.
A mixture of [Bu4N]CsHg(SCN)3.5I0.5 (34 mg, 0.04 mmol) and
dibenzo�18�crown�6 (14.4 mg, 0.04 mmol) was used as a sup�
porting electrolyte. The crystals in the form of elongated hex�
agonal plates was prepared for two weeks. According to the EPMA
data, the S : Hg : I atomic ratio is 44 : 1 : (0.3—0.4), which
corresponds to the formula (TMBEDT�TTF)5Hg(SCN)4–xIx
(x ≈ 0.35).

The salt (EDT�TTF)3Hg(SCN)3I0.5(PhCl)0.5 (3) was pre�
pared by electrochemical oxidation of EDT�TTF (8.8 mg,
0.03 mmol) in a 10% solution of EtOH in PhCl (9 mL) in the
galvanostatic mode (I = 0.35 μA) at 15 °С. A mixture of
[Bu4N]CsHg(SCN)3.5I0.5 (33 mg, 0.04 mmol) and dibenzo�18�
crown�6 (14.4 mg, 0.04 mmol) was used as a supporting elec�
trolyte. The crystals was obtained after two weeks. Accord�
ing to the EPMA data, the S : Hg : I : Cl atomic ratio is
20 : 1 :0.5 : 0.5, which corresponds to the formula (EDT�
TTF)3Hg(SCN)3I0.5(PhCl)0.5.
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