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Highly conducting or ganic composites obtained by
chargetransfer reaction in the solid state
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In this paper, we shortly present and discuss structural, electrical and spectral properties of organic
composites with the general formulae (BEDT-TJK)and (BEDO-TTFYA, where A denotes an elec-
tron-acceptor species such as iodine, Aul, orsAllectron transfer between large conducting grains
restricts electrical conductivity of the composites; the most probable mechanism being fluctuation
-induced tunnelling conduction. Extensive spectral ptoggenf organic composites are presented. It is
shown that spectral studies can provide specific information about charge localization, electron-electron
and electron-molecular vibration interactions, and about changes in the properties of highly conducting
organic composites with ageing or annealing.
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1. Introduction

Charge transfer (CT) corgxes with the tetrathiafulvalene (TTF) organic donor
or its derivatives possess very interesting physical properties such as high anisotropy
and two-dimensional metal-like electron tsgort; some of them also show supercon-
ductivity and charge or spin ordering. However, these materials usually crystallize in
the form of tiny and brittle crystals, which are difficult to handle and utilize. One of
the possibilities of obtaining organic materiala form convenient for applications
and with good physical properties is poepare conducting organic composites di-
rectly in the solid state. As was shownBnrau and Farges [1, 2], charge-transfer reac-
tions between suitable electron donor and accapoieties occur ithe solid state in
the course of grinding them togeth&uch a mechano-chemical method has been
employed for the preparation of hightynducting composites of tetrathiafulvalene
(TTF), bis(ethylenedithio)tetrathiafualene (BEDT-TTF), andbis(ethylenedioxy)-
tetrathiafulvalene (BEDO-TTF) [3-5], witkarious electron acceptors, e.g. iodine,
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Aul, Auls;, and AuBg. The main advantage of this method is an unlimited size and
shape of the composite samples. Physical properties of such composites roughly re-
semble the properties of their crystadlimnalogues obtained by traditional ways.
Grains forming the composite sample, hoamrvare anisotropic and exhibit all the
properties typical of single crystals. Wevhaalready widely exploited the method of
Brau and Farges [1, 2], and somepaf observations will be reviewed here.

2. Organic composites — prepar ation and structural properties

One of the methods of premtion of organic composites is to produce the conduc-
tive material by a CT reaction, which occuisectly in the solid state between or-
ganic electron donor and accepfmrent substances. The reaction is evidenced by
a significant darkening of the mixture gpared quite simply by crushing both donor
and acceptor in an agate mortar. An appetermolar proportion of substrates is
ground for a defined time, then compacted and annealed (for details see [2—6]).

The morphology of the composites depends on their composition, and on the con-
ditions of the synthesis and annealinggedure [7]. Usually, the morphology of the
composite resembles the texture of a sponge. It has been suggested from X-ray dif-
fractograms and Raman spectra that the composites are built mainly of grains, whose
composition corresponds to the stoichiometry of the corresponding crystalline com-
plexes, e.g. (BEDT-TTkl, (BEDT-TTF)Aul,, or (BEDO-TTF)I; [8]. The conduct-
ing grains are separated by amorphoustenaf various composition and electrical
properties; in some cases, neutral grainsiefallic gold also occur. This composition
has been confirmed and described in detail by SEM imaging and energy dispersive X-
ray analysis (EDX) [7, 9, 10]. From tif#EM and EDX investigations, it was also
stated that annealing the composite le@mdthe development and completion of the
CT reaction, as well as to chemicathange between components [5, 7, 9, 10].

3. Electrical transport properties—basic remarks

The electrical properties of BEDT-TTF- and BEDO-TTF-based composites have
been recently reviewed [5, 11]; this is wthe discussion of transport properties in
this presentation will be limited to the most important problems.

BEDT-TTF-based composites exhibit a edyi of electrical properties depending
on their preparation condition$,[11, 12]. Samples of (BEDT-TTH) wherex de-
fines the molar proportions of solid doremd acceptor, show semiconducting behav-
iour before annealing. Appropriate thetrtraatment, however, changes these proper-
ties from metal-like at high temperatures and semiconductor-like at low temperatures
to metal-like behaviour over the entire temperature range (for properly annealed sam-
ples). Composites obtained byinding BEDT-TTF withgold iodides (Aul or Au)
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present similar properties, although in th&se it is more difficult to obtain samples
that display metallic conductivity in the whole temperature range [12].

The transport properties of BEDO-TTF-texd composites are completely differ-
ent. The electrical conductivity of these materials reacheschs'Sit room tempera-
ture (RT) and is even higher when theperature is lowered [4]. The prominent fea-
ture of (BEDO-TTFYI composites is their metal-like behaviour observed down to
about 150 K for non-annealed samples (FigQl) the other hand, ageing and anneal-
ing of BEDO-TTF composites causes the dégtion of their transport properties.
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Fig. 1. Temperature dependence of the d.c. conductivity of: fresh (a) and 2-month (b)

samples of (BEDO-TTk)/I composite, a sample of (BEDO-TTR)
before (c) and after (d) annealir@plid lines are fitsvith Eq. (1)

For the production of composites with dedimdectrical properties, it is very im-
portant to understand what mechanisms aspamesible for temperature variations of
the conductivity and to identify factors inéincing electrical properties of the com-
posites. Two mechanisms seem to be the most probable reasons for the semiconduct-
ing behaviour of hon-annealed composite samples: charge carrier localization due to
material defects and intergrain effects (poontacts between grains). SEM investiga-
tions have shown that in BEDT-TTF-lems composites during annealing both grain
recrystallization and contact improvement between them take place. The first process
can lead to a defect reduction and electietocalization in grains, while the second
improves the electrical transport betweee tjtains. The crossover in annealed sam-
ples to semiconducting behaviour at low temgiures points out @ one or both of
the processes mentioned previously aresupipressed enough for metallic properties
to be achieved at all temperatures.

From an analysis of the experimental ddt3] it appears that fluctuation-induced
tunnelling of the electrons (FIT) betweeraimis is the most probable mechanism of
composite conductivity at low temperaturdst]l Thermal fluctuations give rise to
a decrease in intergrain rsginces with increasing teemature, and the conductivity
showsT* behaviour typical of the contribution of metallic intragrain conductivity. To
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fit experimental data at all temperaturese can introduce the simplest model of the
composite as a system of arrays with various resistances; one resistance represents the
contribution of intergrain junctions and ahet one represents the grains themselves.

In this case, the temperature dependence of composite conductivity can be approxi-
mated with the formula

-1
— Tl o
o(T) {Bexp[T+Toj+CT } )
whereB andC are geometrical factors dependingtba fraction of the sample length

and cross-section area which correspond to the intergrain regions and conducting
grains, respectively; the parametd@gsand T, depend on the properties of contacts
between grains [15]. The above equation tanfitted to experimental values of
electrical conductivity. A good agreement betwexperimental data and fits allows

one to suggest that the annealing of posites makes the influence of electron local-
ization negligible and inhibits (but does rediminate entirely) the undesirable effect

of intergrain tunnelling. Using relations betwe®&y T;, and the contact parameters
(contact width, area, and barrier heighty], one can find out, for example, how con-
tact characteristics change wi) annealing conditions, grinding time, and other
composite preparation parameters. This information is required to understand the
processes of composite formation.
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Fig. 2. Temperature dependence of the (BEDT-FT#Auls) composite as a function of
annealing time. Solid lines are fits by .Kd). In the insert, the changes of
intergrain contact width on annealing, deduced from the fit parameters, are shown

The electrical properties of annealedBETTF composites almost do not change
in time. On the other hand, the propertésion-annealed samples change with com-
posite ageing [13]. Analysis of the experental data shows that the ageing of non-
annealed samples can be considered as non-effective annealing. The temperature de-
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pendence of the conductivity of aged samples as a function of annealing time is
shown in Fig. 2. Aged samples need toanmealed for tens of hours to achieve the
same effect as fresh samples annefided—2 hours. The conductivity of the (BEDT-
TTF),14(Auls) composite has been analysed in terms of the FIT model in order to
obtain information on how annealing influescintergrain contacts. The dependence

of contact width on annealing time is shownthe insert of Fj. 2. Contact width
decreases with annealing (contacts improve), which is in agreement with SEM obser-
vations.

An analysis of the temperature dapgence of the conductivity of BEDO-TTF-
derived composites (Fig. 1) shows thatjrathe case of BEDT-TTF composites, the
conductivity of these materials is determimadinly by two factors: 1) the metal-like
conductivity of (BEDO-TTF) 45 grains and 2) fluctuaiih-induced tunnelling of car-
riers between grains. THEdependence of BEDO-TTF composite conductivity can
thus also be approximated by Eq. (1). tAe conductivity of single crystals at high
temperatures is proportional T6? [16], the parametax was taken to be equal 2.
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Fig. 3. Dependence of intergrain contactxdor (BEDT-TTF)/(Aul) (A)

and (BEDO-TTFYI (B) composites. For comparison, tkelependence of
RT conductivity is presented. The solid curves are only to guide the eye

Changes in intergrain distances wittior (BEDO-TTF)/I composites are shown
in Fig. 3. Contrary to similar pameter variations for (BEDT-TT#JAul), no mini-
mum of the contact width at= X, is found in this case. These differences in the
transport properties of both types of conifassreflect the differences in their struc-
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tures. In (BEDT-TTEY(Aul), conducting grains of (BEDT-TTH} and (BEDT
-TTF),Aul, are formed. Grain concentration is the largeskferx,y, hence intergrain
distance (contact width) iminimal. In (BEDO-TTFYI, an insulating phase of (BEDO
-TTF)l; is formed together withonducting grains of (BEDO-TTE)This phase forms

a layer between (BEDO-TTEJ3 grains and unreacted iodine. The thickness of the
(BEDO-TTF)k shell decreases with increasinglue to the deficit of iodine, which
also leads to a monotoniectease in the contact width.

Suggestions resulting from analysing the temperature dependence of conductivity
should be confirmed by other methods. IRestigations, discussed below, give addi-
tional information about conduction electromglaappear to be in agreement with the
conclusions made here. Thermoelectric pomeasurements can also be used to con-
firm these suggestions [13, 17]. As shown bytlis same effect is observed for all types
of annealed composites: although d.c. conductivity shows a stepgendence, the
sensitivity of thermoelectric power is weak in the region of optimal composkigh (
and above it. Not only RT thermoelectric pavbut also its temperature dependence
do not depend or when it is close to [13, 17]. In contrast to the conductivity,
both thermoelectric power and itsdependence change weakly with the annealing of
composites folx = X, Conducting microcrystals give the main contribution to the
thermoelectric power of the composites [13, 17]. Weak sensitivity of the composites
to thermal treatment means that theealimg influences mainly the non-conducting
intergrain layers and weakly change® tthermoelectric properties of conducting
grains. On the other hand, the thermoelegbroperties of these microcrystals are
almost the same as thosecofresponding single crystals.

The interpretation of the electricgroperties of BEDT-TTF and BEDO-TTF
composites presented here allows one to make suggestions about ways to control and
improve the electrical transport propertiescomposites obtained by direct CT reac-
tion in the solid state. As intergrairormduction plays the most important role in
BEDT-TTF composites, first of all onéhguld try to improve the contacts between
grains. One of the ways, proposed by udpigapply the hot pressing method for or-
ganic composite production [13]. With thisethod, composites with better electrical
transport characteristics have been obtaiBedter intergrain contacts in composites
prepared by hot pressing are responsibteimprovement in their electrical proper-
ties. In BEDO-TTF-derived compositesiainly the insulating (BEDO-TTR)Ishell
affects the electrical properties of tlw®mposites and their changes on ageing.
Therefore, to improve the transport prajpes and stability of composites one should
suppress (BEDO-TTR)phase formation or use some procedure to remove this phase
after the composite has been prepared.

4. Spectral propertiesof organic composites

Optical spectral studies play an importawie in the investigation of organic con-
ductors, including not only crystalline batso polymeric and other unconventional
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forms, such as highly conducting organ@mposites obtained by direct CT reaction

in the solid state. Properties of organimductors are determined by various interac-
tions and instabilities. The optical propestief these materials can be roughly de-
scribed by the simplest model, assuming non-interacting electrons (the one
-electron model). In this approximation, tinérared (IR) properties may be derived in

the self-consistent approximation. Assumandrequency-independent relaxation rate

y and a background electric permeabiktyarising from high-frequency transitions,

the result takes the Drude form [18]:

2
P

£(w)=¢ey——5——
@ -y 2
wherew, is the plasma frequency. This expression is frequently used to describe the
optical properties of organic metal-like conductors in the IR region and to estimate
some of their electron parameters. On tither hand, electron-molecular vibration
(e-mv) coupling plays a fundamental role in organic conductors. In general, the inter-
action of electrons with intramolecular vibioms can be written in the form given by
Rice [19]:

H =He+Hv+Zgaan (3)

The first two terms describe radical elecs and molecular vibrations in the ab-
sence of vibronic coupling. A linear e-meupling is expressed explicitly by the third
term. The setd,} of constants denotes lineaselectron-molecular vibration constants.

Vibrational spectroscopy plays an importaple in the characterization of highly
conducting organic composites. Major spectroscopic interest is centred in the follow-
ing areas: 1) differentiation and identifiaati of various phases in composites and the
evaluation of the charge ditution on their grains; 2) determining the extent of
charge transfer from a donor to an acceptor moiety as a result of the CT reaction in
the solid state; 3) determining of opti@lisotropy, electronic sicture, plasma fre-
guencies, optical band gap, optical condutivand other parameters characterising
electronic properties of the composite gsi4) evaluating surface homogeneity of
composite samples; 5) assignment of ailamal features. As will be shown below,
the data mentioned above are helpful in offering a model of compaosite structure.

It is known from SEM and EDX investitians [7, 9, 10] that composites obtained
by CT reaction in the solid state have anptex heterogeneous structure, containing
grains of various compositions and properties, as well as intergrain matter. These
observations of composite morphology, hoet\cannot give more exact information,
maybe beyond confirming the existence of free gold grains in BEDT-TTF composites
with gold iodides. As a microscopic toalibrational spectroscopy can differentiate
between grains that exhibit metallic conductivity, e.g. (BEDT-BIEFYXBEDT-
TTF)Aul,, and (BEDO-TTR)4s, and those that are semiconducting or insulating.
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The IR spectra of the complexes show chardatic features, such as interband transi-
tions (usually in the range of 1000—-4000 dmraccompanied by very strong and broad
vibronic bands originating from a coupling efectronic excitations with the totally
symmetric f) intramolecular vibrations of & organic donor molecules (such as
BEDT-TTF or BEDO-TTF). The latter faates are localized between 100 and 1500
cm?, with a characteristic strong absorption near 1250' ¢&0]. The spectra of
semiconducting composites, complexes, or ion-radical salts show distinct CT bands
with an onset between 1500 and 2500'and a well developed set of vibronic bands
corresponding t@y modes of the donor molecule. The spectra of metal-like compos-
ites or other organic conductors are, oppbsitéominated by the broad and strong
absorption given by conduction electronseTdtrongest vibronic band or bands are
usually detectable as sub-maxima onlilead electronic absorption [20]. Such quali-
tative information can be restated precisely by Raman scattering investigations.
Raman scattering spectra of selected BEDT-TTF-derived composites, namely
(BEDT-TTF)edl, (BEDT-TTF),/Auls, and (BEDT-TTF)s4l, are shown in Fig. 4 [8].
The maximum at 30 crhis attributed to bending and the one at 120" ¢mstretching

vibrations of thel; anion. In the spectra of (BEDT-TTH#Aul; and (BEDT-TTF) &I,
one can also see thg line, and an additional band at 160 ¢mvhich can be as-

signed to stretching vibration of theul, anion [21]. This suggests that there are also

(BEDT-TTF)Aul, grains in the two latter ooposites, except in (BEDT-TTH). This

is corroborated by an analysis of the range 20—60, aorresponding to bending
vibrations, where a distinatvolution with the appearance of a new band below
60 cm™ is observed.
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Fig. 4. Resonant Raman scattering spectra of (BEDTlgHF)a),
(BEDT-TTF)y g/Aul (b), and (BEDT-TTFYAul; (c) composites
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Fig. 5. Raman spectra of (BEDO-TTHomposites
in the frequency range of C=C stretching vibrations

Phase identification and evaluation a@farge on the donor moieties can be per-
formed with IR or Raman spectroscopy. The latter is more accurate, since Raman
lines are better separated than IR bands. Raman spectra of (BED@-€aiRposites
in the most interesting range, between 1300 and 1709 ara shown in Fig. 5. These
spectra, independent of sample composition (described by the pargmnetersist of
four lines at 1424, 1474, 1578, and 1630 cifihese lines are assignedAgstretch-
ing vibrations of the central and rit@=C bonds, respectively, downshifted according
to the value of charge on the BEDO-TTRigas in the composites [22, 23]. A similar
effect, a linear correlation between vibrational band localization and charge on the
considered bond has been observed some timbéygarges et al. [1] in their studies
on the IR absorption of the TEA(TCN£Qrganic conductor. The presence of four
lines in the Raman spectra of (BEDO-TJ¥Fromposites suggests that two kinds of
microstructures (grains) co-exist the composites [24]. The doublet at 1474 and
1630 cm' is characteristic of one graiype and the doublet at 1424 and 1578'ah
the other. lonisation shifts are approximately 53 and 27 nthe former case, and
104 and 79 ci in the latter case [25]. In order to evaluate the CT deg)een(the
cation, a linear dependence between the frecjas of the two totally symmetric C=C
modes and the charge on the BEDO-TTF was assumed. Using the formulae of Droz-
dova et al. [23]:

1524. .
P 5 9—v3’obs, P 1660.8-v, @
109.0 74.1
wherevs;q,s andv, ops are the observed wave numbers of the bands, one can evaluate
the degreep' = 0.42 andy" = 1.0 of each expected microstructure type for (BEDO
-TTF)/l composites [24, 25]. The former one corresponds to the crystal stoichiometry
of 2.4:3 and the latter to 1:3. This indicates that the composite contains two phases,
(BEDO-TTF) 43 and (BEDO-TTF).
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Fig. 6. Raman intensity of the C=C Raman lines as a functirfoof
(BEDO-TTF)/I composites. The solid curves are only to guide the eye
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Fig. 7. Raman spectra of (BEDO-TTR) composites: A) spectra of : 9- (a), 15- (b), and 38- (c)
day old samples; B) spectra of non-annealed (a) and annealed (b, ¢) samples; the latter were
annealed for 1 h (b) and 2 h (c) at a temperature ©€80

The contents of grains of both types strongly depend on the sample composition
(Fig. 6), its age, and thermal treatment (Fig. 7) [25]. The intensity of Raman lines
(Fig. 6), characteristic of (BEDO-TTE)s, decreases in the region of optimal compo-
sition (k = 1). The intensity of the lines assigned to (BEDO-T3R)bwever, in-
creases in the same region. This means that<4at andx > 1 the relative amounts of
(BEDO-TTF)k and (BEDO-TTF) 43 phase are different. The ageing process for the
(BEDO-TTF), /I composite is illustrated in Fig. 7A. The Raman spectrum of a rela-
tively fresh sample is dominated by the lines at 1474 and 1630 These compo-
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nents decrease slightly during the ageinghef sample; at the same time, the compo-
nents at 1424 and 1578 Tnincrease distinctly and become dominant after about
40 days. This evolution shows that the phase with the stoichiometry of 2.4:3 dominates
in the beginning, but during ageing the contents of the 1:3 phase prevails. This process
can be enhanced if the sample is annealeid, sktown in Fig. 7B. These spectral results
show that annealing causes an evolutiothefsample towards increased content of the
(BEDO-TTF)k phase. This is a low-conducting phase, therefore the electrical conduc-
tivity of the BEDO-TTF composite decreases strongly with annealing.

Absorption

400 600 800 1000 1200 1400 1600
Wavenumber [em™|
Fig. 8. Absorption spectra of (BEDT-TTHAuUl) composites for various

sample compositions, recorded in a KBrtrixathe spectrum of neutral BEDT-TTF,
taken in the same conditions, is shown for comparison

The IR spectra of the composites also give important information on the samples
[20, 24—-28]. Absorption spectra of (BEDT-TT#Aul) composites in the most inter-
esting spectral region, for various samplenpositions, recorded in a KBr matrix, are
shown in Fig. 8. For comparison, the spectrum of neutral BEDT-TTF, taken in the
same conditions, is also shown. The spectra are typical of conducting BEDT-TTF
materials [3, 26, 27] and are similar to those of BEDO-TTF compaosites [24, 25]. They
can be roughly divided into two parts: 1) from 7000 cto the sharp absorption in-
crease at about 1600 Thinot shown here) and 2) from 1600 to 600 ciim the first
part, quite a broad absorption band is observed with a maximum between 3200 and
2900 cm’, depending on the sample composition. This band is generally assigned to
an electronic interband transition between split bands. The splitting is caused by
strong intermolecular interactions beiwn electron donor and acceptor molecules.
This feature can be viewed as the plasma part of the spectrum. The second, most in-
formative part of the IR spectra of the qumsites, shows a very rich vibrational struc-
ture. The majority of the observed bands barassigned to the normal vibrations of
BEDT-TTF (or BEDO-TTF) cations. These bands are down-shifted with respect to
the corresponding bands of the neutral dofidre shifts are independent of the
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sample molar composition and are influentgdthe average electron charge on the
donor and by a modified charge distribution on the donor moieties after composite
formation. A broadening of these barig®bserved with increasing donor concentra-
tion in the mixture, which is characteristic of the formation of highly conducting
composites as well as crystalline complexes [3, 25—-27]. There are two particularly
interesting bands in the IR spectra of BEDT-TTF and BEDO-TTF composites: in BEDT-
TTF composites, a broad band centred at about 13ZGuedha structure at about 1400
cm?, and in BEDO-TTF-derived materials at about 1340'@nd 1600 ci. The cou-

pling of totally symmetric normal vibration®\{ modes) in a donor molecule with
appropriate electronic excitations [27, 28] the origin of the activation of these
bands. Thed; modes mentioned above are attributed to the stretching of the central
and ring C=C bonds, respectively [22, 27].

Conductivity

700 900 1100 1300 1500

Conductivity

700 900 1100 1300 1500
Wavenumber [cm ™1

Fig. 9. Optical conductivity spectra of (BEDT-TTH)composites before (A)
and after (B) annealing, for variomsrecorded in a KBr matrix

As was shown before, BEDT-TTF composite conductivity, which is semiconduc-
tor-like just after preparation (before annealing), becomes metallic after appropriate
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thermal treatment. Such a drastic changphysical properties can also be observed

by IR spectral methods. For example, the optical conductivity spectra, which are
equivalent to absorption spectra of (BEDT-TJFfomposites before and after an-
nealing, for variousx, are shown in Fig. 9. After annealing, the bands become
broader, are down-shifted and overlap with broad and strong electronic absorption
caused by conducting electrons. The conducting electrons are responsible for plasma-
edge-like dispersion, which appears in the near IR region both for highly conducting
crystalline synthetic metals and for metakli@rganic composites. The IR reflectivity
spectrum of the (BEDO-TTEYI composite and a least-square fit to the reflectance
calculated from the Drude model [18] (dashed line) are shown as an example in
Fig. 10. From the best fit one can evaluate fitting parameters sugh as,, relaxa-

tion timez, mean free path of charge carridrsand optical conductivity at zero fre-
quencyog(0). It is difficult to directly compar such evaluated transport parameters
with the parameters for corresponding talline complexes due to their anisotropy

and to the scattering of data from various papers, even for the same material. The
plasma frequency and dielectric constant evaluated for composites are usually reason-
able when compared with data for related single crystals, but the damping rate of the
composites is significantly higher than that of single crystals with the same composi-
tion [24]. The transport of charge carrigssstrongly damped in composites due to
their granular structure argtain defects. Consequently, the mean free path is rela-
tively short.

60 |

Reflectance [%]

0 i 1 n 1 L M
1000 2000 3000 4000 5000 6000 7000 8000
Wavenumber fem™1

Fig. 10. Reflectance spectrum of the (BEDO-TIH)composite. Least-square fit
to the reflectance, calculated from the Drude model, is shown by the dashed line

Microreflectance studies of composites suggest that the organic conductors ob-
tained by CT reaction in the solid statee macroscopically homogeneous [26, 27].
This observation is conformable to SEMdaEDX investigations. Besides, spectral
methods are appropriate for characterizingemals and confirming the appearance of
particular molecular groups. Various IR spectral methods (absorption of composites
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dispersed in KBr pellets, absorption of very thin composite samples, reflectance from
the composite surface, optical conductiviyaluated from composite reflectance),
supplemented by Raman scattering studies, give extensive information on the spectral
properties of the investigated materials.

As mentioned in this chapter, optical studies of organic composites are crucial for
understanding their macroscopic structuedectronic interactions, and electronic
structure. Information comes from studiesthie wide spectral region, from far IR to
vacuum ultraviolet. Spectral studies @fganic composites can provide specific in-
formation about the localization of charges, electron-electron and electron-molecular
vibration interactions, vibronic activationsf the modes, phase transitions, and
changes in the properties of highly conducting organic composites with ageing or
annealing.

5. Concluding remarks

The synthesis of non-traditional organicteréls that disphkgood physical prop-
erties, in particular high electrical conductivity, optical transparency or nonlinearity,
and good stability, is an important aspettcontemporary molecular engineering.
Organic conductors are precursors of such momentous species as nano-materials. At
present, it is possible to fabricate various organic conductors not only as crystals but
also in the form of thin conducting films, conducting reticulate doped polymeric
films, or polycrystalline samples. Althoughese materials are of great practical im-
portance, they exhibit some shortcomings. One of them is the rather difficult and ex-
pensive technology associated with them. This is why we present a relatively simple
mechano-chemical way of preparing conducting organic composites.

We have given a discussion of the basic problems concerning the physical proper-
ties of BEDT-TTF- and BEDO-TTF-derivedomposites, especially their spectral
properties. It seems that a better understanding and description of the phenomena
occurring in these type of new organic materials are necessary to both develop their
technology and to discover their applications in molecular electronic devices.
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