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Abstract 

We investigated powder absorption lpedra. of the donor BEDO-TTF and some ra.d.ical 
salts of BEDO-TrF, which ale metals even at low temperatures. Alter an assignment of the 
ba.nds in the neutral donor we found in the radical salt. different vibration.i frequencies of 
banda correlated with c-o vibra.tions. These frequencies an directly related to the average 
charge on the donor molecule. Additionally frequencies of CH2-ltretching vibrations exhibit 
differences, which can be ascribed to a varying strength of donor-anion interaction depending 
on the respective anion. 

Introduction 

The successful history of radical cation salts of the organic donor BEDT-TTF 
(bis(ethylenedithiolo)tetrathiafulvalene) concerning metallic conductivity and 
superconductivity with Tc up to 12.5K [IJ has always produced attempts towards 
modifying this donor. One modification consists in the substitution of the outer 
sulfur atoms through oxygen, yielding BEDO-TTF (bis(ethylendioxy)tetrathia­
fulvalen) (Fig.l), which was synthesized for the firet time by Suzuki et al. [2J. The 
aim in this substitution was twofold [3J : Firstly BEDO-TTF as a constituent in a 
radical cation salt now contains lighter atoms than BEDT-TTF, therefore raising 
Tc according to BCS-theory, and secondly a smaller conduction bandwidth was 
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expected, which should increase the density of states near the Fermi level. In the 
meantime a lot of radical cation salts have heen synthesized, two of them ex­
hibiting ambient-pressure superconductivity - (BEDO-'ITFhCu2(NCSh [4] with 
Tc = 1.06K and (BEDO-TTFh Re04'H20 [5] with an onset of superconductivity 
at 2.5K. 

Fig. 1. 
The BEDO -TTF molecule 

The aim of the spectroscopic work on the neutral donor BEDO-TTF and a 
few radical cation salts of it was an assignment of the fundamental vibrations of 
BEDO-TTF according to the assignment of BEDT-TTF (recently a normal coordi­
nate analysis has heen carried out by Pokhodnia et at. [6]), an investigation of the 
dependence of vibrational frequencies 00 the average charge per donor molecule 
and of the behaviour of the CH2-stretching frequencies in different salts. 

Experimental 

The donor BEDO-TTF was synthesized as described by Suzuki et at. [2], the 
erystals of the radical cation salts investigated in this work have heen prepared 
electrochemically using the crown ether route [7]. For infrared absorption measure­
ments, O.8mg of crystals were ground with 200mg KBr in an agate mortar and 
afterwards pressed to pellets with a pressure of 9t/em2. 

The spectra were taken on a commercial Fourier transform spectrometer 
(BOMEM DA3.02) with a fast InSh detector in the range of 5000 -1800 em-I and 
a MOT detector between 1800em- 1 and 450cm-1 - the applied resolution was 
0.5 an-i , In order to obtain a good signal-to-noise ratio, 2000 inlerferograms were 
coadded ' for each spectrum. 

Results 

A. The molecular vibrations of the donor BEDO-TrF. 

The vibrational bands of BEDO-TTF in the range between 450cm-1 and 
1750cm-1 are shown in Fig. 2, the insert displays the CH2-stretching vibrations 
around 30aOem-l , 
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Fig. 2. Vibrational 
spectrum of BEDO­
TIT in KBr 

Comparing with the vibrations of BEDT-TIT [81 the normal coordinate ana­
lysis in [6] shows that the substitution of sulfur by oxygen in the outer rings leads 
to a strongly different distribution of the charge on the molecule as in the latter. 
Therefore many bands are expected to appear with different frequencies, especially 
when the C-O-C-groups are involved in the respective fundamental vibration. 
Apart from these vibrations we observe mainly two remarkable facts : First of all 
the CH2-groups are only slightly affected by this redistnbution with respect to 
BEDT-TIT - the frequency shift of their stretching vibration (i.e. vibrations with 
no other bonds involved) is less than 1%. On the other hand, there is a strong 
change in the vibrations of the C=C-bonds in the center and in the rings -
whereas the symmetric stretching of the central C=C-bond (Raman active) is 
only sligthly shifted upwards by .. 2%, the shift of the in-phase as well as of the 
anti-phase stretching of the ring C=C amounts .. 150cm-1 or nearly 10%. 

This fact should strongly affect the frequencies of the appearing vibronic band 
in the radical salts of BEDO-TTF, which in the observed frequency range are 
caused by the latler mentioned in-phase vibration inducing a coupling of the 
radical electrons to this vibration. 

B. The molecular vibrations of radical cation salts (BEDO -ITF)mXn 

Aside from the above mentioned salts with superconducting phase transitions 
(BEDO-TTFhCu2(NCSh and (BEDO-TTFhIUo0 •. H20 we investigated as well 
(BEDO-TTFh .. 13 [3] and a BEDO-TIT chloride phase, which both exhibit metal­
lic behaviour. The exact composition of the investigated BEDO-TIT chloride 
phase is not known because of the poor crystal quality. This phase is designated as 
"(BEDO-TTFhCI" in Figs. 3 and 4 because of the IR data dicussed below. 
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The absorption opectra of different radical salt of BEDO-'ITF between 1800 
and 600 em-I are shown in Fig. 3. The overall structure is the same for all spectra 

(except for tbe presence of a 
band at 910 em-I in the 
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Fig. 3. fR absorption spectra of radical cation 
salts of BEDO-TI'F (abbreviated as BO) 

C. CH2-stret<:bing vibrations 

Re04-salt, wbich is due to a 
vibration of the anion) - tbe 
prominent features are the 
broad bands around 1600 
an-I, and a few remarkably 
strong bands between 1200 
and 800 cm- I According to 
the Donnal coordinate ana~ 

lysis for the neutral BEDO­
TI'F (6], most of the latter 
are due to vibrations inclu­
ding c-o bonds. The assign­
ments presented there as well 
give an explanation for the 
origin of the broad bands 
mentioned before: They have 
to be taken as vibronic bands 
due to EMV coupling, as this 
was already discussed (9] for 
BEDT -TI'F sal ts. 

A closer examination of 
the frequencies of all these 
mentioned bands is given 10 

the subsequent discussion. 

Concerning the above mentioned different average charge on the donor mole­
cules, ranging from + 0.33 to + 0.5 in the different investigated salts, it could be 
shown (10] in radical salts of BEDT-TI'F, that the frequencies of the CH2-stret­
ching vibrations are nearly unaffected by the respective charge per donor molecule . 
A comparison with those of BEDO -TI'F shows, that a substitution in the outer 
rings as in the present case causes a shift to bigber frequencies of nearly 1 %, but 
the behaviour after ionization is exspected to be the same as in BEDT -TI'F. The 
shifts observed in these radical salts are rather due to the donor-acceptor inter· 
actions, which are mediated by the terminal ethylene groups, as long as the anions 
are lying in sbeets separating the donor stacks. 
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D. Conclusions 

In turning our attention to the 
CH2- stretching vibrations in radical 
salts of BEOO·TI'F, which are shown 
in Fig. 4 (a baseline correction has been 
applied), we first of all should compare 
the observed bands with those found in 
neutral BEOO -TI'F. In (BEOO -TI'Fh 
CU2(NCSh the observed differences are 
very small, increasing on going from the 
iodine salt to the 2:1 salts. Refering to 
the situation found in BEOT -TI'F it is 
worth noting, that in neutral BEOO­
TI'F the interaction between the mole­
cules is determined by short C-H"-O 
contacts [llJ and it is reported - at 
least for (BEDO-TI'FhCu2(NCSh [4J 
and the iodine salt [3J, that these con­
tacts are dominating the packing motifs 
even of the radical salts. 

YJg.4. CH2-stretching bands of 
BEOO-TI'F (abbreviated as BO) 
radical salt. 

The CHz-stretching vibrations therefore indicate an increasing interaction on 

going from an anion with weaker or more diluted electronegative constituents like 

Cu2(NCSh - to anions with a higher electron affInity like Cl- and Re04-' But a 
stronger interaction of CH2 -groups with electronegative anions like the latter 
means presence of an at least weak hydrogen bonding, which should decrease the 
frequency of CHz -stretching vibrations. Concerning the most intensive bands we 
observe both a shilt to higher frequencies as well as to lower. Therefore we propose, 
that the strong donor-donor interaction via C-H···· O contacts (as known from 
neutral BEOO-TI'F) is a strong competitor for donor-anion contacts as long as 
the electronegativity of the anions is small. This might be as well the reason for 
the fact that in the iodide-salt and (BEOO-TI'FhCu2(NCSh an incommensurable 
sublattice and a commensurable superlattice respectively is fOWld. 

On the other hand, donor-donor interactions are surely influenced by the 
average charge on the donor. SignifIcant dependencies of vibrational frequencies of 
several fundamental modes are given in Fig. 5 - it should be noted, that all these 
modes involve vibrations of c-o bonds. From the decrease in frequencies it is 
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clear, that the transferred charge mainly stems from the ,,-electron framework 
contributed by oxygen atoms. The fact that the observed shifts of (BEDO-TTFh 
Re04·H20 and of the investiged BEDO-TTF chloride salt are identical supports 
the assumption of an identical stoichiometry for the chloride phase. 

Additionally some infonnation about the donor-donor interaction can be ex­
tracted from the positions of the vibronic band, which range from 1610 em-1 to 
1585 em-i. But for a reliable interpretation the Raman spectra of the radical salts 
in question are necessary, which are not available yet. 

Acknowledgements - We grotefull1J ad:notDledge /inanci41 IUPPOM of thil work by the For­
,chungllchtDtrpunkt Suproleiter de, Lande, &den-Wurttembe:rg. K1P. lDOuld like to thank 
for a grant of the DAAD. 

References 

[1] A..MXini, U.Geiser, H.H.Wang, KD.CarlllOn, IM.Williams, H.KKwok. K.G.Vandervoort, 
J.E.Thompoon, DL.5tupka, DJung, M.H.Whangbo; lnorg. Ch<m. 29 (1990), 2555 

[2] T.sultW, H.Yamochi, GSrduov, KlUnkelman, F.Wudl; J. Am. Chern. Soc. 111 (JG89). 3108 

[3] F .Wudl , H.Yamochi, TSuzuki, Hlsotalo, C.Fite. H.Kuma.i, K.Liou, GSrdanov, P .Coppena, 
K.M.ly, A.Frost·Jen .. n ; I . Am. Ch<m. 5"" 11Z (1990), 2,61 

[4] M.A.Beno, H.H.Wang, A.M.Kini, K.D.Ca.rlIOD, U.Geiser. W.K.Kwok, J.E.Thompson, 
loM.WiIliams, l.Ren, M.H.Whangbo; lnorg. Chern. Z9 (1990), 1599 

[5] S.Kahlich, D.5c.hweitzer, Illeinen, Song En Lan, B.Nuber, HJ.Keller, K.Winzer, H.W.Helberg; 
Solid State Comm. 80, No.3 (1991), 191 

[6) Kl.Pokhodnia, M.EXozlov, V.G.Onischenko, n.5chweitzer, l.Moldenhauer, R.Zamboni ; 
wle Proceedings 

[7J U,Geiaer, H.H.Wang, KM.Donega., B.A.Andenon, J.M.Williams, I.FKwak; 
Inqrg. Ch<m. 25 (1986), ,01 

[81 M.E.Kozlov. Kl.Pokhodnia., A.A.Yurc.henko j Spedrochim. Acta .j3A, No.3 (JS87), 323 

[9J 1.Moldenhauer, Kl.Pokhodnia, D.Schweiber, HJ.Keller j tMseProceedings 

[10] I,Moldenhauer, D.Schweitzer, HJ.Keller; To be publilhed 

[11) J.J.Novoa, M.H.Who.gbo, J.M.william.; Mol. Cr1i't. Liq. Cr1i". 181 (1990), 25 




