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Abstract 

IR absorption spectra from various K-phases of BEDT·TfF radical cation salts as well as from a-(BEDT·TIFhI, 
arc presented. From tbese spectra one special mode l'n representing the asymmetric ring C-C stretching vibration 
is assigned and the dependence of its frequency from the average charge on the donor molecule is given. The 
investigation of the metal-insulator phase transition of a-(BEDT·TrF)2I, at 135 K with respect to this vibrational 
model lin gives strong indication of a charge localization in at least one of the two crystallographic different 
stacks. Furthennore, we correlate the frequencies of the Cfh stretching modes of a variety of BEDT·TIF radical 
salts witb tbe superconducting phase transition temperatures. These frequencies are evidently not charge dependent, 
but significanUy reOect the strength of the interaction of the donor molecule with the respecti'Ye anion. It could 
be shown that phases with a higher Tc of their superconducting transition exhibit a smaller red shift of these 
frequencies, i.e., a less attractive donor-anion interaction. 

Introduction 

In most cases IR spectroscopic investigations of 
BEDT-TfF radical salts (BEDT-TfF-bis(ethylene
dithiolo )tetrathiafulvaJene) have been performed using 
the polarized reflectance technique for a determination 
of the one~electron band parameters [1-5]. Absorption 
spectra of powders do not reveal polarization·dependent 
results, which are important in the field of quasi.two
dimensional conductors, but due to the high reflectivity 
even of thin single crystals it is the only way to obtain 
high resolution and low noise vibrational spectra. In 
addition, absorption spectroscopy has its different mer
its. As for the case of (BEDT·TTF):zI, radical salts, it 
has been shown [6-8] that different crystallographic 
phases can be characterized and therefore distinguished 
precisely by their infrared absorption spectra and that 
even minor differences below the scale of a unit cell 
become visible in the CH2 stretching vibration bands. 

In tbe early stages of tbis work tbere was some 
evidence [91 that tbe i.nteraction between tbe terminal 
CH1 gro.ups of the BEDT·TfF donor molecules and 
the anions (reflecting itself in the frequencies of the 
said vibrations) covers a wider range than in the iodine 

·On leave from the Institute of Semiconductors, Ukrainian 
Academy of Sciences, Kiev, Ukraine. 

0379·6779193/$6.00 

salts, when taking into account the whole variety of 
commonly employed anions. Following Wbangbo et al. 
[10], the strength of this interaction plays a dominant 
role concerning the transition into the superconducting 
state and therefore the value of T,-o 

For the case of radical salts of the donor BEDO· 
TI'F (bis.(ethylenedioxy)tetrathiafulvalene) we have 
found Ill} a dependence of various vibrational fre· 
quencies upon the average charge on the respective 
donor. Concerning the relationship between average 
charge per donor and several vibrational frequencies, 
some work has been done for the BEDT -TIF precursor 
TTF and some of its salts [12, 13] and for TMTSF 
and TMTrF [14], but to our knowledge DO results have 
been reported for BEDT·TTF radical salts except for 
the work of Kozlov et al. [IS, 16] on the donor BEDT-
1TF and its radical cation BEDT-TfF+ ° 

An investigation of the weak but mostly observable 
ring CCOI C stretching mode of symmetry blu (V27) should 
give some insight into the dependence of its frequency 
on the average Charge per donor, especially because 
there have been some speculations on the assignment 
of strong bands in this frequency range as vibronic 
bands. These bands are due to a coupling of the radical 
electron to the molecular vibration (EMV coupling) 
[17] and their spectroscopic manifestation is well de· 
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scribed for the case of quasi-one-dimensional conductors 
[18, 19]. Although a theory for the quasi-twa-dimen
sional case is still missing, we will present some can
didates [or such vibronic bands. 

Furthermore, in case of a clear dependence betwee.D 
the frequency of the VZ7 mode and the average charge 
per donor molecule, it is possible to investigate 
metal-insulator (M-I) transitions such as in a-(BEDT
TI'F):zIl with respect to a localization of charge. 

Experimental 

All investigated radical salts of BEDT-TI'F were 
prepared electrochemically in the standard way except 
the 1:1 salt, (BEDT-TTF)I" which was prepared by a 
direct reaction of the donor with iodine in TIIF. The 
presence of triiode anions in the latter was verified by 
the IR spectrum of the I) - stretching and bending 
vibrations. For IR absorption measurements, crystals 
were ground with KBr in an agate mortar and afterwards 
pressed to pellets as described in ref. 6. 

The spectra were taken on a commercial Fourier 
transform spectrometer (BOMEM DA 3.02) with a fast 
InSb detector in the range 5000-1800 em- I, an MCf 
detector between 1800 and 450 em - I and an applied 
resolution of 05 qn -1. [n order to obtain a good signal
to-noise ratio, 2000 interferograms were co-added for 
each spectrum. Low temperature measurements were 
carried out in a continuous-flow helium cryostat with 
KRS5 and ZnSe windows. 

Results 

Vibrational spectra of the neutral donor and the 
simply cbarged radical cation have already been in-
vestigated and assigned [IS, 161 by means of a nonnal 
coordinate analysis (NCA). These spectra together with 
tbe one of II-(BEDT-TI'F),I, (2:1 salt) are sbown in 
Fig. l(a) (vibrations of the BEDT-TrF framework) and 
Fig. l(b) (CHz stretching vibrations). The frequencies 
on which we will focus our attention are given in Table 
1. [t should be mentioned that these and all following 
spectra of CHz stretching vibrations of radical cation 
salts are baseline corrected, because these bands usuaJly 
appear on a wing of a broad electronic absorption 
extending from about 6000 em- I to lowest frequencies 
[6]-

[n Fig. 1(b) one can immediately see that the fre
quencies of CHz stretching VIbrations are nearly un
affected by the respective charge transfer. [n contrast, 
the frequencies assigned to stretching vibrations of tbe 
inner and ring C=C bonds (see Table 1) are very 
sensitive to a transfer of electrons from the HOMO. 

• " c 
o • c 
o • • o 

(.) 

BEOT-TTF 5 K 

(BEDT-TTFlil 

1700 1500 1300 1100 900 700 500 

wovel'lumbers [cm - 1] 

5 K 

BEDT-TTF 

~ tHBEDT-TTF)2 IJ 
c 
o • c 
o • D 
o 

(b) 

3000 2950 2900 28 50 

Fig. 1. (a) Absorption spectra of neutral BEDT-TTF. J3-(BEDT
TTFhIJ and (BEDT-TI'F)I3 at 5 K in tbe range from 500 to 
1700 em-to (b) CH1 stretcbing vibration bands of neutral BEDT
TFF. ,B-(BEDT-TI'F)ll, and (BEDT-TfF)I, at 5 K 

The shift of the [R active mode 1127 displayed in Fig. 
2 is due to this charge transfer and is consistent with 
the results of the NCA in refs. 15 and 16. 

As expected for dielectrics, the baselines of the spectra 
of the insulator BEDT-TI'F and the semiconductor 
BEDT-TTF+I,- are ftat (Fig. l(a», whereas the II
phase is a metal and tbe vibrational features are su
perimposed on the broad electronic absorption men
tioned above with its maximum around 3000 em - t. 
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TABLE 1. Frequencies of C-C and CH1 stretching vibrations in the neutral donor BEDT-TJF tbe 2:1 sail 13.(BEDT-TTF) I a d 
tbe 1:1 salt (BEDT-TI'F)h • 2 J n 

Vibration BEDT-TI'F 

" (aJ 1551 Ra' 
lin (b,J 1508 IRd 

" (oJ 1493 Ra' 

CH1 stretching" 2987 VVW 

296> VW 

(b,,, b,., 1>,.) 2921 YW 

'Ko.tlov dol. [15]. 'Zamboni et al. (23) . 

I ~ BEOT-TTF 
T - SK 

= 0 
0 ~ 
~ * ~ ~ 

I \ 
• u 
< 
o • c 
o • • o "=I_~l 

V ~ 
1550 1500 1450 1400 1350 

wovenumbers [em-'] 

~ozJov et al. [16] . 

Fig. 2. Shift of tbe ring C- C stretching mode lin (b •• ) upon 
ionization of BEDT-TTf to BEDT-TTF+ al 5 K. 

One should also notice tbe strong peaks in the spectra 
of the radical salts which are absent in neutral BEDT
TTF. In their region of appearance between 1500 and 
1300 em-I only the mentioned C-C stretching mode 
and the CHz scissoring mode are found, both of which 
are still present in the radical salts. In addition it is 
not likely that they will gain (compared to other CHz 
bending modes) such an enormous intensity and suffer 
shifts in frequency of 50 em - J and more. According 
to their appearance in the spectra of quasi-ID con
ductors. they are therefore assigned as vibronic bands, 
which are due to a coupling of the unpaired radical 
electron to totally symmetric (aJ vibrations of the donor 
molecule. 

In most of the radical salts of BEDT-TTF (e.g. the 
a- and tJ-phases) the donor molecules make up stacks 
from more or less dimenzed units, arranged in a face
to-face manner. The K-phases also consist of BEDT
TI'F dimers, but their nearest neighbour is always 
rotated by approximately 900 with respect to tbe planes 
of the BEDT-TTF molecules. The salts with the highest 
known Te values belong to this phase, e.g .• K-(BEDT
lTF),Cu(NCSh [20, 21] and K-(BEDT-lTF),.. 
Cu[N(CNh]Br [22]. 

p..(BEDT-TTFhl) (BEDT-1TF)1, 

1489 Ra~ 1455 Ra~ 
1473 IRd 1449 IRd 

1464 Ra~ 1431 Rae 

2913 WW 2975 vvw 
2942/2958 VW 295512965 VW 
2914 VW 2911/2914 VW 

~is work. 

The spectra of various K-phases are given in Fig. 3. 
A specific feature of the spectrum of K-(BEDT. TI'F)zI3 
in comparison to other superconducting iodine salts is 
the relative high-frequency Vloronic band at 1467 em-I 
(versus 1454 em - I in the J3-phase, both values at 5 K) 
shown in Fig. 4 and, concerning the multiplets between 
2900 and 2930 em- I, the high-frequency CHz stretching 
bands (Fig. 3(b». It sbould be mentioned tbat, in 
spectra of powders, the broad and the complex shape 
of vibronic bands results from the overlapping of com
ponents polarized along different directions in the plane 
of the BEDT·TfF layers; additionally it may further 
be compJicated by Fano-Iike interference effects with 
the electronic absorption due to interband transitions. 
Other typical vibrations such as the C-=C (ring) stretch
ing vibration are found to be split into two bands at 
1473 and 1478 em- I (Fig. 4). This splitting, which is 
not obsexved in the a- and tJ-phases of (BEDT-TfF)zI3• 
might be due to an asymmetry between the two molecules 
of a dimee. 

Tuming our attention to the spectra of BEDT· TIF 
salts with Cu(NCS), and Cu[N(CN),]Br anions, we find 
the rough shape of the absorption between 1800 and 
500 em-I to be different from that of the iodine salts 
(Fig. 3(a». It is remarkable tbat the absorption bands 
are rather broad even at 5 K, they look more like those 
of the triiodide salts at 300 K. This also applies to the 
CHz stretching frequencies (Fig. 3(b». In the region 
of the vibronic bands (Fig. 4) again the weak Vn mode 
is found with the expected frequency; in K-(BEDT
TTF)zCu[N(CN)ZlBr there is the same splitting as in 
K-(BEDT-lTF),I,. 

Furthermore, the first intense peak at 1467 em-I 
(assigned as vibronic band) appears in the same position 
in all three salts in Figs. 3(a) and 4. In the copper 
salts there are additional broad features at somewhat 
lower wavenumbers. Similar broad bands arc obscxved 
in the iodine salts around 1330 cm- I (at room tem
perature). which are strongly distorted by anti-re~ 
nating CHz wagging modes. This band around 1330 
em - I is also present in the copper saits. the difference 
to the triiodide salts lies in the fact tbat in the latter 
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Fig. 3. (a) Absorption spectra of different "-phase salts of BEDT· 
TfF at 5 K in the range from 500 to 1700 an- I. (b) CHa 
stretching vibrations of different K-phase salts of BEDT·TI'F at 
5K. 

it moves upwards about 20 em-Ion cooling down to 
4 K, thereby removing the anti-resonance with the CH2 

wagging modes. Another difference between the iodine
and the copper-containing salts is that in the former 
the vibronic bands above 1400 em - I are much sharper 
and more intense than in the latter. 
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Fig. 4. Absorption spectra of different BEDT·TIF salts in tbe 
region of the ring C-C stretcbing vibration ~ (bill) (see text). 

In the investigations on the llt+, P-. K+ and K,,+phases 
of (BEDT-TIF),J, salts [81 no significant temperature
dependent changes oonceming the vibrational bands 
were found aside from a narrowing of bands and 
continuous small shifts of a few wavenumbers. The 
situation is different concerning a-(BEDT·TfF)2IJ, 
which was expected because of its well-known M- I 
phase transition at 13S K.. While passing the critical 
temperature, changes can be observed in the region 
of the vibronic bands and the btu mode V27 of tbe ring 
C ... C stretching, which are found between 1400 and 
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Fig. S. (a) Absorption bands of a-(BEDT-TfF)ll, in tbe range 
of the C- C stretching vibration at different temperatureJ 
(b8 - protonatcd BEDT·TTF. dS - dcutcratcd BEDT-TTF). (b) 
011 stretching vibrations of a-(BEDT-TfF}ll) at different tem
peratures. 

1500 cm- '. Figure 5(a) shows the spectra of a-(BEDT-
TI'F):zI3 in this spectral range at several temperatures 
together with spectra of deuterated a-(BEDT-TTF)213 

(<<-d8). The comparison of spectra of the protonated 
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and the deutecated salt shows tbat the mentioned bands 
have nothing to do with CH2 SCissoring modes located 
around 1420 em - I. 

First, at the temperature of tbe phase transition, 
cbanges occur concerning the strong feature at around 
1450cm- I

, which we assign as a vibronic band. Secondly, 
there are two weak bands emerging in a nearly sym
metrical order around the band at 1478 em- I, namely 
at 1499 and 1454 em- I. The poor visibility of the band 
at 1478 em-I in the deuterated compound is due to 
the fact that here the vibronic band overJaps with the 
band in question. 

On passing through the phase transition the changes 
in the bands of the CH1 stretching vibrations are minor 
(Fig. 5(b». At temperatures slightly above and below 
the temperature of the M-I phase transition, it is hard 
to ten changes in the intensities of the bands from 
small shifts. There are. however. changes and they seem 
to be related to the cbanges in tbe relative positions 
ofBEDT-TI'F and iodine molecules because their onset 
is a little above the phase transition temperature. It 
might be worth mentioning that tbese intensity changes 
proceed on a further decrease of temperature. 

Discussion 

In the field of charge transfer salts, whicb are quasi
one- or quasi-two-dimensional conductors or semicon
ductors, there has always been a certain interest in 
vibrational bands tbat might reflect the average charge 
transfer from the donor molecule to the acceptor. 
Usually it is expected that a decrease of negative charge, 
i.e., an oxidation of the donor, leads to a decrease of 
the stretcbing vibrational frequency of certain bonds 
in the molecule. In Fig. 2 tbe frequency shift of the 
bJIi mode of the ring C-C groups on taking away one 
electron from tbe neutral BEDT -TfFmolecule is shown. 
This mode (V17) together with its totally symmetric 
pendant (v,) and tbe totally symmetric mode of the 
central C- C (Vl) are given in Table 1, where results 
from different papers are given. These modes and the 
observed frequencies are also displayed in Fig. 6. 

Concerning the IR active mode lin, i.e., the asym
metric stretching vibration of tbe ring C = C groups, 
we find a good fit of the vibrations of tbe BEDT-
1TF+o

.j molecule into a linear dependence of the 
frequency upon the average charge on the donor mol
ecule. For tbe sake of clarity tbe bands of the copper
containing K-pbases are not shown here, but from Fig. 
4 it can be seen tbat aside from a splitting tbey are 
found (±2 em- I) in tbe same position. The Raman 
band of the related aa-mode v) of the ring C- C 
stretching vibration also exhibits this linear behaviour 
and the frequency of JJ-(BEDT -TrF)zl, has the expected 
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Fig. 6. C- C stretching frequencies of BEOT-TTF salts with 
different degrees of ionization of tbe donor: (a) IR active mode 
"'n; (b) Raman active modes l'2: and II) (see text). 

value. It should be mentioned that tbe assignment of 
P:t and PJ given in 3n earlier paper [23] bas been 
exchanged bere for evident reasons. The Raman band 
of the central C= C stretching (vJ obviously does not 
fit into a linear dependence of frequency from the 
charge on the donor molecule; the reason might be a 
different behaviour of this bond. 

Concerning the frequencies of the vibronic bands. 
which are expected to appear somewhat below tbe 
frequency of the ~ mode, it should be mentioned tbat 
in the investigated K-pbases (see Fig. 4) the maxima 
of the bands are nearly in the same position as the v) 
mode. But referring to the restrictions made above 
concerning the shape of these bands obtained by un
polarized radiation, tbe position of their maximum might 
not be very meaningful. 

As a result it might be suspected that an IR spec
troscopic determination of the average charge transfer 
from the BEDT-TfF molecules can be performed by 
looking at tbe frequency of the ring C- C stretching 
mode lin. In a-(BEDT-TfF):I3• two new bands emerge 
at the M-[ phase transition that are arranged nearly 
symmetrical around the C- C stretching band at 1477 
em - I, which is still present below the phase transition. 
The dependence of the frequency ji of the 1/27 mode 
from tbe average chargeq per donor molecule calculated 

from the frequencies of neutral BEDT-TJF and the 
charged donor in BEDT-TrF+l , - (see Fig. 1) is of 
the form: 

V" [cm- 'J = -59 [c~- '] Xq [<)+1508 [em-') (1) 

For the frequencies observed below the phase tran
sition the calculated charges are q- +0.15. q= +0.52 
and q= +0.9 (see also Fig. 6). From these results we 
conclude that a localization of the charge takes place 
in one of the two crystallographic different stacks of 
the donor molecules. This is understandable since it 
was shown by structural investigations [24] that in the 
stack containing the non-equivalent BEDT -TTF mol
ecules B and C below the phase transition, a dimerization 
occurs. As mentioned before the bl'o mode at 1477 
em - I observed above the M-I transition is still prescnt 
at temperatures below the phase transition. This 
indicates tbat in the other stack the charge is still 
able to move in a way that (on the time scale of tbe 
respective frequency of 1500 em- I) one still obtains 
an average charge of + 0.5 on the donor molecules 
of this stack. 

Now even the behaviour of the residual strong bands 
between 1500 and 1400 cm- ' (Fig. 5(a)), which have 
been assigned as vibronic bands, becomes clearer. At 
room temperature only one band slightly above 1450 
em - I is observed. On decreasing the temperature. it 
smoothly moves upwards to 1460 em-I, which might 
be a real shift or just a change of the slightly anti
resonant band shape. In any case the same shift was 
observed in jl-(BEDT-1TF),I, from 1440 cm-' at 300 
K to 1450 em - I at 5 K, which exhibits no M-I phase 
transition. 

Additionally, below the M-I phase transition tem
perature. another band at 1423 em- I is gaining intensity, 
which we assign to be due to the dimers of the stack 
with the localized charge. The frequency of this emerging 
vibronic band is interesting from the point of the 
different kinds of dimers that are obscIVed in BEDT-
1TF radical salts. In 2:1 salts with a metallic behaviour. 
these vibronic bands are found between 1450 and 1467 
em -I (at 5 K), whereas in various 1:1 salts as in (BEDT-
1TF)I, and (BEDT-TrF)Br this band is located around 
1400 em- I. [n phases with a 2:1 stoichiometry and a 
semiconducting behaviour we have found tbis band 
around 1425 cm- ', e.g., in So(BEDT-TrF),Aul, and 
(BEDT-TrF),CuBr,. The frequency of this band seems 
to be strongly dependent not only on the average cbarge 
transfer from donor to the anions, but also from the 
charge distribution upon and between the donor mol
ecules. Therefore, its appearance in a-(BEDT-1TF);l:I3 
below the M-I phase transition is a further indication 
of tbe presence of localized charges in one of the twO 
different stacks of the donor molecules. If this conclusion 



is rigbt, it means in addition that tbe crystals of a
(BEDT.TIF)zI3 lose their quasi·two-dimensional elec. 
tronic properties below the M-J pbase transition and 
exhibit more quasi--ooe·dimensional properties. since 
the coupling between neighbouring stacks is lost. 

According to Endres et 01. [24]. at the M-I phase 
transition, besides a dimerization in one of the two 
crystallographic different stacks, a slight rotation of the 
13 - anions takes place. This slight rotation should lead 
to a change in the donor-anion interaction. The smaU 
changes observed in the spectra of CHz stretching 
vibrations, which occur near tbe temperature of the 
M-I phase transition (Fig. 5(b», are consistent with 
this rearrangement. 

For the iodine salts of BEDT-TrF, it was already 
shown [8] that the bands of the CHz stretching vibrations 
are characteristic for a certaiD crystaJIographic phase. 
But, furthermore, in these bands there should be at 
least a qualitative reflection of the strength of the 
donor-anion interaction, which takes place via C-H· .. I 
contacts and is therefore expected to have the character 
of a weak bydrogen bond. For simplicity we reduce 
the term hydrogen bond in the further discussion to 
an interaction of mainly electrostatic nature. because 
a bydrogen bond usually requires cenain geometric 
specifications concerning distance and bond angle, i.e., 
details which cannot be verified completely. Even .with 
these restrictions it is clear that smaller values of the 
distance C-H··· anion will result in a stronger bond 
between donor and anion. The attractive force exerted 
on the hydrogen atom therefore leads to a stronger 
red shift of CH2 stretching frequencies. 

It has heen mentioned earlier that the degree of 
ionization does not significantly influence the observed 
frequencies ofthe latter vibrations (see Fig. 1(b». This 
is comprehensible since in NMR investigations [25] at 
the positions of the ethylene carbons no spin density 
(and therefore in first order no charge density) is found. 
Additionally. the following results concern only salts 
with an average charge of + 0.5 per donor molecule. 
In Fig. 7 we display aU observed CHz stretching fre
quencies of the relatively stroog and most well-resolved 
bands between 2900 and 2930 em - I of several BEDT· 
TIF radical salts against their superconducting tran· 
sition temperature Te (the filled symbols represent the 
arithmetic mean (v) of these frequencies). The solid 
line is a simple linear fit to the mean values with a 
slope of 0.9 cm- l lK; the dashed line is a fit to the 
highest found frequency with a slope of 1.7 em-JIK. 
The values of the tempered phase a.-(BEDT·TfF)zh, 
which deviate strongly from the obvious dependence 
between (v) and Te, were left out in this fit because 
we are not able to tell the 'right' bands from bands 
which appear due to the presence of neutral BEDT· 
1TF in the tempered crystals. This presence is due to 
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Fig. 7. CH1 Slretcbing frequencies (open symbols) and their 
aritbmetic mean (filled symbols) of various BEDT-1TF salts (see 
text). 

a loss of iodine on the surface of the crystals during 
the tempering process. 

A$ a result, we state a correlation between the red 
shift of CHz vibrational frequencies, i.e., the degree of 
the interaction between the donor and the anion and 
the temperatures of the superconducting transitions Tc• 

A similar dependence between the size of the unit cell 
of several p..phases of BEDT·TIF radical salts and Tc 
has already been given by Williams el al. [26], which 
is consistent with the results presented here, because 
a smaller unit cell should lead to shorter C-H-anion 
contacts and therefore to a lower Te.. Here, we took 
into account different crystallographic phases with dif· 
ferent anions and find the assumption confirmed even 
for an extended collection of different CI)'StaUographic 
phases of BEDT -TTF radical salts. 

From these results it seems that the strength of the 
interaction between the donor and the acceptor in 
BEDT-TTF radical salts is a dominating factor ruling 
the appearance and critical temperature of a super· 
conducting traosition. A further indication for this 
finding arises from the fact that BEDT·TTF salts with 
strongly electronegative constituents in tbeir anions as 
CIO .. -, ReO .. - and BF. - are not superconductoB, 
simply because these anions will lead to stronger by· 
drogen bonds to the donor molecules. 

Conclusions 

In tbis paper we present an lR spectroscopic approach 
to several problems concerning radical salts of BEDT· 
TfF. The assignment of a charge·dependent stretching 
vibration of the ring C-C groups led to the observation 
of a charge localization in one of the two crystallographic 
different stacks of a-(BEDT-TIF)zI1 at the M-I phase 
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transition. This should lead to a decrease of dimen
sionality of the electronic properties in tbis material, 
i.e., to a quasi-onc-dimensional conductor. 

Furthermore, the examination of the CH:z stretching 
frequencies in BEDT-TrF radical salts containing dif
ferent anions led us to the conclusion tbat in salts with 
a higher Tc; the degree of donor-anion interaction is 
smaller. This is concluded by means of the red shift 
of these bands, which is due to the hydrogen-bonding
like interaction of the donor with the anion. From these 
results it would also be interesting to investigate salts 
with deutcratcd donors, because it seems likely tbat 
an altered donor-anion interaction accounts for such 
findings as the partially observed inverse isotope effect. 
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