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Mixed-valence compound of diferrocenylacetylene and averaged-valence
compound of [2.2]ferrocenophane-1,13-diyne were prepared by the reac-
tion of the corresponding neutral compounds with iodine in benzene.
The Mdssbauer results have clearly shown that strong interactions
through the conjugated p-systems between two iron atoms are present

in the latter compound.

The mixed-valence cations of biferrocene I and biferrocenylene II have exten-

L 2) by using M&ssbauer

sively been investigated by Cowan et al and Hendrickson et al
spectroscopy and other physical measurement. It was reported on the M8ssbauer spec-
tra of these mixed-valence compounds that the former cation has the iron atoms in
both the states of Fe(II) and Fe(III), whereas the latter shows a valence state
averaged over Fe(II) and Fe(III). 1In the cource of the M8ssbauer spectroscopic
studies on ferrocene derivatives, we have observed interesting phenomena that the
mixed-valence cations of acetylenic compounds, such as diferrocenylacetylene III

and [2.2]ferrocenophane-1,13-diyne IV, show the M8ssbauer spectra similar to those
observed for the compounds I and II. Although the similarity between the acetylenic
compounds and the biferrocene-type compounds in solution was found in the recent
electrochemical investigation,3) there has been no report on the comparison of these
isolated acetylenic compounds and their cationic species. In this paver, we report

on the 57Fe Mdssbauer results for the mixed- and averaged-valence acetylenic compounds.
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Diferrocnylacetylene III and [2.2]ferrocenophane-1l,13-diyne IV were prepared

4)

according to the method previously reported and led to the corresponding cations

by the action of iodine on them in benzene. All the compounds used in this study
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were identified by means of their elemental analyses and the compound IV was also

identified by means of its mass spectrum. Iron-57 M8ssbauer measurements were

57

carried out by using a Co(Pt) source moving in a constant acceleration mode at

room temperature. The velocity scale was normalized with respect to metallic iron,

1

The MOssbauer parameters in units of mms™ ~ have an estimated error of not more than

0.02 mms™ L. M8ssbauer parameters of the ferrocene derivatives obtained in this study

are listed in Table 1, together with those of biferrocenium and biferrocenylenium

1)

picrates™’.

Table 1. MOssbauer parameters of ferrocene and related compounds

Compound Temp. (K) S (mms™ 1) IS (mms™ 1)
FcH 78 2.39 0.52
(rcH]* 1,” 78 0.00 0.53

picrate” 78 0.00 0.54
BF,” 78 0.09 0.58
FcC=CH 78 2.34 0.49
FcC=CCu 78 2.31 0.52
(C4H,C=CH) (CgH,T)Fe 78 2.40 0.49
(CgH,C=CCu) (CH,I)Fe 78 2.34 0.52
FcC=CFc 78 2.41 0.50
FcC=CC=CFc 78 2,32 0.52
ooc=cS
Fe Fe 78 2.41 0.56
oe=ce
(Fcc=cFe] ™t 1,” 78 2.18 0.54
0.49 0.50
(S c=c ] 78 1.61 0.54
LF@GCECF@G Ig 4.2 1.59 0.54
[FcFe]t picrate™ © 78 2.141 0.510
0.288 0.518
(S>> ]+
Fe Fe picrate” " 78 1.780 0.525

* Reference 1. Fc: ferrocenyl.

M8ssbauer parameters are generally quite different for most Fe(II) and Fe(III)
compounds, but isomer shifts for ferrocene analogues are very similar to those for
the corresponding ferricinium analogues. On the other hand, ferrocene has a large
quadrupole splitting value, while ferricinium ion has only a vanishingly small one.
Therefore, the nature of the mixed-valence compounds can be reflected in the
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quadrupole splitting parameter. The M&ssbauer spectrum of triiodide salt of mono-
oxidized diferrocenylacetylene, as shown in Fig. 1, has two guadrupole split doub-
lets, the qguter of which has a quadrupole splitting of 2.18 mms—1 centered at 0.54
mms—l and the inner of which a splitting of 0.49 mms—l centered at 0.50 mms_l.

This spectrum has a close resemblance to that of the biferrocenium cation. On the
other hand, the mixed-valence cation of [2.2]ferrocenophane-1,13-diyne IV has only
one quadrupole split doublet (QS: 1.61 mms Y; IS: 0.54 mms L at 78 K), as also
illustrated in Fig. 1, which is similar to that observed for biferrocenylenium
cation. As is seen in Table 1, the M8ssbauer parameters for the substituted ferro-
cene derivatives are essentially identical with those of ferrocene itself and the
parameters for the ferricinium salts are not affected by the variation of the counter
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ferrocene. The quadrupole Fig. 1. MOssbauer spectra at 78 K of (a) diferro-

splittings of the partially cenylacetylenium triiodide and (b) ([2.2]ferroceno-
oxidized acetylenic compounds phane-1,13-diynium guinguiiodide. Velocity scale
are quite different from is shown with respect to metallic iron.

those expected for the struc-

tures having fixed Fe(II) and

Fe(III) states. The fact that the M8ssbauer spectrum of partially oxidized difer-
rocenylacetylene shows two quadrupole doublets corresponding to those of Fe(II) and
Fe(III) clearly indicates that intramolecular electron-transfer from one iron to
another takes place in the mixed-valence compounds with the rate of electron-transfer
not exceeding 107 sec_l in solid. 1In contrast to this, the MOssbauer spectrum of
[2.2]ferrocenophane-1,13-diyne monocation shows only one doublet, which indicates
the presence of iron atoms in the same oxidation states on the Mdssbauer time scale.
The quadrupole splitting value of 1.61 mms-l, which is guite similar to the value
of 1.78 mms_l for biferrocenylene monocation, is an intermediate one between that
of ferrocene and ferricinium ion. This observation clearly shows that there are
strong interactions through the conjugated m-systems between the iron atoms in dif-
ferent formal oxidation states in this monocation inspite of its large iron-iron

distances (about 6.5 A).
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generally have characteristic

absorption in the near infra-

red region,l’6)

where neither 4
ferrocene nor ferricinium ion

has any absorption. This ab-

log€

sorption is assigned to an
intervalence electron-trans- 3
fer, [Fe(II)-Fe(III)] —

[Fe(III)-Fe(II)1*. All the e —
mixed-valence compounds inve- 2 b \} Ve

have the corresponding absor- NS

ptions in the same region, as 560 1050 1560 2060
shown in Fig. 2, although di- A(nm)

stigated in this study also

ferrocenylacetylene triiodide

shows the absorption peak at Fig. 2. Electronic spectra of biferrocenium

the wavelength 1360 nm large- triiodide, diferrocenylacetylenium triiodide

ly shorter than the others and [2.2]ferrocenophane-1,13-diynium cuingui-
(1800 nm) indicating much iodide in CH3CN solution.

weaker intramolecular inter-

action between iron atoms. In the case of biferrocenylenium triiodide, the intra-
molecular electron-transfer is mainly attributed to the direct interaction through
the overlapped ezg orbitals of both iron atoms because of its short distance (3.98 A)
between them. On the basis of results presented above, however, it seems reasonable
to conclude that a strong averaging effect on the oxidation states in monocationic
species of [2.2]ferrocenophane-1,13-diyne IV takes place through the conjugated 7-
systems and not through the direct interaction between the overlapped e2g orbitals

because of its large iron-iron distance.
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