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The mixed-valence triiodide salts of 1',l1'"-dihalobiferro-
cenes having two different kinds of halogen substituents were
synthesized. Their 57Fe-Méssbauer spectra showed an averaged-
valence state; i.e., one doublet even at 4.2 K, as found in the
triiodide salts of 1',1'"-dibromo- and 1',1'"-diiodobiferrocenes.

In our previous 57pe-M3ssbauer spectroscopic studies of the mixed-valence
salts, 1',1'"-dibromobiferrocenium I (}) and 1',1'"-dichlorobiferrocenium 0.5Ig
(g),l) it was found that the spectrum of g at 298 K showed two doublets, one
ascribed to Fe(II) and the other to Fe(III), whereas } showed an averaged-valence
state having one doublet even at 4.2 K. This indicates that the rate of electron

transfer between the two iron atoms in 1 is faster than 107 s_l, while that is

-1

slower than 107 s in 2. The Md&ssbauer spectrum of 1',l1'"-diiodobiferrocenium

2) The crystal

I3 (3) was also reported to show only one doublet even at 4.2 K.
structure of § is essentially the same as that of } but not as that of 2.3) It
has been reported that 1',l1'"-di-n-butylbiferrocenium I; shows two types of the
valence states on the M&ssbauer spectra as its crystal structure changes from one
form to énother.4) In order to clarify the effects of the halogen substituents
on the valence state of iron atoms, 1l'-bromo-1l'"-iodobiferrocene (é) and 1'-
chloro-1'"-iodobiferrocene (§) were synthesized and the valence states of iron
atoms in their mono-oxidized triiodide salts, § and Z respectively, were investi-

gated by using 57Fe-M&ssbauer spectroscopy.
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The neutral compound 4 or 5 was

synthesized as follows: 1',1'"-Di- +

iodobiferrocene (8), synthesized by —

the method previo;sly reported,S) Fe Fe I3 Fe

and copper (I) bromide or chloride, X“[::B (::l—l I~<::> Z::X—I
respectively, were stirred in
pyridine at 110 °C for three hours.
Then the reaction products were
extracted repeatedly by benzene. The
benzene-extracts thus obtained were washed with 10% hydrochloric acid and water.
The compound 4 or 5 was isolated from the concentrated extracts by column chroma-
tography on aIumin; and purified by recrystallization from benzene. 1y-NMR
(CDC1l3) for 4 (see Fig. 1) 6=3.93(2H,t), 3.98(2H,t), 4.16(4H,t), 4.23(2H,t), 4.27
(2H,t), 4.35(2H,t), 4.40(2H,t), and for 5 (Fig. 2) 6=3.89(2H,t), 3.98(2H,t), 4.14
(2H,t), 4.16(2H,t), 4.23(2H,t), 4.28(2H,t), 4.34(2H,t), 4.42(2H,t).

The I3 salts, § and Z, were prepared by the one-electron oxidation of f and
5 by iodine in benzene, respectively. Anal. Calcd for 6, CygHygFeyBriy: C,25.1;
H,1.7%. Found: C,25.4; H,2.5%. Calcd for 7, CpgHygFepClIy: C,26.34; H,1.76%.
Found: C,26.48; H,1.82%.

Comparison of the powder X-ray diffraction patterns for 6 and 7 with those
for % and g,revealed that both § and Z had essentially the sa;e cry;tal struc-
tures as } and g.

The °/Fe-M&ssbauer spectra for § and Z are shown in Figs. 3 and 4, respec-
tively. Even at 4.2 K, only one doublet is seen in each spectrum of these two
compounds. This shows that the rates of the electron transfer between the two
iron atoms in both § and Z are faster than 10/ s-l, similar to those found in }
and 3' The MOssbauer parameters estimated by a least-squares fitting with
Lorentian line shapes are given in Table 1. The quadrupole splittings and the
isomer shifts of 6 and 7 are almost the same as those of l and 3

The fact that the 57Fe—Mossbauer parameters of l are 51m11ar to those of 3
clearly indicates that there is little difference between the effects of bromo
and iodo substituents on the valence states of two iron atoms in a biferrocenium
cation. The effect of asymmetric substitution observed in 1'-bromo-1'"-iodobi-
ferrocenium I3, §, is considered to be too small to affect either the crystal
structure or the valence state of iron atoms, because the crystal structures of

: ; g;BuLi/TMEDA @—I
Fe -+ Fe Te
O @1 -0 O
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Fig. 2. lg-NMR spectrum of 1'-chloro-

1'"-iodobiferrocene (CDClj).

1',1'"-dibromo- and 1',1'"-diiodobiferro-
cenium I3 are isomorphous. But, even in
L L 1 ] 1 | the case of 1'-chloro-1l'"-iodobiferrocenium

4.4 632 4.0 I3, 7, the effect of chloro substitution is
ppm ~

not very large enough to change the crystal
Fig. 1. 1p-NMR spectrum of 1'- structure from that of 1',1'"-diiodobiferro-
bromo-1'"-iodobiferro- cenium I3 and then the valence state. The
cene (CDC13) . compounds 1, 3, §, and 7 are all isostruc-
tural and are considered to have a suitable
environment where the biferrocenium cations
are brought into the position favorable to
have the averaged-valence states of iron

atoms in each cation. Therefore, it may be

Table 1. °7Fe-Mdssbauer parameters

Compound Temp I.s. Q.S. r.
X Y Anion K mm-s™l mm-s~1 mm-s~1
Br I I3_ 298.0 0.44 1.33 0.33 , 0.40

78.0 0.54 1.45 0.59 , 0.55
4.2 0.55 1.45 0.52 , 0.51

Cl I I37. 298.0 0.43 1.26 0.34 , 0.35
78.0 0.52 1.36 0.52 , 0.50
4.2 0.53 1.39 0.55 , 0.51

Br Br I3~ 1) 298.0 0.49  1.23
78.0 0.52  1.38
4.2 0.53  1.40

I I I372) 300.0 0.428 1.284 0.257, 0.244
4.2 0.532 1.388 0.339, 0.343

c1 cl 1g2- 1) 298.0 o0.46  1.95
0.49  0.49

78.0 0.52  2.08

0.54  0.54
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Fig. 3. 57Fe-MSssbauer spectra of Fig. 4. 57re-M8ssbauer spectra of
1'-bromo-1'"-iodobiferro- 1'-chloro-1'"-iodobiferro-
cenium I3. cenium Ij3.

possible to expect that some salts of 1',l1'"-dichlorobiferrocenium would show an

averaged-valence state of iron atoms on their M&ssbauer spectrum.
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