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Abstract 

The results of an X-ray diffraction study of 1’,6’-bis( p-bromobenzyl)biferro- 
cenium pentaiodide and those of Miissbauer spectroscopy indicate that the degree 
of delocalization of negative charge in the triiodide unit controls the intramolecular 
electron transfer in mixed-valence biferrocenes. 

There is considerable interest in the electron transfer process in disubstituted 
mixed-valence biferrocenium salts [1,2]. Very recently it has been found that the 
nature of the solid-state environment about a mixed-valence biferrocenium cation 
can dramatically affect the intramolecular electron transfer rate [3,4]. In this 
communication we report the new mixed-valence compound, which has zigzag 
polyiodide chains, and the effect of the ionic lattices on the rate of intramolecular 
electron transfer in the mixed-valence 1’,6’-bis( p-halobenzyl)biferrocenium cations. 

The molecular and solid-state structure of 1’,6’-bis( p-bromobenzyl)biferro- 
cenium pentaiodide (1) has been determined by single-crystal X-ray diffraction *. 
As can be seen in Fig. 1, the mixed-valence cation has a truns conformation; the 

* Crystal data for 1: C,,H,sBr,FeaIs, M = 1342.61, triclinic, space group Pi, a 9.551(3), b 10.984(3), c 

11.248(S) A, CY 119.71(3), j3 116.04(3), y 76.95(3)O, V 920.74 K, Z=l, D, 2.429 g cmm3, F(619) = 

512.94. Data were collected at 300 K on an Enraf-Nonius CAD4 automated diffractometer via B/2@ 

scan mode and were corrected for absorption (MO-K,). Of 3491 reflections collected (2.5 Q < 2 13 < 

49.9 o ), 3246 were unique, and of these 2403 that were considered observed (F, > 2.5 u (F,)) were used 

in the solution and refinement. Weights based on counting-statistics were used. All hydrogen atoms 
were located and isotropically refined; non-hydrogen atoms anisotropically. RF = 0.052, R WF = 0.039. 
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(a) (b) 

Fig. 1. ORTEP plots of 1’,6’-bis(p-bromobenzyl)biferrocenium cation in 1 (a) and zigzag configuration 

of polyiodide chain in 1 (b). Both are plotted with 50% probability ellipsoids. 

two iron ions are on opposite sides of the planar fulvenide ligand. The rings of each 
ferrocenyl moiety are nearly parallel; the dihedral angle is 3.3”. The two rings are 
nearly eclipsed with an average staggering angle of 1.2(3)“. The mixed-valence 
cation is located at a centre of symmetry with a centroid-to-centroid distance of 
3.344(l) A, for each metallocene moiety, which is intermediate between that in Fe”, 
3.390 A [l], and Fe”‘, 3.313 A [l]. Table I lists important bond distances and 
angles. 

As viewed down the c-axis (Fig, 2) the solid-state structure of 1 is composed of 
parallel sheets of mixed-valence biferrocenium cations and polyiodide ions which 
contain zigzag chains of alternate I, and I, units. This unusual well-established 
polyiodide is not seen in the three structurally characterized biferrocenium triiodide 
salts [1,5]. The value of I-I distance in the centrosymmetric I,- ion is 2.9250(17) A 
which is in accord with the standard value of 2.920 A proposed for the free I,- ion 
[6]. The bond length in the I, molecule is 2.741(2) A, significantly larger than the 
value of 2.68 A found in crystalline I, [7]. The distance of 3.486(2) A between 
neighbouring iodine atoms in I, and I,- units within a chain indicates a significant 
interaction, in view of the in-plane intermolecular distance of 3.50 A found in 
crystalline I, [7]. A zigzag chain of pentaiodide has also been observed in the 
complex of (phenacetin)z. HI, in which the I, -- - -I, distance is 3.550(2) A [S]. The 
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Table 1 

Selected bond lengths (A) and bond angles (deg) for 1 

Bond lengths 

WI-I(2) 
1(1)-I(2) a 

1(3)-I(3) b 

Br-C(H) 

C(8)-C(9) 
C(H)-C(12) 

C(l)-C(1) ( 
CWc(2) 
C(1)-W) 
C(14)-C(15) 

C(15)-C(16) 

Bond angles 

1(2)-1(1)-I(2) 0 

C(l)-C(5)-C(4) 

C(7)-C(6)-C(l1) 

C(6)-C(7)-C(8) 

C(8)-C(9)-C(10) 

C(6)-C(H)-C(12) 

C(ll)-C(12)-C(17) 

C(13)-C(12)-C(17) 

C(12)-C(13)-C(14) 

C(13)-C(14)-C(15) 

Br-C(15)-C(14) 

C(14)-C(15)-C(16) 

C(2)-C(3)-C(4) 

2.9250(17) 

2.9250(17) 

2.7406(17) 

1.909(7) 

1.416(10) 

1.518(10)’ 

1.446(13) 

1.438(10) 

1.432(10) 

1.366(11) 

1.386(12) 

180.0 

106.9(6) 

125.0(6) 

108.4(6) 

107.0(6) 

109.0(5) 

121.6(7) 

118.6(6) 

121.1(7) 

1X3.2(7) 

119.3(6) 

122.3(7) 

108.6(6) 

C(6)-C(7) 
C(6)-C(10) 

C(6)-C(l1) 

C(7)-C(8) 
C(9)-C(10) 

C(12)-C(13) 

C(12)-C(17) 

C(13)-C(14) 

C(2)-C(3) 

C(3)-C(4) 

C(4)-C(5) 

C(3)-c(4)-C(5) 
C(7)-C(6)-C(10) 

C(lO)-C(6)-C(ll) 

C(7)-C(8)-C(9) 

C(6)-C(lO)-C(9) 

C(ll)-C(12)-C(13) 

C(1) c-C(l)-C(2) 

C(1) ‘-C(l)-C(5) 

C(2)-C(l)-C(5) 

C(l)-C(2)-C(3) 

Br-C(15)-C(16) 

C(15)-C(16)-C(17) 

C(12)-C(17)-C(16) 

1.416(9) 

1.412(10) 

1.497(10) 

1.412(10) 

1.422(10) 

1.384(11) 

1.365(10) 

1.387(11) 

1.404(11) 

1.426(12) 

1.417(11) 

108.7(7) 

107.3(6) 

127.7(6) 

108.4(b) 

10X.9(6) 

119.5(6) 

125.5(6) 

125.7(6) 

108.4(6) 

107.4(6) 

118.4(6) 

117.6(7) 

122.1(7) 

’ The following atoms are the equivalents: I(2) - x - y - z. ’ I(3) - x l- y 1 - z. ’ C(1) - x 2- y 

1 - t. 

positioning of the I,- anion relative to the mixed-valence cation in 1 apparently is 
also unusual (Fig. 2). The I,- moiety in 1 is parallel to the fulvenide ligand, rather 
than perpendicular to the fulvenide ligand as found in biferrocenium and 1’,6’-di- 
substituted biferrocenium triiodide salts [1,2]. Furthermore, Br- - -I contacts be- 

Fig. 2. Stereoview of the packing arrangement of 1, as viewed down the c-axis. 



C36 

tween the cation and anion in the range of 3.866(2)-4.180(2) A were noted in the 
structure. 

In agreement with the structural characterization we have found that a sample of 
1 at 298 K gives a Miissbauer spectrum with one quadrupole-split doublet (AE, 
1.098 mm/s). This pattern of one doublet is what is expected for a valence 
delocalized biferrocenium cation (electron transfer rate greater than the time scale 
of Mijssbauer technique, i.e., > 10’ s-‘) [1,2]. However, the Mijssbauer spectrum of 
1’,6’-bis( p-chlorobenzyl)biferrocenium triiodide (2) is quite different from what is 
seen for compound 1. By a least-squares fit to Lorentzian line shapes, the features in 
the 300 K spectrum of 2 are two doublets, one with a d E, of 0.776 mm/s and the 
other with AEQ 1.394 mm/s. Furthermore, both doublets have the same area, which 
clearly indicates that compound 2 is valence trapped on the Miisshauer time scale 
(electron transfer rate is less than - lo7 SK’). 

Room-temperature IR spectra were also run for KBr pellets of unoxidized 
1’,6’-bis( p-bromobenzyl)biferrocene. The C-H bending mode of Cp groups for the 
unoxidized biferrocene is at 810 cm--‘. Two bands at 818 cm--” and 832 cm-’ are 
observed for 1. If the band at 832 cm-’ can be assigned to the C-H bending mode 
associated with the Fe”’ moiety, then 1 is localized on the IR time scale. 

The Miissbauer data clearly indicate that the intramolecular electron transfer rate 
in 1 is greater than - 10’ s -I? whereas the rate for 2 is less than - 10’ s-l. This 
difference does not originate in a difference in electronic or vibrational coupling in 
1 and 2. Evidence in support of the statement that the electronic coupling within the 
cations of 1 and 2 is probably not different in either can be gleaned from the 
electrochemical data for the two neutral biferrocenes. Each shows two one-electron 
oxidation waves, and the separation between the two one-electron oxidation waves 
is the same. The difference of electron transfer rates for 1 and 2 can be explained bq 
the degree of delocalization of negative charge in the I, unit. In the solid-state the 
environment about the mixed-valence cation influences the rate of intramolecular 
electron transfer. For compound 2, which shows a moderate electronic coupling 
between the metal centers, the anion has to interconvert rapidly between two 
configurations, one which is the limiting form: I,-- - ” -1,-l,, and the other is 
described as 1,-I,- - - -ICP, so that it does not limit the rate of electron transfer. In 
the case of 1, we suggest that the zigzag polyiodide chain has greater delocalization 
of negative charge so that it does not limit the rate of intramolecular electron 
transfer. 

Supplementary material available 
Tables of experimental and crystal data (Table sl, 1 page) atomic coordinates 

(Table ~2, 2 pages), anisotropic thermal parameters (Table ~3, 2 pages). bond 
distances and angles (Table ~4, 5 pages), and a Iisting of structure factors (15 pages) 
are available from the authors. 
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