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Abstract

The 1',1"-diacetyl and 1’-acetyl-1"-(1-naphthylimino-ethyl)substituted biferrocenes, CH ;CO-Fc-Fc—~COCH ; (1) and CH;CO-Fc~
Fc—C(CH ;)=N-np (2), where Fc = CsH FeCsH, and np = 1-naphthyl, and the corresponding monocations as salts with I3, I,
FeCl; and Cul; have been prepared. The crystal structures of 1 and 2 have been determined. The temperature-dependent
Mossbauer spectra of the biferrocenium salts with the exception of the I3 salt from 2 revealed them all to be of the mixed-valence
type. The interaction between counter anions and the biferrocenium cations is discussed.
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1. Introduction

The study of electron transfer in mixed-valence
metallic complexes provides insight into electron trans-
fer in biological processes, and many model systems
have been developed [1]. It has been found from " Fe-
Mossbauer spectroscopic studies that the valence state
of the iron atoms in 1’,1”-dialkyl- [2—6] and halogen-
substituted [7] biferrocenium salts of I3, FeCly,
ZnCl,, PF;, SnCl'é‘ and picrate, can be classified in
the solid state in terms of the extent of delocalization
or the degree of interaction between ferrocene (Fc)
and ferrocenium (Fc*) moieties [8]. One category is a
mixed-valence type, which has two independent va-
lence states of iron atoms corresponding to Fe!' and
Fe!!. The other is an average valence type, which has
only one equivalent non-integral valence state of iron
atom on the Mdssbauer time scale [8].
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The present studies were aimed at clarifying the
effect of acetyl and naphthylimine substituents and
that of the counteranion, of I3, Cul; and FeCl;, on
the valence state of iron atoms in the biferrocenium
derivatives. Thus 1’,1"-diacetyl-biferrocene, 1’-acetyl-
1”-(1-naphthylimino-ethyl)biferrocene and a series of
their salts with I3, I3, Cul; and FeCl; were pre-
pared. The structures and electronic vaience states of
these compounds were studied by means of X-ray
diffraction, cyclovoltammetry, and IR and Mdéssbauer
spectroscopy.

2, Experimental details

2.1. Preparation of compounds

1',1"-Diacetylbiferrocene (CH ;CO-Fc-Fc—COCH ;)
(1) was prepared by the published method [9] and its
identity confirmed by IR, NMR, and mass S$pec-
troscopy. The single crystal used for crystallography
was grown in CH,Cl,/benzene (1:1). M.p. 192°C Anal.
Found: C, 63.19; H, 4.88 C,,H,,0,Fe,, caled.: C,
63.48; H, 4.88%.
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1'-Acetyl-1"-(1-naphthylimino-ethyl)biferrocene
(CH,CO-Fc-Fc-C(CH;)=N-np) (2) was first pre-
pared in the present study by Schiff-base condensation
between diacetylbiferrocene with 1-amino-naphthalene
[10]. A solution of 1 (0.01 mol) and 1-amino aphthalene
(0.02 mol) in toluene (200 ml) was added to a suspen-
sion of Al,0, (0.90 g) in toluene (100 ml). The mixture
was refluxed for five days under N,. The reaction
products were separated by column chromatography
on silica gel. The compound 2 (0.4 g) was eluted by
CH,Cl, and a mixture of CH,Cl,/benzene (1:1), and
a small portion (0.01 g) of 1',1”-bis(1-naphthylimino-
ethyDbiferrocene (np—N=(CH ;)C-Fc-Fc-C(CH,)=N-
np) was also eluted. The single crystal of 2 for crystal-
lography was grown in CH,Cl,/benzene (1:1). M.p.
178°C. Anal. Found: C, 70.21; H, 5.05; N, 2.41.
C;,H,4NOFe, calcd.: C, 70.50; H, 5.01 N, 2.42%.

Mixed-valence 1 and 2 salts with I (1a) and 15 (2a)
anions were prepared by the simple procedure previ-
ously described for the I3 salt of biferrocenium [10].
The mixed-valence 1 and 2 salts with FeCl; (1b and
2b) and Cul; (5) were prepared by the procedure
previously used for the FeCl; and Cul; salts of bifer-
rocenium [3,10]. Anal. Found: C, 26.61; H, 2.23.
C,,H,,Fe,l, (1a) caled.: C, 26.47; H, 2.02%. Found:
C, 43.05; H, 3.23; N, 1.50. C;,H,,NOFe, 1, (2a) calcd.:
C, 42.53; H, 3.02; N, 1.46%. Found: C, 52.51; H, 3.61;
N, 1.79. C,,H,oNOFe,Cl, (2b) caled.: C, 52.53; H,
3.74; N, 1.80%.

2.2. Physical measurements

The crystal data were obtained on a CAD-4 diffrac-
tometer with graphite-monochromated Mo Ka radia-
tion. Total number of reflections for 1, 1766 (1441 >
2.00(I)) and for 2, 4790 (3209 > 1.80(I)) were mea-
sured up to 268 of 50° in the +h, +k, +1 octants. The
structure was solved by the heavy atom method and
subsequent difference Fourier maps followed by full-
matrix least-squares refinement; the final agreement
indices are R(F) =0.026, R (F) = 0.026 for 1 and R(F)
=0.041, R, (F)=0.028 for 2 respectively. A film
method X-ray crystal structural analysis for the com-
pound 1 was reported some time ago by Kaluski and
R R’ X~

+ 1 | COCH, COCH,

la | COCH, COCH, I
1b | COCH, COCH, FeCl;
lc | COCH, COCH, Cul;
COCH, C(CH,)=N-np

O Or
: 2a| COCH, C(CH,)=N-np I3

2b| COCH, C(CH,)=N-np FeCl;

Fig. 1. 1/,1”-Substituted biferrocenes and biferrocenium salts.

TABLE 1. Crystallographic data for COCH 3—Fc-Fc-COCH (1)
and COCH ;-Fc-Fc-C(CH3)=N-np (2)

1 2

Formula Fe,C,,0,H,, Fe,C,ONH ,,
Formula weight 454.13 579.30
Diffractometer CAD4 CAD4
Space group P2, /n Pi
a, A 8.58%(3) 11.170(4)
b A 18.978(6) 11.275(4)
¢ A 5.811(4) 11.454(8)
a,’ 90 113.89%(5)

,° 104.50(6) 101.40(5)
v, ° 90 79.23(3)
v,A 917.0(8) 1283.7(11)
VA 2 2
D(calc), g em ™3 1.645 1.499
AMo Ka), A 0.71069 0.71069
F(000) 468 600
unit cell detn;#;20 range 24, (18.46-41.76) 24,(19.52-27.34)
scan type 0/20 0/20
20 scan width, deg 2(0.8+0.35 tand) 2(1.0+ 0.35 tan®)
28 range, deg 2-50 2-50
uMoKea), cm™! 16.0 11.6
Crystal size(mm) 0.80x0.80x1.00 0.50X0.60x0.50
Temperature (K) 298 298
No. of meas. reflns. 1766 4790
No. of unique reflns. 1604 4517
No. of obs. reflns (1> 20(I)) 1441 3209
No. of refined params 172 343
R, R} 0.026, 0.027 0.041, 0.028
Minimized function Iw|F,-F,|? £ F,~F,|?
Weighting scheme 1/0%(F,) 1/0%F,)
g(second.ext.coeff.) X 10* 1.23 0
(4/0)mar 0.033 0.022
(40) maxsmin€A ™3 0.34, —03 0.40, —0.36
Computation program NRCVAX ** NRCVAX **

*R=[LIF,- F.|/F) R, =[Ew(|F,~ F.1%/Tw(| F,| )%
a?(F,) from counting statistics. ® Nrcvax E.J. Gabe, Y. Le Page,
J.-P. Charland, F.L. Lee, and P.S. White, J. Appl. Cryst., 22 (1989)
384,

Gusev [11]. The crystallographic data for 1 and 2 are
listed in Table 1. Infrared spectra were recorded on a
Shimazu IR-470 infrared spectrophotometer. Cyclic
voltammograms of 1 and 2 were obtained with a CV-27
potentiostat combined with a standard three-electrode
configuration. A platinum button was used as the
working electrode and Ag/AgClO, as reference elec-
trode. "Bu,NBF, (0.05 M) in CH,Cl, was used as
supporting electrolyte. The half-wave potentials at
room temperature were: for 1 E, ,(1)=0.72, E, ,,(2)
=107 V; for 2 E,; (1) =0.66, E, ,(2) =097, E, ,,(3)
=1.16 V.

The 3’Fe Mdssbauer spectra were obtained on an
Austin S-600 Mossbauer spectrometer of constant ac-
celeration; 3’Co(Pd) was used as the radiation source.
Iron foil was used as the standard for the isomer shift.
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3. Results and discussion

The results of the single-crystal X-ray studies of 1
and 2 are first discussed. The ORTEP stereoscopic views
of the compounds 1 and 2 are shown in Figs. 2 and 3.
Selected bond lengths and angles for 1 and 2 are listed
in Tables 2 and 4, and atomic coordinates and equiva-
lent isotropic displacement coefficients in Tables 3 and
5. The molecular structures of 1 and 2 show some
interesting features. The space groups of the crystals 1
and 2 are P2,/n and P1, respectively.

Both 1 and 2 show a trans conformation with the
two iron atoms on opposite sides of the planar ful-
venide ligands. This trans-conformation of the ferro-
cenyl moieties is a requirement for the formation of
the mixed-valence biferrocenium monocation [12]. As
can be seen from Tables 2 and 4, the mean bond
distances between the iron atom and the five caorbon
atoms of a given ring are 2.050(3) and 2.040(4) A for
the rings [C(1)-C(5)] and [C(6)-C(10)] of 1 respec-
tively. The mean bond distance between the Fel and
the five carbon atoms of ring(I) and ring(II) for 2 are
2.036(4) and 2.036(S) A, respectively, these distances
being shorter than that of 2.045 A observed for fer-
rocene [13]. However, the mean bond distances be-
tween the Fe2 and the five carbon atoms of ring(I1I)
and ring(IV) are 2.045(5) and 2.041(5) A, respectively,
which are close to that of 2.045 A observed for fer-
rocene [12].

The centroid—centroid (c-c) distance between the
rings [C(1)-C(5)] and [C(6)-(10)] for 1 is 3.301(2) A
(estimated from Table 2). The c-c distance between

Fig. 2. orTEP stereoview of COCH ,—Fc—Fc—COCH 4 (1) with hydro-
gen atoms omitted (50% probability thermal ellipsoids).

ring(I) and ring(II) for 2 is 3.285(2) A (estimated from
Table 4), this is slightly shorter than that of 3.302(2) A
between ring(III) and ring(IV).

There are no significant deviations from regularity
and planarity of the cyclopentadienide rings for 1 and
2. The two rings in each ferrocenyl group of 1 and 2
are essentially eclipsed. The dihedral angles between
rings [C(1)-C(5)] and [C(6)-C(10)] in 1 is 2.2° and that
between rings (I) and (II) in 2 is 3.9°, and the stagger
angle between rings (III) and (IV) is 32.5°.

The important IR absorption bands of C-H bending
of cyclopentadienyl ring, CO streching of acetyl and
CN streching of naphthylimine for the compounds are
listed in Table 6. A previous report [14] on mixed-va-
lence biferrocenium ion indicated that the C-H bend-

TABLE 2. Selected bond distances (A) and angles (°) of Fe,C,,0,H,, for 1

Distances

Fe-C(1) 2.075(3) C(1)-C(5)
C(2)-C(3) 1.422(4) Fe-C(3)

Fe-C(4) 2.041(3) C4D-C(5)
A6)-C(7) 1.408(4) Fe—-C(6)

Fe-C(7) 2.0393) aAD-CB®)
C(®)-C9) 1.40%(5) Fe-C(9)
Fe~-C(10) 2.041(3) C(10)-C(11)
C(11)-C(12) 1.493(5) a1)-x2)
ring[C(1) ~ C(5))-Fe 1.656(2) ring[C(6) ~ ((10)]-Fe
Angles

(2)-Fe-(X6) 107.1(1) C(3)-Fe-C(7)
C(5)-Fe—-((9) 109.6(1) 1) *-C(1)-C2)
C(1)-Fe-C(10) 110.2(1) (2)-C(1)-C(5)
C(N)-C(8)-C(9) 108.2(3) aQ1) 2-C(D-C(5)
C(2)-C(1)-C(5) 107.7(3) (6)-C(10)-C(9)
C(6)-C(10)-C(11) 128.1(3) C(2-C(3)-C(4)
C(3)-C(4)-C(5) 108.3(3) C(10)-C(11)-C(12)
C(10)-C(11)~-0(13) 120.6(3) C(N-C(6)-(10)
C(6)-C(N-C(8) 108.1(3)

1.422(4) Fe-((2) 2.050(3)
2.036(3) C(3)-C4) 1.409(5)
1.419(4) Fe—-C(5) 2.048(3)
2.029(3) a6)-C(10) 1.429(4)
1.417(5) Fe—-C(8) 2.049(3)
2.042(3) 9)-C(10) 1.427(4)
1.470(4) an-cq) 2 1.457(5)
1.429(4) C(11)-0(13) 1.218(4)
1.645(2)
104.9(1) O(4)-Fe-C(8) 106.5(1)
125.7(3) A1 *-C(1)-C(5) 126.6(3)
107.7(2) a1 2-C(1)-C(2) 125.7(3)
126.6(3) C(8)-C(9)-((10) 108.3(3)
106.9(3) AD-02)-C(3) 107.6(3)
108.3(3) A(9)-C(10)-C(11) 124.9(3)
117.7(3) (1)-C(5)-C(4) 108.0(3)
108.4(3) Q(12)-0(11)-0(13) 121.7(3)

2 indicates -x, 1 —y, -z.
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TABLE 3. Atomic parameters x, y, z and B;,,. e.s.d’s refer to the
last digit printed

X y z B,
Fe 0.01499(4)  0.635716(18) 0.00612(7)  1.713(18)
C1 0.0547(3) 0.52824(12) 0.0531(5) 1.74(11)
C2 0.0591(4) 0.56243(14) 0.2739%(5) 2.12(13)
C3 0.1834(4) 0.61383(15) 0.3124(6) 2.55(13)
C4 0.2539(4) 0.61215(15) 0.1181(6) 2.70(14)
C5 0.1736(3) 0.56023(14) —0.0444(6) 2.21(13)
C6 —0.1963(4) 0.68320(15) 0.0080(6) 2.44(13)
Cc7 —0.0708(4) 0.73295(15) 0.0595(6) 2.82(15)
C8 0.0005(4) 0.73513(15) —0.1354(6) 2.9214)
Cc9 —0.0803(4) 0.68649(15) —0.3074(6) 2.48(13)
C10 —0.2044(3) 0.65382(13) —-0.2211(5) 2.01(11)
C11 —0.3129(3) 0.59853(15) —0.3467(6) 2.56(13)
C12 —0.4321(4) 0.56836(21) —0.2258(8) 3.3317)
013  —0.3078(3) 0.57978(12) —0.5452(4) 4.37(12)

Ci3

012 ¢
7

C8 cn

ing bands in IR spectra can be employed to tell whether
a given mixed-valence biferrocene is delocalized or not.
This band is seen at 815 cm ™! for the ferrocene (Fe(II)
moiety) and 851 cm™! for the ferrocenium (Fe(IIT)
moiety) in biferrocenium triiodide [14].
1’,1"-Diacetylbiferrocene and 1’-acetyl-1”-(1-naph-
thylimino-ethyl)biferrocene show strong C-H bending
bands at 814 and 829 cm~! respectively. The oxidized
compounds la,b,c show two bands at 820-929 and
835-854 cm !, and two bands at 831 and 850 cm ™! for
2b. These indicate that the intramolecular electron
transfer is faster on the IR time scale. In addition, the
fact that the C—H bending vibration for 2a is the same
as that for unoxidized 2 implies that the oxidation does
not take place at the iron atoms in biferrocenyl moiety.

Fig. 3. orTEP stereoview of COCH ;—Fc-Fc—C(CH ;)=N—np (2) with hydrogen atoms omitted (50% probability thermal ellipsoids).

TABLE 4. Selected bond distances (A) and angles (°) of Fe,C3,ONH  (2)

Distances

Fe(1)-(X1) 2.025(4) Fe(1)-C(2)
Fe(1)-C(4) 2.043(4) Fe(1)-C(5)
Fe(1)-C(7) 2.034(4) Fe(1)-C(8)
Fe(1)-C(10) 2.042(4) Fe(2)-C(21)
Fe(2)-C(23) 2.042(4) Fe(2)-C(24)
Fe(2)-C(26) 2.053(4) Fe(2)-C(27)
Fe(2)-(C(29) 2.034(4) Fe(2)-C(30)
C(6)-C(26) 1.463(5) c(11)-0(12)
C(21)-C(31) 1.473(5) C(31)-N(32)
C(31)-C(43) 1.506(5) N(32)-C(33)
ringlI-Fe(1) 1.643(2) ringlI1-Fe(2)
Angles

C(1)-Fe(1)-C(10) 107.6(2) C(2)-Fe(1)-C(9)
C(4)-Fe(1)-C(7) 106.5(2) C(5)-Fe(1)-C(6)
C(22)-Fe(2)-C(29) 111.6(2) C(23)-Fe(2)-C(30)
C(25)~Fe(2)-0(27) 111.7(2)

2.034(4) Fe(D-C(3) 2.050(4)
2.02%4) Fe(1)-C(6) 2.03%4)
2.027(4) Fe(1)-C(9) 2.03%(4)
2.042(4) Fe(2)-C(22) 2.051(4)
2.040(4) Fe(2)-((25) 2.030(4)
2.053(4) Fe(2)-((28) 2.045(4)
2.041(4) (-1 1.476(5)
1.210(5) C(11)-C(13) 1.503(5)
1.271(5) C(31)-C(43) 1.506(5)
1.441(5) ringl-Fe(1) 1.642(2)
1.654(2) ring]l V-Fe(2) 1.648(2)
109.4(2) C(3)-Fe(1)-C(8) 108.6(2)
105.6(2) C(21)-Fe(2)-0(28) 113.4(2)
109.3(2) C(24)-Fe(2)-C(26) 109.5(2)
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TABLE 5. Atomic parameters x, y, z and B, for 2; e.s.ds. refer to
the last digit printed

x y 4 Beq

Fel 0.46075(5)  0.76949(5) 0.17317(5)  2.73(3)
Fe2 0.06356(5) 1.06165(6) 0.29068(5)  2.83(3)
C1 0.6087(3) 0.8676(3) 0.2186(3) 2.89(20)
C2 0.6450(4) 0.7301(4) 0.1656(4) 3.53(22)
C3 0.6146(4) 0.6759%(4) 0.2446(4) 4.10(25)
Cc4 0.5584(4) 0.7767(4) 0.3462(4) 4.0(3)
C5 0.5541(4) 0.8957(4) 0.3315(4) 3.42(22)
C6 0.2835(3) 0.8560(4) 0.1653(3) 2.84(21)
Cc7 0.2891(4) 0.731%4) 0.1716(4) 3.43(23)
C8 0.3426(4) 0.6367(4) 0.0648(4) 4.13(24)
c9 0.3686(4) 0.7006(4) —0.0090(4) 3.88(23)
C10 0.3327(4) 0.835%(4) 0.0527(3) 3.03(21)
C11 0.6134(3) 0.9583(4) 0.1566(4) 2.95(20)
012 0.6544(3) 0.9207(3) 0.0556(3) 4.08(16)
C13 0.5640(4) 1.0988(4) 0.2233(4) 4.2(3)
c21 —0.1154(3) 1.1369%(3) 0.3124(3) 2.65(20)
c22 —0.0874(4) 1.0192(4) 0.3365(4) 3.04(21)
C23 —0.0493(4) 0.9181(4) 0.2240(4) 3.44(22)
C24 —0.0538(4) 0.9711(4) 0.1305(4) 3.43(22)
C25 —0.0933(4) 1.1052(4) 0.1841(4) 3.09(22)
C26 0.2414(3) 0.9822(4) 0.2612(4) 2.97(22)
C27 0.2153(4) 1.1044(4) 0.2460(4) 3.73)
C28 0.1817(4) 1.2010(4) 0.3635(4) 4803
C29 0.1857(4) 1.1402(4) 0.4500(4) 4.9(3)
C30 0.2227(4) 1.0057(4) 0.3878(4) 3.74(24)
C31 —0.1591(4) 1.2660(4) 0.4048(4) 3.06(21)
N32 -0.1937(3) 1.2701(3) 0.5058(3) 4.07(20)
C33 —0.2401(4) 1.3930(4) 0.5988(4) 3.44(23)
C34 —0.1562(4) 1.4598(3) 0.7037(4) 3.08(21)
C35 —0.0281(4) 1.4184(4) 0.7172(4) 3.74(23)
C36 0.0482(4) 1.4888(4) 0.8217(4) 4.7(3)
C37 0.0006(4) 1.6030(4) 0.9155(4) 4.7(3)
C38 -0.1210(4) 1.6452(4) 0.9067(4) 3.83(24)
C39 —0.2036(4) 1.5757(4) 0.8020(4) 3.12(22)
C40 —0.3315(4) 1.6186(4) 0.7923(4) 3.56(23)
C41 —0.4102(4) 1.5485(4) 0.6895(4) 4.22(25)
C42 —0.3620(4) 1.4342(4) 0.5918(4) 3.8(3)
C43 —0.1625(5) 1.3821(4) 0.3702(4) 4.9(3)

The main absorption bands from CO and CN
stretching vibrations in compounds 1 and 2 and their
oxidized salts are shown in Table 6, and reveal the
wave number for the CO and CN stretches in the
unoxidized compounds are shifted to lower wave num-
ber upon oxidation. The CO band at 1646 cm ™! for 1 is
shifted to lower wave number to 1634 cm ™!, on forma-
tion of the salt with I5(1a). The FeCl;(1b) and
Cul; (1¢) salts of 1 have these CO absorption bands at
1646 cm~! and 1628 cm™!, respectively. For 1b, the
absorption is at 1646 cm ™!, the same position as that
for 1, implying that one acetyl substituent has re-
mained in an unchanged chemical environment upon
oxidation with FeCl,;. However, the position of the CO
stretching for 1e¢, 1628 cm ™!, is shifted to lower wave
number relative to that for unoxidized 1; this shift
could be attributed to oxidation of acetyl-substituted

ferrocenyl site and strong interaction between carbonyl
group of the acetyl-substituent with the anion Cul;
which leads to decrease in the CO bond order.

The observed cyclovoltammogram of compound 1
reveals two successive reversible one electron oxida-
tions (E, ,,(1) = 0.73 and E, ,(2) = 1.07 V), which yield
the corresponding mono-cation CH;CO-Fc-Fc*~
COCH; and dication CH,CO-Fc*-Fc*-COCH, re-
spectively. The difference between E, ,,(1) and E, ,»(2)
of 0.34 V, which should provide a good indication for
the classification of the type of mixed-valence bifer-
rocene derivatives [6]. However, in the case of asym-
metric 1’,1”-substituted biferrocene 2, three half-wave
potentials are observed. The potentials of the first
E, /2(1), 0.66, and the second E, ,, 0.97 V, are lower
than those for 1 but the third E, ,(3), 1.16 V, is higher
than E, ,,(2) for 1. This observation implies that one of
three potential waves, presumably the lower value of
0.66 V, is to be attributed to oxidation of the naph-
thylimine moiety; i.e. to -C(CH;)=N*-np or
—~C(CH,)=N-np*.

The °"Fe Mossbauer spectral parameters at various
temperatures of the compounds are listed in Table 3,
and representative spectra are shown in Figs. 4-6. It is
clear from Fig. 4 that the spectra obtained at 190 and

.00 |-,

0.96

0.92
1.00

Relotive transmission

i 1 i ] 1 1 1 1 1

| i
5-4-3-2-] 0| 2 3 4 5

Velocity (mm/sec)

Fig. 4. ’Fe Mdssbauer spectra of (CH,CO-Fc—Fc—-C(CH ;)<N-
np)*15 (2a).
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Fig. 5. " Fe Mossbauer spectra of (CH ;CO-Fc-Fc~COCH ;)" FeCl;

(1b).

30 K for 2a (I5 salt of 2) show a single doublet with
Q.S. values of 2.18 and 2.20 mm s~!, with 1.S.=0.52
and 0.53 mm s~!, respectively. These values are close
to those for the corresponding unoxidized 2 (as shown
in Table 1). There is no oxidized ferrocenium (Fc*)
form observed in the spectra, supporting the conclu-
sions from the infrared and cyclovoltammetric studies.

The Mossbauer spectra at 298 and 30 K for FeCl,
salts of 1b and 2b are shown in Figs. 5 and 6. As can be
seen from Fig. 5 the fitted spectra at 298 K for 1b show
two quadrupole doublets with outer large values of
Q.S. (257 mm s~ 1) and LS. (1.30 mm s~!), and inner
medium vaiues of Q.S. (2.06 mm s~!) and LS. (0.47
mm s~ '), and one singlet with an unresolvable Q.S.

1.OOH

0.99

0.98

.00t

.98

Relative transmission

0.96

1.00

0.96

0.92f

-5-4-3-2-1 0 |
Velocity (mm/sec)

Fig. 6. >’Fe Mbssbauer spectra of (CH;CO-Fc-Fc-C(CH3)=N-
np)* FeCl; (2b).

(I.S.=0.31 mm s~'), which are ascribed to FeCl,
4H,0 [16], ferrocene-like Fe" in the diacetylbiferroce-
nium cation, and high-spin Fe' species in FeCl}
anion, respectively. However, at 30 K, an additional
singlet with an unresolvable Q.S., with 1.S. = 0.53 mm
s~ !, characteristics of ferricinium-like Fe™ appeared.
In the spectra of 2b at 298 and 30 K (see Fig. 6) three

TABLE 6. IR and Mdssbauer data for the substituted biferrocenes and their salts

IR (cm~1) Méssbauer parameter (mm s~ 1)
C-H bonding »(C=0) »(C=N) Q.S. LS. Assignment
(w-CHy) 208K 30K 298 K 30K
1 814 1646 - 2.19 2.21 0.48 0.53 Fc
1a 823 1634 - 2.08 213 0.45 0.53 Fc
854 0 0 0.42 0.49 Fc*
1b 829 1628 - 2.20 2.21 0.46 0.52 Fc
845 0 0 0.23 0.34 Fc*
1c 820 1646 — 2.57 2.68 1.30 1.32 FeCl, -4H,0
835 2.06 2.11 0.47 0.52 Fc
0 0 0.31 0.34 FeCl;
- 0 - 0.53 Fc*
2 829 1645 1612 2.19 2.21 0.47 0.54 Fc
2a 829 1628 1574 2.18 2 2.20 049 2 0.52 Fc
2b 831 1629 1577 2.12 2.19 0.45 0.55 Fc
850 0.80 0.82 0.37 0.48 Fc*
0 0 0.28 0.35 FcCly

2 Observed at 190 K.
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components of iron species characteristic of ferrocene-
TS T D | (SNSRI L1 PUNEE A | ) PR RPN I PGPy JApr
11IKC I'C™, 1ICITOCCINUIII-IIRG I'C dllu LCUIdCIIIVIVICITAdLWC
Fe' are observed, but there is no FeCl,-4H,0. In

additinan the nrannrtinn of Fnrrnﬂnn;llrn:“lrn ]_]“,IH de.
auuiliUll, wiv PpropuUiiUsn Ul VI UVLILUBILIILSIIALY 1 L 8iw)

creased with decreasing temperature. This implies that
at low temperature (30 K) the salt undergoes a retro
charge-transfer conversion from anion to a ferroce-
nium-like species or temperature-dependent in-
tramolecular charge-transfer between the naphthylim-
ine and ferrocenium-like species one of which is proba-
bly CH,CO-Fc-Fc*-C(CH;)<N-np « CH;CO-Fc-
Fc~C(CH;)=N *-np [15].
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