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Abstract

The electronic spectrum of the hinuc.lu.lr complex ion [Fe"™(C(H PPh,),Re(CO),C1)

in CH,Cl, shows a long-wavelength

absorption at A, = 700 nm (£ = 200 M~ 'em ™ ") which is assigned to a Re' - Fe' MMCT transition. An analysis according to the
Hush model confirms the assuniption that the complex contains weakly coupled metal centers and is thus a type 1i compound (Robin and

Day classification). © 1997 Elsevier Science S.A.
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1. Introduction

Binuclear ligand-bridged heterometallic transition
metal complexes have atteacted much atiention i recent
years, This interest is related to the importance of such
compounds in biochemistry, catalysis and other poten-
tial applicutions. These functions depend on several
effects including stevic, electrostatic and electronic in-
teractions, The electronic coupling of both metal centers
could be quite significant but is largely unknown in
Most cases.

A series of rather interesting binuclear complexes are
of the type (1]

R
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Since the organometallic compound 1, 1'-bis(diphen-
ylphosphino)errocene Fe(C H PPh,), is easily acces-
sible and commercially available a variety of binuclear
or polynuclear complexes incorporating this ferrocene-
substituted phosphine as bidentate ligand has been pre-
pared and characterized [1]. However, the existence and
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extent of electronic coupling between both metals has
not yet been studied in any detail.

Binuclear complexes which simultancously contain a
reducing and an oxidizing metal center show optical
metal-to-metal charge transfer (MMCT) which provides
important information on metal=metal interaction [2=7).
Typical examples are mixed-valence complexes which
contain bridging ligands such as cyanide or pyr.wine
Ferrocenes are also known to participute in optical
Fe'' = Fe! MMCT when ferrocene and ferrocenium
are linked by a carbon=carbon bond. However, it is not
yet known if the electronic communication between two
metals is also mediated by phosphine bridges in é@ﬂdl‘ﬂl
and the phosphine function of Fe(C H,PPh,), in par-
ticular. In the case of [Co"(CH,PPh,),Re"(CO),CI}*
the possible appearance of a MMCT absorption was
pointed out but clear evidence was missing [8]. As a
suitable candidate for the detection of a MMCT band in
the electronic spectrum of this type of complex we
selected the cation {Fe"(CH,PPh,).Re'(CO),CI)*. It
is casily prepared and has been described buforc [9].
The expectation to observe a MMCT band at relatively
low energies is based on the following considerations.
Ferrocenium is a rather strong oxidant and its reduction
is not associated with a larg,e rcor&anintion energy
since the electron is accepted in the o), orbital which is
not involved in strong o-bonding [l()] The Re'(CO), X
moiety is a well known donor. Complexes of the type
(1,2-diimine)Re(CO), X (e.g. diimine = bipy) display
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long-wavelength Re' —» 1.2-diimine metal-to-ligand
charge transfer (MLCT) bands [10,11]. Moreover, the
participation of the Re'(CO),X fragment in optical
MMCT has been recently suggested to take place in
S,Re""( u-S),Re'(CO),CI [12]. Accordingly, our target
ion [Fe"(CsH PPh,),Re'(CO),CI]* is anticipated to
show a low-energy MMCT transition, if the bridgirg
phosphine mediates a sufficient metal-metal interac-
tion,

2. Experimental
2.1. Materials

The compounds Fe''(C H ,PPh,), (1.I'-bis(diphenyl-
phosphino)ferrocene), diphos (1.2-bis(diphenylphos-
phinolethane), Re(CO),Cl, forrocene (Aldrich), and
NO(BF,) (Strem) were commercially available and used
as received. For spectroscopic measurements the sol-
vents were spectrog:ade and argon-saturated. The binu-
clear complex Fe'(CH,PPh,),Re'(C0),Cl was pre-
pared as described by Wrigton et al. [9). The complex
(diphos)Re(CO),Cl was also obtained according to a
literature procedure [13).

2.2, Instrumemation

Absorption spectra were measured with a Uvikon
932 and a Bruins Instruments Omega 10 UV=VIS-NIR
double-beam spectrophotometer,

3. Results

The oxidation of Fe'(CyH,PPh,),Re'(C0),Cl with
NOBF, yields [Fe"'(C,H,PPh,),Re'(CO),CI)* [9). The
electronic spectrum of this cation in CH,Cl, {Fig. 1)
shows long-wavelength absorptions at A, = 609 nm
(=290 M~'em™') und 700 nm (shoulder, &= 206
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Fig. 1. Electroniv spectrum of 1.8x 10°°' M

[F'i"lm(fqﬂ.,PPh;):R&(CO),Cl]‘ in argon-saturated CH,CI,. 1 em
cell.

M~ 'cm™!). The band at 609 run which was reported
previously [9] is not solvent dependent. On the contrary,
the lower-energy absorption is shifted to shorter wave-
length with increasing solvemt polarity. Owing to this
blue shift in solvents such as CH;CN the band maxi-
mum is not any more discernible since it is obscured by
the 609 nm band. The absorption spectra of the
mononuclear fragments which coustitute the binuclear
complex cation should be considered for comparison.
Unfortunately they do not exist as separate entities.
However, the ferrocenium cation and the complex (di-
phos)Re(CO),Cl (diphos = 1,2-
bis(diphenylphosphino)ethane) may be taken as suitable
substitutes. Fe(C,H;); shows a diugnostic band at
Apa =617 run (£=450 M~ 'cm™") [7,10,14] while
(diphos)Re(CO),Cl absorbs at A, = 329 nm (£ = 1100
M~lem™ ") and 299 am (&= 3100 M 'cm "),

4. Discussion

If both metals of [Fe"'(C H PPh,),Re'(C0O),CI]*
are weakly coupled its absorption spectrum should con-
sist of the spectra of its mononuclear components
[Fe" (C (H ,PPh,),]" and
[(CsH PPh,),Re'(CO),CI}". Since both components
are  not ¢xistent the ferrocenium cation and
(diphos)Re(CO),Cl serve as appropriate models. The
diphos complex ix colourless and absorbs only below
400 mn. Accordingly, the long-wavelength absorptions
of the binucleur cation cannot be ascribed o the
mononuclear Re' complex. On the contrary, the
shorter-wauvelength absorption of
[Fe"'(C H,PPh,),ReCO)CI* wt A, =609 nm is
attributed to an internal transition of the ferrocenium
moiety. Fe(C H,)? shows this characteristic ligand-to-
metal charge transfer (LMCT) band at A, = 617 am
[7.10,14]. These observations are consistent with the
assumption that the binuclear ion contains both metals
in trapped valencies. However,
[Fe"™(CH,PPh,),Re'(C0),CI]* shows an additional
long-wavelength band at A,,,, = 700 nm (Fig. 1) which
does not belong to the separate components. This new
absorption is logically assigned to a Re' = Fe™ MMCT
transition. It follows thut the binuclear ion should be a
type Il compound according to the Robin and Day
classification of mixed-valence complexes [15). This
conclusion is confirmed and eluborated by the applica-
tion of' the Hush theory [2.4,16-19).

In distinction to delocalized systems the energy of
the MMCT transition between weakly coupled metal
centers depends on the solvent polarity. The longest-
wavelength band of [Fe"'(C,H PPh,),Re'(CO),CI]*
shows indeed such a solvatochromic behaviour. More-
over, the energy of the MMCT transition E, (or7

max
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14290 cm™') is the sum of the reorganizational energy
X and the energy difference AE£ (or potential differ-

ence, respectively) between the redox couples Fe™!
and Re'/!: :
E,=X+AE

While [Fe"(C H,PPh,),Re/(CO),Cl] is reversibly
oxidized to the Fe™ complex at E, ,, =0.67 V versus
Ag/Ag™* [9] the redox potential for oxidation of Re' is
not known. However. for an approximation the potential
for the irreversible oxidation of (diphos)Re(CO),Cl
(E,,»=1.4 V) may be taken [9]. The reorganizational
energy is then calculated to be X =8400 cm™' (or 24
kcal). This is a reasonable value since the donor and
acceptor orbital of the MMCT transition are not in-
volved in strong eo-bonding interactions. The donor
orbital at Re' with d® configuration is of the t,, type (in
O, symmetry). This is also true for the a,, acceptor
orbital at Fe""' with a d° configuration [7,10,14].

The theoretical half-bandwidth of the MMCT absorp-
tion should satisty the equation

Avy = [23!0( Ey - AL)] v

The experimental half-width could not be measured
precisely owing 10 the overlap of the MMCT and
LMCT band. but was estimated to be AP, = 5300
cm”' by analyzing the band shape at the long-wave-
length side. This half-width exceeds the theoretical value
AP, ,, = 4400 em~'. However, a discrepancy of this
magnitude is frequently observed for class 11 conr
plexes.

The delocalization coeflicient can be ealeulated ae-
cording 10 the equation

M b, AT - Pl
4 *4‘24 '0 "'m“«\"g(;;/"m"\ R

Since the Fe-Re distance in the binuclear complex is
R = 4.5 A [20] the delocalisation is ¢ =1.6+10" " and
thus rather small as expected for weakly coupled metal
centers.

In this context a comparison with
[Co"™(C H,PPh,),Re'(CO),CI]" would be quite inter-
esting. The possible existence of a Re' = Co"' MMCT
transition has been indicated [8). However, the detection
of the corresponding absorption is probably hampered

by the interference with other bands of different origin
since MMCT transitions with Co™ as acceptor are
expected to occur at relatively high energies. This as-
sumption which applies also to other cobalt complexes
{5.6] is based on the small oxidizing strength of the
cobaltocenium cation, Co"(C ;H;)3 . and the large reor-
ganizational energy which is required for Co™ reduc-
tion. The electron is accepted into a strongly antibond-
ing e, orbital [7].

Acknowledgements

Support for this research by the DFG, the Fonds der
Chemischen Industrie is gratefully acknowledged.

References

[1] K.-S. Gan, T.S.A. Hor, Ferrocenes, A. Togni, T. Hayashi (Eds.),
VCH. Weinheim, 1995, p. 3.
[2] D. Brown (Ed.), Mixed-Valence Compounds, Reidel. Dordrecht,
1980.
13] €. Creutz. Progr. Inorg. Chem. 30 (1983) 1.
[4] N.S. Hush, Progr. Inorg. Cheta. 8 (1967) 391.
{S] A. Vogler, AH. Osman. H. Kunkely, Coord. Chem. Rev. 64
(1985) 159
f6) A. Vogler. Photoinduced Electron Transter, MLA, Fox, M.
Chanon (Eds.), part D, Elsevier Science B.V.. Amsterdam,
1988, p. 179.
[7] A.B.P. Lever, Inorganic Electronic Spectroscopy. Elsevier Soi-
ence BV, Amsterdam, 1984,
[8] L.M. Lorkovic, M.S. Wrighton, W.M. Davis, ). Anr. Chem, Siw
116 (1994) 6220,
o] T.M. Miller, K.J. Abhmed. M.S, Wrighton, Inorg, Chem. 8
(1989) 2347,
110} G.L. Geotfrey, M5, Wrighton, Organometallic Photochemistry,
Academic Press, New York, 1979,
(11] 1.0, Swtkens, Comments Tnorg. Chem. 1301992) 359,
(121 R. Sehlifer. W, Kaiin, 1. Fiedler, Inorg. Chem, 32 (1993) 3199,
[13] ¥, Zingules, M. Graziani, ¥, Faraone, L. Belluco, Inorg. Chm,
Acta 1 (1967) 172,
(14] ¥.§. Sohin. BN, Hendrickson, H.B. Gray, 1 Am. Chepi. See.
93 (1971) 3603,
[15] M.B. Robin. . Day. Ady, Inorg Chem. Radiochem, 10 (1967)
2147
f16] N.S. Hush, Trans. Faraduy Soc. 57 (1956) 557,
[17] N.S. Hush. Progr. Inorg. Chem. § {1967) 357,
[18] N.S. Hush, Electrochim. Acta 13 (1968) 1003,
{19] N.S. Hush, Chem. Phys. 10 (1975) 361,
(20] This distance was  determined for the reduced  complex
(Fe'(C H PP, ReNCO),CH 9],



