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Introduction
Complexes of polypyridyl @metal (WP and Ré&) carbonyl

N . ocC \\CO \ S Fe
complexes have received a great deal of attention becauseOC -\W,:— NC N ::} Fe OC}W:NQ%“Q—:_@
P 3

of their relatively straightforward synthetic procedures and
their intriguing photophysical, photochemical, and electro-
chemical propertiesFerrocene and its derivatives have been
studied for their mixed-valendegharge-transfetand elec-
trochemical propertie¥:“*their special redox-active features

O K¢ Fe
\5 A fe 3 @;@
. —W— — OC-Re—N — (PFg)
have also been used to develop electrochemical sehsors. °/", Ni—j < >3© /= ;

However, while most of these studies are focused on
homonuclear ferrocenes bridged by different organic spéacers,

the incorporation of a ferrocene moiety within metal carbonyl
complexes has been investigated much Tesgew studies

P
have appeared which have primarily focused on the synthesis, N%é N@r_‘{—/\ =y
; ~
®

electrochemistry, and potential application as nonlinear

optical materials of such speciébut investigations of their

photophysical and photochemical properties are lacking.
In this paper, we report the photophysical and photo-

chemical properties of several polypyridytohetal (W and

Re) carbonyl complexes incorporating ferrocene end-capped
pyridine ligands. The structures of these complexes and

ligands are illustrated in Chart 1.
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Experimental Section

* Author to whom correspondence should be addressed. E-mail: alees@ Materials. Complexesl—4 (see Chart 1) were prepared accord-

binghamton.edu.
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ing to published procedurég2Other chemicals were commercially
available and used as received.

General Procedures and Methods.UV—vis spectra were
obtained using a HP 8450A diode array spectrophotometer.
Emission spectra were recorded in deoxygenated solvent solution
at 293 K with an SLM 48000S lifetime fluorescence spectropho-
tometer equipped with a red sensitive Hamamatsu R928 photo-
multiplier tube. The emission lifetimes were collected on a PRA
system 300 time-correlated pulsed single-photon apparatus or using
a Laser Photonics nitrogen laser as the excitation source (337 nm)
and a Tektronix TDS 544A digitizer for decay data acquisition.
The obtained lifetimes were fitted to a single-exponential decay in
each case (PRA system software version 3.0 or Sigma plot version
4.0) and found to be reproducible to within 5%. The avergge
was less than 1. Detailed procedures for luminescence and lifetime
experiments have been described in previous p&peradiations
at 405 and 428 nm were carried out with light from an Oriel
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Table 1. Absorption and Emission Data

NOTE

absorptioa emisston
compd Amax M (€ x 1073, M~1cm™1) Aem NM DPem 7, NS ki, st
15 229 (74.9), 243 (75.8), 284 (31.0), 328 (14.6), 472 <104 32 <3.1x 10°
361 (16.6), 397 (18.6), 502 (sh, 5.1)
20 255 (64.8), 289 (sh, 37.8), 347 (14.5), 464 (12.7) 560 <104 27 <3.7x 108
3 230 (68.8), 326 (35.1), 390 (23.3) 494 <1074 35 <2.9x 10
40 250 (27.8), 262 (27.9), 314 (30.0), 319 (31.8), 562 1.80°3 132 1.4x 10¢

336 (sh, 23.4), 390 (5.7), 470 (2.7)

aDeoxygenated CECN solution at 293 KP The emission was measured in EPA at 774.= 400 nm.¢ The emission was measured in deoxygenated

CH3CN solution at 293 Kiex = 370 nm.
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Figure 1. Electronic absorption spectra at 293 K of 25105 M
complexesl (bold line,—), 2 (light line, —), and3 (- - -) in CHzCN.
Instruments 450-W mercury arc lamp using interference filters
(Ealing Corp., 10-nm band-pass) to isolate the excitation wave-
length. Typical light intensity was % 108to 1 x 1077 einstein/
min. A Lexel Corp. model 95-4 argon ion laser (4 W all lines) was
used to perform the photolysis at 458, 488, and 514 nm with typical
laser powers of between 20 and 30 mW. The photochemical
guantum efficiencies were calculated on the basis of the first 40%
conversion of the reaction, and the errors were found to be within
10% (with quantum efficiencies above H). Detailed procedures
for the photolysis experiments and the calculation of the photo-
chemical quantum yield have been described in previous p&pers.

Results and Discussion

Electronic absorption spectral data obtainedfe# are
summarized in Table 1. Figure 1 illustrates the absorption
spectra ofl—3 in CH;CN at 293 K. The absorption spectra
of 1-3 display a series of high-energy absorption bands
below 360 nm, which are assigned to thes* transitions
localized on the pyridine ligandsThe lowest energy absorp-
tion bands inl—3 are assigned to W (g to pyridine ligand
(*) charge-transfer transitions (MLCP)}:! They are in the
energy order oR (464 nm) < 1 (397 nm)< 3 (390 nm),
which is consistent with the weaker acceptor nature of
PPh compared to CO and the lower amount of conjugation
in ligand 6 compared to ligand. The less intense ligand
field (LF) bands from the W(0) center are significantly con-
voluted with the intense—s* and MLCT transitions, and
their exact energy positions are not specifically identi-
fied_l,ll,12
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Figure 2. Electronic absorption<) and emission-¢-) spectra of complex
4 at 293 K.

Complexed —3 do not exhibit room-temperature emission
and only show very weak emission in 77 K glasses in the
470-560 nm region with quantum yields less tharm4he
emission maxima and lifetimes of complexes3 at 77 K
are also listed in Table 1. The broad, structureless emission
is assigned to théMLCT transition, and the emission
maxima from the complexes are in the energy ordeP of
(560 nm) < 3 (494 nm)< 1 (472 nm). The lower energy
emission band position & compared tal is rationalized
on the basis that the benzene ring in lig&nof the complex
is distorted in the excited state in a way that maximizes the
st electron conjugation, thereby lowering the energy of the
ar* orbital.*? Alternatively, the reordering of the excited-state
energy may arise from the contribution of reorganization
energy®® It is noticeable that the lifetimes of complexes3
do not vary much as they are each in the range 3y ns.
However, the relatively slow radiative decay procels$ (
indicates that the intramolecular energy transfer from the
SMLCT state to the excited state of the ferrocene moiety is
highly efficient in each of complexe%—3, even at 77 K.

Figure 2 shows the absorption and emission spectea of
in deoxygenated C¥CN solution at 293 K. Excitation of
complex4 at 337 nm generates an emission maximum at
562 nm with a single-exponential decay lifetime of 132 ns.
In addition, the reduction potentials of compkshow that
the bpy-based first reduction potential is significantly lower
than the ligand’ based reduction potentiaglsOn the basis
of the structureless emission spectral profile, long lifetime,
and the reduction potentials, we tentatively assign this

(12) (a) Zulu, M. M.; Lees, A. Jnorg. Chem1988 27, 1139. (b) Manuta,
D. M.; Lees, A. JInorg. Chem 1986 25, 1354.
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NOTE

Table 2. Wavelength Dependence of Photosubstitution Quantum Yields
in CH.Cl, at 293 K

405 nm 428 nm 458 nm 488 nm 514 nm
complex  10°® 103D 10°D, 10°D, 10°D,
1 17 51 13 4.0 0.81
2 2.5 1.6 3.1 1.1 0.53
3 27 6.5 31 0.82 b

aPhotolysis performed in deoxygenated solution~of4 x 1075 M
complex containing 0.01 M PRlas entering liganc® The complex absorbs
insufficiently at 514 nm to obtain an accurate quantum yield.

emission band to the tripletad (Re) to 7* (bpy) CT
transition. Although a single-exponential decay of the
emissive excited state was observed in complexthe
possibility of a fast equilibrium between the bpy-based
MLCT and ligand7 based®MLCT states cannot be com-
pletely ruled out. The relatively low emission quantum yield
and shorter lifetime o compared to (bpy)Re(C&Pt-Etpy)-
(PR) (®em = 0.027 andr = 218 ns}* is attributed to the
presence of low-lying nonemissive LF excited states localized
on ferrocene with the possible involvement of a ligand-to-
ligand (ferrocene to bpy) charge-transfer (LLCT) excited
state!® Some recent studies on rhenium(l) carbonyl systems
have indicated that low-lying intraligand (IL) statésor
ligand-to-ligand charge transfer (LLCT) stdteare competi-

tive in excited-state energy relaxation processes with the ) i , X e
d complex4 is associated with this photochemical inertness.

lowest energy MLCT state. The participation of these excite

states would largely account for the decreasing emission

quantum yields and shorter lifetimes of the emissSM&CT
excited states.

Photosubstitution quantum efficiencies of compleke8
upon photolysis in the presence of excessFd#hentering
ligand are collected in Table 2. It was observed that the
MLCT band slowly decreased with an increasing irradiation
period. By comparing the IR and UWis absorption spectra
of the photolysis products to literature valifé§,we can
conclude that the irradiation of complexds-3 in the

presence of excess scavenging ligand in solution is the con-
sequence of the dissociation of the pyridine ligands. Scheme

1 illustrates the reactions that occur upon photoexcitation

Scheme 1 2
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= ho \ 7
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a ) = 405, 428, 458, 488, and 514 nm.

for complexesl—3. The formation of (COW(PPh) instead
of (COLW(PPH)(L) for complexesl and3 and the formation

(14) Tapolsky, G.; Duesing, R.; Meyer, T.ldorg. Chem199Q 29, 2285.
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Figure 3. Spectrophotometric titration curves of complkeky Ce(lV) in
CHzCN solution.

of (COLW(PPh), instead of (OGW/(PPh),(L) for complex

2 indicate the labilization of the weak-field pyridine ligand
following 'Ai(e*h?) — 'E(e’h?a!) excitationt12182 The
observed wavelength-dependent photochemical quantum
efficiencies, which decrease with lower energy excitation,
are consistent with the model of a reactitd- state lying
above the unreactivBILCT state!? Complex4 shows no
photochemical reactivity under the same experimental condi-
tions. The lack of spectroscopically accessible LF bands in

Notably, Wrighton and co-workers have reported the
observation of a ligand-to-metal charge transfer (LMCT)
band from the oxidized ferrocenium ion when they performed
controlled-potential electrolysis of a series of ferrocenylphos-
phine-coordinated rhenium(l) tricarbonyl complef&sn
addition, Oldenburg and Vogler have observed this LMCT
band from the ferrocenium moiety in complex (dppf)Re-
(COXCl where dppf is 1,1bis(diphenylphosphino)ferroceffe.

UV —vis spectral traces of complexds-4 were recorded
during their titration with oxidizing reagent ammonium
cerium(IV) nitrate. In each of complexds-3, the addition

of Ce(lV) bleaches the MLCT band and it also causes a slow
decomposition reaction. However, in contrast, there is no
sign of decomposition for comple& during the titration.
The spectrophotometric titration curves obtained from com-
plex 4 in CH3CN solution are displayed in Figure 3. It is
clear that there are a series of isosbestic points (311, 351,
393, 426, and 584 nm) in the spectral traces frémin
particular, a low-energy band at 722 nm appears which has
an extinction coefficient of 552 M cm™?; this is charac-
teristic of the ferrocenium ioff.

(15) Extended Hckel calculation derived from CAChe 3.8 shows that the
HOMO is a Fe-centered MO and LUMO is a bpy-centered MO. In
addition, the very low oxidation potential of Pein ligand 772 also
provides the possible existence of a low-energy emission-silent LLCT
state in complex.
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NOTE

Accompanying these changes in the absorption spectra,structuré as well as the highest energy MLCT transition
the infrared CO stretching frequencies are also shifted to among complexe$—3, is attributed to the small shift in CO
higher frequencies although to somewhat different extents. frequencies.

This observation is expected as the oxidized ferrocenium

moiety is more electron-withdrawing than a neutral ferrocene  Acknowledgment. We are grateful to the Division of
moiety and, thus, this reduces the amount dfack-bonding Chemical Sciences, Office of Basic Energy Sciences, Office
from the metal to the CO ligandg982The order of the of Science, U.S. Department of Energy (Grant DE-FG02-
average CO frequency shift on oxidation3igl cnit) ~ 4 89ER14039), for support of this research.

lcm?) <1(5cml) <211 cm?). While complexes3

and 4 exhibit no significant shift in CO frequencies, ~ Supporting Information Available: A figure illustrating a
complexesl and 2 do show appreciable frequency shifts, representative spectral sequence obtained upon phot.ollysis at 428
which reflects the stronger interaction between the ferrocene™™ Of complex3 in deoxygenated C4LI solution containing an
moiety and the metal center. In the case of comgethe excess amount of entering ligand BPA table listing the IR data

.. . of photolysis products of complexés-3 and a table summarizing
positively charged Re(l) atom seems to neutralize the effeCtthe CO stretching frequencies of complegest and their oxidized

from the oxidation of ferrocene as this complex has the ¢,mg This material is available free of the charge via the Internet
shortest separation between the Re(l) and ferrocene moietiesat hitp://pubs.acs.org.

In the case of compleg, the lack of planarity between the
phenyl ring and pyridine ring, as evidenced in its solid-state 1C010713Y
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