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The cyclometalated complex [Re(C@)py)], where ppy = 2-phenylpyridine, was synthesized. Its crystal
and molecular structure was determined by X-ray diffraction. The lowest energy electronic excitations were
studied by high-resolution optical spectroscopy at cryogenic temperature. The first excited state in
[Re(COX(ppy)] is nominally a triplet ligand-centered state, with 1.8% metal-to-ligand charge transfer character
mixed in through spirrorbit coupling. This induces a shortened lifetime ¢89at 10 K) and the occurrence

of metal-ligand vibrations in both absorption and luminescence spectra. The transition moment of the first
electronic excitation lies in the molecular plane with a tilt toward the pyridine part of the lgggnd. This

is derived from the polarized absorption measurements and confirmed by an exteiaed ¢alculation.
Splittings in the IR absorption bands are resulting from the presence of two crystallographically equivalent
complexes in the unit cell which are tilted with respect to each other.

1. Introduction The first excited state in most of the ®h Ir3*, and Re
) . complexes reported so far has been classified as a ligand-
Hundreds of (4d) and (5dj complexes with chelating  centered (LC) triplet staf&4? Usually the reduced lumines-

wr-accepting ligands have been synthesized. The main scientific.qpce Jifetime and the higher intensity of the singfeetplet
interest is in their photophysical and photochemical propetties. oy citation with respect to the free ligand are taken as a result
These are being studied by a variety of physical and chemical o¢ some MLCT character which is mixed into the first excited
techniques. We have concentrated on high-resolution optical gt5te  1n our previous work on mixed-ligand complexes such
absorptipn and luminescence spectroscopy on single cryfstals abg [Rh(bpy)(ppyll* (ppy = 2-phenylpyridinef@ we were
cryogenic temperaturés:’ We have also used the technique ainy interested in how the electronic structure and thus the
of luminescence line narrowing (LLN) on crystalline or glassy oy cited state properties are affected when-Bigyridine is
matrices at cryogenic temperatures. These techniques Oﬁe'}eplaced by the 2-phenylpyridine anion. It was possible to

provide sig.nificantlly more information gbout energy splittings identify both the lowest energy.C and3MLCT excitations in
and vibronic coupling than low-resolution spectra of SOlutions ¢ ¢ystal absorption spectrum, and the absorptions could
and glasses. In addition, when the optical measurements ony, assigned to the two ligand types. However, there remained

s[ngle .crystals are combined with the resullts from .X-r.ay the problem of localization/delocalization of the equivalent
diffraction experiments, we are able to determine the principal 5 sitions on the two ppyligands

directions of the transition moments. This information turns L L .

out to be of high value for a proper characterisation of the We therefo_re simplified the situation by ;tudymg [Re(@D)

excited states and an elucidation of the optical transition complexes with only one chelatingaccepting ligand. +|n refs

mechanisms. 4a and 4b we reported our results on the [Re(fliSpy)]™ and
[Re(CO}(phen)i” complexes (pherr 1,10-phenanthroline). The

fmoretxv orlé_has b_(la_(han fr_eptorteq{ %n ?qumpéexﬁs thart1) any first excited state is classified &C with a MLCT admixture
otthe other dions. e first excited state in [Ru(bpyy" (bpy of approximately 3%. The first transition is polarized along

= 2,2-bipyridine) and its many relatives has been (;Iassified as e short ligand axis, i.e. the axis of predominant MLCT
_mg_tal-to-hgdand cfharggdtransfer (|Mrl;c|:1?, Ehere IS sorr?_eh intensity. In the present work the effect of cyclometalation on
Indirect evi dence Iora stlate_ ati'g t%’ 9 her e_nergyva 'r(]: the transition energy, the transition moment, and the degree of
IS assumed to play a ;Se in the photochemistry of these | ~_y; o1 mixing is investigated. To this end we determine
complexes. In [Os(bpy}]*" the situation is usually considered the crystal structure, measure polarized single-crystal absorption

tnoor:)]?n;:m'slairﬁ_fggﬁjég ﬁ}\:Ecwger;(eczte;tiscﬂlattzregrizr;ggt]ro?: (t;e spectra, and determine the direction of the transition moment.
Y sp ' 9 From relative absorption energies and intensities as well as the

i i i i i 6
tendency toward excitation delocalization than in [Ru(apy) luminescence lifetime, we obtain an estimate of the M. CT

" g 1 bo a0 . mixing coefficient. LLN spectra provide additional information
*To whom correspondence shou € adadressed. i i i i i i
T Present address: Materials Research Laboratory, MS G755, LANL, on the.VIbron.IC CF’“p".”g' In partlcul_a}r the |nvolvement of
Los Alamos, NM 87545, metat-ligand vibrations in the LC transitions. ExtendeddKal

€ Abstract published ilAdvance ACS Abstractdpril 1, 1997. (EH) calculations are used to obtain a rough idea about the
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nature of the relevant orbitals and a prediction of the direction
for the transition moment within the molecule.

2. Experimental Section

2.1. Synthesis and Characterization.A synthetic route to
[Re(COX(ppy)] is described in the literature, but with a rather

low yield of 798 The route described here has a better yield

of 27%. The reported calculated percentages for the C and N & %N

content in ref 8 are incorrect. % / N
[Re(COX(ppy)] was prepared from [Re(C&DI] (Aldrich, 3 Ox 3 Q \"%

mmol), 2-phenylpyridine (Aldrich, vacuum distilled, 3 mmol), ’C,f;f e ;l ;/:

and proton sponge (Aldrich, 3 mmol). These starting materials 5 D2%y \D\a /’ 1

were heated in heptane (Merck, 30 mL) under Ar atf80for

20 h. The yellow solution was filtered and washed several times
with a 0.35 M HCI solution and finally with kD. The heptane
was removed by distillation. The yellow powder thus obtained
was dissolved in diisopropyl ether (Fluka). Block and needlelike
crystals grew overnight from this solution. From their X-ray
powder patterns and elemental analysis, they were identified rjgyre 1. SCHAKALZ2 view of the unit cell of [Re(CQJppy)] along

as two structural modifications of [Re(Cf)py)]. In this paper  theaaxis. The molecules labeled D1 and D2 are considered to form a
we report the properties of the blocklike crystals. The whole dimer.

synthesis was performed under exclusion of light to prevent
the formation of possible photoproducts.

Elemental analysis Calculated: C, 39.82%; H, 1.78%; N,
3.10%; O, 14.14%. Found: C, 40.35%; H, 2.09%; N, 3.17%;
0O, 14.49% (Ciba-Geigy).

2.2. Crystal Structure Determination. A single crystal
with dimensions 0.45< 0.50 x 0.60 mm was used for the
crystal structure determination. Data were collected using an
Enraf-Nonius CAD-4 diffractometer. Three standard reflections
were measured every 3 h, and three standards were remeasured
every 400 reflections to control the orientation of the crystal
and the intensity of the reflections. No decay of the intensities
was observed during the measuring period. A numerical
absorption correction was applied with the Mol&rogram
system using seven indexed crystal faces. The structure was
solved with the Patterson interpretation routine of SHELXS-
862 All non-hydrogen atoms were refined anisotropically. The
refinement was performed with all independétitdata with
the program SHELXL-93¢ The H atoms were found by a
difference electron density map and refined with isotropic
displacement parameters.

2.3. Optical and IR Absorption Spectra. Infrared spectra
of a 10* M solution of [Re(CO)(ppy)] in CHCl; and of
crystalline [Re(CO)ppy)] in a KBr matrix were measured on
a Perkin-Elmer 1720X FTIR spectrophotometer. face is the (110) plane. The space groupPB1)lc. The

The polarized optical absorption spectra of a%8l heptane monoclinic unit cell has the cell constars= 10.559(3) A,b
solution and of a single crystal were measured on a Cary 5E = 11.571(3) A,c = 12.449(4) A8 = 104.11(3}, andZ = 4.
spectrophotometer with fixed spectral bandwidths of 1 and 0.07 Crystallographic data are given in Table 1 (Supporting Informa-
nm, respectively. The light propagation was perpendicular to tion). The unit cell viewed along theaxis is shown in Figure
the largest crystal face (110). The crystal was cooled in a closed1.
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Figure 2. ORTEP plot of [Re(CQO)ppy)] with the atomic numbering
scheme.

3. Results

3.1. Crystal Structure. The largest crystal face of the
blocklike crystals of [Re(CQJppy)] has an elongated hexagonal
shape, in which the longest edge is thexis. This crystal

cycle helium cryostat which has been described before.

2.4. Luminescence Spectra.Luminescence experiments
were carried out on polycrystalline samples sealed under He in
a quartz capillary, on a 18 M poly(methyl methacrylate)
(PMMA) sample or a 16 M octane solution. The samples

The four molecules lie on general equivalent positions in the
unit cell. They can be interconverted into each other by an
inversion center, a screw axis, or a glide plane. It has been
very useful for the interpretation of the infrared absorption
spectrum and the determination of the transition moment to

were cooled in a double-wall helium gas flow tube as described consider the unit cell as consisting of two dimers. The members
previously? The samples were excited with an 150 W Oriel of each dimer are two complexes which are not interconverted
Xe lamp, equipped with a Schott UG11 filter to cut off all visible by the inversion center (for example, the two molecules with
light from the excitation source, with the 457.9 nm line from a the labels D1 and D2 in Figure 1). They are tilted with respect
Spectra Physics 2045 argon ion laser for the luminescence lineto each other.

narrowed spectra or with a PRA LN250 nitrogen laser for the = The molecular structure is depicted in Figure 2, with the atom
measurement of the luminescence lifetime. The experimental numbering scheme used in the tables. The atomic positional
setup has been described in ref 4. parameters, bond distances, and bond angles are given in Tables
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2 and 3 of the Supporting Information. In Table 4 of the 17000 18000 19000 20000 . 21000 22000
Supporting Information the positions of the hydrogen atoms with wavenumbers (cm °)
their isotropic displacement parameters are given. The aniso-Figure 6. Luminescence spectra of crystalline [Re(&@)y)] (bottom)
tropic displacement parameters for all non-hydrogen atoms areand dissolved in octane and in a PMMA glass (M, middle). The
given in the Supporting Information Table 5. The -R¢ luminescence line narrowed spectra of the same glasses are shown at
distance is 0.024 A longer than the Re distance. This the top. The arrow indicates the position of the exciting laser. All the
) - : ° spectra were registered at 10 K.
difference is smaller than in other ppgontaining complexe®
The bite angle of ppyis 76.2. The aromatic rings are almost  the crystal spectrum since they are too intense- (2500 L
planar: the torsion angle NAC2—C2A—C1 is 1.1(9). The mol~t cm™Y).
CO ligands have E€Re—C angles ranging from 8840 94.7. Polarized single crystal absorption spectra are presented in
The out-of-plane CO ligands have longer-Re distances than  Figure 5. A and B are the optical extinction directions of the
the in-plane CO ligands (1.914 and 1.941 A for the in-plane, crystal in the (110) plane. The angle between A anccthgis
1.976 and 1.981 A for the out-of-plane CO, respectively). All is 75. All the absorption bands are more intense fofAE
these results are comparable with values found for [RefCO) and the polarization ratit{A)/I(B) is about six throughout the
(bpy)I* 42and [Re(CO)(bpm)I* 7 (bpm= 2,2-bipyrimidine). spectrum. The fine structure is due to vibrational sidebands,
3.2. Infrared and Optical Absorption Spectra. IR spectra overtones, and combination bands of the electronic origin at
of both a solution and a KBr pellet in the region of the CO about 21 940 cmt. The fundamental vibrations.{-¢) together
stretch vibrations are shown in Figure 3. Four peaks are with the combination bands with th2 mode are indicated as
observed in solution with maxima at 2088, 1988, 1971, and well in Figure 5. Similar vibrational energies are measured for
1925 cnttl. All the bands are split in the spectrum of the thef to ¢ modes in [Re(CQ)ppy)] and in [Re(COXbpy)T+.4
crystalline material. The o mode on the other hand is found at 99 ¢rhere and at
The optical absorption spectrum of a2 heptane solution 185 cntt in [Re(CO)(bpy)]*.
of [Re(CO}(ppy)] is depicted in Figure 4 together with the 3.3. Luminescence Spectra.The spectrum of a polycrys-
unpolarized absorption spectrum of crystalline [Re(&Dy)]. talline sample at 10 K is shown at the bottom of Figure 6, with
Note that the crystal spectrum is scaled by a factor 1000. Thethe single crystal absorption origin region included for com-
lowest-energy transition could not be seen in solution since it parison. The luminescence is red-shifted with respect to the
is too weak and inhomogeneously broadened. The higher-absorption origin, and the spectrum at 10 K exhibits a rich fine
energy transitions (above 26 000 thcould not be seen in  structure. At higher temperature the structure fades out, the

\B R
1
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band shape changes, and the intensity decreases. This lumief an electronic origin and a series of sidebands, which can be
nescence is obviously dominated by traps. The following two related to vibrations of the ppyligand (Figure 5). By
traces in Figure 6 show the [Re(CHpy)] luminescence at  comparison with the single crystal absorption spectrum of
10 K in PMMA and octane matrices after broad-band excitation [Re(CO)(bpy)" “2and its interpretation, the following tentative
with a xenon lamp. They show the structure typically found in assignment of thg to ¢ modes can be made: tffemode is a
ligand-centered transitions but with considerable inhomogeneousring bending modey, o, €, and ¢ are ring deformation and
broadening. Their relative displacement by about 300%cm ligand breathing modes as shown in ref 14. The band shape
reflects the different environments in the two matrices. Excita- with the well-resolved and rich vibrational fine structure in the
tion with a laser in the spectral region of the first electronic crystal absorption spectrum is strongly indicative of an electronic
origin (arrow in Figure 6) leads to a sharpening of the features excitation which is essentially ligand-centered. Similar low-
and the occurrence of some very sharp lines on the high-energytemperature crystal spectra have been measured for [Rh(bpy)-
side of the vibrational sidebands (see the upper two traces of(ppy)]PFs22 [Rh(bpy)(thpy}|PFs2® (thpy = 2-(2-thienyl)-
Figure 6). The sharp lines between 18 800 and 18 900'cm pyridine), [Ir(bpy)(ppy}]PFe,3? [Ir(bpy)(thpy)]PFs,3@ and

in the uppermost trace are-&l stretch Raman lines of octane. [Re(CO)(bpy)]PR.*2 In all these cases the transition was

The luminescence decay is single exponential for [Re¢CO) assigned to &@LC excitation. This assignment is in good
(ppy)] dissolved in PMMA and octane but not for the crystalline accordance with the total absorption intensity. We estimate an
sample. In PMMA the decay time is temperature independent oscillator strengthf = 4.2 x 107> for the lowest-energy
between 10 and 150 K with a value= 89 + 5 us. Between transition. In [Os(bpyjl2*, which also exhibits a great deal of
150 and 250 K it drops to 1.Zs, and above 250 K the fine structure in the low-temperature absorption spectrum, an
luminescence is too weak to be detected. The luminescenceoscillator strength of = 4 x 1074 is estimated?® and adMLCT
intensity drop between 150 and 250 K is similar to the lifetime assignment has been made.
drop, indicating that nonradiative processes become efficient Using the formul&16
in this temperature range.

3.4. Extended Hickel Calculations. Fenske-Hall calcula- 1
tions on bpy, ppy, and complexes containing these ligands have Tag=1.5x1 (?)
been published befofé. However, the authors did not show
the spectroscopically relevant orbitals. For this reason we ) o i
carried out extended Hiel calculations for the free ligand W€ can get an estimate of the radiative lifetime of the first
anion ppy and for the complex [Re(CGlppy)] using the _ex0|ted state from the mea_sured absor_pnon intensity. Infeq 1
CACAO program by Mealli and Proserptd. The positions of is the_oscnlator stren_gthc is the \_/elo_cny of light,v is the
the atoms were chosen according to the crystallographic resultsifansition frequencyn is the refractive index, ange/gy are the
of [Re(COX(ppy)] (see section 3.1), both for ppyand for the degengragles of .the excited and groun.d state, respectively. The
complex. The ppy rings were considered to be completely refr_act|ve index is not EI)(nown. Choosing a valne= 1.5 and
planar, thus assurings molecular symmetry, and all the-€H taking f = 4.2 x 107 we calculaterg = 74 us. The
distances were taken as 0.95 A. The energy level schemes fof£XPerimental lifetimer = 89 + 5 us is therefore completely
the free ligand and the complex and a pictorial representation radiative. In [Os(bpy)**, on the other hand, the luminescence
of some relevant orbitals are presented in Figure 7. For the lifetime at4.2 Kisz =10.8us,'” and in this case the emitting
free ligand ppy the LUMO is a*-orbital, whereas the HOMO ~ State is considered to be3MITCT state. o
is an essentially nonbondingorbital. In [Re(CO)(ppy)] the The_ pheno_menon of luminescence line narrowing is weII_
LUMO is the same as in the ligand. The HOMO, however, is established in the fluqrescenge spectroscopy at. cryogenic
a m-orbital in the complex. The HOMO in ppy drops temperatures of aromatic organic molecules diluted into a host
dramatically in energy between the free ligand and the complex. Crystal or glass matrix? In the complexes [Rh(bpy)(ppa) .

It forms the R&é—C~ bond in the complex, and another orbital  [RN(BPY)(thpyX] ™, [Ir(bpy)(ppy)] ", [Ir(opy)(thpy)] *,>* we
becomes the HOMO in [Re(C@ppy)]. found that the ]lgand-centereﬂ_c luminescence could be

All the orbitals of the complex can be related to orbitals of Narrowed to a high degree. In [Re(Gpy)]", on the other
the ligand except the ones indicated with a, b, and c. Thesehand. only a small fraction of the luminescence could be
are orbitals with a metal d-character of 45, 51, and 48%. narrowed? very similar to the results reported here for the title
respectively. They make up the, et of metal orbitals if one compound (Figure 6). We do not fully understand all the factors

considers the complex to have approxim@tesymmetry. The that determine the efficiency of the narrowing process. How-

metal d-character in the LUMO is 0% and in the HOMO 2%. €Vver, we can take the fact that narrowing does occur as an
indication that the transition is essentially ligand centered.

A further confirmation is found in the results of the extended
Huckel calculation (Figure 7). The transition from HOMO to

4.1. Nature of the Lowest Excited State.The bands found LUMO is essentially ligand-centered since the HOMO has only
in the absorption spectrum of the M solution of [Re(CO)- 2% metal character. MLCT transitions from the molecular
(ppy)] (Figure 4) can be classified in the following way: by orbitals designated a, b, and ¢ to the LUMO are also possible,
comparison with other ppycontaining complexé&3t13and the but they are expected at higher energy. Since an extended
absorption spectrum of the free ppithe bands between 30 000  Hiickel calculation takes no account of electrarectron
and 40 000 cm! can be assigned #.C transitions. The band interactions, it is impossible to calculate the energy splitting
between 25000 and 30 000 cfnlies in the region where  between the correspondifylLCT/*MLCT and !LC/LC ex-
IMLCT transitions are expected, and we make this assignment.citations. But it is well established from experiments that the
The shoulder in the [B crystal absorption spectrum around 1LC/3LC splitting is considerably larger than tHdLCT/*MLCT
25 700 cm? (Figure 5) is assigned to WILCT transition on splitting. The former is typically larger than 10 000 tihn
the basis of its energy and band shape. whereas the latter is typically of the order of 2606000 cnr?.

The lowest-energy transition found in the single crystal We thus expect &LC first excited state on the basis of the
absorption spectrum has a very rich fine structure. It consists energy level scheme in Figure 7.

CO

n((n? + 2)/3% % @)

4. Discussion
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4.2. Mixing of LC and MLCT Character. There is ample

experimental evidence that the first excited state which we have
classified as triplet LC has some singlet character. Its oscillator

strength as determined from the absorption spectfum4.2

x 1075, is about 4 orders of magnitude bigger than in the free
ppy ligand, where the lowest singletriplet absorption is too
weak to be detected:2° Conversely, the luminescence lifetime
T = 89 £ 5 us of the title complex is at least 3 orders of
magnitude shorter than the lifetime> 0.1 s of ppy.2° In
[Ir(bpy)(ppy)]™ the nominally ppy centered ligand excitations
have radiative lifetimes of 4.5s3¢ The significantly longer
lifetime in the title complex is the result of a much larger energy

gap to the relevant MLCT states, resulting in a smaller admixture

of MLCT character.
The observation of thee modes in the vibrational sideband

structure of the crystal absorption spectrum in Figure 5 is further

evidence for the LEMLCT mixing. The a mode has an
energy of 99 cml, and we assign it to Religand vibrations.

Such modes have been observed in the sidebands of other

complexes [Ir(bpy)(ppy] *,*° [Re(COX(bpy)I*,*2[Pt(thpy)],?*
and [Pd(thpyj].2* Their intensity can be taken as a measure of
the MLCT character mixed into the first excited state. Also
the shoulder about 100 crhfrom the exciting laser line in the
LLN spectrum in octane is probably a metdigand vibration.
We adopt the model of Komada et2dlfor an estimate of
the LC-MLCT mixing. The authors of ref 22 use second-order
perturbation theory to calculate the MLCT character in the
lowest-energylL C state. The lowest-energ¥LCT states are
considered as the sources of MLCT character, and-sibit

coupling provides the relevant perturbation. We have used this

formalism for estimating the LEMLCT mixing in the first
excited state of other related completeblere we refer to refs
22 and 23 and give only a brief summary.

Second-order perturbation theory leads to the following
intensity f3 ¢ which is mixed in by spir-orbit coupling with
the spin-allowedMLCT excitation:

fac _

1 vac [BLCIH'M |_CT[J2
3

fimier VlMLCT\ wier — s e

with the values 0f3|_c, flMLCT, VIMLCT, andv3|_c taken from the
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Figure 7. Results of the extendedidkel energy calculations for ppy
(left) and [Re(CO)(ppy)] (middle). The wave functions of the relevant
complex orbitals are shown. The contribution of the out-of-plane CO’s
are not shown to prevent confusion with the contribution of the metal.
The orbitals a, b, and c are the nominal “metal orbitals”.

these values, we get a zfs of 1.5 ¢ A value of 7.2 cm?!
was determined in the related [Re(G®py)]" complex?a
Unfortunately, the zfs is not resolved in our spectra. From the
LLN spectra we can give an upper limit of 9 cifor the ZFS,
which is compatible with the calculated 1.5 thn

4.3. Solid State Effects. In the IR crystal absorption
spectrum (Figure 3) we observe energy splittings that are not
present in solution and that we ascribe to the particular packing
of the molecules in the present crystal structure. Four IR-active
C—O stretch vibrations are expected for an isolated [Ref€0O)
(ppy)] molecule ofCs symmetry. This is what we observe in
solution; see Figure 3. In the crystal spectrum all the lines are
doubled. This is the result of an interaction between the

crystal and solution spectra in Figure 4, we obtain a value of ansition dipoles of nearest-neighbor molecules which are tilted

117 cnt? for the matrix element. From this we can calculate
the mixing coefficienta in the perturbedLC wave function:

LCpen=V1—a*LC,,+a'MLCT (3)
The coefficienta is given by
OLC|HJ'MLCTO
a= 4)

Ewmier — Eaic

which, with the above numbers, is about 1.8%. A value of 3%
was estimated for [Re(C@ppy)]".42

A result of this MLCT admixture to théLC state is a zero-
field splitting (zfs) exceeding that of the free ligand. According
to ref 22 it can be expressed as follows:

zfs=
GLCHH

SO|

1 1 1
MLCTH -
((E3MLCT - E3LC) (ElMLCT - E3|_c))

®)

with respect to each othét. The complexes designated D1 and
D2 in Figure 1 are two such molecules. We therefore have to
consider the dimer consisting of D1 and D2 as the spectroscopi-
cally relevant unit in our crystal. The dimer point symmetry is
C; and since it contains eight CO groups we expect eight IR-
active C-O stretch vibrations as observed. Similar splittings
have been found in other crystdfs. This crystal effect is
expected to be biggest in crystals composed of neutral com-
plexes, in which the nearest-neighbor distance is smaller than
in a salt.

The presence of this dimer in the unit cell also has
consequences on the electronic excitations in the visible part
of the spectrum. The interaction of the electronic transition
moments of the two molecules leads to a so-called Davydov
splitting26-27 Using the formulae of ref 26, we estimate an
energy splitting of 3 cm!. This is smaller than the width of
the absorption bands and the splitting therefore remains
unresolved.

The experimental intensity ratio for the two polarizatib@s)/

I(B) in Figure 5 is six. We can use this to determine the
molecular transition moment directioM8p; and Mp,. (Mps

The matrix element was evaluated above and the transitionand Mp, are the transition moment vectors of D1 and D2,
energies can be taken from the absorption spectrum. Insertingrespectively.) Figure 8 shows a projection of D1 and D2 onto
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Figure 8. Projection of the complexes D1 and D2 onto the (110) crystal
plane with the two Re atoms chosen coincident. A and B are the
extinction directions.
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Figure 9. Transitions charge density for tte— LUMO excitation
according to eq 6: open and full circles. Directions of the experimental
and calculated transition moments for the lowest-energy transitions.

the (110) plane, i.e. the crystal face used in the experiment.
We assum@lp; andMp; to lie within their respective molecular
planes, and by a simple trigonometric exercise using the
experimental (A)/1(B) = 6, we obtain the transition moment
projections shown in Figure 8. In contrast to [Re(GOpY)]*
the transition moment is not completely short-axis-polarifed.
It is tilted toward the pyridine end of the ppyligand, very
similar to the situation in [Rh(ppylbpy)]+.22

A confirmation and interpretation of this tilt is obtained from
a calculation of the transition moment using the wave functions
of the extended Hekel calculation. In section 4.2 we have
identified the lowest-energy MLCT excitations as the principal
source of intensity for our nomin&LC excitation. Possible
candidates of one-electron MLCT transitions are a, bc
LUMO transitions. a— LUMO is the most likely because it
has the lowest energy. 5 LUMO is ruled out because being
o — m it is symmetry forbidden in first order, ande LUMO
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about by spir-orbit coupling. The relevant coupling matrix
element is 261 cm' in [Re(CO)(bpy)]PF and 117 cmt in
[Re(COX(ppy)]. This difference is partially compensated by
the energy difference between tHeC and the!MLCT states
which is larger in [Re(CQ)bpy)]PF. The admixture drops
from 3% in [Re(CO)(bpy)]* to 1.8% in [Re(COxppy)]. Both
3LC and !MLCT states are slightly red-shifted in [Re(CQ)
(PpY)]-

The transition moment of the first excitation is short-axis-
polarized in [Re(CQ)bpy)]PF, but in [Re(CO)(ppy)] it has a
long-axis component, tilting toward the pyridine part of the ppy
ligand. Thisis the result of an asymmetrical electron distribution
in the metal orbitals involved in the MLCT excitations. This,
in turn, is clearly a reflection of the different bonding charac-
teristics of the N and Cends of the ppy ligand. And it can
be understood in very simple electrostatic terms: the lowest-
energy one-electron excitation from the metal to the ligand
avoids the negatively charged phenyl C atom, it is therefore
directed toward the N end of the ligand.
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