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Transition metal complexes gfdtpy (1,2,6,7-tetracyano-3,5-dihydro-3,5-diiminopyrrolizinide) are spectrally similar

to metallophthalocyanines (derivatives of porphyrin) but with the advantage of Beingstead ofD4, so that

many degenerate electronic transitions are identifiable separately. We have prepared and charactgrized Fe(
dtpy)-4THF, whose crystal structure allows three spectral polarizations to be measured. We have assigned the
visible and ultraviolet transitions that correspond to the Q and Soret regions of porphyrinic complexes; these
assignments differ markedly from the traditional “four-orbital” model. The secondary Q peak (R) is a separate
electronic transition rather than a vibronic component, and the Soret transition has been reassigned.

Square-planar complexes, including transition metal porphy- plest of these complexes, such as tetracyano complexes, have
rinic complexes, comprise an extremely important class of been well established=*> The more complex porphyrinic
compounds, being at the center of numerous proteins, enzymescomplexes have had an accepted assignment of the two principal

and one-dimensional conduct@rs® Assignments of the sim-
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Reflectance Spectra of Feftpy),-4THF

we have proposed a new set of assignments for metallophtha-

locyanines (Mpc, where pe tetraazatetrabenzoporphyrin) using
a reduced-symmetry complex and results from earlier SGF-X
DOS calculationg?-52

A disadvantage of th®4, symmetry of porphrinic systems
is the degeneracy of many orbitals and the in-plane transitions
involving these. We recently reported on a zinc complex, Zn-
(B-dtpy)-4THF, where dtpy= 1,2,6,7-tetracyano-3,5-dihydro-
3,5-diiminopyrrolizinde’® which has a spectrum very similar
to that of the phthalocyanines but has the advantagb.gf
symmetry with no orbital degeneracies. The morphology of the
crystals, however, did not allow for complete separation of the
three polarizations. We have now preparedsratpy)-4THF
(Fel»*4THF), also havindD2n symmetry, in which the morphol-
ogy provides a distinct separation of polarizations, and we report

on the results here. The experimental results have allowed a

clear delineation between the two principal theoretical inter-
pretations of porphyrinic complexes.

Experimental Section

Single-Crystal Polarized Reflectance SpectroscopyPolarized

Inorganic Chemistry, Vol. 38, No. 25, 199%743

Materials. Solvents were dried and freshly distilled under dinitrogen
before use. LH was made by following our procedure already di%en.
Anhydrous FeGlwas prepared from commercial Fe®H,O (Fluka)
as descibed in the literatuféThe corresponding THF adduct, FeCl
XTHF, was isolated as yellow-brown powder by extracting F&Ch
Soxhlet apparatus under dinitrogen.

Synthesis and Properties of Fek:4THF. LH (0.2 g, 0.86 mmol)
was added to a THF solution (100 mL) of Fe@QTHF (1.0 g) at room
temperature underANEvaporation of the resulting intense blue solution
to about half of the initial volume produced Fe&THF, which was
isolated as golden microcrystals after filtration, washed with THF, and
dried under a stream of N(0.22 g, 60%). IR and X-ray powder
diffraction data were coincident with those already given for the same
complex prepared by following a different procedéién the solid
state Fek:4THF is air-stable except for loss of THF by drying or
through substitution by water. Therefore, the crystals must be stored
in the presence of their mother liquor. Elemental analytical data were
not reproducible due to partial loss of THF, even when in a@fftee
environment. Fek:4THF is soluble in acetone, ethanol, methanol, and
MeCN and insoluble in THF. In solution it is oxygen sensitive. Its
stability in solution with respect to ligand substitution by the solvent
follows the order acetone alcohols> MeCN, provided that the
solvent is thoroughly dried, since water displaces L from Fe(ll) very

specular reflectance spectra were obtained with a new instrument which'€@dily. Fel-4THF is a high-spin complex like the analogous F-el

is a major upgrade of our previous reflectance instrurtfefhe current

instrument is a single beam, wide range, fast spectrophotometer. Light

sources are a xenon arc lamp and a tungsketiogen lamp, the
polarizer is a Mgk Rochon prism, and optics are spherical and planar
reflectors with an Ealing Optics reflecting objective. The image beam
size is 30um, sample and reference mirror motions are computer
controlled, UV and visible dispersion is through an Acton Research
SpectraPro 275 spectrograph, and detection is with a Princeton
Instruments 115X 296 EEV (English Electric Valve) CCD (charge-
coupled device), maintained at 110 K. Spectra were recorded from the
(001 and (11L0) faces of a single crystal of FeBTHF. The average

2DME complex (DME= 1,2-dimethoxyethané¥.

Crystal Growth of FeL ;»4THF. Suitable crystals for both X-ray
diffraction and spectroscopic studies were grown as follows. A hot
saturated solution of the compounds in a FH#eCN (1:1) mixture
was filtered and sealed in a vial under vacuum; on very slow cooling
from 85 °C to room temperature over 4 days plateletlike crystals
separated. Several attempts to grow large crystals of-&#EHF failed,;
only plateletlike, low-diffracting small crystals were available. Since
they are unstable in air, a single crystal was selected and sealed in a
glass capillary in the presence of mother liquor.

X-ray Structure Determination. Oscillation and Weissenberg long-

of 50 spectra is reported in each case; the exposure time for each range@xposed photographs allowed selection of the space gaigon the

from 0.01 to 20 s, depending on the spectral region. The data were
corrected for percent reflectivity relative to an NIST standard mirror.
For Kramers-Kronig analysi$®°¢ reflectivities beyond our experi-
mental region were estimated in the infrared region from values for
Ni(pc)l and Co(pc)i”>® and were approximated in the vacuum

basis of the systematic absences. Precise cell parameters were deter-
mined by least-squares fit of 15 well-centered medium-angle reflections.
Data were collected using th#e-26 scan technique in the rangé 3

26 < 50° on a Nicolet P2 four-circle diffractometer with graphite-
monochromated Mo & radiation ¢ = 0.710 73 A). Two check

ultraviolet and beyond so as to produce baselines approaching zeroreflections measured after every 100 reflections showed no intensity

absorbance in regions having no absorbance in solution spectra.

Deconvolution was carried out with an interactive Gaussian and
Lorentzian program (“FastGaus$¥’on a Macintosh computer.

Magnetic MeasurementsThe magnetic measurements were carried
out by using the Gouy method at room temperature. Molar susceptibility
was corrected for intrinsic diamagnetism estimated from Pascal's
constants.
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reduction. Data were corrected for Lorenfmlarization effects, and a
semiempirical absorption correction was done, on the basis of an
azimuthal scan of three reflections. Although 8255 possible reflections
were accurately measured, only a small set of 935 data had statistically
significant intensities and were collected. Of these, 709 independent
reflections for whichl > 20(I) were used throughout the calculations.

The structure was easily solved by conventional Patterson and Fourier
methods. Given the small number of observations, the non-hydrogen
atoms were refined only isotropically by full-matrix least-squares
procedures; hydrogens were added at calculated positions with fixed
U = 0.08 A. Calculations were made by using the SHELXTL set of
programs? Crystal data and some experimental details are given in
Table 1.

Results

Description of the Structure. The molecular structure of
the title compound is shown in Figure 1: it closely resembles
that of the homologous zinc complex gadtpy)-4THF already
reportect? In both cases the metal atom is surrounded by four
imino nitrogens from twog-dtpy ligands and by two THF
oxygen atoms in a tetragonally elongated octahedral geometry,

(60) Fares, V.; Flamini, A.; Poli, NJ. Am. Chem. S0d.995 117, 11580.

(61) Pray, A. R.Inorg. Synth.1957 5, 153.
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Figure 1. (a) Perspective drawing and labeling scheme of FeLHF.
(b) Packing diagram, with THF molecules omitted.

Table 1. Crystal Data

chem formula GeHaeFeN4O4
cryst system monoclinic
space group C2/c

a=12.388(3) A
b=20.237(5) A
c=17.067(4) A

unit cell dimens

B =97.98(2)
\% 4237(2) B
Z 4
fw 808.7
density (calcd) 1.268 Mg/tn
abs coeff 0.411 mmt
temp (K) 293

final Rindices (obsd data) R 9.76%, wR= 13.79%

while other two THF molecules are equatorially linked to the
imino hydrogens. In this case, however, the planaremplex
unit has its moleculax axis C(5-N(1)—Fe—N(101)>-C(105)
parallel to the crystallographigdirection and coincident with
the crystallographic 2-fold axis [Oy, ¥4], so that the two
longitudinal halves of the complex are symmetrically equivalent,
the molecular rms plane forming an angle of ca? @&th the
(001 plane and 69with the crystallographie direction (Figure
2).

The Fe-Ngq distances of 2.10 A (mean value) and-F@u,
of 2.22 A are consistent with a six-coordinated iron(ll) in a
high-spin electronic configuration, as widely discussed previ-

ously®2 In Table 2 selected intramolecular distances and angles (69

Hoffman et al.

yz pol.

Figure 2. View of three molecules enclosed in a scaled-down
representation of the crystal morphology, viewed normal to (a) the (001
face and (b) the (II0) face. The THF molecules have been omitted for
clarity.

Table 2. Selected Average Bond Lengths (A) and Angles (deg)

Fe—N (eq) 2.105(9) FeO (ax) 2.223(7)
N(1)—C(5) 1.41(2) N(1)}-C(13) 1.37(1)
C(5)-C(6) 1.36(1) C(6y-C(7) 1.38(2)
C(6)-C(11) 1.44(2) Cc(Bc(12) 1.46(2)
C(7)-C(13) 1.45(2) CAABN@Y) 1.13(2)
C(12)-N(18) 1.12(2) C(13¥N(14) 1.29(2)
N(14)-Fe-N(108)  88.7(3) N(14)Fe—0(201) 90.2(3)
N(108)-Fe-0(201)  91.9(3) N(14)yFe-N(14) 91.7(5)
N(108)-Fe-N(14) 178.8(4) O(201}Fe-N(14)  89.3(3)
N(14)-Fe-N(108)  178.8(4) N(108}Fe-N(108)  91.0(5)
O(201)-Fe-N(108)  88.6(3) N(14)yFe-0O(201)  89.3(3)
N(108)-Fe-O(201)  88.6(3) O(201)yFe-O(201) 179.3(4)

Pd) already characteriz&@i$2.6466 The presence of two inde-
pendent THF solvent molecules, with an intrinsically disordered
twist/envelope ring conformatidf;®® and a high degree of
mosaic spread observed in the examined crystals strongly affect
the number and quality of the experimental data and, conse-
quently, the accuracy of the geometrical results, as evidenced
by large esd’s and high atomic thermal parameters.

The face identities were determined through single-crystal
film X-ray photo$®and interfacial angle calculatiori%.

A projection program using Mathematica on a Macintosh
computer allowed determination of the magnitudes and angles
of the projections of molecular vectors onto all natural crystal
faces. Thex vector is the long in-plane axiy,is the short in-
plane axis, andis normal to the plane. The most suitable faces
for separating these directions spectroscopically were the (001
and (110) faces. Views normal to both faces are shown for a
typical crystal with the morphology superimposed on the crystal
structure in Figure 2a,b. A unit cell is included on each drawing.
Thex, y, andz contributions to each polarization of the spectra
are given in Table 3, calculated usihgs (cos(@)|v|)?, wherev

(64) Bonamico, M.; Fares, V.; Flamini, A.; Poli, Nnorg. Chem.1991,
30, 3081-3087.

(65) Bonamico, M.; Fares, V.; Flamini, A.; Poli, N. Chem. Soc., Dalton
Trans.1993 2073-2074.
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1993 12, 1209-1214.
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(68) Luo, X. L.; Schulte, G. K.; Crabtree, R. khorg. Chem.199Q 29,

682.

Musselman, R. L.; Schneider, A. A. @ppl. Spectroscl1987, 41,

106-110.

are reported: they are comparable with those found in the other(7g) watkins, S. F. Morphang, Louisiana State University, Baton Rouge,

analogous MI(3-dtpy), complexes (M = Fe, Co, Ni, Cu, Zn,

LA 70803.
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Figure 3. Polarized specular reflectance spectra of #7THF: (a) Figure 4. Polarized transformed absorbance spectra of,#dlHF:
off crystal face (00X with the electric vector parallel to the projected  (a) off crystal face (00fwith the electric vector parallel to the projected
X (- - -) and perpendicular to the projectad—); (b) off crystal face X (- - -) and perpendicular to the projectad—); (b) off crystal face
(110) with the electric vector parallel to the projected- - -) and (110) with the electric vector parallel to the projected- - -) and
perpendicular to the projectedd(—). perpendicular to the projectexi(—).
Table 3. Relative Contributions of Each Polarization to the Spectra Wavelength, nm
angle from 700 500 400 300 i 0
elongated axis — Acetone soln
polarization  face (deg) Ixcoeff 1y coeff |, coeff 604 Methanol soln
yz (001) +58.4 0.00 0.71 0.29
X (001 —31.6 1.00 0.00 0.00
Xy (110) +175 0.63 031  0.00
z (110) —72.5 0.10 0.09 0.87 3

= the projected molecular vector component, grrethe angle
betweenv and the polarized light. ~
Spectroscopic ResultsReflectance spectra from the (Q01
and (110) faces are shown in Figure 3a,b. The results of
Kramers-Kronig transformations are shown in Figure 4a,b. The
enhancement in peak definition from the reflectance spectra is Wavenumber, 103 cm-1
typical upon transformation into absorbance data. Figure 3a from _. . .
the (007 face shows clear dichroism between the two polariza- '(:_'9[_1;9 5. Solution spectra of Fetin acetone {) and methanol
tions, especially noticeable at 17 and 26 kémThis is '
consistent with our calculated molecular projections (100%  to solution-equivalent values (in solution, a polarization direction
and 0%x for the two polarizations) on this face (see Table 3). is aligned/; of the time with an electric vector; the polarized
While the energies of peaks are not dependent upon the choicevralues thus need to be divided by 3). Since there may be some
of estimated reflectance beyond the experimental regions, thesolid-state spectral effectd*> we are not expecting exact
intensities are affected by those choices. In addition, the agreement with solution. Upon this division, agreement with
reflectance is affected by the surface quality of the natural crystal solution is reasonably good: the peak at 25.9 k&€ Figure
faces, which in turn affects the transformed absorbance. We 4b (from the (10) face), for example, totals 142 10° M~1
have chosen estimated reflectances in the experimentallycm™ for both polarizations and the same peak in the solution
inaccessible regions so the transformed spectra match as closelgpectrum in acetone is 15x4 10 M~ cm™1,
as possible to the solution spectra, Figure 5. The energies of The individual polarizations were extracted using Gaussian
the transformed spectra clearly agree well with solution, deconvolution of the four polarized spectra off the (D@nd
especially at~13,~16, and 26 kcmmt. To compare absorbance (110) faces. First, of course, the puegolarized spectrum was
magnitudes, the transformed absorbances need to be adjuste@aussian-deconvoluted in order to separate out the baseline;

Absorptivity, 103 M- em-1

10 15 20 25 30 35 40 45 50



5746 Inorganic Chemistry, Vol. 38, No. 25, 1999

Wavelength, nm
1000 590 400 3(|)0 2?0

290

————T
ez

Absorptivity, 103M-'cm!

Wavenumber, 103 ecm-!

Wavelength, nm
1000 SII)O 4?0 3?0 250

290

100 4

Absorptivity, 103M-Ic m-1

10 15 20 25 30 35 40 45
Wavenumber, 103 cm-!

Wavelength, nm
1600 5?0 400 3(])0 2§0

Absorptivity, 103M-lc m!

Wavenumber, 103 cm-!

Wavelength, nm

1000 500 400 300 250
30 L | 1]

2(I)0

25 4

20 4

15 4

10

Absorptivity, 10> M-lem-!

A LN
VAT S . i
0 a R

10 15 20 25 30
Wavenumber, 103 cm-1

Figure 6. Deconvoluted spectra from FedTHF faces (001 and
(110). Polarizations: (a¥; (b) yz (c) xy; (d) z Key: experimental

(—), Gaussian deconvolution (- - -); residuai-J.

Hoffman et al.

for these peaks were factored down according to Table 3 and
entered into the deconvolution of the mixedandy-polarized
spectrum from the (0) face, Figure 6¢. The remaining peaks
were taken to be thg-polarized transitions. The appropriate
intensities from the- andy-polarized transitions were then used
to extract thez-polarized transitions from the primarilg-
polarized spectrum, Figure 6d. The mixgdand z-polarized
spectrum, Figure 6b, was used as a double-check o &mel

z peaks, especially in the 35 kciregion. Despite the inherent
difficulty of obtaining accurate intensities via Krameti§ronig
transformation, the various absorption peaks showed remarkable
consistency in the several spectra. We estimate the intensity
reliability to be +-20%.

Discussion

The majority of electronic transitions in the porphyrins are
allowed under electric vectors aligned in thandy (in plane)
directions. InD4, symmetry the two directions are degenerate,
and therefore, polarized studies of porphyrins provide &by
polarized andz-polarized transitionsD,, systems, however,
allow for separatex andy polarizations. In the present case of
there having been different theoretical models proposed, the
resultant assignments from these models in fact allow for a
determination experimentally between the two. We will briefly
review the theoretical models for porphyrins and a previous
example of a metal phthalocyanine spectrum before illustrating
the additional information obtainable from the pres@&,
system. In addition, the presence of THF units arranged axially
at the Fe center allow for additional transitions, including
z-polarized transitions.

Theoretical Models. Gouterman’s well-known four-orbital
model of porphyrin ring&® has been the standard for
interpretation of porphyrin and related spectra. This model
describes transitions between two HOMO levelg, and a,,
nearly degenerate in energy, and a pair pLEMO orbitals.

The nearly identical energies of the/®,* and a'e,' states of

the same symmetry (Eallow sufficient configuration interac-
tion (Cl) so that one combination of excited states, the B state,
is ~15 000 cntt above the other, the Q state. Experimentally,
peak B is about 15 000 crh above peak Q. In addition to the
energy splitting consequence, the Cl results in the lower energy
transition’s being forbidden. Thus the Q transition in porphyrins
is predicted to be abodito the intensity of the Soret transition.

In phthalocyanines (tetraazatetrabenzoporphyrins), the transition
energies are similar for the Q region and the Soret region. The
intensity of the Q transition, however, is about the same as the
Soret transition. Gouterman explains this through Huckel
calculations® which show a much greater energy difference
between @, and a, in phthalocyanines than in porphyrins. This
eliminates the Cl and thus requires that the transitions be
different in energy directly. It also removes the condition of
forbiddenness, allowing Q to be as large as B. The coincidence
required in this model is that Cl in porphyrins results in exactly
the same splitting as the transition energy difference without
Cl in the phthalocyanines.

An early alternate interpretatiétr’# for porphyrins and
phthalocyanines was initiated about the same time: several
transitions are predicted for the two main regions where
Gouterman had predicted only one for each. A more recent

(71) Wang, M.-Y. R.; Hoffman, B. MJ. Am. Chem. S04984 106, 4235.
(72) Henriksson, A.; Roos, B.; Sundbom, Wheor. Chim. Actd 972 27,

L L 303.
results are shown in Figure 6a. The peaks of principal interest (73) Henriksson, A.; Sundbom, NTheor. Chim. Actal972 27, 213.

are peaks Q, RS, and B. Then, the energy and intensity values

(74) Roos, B.; Sundbom, Ml. Mol. Spectrosc197Q 36, 8—25.
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Table 4. Summary of Porphyrin Assignments Based on the Gouterman and Ellis Mbdels

peak exptl energy (kcrd) Ellis orb trans calcd energy (Ellis) (kcrt) Gouterman orb trans
Q 15.2 2a,(m) — 7ey (7*) 13.1 a(m) — ey (%)
R 18.0 S5ay(m) — 7¢ (%) 15.4 vib overtone of a(7) — g (7*)
B 31.0 6¢(77) — 4byy (7*) 32.3 () — ey(*)
Wavelength, nm D4h Dan Don
1000 500 490 300 250 small splitting large splitting
100 Gouterman:
- P W
'g 80 —‘regiv=1< - b
ol eg;V=0< - b3g
p= i 8 [
2 60 1 > b3g
3
_E 40 4 ary ay
g‘ Q ' Qxn Qw Qw Q'w
é’ 20 oy oY) Qy Qy Qw QW
(xyxy) (xxyy)
0 * T T
10 25 30 35 40 45 .
Wavenumber, 103 cm-! Ellis _ W bog
Figure 7. Deconvoluted in-plane absorbance spectrum of Cu(pc)l (from 3 eT= y -
ref 51). > b3g
ca_llculation comparing Ni(tk_)p) (tbp te;rabenzop_orphyrin) with ary ay
Ni(pc)*¢ has proven useful in comparing energies of MLCT and . -
LMCT transitions in Co(pc)l and Ni(pc)l. Very recently, Ellis R Qx Ry  Qw Quw
et al?® have used a density of states variation of the discrete ®y)  xy) Qv Rw Ry Rw
variational X-a (DVXa-DOS) method to calculate transitions (xyyx) (xyyx)
in pc’s that agree especially well with experiment. Rende et —
al5 used them to interpret a series of M(pc)l’s. Relative transition
A spectrum and the interpreted results for Cu(pc)l are shown enerey . >
a C

in Figure 7 Assignments based upon the Gouterman and the
Ellis models are summarized in Table 4. Gouterman et al. have

Figure 8. Transition diagrams for three cases each resulting from the

assigned the Q and R peaks as being due to a single electroni¢outerman four-orbital model and the Ellis X:-DOS modef* for

transition: Q as the fundamental,a— ey transition and R as
its first vibrational overtoné:3551.75This is in contrast to the

metallophthalocyanine-type (Mpc) molecules: @) Mpc with x,y
degeneracy; (b, dpn ML > with byy/bsg smaller (b) or larger (c) than
the symmetric vibrational component or thglba, separation. The

more recent interpretations made by this laboratory on the basisexperimental energy order mandy polarizations allows distinguishing

of calculations by Ellis et &85%in which the Q and R peaks
are due to the separate transitions of.@g — 7ey(*) and
S5ay7) — 7ey7*). The B, or Soret, peak is assigned by
Gouterman asg(wr) — ey(r*), the same as our assignment of
peak R; we have assigned peak B ag(®e— bay(*), with
other transitions contributing slightly to the region.

It would be helpful to have a way to experimentally
distinguish between the two sets of assignments. Fortunately,
in the Dy, point group, we have found such a way. Dy,
symmetry, the degeneral®y, e; becomes f and byg. The Q
transition, a, — e, is thus split into a— bsg (X polarized) and
ay, — byg (y polarized) components. Figure 8 summarizes the
expected transitions under several conditions in the Q region
from both the Gouterman and Ellis models. (The B region also
results in splitting, but it is not as conclusive as the Q region.)
Columna shows the assignment 8fy, transitions using both
models. It is difficult to experimentally distinguish between them
since both the Q and'@r R transitions are both allowed in the
x,y directions. Column$é andc show two cases fdDy, related
to the amount of gsplitting: b shows the case of the splitting
of gy into bzg and byg being less than the vibrational component
(for the Gouterman model) or less than thg b energy
difference (Ellis model). For the purposes of this comparison,
we are assuming configuration interaction to be relatively small

(as presumed by Gouterman for phthalocyanines) and thus are

(75) Marks, T. J.; Stojakovic, D. Rl. Am. Chem. S0d.978 100, 1695
1705.

between the two models.

estimating the transition energy to be equal to the difference in
orbital energy levels. Columa shows the results with larger
splitting which switches the order of the middle two transitions
in both cases. If the ordering of thegband by orbitals is
reversed, tha& andy transitions would be switched in all cases.
The transitions are listed in order of increasing energy to the
right within each case. The expected ordering of transition
polarizations in the Gouterman casés X,y,x,y and in case is
x,xy,y for the illustrated splitting order ¢g being higher than
bsg). For either case the Ellis model predicts the ordexiygy,x.
Spectra. If one looks first at the Q region, 222 kenT?, in
Figure 6a,b there are two and twoy-polarized peaks. The
x-polarized peaks in Figure 6a, Q antl Rre at 13.7 and 19.2
kem™1, and they-polarized peaks in Figure 6b, R and, @re at
15.9 and 17.0 kcmt. Since the order ix,y,y,x, clearly this
supports the Ellis model. We may therefore assign peak Q as
ay, — bag, peak R as h — bag, peak Q as a — byg, and peak
R' as hy— byg The specific assignment of the twepolarized
transitions in the middle as R and 3 based on the shapes of
the peaks: the R and Reaks are broader than Q antl This
assignment also results in the symmetry splitting’s being the
same for both pairs, 3.3 kcrh
At higher energies, there are several prominent transitions:
x-polarized peaks at 25.8 and 35.3 kcinan xy peak at~35
kem™1, and az peak at 35 kecmt. Numerous smaller features
appear to be present but we will focus on the principal peaks.
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Table 5. Experimental Fek:4THF Transitions

energy  area
label orb trans (kem™)  (A?)  polarization
Q a,— bag 13.7 1.32 X
R b1y — bag 15.9 6.2 y
Q a— byg 17.3 4.7 y
R b1y — bag 19.2 1.15 X
S a(2%) — bau(py) or 25.8 2.4 X
b2g(x2) — bru(p2)
B bag— b1y 34.6 2.1 y
B' by b, 35.2 2.5 X
T ay(Z2) — buu(py) or 35.75 0.4 z
B2g(x2) — bau(py)

The nature of thexy peak at 35 kem! needs some discussion.
Both theyz and xy polarizations (Figure 4a,b) show peaks at
35 kentl, and both the purec and nearly pure also show
peaks at about 35 kcrh. The question that immediately arises
is whether there is actually anyintensity at 35 kcrmt. Upon

a careful evaluation of Gaussian peaks in Figuresdgave
concluded that there is in fact a significar@bsorption at 34.6
kcm™! and a relatively smalt absorption at 35.8 ket (see
Table 5). Thus, there are, y-, andz-polarized transitions at
~35 kentt. In M(pc)l complexes, the Soret or B transition falls
at about 32 kem?!, and in By, the Dan €5 — by, would split

into bpg — by, (x polarized) and & — by (y polarized)
transitions; we propose that tkeandy peaks at~35 kcnt?t

are the Soret transitions. This provides for, of course, very little
energy splitting due to lowered symmetry. We have carried out
some preliminary ZINDO calculations of this system and find
that the By, bsg split ranges from an average of 6 kchin the
lowest 10 unoccupied orbitals to nearly zero for the highest
occupied orbitals. Since we are proposing that the Soret peak
are due to transitions from occupiegytand by orbitals, it is
thus reasonable that we see little split in the energies of the
Soret transitions.

In the 20-40 kenT ! region, two prominent transitions remain
unassigned: the-polarized peak at 26 kcm and thez
polarized peak at 35 kcm. From arguments above, transitions
related to planar complex orbitals should have brthand
y-paired components, andpolarized transitions are not pre-
dicted by either Gouterman or Ellis for porphyrinic complexes.
The transition at 26 kcrt is clearly not paired with ay
transition. One major difference between this complex and the
Mpc’s or Mp’s is the axial presence of two solvent molecules,
THF’s, with O’s only 2.2 A from the central Fe atom. Using

Hoffman et al.

osp Orbitals on the O’s as a basis sef,and by ligand group
orbitals may be constructed which will combine with Fe d
and p orbitals, respectively. As can be seen from Figure 1, the
axial THF molecules are oriented normal to the complex’s
axis. Using ther rings on THF as a basis set yieldg land g
orbitals which will combine with Fe ,pand d, orbitals,
respectively. The most likely transitions involving these orbitals
are shown in Table 5, transitions S and T. The immediate
significance is that onlyx- and z-polarized transitions are
involved. We are not yet able to determine which of the
x-polarized transitions are responsible for the 26 kEmpeak
and which of thez-polarized transitions are responsible for the
35 kent! peak, but it seems reasonable to propose that those
two peaks are due to one or two of eachand z-polarized
Fe—THF transitions, respectively.

The smaller surrounding peaks are reminiscent of the U and
V peaks reported for the M(pc) complex@sThe region above
35 kent! has yet to be interpreted. Calculations are not yet
available for the entire region, and the numerous transitions will
be better assigned upon their completion.

Conclusions

These spectra of Fel4THF provide clear experimental
evidence to allow support for a relatively new assignment of
porphyrinic transitions. The transition assignments, summarized
in Table 2, show the patteryy,y,x for the low-energy region.
This ordering is not consistent with Gouterman’s four-orbital
model but is in agreement with Ellis’s model based orX-
(DVXa) DOS calculations.
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