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Abstract: Three corroles, which differ by their cavity’s core, namely, diamagnetic free-base tris-
(pentafluorophenyl)corrole and its gallium(lll) complex and the paramagnetic oxo-chromium(V) complex,
were studied by steady-state and time-resolved electron paramagnetic resonance (EPR) spectroscopy.
The magnetic and orientational parameters of the corroles, oriented in a nematic liquid crystal, were
determined and interpreted in terms of their structure, geometry, and excited states spin dynamics. It was
shown that both diamagnetic corroles, photoexcited to their triplet states, exhibit similar EPR line shapes,
which is characterized by a negative zero-field splitting parameter, D, whose origin is due to molecular
“stretching”. Photoexcited Cr(V)O-corrole exhibits polarized ground-state EPR spectrum in emission mode.
This polarization stems from the sequence of photophysical and photochemical reactions, involving the
formation of the trip-quartet/trip-doublet composite states and their selective quenching via a charge transfer
state.

Introduction

Corroles, first synthesized by Johnson and co-workers (1965),
are aromatic macrocycles with the basic structure of the ring
framework of vitamin B2 which plays a vital role in the
metabolism and functioning of living cells. These compounds
are typified by their smaller cavity size and different symmetry
as compared to porphyrins. Evidently, their differences should
be reflected by their photophysical and photochemical properties.
One should also expect their macrocycle structure to modify
the electronic properties of the metal ion inserted into the cavity,
thus affecting its chemical reactivi®yThis was demonstrated M =H,, Ga, CrO
in extensive investigations of their unique coordination chem- Figure 1. Corroles structure.
istry 4 and the recent advances in utilization of metallocorroles
as catalysts. While Hs(tpfc) and Ga(tpfc) in their ground state are

In the present study, we report on the excited states of 5,- diamagnetic, CrO(tpfc) is paramagnetic. Thus, light excitation
10,15-tris(pentafluorophenyl)corrole and the corresponding gal- of Ha(tpfc) and Ga(tpfc) generates an excited triplet state, which
lium(lll) and oxo-chromium(V) complexes, i.e., stipfc), is a two-spin system. Photoexcited CrO(tpfc) is a three-spin sys-
Ga(tpfc), and CrO(tpfc), respectively (Figure 1). This specific tem, consisting of a doublet, Cr(V)! donfiguration, and a ring
corrole was chosen because it is by far the most stable one andriplet. Evidently, the different spin systems of the three corroles

is nowadays considered as the prototype coffdle. makes time-resolved electron paramagnetic resonance (TREPR)
; — spectroscopy suitable for monitoring the spin dynamics in these
. Ihe Hebrew University of Jerusalem. . o compounds in the time regime of 15@00 ns, i.e., far below
On leave from Department of Spectroscopy, Indian Association for e e . . .
the Cultivation of Science, Jadvpur, Calcutta 700032 India. their triplet lifetime. All TREPR experiments were carried out
(1§) TJe%hnlor‘rlAsr\«’;l\?l Estltllit%ofCThechngI%%éS 1620 using a nematic liquid crystal (LC) as a solvent. LCs are
onnson, A. . Ray, | . em. SO . . . .
(2) Eschenmoser, AAngew. Chem., Int. Ed. Engl988 27, 5. adva}nta}geous over traditional isotropic solvents, as they allow
(3) Stolzenberg, A. M.; Stersich, M. T. Am. Chem. Sod.98§ 110, 6391. monitoring spin systems over a wide range of temperafirés.

(4) Erlen, C.; Will, S.; Kadish, K. M. InThe Porphyrin Handbogkkadish,
K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: New York, 2000;

Vol. 2; p 233. (6) Gross, Z.; Gray, H. BAdv. Synth. Catal2004 in press.
(5) Mahammed, A.; Gray, H. B.; Meier-Callahan, A. E.; Gross].ZAm. Chem. (7) For the known, but unstable 5,10,15-triphenylcorrole, see: Gryko, D. T;
S0c.2003 125 1162. Koszarna, BOrg. Biomol. Chem2003 1, 350.
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From the TREPR spectra obtained in isotropic and LC environ-
ments, important structural and dynamic parameters can be
obtained. We mention briefly some of them: (1) the dipolar
interaction in terms of the zero-field splitting (ZFS) parameters,
including the absolute values @ and E; (2) orientational
parameters relating the dipolar frame of reference with respect
to the directorL, of the LC. This allows to obtain structural
features not available by other methods; (3) kinetic and spin
dynamics parameters of paramagnetic transients in terms of x
electron spin POla,rlzatlo&ﬂThe rationale in choosing these_ Figure 2. (a) Molecular frame of referencé(Y, Z) and its relation to
compounds lies in their different structures and magnetic magnetic fields and the LC director., defined in the laboratory frame of
properties, which represent different classes of corroles, namely reference. The orientational parameters are defined in the text. (b) Molecular

free-base, diamagnetic, and paramagnetic metallocorroles. ~ Structure and the most probable orientation of the corroles in E-7, as deduced
' ' from line shape analysis.

Experimental Section
shape analysis of the TREPR spectra was described in details in

and Cro(tpfc) were synthesized as described else The LC previous paper¥:*®Here we provide the reader with a brief description
whete . . . ; 710

(E-7, Merck Ltd., dielectric constantg = 19.6,e = 5.1), an eutectic of the analysis using the density mfatnx formalist ) ) )

mixture of RCsHsCeHsCN: Ry = CsHiy (51%): R = C/H1s (25%):; The EPR spectrg’(B,t), taken at different sample orientations, with

Rs = CgH170 (16%); R = CsH1:CsHs (8%), was used without further respect to the external magnetic fieBl, is given by:

purification. Toluene (Merck Ltd.) was dried over molecular sieves

: ) /2 71/2 71/2
and kept under vacuum during sample preparation. The corroles were ¥'(BhH O Z ‘/(‘) f(gr)fg L Im[pij(9,¢,t)] f (4)d6 dg do’
i: ’2 min

Ha(tpfc), Ga(tpfc) (containing one molecule of coordinated pyridine),

first dissolved in toluene (concentrations usel x 107 M), which
was then evaporated and the LC was introduced into the 4 mm o.d. j=itl @
Pyrex tube. The samples were degassed by several frpapgp—thaw
cycles on a vacuum line and sealed under vacuum. For the triplet
triplet absorption experiments, the samples in toluene were diluted to
~2 x 107" M to avoid concentration effects.

For both triplet-triplet absorption and EPR measurements, photo-
excitation wavelengths correspond to the bands in the low-energy
portion of the absorption spectra (Q-band) ofthfc), Ga(tpfc), and
CrO(tpfc) (574, 590, and 556 nm, respectively). The samples were
photoexcited by a OPO (Panther Ill, Continuum Corp.) pumped by
the third harmonic (355 nm) of a Nd:Yag laser (Surelite I, Continuum

Corp.: 5 mJ/pulse, 10 Hz repetition rate and 10 ns pulse duration). o'is th le betw th lecular ol Bndh le relati
Triplet—triplet absorption measurements were performed using a IS the angle between the molecuar plane Andihe angie relations

homemade laser flash photolysis setup. Light-induced absorbancebem’een the molecular and laboratory place of reference are shown in

changes in the samples were recorded using a continuous 75 W xenorFIgure 2a. ,T,he summation is on ef,"Ch of the tWO, a”,OWMS - i,l
lamp, a monochromator (Jarrell Ash 82-410), and photomultiplier EPR transmorls. In all EPR experiments, the k'|net|c curves did not
(Hamamatsu R928). The data were collected using a LeCroy 9400 9€Pend on microwave power (283 mW) and did not exhibit any
digital oscilloscope. The triplet decay times were extracted by computer ©Scillations, satisfying underdamping conditichs:

fittings of the relevant kinetic traces. Steady-state EPR experiments
were performed with a Bruker ESP 380 EPR spectrometer (100 kHz

field mOdUIat'Qn)' TREP.R measurements (respon_se t'.me 0260 . Free-Base and Gallium Corroles.The photoexcited triplet
ns) were carried out using the same setup but with field modulation

disconnected. as described elsewHéié lifetimes of Hs(tpfc) and Ga(tpfc) at room temperature were
The orientation of the LC directot,, with respect to the magnetic determined by nanosecond laser flash photolysis to-B80

field, B, was determined from the sign of the diamagnetic susceptibility, #S and~80us, respectively, ensuring nonsilent EPR behavior.
Ay (Ay =y — y0).2 E-7 is characterized by > 0 and its phase ~ The former value is in agreement with literature dgt&Vith

wherep;(0,¢,t) is the density matrix element connecting thilevels
and6 and¢ are the angles between the external magnetic fetohd
the molecular axes. The distribution functidi®)andf(¢) express the
fluctuation of the solute prior to freezing. The Gausdi@n) = exp(—
[¢po — ¢)%04?) with the varianceo,? gives the probability of the
chromophore rotation by an angle about an axis perpendicular to
the molecular plane, and having a peak probability at an afigl€he
function f(0') = co< 6' exp(— 6'%0q?) expresses the fluctuations of
the molecular plane about the director,with the variancesy?, where

Results and Discussion

transitions are described by the following scheme: CrO(tpfc), no photoexcited triplet state could be optically
JioK . w53k observed. Nevertheless, as we shall show below, the analysis
crystalline<—— soft crystalline—— nematic—— isotropic of the TREPR data suggests that the triplet state does exist but

decays very fast, escaping direct EPR detection.

h th fault ori ionin th tic (fluid) ph B. Li . . .
where, the default orientation in the nematic (fluid) phade|[B. Line Spin-polarized triplet spectra of #ipfc) and of Ga(tpfc)

(8) Regev, A.; Levanon, H.; Murai, T.; Sessler, JJLChem. Phys199Q 92, oriented in a LC are shown in Figure 3. Both spectra exhibit an
4718. i icai i i ;
(9) Regev, A.; Galili, T.; Levanon, HJ. Chem. Phys1991, 95, 7907. absorptl_on/emlssmn (ajg) p_attern and in the parallel onentgtlon
(10) Regev, A.; Gamliel, D.; Meiklyar, V.; Michaeli, S.; Levanon, H.Phys. do not display any contribution from the out-of-plane canonical

Chem.1993 97, 3671.
(11) Levanon, H.; Hasharoni, K2rog. React. Kinet1995 20, 309.
(12) Levanon, H.; Mbius, K. Annu. Re. Biophys. Biomol. Structl997, 26,
95

17) Gonen, O.; Levanon, H.. Chem. Phys1986 84, 4132.
18) Regev, A.; Berman, A.; Levanon, H.; Murai, T.; Sessler, Lhem. Phys.
Lett. 1989 160,401.
D.; Boese, R.; Goldberg, Drg. Lett.1999 1, 599. 19) Shain, A. L.J. Chem. Phys1972 56, 6201.
(14) Bendix, J.; Dmochowski, I. J.; Gray, H. B.; Mahammed, A.; Simkhovich, (20) Furrer, R.; Fujara, F.; Lange, C.; Stehlik, D.; Vieth, H. M.; Vollmann, W.
L.; Gross, Z.Angew. Chem., Int. EQ00Q 39, 4048. Chem. Phys. Lett198Q 75, 332.
(15) Meier-Callahan, A. E.; Gray, H. B.; Gross,lAorg. Chem200Q 39, 3605. (21) Stehlik, D.; Bock, C. H.; Turnauer, M. C. idvanced EPRHoff, A. J.,
(16) Gonen, O.; Levanon, H. Phys. Chem1985 89, 1637. Ed.; Elsevier: Amsterdam, 1989; Chapter 11, p 371.

(
495, (
(13) Gross, Z.; Galili, N.; Simkhovich, L.; Saltsman, I.; Botoshansky, M.; Blaser,
(
(

J. AM. CHEM. SOC. = VOL. 126, NO. 22, 2004 6887



ARTICLES Stavitski et al.

() (b) with respect to the phase pattern i.e., displaying the a/e pattern,
av e u oMz we RN Y% which implies out-of-plane active axis.
LB N This discrepancy can be resolved by assuniing 0 for
both corroles. A negativ® value was previously found in
stretched porphycenes and sapphitfiand was interpreted
in terms of elongated molecular structures, which enforce the
triplet electron spins to align in a head-to-tail configuration. In
corroles, such “stretching” may result from the intrinsically
R RL lower symmetry (relative to porphyrins), which is further
v Vo Z1V2 Xz X1 Y1Zz

amplified by the asymmetrie-electron withdrawal effect caused

by perfluorinated aryl rings, located asymmetrically with respect
to theY molecular axis (see below) (Figure 2b). This electron
withdrawal toward the periphery of the molecule is confirmed

Ma32n°ethel3dG‘;mT 400 280 Ma netheId T by density functional theory calculation, which demonstrated
I I I | . . . . . .

N T:EPR E) ] )gf o | bedded that the spin density on the inner nitrogen atoms in corroles is
Figure spectra; presentation) of the corroles embedde ; _

in E-7 at 175 K: (a) H(tpfc): (b) Ga(tpfc). Spectra were taken:t after much smaller compared to porphyritfsSuch electronic recon

the laser pulse photoexcitation at 574 nm (a) and 590 nm (b) (7 mJ/pulse). figuration results in “stretching” of the triplet molecular orbitals
Positive and negative signals indicate absorption (a) and emission (e), along one of the molecular axis, in our case Yraxis. Although

respectively. Dotted curves, superimposed on the experimental spectra, argher cavity size, defined by the four nitrogen atoms, is smaller
computer simulations with the best-fit parameters given in Table 1. The ’ '

canonical orientations are indicated by arrows on the top of each spectrum._(7-2l AZ) than that of porphyrin (8.29 %’24 the Str_etChi_ng effect )
in Hs(tpfc) and Ga(tpfc) increases the effective size of their

cavities (i.e., the distance between triplet electrons) as reflected

Table 1. Magnetic and Orientational Parameters Extracted for the
Triplet State of the Hs(tpfc) and Ga(tpfc) Oriented in the LC at 175

K by the smalleD values compared to porphyrins (Table?45?
sample > EP AcAvAs o ¢ o Our conclusion on the sign @ is based on the following
Ha(tpfc) “302 51 050600 30 8o 15 arguments: (a) Sapphyriftsand stretched porphycerfésre
Ga(tpfc) —299 60 0.7:05:00 30 90 15 characterized by a frame of reference whaixis lines up with
gz_TrFF’,IF:‘E %é gg 3-838-81(1)-8 ig ig gg the molecular plane. This axes configuration results in spectral
n .00.071. .
H,OEPC 280 50 1.0.0905 ywdth Igrger fo.rL||B than that forL DB.. On the other hand,
ZnOEPC 266 80 1.0:0.8:0.2 inspection of Figure 3 shows that the width of the triplet spectra
HsSag*e —285 75 1.0:0.43:0.3 of Hs(tpfc) and of Ga(tpfc) is smaller in the||B configuration

“stretched” porphycerle —318 43 0.7:0.8:1.0 than that taken foi.OB. This is typical for planar and near

a %104 cm! (in present calculationt 5%).P In degrees (in present planar tetrapyrrolic molecules, where tBeaxis is out of the
calculaetiortL— 5%). ¢ Taken from ref 17."Octaethylporphycegg,) tataketnhfrlom molecu_lar plgne.' (b) For both corroles the_ spegtral inteljsity at
2% o e nLC 2L 05 een fom f ket LB orientaton s large than tha 458, implying tht in-

planeX andY axes are overpopulated. This situation is common
to free-base porphyrins. Furthermore, the computer simulation
of the triplet line shapes allows to fully assign the corroles frame
of reference with respect to the laboratory frame (Figure 2a).
Assuming that the corrole molecule is oriented with its long
molecular axis parallel to the LC director, and havisg~85°

orientation, as typical of planar molectuiéand verified by the
line shape analysis. These findings point toward a positive sign
of the zero-field splitting (ZFS) paramet&;,2® as found in a
number of related terapyrrolic compounds, such as porphifrins,
porphycenes? and phthalocyanine8.with D > 0, line shape ; _ .
simulation of both triplet spectra results in selective singlet as o_bta_lned by the line shape analysis, we cc_)nclude that the
triplet population ratesy (i = x, v, 2), obeyingA, > A, A, Y-axis lines up with the long molecular axis (Figure 2b).
namely, overpopulation of the out-of-plari axis in both With these arguments, the polarization pattern a/e observed
corroles, as reflected by the a/e polarization pattern (Table 1), for both H(tpfc) and Ga(tpfc) could be explained only by having
Selective population of the out-of-plargaxis is due to D = 0. Supporting evidence fd < 0 stems from the fact that
enhanced spinorbit coupling (heavy atom effect,found in X-ray data shows some deviation from planarity for the corrole
the triplets of ZnTPP3 Zn-substituted chlorophyf GaTPF2s molecule!® Moreover, spin density calculations result in
and Ga(tpfc) studied here. With the above considerations, Or]eagnmcant withdrawal effect of the perfluorinated aryl rings,
would expect an e/a polarization pattern in the cases ) which intensifies such a deviation. Obviously, these arguments
as found in many other free-base porphyrins Howevér as hold for corroles in their ground state. Itis reasonable to assume

inferred from Figure 3a, the tripletdtpfc) behaves differently that this efﬂ_ect W_'” be strqnger n the excited sta'_[e. 'I_'he slight
molecular distortion combined with the asymmetric withdrawal

(22) Although the structure of itpfc) and Ga(tpfc) exhibit slight deviations effect (the latter does not appear in porphyrlns) allows us to

from planarity, these distortions are of the same order of magnitude as in apply the point dipole approximation, i.e, [ {(1 — 3 cog
tetraphenylporphyrins (Scheidt, W. Rorg. Chem.1986 25, 79).
(23) Chan, I. Y.; van Dorp, W. G.; Schaafsma, T. J.; van der Waals, MdH.

Phys.1971, 22, 741. (28) Levanon, H.; Regev, A.; Michaeli, S.; Galili, T.; Cyr, M.; Sessler, J. L.
(24) Berman, A.; Michaeli, A.; Feitelson, J.; Bowman, M. K.; Norris, J. R.; Chem. Phys. Lettl99Q 174, 235.

Levanon, H.; Vogel, E.; Koch, Rl. Phys. Chem1992 96, 3041. (29) Berman, A.; Levanon, H.; Vogel, E.; Jux, 8hem. Phys. Letl993 211,
(25) Ishii, K.; Abiko, S.; Kobayashi, Nlnorg. Chem.200Q 39, 468. 549.
(26) Metz, F.; Friedric, S.; Hohlneic, GChem. Phys. Lettl972 16, 353. (30) Regev, A.; Michaeli, S.; Levanon, H.; Cyr, M.; Sessler, J.IPhys. Chem.
(27) Clarke, R. H.; Connors, R. Ehem. Phys. Lettl975 33, 365. 1991, 95,9121.
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0)}/{r3}, which for 6 < 54.7 results inD < 0 (head-to-tail (b)

(a)
configuration). To summarize this part, the observed line shape,
with D < 0, implies that the population rates obey the inequality,
A, Ay > A, for both corroles.
31 341 331

It should be noticed that the free-base corroltpfc) and
and orientational parameters. It is attributed to the small cavity

the metallocorrole Ga(tpfc) exhibit practically the same magnetic
size which forces the metal ion out of the molecular pl&he. a
Moreover, the withdrawal effect of the perfluorinated aryl rings e{
decreases the interaction between the metal d-electrons and the
m-electons of the corrole ring. Both effects lead to poor
interaction of the metal with the corrafesystem. This behavior

is close to that found for free-base and zinc porphycéring

different from that found with free-base and Zn porphy#ihs, 3 336 336 341
Magnetic Field /mT Magnetic Field /mT

where the metal strongly interacts with thesystem. The Foure 4. C )  the light-induced and steady-state EPR .
. : H gure 4. omparison of the light-inauced ana steady-state spectra
relationship between molecular structure and the sign of the Cro(tpfc) in E-7 at room temperature (a) and at 175 K (b). Upper frace:

ZFS parameters as well as the corresponding population ratesseady-state spectraft{B)/dB) measured using 100 kHz field modulation
A (i = x, Y, 2) are summarized in Table 1. (microwave power 56 mW, modulation amplitude 0.3 G). Middle trace:

At this stage we exclude an alternative explanation of the numerically integrated and inverted steady-state spegt(@)), which are
presented in the upper trace. Lower trace: spin-polarized TREPR spectra

a/e phase pattern in bothsftpfc) and Ga(tpfc). It assumes  (,(g)) taken 1us after laser pulse at 556 nm photoexcitation (8 mJ/pulse).
D > 0 and overpopulating of the out-of-plareaxis. Such

overpopulation arises from enhanced spimbit coupling AE eV ’s,
(SOC)Z8 which, in our case, may be due to fluorine substitution 2.0
in the corrole periphery. This enhanced SOC was reported to 2,
occur in fluorinated porphyring. Nevertheless, the fluorine hy
effect on the SOC strength is somewhat ambiguous, since it
depends on several parameters, namely, site of fluorination, 26T e
number of fluorine atoms, and their mutual location in the -1
molecule3-32Moreover,Z-axis overpopulation was not observed
with free-base tetra(perfluorophenyl)porphyrin, which, unlike
the corroles, exhibits the same polarization pattern APR33
Chromium Corrole. The paramagnetic chromium ion in

oxochromium(V) (Cr(V)O) complexes is characterized by*a d

electronic configuration, displaying a steady-state EPR spectrumFigure 5. Energy scheme describing the excited states dynamics for
over a wide range of temperatures, i.e.;-3800 K.34'35Among CrO(tpfc). All parameters and processes are described in the main text.

these compounds we should mention Cr(V)O tetrapyrrolic 1,5 60yjar structure will also result in a noticeable interaction
complexes, featuring an isotropic signal of nine lines, due 10 poyeen the chromium d-electrons and thelectrons of the
the hypeiflne (hf) gouplmg betvyeen the unpaired elgctror! and pyrrole photoexcited triplet state. The two interacting species
the four N nuclei, with satellites due to hf coupling with with spin S= 1/2 (chromium) and S 1 (corrole ring) generate

5 15,35,36 imi i i . )
*Cr. Thus, one_ should expect a §|m!lar behavior in the two composite states, i.e., doublet and quartet. Thus, the lowest
case of CrO(tpfc) (Figure 4). Photoexcitation of CrO(pfc) in - gy citeq states of such a three-spin system are referred to as a

the qrystalline and Fhe nemgtic phases of E-7_ generates Asing-doublet” £Sy), “trip-doublet” @T), and “trip-quartet” {T).
polarized spectrum in emission (Figure 4), V\./hlch.does not The terms “sing” and “trip” indicate either a singlet or triplet
Fjepend on thé orientation. These spectra are identical to the configuration of thez-electrons®® The unpaired electrons of
integrated and inverted steady-state EPR spectra taken at theye qoplet and triplet are coupled by an exchange interaction,
corresponding temperature. A similar behavior was observed j \ynose value in transition metal complexes spans from a few
with paramagnetic Cu(ll) porphyrirfs. o to several hundreds wavenumbéts.e., values, much larger
CrO(tpfc) may be considered as a coordination complex, {han the corresponding Zeeman, ZFS, and hf interaction. In such
where the nitrogen atoms of the corrole ring and the unique 5 456 the exchange interaction removes the spin degeneracy
oxygen atom define the equatorial plane and Baxis, and forms a doublet and a quartet state, with a fixed energy
respectively. Additional bonding is achlgved vuanyerlappmg, separatio’AE = 3J (Figure 5). It should be noted that the two
between the emptyxdand g, metal orbitals, the f|||5ed pand n-electrons of the triplet are usually coupled by a much higher
py oxygen orbitals, and the-orbitals of the corrolé® Such a exchange interactiof,with the energy gap\E = 2Jo, between
the first excited sing-doublet sta®; = (3Crltfpc), and the

(31) Bonnett, R.; Harriman, A.; Kozyrev, A. N. Chem. Soc., Faraday Trans.

1992, 88, 763. ‘ degenerate doublet/quartet stéfe = (°Cr3tfpc). The param-
(32) zscgglinfc\)l';/élvd; Woller, E. K.; Tatman, D.; DiMagno, S. Guorg. Chem. eters of these photoexcited states, such as populations, exchange
(33) Unpublished results from our laboratory.
(34) Srinivasan, K.; Kochi, J. Kinorg. Chem.1985 24, 4671. (38) Gouterman, M. IiThe PophyrinsDolphin, D., Ed.; Academic Press: New
(35) Fuijii, H.; Yoshimura, T.; Kamada, Hnorg. Chem.1997, 36, 1122. York, 1978; Vol. 3, p 1.
(36) Groves, J. T.; Haushalter, R.Z.Chem. Soc., Chem. Comm@81, 1165. (39) Bencini, A.; Gatteschi, DEPR of Exchange Coupled Syster@pringer:
(37) Rozenshtein, V.; Berg, A.; Levanon, H.; Krueger, U.; Stehlik, D Berlin, 1990.
Kandrashkin, Y.; van der Est, Asr. J. Chem2003 in press. (40) Stavrev, K.; Zerner, M. CChem. Phys. Lettl995 233 179.
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interaction strength, and relaxation rates, govern the electrongenerated in the ground-state doublet of the CrO(tpfc) is the
spin polarization (ESP) patterns observed in the TREPR spectraoverpopulation of the upper level of t1#& state (Figure 5).
Since the exchange interaction in CrO(tpfc) is larger than Justification of this process is based upon the kinetic consid-
the Zeeman energy and the molecular structure is rigid, level erations obtained by ultrafast optical spectrosctdy:>°The
crossings in the weak coupling regime are not accessible. polarization generated in thé€l; can be transferred to the
Therefore, the spin polarization cannot be explained by con- chromium sing-doublet ground stafS,, involving a CT
ventional chemically induced dynamic electron polarization, or state3'-52namely,2CT — 2T; route, which occurs by an order
polarization transfer mechanisms, which require diffusion-driven of magnitude faster than the depletion rotifg — 2T,.46:49.50
encounters of the interacting specié a recent study of three-  2CT state is quenched by back metal-to-ligand electron transfer.
spin copper porphyrins, it was shown that an intersystem Since CT state formation and decay reactions occur within a
crossing (ISC) process is responsible for generating net polariza-few nanoseconds or less, i.e., faster than the spin lattice
tion in the trip-doublet/trip-quartet manifofd This polarization relaxation within2T; and 2CT, spin polarization should be
can be further transferred to the ground state, possibly, via conserved?® It should be emphasized that ET reaction to
intermediate quenching state(s), such as charge transfer (CT)generate a CT state is essential, keeping the spin polarization
or d—d* states. unchanged and thus leading to the emissive ESP pattern. Direct
It was shown that a CT state in metalloporphyrins, generated quenching ofT; to the ground state (via internal conversion)
by ligand-to-metal partial electron transfer (ET), quenches their is ruled out since it is not spin-selective, thus resulting in
excited state$?4* The combination of the noncoordinating complete scrambling of the selectivity effect.
solvent, such as E-7, the absence of any indication for dimer
formation, and the high oxidation state of the metal makes the
contribution of d-d* transitions to the excited states quenching  In this study, we provide new results associated with the
in CrO(tpfc) unlikely. Consequently, we assume that the excited excited states spin dynamics of three typical corroles, namely,
states are quenched predominantly via a ligand-to-metal CT the diamagnetic (k{tpfc), Ga(tpfc)) and the paramagnetic (CrO-

Conclusions

intermediate state, whose energy positest (Figure 5) can

(tpfc)). It was demonstrated that the magnetic and kinetic

be estimated from the redox potentials of the corresponding parameters of the relevant excited states are governed mainly

reactions, the dielectric constar) (0of E-7, and the distance
between specigs: Ect = eEx — €Eeq — €¥/er.*® Since the
spectra of the CrO(tpfc) are independent.ddrientation e was
taken as an average betwegranden. The identical spectral

by the magnetic properties of the corrole core. Specifically, the
diamagnetic corroles exhibit practically the same triplet spectra,
with a negative ZFS parametd®, attributed to the strong

electron withdrawing by the perfluorinated aryl groups. The

width of the steady-state and TREPR spectra rules out the TREPR spectrum of CrO(tpfc) is due to the sequence of
possibility that the latter spectrum is due to transitions within reactions, i.e., photoexcitation and subsequent quenching involv-
the trip-doublet or trip-quartet manifolds. For these transitions, ing a CT state to generate a doublet ground-state emissive signal.
the hf splitting, which dictates the spectral width, obeys the ] o ) ]
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