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Magnetic circular dichroism and NIR luminescence of nitroxide radical complexes, [Cr'(5-diketonato),(NIT2py or
IM2py)]PFs, demonstrate that the energy gaps between the singlet (Lp) and triplet (3Lp) spin coupled levels in the
lowest excited 2Eg4,Tyy States are much larger than those in the ground state. This is the first observation of
magnetic interactions in the excited states of radical complexes, which could be elucidated in terms of the exchange
mechanism.
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Among many investigatiods® of magnetic properties of

(o}
3d metal complexes with nitroxide radicals, most of them iw % \
were focused on the ground electronic states. Recently we 7 N\ i%‘@
have been exploring the magnetic and spectroscopic proper- No. N

ties of the paramagnetic or diamagnetic metal complexes with

nitroxide radicals NIT2py (2-(2pyridyl)-4,4,5,5-tetramethyl-  \ye claimed that the luminescence of [Cr(agtd)T2py)]-
4,5-dihydro-H-imidazolyl-3-oxide-1-oxyl) and IM2py (2-  pF; is due to the lowestL(2E,2Ty) levels which originate
(2-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydrdtimidazol-1- - from the coupling between the NIT2py radical and the metal
oxy) (Scheme 1j:*% In the course of these investigations, —2r(2g 2T,) levels® However, the definitive interpretation of
the luminescence had to await the comparable examination
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-5 M '1'0 15 14 Figure 2. Energy levels of nitroxide radical Cr(lll) complexes (center)
together with nonradical Cr(lll) complexes (left) and nitroxide itself (right).
oM0® em! Thick solid vertical lines and a wavy vertical line indicate MCD and
Figure 1. Top: UV—vis absorption spectra in GBN at 300 K and luminescence, respectively. Dotted vertical lines show the configurational
luminescence spectra in the solid state at 15 K of [Cr(af&t}2py)]PFs interactions (Cl) between the ground and the excited states and/or MLCT

(a) and [Cr(acae]IM2py)]PFs (b). Bottom: MCD spectra of [Cr(acag) states with the same spin multiplicity.
(NIT2py)]PFs (a), [Cr(acac)IM2py)]PFs (b), and [Cr(bzacg(NIT2py)]PFs

(c) in CHCN at 300 K. wavelength envelope. These luminescence bands are dis-
. . placed to lower energy from the lowest energy absorption
Experimental Section bands by 1500 cmt and 4340 cm! for the NIT2py and
Preparation of the Complexes.The NIT2py and IM2py bis- IM2py complexes, respectively. The emission features may

(5-diketonato) Cr(lll) complexes were prepared by the already arise from three possible causes. (i) Intraligand (ligand
reported methods’ The Lu(lll) complex was prepared by the centered) luminescence from the SOM®to the n(HOMO)
modified method of the literaturé. orbital in the NIT2py or IM2py radical; (ii)*Lp(?T) —

Physical MeasurementsUV —visible absorption spectra were 3Lo(*A,) d—d fluorescence; (iii)!Lp(3T) — 3Lo(*A,) d—d
recorded on a Perkin-Elmer Lambda 19 spectrophotometer at roomphosphorescence. In order to examine case i, the lumines-
temperature. Low-temperature UWis measurements were carried  sance of the NIT2py Cr(lll) complex is compared with the
out on the same spectrophotometer with an Oxford Cryostat ji-5jigand luminescence observed for the 4f nonemittive

DN1704 (static). Magnetic circular dichroism (MCD) spectra were . . "
measured on a JASCO J-720W spectropolarimeter. NIR lumines- radical lanthanide complex, [EUhfack(NIT2py)]. The

cence spectra were obtained on a SPEX 1269 spectrometer with af’:lbsorpthn spectra in GBI, at 18,0 K ar_1d the Iumlnescence
Ge-pin photodiode (North Coast EO-817L) detector cooled by liquid N the solid statetzb K are very similar in vibronic structure

nitrogen. to each other as well as to the reported spétad exhibit
a mirror image as shown in Figure 3. This spectral behavior

Results and Discussion indicates that the luminescence at 9-0%.00 x 10° cm!

must be assigned to the intraligand SOMO— n(HOMO)

The absorption and MCD bands near 13-:0@.50x 10° luminescence. This is in line with recent repdtit$on the

cm1 for the NIT2py and IM2py Cr(lll) complexes (Figure luminescence in Ln(lll) complexes with two chelating
1) are due to the formally spin forbiddéing(*A,) — 3Lp(3T) NITBzImH radicals and in NITBzImH radical itself, which
transitions between the spin-coupled states originating from arises from ligand-centered transitions. As compared with
the“A — 2I°(2E 2T;) d—d transitions (Figure 2), which was this radical intraligand luminescence, the shape and the peak
confirmed by the intensification on lowering the tempera- position of the luminescence for the NIT2py complex are
ture87” and further supported by the fact that the MCD qualitatively different (Figure 3). Thus, the luminescence of
bandwidths are as large as those of [Cr(agao)]".%? the NIT2py complex does not originate from a radical
For the NIT2py complex, the fairly sharp luminescence intraligand transition. The band envelopes and each vibronic
band with a longer wavelength shoulder appears at aboutcomponent of the absorption and the corresponding lumi-
12000 cn.® The IM2py complex gives the luminescence nescence spectra of the NIT2py and IM2py Cr(lll) complexes
band around 9500 cri with the whole emission profile,
whereas the previous measurenishibwed only the shorter
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Nitroxide Radical Chromium(lll) Complexes

Table 12
Eium Esr [4Jod  J'Ex
compounds (1Co/cm™) (10%/cm ™) (cm™) (cm™b)

[Cr(acacyNIT2py)]PFs 11.80 13.30 246 1500
[Cr(dbm)(NIT2py)]PFs 11.30 13.25 280 1950
[Cr(bzac}(NIT2py)]PFs 11.50 13.30 121 1800
[Cr(acaMe}(NIT2py)]PRs ~ 11.30 13.10 36 1800
[Cr(acaPh)NIT2py)]PFs 11.40 13.17 78 1770
[Cr(dpm):(NIT2py)]PFs 11.80 13.33 394 1530
[Cr(acac)(IM2py)]PFs 9.80 14.14 752 4340
[Cr(acaMe)(IM2py)]PFs 10.20 13.80 408 3600
[Cr(acaPh)(IM2py)]PFs 9.90 14.00 476 4100

aEum and Esg refer to the positions of the luminecensée(#r)) and
the formally spin-forbiddeL(2') MCD bands, respectively.Jss is the
exchange coupled energy gap in the ground state derived by applying the
spin HamiltoniarH = —2)($*$; ).87 Jex = Ese — Eum for the energy gap
in the lowest excited state.

limitations. Two series of thg-diketonate complexes give
Figure 3. UV—vis absorption spectra (a) in GHI; at 180 K and similar results; i.e., absorption and/or MCD and lumines-

luminescence spectra (b) in the solid state at 15 K of [Lu(h{BdY 2py)]. ;
Luminescence spectrum (c) in the solid state at 15 K of [Cr(a@did)2py)]- i?nce patterns corresponds to each other (Figure 1 and Table
PFs. .

It is therefore concluded that the luminescence of the
NIT2py and IM2py complexes originate from thep(?T)
— 3Lo(*A,) transition. For these complexes, an efficient

are found to be as large as the Stokes shiifty the inter-  €nergy transfer from the SOM@* to the 'Lo(*I) levels

subshell (g-tg) fluorescence fromT g to “A,g of [CriFg]3- occurs. This is in contrast to the case of the IMBzimH or
and [CrR(H.0)]. Thus, these “shifts” are too large for the the NIT_BZ|mH Eu(lll) complex where intraligand and-4f
3Lp(A) — 3Lo(*A,) d—d luminescence involving spin-flip 4f luminescence was simultaneously obsert?8d.The

intra-subshell g,—t,) transitions at the metal centers, even €Nergy gaps between the singlet and triplet levels in the
in view of a possible mixing with the MLCT. Therefore lowest excited state are estimated to be much larger than

the origin of the luminescence is not due to the case ii. Thus, t10S€ in the ground state (Table 1). This is in accordance
case i must apply. In order to obtain further information With the generally observed enlargement of the magnetic

on the lowest excited states, MCD spectroscopy was app"ed_interactions f_or the excited states as compared with the
Our previous MCD measurement on the NIT2py and IM2py 9round state in exchange coupled systems of meteital

complexes demonstrated the presence of bands aroundlimers:’ *° The difference between the ground and excited
13.00-14.50 x 10° cm%, but not in the region of the States originates from an increase of electron-transfer char-

luminescence peak. However, as a result of the MCD acter in the excited staté&:'® The increase of magnetic

remeasurement where an attempt to extend was made in thdnteractions in the excited state as compared with those in
range of 11.5612.00 x 10° cnr! in more concentrated the ground state is much larger than that found for the metal

solution, a weak positive MCD band of the NIT2py complex metal dimers’'° This large increase results from the fact
could be observed at 11.80 1C° cm . This MCD feature  that the*MLCT and *MLCT energy levels of the NIT2py

may be due to the intrinsic spin-forbidden transitifin(*A,) and IM2py complexes are much lower in energy than the
— 1L 5(2I), the intensity of which is borrowed from the spin- LMCT or MMCT in the C#!—Cr'! or other metat-metal
allowed 3Lo(*A;) — 3Lo(“T2) d—d transition through the dlnu<_:lear gomple_xelifzo'_l'he energy lowering Iead§ to larger
spin—orbit coupling Hso) between théLp(2I) and3Lo(*T>) co_nflguratlona_l |n_teract|0n (Cl) among the_ eXC|t_ed states
as shown in Figure 2. Moreover, the MCD intensityy = (F|g_ure 2), which increases the energy gap in the first lowest
ca. 3x 103M~tcm* T-1 and the MCD bandwidth, = excited staté.”?

ca. 300 cm! are much smaller than those of the higher ~ For the NIT2py and IM2py complexes, the magnetic
energy transitions. Importantly, the MCD peak positions interactions in the excited states are found to vary from 1500
correspond to the luminescence bands (Table 1) and the halfo 2000 cnt* and from 3600 to 4400 cm, respectively.
bandwidth of this lowest energy MCD peak is similar to Notably, these variations are much smaller than those
those of the deconvoluted components of the main lumines-in the ground state for thg-diketonato complexes (Table
cence band. Therefore, the luminescence is in fact due tol). In contrast, the peak positions of the luminenscence
the Lp(2I) — 3Lo(*A,) transition. For the IM2py Cr(ll)  (*Lo(*I)) and the absorption3l(p(°T)) with variation of
complex, the luminescence is also quite different from that
of the IM2py Lu(lll) complex, though the corresponding (17) (a) Sctiaherr, T.J. Mol. Struct 1982 261, 203. (b) McCarthy, P. U.;
MCD couid ot be observed owing to the instumental g G2tk U SR Chem Red0sace 08 UL

enborne, L. GChem. Re. 200Q 100, 787.
(16) Schider, H. L.; Gausmann, H.; Zander, H.-lhorg. Chem 1967, 6, (19) Schenker, R.; Weihe, H.;@al, H.Inorg. Chem 1999 38, 5593.
1528. (20) Tuczek, F.; Solomon, E. oord. Chem. Re 2001, 219-221, 1075.

appear to be correlated to each other with mirror images
(Figure 1: top). This suggests that case ii applies with a large
Stokes shift. However, the displacements (150840 cn1?)
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p-diketonates are not much different from one another. It SMLCT depends upon the integréhg h|sz* Oor the orbital
follows through the VBCI model that the configurational overlap,ig||7* [} between the,§ ands* orbitals which exert
interaction betweedLp(?I') and *MLCT?! or 3Lp(T) and no coligand effect,”**whereas CI between theMCT and
SLo(*Az) depends uporigy||zl) which is why the ferro-

(21) The real singlet (doublet) wave function is given Wy!Lp(?l)) =

L SR . 3
Wollo@D) 4 bWAMLCT). Wo(tLo(l)) and WAMLCT) are ap- magnetic |nter§ct|on is affec'_ced by the coligand eff"(??dt.
pro>|<imatgg to denotﬁzg*'ézgg;zg_n*_\( 1anc€2|t2)g),+rt]zg-g*+n*-|,) SgpeC- Further studies on the lifetime and the quantum yield for
tively, andb is represente = (Wo(*Lp(*[))|h|W(*MLCT)|IAEcT ; : :

= ooy tag g [Nltag tog 7+ | IAEwr = Otogt jr | IAEGy = the luminescence are in progress in our laboratory.
h(CT)/AEct whereh(CT) is the electron-transfer integral afdEcr

is the energy difference betwe&gr and Esg (Table 1). 1C035226S
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