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We describe the first examples of room-temperature lumines- Table 1. Photophysical and Vibronic Data for Tc and Re

cence for Tc complexes. The discovery of luminescence frans- Complexes

dioxotechnetium(V) complexes provides the first opportunity to »(M=0) <hwo-y—o0> <hoy-1>

directly compare fundamental luminescence properties of second- emission T Raman Prog. Prog.
compound? [nm]? [usl [em—1)¢ [em~4e [cm~1e

and third-row d meta-oxo congeners.

Transition metal complexes with metabxygen multiple bonds 1 610 71 903 903 178
have been well studied since the benchmark work of Winkler and R€ § g%g 27‘;88 %g% 88%% 2f21
Gray* on the photophysical properties wans[ReOy(L)4] " (L =
pyridine (py, 1) or 4-picoline (pic,2)) and trans[ReCy(CN)4J3" 4 679 78 858 848 168

. K . i Tc 5 733 15 852 853 188
(3) in crystalline and solution forms. These complexes exhibit a 6 675 1926 826 i f

broad emission in the visible range at room temperature (ca. 650
nm), and in crystalline form at low temperature, their spectra resolve @ Microcrystalline samples were contained in a quartz éeimission
into distinct vibronic progressions containing=®e=0 and Re-L energy of tthg E'ggeSf energy FtJeak at SQ%GUWTS are th% ,a;/ég\iﬂge of

: o . 0 runs a dRaman spectra upon nm laser irradiatfv—o
moqes' Othgrs have described the emission properties of the relate(g;dEMiL are the average peak to peak separations of the vibronic structure
d? dioxoosmium(VI1¥=2 and the oxomolybdenum(I¥Ehromophores.  in the 8 K luminescence spectra (see tekhe vibronic progressions in

Recently, the work of Reber et@has reemphasized the importance the 8 K spectra could not be accurately resolved.
+ -
of trans[ReOy(L)4] " complexes as fundamental models for under pair MO 99 (HOMO) to the degenerate pair MO 102 (LUM®)

standing excited-state el_ectroruf: structurfe and d_ynamlcs,_ for and MO 103 (LUMGHL'). MO 99 is mostly M(g,) with some O(p)
example, the effect of orbital mixing of the in-plane ligands with - ’
. - . . . character, while MOs 102 and 103 are admixtures of M@,

the linear Re@" core, vibronic coupling between coordinates on - . . 7

. " ) - and O(p). A small but significant difference is that the excitation
the lowest potential emitting surface, and electronic coupling Lo
between the lowest emitting state and higher electronic excited MO 86 to MOs 100 and 101 makes a contribution in the Tc case.
State$s7 9 9 Since MO 86 is 84.7% pyridine composition, this imparts both

i LMCT and LLCT character to the transition.

It is significant that despite well-established studies of the . I . .
o . S Upon cooling the samples from 278 to 8 K, distinct vibronic
reactivity and spectroscopy of Tc complexes in several oxidation . . o .
features appear in the spectra along with a relative increase in

ig"teilmg'nistizrr‘gehza: gg;;Orge;ﬁsz?igé(‘;r;(gc?énFl)ée);:m” emission intensity. Figure 1 shows the temperature-dependent
W, ug v p ! plex luminescence spectra for compléxAt least two vibronic progres-

which I_umlnesce at !OW temperature and only when |solat¢_ad N2 Sions are observed in the low-temperature spectra, with one clearly
crystalline host matri®. The room- and low-temperature lumines-

cence studies of theans[TcOx(L)4 ™ (L = py (4) or pic (5)) and
trans[TcO,(CN)4]3~ (6) reported here open a new chapter in Tc
chemistry, both in a fundamental and practical sense.

Microcrystalline complexegl—6 were prepared by literature
methods'®11and their photophysical properties as well as those of
the analogous Re complexés (1—3) were studied by variable
temperature steady-state emission spectroscopy and time-domain
lifetime measurements.

Using 415 nm excitation at room temperature, broad emission
spectra with maxima between 745 and 780 nm were observed for
complexes4—6. The suggestion that emission frofrn-6 would
occur in the near-IR was provided by DFT/TDDFT calculatiéns
for trans[MO,(L)4]t (M = Re, Tc; L= py) that predicted the
dioxotechnetium emission to be 0.41 eV lower in enéfgyt room
temperature, the experimental red-shift from the corresponding Re
complex is found to be 0.21 eV (Table 1). Like the Re analogue,
the Tc complex luminesces from®gy excited state. For both, the
calculations show that the major contributing excitations are the
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A - Figure 1. Temperature dependence of [T£0y)4](BPhs) luminescence
Pacific Northwest National Laboratory. spectra. Spectra shown are not normalized for excitation intensity differences

* University of Cincinnati.
s University of Wyoming. and are not corrected for spectrometer response.
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visible at temperatures below 100 K and a lower-frequency spectral data; however, detailed studies of these properties, in
progression superimposed on the first below 30 K. By analogy to addition to the temperature dependence of the photophysical
the Re complexes, the low-temperature emission spectra obfTcO properties of the Tc complexes, are currently underway.

(py)alBPhy (4) and [TcQ(pic)sBPhy (5) appear to display the The discovery of luminescence from ttrans-dioxotechnetium-
characteristic progressions of the symmetrieT2=0 and the (V) complexes provides the first opportunity to directly compare
Tc—L stretching modes (Table 1). Thus, the=Dc=0 vibronic fundamental luminescence properties of second- and third-fow d
progression+{850 cnt?) is consistent with the Raman active=O metal-oxo congeners. In a more practical sense, the analytical
Tc=0 symmetric stretch of 858 and 852 tinfor 4 and 5, applications of the Tc@chromophore offer promise for design of

respectively, and is ca. 50 cthlower in energy compared to the  dual mode complexes that can correlate luminescence and radio-
corresponding Re complexes (see Table 1). Careful inspection ofimaging properties into a single agéntFor our purposes,

the 77 K spectrum in Figure 1 shows a vibronic progression (801 luminescent Tc(V) complexes are a significant component in our
cm~1) which is not identical to any normal mode in the Raman design of a spectroelectrochemical sensor for detection of pertech-
spectrum and is likely an example of a missing mode effect netate in the environme#t.

(MIME).1¢ The low-temperature spectrum fér(overlaid with the Acknowledgment. Financial support was provided by DOE
spectrum for2) shown in Figure 2 is the best resolved spectrum gyigp (Project No. 90076). This research was performed at the
measured to date and clearly shows the lower energ(—200 Radiochemical Processing Lab and the Environmental Molecular
cm?) progression that is consistent with aJlc mode found for  giences Laboratory, a national scientific user facility sponsored
the correspondingransdioxorhenium analogues. As seen for e pOE Office of Biological and Environmental Research and
complex5, the three clusters of vibronic transitions have the same located at Pacific Northwest National Laboratory (PNNL). PNNL

relative intensity distributions across the luminescence spectrum g operated by Battelle for DOE under Contract DE-ACO5-
(Figure 2). Although vibronic features are apparent in the low- 0 91830.

temperature spectrum of compléxwe were unable to adequately
discern either the ©Tc=0 or Tc-L progressions. The €Tc=0
symmetric stretching frequency férwas determined by Raman
spectroscopy to be 826 crthand is consistent with the literature
value!t

Supporting Information Available: DFT/TDDFT calculations for
[TcOx(py)a)™ and [ReQ(py)s™ and complete refs 14 and 16 are
provided. This material is available free of charge via the Internet at
http://pubs.acs.org.
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