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We describe the first examples of room-temperature lumines-
cence for Tc complexes. The discovery of luminescence fromtrans-
dioxotechnetium(V) complexes provides the first opportunity to
directly compare fundamental luminescence properties of second-
and third-row d2 metal-oxo congeners.

Transition metal complexes with metal-oxygen multiple bonds
have been well studied since the benchmark work of Winkler and
Gray1 on the photophysical properties oftrans-[ReO2(L)4]+ (L )
pyridine (py, 1) or 4-picoline (pic,2)) and trans-[ReO2(CN)4]3-

(3) in crystalline and solution forms. These complexes exhibit a
broad emission in the visible range at room temperature (ca. 650
nm), and in crystalline form at low temperature, their spectra resolve
into distinct vibronic progressions containing OdRedO and Re-L
modes. Others have described the emission properties of the related
d2 dioxoosmium(VI)2,3 and the oxomolybdenum(IV)4 chromophores.
Recently, the work of Reber et al.5 has reemphasized the importance
of trans-[ReO2(L)4]+ complexes as fundamental models for under-
standing excited-state electronic structure and dynamics, for
example, the effect of orbital mixing of the in-plane ligands with
the linear ReO2+ core, vibronic coupling between coordinates on
the lowest potential emitting surface, and electronic coupling
between the lowest emitting state and higher electronic excited
states.3,5-7

It is significant that despite well-established studies of the
reactivity and spectroscopy of Tc complexes in several oxidation
states,8 luminescence has yet to be reported for a Tc complex until
now, although there have been reports of Tc(IV)-halide complexes
which luminesce at low temperature and only when isolated in a
crystalline host matrix.9 The room- and low-temperature lumines-
cence studies of thetrans-[TcO2(L)4]+ (L ) py (4) or pic (5)) and
trans-[TcO2(CN)4]3- (6) reported here open a new chapter in Tc
chemistry, both in a fundamental and practical sense.

Microcrystalline complexes4-6 were prepared by literature
methods,10,11and their photophysical properties as well as those of
the analogous Re complexes1,12 (1-3) were studied by variable
temperature steady-state emission spectroscopy and time-domain
lifetime measurements.13

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 from4-6 would
occur in the near-IR was provided by DFT/TDDFT calculations14

for trans-[MO2(L)4]+ (M ) Re, Tc; L ) py) that predicted the
dioxotechnetium emission to be 0.41 eV lower in energy.15 At 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 a3Eg excited state. For both, the
calculations show that the major contributing excitations are the

pair MO 99 (HOMO) to the degenerate pair MO 102 (LUMO+1)
and MO 103 (LUMO+1′). MO 99 is mostly M(dxy) with some O(p)
character, while MOs 102 and 103 are admixtures of M(dxz, dyz)
and O(p). A small but significant difference is that the excitation
MO 86 to MOs 100 and 101 makes a contribution in the Tc case.
Since MO 86 is 84.7% pyridine composition, this imparts both
LMCT and LLCT character to the transition.

Upon cooling the samples from 278 to 8 K, distinct vibronic
features appear in the spectra along with a relative increase in
emission intensity. Figure 1 shows the temperature-dependent
luminescence spectra for complex4. At least two vibronic progres-
sions are observed in the low-temperature spectra, with one clearly
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Table 1. Photophysical and Vibronic Data for Tc and Re
Complexes

compounda

emission
[nm]b

τ
[µs]c

ν(MdO)
Raman
[cm-1]d

<hωOdMdO>
Prog.

[cm-1]e

<hωM-L>
Prog.

[cm-1]e

{ 1 610 71 903 903 178
Re 2 618 48 900 896 221

3 575 2728 870 866 f

{ 4 679 78 858 848 168
Tc 5 733 15 852 853 188

6 675 1926 826 f f

a Microcrystalline samples were contained in a quartz cell.b Emission
energy of the highest energy peak at 8 K.c Lifetimes are the average of
two runs at 8 K.d Raman spectra upon 670 nm laser irradiation.e EMdO
andEM-L are the average peak to peak separations of the vibronic structure
in the 8 K luminescence spectra (see text).f The vibronic progressions in
the 8 K spectra could not be accurately resolved.

Figure 1. Temperature dependence of [TcO2(py)4](BPh4) luminescence
spectra. Spectra shown are not normalized for excitation intensity differences
and are not corrected for spectrometer response.
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visible at temperatures below 100 K and a lower-frequency
progression superimposed on the first below 30 K. By analogy to
the Re complexes, the low-temperature emission spectra of [TcO2-
(py)4]BPh4 (4) and [TcO2(pic)4]BPh4 (5) appear to display the
characteristic progressions of the symmetric OdTcdO and the
Tc-L stretching modes (Table 1). Thus, the OdTcdO vibronic
progression (∼850 cm-1) is consistent with the Raman active Od
TcdO symmetric stretch of 858 and 852 cm-1 for 4 and 5,
respectively, and is ca. 50 cm-1 lower in energy compared to the
corresponding Re complexes (see Table 1). Careful inspection of
the 77 K spectrum in Figure 1 shows a vibronic progression (801
cm-1) which is not identical to any normal mode in the Raman
spectrum and is likely an example of a missing mode effect
(MIME).16 The low-temperature spectrum for5 (overlaid with the
spectrum for2) shown in Figure 2 is the best resolved spectrum
measured to date and clearly shows the lower energy (∼180-200
cm-1) progression that is consistent with a Tc-L mode found for
the correspondingtrans-dioxorhenium analogues. As seen for
complex5, the three clusters of vibronic transitions have the same
relative intensity distributions across the luminescence spectrum
(Figure 2). Although vibronic features are apparent in the low-
temperature spectrum of complex6, we were unable to adequately
discern either the OdTcdO or Tc-L progressions. The OdTcdO
symmetric stretching frequency for6 was determined by Raman
spectroscopy to be 826 cm-1 and is consistent with the literature
value.11

The excited-state lifetimes were measured for the complexes at
room and low temperatures. At 8 K, the lifetimes for complexes4
and5 were 78 and 15µs, respectively, and are similar to the 71
and 48 µs lifetimes measured for the corresponding Re(V)
complexes. As a standardization, we determined the lifetime of
trans-[ReO2(py)4]+, and our experimental value (LHeT) of 71µs
is close to the lifetime reported recently.7 Complex6 exhibits a
very long-lived excited-state lifetime (1926µs) compared to that
of 4 and5, which is the same trend as the increased lifetime of the
corresponding Re-CN complex. In all cases, at 8 K, the excited
states were fit to a single exponential decay. The room temperature
excited-state lifetimes were more complicated, exhibiting multi-
exponential decays. Radiological limitations prevented initial solu-
tion measurements to determine quantum yield and absorption

spectral data; however, detailed studies of these properties, in
addition to the temperature dependence of the photophysical
properties of the Tc complexes, are currently underway.

The discovery of luminescence from thetrans-dioxotechnetium-
(V) complexes provides the first opportunity to directly compare
fundamental luminescence properties of second- and third-row d2

metal-oxo congeners. In a more practical sense, the analytical
applications of the TcO2 chromophore offer promise for design of
dual mode complexes that can correlate luminescence and radio-
imaging properties into a single agent.17 For our purposes,
luminescent Tc(V) complexes are a significant component in our
design of a spectroelectrochemical sensor for detection of pertech-
netate in the environment.18
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Figure 2. Low-temperature (8 K) luminescence spectra of microcrystalline
[ReO2(pic)4](BPh4) (2, blue) and [TcO2(pic)4](BPh4) (5, red). Spectra are
not normalized for excitation intensity differences.
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