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Broad-band luminescence in the red to near-infrared wavelength Wavelength [nm]
range from transition metal complexes is usually weak at room 1000 900 800 700
temperaturé2 The luminescence intensity of [Pd(SGNh-BusN), : ' :
single crystals at room temperature shows an unprecedented 29 kear

pressure-induced increase by several orders of magnitude. Other
square planar&complexes, such as the well-studied [Pt(¢]R),

do not show comparable increagesd compounds, such as [Ru-
(bpy)]?" ® or trans[ReQ,(tmen)]* ,6 show an intensity decrease
with pressure. A recent stulpn manganese(ll) ions doped into
Ca »5Sh.79- documents an increase of the luminescence lifetime
by a factor of 4 at 40 kbar. This effect is lower by orders of
magnitude than the effect described here.

Figure 1 illustrates the variation of the luminescence intensities
of [Pd(SCN)](n-BusN); as a function of pressure and temperafture.
The room-temperature luminescence at the lowest pressure shown
is very weak. At higher pressures, the luminescence intensities
increase rapidly and become up to 3 orders of magnitude larger at
29 kbar than at ambient pressure. Band maxima show a significant
blue-shift of 29 cm¥/kbar. The luminescence intensity also varies
strongly with temperature, increasing by a factor of 5 between 70
and 10 K. Vibronic progressions involving both the totally
symmetric Pe-S stretching mode (g Da4y) and the nontotally
symmetric in-plane PdSCN bending mode ¢ Day) are resolved | et : : . : :
as indicated in Figure 1b. The vibrational assignments are based 10 11 12 13 14 15 16x10°
on a normal coordinate analysis, and the frequencies of these modes Wavenumber [cm’']
are 274 and 147 cm.? Pressure-dependent Raman spectra Show Figure 1. (a) Pressure-dependent luminescence spectra of [Pd¢§BN)
monotonic frequency increases of 0.7 @kbar for both modes. BusN). at 300 K and 1 (bottom trace), 2, 5, 13, 17, and 29 kbar (top trace).
The absence of any abupt changes n the pressuredependerf) Tonpebic iepsiien esieres S PGIIBIR A 0K
Raman and Iumlnescence. spectra lndlgates that there are no dl’asnérogression inierv’als ére i‘den'tified by Iabelg inihe i.dealized point ggroup.
structural changes of the title complex in the pressure range shown

Relative Luminescence Intensity [arbitrary units]

70K

in Figure la. 2 3
Figure 2 shows luminescence lifetimes and integrated band § 1500 92 - 50
intensities as a function of pressure. The most intense spectrum, k= o ©e °
observed at 29 kbar, is more intense by a factor of 1500 than the § 1000 e} - 40 C
spectrum at 1 kbar. The luminescence lifetimes increase from 330 § L 30 %
ns at ambient pressure to &8 at 29 kbar, an increase by a factor £ e ®
of 160. By comparison, luminescence lifetimes for complexes with 5 500 - 20 E
a pressure-induced change of the emitting state, such ag]fvel 2 ® L 10
or many chromium(lll) compounds, show an increase that is 'g
smaller by at least an order of magnitude than that for the title 2 0-|, S
complex over the pressure range in Figure 2. Pressure-dependent - 0 5 10 15 20 25 30
measurements were also performed on [Pt(SENBuUsN),, and Pressure [kbar]

we observe a lifetime increase from 750 ns at atmospheric pressurer;g, . 2 pressure-dependent luminescence lifetin@sand intensities

to 17 us at 27 kbar and an intensity increase by almost 2 orders of (@) for [Pd(SCN)](n-BusN); at 300 K. The integrated intensity at 1 kbar

magnitude (data not shown). All luminescence intensities begin to was scaled to 1, and the same scaling factor has been applied to integrated
intensities at other pressures.

*To whom correspondence should be addressed. E-mail: decrease steadily at pressures above 30 kbar, an effect that is well-

ﬁﬁ’g&%cﬂmﬁgi’;}o”“ea'-ca' established when energy transfer between molecules becomes more
* Universitede Montreal. efficient at higher pressurés.
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We qualitatively consider four effects that contribute to the large offsets of the potential energy minima. Electronic states can be
and unexpected increase in luminescence intensity of the coupled through spinorbit and configuration interactions, which
[PA(SCN})]?~ complex with increasing pressure shown in Figures are strong for second- and third-row transition metal complexes.
1 and 2. This large increase occurs because radiative and nonraCoupling amplifies the effect of pressure on the potential energy
diative relaxation rate constants are competitive in magnitude.  surfaces beyond the simple shifts discussed in the preceding

The point-group symmetry of the Pgiflagment isD4y,.3 External paragraph, resulting in even higher activation energies for nonra-
pressure can break the inversion symmetry, for example by slightly diative transitions. This effect is most important for lower-energy
bending some of the SCNigands out of the plane of the complex, transitions, as illustrated by the comparison with [Pt(S{N)
leading to a more allowed luminescence transition in a lower where we observe a luminescence maximum higher in energy by
symmetry and to shorter luminescence lifetimes. The fact that both approximately 2000 cri than that for the title complex and,
lifetimes and intensitiegcreasewith increasing pressure suggests consequently, less dramatic pressure effects on luminescence
that the nonradiative rate constant decreases significantly. intensities and lifetimes.

The blue-shift of the luminescence band indicates that the gap It is likely that all four effects described above contribute to the
between the ground and emitting states increases with pressuresurprising pressure-induced luminescence properties of the title
The number of vibrational quanta needed to bridge this energy gapcomplex. The large enhancement, at relatively modest pressures,
also increases, and the nonradiative rate constant is expected tmf the near-infrared luminescence properties of the [Pd(SEN)
decrease according to the energy gap Yawor the title complex, complex is unprecedented and may lead to new applications as a
the number of 2100 cnt CN stretching quanta increases from 6.0 remote sensor for pressure.
to 6.2 between ambient pressure and 29 kbar, leading to a decrease
of the nonradiative rate constant at high pressure by less than a Acknowledgment. We thank the Natural Sciences and Engi-
factor of 2. This reveals that the blue-shift is a likely contribution neering Research Council of Canada for financial support.
to the observed increase of lifetimes and intensities in Figure 2,
but not sufficient to fully account for the effect. Supporting Information Available: Selected pressure-dependent

The luminescence spectra of [Pd(SER) in Figure 1b show Raman spectra, luminescence decay curves, with single-exponential fits,
that the offsets between the ground-state and emitting potential and temperature-dependent luminescence intensities and lifetimes for
energy surfaces along several metagand normal coordinates are  [Pd(SCN)]?~ (PDF). This material is available free of charge via the
large! The activation energy for nonradiative relaxation increases Internet at http://pubs.acs.org
when pressure reduces these large displacements. Literature reports
indicate that pressure effects on bending modes of four-coordinate References
complexes lead to larger changes in the electronic spédtran (1) Pelletier, Y.; Reber, Onorg. Chem.200Q 39, 4535.
effects on stretching modes, and we therefore expect that the offset (2) Pelletier, Y.; Reber, Gnorg. Chem.1997 36, 721.

along the by bending coordinate decreases most with pressure and ) R Y K etz VI Anorg. Allg. Chem2000
leads to a much higher activation energy for nonradiative relaxation.
This is corroborated by preliminary pressure-dependent lumines-
cence spectra of fPdBry] where the published analysis of the low-

temperature spectra shows that the only nonzero offsets occur for
stretching normal coordinatésA very small pressure-induced

luminescence intensity increase by a factor of 4 is observed for
[PdBr]2-, followed by a rapid decrease at higher pressures. These
results imply that the nature of the ligands and the emitting-state

626, 905. The shortest PePd distance perpendicular to the plane of the
[PA(SCN)]2~ complexes is 13.09 A, preventing metahetal interactions
in this compound.

(4) (a) Gliemann, G.; Yersin, Fstruct. Bondindl985 62, 87. Pt-Pt distances
of 3.1 to 3.6 A lead to metalmetal interactions and strong red shifts of
emission maxima with pressure. (b) Lechner, A.; GliemannJ.GAm.
Chem. Soc1989 111, 7469.

(5) Yersin, H.; Gallhuber, Elnorg. Chem.1984 23, 3745.

(6) Grey, J. K.; Triest, M.; Butler, I. S.; Reber, G. Phys. Chem. 2001,
105, 6269.

(7) Gutiarez, R. E.; Rodguez, F.; Moreno, M.; AlcalaR. Rad. Eff. Def.
Sol.2001, 154, 287.

(8) [PA(SCN)](n-BusN), was prepared following ref 3. The spectrometers

distortions that they induce play an important role in the increase
of luminescence intensities with pressure. In the title complex, the
spatial arrangement of the thiocyanate ligands appears to be
significantly altered by intermolecular effects, in which these ligands
act as efficient levers that pressure-tune the metal-centered lumi-
nescence transition. This characteristic is a major contribution to
the pressure effects in Figures 1 and 2. (9) Wenger, O. S.; Giel, H. U.Chem. Phys. LetR002 354, 75.
Previous work onDg, trans-dioxo rhenium(V) complexes has 8% ?ar)a)lgreK- e'-r-T;DAQLighChJemth%]}igéghé-r H. G. Phys, Chem696
demonstrated that pressure can change the shape of the ground-""" 10 0, 263’7. '(b)"Dregg;, Z. A Lang, J. M.; briékanXei, H. G.Phys.
state potential energy surface by “pushing up” areas at larger values Chem.1996 100 4646. )
along the coordinates with nonzero offset3his effect is a 83 Eﬂg:g?nnéf,q_JGoanerré}‘,]",L‘_u[n)\gbl_ggﬁe%nfzéégggq 23, 55.
manifestation of an avoided crossing between coupled electronic
states and depends strongly on the energies and normal coordinate

and correction procedures used have been described éfticeoscope
optics (Renishaw 3000) allowed us to verify and adjust the sample position
and obtain reliable intensities as pressure is varieecFPRaman bands
were used as internal intensity standards leading to estimated errors of
less than+40 units on the intensity scale of Figure 2. Luminescence
lifetimes as a function of pressure were measured using the 532 nm output
of a pulsed Nd: YAG laser, a photomultiplier tube (Hamamatsu R928)
and a digital oscilloscope. All pressure-induced phenomena presented here
are reversible.
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