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The red complex converts to a yellow form at 17.5 kbar
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Abstract

The luminescence of the red (linear-chain) form of Pt(bpy)Cl, (bpy =2,2’-bipyridine) has been measured as a function of hy-
drostatic pressure up to 30 kbar. The luminescence band maximum is red-shifted (158 cm!'/kbar), and the intrachain Pt(ITI)-Pt(II)
distance decreases from 3.45 to 3.25 A, between ambient pressure and 17.5 kbar. Strong discontinuities in the emission energy,
bandwidth, and intensity at 17.5 kbar are interpreted in terms of a crystallographic phase transition from the red to a yellow form of

Pt(bpy)Cl,.
© 2003 Elsevier B.V. All rights reserved.

The luminescence properties of linear-chain Pt(II)
systems depend strongly on the intrachain metal-metal
separation [1,2]. In the red form of Pt(bpy)Cl,
(bpy = 232’ -bipyridine), the intrachain distance decreases
by 0.08 A upon cooling from room temperature to 20 K,
a decrease that is accompanied by a 950 cm™! red-shift
of the emission band maximum [3]. In the course of our
work on the effects of hydrostatic pressure on Pt(II)
luminescence properties, we have found that red
Pt(bpy)Cl, undergoes a pressure-induced crystallo-
graphic phase transition at 17.5 kbar. Our results sug-
gest that this phase transition is associated with the
conversion of the red complex to a denser yellow form.

The room temperature luminescence of a microcrys-
talline sample of red Pt(bpy)Cl, at ambient pressure
(Fig. 1a) originates from a SMLCT state [4], where the
HOMO (do*) is built from Pt(II) dz> orbitals of the
stacked complexes, and the LUMO (r*) is localized on
the bpy ligand [3,5]. In contrast, the LUMO of tetra-
cyanoplatinates is a predominantly metal-centered pc
orbital [1]. Increasing the pressure to 12 kbar red-shifts
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the SMLCT luminescence, as shown in Fig. 1 (spectrum
b) [6]. The 1800 cm~! luminescence maximum (Viay)
red-shift is accompanied by a 350 cm~! bandwidth de-
crease (full width at half maximum, FWHM). As illus-
trated in Fig. 2, vy decreases linearly with increasing
pressure in the 1 bar—17.5 kbar pressure range. The shift
rate dvpax/dp of —158 cm~!/kbar is roughly a factor of
five higher than the shift rates typically found for
emission bands associated with a variety of d—d excited
states of transition metal complexes [7], but rather
modest when compared to those previously reported for
some tetracyanoplatinates [1]: Ba[Pt(CN),]-4H,O, for
example, exhibits a pressure-induced vy,,-shift of —270
cm~!/kbar (Table 1) [8]. Temperature-dependent lumi-
nescence and X-ray measurements on red Pt(bpy)Cl,
have revealed the following relation between v,z and
the Pt(ID-Pt(Il) distance R (vmax and R are in units of
cm~! and A, respectively) [3]

Vimax = 29500 — 5.4 x 10° B3, (1)

For each pressure p between 1 bar and 17.5 kbar, the
Pt(II)-Pt(II) distance R(p) can be calculated from the
respective vmax(p). Eq. (1) predicts a decrease in R from
3.45 A at ambient pressure to 3.25 A at 17.5 kbar, and
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Fig. 1. Luminescence spectra of red Pt(bpy)Cl, as a function of in-
creasing pressure: (a) 1 bar; (b) 12 kbar; and (c) 23 kbar. (d) is the
spectrum after decreasing the pressure from 23 to 11 kbar.
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Fig. 2. Energy of the luminescence band maximum (vmax) of
Pt(bpy)Cl, as a function of pressure (open circles; lines are guides).

Table 1

Values for the pressure-induced vyax-shift rate (dvma/dp), linear
compressibility along the crystallographic c-axis (), and intrachain
Pt(I)-Pt(II) distance ry at ambient pressure for red Pt(bpy)Cl, and
Ba[Pt(CN)4] - 4H,O at room temperature

Red Pt(bpy)Cl,

Ba[Pt(CN),] - 4H,O0

Luminescence transition do* < n* (bpy) do" « po
dvmax/dp (cm~!/kbar) —-158 -270
% (kbar) 3.6x 1073 42x1073
70 (A) 3.45 3.32

this translates to a linear compressibility (along the
crystallographic c-axis) y, of 3.6 x 1073 kbar~! [9]. In
Ba[Pt(CN)4] - 4H,O y, is 17% larger (Table 1). The vp,x-
shift rate, on the other hand, is 71% larger for
Ba[Pt(CN)4] - 4H,O relative to red Pt(bpy)Cl,, thereby
indicating that the do™—n* energy gap in the latter has a
significantly weaker dependence on the Pt(II)-Pt(II)
distance than the do*-poc energy gap in the tetracy-
anoplatinate. In both systems increasing pressure de-
stabilizes the do* HOMO, and it appears reasonable to

assume that this effect is of comparable magnitude in red
Pt(bpy)Cl, and Ba[Pt(CN),]-4H,0O. However, whereas
the energy of the bpy n* LUMO in the former is only
relatively weakly pressure dependent [10], the tetracy-
anoplatinate pc LUMO is stabilized significantly with
increasing pressure [11,12].

As pressure is increased above 17.5 kbar, three dra-
matic effects are observed within a very narrow pressure
range: First, vy, increases by about 2500 cm™!(Fig. 2);
second, the emission bandwidth increases by almost 70%
(compare spectra b and c in Fig. 1); and third, the lu-
minescence intensity decreases by at least an order of
magnitude. These abrupt changes in emission properties
clearly signal a structural phase transition. Pressure-
induced phase transitions have previously been reported
for several tetracyanoplatinates, typically occurring be-
tween 5 and 15 kbar [1]. However, only compounds of
the stoichiometry M;[Pt(CN)4]; - nH,O exhibit similarly
strong discontinuities in their emission properties, and
these are compounds that typically also undergo a first-
order phase transition upon cooling to cryogenic tem-
peratures. Red Pt(bpy)Cl, does not undergo any phase
transition even when cooled to 20 K [3]. However,
Pt(bpy)Cl, occurs in both red and yellow forms at room
temperature and ambient pressure. Under these stan-
dard conditions, the densities of the two forms are 2.55
and 2.65 g/cm?, respectively, i.e., red Pt(bpy)Cl, is 4%
less dense than its yellow counterpart [13]. Thus, a
pressure-induced red to yellow phase transition is rea-
sonable. The spectroscopic changes occurring around
17.5 kbar are consistent with this proposal; in particular,
they all are indicative of a switch from MLCT to 3LF
luminescence, and yellow Pt(bpy)Cl, is a *LF emitter
[14]. The emission maxima of Pt(Il) *°LF states exhibit
comparatively weak pressure dependences, with typical
shift rates on the order of 1040 cm~!/kbar [15]. Be-
tween 20.5 and 30 kbar, vm. shifts —13 cm~!/kbar
(Fig. 2). The bandwidth of spectrum c in Fig. 1 is 3100
cm~! (FWHM), and this compares to 4000 cm~' in
yellow Pt(bpy)Cl, at ambient pressure and 250 K [5]. A
narrower luminescence bandwidth at elevated pressures
is to be expected, owing to diminished relative distor-
tions of the emissive and ground states [16,17]. The same
effect accounts for the narrower bandwidth associated
with the 12 kbar luminescence of red Pt(bpy)Cl, (Fig. 1b)
relative to that observed in the ambient pressure spec-
trum (Fig. 1a). Finally, the order-of-magnitude decrease
in luminescence intensity accompanying the phase
transition at 17.5 kbar also is consistent with a change
from red to yellow Pt(bpy)Cl,. The room temperature
ambient pressure luminescence quantum yields of mi-
crocrystalline samples of these two compounds are
known to differ by more than an order of magnitude
[14]. Pressure-dependent excitation spectra (data not
shown) confirm our interpretation of the crystallo-
graphic phase transition at 17.5 kbar: between 12 and
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23 kbar the absorption edge shifts discontinuously from
15000 to 20300 cm™!.

Upon decreasing the pressure the *LF-emissive high-
pressure form of Pt(bpy)Cl, persists down to 11 kbar
(Fig. 2). The occurrence of a yellow to red phase tran-
sition at 11 kbar might indicate that the high-pressure
yellow form differs structurally somewhat from the
known ambient pressure yellow form. Notably, there is
a hysteresis in the luminescence properties with a bi-
stable region extending from 11 to 17.5 kbar. In this
range, either SMLCT (Fig. 1b) or ’LF emission (Fig. 1d)
is observed, depending on the history of the sample. A
similar pressure hysteresis loop has been reported re-
cently for [(CoHs),NHJ4[Pt2(P,OsH,)] [18].
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