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Abstract

The lead(ll) g-diketonates Pb(acag)Pb(hfac), Pb(ttay, Pb(dbm) and Pb(dpm) with acac= acetylacetonate, hfae hexafluoro-
acetylacetonate, tta: thenoyltrifluoroacetonate, dbm dibenzoylmethanate and dps dipivaloylmethanate show an intraligand (IL)
phosphorescence in low temperature glasses. With the exception of Pptm®mission appears also at room temperature (r.t.) for the
solid compounds while in solution this phosphorescence is rather weak.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction intersystem crossing (heavy atom effect). As a further con-
sequence the lifetimes of the lowest energy triplet of the
Optical sensing of PY by luminescence spectroscopy organic probe should be reduced and a phosphorescence
has attracted much attention in recent yefis Various may appear. Indeed, Pb(guyith qu = 8-quinolinolate (or
approaches have been developed. Owing to its intrinsic oxinate) displays this behavio{#]. However, at room tem-
emission which originates from metal-centered (MC) sp perature (r.t.) the intraligand (IL) phosphorescence is hardly
triplets [2], PB?+ can be used as its own seng8}. How- detectable. In contrast, the complex Pb(hfawjth hfac
ever, most procedures rely on the selective interaction of = hexafluoroacetylacetonate has been recently shown to
PE?t with suitable organic fluorophored]. Generally, a  exhibit a strong IL triplet emission at rf5]. It it suspected
fluorescence is shifted or changes its intensity in the pres-that this type of IL phosphorescence of Pb(ll) diketonates
ence of PB™ which modifies the environment of the fluo- is a very general phenomenon. We explored this possibility
rophore. This occurs by various influences including steric and selected the complexes Pb(agaB)b(hfac), Pb(tta},
effects, variation of the microscopic polarity, inhibition Pb(dbm) and Pb(dpm) with acac= acetylacetonate, tta
or enhancement of excited state electron transfer. In most= thenoyltrifluoroacetonate, dbm= dibenzoylmethanate
cases a direct electronic interaction betweedtPand the and dpm= dipivaloylmethanate for the present study.
fluorophore does apparently not take place. Sincg R&
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a heavy metal an electronic coupling should lead to a fluo-
rescence quenching of the organic fluorophore by increased The emissions of these complexes were expected to cover
different regions of the visible spectrum. They are not only
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2. Experimental
2.1. Materials

The compounds Pb(acac)Strem), Pb(hfag) (Strem),
Pb(dpm} (ABCR), Hdbm (ABCR) and Htta (Aldrich)
were commercially available and used without further pu-
rification. Ethanol (Merck, Uvasol) was used as received,
2-methyltetrahydrofuran (Aldrich, 99) was distilled from
its blue sodium benzophenone ketyl solution.

~

2.1.1. Synthesis of Pb(tta); 0,0 i s ; . : , i .
To a solution of Pb(N@), (660mg, 2.0 mmol) and 300 400 500 600 700 Nm
sodium _ac_etate (19)_ in 10ml water was added d_ropW|se Fig. 1. Electronic absorption (a) and emission (b, c) spectra of
under stirring a solution of 889 mg (4.0 mmol) Htta in 6ml  pp(acac). Absorption: ¢ = 1cm, 2-methyitetrahydrofuran. Emission:
ethanol, 50 ml of water was added. The yellow precipitate solid, room temperaturelexc = 270nm (b); 2-methyltetrahydrofuran,
was collected by filtration, washed with water and dried 77K, Xexc=290nm (c).
over B0Os. Yield: 1.16g.
Analytical calculation for GgHgO4FsS;Pb: C, 29.59; H,
1.24%. Found: C, 29.86; H, 1.24%. 15+

2.1.2. Yynthesis of Pb(dbm), A |
Pb(NG;)2 (600 mg, 1.81 mmol), sodium hydroxide (1.7 g)
and Hdbm (817 mg, 3.64 mmol) were stirred in 80 ml of 4.
water over night. The product was collected by filtration,
washed with NaOH solution (0.5 mai}) and water. It was
dried over BOs. Yield: 869 mg.
Analytical calculation for GgoH2204Pb: C, 55.12; H, 0,5

3.39%. Found: C, 55.07; H, 3.39%. 2
2.2. Methods R
oso T T T T T T T T T =
Absorption spectra were measured with a Kontron Uvikon 300 400 500 600  nm

932 double beam spectrophotometer. Emission and eXCita'Fig. 2. Electronic absorption (a) and emission (b, c) spectra of Ph(tta)
tion spectra were recorded on a Hitachi 850 spectrofluo- apsorption: ¢ = 4 x 10-5molI-%, ¢ = 1cm, ethanol. Emission: solid,
rometer equipped with a Hamamatsu 928 photomultiplier. room temperatureiexc = 330 nm (b); ethanol, 77 Kiexc = 340 nm (c).
The luminescence spectra were corrected for monochroma-

tor and photomultiplier efficiency.

1o
3. Results ’

Of the investigated diketonates of Pb(ll) only the fluo-
rine containing chelates Pb(ttaand Pb(hfag) are soluble
in ethanol without decomposition. As indicated by concomi-
tant spectral changes Pb(acadpb(dbm) and Pb(dpny 0,54
decompose in wet solvents. a

In solution all five Pb(ll) diketonates show long-wave-
length absorptionsKigs. 1-4 Table ) in the near UV
spectral region. In low temperature glasses they display a
blue or green emissiorr{gs. 1-4 Table 2. The solid com- 0,0 . . . ’ . . -
pounds exhibit this luminescence also at r.t. However, under 300 400 500 600 nm
ambient conditions the emissions are slightly shifted and gy 3 Ejectronic absorption (a) and emission (b, ) spectra of
occassionally supplemented by a short-wavelength com-pb(dbm). Absorption: d = 1cm, 2-methyltetrahydrofuran. Emission:
ponent. In the case of Pb(acathe emission of the solid  solid, room temperatureiexc = 300nm (b); 2-methyltetrahydrofuran,
material is quite different from that in the glassy medium 77K, %exc = 350nm (c).
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such as metal-centered (MC) or charge transfer (CT) states
A N are located at lower energies they will be populated by
! k radiationless deactivation from the diketonate IL states. As
1,0- ! \ a consequence such complexes are not luminescent (e.g.
! Co(B-diketonatej) [9] or they emit from other excited
b \ states. Examples are Cr(acag)ith a dd emissiorf9] and
! \ b Eu(B-diketonatej with a ff emission[10].
! ! In low temperature glasses the lead@iiiketonates show
1 \ the typical B-diketonate IL phosphorescencEids. 1-4
H \ Table 2. With the exception of Pb(acaca well-discernible
| N vibronic structure can be recognised.
: - i - The lead(ll) complexes Pbgt and PbCJ?~ exhibit a
300 400 500 nm MC phosphorescence at 538 nm and 518 nm, respectively
Fig. 4. Electronic absorption (a) and emission (b) spectrum of Pb¢dpm) [2]. Since ,the Pb(lB-diketonates emit in the Same wave-
length region, the IL phosphorescence might be obscured

Absorption:c = 6 x 10-°moll~1, 4 = 1 cm, ethanol. Emission: ethanol, ' :

77K, hexe=270nm (b). by the MC phosphorescence. However, in thiC (sp)
excited states lead(ll) complexes undergo large structural
rearrangements which cause huge Stokes shifts. There is

0,5

0,0

Table 1
Absorption band maxima and extinction coefficients in ethanol ir}dﬁeﬂ n%én;jigaktion for the appedara?cehOf aMC IemiSSion
11 of the lead(ll) diketonates. Accordingly, the sp triplets may
Amadfim e/l mol™ crm™) lie well above the emissivp-diketonate IL triplets.
Pb(acaq) 297 Solid samples of Pb(hfag)Pb(tta) and Pb(dbny show
EEEE;C) gé? ggggg; 344 (33000) the IL phosphorescence also at Higs. 2 and 3Table 2.
Pb(dbm) 354 ' This is certainly a consequence of the heavy-atom effect in-
Pb(dpm) 274 (21000) duced by lead. Increased spin-orbit coupling facilitates in-
a2-Methyltetrahydrofuran, tersystem crossing. As a final result, the IL phosphorescence
is fast enough to successfully compete with radiationless de-

activations.
(Fig. 1). The emissions appear also in solution at r.t. but  The solid complexes Pb(tiaand Pb(dbny display in
are very weak. In the case of Pb(dpmmp luminescence at  addition to the r.t. phosphorescence a weak fluorescence
ambient temperatures is found. (Amax = 418 and 448 nm, respectively) which overlaps with
the spin-allowed absorption. Such an IL fluorescence of
dbm complexes has been observed beftdd. The emis-
4. Discussion sion behaviour of solid Pb(dpmand Pb(acag)is distinctly
different from that of the other lead(ll) diketonates. It is
The long-wavelength absorptions of the Pb(ll) diketonates quite surprising that solid Pb(dpmploes not exhibit any
are assigned to spin-allowed Hw* transitions. Such IL  luminescence at r.t. The IL triplet of this complex appar-
absorptions have been previously identified in the electronic ently undergoes a fast radiationless deactivation which must
spectra of various other diketonate complej@s be facilitated by suitable vibrations. Thdutyl substituent
Metal B-diketonates in low temperature (77 K) glasses of the dpm ligand is well known to induce such a “loose
are well known to display a photoluminescence which orig- bolt” effect[12]. A further striking result is the observation
inates from the lowest energy intraligand (lzw* triplet that the emission spectrum of Pb(acai0) the solid state is
of the B-diketonate ligand$6—8]. Depending on the sub- totally different from that in low temperature glasses. While
stituents at the ligands this phosphorescence ranges fronthe emission in the glass is certainly the normal IL phos-
blue to green. Frequently, the emission band shows a diag-phorescence which resembles that of various other metal
nostic vibronic structure. However, if other excited states acac complexes, the r.t. emission of solid Pb(gcalpws a

Table 2
Luminescence band maxima and excitation wavelength
Amax/NM [Aexd/Nm] solid, 298 K Amax'Nm [Aexd/nm] ethanol glass, 77K
Pb(acag) 374, 427, 503 (sh), 525 [270] 43%290]
Pb(hfac) 467, 488 (sh) [300] 460, 485
Pb(ttay 418, 495 [330] 502, 532 (sh) [330]
Pb(dbm} 448, 506, 533 (sh) [300] 494523, 565 (sh) [350]
Pb(dpm} - 413, 430 (sh) [270]

a2-Methyltetrahydrofuran.
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complicated pattern including a band &tax = 525nm
which extends to 700 nn{g. 1). Solid In(acacj displays
also a very broad long-wavelength emissionigfax =
510nm [8]. It has been suggested that this emission is
caused by an intermolecular interaction which is similar
to an excimer formation. In the case of the other lead(ll)
diketonates such an excimer formation could be avoided
by the large substituents which may prevent a close ap-
proach of the ligands. However, a conclusive explanation
can presently not be given.

Finally, it must be emphasised that the lead(ll) diketonates
are only very weakly emissive in solution at r.t. It is assumed
that these complexes are flexible enough to provide a facile
radiationless deactivation which is slowed down only by the
rigid structures in the solid state.

In summary, it has been shown that lead(ll) induces a
heavy-atom effect iB-diketonate ligands. As a consequence
various Pb(ll)B-diketonates exhibit a r.t. phosphorescence.
While this phosphorescence is largely restricted to the solid
state it should be possible to identify ligands which display
a strong phosphorsecence also in solution at r.t. Such phos
phorescent complexes might be applied for analytical pur-
poses.
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