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The interaction of the trinuclear mercury(ll) complex [(0-CsF4Hg)3]
(1) and pyrene leads to the formation of the 1:1 adduct 1-pyrene.
The crystal structure of this adduct reveals the existence of
supramolecular stacks in which molecules of 1 and molecules of
pyrene alternate along the infinite chains. Steady-state and time-
resolved photoluminescence measurements indicate the occurrence
of a heavy atom effect which results in red, green, and blue (RGB)
phosphorescent emissions for 1-pyrene, 1-naphthalene, and 1:
biphenyl, respectively.

Polynuclear aromatic organic compounds usually display

fluorescent emissions with no phosphorescence at room

temperature. Special conditions such as cooling to 77 K in

rigid glass solutions are usually required to observe phos-
phorescence. Owing to the spin-forbidden character of both

the § — T; intersystem crossing and; 7> S emission,
these compounds usually exhibit long lifetimes and low
guantum efficienciesBecause of spirorbit coupling, the

presence of heavy atoms directly attached to the luminophore

or positioned at its periphery can alter this situafighWhile

this phenomenon has been the object of extensive previous

studies’ ® some of us recently reportédithe facial com-
plexation of aromatic hydrocarbons to trimeric perfluaro-

* Authors to whom correspondence should be addressed. E-mails:
omary@unt.edu (M.A.O.); gabbai@mail.chem.tamu.edu (F.P.G.).

T University of North Texas.

* Texas A&M University.

(1) Turro, N. J.Modern Molecular PhotochemistryBenjamin/Cum-
mings: Menlo Park, CA, 1978 (e.g., p 122).

(2) (a) Kasha, M. JIChem. Physl1952 20, 71. (b) McGlynn, S. P.; Azumi,
T.; Kinoshita, M.Molecular Spectroscopy of the Triplet Staentice
Hall: Englewood Cliffs, NJ, 1969.

(3) Ghosh, S.; Petrin, M.; Maki, A. H.; Sousa, L. R.Chem. Physl987,
87, 4315.

(4) Lower, S. K.; EI-Sayed, M. AChem. Re. 1966 66, 199.

(5) Ramamurthy, V.; Eaton, D. F.; Caspar, J.Atc. Chem. Red.992
25, 299.

(6) (a) Neusser, H. J.; Siglow, KChem. Re. 200Q 100, 3921 and
references cited therein. (b) Seybold, P. G.; White,Alal. Chem.
1975 47, 1199. (c) White, W.; Seybold, P..@. Phys. Chenil977,
81, 2035.

(7) Tsunoda, M.; GabbaF. P.J. Am. Chem. So00Q 122 8335.

(8) Haneline, M. R.; Tsunoda, M.; Gabbé&. P.J. Am. Chem. So2002
124, 3737.

2176 Inorganic Chemistry, Vol. 42, No. 7, 2003

phenylene mercuni® and showed that the emission spectra
of the resulting adducts feature emission bands that cor-
respond to the phosphorescence of the aromatic molécule.
With the incorporation of such materials in optoelectronic
devices as a goal, it has become important to study (1) the
generality of our approach by considering the assembly of
1 with alternative strongly luminescent luminophores and
(2) the photophysical properties of the resulting supramol-
ecules. In this vein, we now wish to communicate the
synthesis and structure @fpyrene R) as well as photolu-
minescence steady-state and lifetime measuremeslof
naphthalene 3), and 1-biphenyl @). This contribution
elaborates on a series of earlier investigations concerning
the use of trinuclear complexes for the generation of stacked
supramolecules with unusual luminescence propeitigs.

Hg Hg F pyrene
S
F F 1 F naphthalene biphenyl

Phosphorescence enhancement for organic compounds in
the solid state at ambient temperature is significant for
organic light-emitting devices (OLEDSs). While many organic
emitters exhibit strong fluorescence with very high photo-
luminescence (PL) quantum yields (up to unity), an upper
limit of only 25% theoretical internal electroluminescence
(EL) quantum efficiency is usually associated with organic
fluorophores because of spin statistics for the emitting singlet
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Figure 1. Molecular structure o2. Thermal ellipsoids are at 30%. Fluorine : : : ' : '
and hydrogen atoms are omitted for clarity. Significant contacts (A): &(38) 14 16 18 20 22 24 2
Hg(1) 3.353(16), C(38AyHg(1) 3.460(14), C(39)Hg(2) 3.487(16), Wavenumber/10°cm"

C(40)-Hg(2) 3.553(17), C(33BYHg(3) 3.424(14), C(40A)Hg(3) 3.408-

(15), and C(36) Hg(1A) 3.536(17). Figure 2. Photoluminescence spectra for crystalline solids2ef4.

Intensities of different spectra were adjusted arbitrarily for clarity. Photo-
] ) graphs are shown for the emissions of crystalline solids at ambient
state (one singlet and a 3-fold degenerate trigfebue to temperature.

the mixing of the singlet and triplet states in phosphorescent

materials, the theoretical upper limit of the internal EL C(38)-C(38A) and Hg(1), C(39)C(40) and Hg(2), and
efficiency is 100%. Therefore, phosphorescent heavy metal C(33B)-C(40A) and Hg(3). A short distance is also observed
complexes have been receiving increasing attention for between C(36) and Hg(1A). The resulting +#pyrene
OLED applicationd? The luminophores described here are distances, which range from 3.353 to 3.553 A, are similar
different in the sense that the presence of the metal actsto those observed in the structures3oind 4.2

merely to enhance the phosphorescence of the organic PL spectréf are shown in Figure 2 for crystalline samples
component with little disturbance of its emitting triplet state. of 2—4. The intense red emission 8f green emission d3,
Hence, one can systematically select the organic substrateand blue emission of are attributed to monomer phospho-
with a control of the color and quantum yield of the rescence of pyrene, naphthalene, and biphenyl, respectively.

phosphorescent emission sought. The emission energies of the phosphorescence bands shown
While the synthesis of-naphthalened) and1-biphenyl in Figure 2 for2—4 are very similar to the values reported
(4) has been described previouélyhe mixing of 1 with in the literature for free pyrene, naphthalene, and biphénil.

pyrene in Csor CH,Cl, results in the spontaneous precipita- EXxcited-state lifetime measurements at (ambient temperature,
tion of 1-pyrene ) as a pale yellow solid. Single crystals 77 K) yieldedr = (568 + 8 us, 423+ 8 us), (712+ 12 us,
of 2 can be obtained by slow diffusion of a GEl, solution 985+ 11 us), and (454t 5 us, 337+ 5 us) for 2, 3, and
of 1into a CHCI, solution of pyrene. The stoichiometry of 4, respectively. These microsecond-level lifetimes clearly
2 was confirmed by elemental analy$iand X-ray structural ~ represent phosphorescence, in contrast to the monomer
studies (vide infra). fluorescence bands exhibited by free pyrene, naphthalene,
Compound? crystallizes in the monoclinic space group and biphenyl at much higher energies and with nanosecond-
P2,/c with one molecule ofl. and one molecule of pyrene level lifetimes. The excited-state lifetimes measured in
in the asymmetric unit (Figure 3j.The infinite stacks consist ~ microseconds fo2—4 are much shorter than those reported
of alternating molecules df and pyrene. Inspection of the for the monomer phosphorescence bands of the free arenes
crystal structure shows that moleculeslodnd pyrene are (0.7, 2.3, and 4.4secondsfor pyrene, naphthalene, and
essentially parallel to one another. The sandwiched pyrenebiphenyl in frozen glasses, respectivelyj? The strong

molecule engages in three dihapto interactions that involve Spin—orbit coupling effect due to the presence of mercury
atomg! in 2—4 makes the phosphorescence transition from
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The emission spectra @4 exhibit well-defined vibra- prohibits the formation of excimers. Therefore, our synthetic
tional features. These are essentially identical to thoseroute represents a novel new strategy to inhibit excimer
observed in the phosphorescence bands of the three arenesmissions in organic luminophores.
in various matrices at low temperature, which have been the To conclude, the results presented herein show that the
object of detailed spectral analyses in the literatdré. formation of binary supramolecular stacks by interaction of
Excitation spectra o2—4 (Supporting Information) show 1 with arenes is a general phenomenon. As a result of a
only weak signals due to direch S> T, arene absorption,  mercury heavy-atom effect, the resulting materials display
suggesting that other photophysical processes lead to thentense room temperature phosphorescence whose color can
observed T— S phosphorescencé. be adjusted by the choice of the arene. With such properties,

The results reported herein merit some comments. Firstthese materials appear ideally suited for the development of
of all, it appears that ther-complexation of polycyclic electroluminsecent devices. In view of their incorporation
aromatic hydrocarbons by is a general phenomenon that into OLEDs, we are currently attempting to determine
leads to the formation of binary stacks. Compougest, whether materials such @s-4 exhibit electroluminescence.
which constitute prototypical examples of such supramo-
IeCl.Jla.r mat_enals, d|_splay bright req, green, and blue (RGB) iscussions. Acknowledgment is made to the Robert A.
emissions in the solid state at ambient temperature. Becaus%\/ ) . .
the energy of the emission is hardly affected by the presence elch Foundation (M.A.O.), the University of North Texas

ot ; M.A.Q.), the donors of the American Chemical Society
of 1, existing phosphorescence spectra of aromatic hydro-(
carbons can be used to predict and fine-tune the color of thePetroIeum Research Fund (Grant ACS PRF# 38143 -AC 3

emission of such binary materials. t% Fr'nFi)'GI')é thte r:]'exla:sPAG& M %3”&? ' fNortiInrge?rgt?dn MI('I:I’O- n
The phosphorescence observed2et4 is due to mono- 3 (t-:; nC?Br )r/: EHE(O(ﬁéSg,Z? , he a ?ﬂ? Xcre cdeiffrou_ i
mers of the organic component. Strongly fluorescent poly- ation (Gra i » purchase ot the A-ray ac

nuclear aromatic compounds like pyrene have very high PL tometers).

efficiency in solution, but this efficiency drops in the solid Supporting Information Available: X-ray crystallographic data
state partially due to excimer formation, which is known to for 2 (CIF). Luminescence excitation spectra (PDF). This material
cause detrimental quenching to EL efficiencigésor ex- is available free of charge via the Internet at http://pubs.acs.org.
ample, the blue structureless emission of solid pyrene is an|co34066H

excimer emissiod? The structure of the 1:1 stacks &f-4
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