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spectroscopic amd Lifetime studies of lumincscent excimor formation wvoelviag the lowest
triplet excited staie of Pi0d, 7-diphenyb L G-phenanthrolne HUR ). in dickloromethane solu-
Hons at room temperature are reported. Buch cxperiments vicld informition related to the
rute constants characterizing excimeric formation and decay. The P! dimer Pry( P00
together with Aw{CN 3, in deoxvgenated squeous solution exhibits o low envrpy lanipescene
Band, A esciplex resulting from direct Pt Aut interactions between 1 fons s postulited
1o bie responsibile for the observed luminescence. This appears 1o be the first exciples reported
between square planar #% and linear o' jons, as well as the first betuveen Ble-charged ious,
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1. Introduction

A steadily increasing number and variely of exapleses and excimers of coordina-
ton compounds hove now been reported [H2]1 Among these, coordination com-
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pounds of Pt show g tendency to form luminescent excimers [30] and exciplexes
E2in Bund solubon af room femperature. We report here the rosulis of quantitative
5 Lasl.§;f;4=:-A of o previowsty  reporied exomner of  Pibpheni{ON]), (bphen =
4, 7T-diphenvl- T 0-phenanthrolines [ 3] We also report the formation of a2 new lumi-
nescent excipiex from PLOP,OGHLY * and Aw(CN 3, in agqueous solution, presuma-
bly a consequence of direct Pt-Au! interactions.

The ability of cosrdinatively unsaturated compounds of ¢* and ' d-block metals
to evperience atiractive metal-metal interaclions 15 becoming increasingly well-
recognized 71 These interacnions are among the strongest ones observed for closed-
shell motecules [8) We have taken advantage of the fact that fight ean “erack open™
such gosedesbell rostals and fead 10 ifﬂhdﬂ%.i;d met tal mewsl interactions in forming
luminescent excipleses [21 Forexample, PLIP,OM )L forms luminescent exciplexes
with 17 dons in agueens solution [2] We hmz gxtended these studies to include
Ad{CMy, which, ke T, resulis m the formation 0? a lower energy luminescence
band in deoxygenated agueosus siutions of this PU" dimer. This appears o be the
first report of o luminescent erciplex formed between square planar % and linear

o' 1ons, as well us the first between like-charged ions in solution.

The compounds PH{bpheni{CN ), and € [PLIP, ﬂ{il 2l o FLOY were propared as
thed previousy drefs, {31 and [ 2] respectively). [Au(f‘[‘\}] 2HLO (Atomer e,
1 owas reerystisthzed from water. All solvents were of specuasconic or HPLO
prode and were wsed as received, Uorreoted smesion specita were obiained wath a
’g o bORL 020 m double monochromator limmneseence spectrometer interfaced to
st IBM-PO compater. A 450W xenon iz;m;x shi wadths of 1 or 2mm, and an
mtogration tme of T were used i all cises, Lnunescence guanium yiekds were
abtained relative to guinme sulfute 9010 Lummescero hfvtimes were obtained
from anmalysis of monoexponential decay curves produced from excitalion of
Aradegassed samples wath 337 s heht from an LSE pulsed netrogen laser and
detectud with o photomuiiipher tube connected 1o a LeCroy digital oseilloseone.

04

3. Hesules and discussion

Sb Eveciner of PribpheniiCN)
The o Y*\?w lesceney soectrg {excitation al 360 nmy o dichloromethanc

sofutions of Pirbphen) "Ny, u.,t wo different coneentrations are shown in Fig. |
A bow concentrations of Pribphen) UMy, g ig. Hb)j there is a refatively struc-

tured high-energy luminescence centered near 525 nm (19000 cm ') and assigned

us betore i"‘»i to u bphen-localized - r* excited state. The Tumimescence spectrinm

was resofved by corve fittne procedures into thiee component Gaossion bands

equally spuced abouwi 130 en ¥ apar, The tuminescence decreases i iniensity as
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the concentration increases, and a broad, unstructured low-cnergy luminescence near
665 pm {15000 cm 'y attributed to the excher of Pt{bphen)(CN ), becomes tnereus-
mngly prominent at higher concentrations [Fip Haol Pig 2 provides an example of
how an emission specirum at intermediate concentration can be resebved e three
overlapping exeiled siate monomer bands and o sinple excimer band, Integration of
thuse camponent bands then vields the relative miensitios of the fununescence attrib-

K
=,
-

:Ls 3
N
o
"%%
‘f‘/ -
- e

Luminescence Infensity, counts 57

ey
ke (3 ) i H
14030 6000 THOUD 20001 22000

Q -
Wonvessnonber, s

big 3 Component Siausaan bamds of the lnsseseense spectium of PocbphemoON G, an deosy gerited
CELO L gty < 10 " b



i X Petepolu et al Cooedindten Cheraivery Beveews 1717 Jous) 55 47

and dimer fexcimery exciiad stade spreies, A plot of this ratip
@ %um:mm m“ con wentranon (g 3 reveals the predicted Tioear relationship 2]
with slope (269 40.003 > 107 Lol ' This slope 13 2 crude measure of the equilib-
riumn constant for excmer formation.

The lumminescence decays of Pu{bphen{TN),. produced by excitation at 337 nm
with a pulsed nitrogen laser, wm: observed to be monoexponenial under the prese 1t
conditions. The reciprocal of the hfevrmes obtained are shown in Fig. 4 as a function
ol concentration, The §"'~* i decreases sharply with increasin & concen stration from
§§“z’ cutrapotaied b of 1304 10 ps ot zoro concentration. A plot of heiime versus
the rpaprocal of coacentration at the highest concentrations wsed (not showi)
provides @ rough estimate of rp 2 3 s For the bfetime of the excuner, Sueh behoavior
15 predicted by steady-state Rinetic schemies assuming two laminescent specios
EEMHW I2HS heme Ty the slope of the ine i Fig 4 (50 10 Lol s Yy correspond-

e to the ratio fs‘{i\g e fﬂ,} f&;

Also, according to s scheme, the slope ﬁ the line in Fig. 3 (3 100 mol 1
should correspond to the ratio ke Ttk + 5+ kD0 and is very approximately
refuted to the equabbrimm constant for excplex 3*\.smmz«,m. ks/k g The quantum yield
for lwminescence ol dow concentrations, ko k) was determined to be
0080 F 0009, This va h%f. nocombmation with the lmitng hietime vaiue at low
TN nv ot { ) 3 s valugs of 6.9 11 10°s P and 69406 1075 for
¢ quantum yield and Bletime values are consistent with
‘ ¥ s, respeciively, m;@(}s‘im ;'f:f;em?y for the related com-
wuz,m& P oS- Phephen{C I‘«; yo CHLUYL (13 More acowrate Bictime measuroments
are needed 2t hugh concentrations ¥ a relably lower imﬂ o the hfetime 13 1o be

PURPIDTS T - y 3 N . 1 o
estabiinied. Such dati, along watli e spectioscopic duta, would enable estimates
raie consants o be made

for the remaminge

A wentral gueston concering excimers formed from B compounds containmng
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polyimane hgands s the nature of the atrachive mderaction bebween e exonted state

and ity ground state analogue. By anwdogy with compounds of general formula
Pilirpy X cither PU-PLor bphen bphen ring interactions {or both) could account
for such ateactive mteractons, The varouws possible fronfier orbital injeractions
wvolved e Tow energy absarption and lumimescence progesses i both the solid
state and sebuton have been consideresd [14 18] Al that cun be sud for
PHES-Ph-pheny{(CN 3, s that the ground stote HOMO & Bikely to be o o orbital of
either Pt Pt/ 2 or bphen bphen oo parentage, and the LUMO s 4 o orbnial
of cither {or botly Pr PUp, p, or bphen bphen =% w* parentage. Thus metal locud-
tzed, igand locahzed, and MLOT siates are all possible candidates Tor the lowest
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energy absorption and emission bands of Pt(bphen}(CN ), and its excimn=r. Cur data
do not help to distinguish among these various possibilities.

3.2. Exciplex of Pt,(P,OsH,)y~ witlh Au(CN),

We have observed luminescent exciplex formation between a square planar Pt"
and a linear Au! coordination compound for mixtures of Pt,(P,OsH,)i~ and
Au(CN); in aquecus solution (Fig. 3).

in addition to the usual Pt,(P,O;H,);~ fluorescence and phosphorescence bands
at 400 and 514 nm (25000 and 19 500 cm ™1}, respectively, Gaussian resolution of
the observed emission spectrum at 0.10moli~! Au(CN); (Fig. 6) reveals
new luminescence bands centered at 440 and 571 nm (22 700 and 17 500 cm™?).
The band at 440 nm is presumably due to fluorescence from an excited
Pty(P,OsH,)4 ~Au(CN); ground state ion pair. While there are no noticeable
changes in the absorption spectrum of Pt,(P,OsH,);™ at this concentration, even
otherwise insignificant absorbance originating from such an ion pair would account
for the weak fluorescence at 440 nm. The 571 nm band is attributed to a phosphores-
cent exciplex of formula [Pt,(P,OsH,)i -Au(CN);]. By analogy to the exciplexes
involving T1* [2], this exciplex presumably involves direct Pt"-Au' interactions at
one of the axial Pt-Pt sites.

Although only preliminary results have been obtained to date, the resemblance
to the well-established exciplex luminescence of Pt,(P,OsH,);™ with T1™ is striking
{2], the most noiable difference being the much higher concentrations of
Au{CN); needed to form an exciplex. For example. large changes in the emission
spectrum of Pt,(P,0sH,)i™ are observed below TI™ concentrations of
1075 mol 1!, while such effects are only found above 1072 mol I ™! for Au(CN);.

2500000 1 T T T
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g 2000000 [ !Au\CN)z 1=0.6125mol L
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Fig. 5. Corrected emission spectra  of deoxygenated agueous solutions of  1x 10 el
P1,(P,OH)T with various concentrations of Au{CN};.
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T T T H
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Fig. 6. Corrected emission spectrum of a solution of 1 x 10 ¥ mol 17! Pt,{ P.O:H,)i™ in the presence of
0.1 moli™ ! Au(CN}; in deoxygenated water. along with the four resolved Guussian band components.

This is reflected in a plot of the 571 nm to 514 nm integrated band intensities for
the spectra shown in Fig. 5 (not shown: similar to the plot in Fig. 3) which yields a
slope of 4.2 1 mol ~'. This can be compared to the value of 1.2 x 10° I mol ™ for the
analogous Pt,(P,O H,); " -T1 " exciplex. Additional spectroscopic and lifetime meas-
urements are being made to better characterize the Pt,(P,O;H,)5 -Au(CN),
exciplex.

Since Hg is isoelectronic with T1", the excited state dimer Hg¥ can serve as a
simple gas-phase model for such meial-metal bonded exciplexes. This excimer exhib-
its fluorescence at 335 nm and has been proposed as a candidate for an excimeric
laser [19,20}. Similarly. Hg, can serve as a simple model for understanding the
nature of the attractive forces between such heavy metals in their closed sheli
electronic ground states. Although relativistic effects undoubtedly play a contributing
role in such metal-metal interactions [8.21], correlation effects apparently play the
dominant role in making these atoms *‘stick™ to each other [8]. Parenthetically, Hg*
also serves as a model [22] for the interesting atom abstraction reactions exhibited
by the lowest triplet excited state of Pt,(P,0:H,):7 [23]

4. Conclusions

Although direct, relativistically enhanced Pt"-Au! interactions are undoubtedly
responsible for exciplex formation in aquecus solutions of Pt,{P,O;H.);™~ with
Au(CN)7 . excimer formation in CH,Cl, solutions of Pi{bphen}{CN), most likely
results from either {or both) n-n interactions of the phenanthroline ligands or direct
Pt-Pt orbital overlap {141, This illusirates the difficulty in making generalizations
about the nature of excited siate interactions of square planar compounds of Pt",
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