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Abstract: The series of platinum acetylide oligomers (PAOs) with the general structure trans,trans-
[(RO)sPh—C=C—Pt(PMe;3),—C=C—(Ar)—C=C—Pt(PMe3),—C=C—Ph(OR)3], where Ar = 1,4-phenylene,
2,5-thienylene, or bis-2,5-(S-2-methylbutoxy)-1,4-phenylene and R = n-Ci,Hs gel hydrocarbon solvents
at concentrations above 1 mM. Gelation is thermally reversible (Tge-sot & 40—50 °C), and it occurs due to
aggregation of the PAOs resulting in the formation of a fibrous network that is observed for dried gels
imaged by TEM. The influence of aggregation/gelation on the photophysical properties of the PAOs is
explored in detail. Aggregation induces a significant blue shift in the oligomers’ absorption spectra, and the
shift is attributed to exciton interactions arising from H-aggregation of the chromophores. Strong circular
dichroism (CD) is observed for gelled solutions of a PAO substituted with homochiral S-2-methylbutoxy
side chains on the central phenylene unit. The CD is attributed to formation of a chiral supramolecular
aggregate structure. The PAOs are phosphorescent at ambient temperature in solution and in the aggregate/
gel state. The phosphorescence band is blue-shifted ca. 20 nm in the aggregate/gel, and the shift is assigned
to emission from an unrelaxed conformation of the triplet excited state. Phosphorescence spectroscopy of
mixed aggregate/gels consisting of a triplet donor/host oligomer (Ar = 1,4-phenylene) doped with low
concentrations of an acceptor/trap oligomer (Ar = 2,5-thienylene) indicates that energy transfer occurs
efficiently in the aggregates. Triplet energy transfer involves exciton diffusion among the host chromophores
followed by Dexter exchange energy transfer to the trap chromophore.

Introduction van der Waals, hydrogen-bond, and solvophobic interactions

The performance of organic electronic devices such as light @MONg the constituent unts. .
emitting diodes, photovoltaic cells, and field effect transistors SU|tany&8flfg1ﬁt|onal|zgd derivatives  of ollgo(p?enylene
that rely onz-conjugated oligomers or polymers as active Vinyleney¢#1%tand oligo(phenylene ethynyleré}® self-
materials depends on the intrinsic optical and electronic proper-2sseémble in solution, producing helical or lamellar supramo-
ties of the constituent molecules as well as intermolecular €cular structures that sometimes induce gelation. Many of these
interactions and morphology of the solid-state material. While SUPramolecular structures are chiral, as evidenced bg/ the
molecular optical and electronic properties have received the OPservation of strong ellipticity in circular dichroism spectf&
most attention, supramolecular interactions and material mor- 11€ supramolecular aggregates and gels consistingaafn-
phology are arguably more important in determining the jugated oligomers provide ideal platforms for the stu_dy of
performance of an organic material in device applicatihs, ~Phenomena that are usually only (_encount_eregélln solid-state
Controlling self-assembly of-conjugated molecular systems Materials. For example charge carrier mobifity?**exciton
is important as it provides an avenue to organic materials having (7) Zhang, H.; Hoeben, F. J. M.; Pouderoijen, M. J.: Schenning, A.; Meijer
desired optical, electronic, and optoelectronic propetftiscent 5(.) E})/%/ Schryver, F. C.; De Feyter, &hem—Eur. J. 2006 12, 9046~
inyestigatic_ms of self-assembly afconjugated polymers and (8) Hulvat, J. F.: Sofos, M.; Tajima, K. Stupp, SJL.Am. Chem. So2005
oligomers into supramolecular aggregates and gels have pro-

127, 366-372.
vided considerable insight into the structural factors that are
important in producing assemblies with long range ofdét.
Self-assembly ofr-conjugated systems occurs mainly due to
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diffusion**=4” and excited-state energy transfer within ag-
gregates consisting af-conjugated molecular units'848have
been studied by using solution-based techniques.

While considerable work has been carried out on supramo-

lecular structures comprised of orgamieconjugated systems,

relatively few studies have explored the properties of aggregates

or gels consisting of metal-organic or organometaticonju-
gated oligomers or polymef&:53 These systems are of interest,
as introduction of metal centers into optical or electronic
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materials can have a profound influence on their performzinee.
Inspired in part by the reports of the self-assembly properties
of suitably substitutedz-conjugated oligomers reported by
Meijer, Stupp, Ajaygosh, and othet4810.152ye designed the
series of platinum acetylide oligomers (PAOs) shown in Chart
1 with the objective of studying the properties of the constituent
oligomers in supramolecular aggregate structures. The PAO
structures consist of a-conjugated, rigid rod core moiety
capped on either end with tri(dodecyloxy)phenyl units. On the
basis of earlier work with structurally similar organic analogues,
the PAOs were anticipated to aggregate in, and possibly gel,
hydrocarbon solvents. The PAOs featurg-aonjugated plati-
num acetylide chromophore that absorbs light strongly in the
near-UV and exhibits room-temperature phosphorescence from
a long-lived triplet excited state that is produced with near unit
quantum efficiency following photoexcitatidn. 62 Importantly,
the existence of phosphorescence allows investigation of the
behavior of the triplet exciton in supramolecular aggregates,
e.g., triplet excimer formation and triplet exciton diffusion and
triplet—triplet energy transfer.

Although there have been investigations of triplet energy
transfer in molecular crystaf$,54few studies of triplet energy
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and exciton transport in aggregates and films have been
reported®® The PAOs that are the subject of this investigation
provide an ideal platform for the study of triplet exciton transport
and energy transfer. In particular, as described in this article,
supramolecular aggregates consistindPt#M exhibit moder-
ately intense phosphorescence from the platinum acetylide
chromophore at ca. 500 nm. Interestingly, mixed aggregates
consisting ofPt2M as the host with small amounts Bi2MT
exhibit phosphorescence emission predominantly from the latter
chromophore, which emits at ca. 600 nm. Efficient sensitization
of the phosphorescence from the low enef2MT chro-
mophores occurs via a mechanism involving triplet exciton
diffusion among the aggregat&i2M chromophores followed
by energy transfer to the low ener@t2MT acceptors. This WA <
study is the first to explore the properties of the triplet state Figure 1. (a) Photograph taken of vial containing a gelled solutioRtaM
and exchange energy transfer in supramolecular aggregates dodecane = 1 mM). The photograph was taken with near-Uv
consisting ofz-conjugated chromophores. illumination, and a L}V-blocking filtgr was plaqed in front of the camera

lens. (b) Transmission electron microscope image of xerogePtam
obtained by evaporation of dodecane solvent under vacuum, white scale
bar is 2um in length. Inset shows the same sample under increased
magnification; the white scale bar is 500 nm in length.

Experimental Section

Materials. Complete details concerning the synthesis and spectro-
scopic characterization of the platinum-acetylide oligomers are provided
as Supporting Information. Solvents used for the spectroscopic 9€l concentration is approximately 2 107% M in dodecane
measurements were spectral quality and were used without furtherand hexane foPt2M and Pt2MT (~2 wt %), while it is 4 x
purification. 103 M for Pt2MC. For Pt2M and Pt2MT the gels formed

Photophysical MeasurementsSteady-state absorption spectra were quickly upon cooling a hot concentrated solution; however,
recorded on a Varian Cary 100 dual-beam spectrophotometer. Samplegelation took approximately 3 days for a solutionRi2MC in
were placed in a cell with a path length sufficiently short so as to dodecane. Upon heating to ca. 8D, the gels melt to a clear

maintain the absorption below 1.0 (1 or 0.1 mm path length). Corrected nonviscous solution that could be reversibly brought back to
steady-state photoluminescence measurements were conducted on e gel state upon cooling

SPEX F-112 fluorescence spectrometer. Samples were degassed by As shown in Fiqure 1. the gelated dodecane solutidPtai
argon purging for 30 min and heated to a solution state regularly during . 9 ! g

this time for adequate degassing of gel-forming solutions. Samples were'S ”g'_d en_ou_gh such that its flow is Su_ppreSSt_ed_ when the
placed in a triangular-shaped cell that was positioned in the spectrometercoma'ner_ is invertef? The gelated materlgl eXthItS. strong
so that the incident beam was at°4Bom the face of the cell and ~ Photoluminescence, and the spectroscopic properties of the
emission detected at 4%front-face geometry to minimize the effects ~ €mission are discussed below. In order to provide more insight
of self-absorption). Time-resolved emission measurements were re-into the morphology of the gelatd?t2M solution, TEM images
corded on a home-built apparatus consisting of a nitrogen laser as awere obtained on a zerogel sample that was prepared by drying
source § = 337 nm, 5 ns fwhm), with time-resolved detection provided of a film of a gel prepared in hexane. As can be seen in Figure
by an intensified CCD detector (Princeton Instruments, PI-MAX iCCD) 1b, the xerogel features a complex network of fibers consisting
coupled to an Acton SpectraPro 150 spectrograph. Time-resolved 4 iha aggregate®t2M molecules. The high-resolution image
spectra were analyzed by Global Kinetic Analysis using the Specfit/ (inset, Figure 1b) shows that on average the widths of the

32 software package (Biologic SAS, www.bio-logic.info/rapid-kinetics/ . .. . .
specfit.html). Circular dichroism (CD) spectroscopy was carried out individual fibers range from 50 to 200 nm. This suggests that

on an Aviv-202 circular dichroism spectrometer with a cell path length th€ individual fibers are likely composed of many individual

of 0.3 mm. subfibers that consist of arrays of stacket?M molecules.
Close inspection of the enlarged TEM image suggests that the

Results fibers may have a ribbon structure, which is consistent with
the oligomers packing in a lamellar aggregate structuige(

Chemical Structures, Gel Formation, and Gel Structure.
The three platinum acetylide oligomers (PAOs) shown in Chart
1 are the focus of the work described herein. Each complex
features an aromatic core moiety sandwiched betweettrame-

infra).67
UV —visible Absorption Spectroscopy.Absorption spectra
of the PAOs were measured in dodecane solution, and in each

Pt(P)(C») units, and the oligomer ends are capped with tri- case the spectra were temperature- and concentration-dependent.

(dodecyloxy)-substituted benzenes. Each of the PAOs inducesFor solutions with concentrations above 0.1 mM, the absorbance
gelation of hydrocarbon solvents suchradodecane, hexane, was maintained below a value of 1.0 by using short path length
and cyclohexane (1 mm or 0.1 mm) cells as necessary.

Gelation was accomplished by mixing the PAO and solvent Figure 2a illustrates normalized absorption spectra of solutions

i i 4
at ambient temperature, followed by warming the mixture to E&F:‘tzmén ldOdfgfan:A?t _tl_mrsesglczj Ti%ir;tr\?\}é?gsju%gct'ez >;0 a
ca. 60°C to produce a clear solution, followed by cooling to ’ X ) )

ambient temperature. Gelation typically occurred while the (gs) ThePt2M/dodecane gel has the consistency of “jello”. By comparison,
solution cooled (except foPt2MT, see below). The critical the dodecane gels produced B{2MT andPt2MC were somewhat less
stiff, and with agitation they would “run”. All of the gels exibited a slight
opacity due to light scattering.
(65) Haskins-Glusac, K.; Pinto, M. R.; Tan, C. Y.; Schanze, K1. &m. Chem. (67) Zubarev, E. R.; Pralle, M. U.; Sone, E. D.; Stupp, S. lAm. Chem. Soc.
S0c.2004 126, 14964-14971. 2001, 123 4105-4106.
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250 300 350 400 450 500 (Amax= 358 nm). (Over the same temperature range the sample
) ' ' ' undergoes a gel-sol transition.) It is also significant that there

is an approximate isosbestic point maintained during the
thermally induced transition, suggesting that the spectra are
dominated by two principal forms of the oligomer, i.e., monomer
at high temperature and H-aggregate at low temperature (gel).
Note that the most significant changes in the absorption spectrum
occur over the 4660 °C temperature range, which brackets
the temperature range of the sgel transition forPt2M in
dodecane. Similar concentration- and temperature-dependent
behavior was observed for the absorption spectrumtaMT
in dodecane Anad® = 378 nm andim,?® = 338 nm, see
Supporting Information Figure S-1).

While Pt2MC also has the ability to gel dodecane, gelation
occurs considerably more slowly than that fBt2M and
Pt2MT. The slow dynamics of aggregation/gelation are also

Normalized Absorbance

Q 0o A —21°%C apparent by the fact that the absorption spectral changes
8 — 31°C characteristic of the aggregate take several days to develop. As
g 04 | \/\,\’\ ——41°C | shown in the Supporting Information (Figure S-2), freshly
s /\'/ 46 :C prepared solutions with=1 x 1074, 1 x 1073, and 4x 1073
2 - 2; og M exhibit nearly identical absorption spectra, witfax = 368
< 02 | 61°C | nm (each solution was subjected to a heatingoling cycle
’ 66 °C immediately prior to measuring the absorption spectrum).
\ However, after standing for a period of several days the more
0.0 ) . — ] concentrated solution gels, accompanied by a blue-shift of the
"250 300 350 400 450 500 UV absorption band tdmax = 345 nm. The appearance of the
gel/aggregate spectrum f&t2MC is qualitatively similar to
Wavelenath / nm that of Pt2M and Pt2MT, suggesting that this complex also

Figure 2. Absorption spectra oPt2M in dodecane solution (or gel). (2)  forms an H-aggregate. However, it is interesting that the spectral

Room temperature. () = 103 M. Arrow indicates change in spectra - - B -
with increasing temperature from 21 to 6€. The heating rate was changes associated with H-aggregationRigMC are less

approximately 1°C min-%, and spectra were acquired within 1 min after Pronounced compared to the other two oligomers, suggesting
the temperature stabilized. that the exciton interactions are weaker. This is likely due to
steric factors arising from the presence of the branched (and
heating/cooling cycle before the spectra were obtained, but only chiral) side groups present Pt2MC.
the 1 x 1072 M solution is in the gel state. The absorption
spectrum ofPt2M in the dilute solution at 1x 1074 M (and
below, data not shown) is dominated by a strong band with
Amax= 358 nm, with weaker transitions at higher energy (Figure
2a). The dominant absorption band is assigned to the long-axis
polarizeds,r* transition of the molecularly dissolved (mono-
meric) chromophoré!-62|nterestingly, when the concentration
of Pt2M is increased above 16 M, the spectrum broadens
and the primary oscillator strength shifts considerably to the

. . 4 S
qum_a. The spectrgm O_f the solut!on with= 5 x 107 M eXh'*_"ts We reasoned that by analogy to the chiral oligo(phenylene
residual absorption in the region where the monomeric chro- vinylene) aggregaté412-1420the supramolecular aggregates of
mophore absorbs (shoulder /atz 365 nm). By contrast, the Pt2MC would exhibit strong CD signals

spectrum of the gel oPt2M with ¢ = 1 x 103 M exhibits
Amax ~ 304 nm and there is very little residual absorption in
the region where the monomer absorids> 350 nm). It is
important that the spectrum observed for #2M/dodecane
gel is very similar to the spectra of H-aggregates of linear
m-conjugated chromophorég#1.68

Figure 2b illustrates the temperature dependence of the
absorption spectrum of thet2M gel (solution) withc = 1073
M in dodecane. Upon heating the sample from 21 t6G&he o A
absorption spectrt?m changeg from tha?characteristic of the gelexh'bIts the strong CD spectrum shown in Figure 3. Several

(Amax™ 304 nm) to that of the monomeric form of the complex features are significant with this experiment. First, it clearly
me demonstrates that the CD signal is not a property of the

(68) Schenning, A. P. H. J.; Kilbinger, A. F. M.; Biscarini, F.; Cavallini, M., ~ monomeric chromophoreghe signal is only observed when
Cooper, H. J.; Derrick, P. J.; Feast, W. J.; Lazzaroni, R.; Leclere, P.; the sample is gelled and when the H-aggregate absorption

McDonell, L. A.; Meijer, E. W.; Meskers, S. C. J. Am. Chem. So@002 . ) "
124, 1269-1275. spectrum is present. Second, the observation of the CD signal

Circular Dichroism Spectroscopy. Following the initial
observation thaPt2M aggregates hydrocarbon solvents, pre-
sumably due to aggregation of the oligomers, we designed the
structurally analogous oligomé&t2MC with the objective of
using CD to provide evidence for the existence of the supramo-
lecular aggregates as well as to provide insight into structure
of the aggregaté#12-1420pt2MC has the same basic structure
asPt2M, with the exception that the central phenylene unit is
substituted with optically active-2-methylbutoxy side chains.

In initial experiments withPt2MC it was observed that a
freshly prepared, thermally cycled solution of the oligomer (
= 4 x 1073 M) exhibits only a very weak CD signal (see Figure
3). However, as noted above, a freshly prepared solution of
Pt2MC is not a gel, and the solution does not exhibit the
absorption spectrum characteristic of the H-aggregate. However,
if the thermally cycled solution is allowed to stand for ca. 3
days, the solution gels, and remarkably the gelled solution

2538 J. AM. CHEM. SOC. = VOL. 130, NO. 8, 2008



Phosphorescent Platinum Acetylide Organogelators ARTICLES

T 400 500 600 700 800

< 20¢ : .
© 3 f ]
£ K 4x10™ M fresh gel [ al
(\'IQ 10 F\ — — —  4x10° M settled gel 1 10 )
'E SN 0.8 Aoy =326 NM ]
S o — ] | hgx =346 nm |
> \ / 0.6 | Foox = 366 NM |
© 7\ N\ / ] f !
E - \ / \ /
‘© \ / \ /
= 20¢ / \ / ]
= \
Ll
_ 30 [ \y ]
o v
=
-40 : : :
250 300 350 400 450

Wavelength / nm

Figure 3. Circular dichroism spectra oPt2MC in dodecane. Freshly
prepared solution=); gelled solution, 3 days after preparation

(-9

Normalized Intensity

for the Pt2MC aggregate signals that there is strong exciton
coupling among the oligomer chromophores within a chiral,
supramolecular environment provided by the aggregate.

The CD spectrum for thét2MC aggregate/gel primarily
exhibits negative ellipticity throughout the near-UV spectral
region where the aggregate absorbs. In particular, the CD
features negative band maxima at 352, 295, and 272 nm, and
each of these bands corresponds closely to the maxima of

400 500 600 700 800

specific bands in the absorption spectrum of tREMC Wavelength / nm
H-agg_regate- (See F_lgure S-2). The observation of primarily Figure 4. Photoluminescence spectraRi2M in deoxygenated dodecane.
negative ellipticity in the aggregate spectrum Bi2MC (@)c=1x 103 M. (b) dex= 326 nm. (CPlex =326 nmanct =1 x 1073

contrasts with the CD spectra typically observed for the helical M, from 23 to 61°C. The arrow indicates the spectral change with increasing
: ' . i ; .
aggregates formed by chiral oligo(phenylene vinylene)s that €mperature. The heating rate was approximatel¢ min ', and spectra
. 24121420 were acquired within 1 min after the temperature stabilized.
have been previously studiéd. 20 In the latter case the

CD spectra exhibit the bisignate CD signature typical for exciton assigned to phosphorescence from fher* state of the
coupling among a helical array afconjugated chromophores.  gligomer. ThePt2M phosphorescence is very similar in energy
The unusual CD spectrum observed for Bt8MC aggregate/  and band shape to the emission of structurally similar PAOs
gel likely signals that the aggregate structure is not a helix. previously reporte§%62 As shown in Figure 4a, the phospho-
Although sufficient evidence does not exist to pinpoint the rescence spectrum &it2M in the gel (1x 103 M) depends
aggregate structure, it is possible that the negative ellipticity on the excitation wavelength. In particular, with an excitation
signals that the oligomers pack into a lamellar structure in the wavelength that corresponds to the absorption maximum for
aggregate. The environment within the aggregate may bethe gel ¢ = 326 nm, cf. Figure 2a), the-0 band maximum
provided by a supramolecular twist in the lamellar structure or of the phosphorescence is at 495 nm. However, with an
alternatively due to packing of the oligomers into a chiral subunit excitation wavelength of 366 nm which corresponds to the
within the aggregate structuf@:* absorption maximum for the molecularly dissolved state of the
Steady-State Photoluminescence Spectroscopighotolu- oligomer (cf. Figure 2a), the-80 band red-shifts to 516 nm.
minescence spectra of the platinum acetylide oligomers werejith an intermediate excitation wavelength= 346 nm, the
measured in argon outgassed solutions (or gels). For the gelsphosphorescence consists of a broad manifold with two maxima
the samples were warmed while degassing to prevent gelat,) = 495 and 516 nm.
formation. Following degassing the solutions were cooled to  Several additional photoluminescence experiments provide
produce degassed gels. insight concerning the origin of the excitation wavelength
Figure 4 provides photoluminescence spectra Rt2M dependence seen for tRe&2M gel phosphorescence spectrum.
obtained in dodecane gel (or solution) as a function of excitation First, as shown in Figure 4b, with excitation at 326 nm
wavelength, concentration, and temperafdféirst, in all cases (corresponding to the absorption maximum of the aggregate)
the Pt2M photoluminescence is dominated by a moderately the 0-0 band of the phosphorescence appears at 516 nm for
efficient emission that is Stokes shifted significantly from the the most dilute solutiono(= 1 x 105 M), whereas it blue-
a,* absorption band. The emission has a lifetime in the shifts to 495 nm for the two more concentrated solutions (1
microsecond time domairvifle infra), and on this basis itis  10~“4and 1x 1073 M). Second, as shown in Figure 4c, warming
a gelled solution ofPt2M (1 x 1073 M) induces the 6-0
(69) Measurement of quantum yields and excitation spectra was precluded phosphorescence band to shift from 495 to 516 nm. The

because the samples had a very high optical density and the emission ; o .
experiments were carried out in a front-face geometry. thermally induced red-shift in the phosphorescence is clearly
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associated with the gekol transition. On the basis of these 400 500 600 700 800
observations we attribute the “blue” phosphorescengg«E
495 nm) to thePt2M aggregates present in the gel and the “red” 12000 a

phosphorescencelfax = 516 nm) to the oligomer in the 10000
unaggregated (molecularly dissolved) state.

Several points are of interest with respect to the phospho-
rescence properties Bt2M. First, the phosphorescence of both 6000
the aggregated and molecularly dissolved oligomers has a similar 4000
band shape, appearing as a distinetOOtransition with a
shoulder on the low-energy side due to vibronic coupling. The
important point is that the phosphorescence band shape is not 0
strongly perturbed by close packing of the chromophores in the

8000

2000

D- 25000

aggregates. This is in distinct contrast with the behavior typically <
seen when fluorescent chromophores are packed into an ~~ 20000
aggregate. In this case, the fluorescence spectra of the chro- é‘
mophores are strongly perturbed by exciton and eximer interac- 2 15000
tions, which signals that there is strong interaction between 9D 10000
aggregated chromophores in the singlet excited 4t&t&he £
fact that the aggregated state Rf2M exhibits only a small —1 5000
shift in the phosphorescence energy is consistent with the notion Qo 0
that in the triplet excited state the oligomers interact only weakly
with other chromophores in the aggregate. Importantly, there 20000
is no evidence for the existence of a triplet excimer inRt@M
aggregates. This finding is consistent with previous studies 15000
which suggest that triplet excimer formation is not energetically
favorable for aromatic chromophorés?2 10000

A second feature of interest is the fact that the changes in
the phosphorescence spectrum that accompany the thermally 5000
induced getsol transition strongly suggest that there are two
distinct “states” for the excited-state oligomer that exist in the 0 400 500 600 700 800
gel and sol environments. In particular, the series of spectra
shown in Figure 4c feature an isoemissive point, suggesting that Wavelength / nm

as temperature increases (and the system undergoes the gel Figure 5. Time-resolved emission spectra 8t2M in deoxygenated
sol conversion), the oligomers exist in two distinct states which dodecane following pulsed excitation &g = 337 nm. (a)c = 1 x 10°°

give rise to either the 495 or 516 nm phosphorescence. On theM: 100 ns camera delay, 5 delay increment; () = 1 x 10°* M, 100
ns camera delay, 10,6s delay increment; (c) Principal components of

basis of previous studies by our group on the temperature ¢mission decay dPt2M at 1 x 10-3 M in dodecane for fast component
dependence of the phosphorescence emission of PAOs, we= 9 us (— —) and slow component = 59 us (—).

believe that the two states that give rise to the different

phosphorescence emissions correspond to intramolecular conexcitation wavelength corresponds closely to the absorption of

formations that differ with respect to the orientation of the the Pt2M aggregate), the emission was monitored using an

phenylene and square planar BJ(B,) units52 This issue will intensified CCD camera/spectrograph system, and the emission

be considered more fully below in a later section. decay kinetics were analyzed by global anali/sig the time-
Although the photoluminescence Bf2MT was not studied ~ resolved spectra.

extensively, qualitatively its emission responds to aggregation  Figure 5 illustrates the time-resolved emission data, and the

in a similar manner as that observed Ri2M. First, in degassed = decay parameters recovered from global analysis of the data

solution Pt2MT (c = 5 x 10°° M) exhibits phosphorescence are listed in Table 1. First, Figure 5a illustrates the time-resolved

that appears as a broad band withy = 602 nm (see Figure  emission ofPt2M in a dilute (1x 10-5 M) dodecane solution.

S-3in the Supporting Information). In the dodecane get (1 The spectra were obtained with a delay increment of gas 5

x 1072 M) the phosphorescence band shape remains the sameand the series of spectra shown in the figure were obtained over
but the band maximum shifts slightly to the blug,4{x = 595 a time scale of ca. 50s. The emission spectrum does not change
nm). with time, and thelmax (517 nm) and band shape are identical

Time-Resolved Emission Spectroscopyn order to provide to those observed in the steady-state spectrum obtained for the
further insight concerning the effects of aggregation on the triplet dilute Pt2M solution where the emission occurs from the
state ofPt2M, time-resolved photoluminescence experiments molecularly dissolved state of the oligomer. The emission decays
were carried out. In these studies the excitation source was aas a single exponential with a lifetime of 185, which is
nitrogen laser { = 337 nm, 5 ns pulse width; note that this comparable to the lifetime of structurally similar PASs.

Figure 5b illustrates time-resolved spectra R22M in a

(70) Lim, E. C.Acc. Chem. Res.987 20, 8-17. . , degassed dodecane gel< 1 x 10-3 M). These spectra were

(71) Yanagidate, M.; Takayama, K.; Takeuchi, M.; Nishimura, J.; Shizuka, H.
J. Phys. Chem1993 97, 8831-8888.

(72) Yamaji, M.; Tsukada, H.; Nishimura, J.; Shizuka, H.; TobitaC&em. (73) Stultz, L. K.; Binstead, R. A.; Reynolds, M. S.; Meyer, TJIJAm. Chem.
Phys. Lett.2002 357, 137-142. Soc.1995 117, 2520-2532.
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Table 1. Phosphorescence Decay Lifetimes in Dodecane Solution or Gel?d

complex Pt2M Pt2MT Pt2M/P2MT
concn/M 1x 1075 1x 104 1x103b 1x10° 1x103°b 1x1035x%x 10°b
lifetime/us 10 11 59 (22%) 5.2 23 5 (71%)
(amplitude%) 9 (78%) 41 (29%)

a| ifetimes in microseconds. Values in parentheses indicate relative amplitude of comp@uatgcane gel.

obtained with a delay increment of ca. A6, and the series of 20 — 0% PEMT
spectra shown were obtained over a time scale of cau%20 > 192 PRMT
Interestingly, it can be seen that the shape of the spectrum g —— 2% Pt2MT
evolves with time-the first few spectra (fot < 30 us) are St 3:6 Pt2MT 1
dominated by a band withnax= 517 nm, whereas at later delay ;;2 ﬁgm

times the spectra are dominated by the blue-shifted band with
Amax= 495 nm. Note that the longer-lived, blue-shifted emission
band corresponds to the aggregated oligomer, while the red- -
shifted emission corresponds to the monomeric state. Global
analysis of the time-resolved data shows that the emission decay:
with two exponential components € 9 and 59us), and the
spectra of the two principal emission decay components
recovered from the global analysis are shown in Figure 5c. The 0.0

Normalized Intens

400 500 600 700 800

spectrum corresponding to the “fast” decay components)9

hasAmax ~ 517 nm, and the spectrum corresponds closely to Wavelength / nm

that of the monome”@tZM- NOte_tha.'t the “fet'me qf this Figure 6. Photoluminescence spectralP2M—Pt2MT mixed-oligomer
component is very close to the lifetime &t2M in dilute gel in deoxygenated dodecanBtZM] = 1 x 10-3 M and different mol %

solution (10us) supporting assignment of the “fast” decay Of Pt2MT, Zex= 300 nm. Spectra are normalized at 495 nm.
component to molecularly dissolveBt2M. The spectrum . i .
corresponding to the “slow” decay component (&9 is blue- summarizes the results of a series of steady-state emission
shifted and hagmax~ 495 nm. This spectral-decay component €XPeriments carried out on dgdecaqe gels contaiRt2y! at
clearly arises from thBt2M aggregate. The considerably slower & fixed concentration (%( 107 M) with varying amounts 5°f
decay of the triplet state in the aggregate may arise because thth;\élT addeq (QE’ mol %, concentration range<®) x 10
microenvironment slows nonradiative decay (e.g., enhanced M)."The ¢x0|tat|on Wa"e'ength (?’00 nm) was carefully selegted
microviscosity, etc.). Alternatively, the lifetime may be increased SUCh that in each case the light is absorbed almost exclusively

because quenching by residual oxygen present in the solutions'>95%) by thePt2M donor chromophoré: As can be seen in
is slowed for the aggregated oligomers. the spectra, as the amountR2MT added to the gel increases,

While the time-resolved emission spectrumRiPMT in a Fhe red phpsp?ore§cepd$1gx% 5?0 Em) f;o(;nPt?M;l’ rrﬁidly "
dodecane gely= 1 x 10-3 M, data not shown) does not display increases in intensity, to the point where it dominates the spectra

two emission bands &t2M, the lifetime is also much longer for =4 mol % added. A control experiment using the same
1 i i — 5

than is observed for the complex in dilute solutian< 23 us cqncentratlon OPt.ZMT alone in d_odecane:(— 5 x 107 M)

in gel versus 5.2s in 10> M solution). This observation is W'th 300 nm excitation gave V|_rtuaIIy no phosphorescgnce

consistent with that foPt2M in the gel, supporting the notion signal. A second control experiment was carried out in a

that the microenvironment present in the aggregates reduces th%r;osrofo(;n; sollu;(;nMcontalnlntg’tle almd EIZM: S::Ptzz I\ﬁ X
rate of nonradiative decay. and 5 x , respectively). In chlorofor IS

Energy Transfer in Mixed Gels Containing Pt2M and molecularly dissolved even at high concentration, and regardless

PI2MT. A key objective of this study is to explore triptet of the excitation wavelength only emission froRt2M is
triplet energy transfer within the molecular aggregates consisting observed. .

of the phosphorescent platinum-acetylide oligomers. The energy Taken togethgr, the resuI'Fs on the mixed dodecane gels (and
transfer experiments were designed by analogy to previousChlorOform sollutl.on) clgarly ”?d'cate that t";'.HZMT pho.spho-'
studies which indicate that singtesinglet energy transfer is rescence emission arises via a mechamsn: mvo_lylng" triplet
very efficient in molecular aggregates consisting of fluorescent, energy transfer fronPt2M which acts as a “sensitizer”. In
s-conjugated organic oligomets18454874n the energy transfer addition, the process only occurs when the PAOs are aggregated,
experiments described beloR{2M serves as the “host” and suggesting that exciton diffusion among tRE2M units is

the energy donor, whilet2MT serves as the energy acceptor |nvolve|q (;\lote ;hat the hemlssm:] sp(:]ctra n Flg;re 6 aLe
(i.e., the energy “trap”). Energy transfer frd#i2M to Pt2MT normalized at 495 nm .(t N wa_t\;]e T]r.]gt corrlgsp(_)n ng t(.) g €
is moderately exothermic, since the triplet energyPtiZM is PZM aggregate em|53|on)._W_|t this normalization in mind,
ca. 0.45 eV above that 6H2MT . comparison of the spectra with increasP@MT concentration

Emission spectroscopy was used to monitor the energy (7s) TEM images of a xerogel produced from tREM/P2MT (5 mol%)

ransfer pr in the mix | lutions. Fir Fiagur mixture are provided in the Supporting Information.
transfer process the ed gel solutions st, Figure 6 (76) At 300 nm, the molar absorptivity d&#t2M and Pt2MT is 50 000 and

35 000 Mt cm1, respectively. Thus, at 300 nm for an equimolar solution

(74) Daniel, C.; Herz, L. M.; Beljonne, D.; Hoeben, F. J. M.; Jonkheijm, P.; of Pt2M andPt2MT the ratio of light absorption by the two chromophores
Schenning, A. P. H. J.; Meijer, E. W.; Phillips, R. T.; Silva, &ynth. Met. is~1.4:1. For the mixed gel containing the highest mole fractioRtaMT
2004 147, 29-35. used (5 mol%), th@t2M/Pt2MT light absorption ratio is 29:1 at 300 nm.
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400 500 600 700 800 components are shown in Figure 7b. The spectrum of the fast
30000 — ' ' v lifetime component is dominated by the phosphorescence from
a the Pt2M (donor) chromophores, whereas the spectrum corre-
25000 f 1 sponding to the slow component is dominated by phosphores-
cence from thePt2MT (acceptor), with a small contribution
20000 ¢ from the aggregate band € 495 nm) ofPt2M. Several points
are significant with respect to the time-resolved emission data.
15000 ¢ First, it is evident that th®t2M phosphorescence decays more
10000 | rapidly in the presence d?t2MT; virtually all of the Pt2M
- emission decays witlhr =~ 5 us. This is much faster than the
B 5000 | —_ natural decay of thePt2M aggregate stater(~ 59 us),
~ il N suggesting that th&t2M to Pt2MT energy transfer occurs
2 0 G S rapidly and efficiently in the mixed aggregate system. The
8 second important point is that the lifetime of tR&2MT
L 5000t \ b phosphorescence (the slow component) in the mixed gel is
£ l| longer than that observed in the puRI2MT aggregates (41
20000 | I \ ] us versus 23s). The observation further supports the notion
! \ that the phosphorescence frdP2MT is being sensitized by
15000 } " \N'\\ ] the Pt2M donor chromophores in the aggregates.
10000 | / \\ ] Discussion
" \\‘ Aggregates ofr-Conjugated Oligomers.Before considering
5000 | | 1 the aggregation and photophysical properties of the platinum
/ \""«w“‘ acetylide oligomers (PAOSs), it is important to briefly summarize
0 400 200 600 200 800 relevant prior work on aggregates and organogels consisting of
supramolecular assemblies of orgamiconjugated oligomers.
Wavelength / nm This review is significant because it provides insight relevant
Figure 7. Time-resolved emission spectraRi2M with 5 mol % Pt2MT to the results obtained on the PAOs that are the focus of the
in deoxygenated dodecane gel following pulsed excitatiohept= 337 present study.

nm. (a) Initial spectrum obtained at s delay and succeeding spectra . . . .
obtained with 10.54s delay increments. (b) Principal components of ~ AS noted above, Meijer investigated the solution and optical

emission decay dPt2M at 1 x 1073 M with 5 mol % Pt2MT in dodecane properties of a series of oligo(phenylene vinylene)s (OPVs) end-
for fast component = 5 us (— —) and slow component = 41 us (=). capped with trialkoxybenzene units. The OPVs self-assemble
reveals that thét2M monomer emission intensity (516 nm) into supramolecular assemblies that are proposed to consist of
increases relative to that of ti&2M aggregate (495 nm). This  helical arrays of stacked-conjugated chromophorésThe
suggests that tHet2MT acceptor quenches the phosphorescence arrays are stabilized by solvophobic and-r interactions
from the Pt2M aggregate more efficiently than tHet2Mm between the stacked aromatic chromophéraggregation of
aggregate which is in free solution. As discussed below, this the OPVs is accompanied by a slight red-shift in thejr*
notion is at least qualitatively consistent with a model in which absorption and a more pronounced red-shift and broadening of
triplet exciton transport and energy transfer occur within the fluorescence. The change in fluorescence is attributed to
aggregates consisting &2M as the host an®t2MT as the emission from an “excimer like” state arising framstacking
energy trap. of the chromophores in the aggregates. The OPVs are substituted
The phosphorescence dynamics of Bi@M/Pt2MT mixed with chiral aliphatic side chains, and the supramolecular
oligomer system were explored using time-resolved emission aggregates exhibit a strong, bisignate CD spectrum arising from
(with 337 nm excitation) in order to gain insight concerning €xciton coupling of the chromophores within the chiral ag-
the dynamics of energy transfer. Figure 7a shows time-resolvedgregate. The bisignate CD is typical afconjugated chro-
emission spectra of a dodecane gel containingtaM (c = 1 mophores that are in a helical environment. More recently,
x 103 M) and 5 mol %Pt2MT (c =5 x 1075 M). The series Ajayghosh studied a series of hydroxymethyl-substituted OPVs
was obtained with a delay increment of caud) and the spectra  that produce stable organogels in hydrocarbon solvérits.
shown were obtained over a time scale of ca. 180 Gelation occurs due to the formation of nanofibers consisting
Interestingly, the first spectrum (obtained with addelay from  Of supramolecular assemblies of the OPVs stabilized by
laser pulse) is dominated by thet2M phosphorescence; hydrogen bonding and—s stacking interactions between the
however, succeeding spectra (detay0 us) are dominated by ~ 7-conjugated chromophores. The hydroxymethyl-substituted
the phosphorescence Bf2MT . The results provide very clear OPVs undergo very similar changes in absorption and fluores-
qualitative support for the notion that the triplet statePt2M cence concomitant with aggregation and gelation as described
is quenched efficiently by energy transferR&2MT . by Meijer for his supramolecular OPV aggregates, and they also
Global analysis of the time-resolved emission data provides exhibit strong bisignate CD spectra signaling that the aggregate
insight into the energy transfer dynamics in the mixed ag- Provides a chiral environment.
gregates. The analysis affords two principal decay compo- Another series of investigations relevant to the results reported
nents: “fast” withz ~ 5 us and “slow” witht ~ 41 us. The here is work by Whitten and co-workers on aggregates consist-
principal component spectra corresponding to the two decay ing of stilbene-functionalized phospholipighs*! The absorption

2542 J. AM. CHEM. SOC. = VOL. 130, NO. 8, 2008



Phosphorescent Platinum Acetylide Organogelators ARTICLES

and fluorescence properties of the stilbene-phospholipids were Scheme 1

studied in Langmuir monolayer films and in bilayer vesicles. . _ . ¢ &

In these lipid assemblies the stilbene chromophores exist in a ( *

chiral H-aggregate structure characterized by a stroblylg- »t"_‘_i\—n. 4 LTTC—( % ‘\it:‘_"k
shiftedabsorption and a slightly red-shifted fluorescence. Crystal * P *_ «
structures and molecular dynamics simulations suggest that the v v ¢ ¥

stilbene aggregates consist of a glide layer structure that features t-conformation

chiral “pinwheel” or “herringbone” units consisting of four
chromophore assemblies that interact predominantly via non-

covalent edge-to-face interactions of the stilbeffes. LS L
Structure of Platinum Acetylide Aggregates.The optical T % ?«
and materials data show that in hydrocarbon solvents at “& ®& #€¢—( —6€ et wo Wi
concentrations abovet 104 M Pt2M, Pt2MT, andPt2MC & e 4
form supramolecular aggregates, and when the concentration ¥ v . e
is above 1x 1073 M aggregation leads to gelation of the p-conformation

solutions. Since the PAQ structures are analogous to thetriplet excited state in the aggregate relative to that in the

aggregatlng OPVs previously studied (i.e., they 90n5|st of rigid, molecularly dissolved state. This conclusion is based on previous
m-conjugated cores capped on each end by trialkoxybenzene , - .
N ) studies where we examined the temperature dependence of the
units) it is compelling to suggest that the structure of the PAO hosphorescence for a series of PAOs that are structurall
aggregates is similar to those produced by the OPVs. Specifi-p P y

. ~ " similar toPt2M.52 Of particular significance to the present work
cally, the PAOs take on an overall planar conformation, packing .
. . y . P9 s the temperature dependence of the phosphorescence for the
into a supramolecular “card stack” that has a helical twist giving

rise to the chiral environment that is signaled by the observed g;%%;:{ggi{f_négct gﬁ?@?gpﬁﬁézr;%??s_ghinlj/r);nd
strong CD spectrum. _ _ . _ 1,4-Ph is 1,4-phenylenéj.Note thatPt2 has the same chro-
However, there are important differences in the spectroscoplcmophOre asPt2M but it lacks the trialkoxy groups on the
properties When comparing the OPV and the PAO_ aggrt_egates,terminm phenyl groups. The phosphorescencePt was
and these differences suggest that the manner in which thejnyestigated in dilute 2-methyltetrahydrofuran (MTHF) solution
oligomers pack in the aggregates is different, leading to a gyer the temperature range from 300 to 80 K. Above the glass
different supramolecular structure. First, the OPV aggregates point of MTHF (ca. 120 K) the emission 2 is very similar
exhibit a red-shifted absorption and broad, red-shifted “excimer- g that of Pt2M in dilute solution with a single 90 band at
like” f|U0feSf_JenCé1-'l° Thus, the spectroscopy of the OPV ;. — 519 nm. However, at temperatures below 120 K where
aggregates is apparently dominated by thes interchro-  the MTHF is a rigid glass, the emission Bt2 exhibits an
mophore interactions that arise when the relatively planar OPV 4qditional 6-0 band that is blue-shifted tdmax = 497 nm.
chromophoresr-stack in the card pack aggregate structure. By Excitation wavelength studies demonstrate that the two emission
contrastPt2M, Pt2MT, and to a lesser exteRiZMC exhibit  g—q bands arise from two distinct triplet statesRi2 that do
a significantly blue-shiftedabsorption with little perturbation  not interconvert in the glass. On the basis of density functional
of the phosphorescence emission. These fea.tures sgggest thqﬁeory (DFT) calculations these two emitting states were
the spectroscopy of the aggregated PAOs is dominated byidentified as differing in the conformation of the central
relatively weaker excitonic interactions between the chro- phenylene unit. The low-energy emissidfdx= 519 nm) arises
mophores. An important point is that the absorption spectrum from the conformation of the triplet state in which the central
of the Pt2M aggregate, which has been attributed t0 an phenylene ring is oriented coplanar relative to the planes defined
H-aggregate, is remarkably similar to that of the stilbene py the square planar PAB, units. The higher energy emission
H-aggregates reported by Whitt¢hin the stilbene aggregates (3. = 497 nm) arises from the conformer in which the central
the absorption and emission spectra are also dominated byphenylene ring is perpendicular to the planes defined by the
exciton coupling among the chromophores, as there is little square planar P42, units. These two conformers are illustrated
evidence for the existence of “excimer like” fluorescefitAs in Scheme 1 and are labelgn and t, respectively. DFT
noted above, in the stilbene aggregates the interchromophoregalculations indicate that fdPt2 the p conformer is the most
interactions are dominated by edge-to-face interactions betweersiaple conformer in the triplet state, wherée#sthe most stable
the aryl rings, as opposed to—x stacking. The similarity of in the ground state.
the spectroscopy of the stilbene and PAO aggregates suggests The implications of the observations &2 in the MTHF
that in the latter the chromophores pack in a way suchithat solvent glass are obviotighe high-energy phosphorescence
interactions are not significant. This is consistent with the fact gpserved fronPt2M in the aggregatestfax = 495 nm) must
that the PAOs are less likely to adopt an all-planar structure arise from thet conformer, whereas the low-energy emission
(see below) and with the presence of the comparatively bulky opserved from the molecularly dissolved compléxa4= 516

PMe; ligands on the platinum centers. nm) arises from the conformer. WherPt2M is molecularly

A second important feature concerns the origin of the ca. 20 dissolved, following initial excitation and intersystem crossing
nm blue-shift in the phosphorescence that is seen foPtasI to the triplet state, the oligomer is able to rapidly relax into the
aggregate relative to the molecularly dissolved statgy(shifts energetically preferregp conformer prior to emission. By

from 516 to 495 nm). As noted above, the spectral shift is contrast, in the aggregal2M is sterically constrained so that
believed to arise due to a difference in the conformation of the conformational relaxation cannot occur in the triplet excited
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Figure 8. Schematic illustrating possible arrangemenft2M units within supramolecular aggregate: (a) Sheetlike packing of individual monomers in
t-conformation, (b) stacking of sheets, (c) lamellar packing of stacked sheets, and (d) ribbon with supramolecular twist.

state. Consequently for ti&2M aggregates the emission occurs Scheme 2
from the unrelaxed conformation. It follows from this that in

the aggregate thé’t2M oligomers are present in the
conformation.

Although it is only possible to speculate as to how the PAOs
pack in the aggregates, on the basis of the spectroscopic data
and its relationship to the other-conjugated oligomer ag-
gregates, we suggest the model shown in Figure 8 as one
possible motif. In this model the individual PAOs are in the
conformation, packing into a slipped stack arrangement (Figure
8a). The individual sheets may stack and assemble into a
lamellar sheet structure (Figure 8b and c). Finally, on a longer
length scale the lamellar sheet may produce a ribbon structure
which is twisted (in a helical sense), giving rise to the optical
activity that is observed for tHet2MC aggregates. This packing
model is consistent with the observation that H-aggregate
exciton coupling is the dominant interchromophore interac-
tion.””-78|t also would explain the observation that in the triplet
excited state the conformation of the oligomers is constrained
from undergoing the — p relaxation, as the slipped stack
structure (Figure 8a) is sterically constrained such that rotation
of the individual phenylene rings is precluded.

Triplet Energy Transfer in the Pt2M/Pt2MT Mixed Gels.

The study of the mixed aggregates provides clear evidence for

the occurrence of triplet energy transfer frd2M (donor/ . o
) . energy transfer falls exponentially with distarieye conclude
host) toPt2MT (acceptor/trap). First, energy transfer is only S . .
) . . . that energy transfer within the mixed aggregates occurs via a
observed when the mixed oligomers are in the aggregates. This e . e A L
o . mechanism involving diffusion of the exciton within tR&2M

conclusion is based on the fact that while energy transfer occurs . .
for the mixed aggregates in dodecane solution (Figure 6), it host aggregate until it encounter®®MT acceptor site where

ggreg 9 "’ it becomes trapped (Scheme 2). Exciton diffusion within the

(77) McRae, E. G.; Kasha, M. IPhysical Processes in Radiation Biology ~ adgregate must occur via a random walk wherein the triplet

Augenstein, L., Mason, R., Rosenberg, B., Eds.; Academic Press: New excitation hops between adjacét2M monomers via a Dexter
York, 1964; pp 23-42.

(78) Kasha, M.; Rawls, H. R.; Ashraf El-Bayoumi, ure Appl. Chem1965
11, 371. (79) Dexter, D. L.J. Chem. Phys1953 21, 836-850.

does not occur in a chloroform solution that contains the same
Pt2M and Pt2MT concentrations (the oligomers do not ag-
gregate in CHGJ). Second, the photophysical results indicate
that triplet energy transfer is relatively efficient, even when the
acceptor is present at a low concentration (i.e5 2 mol %)
in the aggregates.

While the structure of the mixed aggregates at the molecular
level is not known, it is likely that even when tiR&2MT trap
is present at the 5 mol % level (i.e., the ratioRIRM/Pt2MT
is 20:1) the median distance between the traps is greater than
25 A. In view of this fact, given that the rate of triplet (exchange)
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exchange triplet energy transfer mechani@mhile the dynam- square planar platinum terpyridine chromophores, where Pt
ics of the triplet hopping and trapping steps are not known with Pt interactions are believed to play a significant role in the
certainty, the time-resolved emission studies indicate that the aggregation (and gelation) behavior of the complé&Zé%in
overall exciton diffusion/trapping process occurs on thelQ the platinum terypyridine systems, aggregation is accompanied
us time scale. This suggests that the time scale for triplet exciton by development of new low-energy absorption and emission
hopping between the individu@t2M oligomers in the ag- bands. These bands are attributed to a charge-transfer excited
gregate occurs on the nanosecond time scale (e.g., site-to-sitestate based on promotion of an electron from a metadtal
hopping rate on the order of 1010° s7%). This hopping rate is  bonding orbital into the terpyridine ligand (metahetal to
significantly less than the rate of singlet exciton migration in ligand charge transfer, MMLCT). The lack of significantPt
aggregates which occurs on a time scale 004Q0! s1.48 Pt interactions in thé®t2M aggregates is consistent with the
The much slower rate of triplet exciton hopping is consistent fact that the platinum centers are sterically congested by the
with a mechanism involving Dexter exchange energy transfer PMe; ligands.
between weakly coupled monoméPs. Efficient triplet—triplet energy transfer is observed in mixed
aggregates consisting &t2M as the donor/host anet2MT
as the acceptor/trap. Energy transfer is only observed when the
A series of platinum acetylide oligomers designed to self- mixed oligomer system is in the aggregate/gel state, indicating
assemble in hydrocarbon solvents was synthesized with thethat exciton diffusion within thePt2M host is important in
primary objective of studying the consequences of aggregationtransporting the exciton to Bt2MT trap. This work provides
on the triplet excited state. The PAOs feature a rigid-rod linear the first example of the observation of triplet exciton diffusion
platinum acetylide chromophore end-capped with tridodecy- and trapping in a molecular aggregate system. Ongoing experi-
loxypheny! units. Each of the oligomers aggregates in hydro- ments in our laboratory seek to provide quantitative insight into
carbon solvents, and at sufficiently high concentration (ca. 2 the efficiency and dynamics of triplet exciton diffusion and

wt. %) aggregation leads to gelation. trapping in phosphorescent aggregates consisting of platinum
Comparison of the photophysics of the PAOs in solution and acetylide chromophores.

in the aggregates provides insight into the molecular and
supramolecular structure of the aggregates. The absorption Acknowledgment. We thank the National Science Foundation
spectra of the aggregated oligomers are blue-shifted significantlyfor support of this research (Grant No. CHE-0515066). We
compared to the absorption when they are molecularly dissolved.acknowledge Dr. Kye-Young Kim for assistance with the
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dissolved state, indicating a triplet excimer is not produced in \II\IVII\t/IRcc;mgc?rtae S?:r%trir;:tua:traazteenér?(tjlggt abs’o(t ti’ozns ectra of
the aggregates. The phosphorescence blue shift is attributed t%tZMT P )lt i P d d ? b i P tm@R/FI)C
emission from a high energy (molecular) conformation that is » concentration dependent absorption spec ’
unable to undergo geometric relaxation in the constrained concentraﬂ_on dependent phosphorescence spec_thtZMT,
environment presented by the aggregate structure. and TEM images of xerqgels d’P_tZI\_/I/ PtZMT mixture (2

The spectroscopic studies indicate that Ptinteractions are Schemes, 13 Figures). This material is available free of charge

not important in the aggregate structures. This finding contrasts V'& the Internet at http://pubs.acs.org.
with recent work on supramolecular aggregates consisting of JA0765316

Summary and Conclusions
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