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Abstract

The photophysical properties of mononuclear PtII chromophores of the general structural formulae: Pt(LL)(C CR)2 and [Pt(LLL)(C CR)]+

(LL = substituted or unsubstituted 2,2′-bipyridine; LLL = substituted or unsubstituted 2,2′:6′,2′′-terpyridine; R = aryl or alkyl) are described. Topics
related to their preparation, spectroscopy, photochemistry, and photophysics are reviewed.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Since the original description of Pt(phen)(C CPh)2 by Che
and co-workers in 1994 [1], the number of related square pla-
nar platinum(II) acetylides bearing a lone polyimine ligand
has enormously expanded. Such molecules have demonstrated
promise in diverse applications including optical power limit-
ing [2,3], electroluminescence [4], singlet oxygen photosensi-
tization [5,6], photocatalytic hydrogen production [7], cation
sensors [8–10], vapochromism [11], medicinal chemistry [12],
and as extrinsic luminescent probes [13]. In general, these
chromophores are rich in terms of their photophysics, com-
bining properties of traditional coordination compounds and

� ISPPCC 16 contribution.
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organometallics within the same structure. This amalgamation
has inspired creativity in molecular design, uncovering new and
sometimes unexpected photophysical properties in seemingly
straightforward platinum(II) complexes. The current review will
limit its focus to the photophysical properties of mononuclear
PtII chromophores bearing a combination of one or more alkyl-
or arylacetylide ligands in concert with a lone polyimine (2,2′-
bipyridine or 2,2′:6′,2′′-terpyridine) fragment.

2. Synthetic approaches to bipyridyl and terpyridyl
platinum(II) acetylides

The syntheses of compounds which are the subject of this
review require relatively facile procedures. The synthesis
generally departs either directly from K2PtCl4 [14] (acidic
aqueous reaction conditions) or from Pt(DMSO)2Cl2 [15]
(organic solvents) where the polyimine ligand displaces appro-
priate labile ligands, producing the corresponding Pt(LL)Cl2 or

0010-8545/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.ccr.2006.03.007
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[Pt(LLL)Cl]+ species. The introduction of the acetylide unit(s)
to the platinum(II) center is readily accomplished through a
chloride-to-acetylide metathesis mediated by a CuI catalyst in
an organic solvent/base mixture [16,17]. Although this synthetic
route has been extensively utilized, a catalyst-free pathway has
also been developed for various triflate precursors [10]. In these
situations, the terminal acetylene readily couples to the metal
center at room temperature, producing the metal–acetylide
bond in high yield without the need for the CuI catalyst.
The metal–acetylide complexes should not be considered
inert as Pt(dbbpy)(C CPh)2 [dbbpy = 4,4′-di(tert-butyl-2,2′-
bipyridine] experiences dark oxidative addition chemistry
with I2, producing the six-coordinate Pt(IV) complex [17].
Over periods of days, the Pt(IV) complex undergoes reductive
elimination, producing Pt(dbbpy)I2 and the coupled diacetylene.

3. Ground state electronic spectra, electrochemistry,
and electronic structure calculations

Pt(LL)(C CR)2 and [Pt(LLL)(C CR)]+ molecules display
characteristic low energy absorption bands that span wave-
lengths from approximately 350 nm to beyond 600 nm, depend-
ing upon the nature of the polyimine and acetylide ligands. In
molecules where acetylide-localized �–�* transitions reside at
high energies, the low energy absorption bands have been pro-
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Fig. 1. Absorption spectra of (a) 1 (solid line) and 2 (dashed line) and (b) 3
(solid line) and 4 (dashed line) in CH2Cl2.

Many experimentalists have realized that the nature of
the acetylide ligand(s) greatly influences the energy, width,
and bandshape of the charge transfer transitions in these
molecules, particularly noticeable in the terpyridyl structures
[20,21]. To illustrate important similarities and differences,
Fig. 1 presents the absorption spectra of four closely related
Pt(dbbpy)(C CR)2 (1 and 2) and [Pt(tBu3tpy)(C CR)]+ (3
and 4) [tBu3tpy = 4,4′,4′′-tri(tert-butyl-2,2′:6′,2′′-terpyridine);
osed to originate predominately from metal-to-ligand charge
ransfer (MLCT) transitions [4,18–20]. Cyclic voltammetry data
enerally correlate well with the lowest energy optical transi-
ions, where the first reduction is without question attributed
o reduced polyimine ligand and the first oxidation is gener-
lly believed to be metal based. The potential of the metal-
entered oxidation is extremely sensitive to the nature of the
cetylide ligand(s) in both bipyridine and terpyridine structures,
xidation potentials become increasingly negative with increas-
ng �-donor strength. Unfortunately, the irreversible nature of
he first oxidation prohibits precise quantitative analysis and
xidative spectroelectrochemistry at room temperature results
n decomposition, at least in every molecule studied to date in
ur laboratory. The electrochemistry results are easy to under-
tand since any Pt(III) structure produced as a result of oxidation
ould be unstable with respect to both Pt(II) and Pt(IV). To date

he nature of the irreversibly formed oxidation products have
ot been explored. Therefore, a substantial challenge remains in
nderstanding the nature of the oxidized portion of the molecule
nd by default the “hole” transiently produced in the charge
ransfer excited state.
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R = t-butyl or phenyl] structures measured in CH2Cl2 at
room temperature. The �-donor strengths of t-butylacetylide
and phenylacetylide are essentially identical [22,23], so one
would expect no large energy differences in their respective
Pt → LL or Pt → LLL MLCT transitions. Recent work from
our laboratory examined the photophysical properties of three
Pt(dbbpy)(C CR)2 complexes (R = SiMe3, C C SiMe3, t-
Bu), making direct comparisons with DFT calculations [22].
This work demonstrated that the HOMO contained substan-
tial contributions from metal d- and acetylide � orbitals while
the LUMO was predominately bipyridine localized. The lowest
excited state in these molecules was calculated by TD-DFT as
primarily HOMO → LUMO in nature, largely consistent with
a MLCT assignment, although contributions from the acetylide
� orbitals cannot be ignored. These calculations also success-
fully predicted the relative energy positions and separations
experimentally observed for the complexes, warranting further
application of DFT/TD-DFT in related systems. The similarity
of the band profiles and energies observed for the alkyl- and ary-
lacetylide Pt(II) bipyridine complexes in Fig. 1a are reminiscent
of that expected for MLCT transitions. In other words, MLCT
transition energies measured in the same solvent in these two
molecules should be affected by electron density at the metal
center and the chromophoric diimine ligand which are identi-
cal in the two structures. The former is partially controlled by
the �-donor strength of the acetylide ligands which are known
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highest occupied orbitals. This seems to be the case in 4 where
the phenylacetylide orbitals are playing a more significant role
which result in the observation of additional optical transitions
and concomitant broadening of the absorption spectrum. How-
ever, with such strong mixing of metal and ligand orbitals, charge
transfer assignments become somewhat ambiguous. This uncer-
tainty has led to debates over which description or admixture
(i.e. MLCT, LLCT, or (ML)LCT) most adequately depicts the
true situation in the lowest energy transitions in these complexes.
While we value precise spectroscopic assignments, an important
issue to recognize is that there are opportunities to expand the
way we think about intramolecular charge transfer processes in
inorganic systems using these molecules. They provide a frame-
work where ancillary ligands actually play a major role in excited
state behavior, such as delocalization of the hole over both metal
and acetylide ligand, which inevitably leads to transient optical
properties distinct from more traditional charge transfer com-
plexes such as [Ru(bpy)3]2+.

In the Pt(LL)(C CR)2 structures, the low energy absorp-
tion bands show strong negative solvatochromism indicative of
their polar ground states [26–28]. DFT calculations estimate
ground state dipole moments (µgr) of approximately 10.6 D
in Pt(bpy)(C CPh)2, the vector of which directly opposes the
direction of the charge transfer transition [28]. This is expected
to lead to excited state dipole moments (µex) close to or equal to
zero. Although this result has been confirmed in a structurally
r
t
a
S
e
t
p
b
n
t
t
s
i
t
w
n
s
e
e
d
u
e

4

1
c
t
a
5

o be almost identical. Therefore the MLCT assignment seems
ather appropriate since the phenyl units do not impart additional
ptical transitions relative to the t-butyl structure.

While there are only subtle differences in the charge transfer
bsorptions associated with the bipyridyl structures (Fig. 1a) the
owest energy features observed in the terpyridyl structures are

arkedly different (Fig. 1b). The increased bandwidth observed
n the phenylacetylide complex 4 indicates the presence of addi-
ional electronic transitions of perhaps acetylide-to-terpyridine
igand-to-ligand charge transfer (LLCT) or more appropri-
tely (metal–ligand)-to-ligand charge transfer (ML)LCT. The
ML) designation symbolizes the intimate electronic coupling
bserved between metal-based d-orbitals and acetylide �-
rbitals in these structures. The (ML)LCT assignment (origi-
ally presented as MMLL’CT or mixed metal–ligand-to-ligand
harge transfer) has been used extensively in describing the
harge transfer states of Pt(diimine)(dithiolate) structures, where
he dithiolate ligand orbitals are strongly mixed with those of
he Pt(II) metal center [24]. Recent electronic structure calcu-
ations using DFT and TD-DFT methods yielded data similar
o what we have observed in the bipyridine alkylacetylide com-
lexes [25]. In all cases, the acetylide � orbitals play a significant
ole in the frontier occupied orbitals of the terpyridyl molecules
egardless of whether an alkyl- or arylacetylide ligand is present.
n interesting facet of these calculations is that the C CR
roup contributes substantially to the HOMO density that the
owest energy transition has been described as MLCT/LLCT
n character [25], essentially equivalent to the (ML)LCT des-
gnation presented above. These considerations are especially
mportant for arylacetylide-containing structures with large �-
ystems that can significantly contribute electron density in the
elated Pt(diimine)(dithiolate) using transient direct current pho-
oconductivity (TDCP) [29], similar experiments have yet to be
pplied to the complexes which are the subject of this review.
ince the solvent medium greatly influences ground state prop-
rties, solvent dielectric may be used to systematically tune
he oxidation potential of the Pt(II) metal center in these com-
lexes, reminiscent of ruthenium(II) polypyridine complexes
earing ancillary cyanide ligands [30,31]. An unusual prelimi-
ary observation in our laboratory demonstrates that a proto-
ype [Pt(LLL)(C CR)]+ structure, 4, exhibits positive solva-
ochromic behavior, Fig. 2b. The data obtained for the negatively
olvatochromic 2 is included for comparison in Fig. 2a. In both
nstances, Lees E*MLCT parameters [32] were used for each of
he solvents in the study and excellent correlation coefficients
ere obtained for both molecules. Since the data is prelimi-
ary we do not wish to speculate on the origin of the positive
olvatochromism in 4 at this time. These different medium
ffects are important to recognize when designing photophysical
xperiments and should to be accounted for when interpreting
ata. The remaining portions of this contribution examine the
nique excited state properties and dynamics of several differ-
nt mononuclear Pt(II) polyimine acetylides.

. Photoluminescence properties

Fig. 3 displays the photoluminescence spectra of compounds
–4 measured in CH2Cl2 at room temperature under opti-
ally dilute conditions. Upon photoexcitation into their respec-
ive charge transfer transitions, complexes 1–4 exhibit broad
nd structureless photoluminescence over a region spanning
00–750 nm. The large Stokes shift, relatively long lifetime and
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Fig. 2. Solvatochromic behavior of compounds 2 (a) and 4 (b).

susceptibility to quenching by dioxygen, suggest that the pho-
toluminescence emanates from a triplet charge transfer excited
state [18–20,22,27,28,33]. All excitation spectra were largely
superimposable with corresponding absorption spectra at all
wavelengths above 300 nm and were completely invariant to
the emission monitoring wavelength. Table 1 summarizes the
absorption and emission maxima for complexes 1–4 along with
lifetimes and quantum yields. Importantly, the emission spectra

Fig. 3. Emission spectra of 1 (solid line), 2 (dashed line), 3 (dotted line) and 4
(dashed–dotted line) in CH2Cl2.

of 1–4 are symmetrically quenched in all solvents investigated
when the solution environment changes from argon-purged to
air-saturated suggesting that an emission manifold comprised of
one state or two closely lying states configurationally mixed or in
rapid thermal equilibrium [28]. In all cases the emission inten-
sity decays were well modeled by single-exponential kinetics
and recovered lifetimes were constant along the entire emission
profile. The excited state lifetimes were measured under opti-
cally dilute conditions where the measured intensity decays were
invariant to the chromophore concentration (∼10−5 M).

The Eisenberg and Schanze research groups have estab-
lished energy gap law correlations in various Pt(LL)(C CR)2
structures [18,19]. Systematic energy gap relationships have not
been widely established in the terpyridyl systems to the best of
our knowledge [20]. The coordinative unsaturation in the square
planar Pt(II) complexes enables a variety of potential quenching
processes by other Pt(II) molecules in solution as well as
solvents. For example, these compounds are known to undergo
self-quenching, displaying linear Stern–Volmer kinetics once
a critical concentration is exceeded [34]. We investigated
compound 4 in a concentration range up to 650 �M in CH3CN.
Over this range there is no evidence for ground state aggregation
as indicated by Beer’s Law behavior of the absorption spectra.
Even though the periphery was designed to inhibit intermolec-
ular self-quenching, complex 4, bearing tert-butyl groups on

Table 1
Photophysical data for complexes 1–4 at room temperaturea

Compound λabs
b (nm) λem

b (nm)

(1) Pt(dbbpy)(CC tBu)2 403 557
(2) Pt(dbbpy)(CC Ph)2 396 562
(3) [Pt(tBu3tpy)(CC tBu)]ClO4 408, 430 548
(4) [Pt(tBu3tpy)(CC Ph)]ClO4 411, 467 592

a Optically dilute argon-degassed CH2Cl2 solutions.
b Absorption and emission maxima, ±2 nm.
c PL quantum yields and intensity decays, ±5%.
d kr = Φ/τ.
e knr = (1 − Φ)/τ.
τem
c (�s) Φem

c kr
d (s−1) knr

e (×105 s−1)

1.06 0.48 4.5 × 105 4.9
1.36 0.34 2.5 × 105 4.8
2.2 0.17 7.7 × 104 3.8
2.9 0.10 3.4 × 104 3.1
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Fig. 4. The rates of emission decay of compound 4 in CH3CN as a function of
chromophore concentration.

the terpyridine ligand, undergoes dynamic self-quenching with
a rate constant of 1.2 × 109 M−1 s−1, Fig. 4. In many recent
studies, the polyimine ligand purposely bears bulky tert-butyl
substituents to minimize intermolecular quenching processes
associated with ligand �-stacking and metal–metal interactions.
It is important to note that in most instances that significant
self-quenching takes place at relatively large concentrations
(>100 �M) much larger than that utilized in typical excited
state lifetime and quantum yield measurements. These dynamic
processes and their photophysical consequences have been
discussed in a recent review by Fleeman and Connick [35].

We currently have good evidence that Lewis basic solvents
such as CH3CN dynamically quench the photoluminescence of
various molecules in both structural classes. It is most clearly
observed in alkylacetylide structures in Pt(LL)(C CR)2 sys-
tems and is readily observed in both alkyl- and arylacetylide
substituted terpyridyl structures. For example, 4 is dynamically
quenched by CH3CN which is adequately described as a pseudo-
first-order process with a rate constant of 2.0 × 105 M−1 s−1,
Fig. 5. The rates of emission decays (kobs = 1/τ) for both 3 and 4
were satisfactory modeled by the modified Stern–Volmer equa-
tion (kobs = kq[CH3CN] + k0) and acetonitrile-quenching rate
constants kq have been estimated. It was found that quenching
rate constant by acetonitrile for complex 4 (2.0 × 105 M−1 s−1)
is almost an order of magnitude smaller then that of 3
( 6 −1 −1
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[

Fig. 5. The rates of emission decay of (a) 4 and (b) 3 in CH2Cl2 as a function
of CH3CN concentration.

Most of the work on Pt(LL)(C CR)2 and [Pt(LLL)(C CR)]+

to date has focused on excited state behavior that is largely
dictated by decay of the triplet charge transfer level in these
molecules, yielding charge transfer based luminescence as
illustrated in Fig. 3. However, if the 3�–�* states associated
with the acetylide units are strategically placed below the
3MLCT level, then the charge transfer states can be used
to internally sensitize the production of one of the triplet
arylacetylide moieties present in the structure [27,28,33]. With
the aid of the internal heavy atom, acetylide ligand-localized
long lifetime room temperature phosphorescence can be
derived. This is straightforwardly observed in our original
prototype system Pt(dbbpy)(C C pyrene)2 (5) [27], as well
as in Pt(dbbpy)(C C anthracene)2 (6) [37] and Pt(dbbpy)-
(CC perylene)2 (7) [37] [C C pyrene = 1-ethynylpyrene,
C C anthracene = 9-ethynylanthracene, C C perylene = 3-
ethynylperylene], where the charge transfer excited states were
used to internally sensitize the production of the 3�–�* excited
state localized on one of the aromatic acetylide moieties trans
to the diimine system.
1.25 × 10 M s ), Fig. 5. One possibility is that in struc-
ure 4, the “hole” generated in the excited state is more widely
elocalized (over the Pt atom and the phenyl rings) whereas in 3,
harge transfer excitation would lead to more localized “hole”
ensity on the metal center. This would render the metal center
n 3 more susceptible to nucleophilic attack by Lewis basic sol-
ents which may account for the order of magnitude increase in
he observed rate constant. At the present time we do not wish
o further speculate on the origin of the excited state quench-
ng but note that these findings are similar to what McMillin
nd co-workers have discovered in [Pt(LLL)Cl]+ systems
36].
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Fig. 6 presents the absorption spectra of 5–7 in CH2Cl2. The
arylacetylide chromophores are responsible for the structured
�–�* transitions between 325 and 500 nm. The shift of the
�–�* transitions to lower energy in going from C C pyrene
to the C C perylene is due to more extended conjugation in the
series. The visible absorption band near 450 nm observed for
5 and 6 are attributed to the Pt d� → �* dbbpy MLCT transi-
tions and, although red-shifted, are qualitatively similar to that
of 2 (Fig. 1a). The 1MLCT band in 7 is not distinguishable
under the broad and structured perylene-localized �–�* tran-
sitions due to the sheer intensity of those transitions. In this
instance, the perylene singlet and triplet states are located at
much lower in energy than the corresponding pyrenylacetylide
a
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p
s
t

i
l

F
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manifold [18,19,27,28], whereas the emission from 5, 6, and
7 are substantially red-shifted, structured, and relatively sharp
in comparison. Due to the extensive overlap of the anthrace-
neacetylide and peryleneacetylide � → �* and d� (Pt) → �*

(diimine) absorption bands, excitation at low energy (480 and
488 nm, respectively) results in both fluorescence and phospho-
rescence emanating from corresponding arylacetylide ligands,
however, only the phosphorescence in each case is displayed in
Fig. 7. The observed phosphorescence from the ethynylperylene
moieties is relatively weak, nevertheless a vibronic progression
is quite distinguishable with a maximum around 882 nm in the
near-IR.

Another notable compound prepared in our laboratory,
P
l
[
s
a
F
i
s
T
t
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nd anthracenylacetylide compounds, resulting in the overlap
f �–�* and charge transfer transitions, Fig. 6. The red shift
n the MLCT absorption band position going from 2 to 5–7 is
ost likely reflecting an increase of �-donation of arylacetylide

lectron density to the Pt(II) center in this series of com-
ounds. There are also undoubtedly contributions resulting from
tronger arylacetylide ligand mixing in the low energy (ML)LCT
ransition.

Fig. 7 depicts room temperature phosphorescence spectra
n deaerated dichloromethane of compounds 5–7. It is estab-
ished that luminescence in 2 is attributed to the charge transfer

ig. 6. Absorption spectra of 5 (solid line), 6 (dashed line) and 7 (dotted line)
n CH2Cl2.
t(dbbpy)(C C nap)2 (8), where C C nap is naphthy-
acetylide, displays solvent-dependent excited state behavior
28]. In this case, the emerging photoluminescence can be con-
idered predominantly charge transfer like in non-polar solvents
nd more naphthylacetylide localized in higher polarity media,
ig. 8. The substantial solvent influence is also readily observed

n nanosecond flash photolysis experiments where the excited
tate difference spectra markedly change as a function of solvent.
his particular study stresses the importance and necessity of

ransient absorption measurements in understanding the nature
f the lowest excited states in these complexes.

ig. 7. Room temperature phosphorescence spectra of 5 (solid line), 6 (dashed
ine) excited at 480 nm and 7 (dotted line) excited at 488 nm in deaerated CH2Cl2.
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Fig. 8. Static photoluminescence spectra of 8 in CH3CN (solid line), CH2Cl2
(dotted line) and toluene (dashed line).

5. Excited state absorption spectrometry

5.1. Supra-nanosecond spectrometry

While luminescence spectroscopy has been widely applied
to the study of Pt(II) polyimine acetylides, there have
only been a handful of transient absorption investigations
[2,3,19,26–28,33,38–40] along with a single time-resolved
infrared study [19]. The latter can be easily understood in terms
of the low IR-absorption cross-sections uniformly observed
for acetylide stretching frequencies, rendering their detection
rather difficult. Regardless, a few Pt(II) diimine acetylides have
been studied using nanosecond step-scan FTIR. In the same
manuscript, the nanosecond excited state absorption spectra of
several Pt(II) diimine acetylides were also reported [19]. The
excited state absorptions were assigned as resulting from the
MLCT excited state with contributions from ground state bleach-
ing, reduced diimine ligand, and oxidized metal center. A diffi-
cult facet of these excited states is that one cannot properly corre-
late excited state absorptions directly to ground state oxidations
and reductions since these compounds are uniformly unstable to
spectroelectrochemical measurements. Transient features asso-
ciated with the charge transfer excited states or electron transfer
products are readily identifiable, but their precise origins have
been largely speculative. With the wealth of new information
provided by recent electronic structure calculations [22,25], the
c
o
f
T
s
t
d
t
e
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s
f

Fig. 9. Excited state absorption difference spectra of (a) 3 and (b) 4 in CH2Cl2
following 416 nm excitation (3 mJ/pulse). The delay times are specified on each
spectrum. The apparent bleach between 500 and 650 nm in (a) is due to strong
sample photoluminescence.

hole. To test this idea, we prepared the related Ru(II) structure
[Ru(tBu3tpy)2]2+, where ultrafast transient absorption measure-
ments yield a difference spectrum (τ = 115 ps) whose strongest
transiently absorbing component is the tBu3tpy radical anion,
Fig. 10 [41]. Clearly, this transient is partially responsible for the
highest energy feature in the Pt(II) complexes but cannot account
for the lower energy bands that extend beyond our instrument
range into the near-IR.

To better understand what gives rise to these intense transient
absorptions without the benefit of spectroelectrochemistry, we
performed transient trapping experiments on the excited states
3 and 4. Briefly, both complexes were subjected to flash photol-
ysis in the presence of the reductive quencher diazabicyclooc-
tane (DABCO, E1/2 = +0.57 V versus NHE) [42] whose radical
cation is largely spectroscopically silent over the absorption
range of interest, ε = 1500 M−1 cm−1 at 470 nm [43]. DABCO
has the added advantage of reversible cyclic voltammetry,
therefore charge recombination occurs readily with each plat-
inum complex’s reduced ground state via second-order equal-
concentration kinetics. Experimentally, we see no buildup of
harge transfer excited states can be considered to be composed
f a hole delocalized over the Pt center and the acetylide ligand(s)
ramework with the electron localized on the polyimine ligand.
herefore, the excited state absorptions in the charge transfer
tate will reflect all of these contributions in addition to potential
ransitions between these moieties. Fig. 9 presents the transient
ifference spectra of 3 and 4 in degassed CH2Cl2. Recall that
he �-donor strength of phenylacetylide and t-butylacetylide are
ssentially the same and the remaining portions of each molecule
re constant. While there are similarities in the excited state
pectra, differences are also readily apparent which must stem
rom differences in the electronic structure of the photo-created
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Fig. 10. Ultrafast transient absorption difference spectra of [Ru(tBu3tpy)2]-
(PF6)2 in CH2Cl2 following 490 nm excitation. The delay times are specified
on the graph. The sharp feature present at all delay times at 490 nm is from the
pump laser.

permanent photochemical products in the transient absorption
measurements and this facilitates straightforward spectroscopic
assignments. Stern–Volmer analysis of the emission lifetimes as
a function of DABCO concentration confirmed strong pseudo-
first-order quenching with rate constants approaching the diffu-
sion limit for both molecules in CH2Cl2. Fig. 11 presents the
excited state absorption difference spectrum of 4 measured in
the presence of DABCO following 355 nm pulsed laser exci-
tation. Most of the strong transient absorption features across
the visible spectrum and towards the near-IR disappear upon
reductive quenching. Therefore, the transiently produced “hole”
in the charge transfer excited state must play a significant role
in governing the position and intensity of the absorption tran-
sients. The only transient feature that remains in the near visible
can be assigned to reduced tBu3tpy [40,41], whose absorption
intensity is minor in comparison to that of the entire charge
transfer excited state, even at the peak tBu3tpy•− wavelengths.
This simple experiment supports the notion that the majority of

F
D
n

Fig. 12. Transient absorption difference spectrum of 7 in deaerated MTHF fol-
lowing 416 nm pulsed laser excitation.

the absorption transients most likely have their origin in excited
state charge transfer transitions (perhaps LLCT and/or LMCT)
to and/or from the delocalized “hole”. In other words, the dif-
ference spectra are not derived solely from the combination of
redox products that one usually probes using ground state spec-
troelectrochemistry. Therefore, with better understanding of the
delocalized “hole”, we anticipate that optical protection materi-
als based on these structures can be substantially improved.

Nanosecond laser flash photolysis experiments are also pow-
erful for identifying the production of acetylide ligand-localized
triplet states in these molecules. For example, 5 and 7 exhibit
strong absorptions centered near 530 and 570 nm, respectively,
which decay by first order kinetics to their ground states. The
data for compound 5 and its associated phosphine-bearing
model system have already been published and the transient
at 530 nm assigned to the triplet state of pyrenylacetylide
[27,38]. Fig. 12 displays the transient absorption difference
spectra obtained for Pt(dbbpy)(C C perylene)2 following a
416 nm laser flash. The positive OD bands at 425 and 570 nm
are assigned to peryleneacetylide-localized triplet-to-triplet
absorptions and the bleach is associated with the bleaching of
the peryleneacetylide �–�* ground state transitions [37]. The
fact that the perylene-localized singlet absorption bands bleach
and recover on the same microseconds time scale (τ = 8.35 �s)
as the other features, supporting the triplet state assignment of
the transient absorptions.

5

n
s
t
d
d
a
c
p

ig. 11. Excited state absorption difference spectrum of 4 in the presence of
ABCO immediately following a 355 nm laser pulse (solid line) and after sig-
ificant reductive quenching (dashed line).
.2. Ultrafast transient absorption spectrometry

While the number of Pt(II) chromophores have expanded sig-
ificantly over the past decade, their sub-nanosecond excited
tate dynamics remain largely unexplored, with three excep-
ions. One study by McGarrah and Eisenberg described the
etection of charge-separated products in electron transfer
onor-acceptor dyads at initial delay times of 100 ps following
20 ps laser pulse [26]. Intramolecular electron transfer pro-

esses were also studied between platinum(II) terpyridyl com-
lex coupled to a porphyrin through an arylacetylide bridge [39].
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Excitation of the porphyrin leads to rapid electron transfer with
the Pt(II) complex followed by ultrafast charge recombination.
Another investigation is from our laboratory where excited state
evolution of the charge transfer excited state was examined along
with its subsequent depopulation resulting from potentially
strong interactions with arylacetylide-localized 3IL states [38].
The ultrafast excited state dynamics of three structurally related
platinum(II) complexes were investigated using femtosecond
transient absorption spectrometry in 2-methyltetrahydrofuran. It
has already been stated that 2 has a lowest metal-to-ligand charge
transfer (3MLCT) excited state while the multichromophoric
5 contains the MLCT state, but possesses a lowest intraligand
(3IL) excited state localized on one of the C C pyrenyl units.
Trans-Pt(PBu3)2(C C pyrene)2 served as a model system that
provided a good representation of the C C pyrene-localized
3IL state in a Pt(II) complex lacking the MLCT excited state. Fol-
lowing 400 nm excitation, the formation of the 3MLCT excited
state in 2 is complete within 200 ± 40 fs and intersystem cross-
ing to the 3IL excited state in trans-Pt(PBu3)2(C C pyrene)2
occurs with a time constant of 5.4 ± 0.2 ps. Selective excita-
tion into the low energy MLCT bands in 5 (λex = 480 nm) leads
to the formation of the pyrene-localized 3IL excited state in
240 ± 40 fs, suggesting ultrafast wire-like energy migration in
this molecule. Indiscriminant excitation of 5 at 400 nm, which
predominately promotes the pyrenylacetylide �–�* singlet tran-
sition, leads to exactly the same time constant within experimen-
t
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i
t
i
r
c
m

6

l

mophores across a variety of disciplines, the fact remains that
there are many interesting questions remaining and several
lines of investigation worth further exploration. This contribu-
tion was intended to outline current work in the field related
predominately to the photophysical processes in bipyridyl and
terpyridyl platinum(II) acetylides. Even within this seemingly
small group of related molecular structures, there exists an enor-
mous complexity arising from the strong participation of the
acetylide ligand(s) in the ground and excited states of these
molecules. The extent of orbital mixing taking place is readily
observed experimentally in ground state spectra and theoreti-
cally using density functional methods. Such intricacies are not
usually observed in coordination compounds displaying clear
cut MLCT-type photophysics, leading to the most appropriate
charge transfer designation in these systems, namely (ML)LCT.
The photoluminescence of the Pt(II) acetylides is noteworthy
and can take the form of “pure” triplet charge transfer like or
“pure” triplet acetylide ligand localized in character, depend-
ing upon the choice of polyimine and acetylide ligand(s). It has
also been shown that the photophysics can fall between those
two extremes, for example compound 8, can be best described
as admixtures of 3MLCT and 3IL states, systematically tunable
between both by varying solvent polarity. Transient absorption
methods have been extremely useful in identifying intermediates
and products generated in both intra- and intermolecular energy
and electron transfer reactions utilizing platinum(II) acetylides.
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al error for the formation of the 3IL excited state, 210 ± 40 fs.
he kinetic data contend that the presence of the MLCT states

n 5 markedly accelerates the formation of the triplet state of the
endant pyrenylacetylide ligand. In essence, the triplet sensitiza-
ion process is kinetically faster than pure intersystem crossing
n trans-Pt(PBu3)2(C C pyrene)2 as well as vibrational relax-
tion in the MLCT excited state of 2. The kinetic results may
ndeed arise from extremely rapid triplet energy transfer in 5.
owever, given the similarities in the time constants for 3IL

tate formation using 400 and 480 nm excitation, intersystem
rossing in the pyrenylacetylide chomophore is somehow accel-
rated in 5. Therefore the ultrafast nature of the 3IL formation
ime constants could result from strong mixing of the MLCT
riplet state with that of the pyrenylacetylide triplet. This would
nable enhanced spin–orbit coupling and could account for the
xperimental observations. Similar arguments have been used
o describe the phosphorescence emanating from bodipy (4,4-
ifluoro-4-bora-3a,4a-diaza-s-indacene) dyes when this species
s appended to a Ru(II) terpyridine chomophore [44]. These
esults are potentially important for the design of chromophores
ntended to reach their lowest excited state on sub-picosecond
ime scales and advocates the likelihood of wire-like behavior
n triplet-triplet energy transfer in these molecules. Our labo-
atory continues to explore ultrafast dynamics in the title Pt(II)
omplexes, seeking a more thorough understanding of energy
igration dynamics in these structures.

. Concluding remarks

Although the primary motivation for research in this area
argely stems from the potential applications of these chro-
lthough there are only a handful of reports to date, ultrafast
inetic methods clearly have a promising future in exploring the
omplexities resulting from the strong orbital mixing in these
tructures. The horizon appears bright for continued fundamen-
al scientific exploration of platinum acetylides in addition to
heir widespread applications in photonics, medicine, nanoma-
erials, and catalysis.
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