
ABSTRACT 

WRIGHT, KATHERINE MARGARET. Triplet State Photophysics of Perylenemonoimide 
Revealed in a Pt(II) Charge Transfer Complex.  (Under the direction of Dr. Felix N. 
Castellano.)  
 
The photophysics of a newly synthesized perylenemonoimide (PMI) containing Pt(II) 

chromophore, [Pt(tBu3tpy) PMI]+ was  investigated .  For comparison, the photophysics of  

the non-metallated PMI free ligand and Pt(tBu3tpy)phenylacetylide, [Pt(tBu3tpy)CCPh]+ were 

also studied.  The [Pt(tBu3tpy)PMI]+ complex retained the PMI’s low energy π-π* ground 

state absorbance  that red-shifted to 525 nm upon complexation,  exhibiting a molar 

absorptivity of 41,800 M-1cm-1. At these long wavelengths there is essentially no contribution 

from charge transfer absorptions characteristic of the Pt(II)-terpyridyl acetylide platform. 

Room temperature photoluminescence in dichloromethane showed a maximum at 589 nm 

with a shoulder at 650 nm that were unaffected by dissolved molecular oxygen, suggesting 

this photoluminescence is singlet in nature. The luminescence intensity decay associated with 

this emission possessed two lifetime components of 1.17 and 3.35 ns, also suggestive of a 

singlet excited state fluorescence that is significantly quenched with respect to PMI’s 5.44ns. 

Normalized amplitudes of the exponential for this emission process, revealed a fractional 

composition of 0.16 of the longer component, and 0.84 of the shorter component.  The 

calculated average lifetime obtained was 1.95 ns. The quantum yield of this luminescence 

was determined to be 0.09, which is strongly quenched with respect to the nearly quantitative 

fluorescence quantum yield exhibited by PMI.  No evidence of phosphorescence from this 

molecule was detected between room temperature and 77 K. The combined 

photoluminescence data are consistent with highly quenched singlet fluorescence in the PMI 

subunit likely resulting from accelerated intersystem crossing to its corresponding triplet 



excited state imparted by the internal Pt heavy atom. Strong spectral features were evident in 

the nanosecond transient absorption difference spectra that exhibited a single exponential 

excited state lifetime of 5.2 µs. This lifetime is longer with respect to the Pt(II) charge 

transfer model chromophore and possesses spectral features that cannot be assigned to the 

charge transfer excited state of a Pt(II) terpyridyl acetylide molecule. Due to distinct 

differences between the respective transient absorption difference spectral profiles and the 

observed 1O2 phosphorescence at 1270 nm in air-equilibrated samples, it was evident that the 

nanosecond transient absorption signal of the of Pt(tBu3tpy)PMI was triplet ligand-centered 

(3LC) in nature. Selective excitation of the CC-PMI subunit results in the sensitization of its 

triplet excited state that has an excited state lifetime of 5.2 µs, and decays more rapidly than a 

pure organic triplet due to strong coupling to the Pt(II) center.   
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CHAPTER 1: Introduction 

1.1 Molecular Design 

As derivatives of perylene diimides (PDI’s), perylene monoimides (PMI’s) present 

themselves as an attractive class of chromophores for incorporation into molecular arrays and 

as sensitizers based on their high molar absorptivities, color fastness, economy of production, 

and synthetic lability.1–4 As solids, they also show a large degree of chrystallochromy, or 

change in color and wavelength with respect to crystal packing.5 The absorption and 

emission profiles of PMI’s are easily tuned by substitution at the bay- and 9-positions on the 

perylene core.  Increasing the alkyl content using an amide linker usually enhances solubility 

and disrupts intermolecular aggregation.  Photophysically, PMI’s readily produce singlet 

states and are known to fluoresce with high quantum yields, however, little has been 

observed in regards to their triplet state characteristics.   

 

In order to access the triplet state of the PMI, the Castellano group devised a molecular 

architecture to access the PMI frontier orbitals. The PMI chromophore was attached at the 9-

position to a platinum terpyridyl ensemble through an acetylide linker, which acts as a 

molecular “wire,” providing direct access from a d8 platinum core (Figure 1).  Calculations of 

PDI molecular orbital distributions show a considerable localization of the aromatic core 

HOMO orbitals at the 9- and bay-positions.6,7 It is easily observed that removing one imide 

group from the PDI structure preserves the symmetry of the molecule and maintains the 

electronic configuration at the 9-position (Figure 2).  The platinum ensemble consists of a 

tert-butyl terpyridine (tBu3tpy) complexed with platinum.  The platinum(II) metal center, 
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with a d8 electron configuration , resides  in the center of the terpyridyl structure, adopting a 

square planar configuration. 

 

 

 

 

Structures of the type [Pt(tBu3tpy)X]+, where X is a halide, have more rigidity than the 

Pt(dbbpy)X2 analogs, where dbbpy= di-tert-butyl bipyridine, leading to fewer symmetry 

lowering vibrations that may deactivate the excited state and increase knr.8 Replacing the 

halide with a strong field ancillary ligand, such as an alkyl or aryl component, increases room 

temperature solution photoluminescence,9,10 giving rise to applications in singlet oxygen 
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Figure 1: Molecular architecture consisting of Pt(II)terpyridyl ensemble connected to 
the 9-position of the PMI by an acetylide linker. 
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photosensitization,11 DNA binding and molecular probes,12–14 cation and pH sensors,15–17 and 

vapochromism.18  

 

 

 

 

This molecular architecture is not new to the Castellano group or the 

inorganic/organometallic chemistry community.  There is literature precedence for attaching 

various organic chromophores to platinum ensembles using acetylide linkers.19–24 In each 

case, it has been shown to effectively test the incorporation of a new chromophore into an 

organometallic complex and efficiently produce triplet-emitting states.  

  

14244 J. Phys. Chem., Vol. 99, No. 39, 1995 
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Figure 5. Frontier molecular orbitals of naphthalene (INDOIS). 
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Figure 6. Frontier molecular orbitals of NDCAI (INDOIS). 

the orbital energy difference (A€) and the electronic interaction 
terms J and K, 

@(HOMO-LUMO) = 
A€(HOMO,LUMO) - J(HOM0,LUMO) + 

2K(HOMO,LUMO) 

where J is the Coulomb integral and K is the exchange integral. 
The calculated HOMO - LUMO excitation energies and each 

BlU (47) Au (HOMO, 48) B2g (LUMO, 49) Biu (50) 

639 (51) A u  (52) 6 3 9  (53) 629 (54) 

Figure 7. Frontier molecular orbitals of NTCAI (INDOIS). 

B2g (LUMO, 71) Au (72) B1u (74) 639 (75) 

Figure 8. Frontier molecular orbitals of PTCAI (INDOIS). 

component (A€, J, and 2K) of naphthalene, NDCAI, NTCAI, 
and PTCAI are shown in Table 5. The electronic interaction 
term (J(HOM0,LUMO) - 2K(HOMO,LUMO)) decreases only 
slightly, while the orbital energy gap (Ae(HOM0,LUMO)) 
decreases remarkably (almost as much as the excitation energy 
change, hE(HOMWLUM0)). Therefore, the transition energy 
shift is attributed to the HOMO and LUMO energy levels. 

In Figures 5-7, the LUMO is delocalized for both naphtha- 
lene and the carboxylic anhydride moiety, while the HOMO is 
almost localized in the naphthalene ring. As shown in Figure 
4, from naphthalene to NDCAI to NTCAI, the LUMO level 

Figure 2: Molecular orbitals of PDI reproduced from Adachi, et al. 
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1.2 Excited States 

 

Upon excitation, electrons are promoted from one of the platinum d8 based orbitals to the 

terpyridine π* orbitals.21–23 This electronic transition redistributes the charge of the molecule, 

introducing a radical electron on the terpy component and an electron deficient “hole” on the 

platinum.20,21 This type of charge transfer is appropriately known as a metal-to-ligand charge 

transfer, or MLCT.  Emission attributed to the MLCT is said to be “MLCT based.”  The 

MLCT label also serves to describe the excited state where emission originates.  In these 

chromophores, there is also a degree of ground state electron delocalization into the acetylide 

ligand framework resulting in some degree of ligand-to-ligand charge transfer (LLCT) in the 

lowest energy electronic transitions. 

 

In addition to MLCT states, the d8 platinum diimine bis-acetylide complexes have been 

observed to form intraligand (IL) or also known as ligand centered (LC) excited states.19,22–25 

The IL/LC label describes states originating from the ligand, but slightly perturbed through 

weak electronic interaction with the metal center.   

 

Experimentally, these types of transitions are identified when absorbance and 

photoluminescence spectra of a complex retain the features of one ligand with little 

perturbation.  For complexes containing heavy atoms, spin-orbit coupling rapidly deactivates 

the singlet state to the lowest triplet state, often manifesting as quenched fluorescence and 

room temperature phosphorescence.26 Triplet LC states can be strategically positioned to be 
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lower in energy than the lowest 3MLCT excited state, and it has been shown that a higher 

energy MLCT transition can be used to sensitize and produce the 3LC in these instances.19,27 

Tuning of the MLCT to the LC can be accomplished by using more or less π-electron 

donating terpyridyl substituents.28  

 

 

 

In general, a molecule relaxes into the lowest lying singlet state, S1.  The S1 state is 

characterized by being electronically spin paired with respect to the initial ground state 

configuration (Figure 3).  From the singlet state, there are two notable decay pathways for the 

initially prepared excited state: fluorescence emission and intersystem crossing (ISC). 

Emission from the S1 state is known as fluorescence, and has moderately short lifetimes on 

Figure 3: General Jablonski diagram of absorption to S1, Fluorescence, ISC to T1, and 
phosphorescence. 

S1

ISC

T1

Ground State

Ab
so

rp
tio

n

Fl
uo

re
sc

en
ce

Ph
os

ph
or

es
ce

nc
e



 

 6 

the nanosecond time scale.  Intersystem crossing to a triplet state, T1, involves an electron 

spin flip.  In the triplet state, the electron is no longer spin paired with the ground state 

configuration.  Emission from T1 is commonly known as phosphorescence and has longer 

lifetimes on the nano- to microsecond time scale due to its spin forbidden transition to the 

ground state.29  

 

In order to achieve the electron spin flip of intersystem crossing, two paradigms of spin-orbit 

coupling (SOC) are considered. In the first paradigm, consider an electron jumping between 

perpendicular orbitals during excitation.  The movement of the perpendicular orbitals about 

the nucleus generates orbital angular momentum.  This orbital angular momentum produces a 

magnetic moment that couples with the electron spin’s magnetic moment.  By imparting 

torque on the magnetic moment of the spin angular momentum, the magnetic moment re-

orients the spin of the electron.29 

 

In the second paradigm, the effect of a heavy atom with a nuclear charge greater than 10 

(Z>10) on proximate electrons is considered.  Electrons are not considered to be in specific 

orbitals, but localized around a nucleus as in the Bohr model. Once the electron is far from 

the nucleus, it is pulled towards the nucleus by electrostatic attraction.  The velocity of the 

electron moving towards the nucleus generates a strong magnetic moment on the electron 

that couples the spin magnetic moment to the orbital magnetic moment.  While the spin 

magnetic moment is constant, the orbital magnetic moment changes with response to the 

electron’s velocity.  Larger magnetic moments created by high velocity towards large 
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charged nuclei efficiently couple the orbital and spin magnetic moments, flipping the spin of 

the electron.29  

 

This leads to what is known as the “Heavy Atom Effect” where triplet states are frequently 

observed in molecular structures containing elements from the transition block of the 

periodic table.  The energy or strength of the spin-orbit coupling (Eso) is measured by the 

spin-orbit proportionality constant, ζso.  Across the transition block, ζso increases with the 

atomic mass, with platinum having one of the larger ζso at 4481 cm-1.30 By incorporating 

platinum into the molecular architecture with its large ζso, a triplet state can be produced 

from the appended PMI chromophore.  

 

 

 

well as its subsequent depopulation resulting from potentially
strong interactions with arylacetylide-localized 3IL states. In a
recent contribution, we have demonstrated that low-energy Pt
f dbbpy MLCT transitions in Pt(dbbpy)(CtC-pyrene)2 (1)
(dbbpy is 4,4!-di(tert-butyl)-2,2!-bipyridine and CtC-pyrene is
1-ethynylpyrene) can be used to internally sensitize the produc-
tion of the 3π-π* excited state localized on one of the
pyrenylacetylide moieties trans to the diimine system.15 Note
that the design of 1 places the 3π-π* state energy significantly
below the 3MLCT* state; therefore, the photophysics is com-
pletely dominated by the former. Room-temperature phospho-
rescence is easily observed from the localized 3π-π* state,
facilitated by the internal heavy atom. This molecule has a strong
triplet-to-triplet absorption centered near 530 nm, which decays
by first-order kinetics to the ground state. Therefore, transient
absorption measurements can be used to directly track the
production of the ligand-localized triplet state in this molecule.
The current work expands on our previous supra-nanosecond

study by applying ultrafast transient absorption measurements
to this multichromophoric system to measure the time constant
of the triplet sensitization process. The two model compounds
investigated are Pt(dbbpy)(CtC-Ph)2 (2) (CtC-Ph is ethy-
nylbenzene) and trans-Pt(PBu3)2(CtC-pyrene)2 (3). The former
serves as a structural model possessing a low-lying MLCT
excited state, whereas the latter provides a good representation
of the CtC-pyrene-localized 3IL state in a Pt(II) complex
lacking the MLCT excited state. The ultrafast dynamics of these
complexes were investigated in MTHF using 400 nm (all three
compounds) and 480 nm excitation (compound 1 only). After
400 nm excitation, the formation of the 3MLCT excited state
in 2 is complete within 200 ( 40 fs and intersystem crossing
to the 3IL excited state in 3 occurs within 5.4( 0.2 ps. Selective
excitation into the low-energy MLCT bands in 1 (λex ) 480
nm) leads to the rapid formation of the 3IL excited state in 240
( 40 fs, significantly faster than intersystem crossing in the
model complex, indicative of ultrafast energy migration in this
molecule.

Experimental Section

General. All compounds used in this study were available
from our previous work.15 The primary spectroscopic solvent
2-methyltetrahydrofuran (MTHF, 99+%) was purchased from
Acros and used without further purification. Static absorption
spectra were measured on a HP 8453 diode array spectrometer.
Steady-state photoluminescence spectra were obtained with an
Edinburgh Instruments single photon counting spectrofluori-
meter (FL/FS 900). Nanosecond laser flash photolysis experi-
ments were performed as described previously.16 In some
instances, sample excitation was afforded by pumping a H2-
filled Raman shifter with the YAG third harmonic to yield 416
nm laser pulses (2-3 mJ/pulse). All spectroscopic measurements
were conducted at ambient temperature, 22 ( 2 °C.
Ultrafast Transient Absorption Spectrometry. Femtosec-

ond time-resolved experiments were performed using the

spectrometer available in the Ohio Laboratory for Kinetic
Spectrometry at BGSU. The output of the laser system consists
of pulses of 800 nm, 1 mJ, 100 fs (fwhm) operating at a
repetition rate of 1 kHz. The Hurricane output is first split (85%
and 15%) into pump and probe beams. The pump beam is
converted to selected excitation wavelengths by coupling it into
a second-harmonic generator (for 400 nm excitation) or into an
optical parametric amplifier (Spectra-Physics OPA 800C, for
tunable wavelengths in the region 320-700 nm). The probe
beam is first passed through a computer-controlled delay line
(Newport Corp. MTL 250 PP 1 250 mm linear positioning stage)
that provides an experimental time window of about 1.6 ns with
a step resolution of 6.6 fs. After the delay line, the laser beam
is focused onto a 3 mm thick sapphire plate that generates a
white light continuum (effective useful range, 450-750 nm).
The pump beam is passed through an optical chopper (DigiRad
C-980) rotating at a frequency of 100 Hz, and focused to a spot
size of ∼0.7 mm onto the sample cell. The white light
continuum probe beam is collimated and focused into the sample
cell, superimposed on the pump beam at an angle of approxi-
mately 5°. The energy of the probe pulses was <5 µJ at the
sample. After passing through the sample cell, the probe
continuum is coupled into a 400 µm optical fiber connected to
a CCD spectrograph (Ocean Optics, PC 2000). The delay line
and the CCD spectrograph are computer-controlled by a
LabVIEW (National Instruments) software routine developed
by Ultrafast Systems, LLC (Bowling Green, OH). The samples
are continuously flowed during the course of the experiments
in an optical cell with a path length of 2 mm (Quartz flow cell,
Starna Cells). The sample solutions were prepared to have an
absorbance between 0.5 and 1.0 at the excitation wavelength
in the 2 mm flow cell. The absorption spectra of the solutions
measured before and after each experiment showed no signifi-
cant sample decomposition in the MTHF solvent. We note that
in freshly distilled CH2Cl2, significant sample decomposition
occurred in some instances, obviating the use of MTHF.

Results and Discussion

Absorption and Photoluminescence Properties. The photo-
physical properties of 1-3 have been examined in CH2Cl2, and
these results are reported in a previous contribution.15 Because
ultrafast experiments performed in freshly distilled CH2Cl2
yielded permanent photochemical decomposition products in
some instances, MTHF was selected as the spectroscopic
solvent. Figure 1a displays the absorption spectra of 1-3
measured in MTHF. The pyrenylacetylide chromophores in 1
are largely responsible for the structured π-π* transitions
between 350 and 400 nm. These absorptions are substantially
red-shifted relative to the uncoordinated pyrene-CtC-H
species,15 suggesting large σ-donation of the -CtC-pyrenyl
electron density to the Pt(II) center. The visible absorption bands
near 450 nm are assigned to dπ Ptfπ* dbbpy MLCT transitions
and, although red-shifted, are qualitatively similar to 2. The
MLCT assignment is consistent with the negative solvatochro-
mic shifts observed for the low-energy absorption bands in 1
and 2.11,13,16 The higher energy ligand-localized π-π* transi-
tions between 350 and 400 nm resulting from electronic
transitions within the pyrenylacetylide fragments in 1 are not
significantly perturbed by solvent polarity.15 Similar results are
obtained for the structural model 3, suggesting that the low-
energy pyrenyl-based π-π* transitions are truly ligand-localized
and do not exhibit appreciable charge-transfer character.
The RT emission spectrum of 2 was easily measured in

aerated MTHF, whereas the corresponding spectrum for 1 is

2466 J. Phys. Chem. A, Vol. 109, No. 11, 2005 Danilov et al.

changes in the spectrum are observed on the ultrafast time scale.
We believe this indicates the process of either the 1CtC-pyrene
excited state or the 3MLCT excited state converting into the
3CtC-pyrene excited state. Particularly noteworthy is the fact
that the indiscriminate excitation and subsequent kinetic pro-
cesses lead to the production of the lowest triplet state in 1 at
a rate that is more than an order of magnitude faster than the
pure intersystem crossing process measured in model complex
3.
Selective excitation of the low-energy MLCT transition in 1

(λex ) 480 nm) yields essentially identical kinetics and
absorption transients relative to the 400 nm pump experiments,
Figure 6. At all delay times, it is clear that the transient feature
near 540 nm is present, while the absorption at 610 nm partially
decays away with a time constant of 240 fs after its prompt
instrument-limited formation. Because the feature at 610 nm
contains contributions from both the MLCT excited state and
the 3IL state, the decay process is attributed to the depletion of
the charge-transfer excited state (Figure 6b). Therefore, we
conclude that the time constant of the formation of the 3IL state
in 1 is 240 fs, following 480 nm excitation. Because the
differences in the triplet sensitization time constants measured
at 400 and 480 nm are only 30 fs (210 vs 240 fs), these processes
can be considered kinetically identical under our current
experimental conditions. The data measured at both pump
wavelengths suggest that the presence of the MLCT manifold
enables the rapid sensitization of the ligand-localized 3CtC-
pyrene excited state in 1. The magnitude of the time constants
suggests that there is significant electronic mixing of PtII, dbbpy,

and pyrenylacetylide-based orbitals, which facilitates swift
energy migration in this structure. This energy movement occurs
at rates which exceed that of direct intersystem crossing in 3 as
well as vibrational cooling of the MLCT excited state in 2. All
of the relevant kinetic processes of each molecule are sum-
marized in modified Jablonski diagrams presented in Figure 7.
The rapid ultrafast energy transfer kinetics relative to other
competitive processes is reminiscent of the noteworthy observa-
tions made by Monat and McCusker in an FeII polypyridyl
complex.25 In their system, MLCT excitation of the low-spin
complex resulted in the production of the high spin (formally
∆S ) 2) metal-centered ligand-field state in 80 fs. Their result
illustrates that the kinetics of intimately linked processes can
greatly exceed that of vibrational cooling, which indeed appears
to be the case for triplet energy migration in the current study.

Conclusion

This manuscript describes an ultrafast transient absorption
study of PtII complexes possessing MLCT and/or 3IL excited
states. In the complex possessing a lowest MLCT excited state
(2), we have successfully evaluated the dynamics of the charge-
transfer excited state, identifying the time scales for its formation
as well as its vibrational cooling. In the case of the model system
lacking low-lying MLCT excited states (3), picosecond inter-
system crossing dynamics have been quantified. The complex
at the heart of the study (1), bearing both MLCT and 3IL excited
states, was evaluated using both 400 and 480 nm pump
wavelengths. The 3IL excited state is formed with 210-240 fs,

Figure 6. Transient absorption spectra of compound 1 in MTHF at several delay times following a 100 fs, 480 nm excitation pulse (a); the
absorption transient at 610 nm along with its corresponding single exponential (τ ) 240 fs) solid fit line superimposed (b).

Figure 7. Qualitative energy level diagrams for compounds 2 (a), 3 (b), and 1 (c) summarizing the ultrafast time constants measured in this study
(kphos indicates radiative decay through phosphorescence; kPL indicates radiative photoluminescence decay). Nonradiative decay from each lowest
excited state also occurs but is purposely not indicated.

2470 J. Phys. Chem. A, Vol. 109, No. 11, 2005 Danilov et al.

Figure 4: Diagram of excited states for Pt(dbbpy)(C≡C-pyrene)2 reproduced from 
Danilov, et al.27 
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Because the terms singlet and triplet are utilized to describe spin pairing, and MLCT is used 

to designate the charge redistribution, a full label for the excited state contains the transition 

type and spin pairing(total spin quantum number). For instance, the excited state label for a 

metal-to-ligand charge transfer that produces a singlet state is 1MLCT.  Similarly, for an 

intraligand transfer it is 1IL.  It should be noted that the mechanisms of spin-orbit coupling 

remains relevant regardless of the transition type, and 3MLCT and 3IL states are produced 

through spin-orbit coupling and the presence of heavy atoms.  While the lowest energy 3IL or 

3MLCT have long lifetimes on the microsecond scale and are observable either at room 

temperature or through nanosecond transient absorption experiments, full elucidation of the 

excited states requires ultrafast transient experiments to witness the rapid formation and de-

activation of the higher energy 1MLCT and 1IL.   

 

Figure 4 depicts the structure and excited state ordering for Pt(dbbpy)(C≡C-pyrene)2 and the 

tunability of Pt(bis-imine) bis-arylacetylides. This diagram serves as a pattern for the relative 

excited states produced by [Pt(tBu3tpy)PMI]+, with the exception of the location of the 

MLCT states. For [Pt(tBu3tpy)PMI]+ it is to be expected that the MLCT states are 

energetically above the LC states, and all observed photophysics are a manifestation of the 

LC PMI states. 
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CHAPTER 2: Experiment and Results 

2.1 Synthesis. 

Making the target [Pt(tBu3tpy)PMI]+ required two molecular precursors: PMI-H and 

[Pt(tBu3terpy)Cl]+.  The t-butyl groups on the terpyridine were employed to enhance the 

solubility of the Pt(II) ensemble and decrease the possibility of interligand-induced 

aggregation.  The [Pt(tBu3tpy)Cl]+[PF6]- was synthesized by a previous group member 

N OO

H

KF or K2CO3

DCM, MeOH

N OO

N OO

Br

N OO

Si
NBS, DMF

RT, 24 hrs

Pd(PPh3)2Cl2, CuI
DCM, (iProp)2NH

H Si

PMI

PMI-Br
81% 56% 79%

O OO

OO O

NH2

+

Imidazole
Zn(OAc)2
H2O

190C, 230 psig, 22hrs

PMI-TMS

C(CH3)3

(H3C)3C

C(CH3)3

(H3C)3C

C(CH3)3

(H3C)3C

C(CH3)3

(H3C)3C

C(CH3)3

(H3C)3C

PMI-H

Scheme 1: Synthesis of PMI, PMI-Br, PMI-TMS, and PMI-H 
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(Dr.Elena A. Glik, aka Elena Shikhova) and was used as found without further purification.21 

The PMI-H was produced as shown in Scheme 1 by simultaneously decarboxylating and 

imidizing perylene 3,4,9,10-tetracarboxylicdianhydride in a high temperature, pressurized, 

bulk reaction.  The resulting PMI was subsequently brominated using NBS and 

functionalized with trimethylsilyl acetylene.  The trimethylsilyl group was removed by 

deprotection with either KF or K2CO3 producing the terminal ethyne compound, PMI-H. 

Synthesis of the [Pt(tBu3tpy)PMI]+ utilized Sonogashira coupling of the 

[Pt(tBu3tpy)Cl]+[PF6]-
 and PMI-H together, as depicted in Scheme 2. 

 

 

 

Scheme 2: Sonagashira coupling of [Pt(tBu3tpy)Cl]+ and PMI-H to produce 
[Pt(tBu3tpy)PMI]+. 

N OO

(H3C)3C

N

NN Pt

N

N

N

Pt Cl +

N OO

(H3C)3C

H

PF6
-

PF6
-

CuI
(iProp)2NH

93%

C(CH3)3

C(CH3)3PMI-H

Pt(terpy)Cl+ PF6
-

Pt(terpy)-PMI

THF
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The initial PMI synthon was prepared using the method described by Feiler, et al.2 

Unfortunately, PMI is not made selectively during this procedure.  Perylene, the 

corresponding PDI, the tetracarboxylate salt, and a suspected azo dye were also produced, 

requiring extensive large-scale chromatographic separation to isolate the desired PMI.  

 

Unlike the initial step, the bromination of PMI was accomplished using very mild conditions. 

Traditional methods of bromination using molecular bromine in chloroform, produce mono, 

di, and tri-brominated compounds, necessitating chromatographic separation.  Achieving 

selective bromination at the 9-position of PMI required milder conditions as described by 

Mitchell, et al.31 The aromatic compound of choice is dissolved in dimethylformamide along 

with a molar equivalent of N-bromosuccinimide and stirred at room temperature in ambient 

atmosphere overnight.  The 1H NMR of PMI-Br clearly shows new triplet and doublet 

splitting patterns consistent with bromination at the 9-position. (See Appendix 2)  

 

The substitution of the bromine for an acetylene was accomplished through Sonogashira 

coupling by mixing the halogenated aromatic moiety with trimethylsilylacetylene in the 

presence of copper iodide, a palladium(0) catalyst, and free base.  This reaction requires air-

free techniques, oven-dried glassware, and air-free solvents.  Both water and oxygen degrade 

the palladium(0) catalyst and halt the catalytic cycle.  After chromatography, the PMI-TMS 

1H NMR shows a distinctive singlet at δ=0.3 ppm representative of the trimethylsilyl 

substituent. (See Appendix 3) 
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Due to the necessity of a terminal proton for activation in the final Sonogashira step, the 

PMI-TMS requires deprotection to form PMI-H.  Removal of the trimethylsilyl group from 

PMI-TMS can be achieved using K2CO3 in methanol/dichloromethane at room temperature, 

KF in methanol/dichloromethane at room temperature, or tetrabutylammonium fluoride in 

tetrahydrofuran.  A dark purple decomposition product was observed with KF or when 

K2CO3 was reacted for too lengthy a time period.  The PMI-H terminal acetylene has a 

characteristic singlet occurring at δ=3.49 ppm (See Appendix 4), and the ratio of the residual 

TMS singlet integration to ethylene proton integration was used to estimate the amount of 

deprotection that had occurred.  Recrystallization of the deprotected PMI-H by layering 

dichloromethane and methanol was necessary to produce material pure enough for the final 

Sonogashira coupling.   

 

In order to prepare the model complex [Pt(tBu3tpy)CCPh]+, the method detailed by Shikhova 

and coworkers was followed and is depicted in Scheme 3.21 Using general Sonogashira 

coupling conditions of diisopropylamine and dichloromethane as solvents and copper iodide 

as a catalyst gave the desired yellow colored product.  By using phenylacetylene in excess, 

the reaction equilibrium favored product formation.  As with the [Pt(tBu3tpy)PMI]+, the 

reaction product could be identified by the lack of the acetylenic proton at δ=3.49 ppm, and 

coinciding terpyridyl and phenyl aromatic protons between 7 and 9 ppm.  
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Scheme 3: Synthesis of [Pt(tBu3tpy)CCPh]+ as described by Shikhova and coworkers with 
general Sonagashira coupling conditions. 

  

 

2.2 Experimental Section. 

Chemicals.  Chemicals were purchased from major commercial suppliers and purified if 

needed.  Synthetic manipulations were performed under nitrogen using standard Schlenk 

techniques or a nitrogen filled glovebox as required.  

 

General Techniques. 1H NMR were recorded on a Varian INOVA 400 (400 MHz) 

spectrometer. All chemical shifts are referenced to residual solvent signals previously 

referenced to TMS.  Spectra were processed using MestReNova 9.0 software. Infrared 

spectra were recorded using a Bruker Alpha Platinum ATR.  The MSU Mass Spectrometry 

Core performed high-resolution mass spectrometry sample analysis.  Elemental analyses 

were performed by Atlantic Microlab, Norcross, GA. 

+
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- PF6
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Pt(terpy)Cl+ PF6
-
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N
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PMI. A 600 mL titanium Parr reactor equipped with heating mantle, heating controller, 

pressure gauge, and stir plate was loaded with perylene 3,4,9,10-tetracarboxylicdianhydride 

(10.99 g, 0.028 mol) and 2,5-di-tert-butyl-aniline (3.1594 g, 0.015 mol), zinc acetate (1.3168 

g, 0.007 mol), imidazole (56.0625g, 0.823 mol) as well as water (24 g, 1.33 mol). Tightening 

the head-bolts to a torque value of 25 ft-lbs sealed the reactor vessel.  The vessel was 

pressure tested with nitrogen to a working pressure of 275 psig overnight, depressurized, and 

then heated to 190°C for 22 hours.  During the course of the reaction, the maximum 

coincident pressure was 230 psig.  After cooling, the material in the reactor was thoroughly 

rinsed with chloroform then filtered through approximately 10 g of Celite.  The filtrate 

volume was reduced by rotary evaporation, and then extracted 3 times with water.  The 

remaining chloroform solution was dried over sodium carbonate.  Column chromatography 

was performed by an Isolera-1 system using a 50 g KP-Sil gel cartridge and dichloromethane 

as an eluent.  After recrystallization with methanol/dichloromethane layering, 2.5 g of 

analytically pure PMI was isolated.  1H NMR (CD2Cl2): δ 8.62 (d, 2H, J=8 Hz), 8.5 (m, 5H), 

7.95 (d, 2H, J=8 Hz), 7.68 (t, 2H, J=8, 7.5 Hz), 7.60 (d, 1H, J=8.5 Hz), 7.47 (dd, 1H, J=8.5, 

2.3 Hz), 7.03 (d, 1H, J=2.2 Hz), 1.34 (s, 12H), 1.27 (s, 12H)  

 

PMI-Br.  The method of brominating PMI was adapted from Mitchell, R., et al.31 PMI 

(0.302 g, 5.93 x 10-4 mol) was dissolved in dimethylformamide (10 mL).  N-

bromosuccinimide (0.110 g, 6.18 x 10-4 mol) was dissolved in 10 mL DMF and added to the 

PMI solution.  The reaction was stirred at room temperature in ambient atmosphere for 24 
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hours.  Upon completion, the reaction was quenched with water, transferred to a separatory 

funnel, and the product was extracted with dichloromethane.  Further water washes removed 

residual dimethylformamide, and the dichloromethane layer was dried over sodium sulfate. 

After decanting the dichloromethane off of the sodium sulfate, and evaporating the solvent, 

PMI-Br was recovered in 79% yield.  1H NMR (CD2Cl2): δ 8.9 (s, 1H), 8.64 (d, 1H, J=5 Hz), 

8.63 (d, 1H, J=5 Hz), 8.50 (m, 4H), 8.32 (d, 1H, J=8.5 Hz), 7.97 (d, 1H, J=8 Hz), 7.78 (t, 1H, 

J=8, 5.8 Hz), 7.61 (d, 1H, J=8.5 Hz), 7.49 (dd, 1H, J=8.5, 2.4 Hz), 7.04 (d, 1H, J=2.2 Hz), 

1.34 (s, 12H), 1.27 (s, 12H)  

 

PMI-TMS.  The PMI-TMS was produced by dissolving PMI-Br (0.409 g, 6.97 x 10-4 mol), 

Pd(PPh3)4 (0.081 g, 6.97 x 10-5 mol), and CuI in a 50:50 solution of DCM and 

diisopropylamine, degassing for 15 minutes with nitrogen, adding 2 mL of 

trimethylsilylacetylene and refluxing at 60oC for 15-24 hours with stirring.  When the 

reaction finished, all solvent was evaporated off of the product, and then the material was re-

dissolved in DCM.  The DCM was washed with 100 mL of 5% HCl and 100 mL of water.  

After drying over Na2SO4, the volume of DCM was reduced to a minimum, and the PMI-

TMS was purified using column chromatography, with a 1:1 DCM/hexanes eluent.  After 

column chromatography, product fractions were re-crystallized from DCM and methanol 

layering in a 56% yield. 1HNMR (CD2Cl2): δ 8.65 (dd, 3H, J=8.2, 2.6 Hz), 8.50 (m, 7H), 

7.82 (d, 1H, J=7.8 Hz), 7.74 (t, 1H, J=7.9, 7.9 Hz), 7.61 (d, 1H, J=8.5 Hz), 7.47 (dd, 1H, 

J=8.5, 2.3 Hz), 7.04 (d, 1H, J=2.3 Hz), 1.34 (s, 12H), 1.27 (s, 12H), 0.38 (s, 12H)  
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PMI-H. To produce PMI-H, PMI-TMS (0.15 g, 2.47 x 10-4 mol) was dissolved in 20 mL 

DCM and added to a round bottom flask with a stir bar.  Approximately 0.2 g of K2CO3 was 

added to methanol along with a minimal amount of water to dissolve the K2CO3.  Next, the 

basic methanol was added to the PMI-TMS in DCM, and stirred vigorously with gentle 

heating (30oC) for 4-5 hours.  The material was then washed 3 times with water using a 

separatory funnel to remove methanol and silanol.  Recrystallization by layering with DCM 

and methanol produced the garnet colored PMI-H crystals in an 81% yield. 1H NMR 

(CD2Cl2): δ 8.53 (m, 8H), 7.88 (d, 1H, J=9.3 Hz), 7.77 (t, 1H, J=8.2 Hz), 7.60 (d, 1H, J=8.6 

Hz), 7.48 (dd, 1H, J=8.5, 2.2 Hz), 7.02 (d, 1H, J=2.2 Hz), 3.75 (s, 1H), 1.32 (s, 12H), 1.25 (s, 

12H)  

 

[Pt(tBu3tpy)PMI]+. The target compound was synthesized by adding PMI-H (0.053 g, 1.0 x 

10-5 mol) to an oven dried, round bottom flask along with a stir bar, [Pt(tBu3tpy)Cl]+[PF6]- 

(0.066 g, 8.5 x 10-5 mol) and a catalytic amount of CuI.  The charged flask was immediately 

put under nitrogen flow, and 9 mL of dry THF and 12 mL of diisopropyl amine were added 

via syringe.  The contents were bubble degassed with nitrogen while stirring for 20 minutes, 

then allowed to react at room temperature under nitrogen flow for 24 hours.  To workup the 

product, the solvent reaction mixture was evaporated on the Schlenk line, and the residue was 

dissolved in dichloromethane. The organic layer was thoroughly washed with water and KCl 

brine, and dried over anhydrous sodium sulfate.  The dried, solubilized product was decanted 

into a clean, round-bottom flask and the solvent was removed by rotory evaporation. The 

residue was recrystallized twice.  First, the residue was dissolved in a minimum of 
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spectroscopic grade dichloromethane and then layered with pentane. The second re-

crystallization was accomplished by collecting the purified material with filtration, re-

dissolving it with a minimal amount of spectroscopic grade dichloromethane, and then 

adding the solution drop wise to an excess of ice-cold pentane.  A dark purple powder was 

recovered from the chilled pentane using a fine frit (0.101g - 92% yield). 1H NMR (CD2Cl2): 

δ 9.28 (d, 1H, J=6.1 Hz), 8.72 (d, 1H, J=8.3 Hz), 8.57 (dd, 1H, J=8.0, 2.9 Hz), 8.48 (d, 1H, 

J=7.8 Hz), 8.39 (d, 2H, J=8.1 Hz), 8.34 (d, 1H, J=8.3 Hz), 8.22 (s, 2H), 8.16 (D, 2H, J=2.07 

Hz), 7.85 (d, 1H, J=7.9), 7.75 (t, 1H, J=8 Hz), 7.64 (dd, 4H, J= 8.2, 3.7 Hz), 7.48 (dd, 1H, 

J=8.7, 2.2 Hz), 7.14 (d, 1H, J=2.3 Hz), 1.62 (s, 12H), 1.49 (s, 12H), 1.33 (s, 12H), 1.28 (s, 

12H). ATR-FTIR (cm-1): 2961, 2101, 1698, 1659, 1615, 1591, 1566, 1401, 1355, 1290, 

1248, 1176, 1125, 836, 810, 756, 734, 608, 557. ESI-LRMS Calcd [M-PF6]+: 1129.4777 

Found: 1127.4685. Anal. Calcd for C65H65F6N4O2PPt•2.5CH2Cl2: C, 54.54; H, 4.75; N, 3.77 

Found: C, 54.6; H, 4.38; N, 3.94. 

 

[Pt(tBu3tpy)CCPh]+.  To produce the model complex [Pt(3Bu3tpy)CCPh]+, 

[Pt(tBu3tpy)Cl]+[PF6]- (0.053 g, 6.8 x 10-5 mol) was added to an oven dried, round-bottom 

flask along with a catalytic amount of CuI and a stir bar, and placed under nitrogen flow.  

The flask was charged with 5 mL of dry dichloromethane and 10 mL of diisopropyl amine 

via syringe.  Next, 1.4 mL (1.3 g, 0.0127 mol) of phenylacetylene was immediately added, 

and the solution was bubble degassed for 15 minutes while stirring.  The solution was 

allowed to react for 24 hours under nitrogen. 
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The work-up consisted of evaporating the reaction solvent completely using the 

Schlenk line and re-dissolving the residue with dichloromethane. The dichloromethane was 

added drop wise into ice-cold pentane to rapidly recrystallize.  Usable material was collected 

using a fine frit, and a 1H NMR spectrum of the crude material was taken.  Due to the 

presence of residual diisopropyl amine in the proton resonance spectrum, the material was re-

dissolved in dichloromethane and washed several times with water.  After drying the 

dichloromethane layer over anhydrous sodium sulfate, the volume of dichloromethane was 

reduced by evaporation.  Dropping the concentrated dichloromethane solution into ice-cold 

pentane accomplished the final recrystallization.  Filtration recovered 30 mg (50% yield) of 

fine, dark orange crystals. Analytical data were consistent with those published previously.21  

 

2.3 Photophysical Techniques.  

 The ground state room-temperature absorbance was measured using an Agilent 8453 diode 

array spectrophotometer.  The molar absorptivity of [Pt(tBu3tpy)PMI]+ was determined using 

a Shimadzu UV-3600 UV-VIS-NIR double beam spectrophotometer.  Static 

photoluminescence spectra were recorded on an FS920 (Edinburgh Instruments) fluorimeter 

equipped with a 450 W Xe arc lamp as an excitation source and Peltier cooled red-sensitive 

photomultiplier tube (PMT - Hamamatsu R2658P).  Singlet oxygen (1O2) emission at 1275 

nm was monitored using a near infrared (NIR) PMT from Hamamatsu.  Samples were 

prepared in spectroscopic grade dichloromethane and had optical densities of 0.25-0.1.  To 

exclude dissolved oxygen, samples were bubble degassed for 15 minutes prior to 

measurement.  
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The emission lifetimes of PMI and [Pt(tBu3tpy)PMI]+ were acquired using a Mini-Tau time-

correlated single photon counting (TCSPC) system (Edinburgh Instruments) with a 

Hammamatsu photomultiplier (PMT) detector and a 405 nm picosecond pulsed laser diode 

excitation source.  The single wavelength kinetic emission of the LP920 (Edinburgh 

Instruments) system was used to determine the excited state lifetime for [Pt(tBu3tpy)CCPh]+. 

 

Nanosecond transient absorption measurements were accomplished using a LP920 laser flash 

photolysis system (Edinburgh Instruments) equipped with a Vibrant 355 LD-UVM 

Nd:YAG/optical parametric oscillator (OPO) laser system as the excitation source.  Rime 

resolved absorption difference and emission spectra was detected using an iStar intensified 

charge coupled device (ICCD) camera (Andor Technology). Single wavelength kinetic 

absorption traces were acquired using a Hamamatsu R928 PMT in the LP920 software.  All 

components were interfaced and controlled through the LP900 software (Edinburgh 

Instruments). Laser power was adjusted to 2-3 mJ/pulse at the excitation wavelength using 

neutral density filters. Samples were prepared in 1 cm2 cuvettes with spectroscopic grade 

dichloromethane. Measurements were conducted after bubble degassing for 15 minutes with 

nitrogen. Sample concentrations were increased to 0.3-0.45 at the excitation wavelength. 

Each transient absorption spectrum was produced from an average of 32 scans. Kinetic 

decays were produced from averaging 50 traces. Kinetic decays were fit to single 

exponentials using IGOR Pro 6.36. 
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2.4 Results and Discussion 

 

Ground State Absorption Spectra.  

Figure 5 presents the ground state absorption spectra of PMI, [Pt(tBu3tpy)CCPh]+, and 

[Pt(tBu3tpy)PMI]+ recorded in DCM at room temperature.  The [Pt(tBu3tpy)CCPh]+ model 

complex shows a broad MLCT band centered at 430 nm with an extinction coefficient of 

4750 M-1cm-1.  The breadth of this band is attributed to overlapping MLCT and LLCT 

transitions.21 Both the PMI and [Pt(tBu3tpy)PMI]+ absorptions have the same features 

consisting of two shoulders approximately 35 nm apart.  The broad PMI absorbance 

transition distributed around 490 nm has an extinction coefficient of 33,600 M-1cm-1 and is 

attributed to the π- π* transition of the extended perylene core.32 Within the 

[Pt(tBu3tpy)PMI]+ spectrum, the absorbance band is red-shifted to an εmax of 525 nm, 

indicating a decrease in the energy gap of the PMI-H HOMO and LUMO molecular orbitals 

upon donation to the metal center.19 This band has greatest intensity of the three complexes 

investigated, with an extinction coefficient determined to be 41,800 M-1cm-1 using the Beer’s 

Law method.   
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Figure 5: Electronic spectra taken in DCM of [Pt(tBu3tpy)PMI]+ (black line), and PMI (red 
line)in A.  [Pt(tBu3tpy)CCPh]+ (green line) in inset, B. 
 

 

Plots of the serial dilutions used to determine the molar absorptivity showed no change in 

features, and a linear decrease in absorbance demonstrated no evidence of ground state 

aggregation of the square planar platinum-PMI complex (See Appendices 1 and 2).   The 

band is insensitive to solvent polarity indicating that the ground state transition does not 

produce a strong dipole stabilized by solvent interaction (see Appendix 9) and is therefore of 

π- π* origin.33–35 There is no obvious MLCT absorption band within the spectrum, but 

integration from 350 to 700 nm shows a 1:1.48 ratio of PMI:[Pt(tBu3tpy)PMI]+ indicating 

that the MLCT band is underneath the broad absorption band.22 
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Room Temperature Photophysics. 

The 298 K air equilibrated and bubble degassed photoluminescent emissions of PMI, 

[Pt(tBu3tpy)CCPh]+, and [Pt(tBu3tpy)PMI]+ were recorded in DCM and are presented in 

Figure 6.  The samples’ optical densities were matched at their absorption maxima.  PMI and 

[Pt(tBu3tpy)PMI]+ were excited at 480 nm while [Pt(tBu3tpy)CCPh]+ was excited at 415 nm.  

Excitation source bandwidths and monochrometer slit widths were held constant during the 

luminescence acquisitions. 

 

Within Figure 2, PMI shows very little change in emission intensity between degassed and 

air-equilibrated samples, indicating singlet state emission.  The PMI spectrum shows a 

maximum wavelength emission at 541 nm with a shoulder around 580 nm.  The 

photoluminescent lifetime of PMI was determined to be 5.44 ns by fitting TCSPC data to a 

single exponential function.  The quantum yield for PMI has been determined as 0.98.36 

 

Upon bubble degassing [Pt(tBu3tpy)CCPh]+, the spectrum presented in Figure 6 shows a 

strong increase in intensity.  This indicates that the air-equilibrated complex is significantly  

quenched by molecular oxygen, and that the emitting state is likely triplet in nature. The 

large Stokes shift and long lifetime of 3.2 µs are congruent with Shikova’s assignment of a 

triplet excited state charge transfer emission.21 The spectrum shows a broad emission 

centered at a maximum of 588 nm, and a recorded quantum yield of 0.1.  
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Figure 6: Degassed and air-equilibrated emission for PMI (A), [Pt(tBu3tpy)CCPh]+ (B), and 
[Pt(tBu3tpy)PMI]+ (C) in dichloromethane at 298 K.  Black lines represent air-equilibrated 
emission, and colored lines indicate nitrogen bubble degased samples respectively. 
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The [Pt(tBu3tpy)PMI]+ photoluminescence emission possesses a maximum at 589 nm and a 

shoulder at 640 nm.  The air-equilibrated spectrum is not quenched by the presence of 

molecular oxygen, but both air-equilibrated and bubble degassed spectra are an order of 

magnitude less intense than their PMI counterpart.  

 

The lack of quenching by molecular oxygen suggests that the [Pt(tBu3tpy)PMI]+ is emitting 

from a singlet state.  As was seen for other [Pt(tBu3tpy)X]+ species and Pt(dbbpy)PDI 

complexes, scanning further into the near IR portion of the electromagnetic spectrum showed 

no further emission.22,24,25  After analyzing the TCSPC acquisition and fitting to a double 

exponential function, the emission was found to have two lifetime components: 1.17 ns and 

3.35 ns, even when the wavelength of interest was changed to the 640 nm shoulder during 

TCSPC.  Normalized amplitudes of the bi-exponential fit, revealed a fractional composition 

of 0.16 of the longer component, and 0.84 of the shorter component.  The calculated average 

lifetime obtained is 1.95 ns, consistent with a strongly quenched PMI singlet excited state.  

 

 Excitation scans traced the ground state absorption curve satisfactorily (Appendix 3).  The 

short lifetime components and excitation scan add to the evidence for π- π* singlet state 

ligand centered emission.32 The quantum yield was measured against rhodamine 101 in 

ethanol, and found to be 9%.   
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Figure 7: 1O2 emission produced in dichloromethane solutions of PMI (red), 
[Pt(tBu3tpy)CCPh]+ (green), and [Pt(tBu3tpy)PMI]+ (blue).  Sample optical densities were 
matched, and spectra were recorded in DCM at room temperature. 

 
 
 
In order to determine the existence of a triplet state for the [Pt(tBu3tpy)PMI]+ complex, 1O2 

emission at 1275 nm was monitored for the optically-matched, air-equilibrated complexes.  

The results are presented in Figure 7. After degassing, none of the complexes showed 

emission at 1275 nm, demonstrating complete displacement of molecular oxygen with 

nitrogen. Both [Pt(tBu3tpy)CCPh]+ and [Pt(tBu3tpy)PMI]+ were shown to sensitize molecular 

oxygen, demonstrating that while there is no visible phosphorescence in the latter, the lowest 

state does appear to be triplet in nature. 
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77 K Photoluminescence 

The 298 K and 77 K emissions of [Pt(tBu3tpy)PMI]+ were recorded using a 4:1 

ethanol:methanol glass and are presented in Figure 8.  At room temperature, the 

ethanol:methanol mixture shifts the emission maximum from 588 nm (DCM) to 615 nm 

while preserving the general features of the emission spectrum.  Upon cooling, the 77 K 

spectrum presents a low broad shoulder centered at 550 nm and prominent emission 

maximum, lowered in energy to 635 nm.  
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Figure 8: Normalized absorbance (black line), 298 K photoluminescence (red line), and 
77K photoluminescence (blue dots) of [Pt(tBu3tpy)PMI]+ in 4:1 ethanol/methanol.  
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Nano Second Transient Absorption. 

In order to observe the triplet state of the [Pt(tBu3tpy)PMI]+, a nanosecond transient 

absorption experiment was performed using the Edinburgh LP920 system. PMI showed no 

transient signal on the nanosecond time scale due to instrument response limitations.  The 

transient absorption signal of [Pt(tBu3tpy)CCPh]+ was also recorded in DCM and is presented 

in Figure 9 with selected delay times after the 410 nm laser pulse. The observed signal 

occurred promptly within the time resolution of the LP920 system.  The emission 

uncorrected transient signals were observed to have three positive absorption peaks: 375 nm, 

525 nm, and 750 nm. 

 
 

Figure 9: Nanosecond transient absorption plot of [Pt(tBu3tpy)CCPh]+ in DCM at selected 
delay times after laser pulse.  Residuals equally distributed about the x-axis show a good 
agreement between the fit function and data.  
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Defined isosbestic points at 410 nm and 478 nm accompany the negative portion of the 

spectrum at 440 nm, but there are no isosbestic points near the broad depression at 580 nm.  

The 580 nm negative portion corresponds to emission from the 3MLCT state.  Because the Δ 

O.D. is calculated by subtracting the ground state absorption from the excited state 

absorption, the depression surrounding 440 nm is identified as the ground state bleach as it 

coincides with the ground state absorption band maximum of 415 nm.   

 

 Single wavelength exponential decays were recorded for all positive and negative features of 

the spectrum, and after each was fitted to a single exponential function, the same lifetime 

value of 2.5 µs was obtained.  This result was also obtained by Shikhova.21 

 

Shikhova attributes this spectrum primarily to the 3MLCT state augmented by the delocalized 

“hole” of the phenyl acetylide ligand generated upon re-distribution of electron density after 

excitation.  They showed that the tert-butyl terpy radical anion was not dominant in the nano-

second transient signal.  It was readily observed in ultrafast transient absorption signals and 

was identified by matching ground state absorbance spectrum of the electro-chemically 

reduced ligand to the ultrafast spectrum.  

 

The transient signals in Figure 10 shown for [Pt(tBu3tpy)PMI]+ after a 480 nm laser pulse 

also do not show any features reminiscent of the tert-butyl terpy anion or the structurally 

related charge transfer characteristics.21 The difference spectrum revealed a broad positive 

signal at 404 nm with a shoulder near 455 nm as well as another positive feature at 617 nm.  
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At 555 nm the signal is negative, corresponding to the ground state bleach of the ligand 

centered transition.  On either side of the ground state bleach, there are distinct isosbestic 

points at 496 nm and 581 nm.  The single wavelength decays were acquired for all major 

absorbances and bleaches, and after being fit to a single exponential function, found to have 

the consistent lifetime of 5.2 µs at all wavelengths.   

 

 

 

 

Figure 10: Nanosecond transient absorption of [Pt(tBu3tpy)PMI]+ in DCM at selected delays 
after 480 nm laser pulse. 
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Unlike the transient signals observed for Pt-diimine and Pt-terpyridyl complexes the larger 

absorbance is located to the lower energy side of the ground state bleach.  Previously studied 

PDI complexes show strong absorbances to the high energy of the ground state bleach and 

lower absorbance features continuing far into the NIR region.22,23,25 However, the 

[Pt(tBu3tpy)PMI]+ signals are very similar to those of a [Pt(tBu3tpy)perylene]+ complex as 

showns by Rachford and coworkers in 2008.23 The Wasielewski group’s ZnP-PMI array uses 

a zinc porphyrin to accomplish triplet energy transfer to the PMI and directly produce a 

3PMI, producing similar features to that of the [Pt(tBu3tpy)PMI]+ of a ground state bleach 

corresponding to the PMI ground state absorption, followed by a strong absorption at 575 nm 

within 5 ns of excitation .37  

 

Rachford’s complex displays a similar moderate absorbance at 430 nm, ground state bleach 

centered at 470 nm, and strong absorbance at 545 nm.  The lifetime of the 

[Pt(tBu3tpy)perylene]+ complex 3IL state was determined to be 3.0 µs.  This similarity 

suggests the [Pt(tBu3tpy)PMI]+ state is PMI in nature, and that there is a larger contribution 

from the perylene core to the 3IL excited state of [Pt(tBu3tpy)PMI]+ than for what is observed 

in the Pt-diimine PDI’s.  
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Ultrafast experiments of these complexes have shown that these molecules initially develop a 

1PDI state, decaying through intersystem crossing to a vibrationally-hot 3PDI state that 

readily cools into the 3PDI state observable in the initial delays of the nanosecond transient 

absorption experiment.25 This was also shown for another Pt-diimine complex adorned with 

pyrenyl-acetylide choromophores.27 

 

In order to characterize the transient absorption signal conclusively, the triplet state of the 

independent PMI needed to be produced.  This was accomplished by triplet state sensitization 

with 2-acetylnaphthone (2-AcN), where the 2-Acn acts as a donor, and the PMI participates 

as an acceptor.38 After excitation at 355 nm, the excited state triplet lifetime of 2-AcN in 

DMF was found to be 15.51 µs (Appendix 12) in the absence of the acceptor. This is 

sufficiently long enough to transfer energy to the PMI, which can be monitored through laser 

flash photolysis and growth in kinetic trace –Figure 12. The following scheme illustrates the 

mechanism. 

2-AcN + hν → 32-AcN* + PMI → 3PMI* 

 

Laser flash photolysis shows complete energy transfer within 10 µs from the 2-AcN to the 

PMI.  This is readily assessed by monitoring the decrease of the 430 maxima correlating to 

the 32-AcN* state, and the corresponding increase of the PMI triplet signal at 540 nm- Figure 

11.  In addition to the decay of the 32-AcN* at 430 nm, a persistent absorbance around 

400nm remains. A moderate depression centered at 480 nm with isosbestic points on either 

side at 450 nm and 520 nm can be readily identified as the ground state bleach of the PMI, as 
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the shape and wavelength are identical to the ground state absorption spectrum.  On the red 

side of the ground state bleach, a strong absorption grows in at 540 nm, coinciding with 

production of the 3PMI state.   
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After 15 µs, the features of the transient absorption spectrum are matched precisely to those 

measured by Wasielewski’s 3PMI* signal, and are similar to the [Pt(tBu3tpy)PMI]+, with the 

exception of being blue-shifted by 50 nm due to being in very different electronic 

environments.. The similarity between the 3PMI* spectrum identified by Wasielewski, the 2-

AcN sensitized 3PMI*, and that of the [Pt(tBu3tpy)PMI]+ allows us to conclude that the 

excited state displayed in the [Pt(tBu3tpy)PMI]+ is most likely PMI ligand localized, and may 

be labeled as the 3LC state of the PMI subunit. The prompt signal produced within 100 ns in 

the [Pt(tBu3tpy)PMI]+ transient absorption versus the triplet energy transfer spectrum 

generated after 15 µs, implies that the attachment of the platinum accelerates production of 

the 3PMI state through intersystem crossing. 
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Figure 11: Flash Photolysis of 2-AcN and PMI in DMF.  The decay of 2-AcN absorbance 
and growth of the 3PMI* are indicated on the spectrum.  
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Figure 11: Flash Photolysis of 2-AcN and PMI in DMF, λex= 355 nm.  The decay of 2-AcN 
and growth of 3PMI* are indicated on the spectrum.  



 

 33 

After 15 µs, the features of the transient absorption spectrum are matched precisely to those 

produced by Wasielewski’s 3PMI signal, and are similar to the [Pt(tBu3tpy)PMI]+, with the 

exception of being blue-shifted by 50 nm due to being in very different electronic 

environments. The similarity between the 3PMI spectrum identified by Wasielewski, the 2-

AcN sensitized 3PMI*, and that of the [Pt(tBu3tpy)PMI]+ allows us to conclude that the 

excited state displayed in the [Pt(tBu3tpy)PMI]+ is most likely PMI ligand localized, and may 

be labeled as the 3LC state of the PMI subunit. The prompt signal produced within 100 ns in 

the [Pt(tBu3tpy)PMI]+ transient absorption versus the triplet energy transfer spectrum 

generated after 15 µs, implies that the attachment of the platinum accelerates production of 

the 3PMI state through intersystem crossing. 

 

In addition to producing a 3PMI state, the use of 2-AcN enables calculation of the 3PMI* 

molar absorptivity.  This method can be used as all triplet states of the 2-AcN donor 

molecules formed after triplet-triplet energy transfer quenches exciting at 355 nm.   

The produced triplet state of 2-AcN has a quantum yield of 0.84, and an extinction 

coefficient of 10,500 M-1cm-1 at the 430 nm transient maxima.30 Using the following 

equation, where the triplet state molar absorptivity of the donor (2-AcN) is related to that of 

the acceptor (PMI) in proportion to their transient absorption maxima values, the extinction 

coefficient of the 3PMI state is estimated to be 34,000 M-1cm-1.  

!(!"#)
!(!!!"#)

=∆!(!!!"#)
∆!(!"#)
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Future Work. 

 

 

Future Work. 

The next necessary step for this project is to produce a molecular analog of the 

[Pt(tBu3tpy)PMI]+ complex which exhibits only LC transitions.  This can be accomplished by 

using a tri-dentate phosphine ligand coordinated to the platinum in place of the tBu3tpy 

moiety as displayed in Figure 13.  The phosphine-Pt portion of the complex will display no 

MLCT transition, and photophysical activity must emanate from the PMI-based LC states.  

This will enable us to conclusively identify the photophysics of [Pt(tBu3tpy)PMI]+ as 3LC in 

nature.   
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Figure 12: Kinetic growth at 540 nm associated with PMI triplet state resulting from 
bimolecular sensitization form 2-AcN in DMF (λex=355 nm).  
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Conclusions. 

The synthesis of a new [Pt(tBu3tpy)PMI]+ was described, and the complex’s photophysics 

were compared to the model PMI chromophore and [Pt(3Bu3tpy)CCPh]+.  The ground state 

absorption spectrum of [Pt(tBu3tpy)PMI]+ has no obvious charge transfer band and is 

dominated by a solvent insensitive, red-shifted, ligand based π-π* absorbance at 525 nm with 

a molar absorptivity of 41,800 M-1cm-1.  Photoluminescence from [Pt(tBu3tpy)PMI]+ was 

insensitive to molecular oxygen, and retained features of the PMI chromophores with a 

maximum at 589 nm and a shoulder at 650 nm.  The complex was found to have a quantum 

N OO

Pt P
P

P

C(CH3)3

(H3C)3C

BF4-

Pt(TRIPHOS)PMI
Figure 13: [Pt(TRIPHOS)PMI]+[BF4]- 
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yield of 0.09, and the luminescence intensity decay of [Pt(tBu3tpy)PMI]+  was fit to two 

lifetime components: 1.17 and 3.35 ns, with an average lifetime of 1.95 ns.  The shorter 

lifetime and quenched quantum yield of [Pt(tBu3tpy)PMI]+ with respect to PMI’s lifetime of 

5.44 ns and quantum yield of 0.95, indicate that ISC is readily occurring and facilitated by 

the internal Pt heavy atom, even though phosphorescence between room temperature and 

77K is not observed.  1O2 emission at 1275 nm provides evidence for a triplet state as the 

lowest state for [Pt(tBu3tpy)PMI]+ and [Pt(tBu3tpy)CCPh]+.  The nanosecond transient 

absorption spectrum of [Pt(tBu3tpy)PMI]+ produced strong features incongruent with those of 

the model charge transfer complex, but analogous to those of [Pt(tBu3tpy)perylene]+ and 

found to have a single exponential excited state lifetime of 5.2 µs.  The spectrum was 

verified to be 3LC by producing a blue shifted triplet sensitized flash photolysis spectrum of 

the PMI model chromophore.  The shortened lifetime, quenched photoluminescence, 

preservation of PMI-type features in the absorbance and emission spectra, 1O2 emission, and 

nanosecond transient absorption features, allow for us to conclude that the heavy atom within 

[Pt(tBu3tpy)PMI]+ has induced the formation of a PMI –based 3LC state observable by 

nanosecond transient absorption spectroscopy.  
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Appendix 1: 400 MHz  1H NMR of PMI in CD2Cl2 
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Appendix 2: 400 MHz 1H NMR of PMI-Br in CD2Cl2 



 

 43 

 

  

Appendix 3: 400 MHz 1H NMR of PMI-TMS in CD2Cl2 
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Appendix 4: 400 MHz 1H NMR of PMI-H in CD2Cl2 
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Appendix 5: 400 MHz 1H NMR of [Pt(tBu3tpy)PMI]+ in CD2Cl2 
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Appendix 6: ATR-FTIR of [Pt(tBu3tpy)PMI]+ 
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Wright/Castellano  C65H67F6N4O2PPt  (14433) 02-Jun-2015

m/z
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 XT_060215_004 12 (0.274) Is (1.00,1.00) C65H64N4O2Pt  1: TOF MS ES+ 
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Appendix 7: Mass Spectrum of [Pt(tBu3tpy)PMI]+ 
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Appendix 8: Ground state absorption curves of [Pt(tBu3tpy)PMI]+ at selected concentration in DCM. 
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Appendix 9: [Pt(tBu3tpy)PMI]+ plotted 525 nm absorption values taken from curves in Appendix 8.  The slope value of 0.042 
corresponds to a molar absorptivity of 41,800 M-1cm-1.  

2.5

2.0

1.5

1.0

0.5

A
bs

or
ba

nc
e 

Un
its

605040302010
Concentration (µM)

Coefficient values ± one standard deviation
a  =0.05925 ± 0.0029
b  =0.041876 ± 0.000106
R2=0.999924



 

 50 

 
Appendix 10: Normalized ground state absorbance of [Pt(tBu3tpy)PMI]+ in various solvents. 
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Appendix 11: Excitation scans for PMI in DCM (A in red), [Pt(tBu3tpy)CCPh]+ in DCM (B in green), and [Pt(tBu3tpy)PMI]+ 
in 4:1 ethanol:methanol (C in blue) against normalized ground state absorption spectra (black). 
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