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In this dissertation, photophysics of a series of platinum acetylides with strong 

electron acceptor units were studied. We found that all the oligomers showed strong 

absorption in the visible region and emission from visible to NIR region of the spectrum. 

In order to determine the energy of charge transfer (CT) state, electrochemical 

experiments were conducted and we found out that CT state is below the first triplet 

excited state. 

Second, a series of platinum complexes in which the platinum is directly attached 

to various oligothiophene and charge-transfer chronophers, were synthesized and 

characterized. Photophysical and electrochemical properties was investigated and 

compared to those in which metal is attached to the ring system via acetylene linker. 

Complexes with oligothiophenes showed strong triplet-triplet absorption, and relatively 

good singlet oxygen quantum yields suggesting that complexes promotes triplet state 

formation upon excitation, on the other hand, relative intensity of triplet-triplet absorption 

and singlet oxygen quantum yield was lower than those complexes with acetylene 

linkage. One of the important properties of synthesized complexes is that they all 
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showed very low oxidation potentials, less than 0.1V. These observations lead us to 

study electron transfer study with methyl violegen which is a known electron acceptor in 

the literature.  

Third, a new method to form platinum-carbon bond was discovered and 

developed. Mimicking Stille coupling reaction, it was shown that aryl group can indeed 

be transferred into platinum metal having strong phosphine ligand provided that Cu(I) 

salts used as catalyst. Different ligands were tested to investigate the scope of the 

reaction, a library of monosubstituted, symmetrically disubstituted and asymmetrically 

disubstituted platinum complexes were prepared. Basic photophysical properties i.e. 

ground-state absorption, steady-state emission in both air-saturated and argon purged 

solutions were studied. 

Finally, the novel carbon-platinum bond formation reaction was used to 

synthesize a series of platinum complexes in which 2,1,3-benzothiadiazole was ligated 

with various electron-rich systems was connected via platinum metal. Extensive 

photophysical and electrochemical investigation was conducted on these novel platinum 

complexes.  
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CHAPTER 1 
INTRODUCTION 

In this chapter, a short overview of two topics is provided; the first part of the 

introduction will focus on the fundamental photophysical processes that occur when a 

molecules absorbs a photon of light. The second part will mainly outline up-to-date 

research overview of synthesis and photophysical properties of platinum acetylides and 

platinum ů-aryl complexes. 

Introduction to Photophysics 

Absorption of a photon by a molecule transforms light energy into electronic 

excitation energy. The energy of the absorbed photon is used to energize an electron and 

cause it to ñjumpò to a higher energy orbital. Two excited electronic states derive from the 

electronic orbital configuration produced by light absorption. In one state, the electron 

spins are paired (antiparallel) and in the other state the electron spins are unpaired 

(parallel). The state with paired spins has no resultant spin magnetic moment, but the 

state with unpaired spins possesses a net spin magnetic moment. A state with paired 

spins remains a singlet state in the presence of a magnetic field and is termed singlet 

state. A state with unpaired spins interacts with magnetic fields and splits into three 

quantized states, and is termed as a triplet state.  

The energy required to produce an excited state is obtained by inspection of the 

absorption or emission spectrum of the molecules in question, together with the 

application of Equation (1-1). 

ȹE = E2- E1 = hɜ  (1-1) 

Where h is Planckôs constant, v is the frequency (sec-1) at which absorption occurs and E2 

and E1 are the energies of single molecule in the final and initial state. The position of an 
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absorption band is often expressed by its wavelength (ɚ) in nanometers or its 

wavenumber.  

An energy diagram is a display of the relative energies of the ground state, the 

excited singlet states, and triplet states of a molecule for a given, fixed nuclear geometry. 

It is generally assumed that the nuclear geometries of all states displayed in a single state 

diagram are not very different from the equilibrium nuclear geometry of the ground state. 

Each excited state is different from the ground state even though their molecular 

constitutions are identical. Photophysical processes can be defined as transitions which 

cause excited states to be converted with each other or with the ground state. The 

important photophysical processes, in turn, are designated as radiative and nonradiative 

processes. 

The commonly encountered photophysical radiative and nonradiative processes as 

shown in Figure 1-1. 

1. ñAllowedò or singlet-singlet absorption (So+ hv        S1), characterized 
experimentally by an extinction coefficient Ů (So+hv        S1); 

2. ñForbiddenò or singlet-triplet absorption (So+ hv       T1), characterized 
experimentally by an extinction coefficient Ů (So+hv        S1); 

3. ñAllowedò singlet-singlet emission, called fluorescence (S1        So + hv), 
characterized by radiative rate constant kF;  

4. Forbiddenò or triplet-singlet emission called phosphorescence (T1       So + hv), 
characterized by radiative rate constant kP 

5. Transitions between states of the same spin called internal conversion (e.g., S1       
So + heat), characterized by a rate constant kIC; 

6. Transitions between excited states of different spin, called intersystem crossing 
(e.g., S1       T1 + heat), characterized by a rate constant kST; 



 
 
 

20 
 
 

7. ñForbiddenò transition between triplet state and ground state- also called 
intersystem crossing (e.g., S1       T1 + heat) and characterized by a rate constant, 
kTS 

 

Figure 1-1.  State Energy Diagram (Figure was adapted from Reference 3) 

The transition from S0 to S1 is basically very rapid; it occurs over 10-16-10-15 s. No 

chemical-scale reaction or process can compete with the time scale of absorption. 

Absorption happens so rapidly because the electron motion is involved. Because of the 

substantially greater mass of nuclei vs electrons, nuclear motions are considerably 

slower. They occur on a time scale of 10-13-10-12 s. This fact leads  to an important 

concept in photophysics, the Frank-Condon principle, which states that because the 

electronic transitions occur faster than nuclear motion, absorption is vertical on an x-axis 

that represents the nuclear position. This means that electronic transitions are most 

favorable when the geometries of the initial and final states are the same.1-3 

Experimentally, efficiency of absorption is defined by the molar extinction 

coefficients, Ů, in Beerôs Law. (Equation 1-2.) The quantity log[Io/I] or, A is termed the 

optical density (OD) or absorbance of the sample.  

log[Io/I] = A = Ůbc (1-2) 
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In equation 1-2, Io is the intensity of incident light, I = intensity of transmitted light, b 

is the path length (cm), c is the concentration of the absorbing molecule, Ů is the molar 

absorptivity of the solution.  

It is possible that an excited molecule may encounter another molecule during its 

excited state lifetime. There are several processes that can occur including the 

enhancement of intersystem crossing, electronic energy transfer, and complex formation. 

A significant property of bimolecular excited state dynamics is that these processes are 

dependent on the concentration of the excited molecules and quenchers and is also a 

diffusion-controlled process.4  

Fluorescence resonance energy transfer (FRET) is one of the mechanisms of 

bimolecular excited state dynamics which describe energy transfer between two 

chromophores. A donor chromophore initially in its electronic excited state may transfer 

energy to an acceptor chromophore through nonradiative dipole-dipole coupling. The 

efficiency of this energy transfer is inversely proportional to the sixth power of the 

distance between donor and acceptor, making FRET extremely sensitive to small 

changes in distance. The FRET efficiency depends on many physical parameters such as 

the distance between the donor and acceptor, the spectral overlap of donor emission 

spectrum and the acceptor absorption spectrum and the relative orientation of the donor 

emission dipole moment and the acceptor absorption dipole moment.(Figure 1-2) 
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Figure 1-2.  Fluorescence Resonance Energy Transfer.5  

Dexter interaction is another deactivation pathway for an excited state and it 

occurs through electron exchange energy transfer This interaction occurs between donors 

DE and AE, where E indicates electron exchange. Dexter transfer may occur at short 

donor-acceptor distances, but the donor will be completely quenched by FRET or Dexter 

transfer, and thus non-observable. Dexter transfer can be observed if the spectral overlap 

is small, so that large rates of exchange become significant. Additionally, high 

concentrations are needed for significant Dexter transfer, whereas FRET occurs at much 

lower concentrations. For an unlinked donor and acceptor, the bulk concentration of the 

acceptor needs to be about 10-2 M to have an average distance of 30 Å. 

 

Figure 1-3.  Dexter Interaction.6 
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Photoinduced electron transfer (PET) has been extensively studied to understand 

quenching and to develop photovoltaic devices. Most descriptions of PET derive the 

energy change due to electron transfer starting with the basic principles of 

electrochemistry. The following figure (Figure 1-4) shows an energy diagram for PET with 

an excited molecule being the electron donor. Upon excitation the electron donor 

transfers an electron to the acceptor with a rate kp, forming the charge-transfer complex 

[Dp Ap
-]*. This complex may emit as an exciplex or be quenched and return to the ground 

state.  

 

Figure 1-4.  Energy diagram for photoinduced electron transfer. The excited molecules 
are assumed to be the electron donor, vF and vE are the emission from the 
fluorophore and exciplex, respectively.  

The important part of this process on the decrease in total energy of the charge 

transfer complex. Because the ability to donate or accept electrons changes when a 

molecule is in the excited state, total energy decreases. Excitation provides the energy to 

drive charge separation. D and A do not form a complex when both are in the ground 

state because this is energetically unfavorable. The energy released by electron transfer 
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can also change if the ions become solvated or separated in a solvent with a high 

dielectric constant.7 

The energy change for PET is given by the Rehm-Weller equation:  

ȹG = E(D+/D) ï E(A/A-) ï ȹG00 ï e
2/Ůd (1-3) 

In this equation the potential E(D+/D) describes the process 

D+ + e-        D (1-4) 

and the reduction potential E(A/A-) describes the process  

A + e-        A- (1-5) 

ȹG00  is the energy of the So ï S1 transition of the fluorophore, which can either D or A. 

The last term on the right is the columbic attraction energy experienced by the ion pair 

following the electron transfer reaction where Ů is the dielectric constant of the solvent and 

d is the distance between the charges.  

Studies of PET are usually performed on polar solvents, frequently acetonitrile, 

which is a common solvent used when determining the redox potentials. For complete 

separation of one electron charge in acetonitrile e2/Ůd is equal to 1.3 kcal/mol = 0.06 eV 

The contribution of this term to the overall energy change for PET is usually small.  

The reason why the energy of the charge-transfer state is lower than the energy before 

electron transfer can be understood by considering the energy required removing an 

electron completely from the electron donor which is the energy needed to ionize a donor 

fluorophore. When the fluorophore is in the excited state, the electron is at a higher 

energy level than ground state electron. Hence it will require less energy to remove an 

electron from S1 state from the So state. This means the donor fluorophore in the S1 state 

has a higher propensity to donate an electron. Considering a quencher that is an electron 
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acceptor, the energy released on binding the electron is larger of the electron returns to 

the So state than the S1 state. The electron can returns to the lowest orbital of the 

quencher because the donor-acceptor complex is momentarily and excited-state 

complex. When the electron acceptor is in the excited state there is a place for the 

electron to bind to the lowest orbital. (Figure 1-5.) 

 

Figure 1-5.  Changes in electron affinity between the S0 and S1 states. 

Photophysical Characterization Methods 

Absorption and Emission  

Absorption spectrum is collected using spectrophotometer which can be either single-

beam or double beam. A single-beam instrument is relies on the measurement of sample 

before and after sample is inserted, on the other hand, double beam instrument relies on 

comparison of the light intensity between two light paths: one which passes through the 

sample in the related solvent and one that contains only solvent. The modern 

spectrophotometer generally consists of a white light source, a monochromator which 

makes discrete wavelengths of the light to pass through the sample, and a detector such 

as photomultiplier tube.  
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Emission spectra can be measured with a spectrofluorometer which consists of an 

excitation light source, a grating monochromator, and a detector. The excitation light 

source is typically a white light source such as a xenon arc lamp which passes through a 

monochromator to single out the excitation wavelengths of interest before hitting the 

sample. The luminescence from the sample is collected at 90° to the excitation beam with 

condensing optics and passed through a second monochromator with a grating which can 

be scanned stepwise through the detection region of interest. Detection is usually with a 

photomultiplier tube which produces an amplified signal upon detection of photons. 

Spectrofluorometers can also be double beam to correct for fluctuations in lamp intensity 

during the experiment. 

Transient Absorption  

Transient absorption (TA) spectroscopy, also known as ñpump-probeò  

spectroscopy or flash photolysis is a powerful technique which allows the study of short-

lived transient species. These transient species can involve photoreaction intermediates 

as well as higher excited states of a molecule accessed by the absorption of photons. 

Spectral information are acquired which provide information about the evolution of excited 

states that are populated upon excitation with light. The absorption spectra acquired by 

TA depend on the energy gap of the excited state involved in the transition. Using TA 

spectroscopy alongside the other spectroscopic techniques described above, it is 

possible to complete a photophysical profile of the most important electronic transitions of 

a molecule. 



 
 
 

27 
 
 

 

Figure 1-6.  Simple representation of nanosecond transient absorption system.4 

Platinum Acetylides 

Platinum acetylides are a broad class of air stable organometallic compounds with 

potential applications in the area of non-linear absorption, electroluminescent devices and 

solar cells. Although a large number of platinum acetylides with several different ligands 

are reported in the literature, some of the important class of these materials (A,B,C) are 

shown in the following figure, Figure 1-7, and however, only those with trans-positioned 

monodentate phosphine ligands (C) will be discussed in the subject of the following 

overview.  

 

Figure 1-7.  Structure of platinum(II) acetylides with various ligands. 
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Synthesis  

Interest with Pt(II) acetylides containing phosphine ligands originally began in the 

1970s from work on polymeric materials. In 1977, Sonogashira and Hagihara first 

demonstrated the facile synthesis of Pt-acetylides by the direct reaction of a metal halide 

with acetylenes in the presence of a secondary amine and catalytic amount of CuI.  

Monoalkynyl platinum(II) complexes can be synthesized by the reaction of cis-

Pt(PBu3)2Cl2 and acetylene without cuprous halide, route b, Figure 1-8.8, 9  

 

 

Figure 1-8.  Synthetic scheme for the generation of platinum acetylides, where route a is 
reacted in diethylamide in the presence of CuI,10 and where route b is reacted 
in refluxing diethylamine.  

The geometry of the starting material is of little importance as an isomerization to 

the trans form will occur from either the cis or trans geometry in the presence of tertiary 

amine. The two isomers can be distinguished by observing the coupling between the 

phosphorus and an NMR active Pt isotope; the magnitude of which is dependent on the 

ligands presents on the platinum center. Upon establishing these mild synthetic reaction 

conditions, they went on to develop poly-yne monomers, oligomers and polymers 

containing Pt (II) and trialkylphosphine either in the cis- or trans- geometry with the latter 

being more prevalent.12-15 Since the middle of the 1990s, Pt-acetylides containing 

phosphine ligands have seen a dramatic increase in interest due to the versatility 
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provided by the phosphine ligands and dramatic triplet state photophysics that have been 

demonstrated in a variety conjugated structure. 

Photophysics 

The d8 electronic configuration of Pt(II) within the square planar geometry leads to 

the dxy orbital acting as the highest occupied molecular orbital (HOMO), while the lowest 

unoccupied molecular orbital (LUMO) originates from dx2-y2 orbital which is strongly 

antibonding; population of this orbital via absorption of light results in significant distortion 

upon formation of the excited state, and visualized the d-d excited state potential surface 

where energy minimum is largely displaced from the ground state, (Figure 1-9.)11  

 

Figure 1-9.  Potential energy surface for the d-d excited state in square planar d8 complex, 
formed by population of the dx2-y2 orbital. 

The thermally accessible isoenergetic crossing point leads to deactivation of the 

excited state via nonreactive internal conversion to the ground state rather than 

luminescent pathway. For that reason, platinum acetylides with simple inorganic ligand 

are no luminescent or, at best, slightly luminescent. Nevertheless, the excited state 

properties of Pt complexes can be altered by the attachment of conjugated organic 
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ligands, resulting in mixing of the d orbitals with the ligand ˊ-system via metal-to-ligand 

charge transfer (MLCT, d-ˊ*) or ligand-centered (ˊ-ˊ* or n-ˊ*) transitions. The fact that 

MLCT or LC states are located at lower energies than d-d states as illustrated in Figure1-

9 makes the HOMO orbital in such complexes originating from dxy orbital, but LUMO 

could originate from the ˊ* orbital of the ligand. 

 

Figure 1-10.  Potential energy surface of square planar Pt(II) complexes with ligand 
excited states and metal d8 orbitals. 

Understanding the effect of metal on the photophysical properties of ˊ-conjugated 

materials dates back 1990s. when abovementioned hybridization is shown to occur 

between the metal d orbitals and pz orbital of the ligand, which strongly modifies the 

optical response of the conjugated chain.12 Phosphorescence can be measured in these 

system when the T1 emission becomes partially allowed by spin-orbit coupling, which 

readily give access to the energy, vibrational structure and lifetime of triplet state.13 

Even though early work that has been done on platinum acetylides showed d/d 

emission states, time-resolved infrared spectroscopy indicates that fundamental optical 
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transitions in these materials originates from mainly ˊ to ˊ* transitions in ligands with 

some contributions from Pt(II) d-orbitals.14 

 Initial photochemical characterization of platinum acetylides was conducted by 

Kohler, Friend and coworkers.8, 13, 15-26 Wilson and coworkers studied the effect of 

aromatic spacer on the singlet and triplet energies of various platinum acetylide polymers. 

(Figure1-10) Photophysical results showed that energy of the triplet state decreased as 

the lifetime and intensity of the triplet state decreased.19. The results of this series also 

revealed a constant singlet-triplet splitting (~0.7eV) regardless of the spacer used.  

 

Figure 1-11.  Platinum acetylide polymers series studied by Wilson and coworkers.19 

In another study, Roger and coworkers studied various phenylacetylene oligomers 

to understand the sensitivity of state energies to molecular size. They found that So and 

T1 states were more localized than S1 and Tn states suggesting that So to S1 and T1 to Tn 

transitions have charge transfer character, while T1 to So was found to be from a confined 

state to another confined state.15  
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Figure 1-12.  Platinum acetylide oligomers studied by Rogers et al. 

Past 15 years witnessed rapid development of the area of platinum acetylides 

containing phosphine ligands not only for understanding the fundamental photophysical 

properties of those systems but also for applications to many different areas. One 

research in early years from our group showed the synthesis of monodisperse platinum 

acetylide oligomers (PAOs) up to seven repeat unit and demonstrated that singlet excited 

state is delocalized over nearly six repeat unit whereas triplet state was delocalized over 

one or at most two repeat units.8 

 

Figure 1-13.  UV-Vis absorption and photoluminescence spectra of PAOs series of 
compounds in THF. (adapted with permission from ACS) 
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Marder and coworkers demonstrated electronic coupling facilitated by the PtII center was 

only slightly less than observed in the all-organic benzene bridged analogue by designing 

mixed valence compound and investigate the intervalence charge transfer.27 

Fundamental investigations continued with the investigation of the structural changes that 

occurs upon intersystem crossing to the triplet state with the time-resolved infrared 

spectroscopy.14 Additional work from our group explored the aggregation effect on the 

triplet state and interchange triplet energy transfer.  

As mentioned earlier, platinum acetylides not only plays important role in 

understanding the fundamental photophysical properties of conjugated systems but also 

constitute a part of materials that can be used in useful applications. One such work was 

done to use the platinum acetylide in bulk heterojuction solar cells.28 Transient absorption 

studies displayed evidence for photoinduced electron transfer from Pt-acetylide to PCBM 

by the temporal evolution of the TA spectrum, observing the formation of PCBM radical 

anion at 1050nm. For similar purposes, fulleropyrrolidine end-capped platinum acetylide 

donor-acceptor triad was synthesized, photoinduced intramolecular charge transfer was 

shown to occur rapidly and electron transfer was believed to occur predominately through 

the triplet state as ISC crossing was efficient.29 

 

 
 
Figure 1-14.  Fulleropyrrolidine end-capped platinum acetylide donor-acceptor triad. 
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Platinum ů-aryl complexes 

Synthesis  

Using organometallic reagents such as organolithium or organomagnesium is 

probably the earliest technique to generate a bond between sp2-hybridized aryl carbon 

and  group 10 transition metals.(Pt, Pd, Ni).The following figure illustrated the synthesis of 

platinum complexes using those reagents.  

 

 

Figure 1-15.  Synthesis of platinum aryl complexes using organolithium reagents.30 

One of the drawbacks regarding to this technique is that ligands that contain 

sensitive groups to those highly basic organometallic reagents cannot be employed, plus 

monosubstituted products are achieved via cleavage of one of the ligands of isolated 

disubstituted product (Figure 1-15). 

The reaction between aryl tin compounds and Pt(COD)Cl2 is another technique to 

build a bond between platinum and arenes.31 The room temperature reaction between 

Pt(COD)Cl2 and corresponding aryl trimethyl or tributyltin compounds yields 1,5-

cyclooctadiene platinum complexes in cis configuration in the first step.  
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Figure 1-16.  Synthesis of Pt ů-aryl complexes using Pt(COD)Cl2. 

The cyclooctadiene complex is generally insoluble in common organic solvents 

and is washed with the reaction solvent to remove tributyltinchloride eliminated in the 

reactions. This complex is resuspended in appropriate solvent and subjected to a reaction 

with desired phosphine ligand. While reaction with one equivalent of aryl tin compounds 

yields monosubstituted product with phosphine ligands in trans form (Figure1-16a), the 

use of two equivalents of tin compound results in the formation of disubstituted product in 

cis configuration, isomerization of which is necessary if the desired configuration is 

trans.32-35 

One of the well-known synthetic pathways to create bond between arylenes and 

abovementioned transition metals is oxidative addition.36-43 Oxidative addition takes place 

between the aryl halides (chlorides, bromides or iodides) and corresponding zero-valent 

metal complexes. The reaction condition (temperature, reaction time etc.) varies 

depending on the metal or aryl halides employed. Oxidative addition indeed constitutes 
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the first step of many of the metal-catalyzed reactions such as Suzuki cross-coupling, 

Stille cross-coupling reactions.  

 

Figure 1-17.  Examples of platinum-carbon bond formation via oxidation addition known in 
the literature.38, 41 

The major disadvantage associated with this technique is that zerovalent metal 

complexes used as starting material are generally air and moisture sensitive which make 

the reaction to be run under inert atmosphere. Second, it generates cis- and trans-

isomeric mixture when platinum is considered as a metal to bind to aromatic system.44 

Photophysics of platinum ů-aryl complexes.  

Platinum (II) complexes in which platinum is attached to aromatic ring system are 

not as common as platinum acetylides. The part of the reason is the difficulties associated 

with their synthesis. Oxidation addition, which has been mentioned previously, is typically 

preferred route for achieving their synthesis. Some of the complexes whose 

photophysical properties have been studied are shown in Figure 1-18. 
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Figure 1-18. Examples of direct metallated complexes from literature.  

Even though these type molecules were synthesized, they are generally tested as 

catalyst in cross coupling reactions. The photophysical investigation and consequences of 

attaching the platinum metal directly to organic chromophores is rare.45-47 The main 

purpose of these studies is to address the fundamental questions such as effects of 

heavy atom on the absorption and emission properties of the organic chromophores when 

it is attached to the ring via ů-bond. For example, such effects have been studied on 

pyrene whose photophysical properties are well-studied (Figure 1-18a). This report 

indicated that the metal ion strongly perturbs the electronic structure and causes a red-

shift of ˊ-ˊ* absorptions and intensify the otherwise forbidden 1So to 1Lb transition. 

Another important observation was the presence of intramolecular heavy atom effect and 

enhanced intersystem crossing suggested by an increase in ūP value accompanied by a 

decrease in the ūF. 

Cyclometallated complexes involving a covalent metal-carbon bond can also be 

given as an example in this class of materials. Synthesis and photophysical investigation 

of metal complexes where metal is connected to sp2-hybridized aromatic carbon dates 

back to 1990s. The first such complex was reported in 1992, where biphenyl was used as 

ligand as shown in Figure 1.19a.48 
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Figure 1-19.  Examples of cyclometallated complexes with ů-bonded to metal. 

 Since the processes involve a net deprotonation of aromatic C-H, ligands, like 2-

phenylpyridine is anionic, rather than neutral like dpy. The C- ligating atom is a very strong 

ů-donor, so that these ligands offer the metal ion a very strong ligand-field. The most 

important consequence for the photophysics and excited state properties is that energy of 

d-d states is raised dative to analogous N᾿N complexes. These types of platinum (II) 

complexes have generally 3MLCT as lowest emitting excited state with the microsecond 

lifetimes. Switching the ligand from bisdentate (N᾿C) to terdentate (N᾿N᾿C) increases the 

emission of luminescence due to diminishing of the D2d distortion that bisdendate 

complex can undergo. Most of the work on this type of complexes has been done by Che 

and co-workers where lowest excited state is assigned as MLCT or MMLCT depending 

on the concentration of the complexes that is being studied. 

Photophysics of Donor-Acceptor Systems 

Donor-acceptor structures have significance in understanding various numerous 

processes in chemical and biological systems such as charge and electron transfer.49-51 

They are also ideal systems for studying nonlinear absorption and solvation dynamics.52 

Several donor-acceptor systems find use in laser application and as fluorescent probes. 

Excited state dipole moment of donor-acceptor molecules is an important parameter that 

suggests the nature of fluorescent state. It is important property of molecules that not only 
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provides information on electronic and geometrical structure of the molecule in the short-

lived excited state but also designing nonlinear optical materials and determination of a 

course of photochemical transformation. Among the methods to determine the dipole 

moment of excited state of molecule, the most commonly used one is based on the linear 

correlation between the difference in the wavenumber of the absorption and fluorescence 

maxima and a solvent polarity function, which usually involves both the dielectric constant 

(Ů) and the refractive index (n) of the medium. While a number of formulations of this 

linear correlation are known, the most commonly used expression is the one developed 

by Lippert and Mataga.53 
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The donor-acceptor (D-A) complex possesses no stabilization energy except the 

very small resonance energy due to the ionic structure D+A-  when both the electron donor 

(D) and the acceptor (A) are in the ground state Figure 1-20a shows the potential energy 

(PE) curve for the D-A pair in the ground state as a function of donor-acceptor distance 

(R). Stability of the complex in the ground state, as indicated by the little depth minimum, 

is often too small to be detected in solution. Figure 1-20b corresponds to zero-order 

neutral, locally excited (LE) state of the exciplex, D, A*, where A* represents the lowest 

singlet excited state of A., The curve is similar to (a) except that it is shifted from the 

ground-state curve by the energy of the photon absorbed in this case of a large 
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intermolecular distance. The minimum in the curve b, however, is much deeper due to 

considerable binding energy between the donor and the acceptor in the excited state, and 

charge transfer resonances due to closeness of the charge transfer (CT) and locally 

excited (LE) states. The PE curve corresponding to the zero-order CT state (D+A-) is 

designated by curve c. When the separation is large, the energy difference between the 

ground and the CT state is IP-EA, where IP is the ionization potential of the donor and EA 

the electron affinity of the acceptor. Typically, IP of the aromatic compounds are of the 

order of 7-10 eV, and EA's are of the order of 0-1 eV. Thus at infinite separation the CT 

state is at least 6 eV above the ground state, and the CT state is above the LE state in 

order of energy. This causes generation of the free-radical ions D+ and A- from D,A* 

almost impossible in the vapor phase for normal UV excitation. However, at smaller 

intermolecular separation, the zero-order state (D+A-) gains stability partly due to covalent 

interaction between the radical pairs and partly due to the attractive electrostatic potential 

between oppositely charged ions. 

For a typical distance of about 3Å, the gain in energy due to the latter cause alone 

will be about 4.8eV if one neglects mutual polarization of the two charged ions. Thus, at 

smaller intermolecular separation, the energy of the CT state may be greater, nearly 

equal to, or less than that of the neutral LE state. In the first case, only luminescence from 

the neutral LE state is possible and the luminescence is almost like the donor 

luminescence. In the second case, strong resonance is expected, leading to a change in 

the character of luminescence. In the last case, the luminescence emerges from CT state. 
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Figure 1-20. Schematic diagram for the potential energy of charge-transfer complexes, as 
a function of intermolecular separation. Curve a-c, in the vapor phase or 
nonpolar solvent (d) in polar solvent. (adapted with permission from ACS) 

The solvation energy due to solute-solvent interaction needs to be added to the 

curves 1a-c in solution. The differential solvation of the LE and the CT states due to the 

difference in their dipole moments brings about large change in energy ordering of the 

states and curve crossing. The energy of the LE and the CT states in a solution can be 

obtained from the experimentally determined electrode potential as explained by Rehm 

and Weller54 or using the different theoretical models of the dielectric properties of the 

media In the simplest case, assuming both D+ and A- are spherical ions of radii Rd and 

Ra, respectively the solvation energy is given by  
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In a medium of dielectric constant ⱦ = 10, for RD =RA = 3 Å, this comes out to be 

4.3 eV. Thus, even far large D-A separation, ECT may be lower than ELE. Figure 1-20d 
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gives the PE curve of the CT state in a polar solvent. Evidently curve d in polar medium is 

much more shallow compared to that in vapor or nonpolar solvent. The difference in 

energies of the exciplex at large separation and at the distance, RSSIP, corresponding to 

the solvent-shared ion pair (SSIP), is giving by e2/ⱦRSSIP, which decreases as the polarity 

increases. In polar solvents there are usually two minima corresponding to the solvent-

shared ion-pair (SSIP) and the contact ion pair (CIP), respectively. The two minima of the 

curve are separated by an energy barrier, because in going from the SSIP to the CIP 

solvent has to be squeezed out. The barrier heights are difficult to obtain either 

theoretically or experimentally. These are expected to be dependent not only on the 

dielectric constant of the medium but also the specific interaction, such as H-bonding 

ability og the solvent molecules. Thus, isodielectric protic and nonprotic solvents may 

behave differently. Further, in mixed solvents due to dielectric enrichment the local 

composition in the intermediate neighborhood of the ion pair might be different from that 

in the bulk.55  

The overview of this study 

The overview of this dissertation is to synthesize, characterize platinum acetylide 

and platinum aryl complexes to understand the solution excited state photophysical and 

electrochemical behaviors of newly synthesized systems. 

In the second chapter of this dissertation, the photophysics of a series of platinum 

acetylide complexes with strong electron acceptor units were studied. We found that all 

the oligomers showed strong absorption in the visible region and emission from visible to 

NIR region of the spectrum. In order to determine the energy of charge transfer (CT) 
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state, electrochemical experiments were conducted and we found out that energy of CT 

state is below the energy of first signlet excited state. 

Second, a series of platinum complexes in which the platinum is directly attached 

to various oligothiophene and charge-transfer chromophores were synthesized. 

Photophysical and electrochemical properties were investigated and compared to those in 

which the metal is attached to the ring system via acetylene unit. Complexes with 

oligothiophenes showed strong triplet-triplet absorption, and relatively good singlet 

oxygen quantum yields suggesting that complexes promotes triplet state formation upon 

excitation, on the other hand, relative intensities of triplet-triplet absorption and singlet 

oxygen quantum yields were lower than those complexes with acetylene linkage. One of 

the important properties of synthesized complexes is that they all showed very low 

oxidation potentials, less than 0.1 V. This observation leads us to study electron transfer 

study with methyl violegen which is a well-known electron acceptor in the literature.  

Third, a new method to form platinum-carbon bond was discovered and developed. 

Mimicking Stille coupling reaction, it was shown that aryl group can indeed be transferred 

into platinum metal having strong phosphine ligand provided that Cu(I) salts used as 

catalyst. Different ligands were tested to investigate the scope of the reaction, a library of 

monosubstituted, symmetrically disubstituted and asymmetrically disubstituted platinum 

complexes were prepared. Basic photophysical properties i.e. ground-state absorption, 

steady-state emission in both air-saturated and argon purged solutions were studied. 

Finally, the novel carbon-platinum bond formation reaction was used to synthesize 

a series of platinum complexes in which benzothiadiazole was and various electron-rich 



 
 
 

44 
 
 

systems was connected via platinum metal.  Extensive photophysical and electrochemical 

investigation was conducted on these novel platinum complexes. 
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CHAPTER 2 
SYNTHESIS, PHOTOPHYSICAL AND ELECTROCHEMICAL CHARACTERIZATION OF 

NOVEL PLATINUM ACETYLIDES WITH DONOR-ACCEPTOR CHROMOPHORES 

Background 

 Investigation of the photophysical properties of donor-acceptor systems dates 

back as early as 1980s.56-58 The concept of intramolecular donor- acceptor charge 

interaction and its influence on molecular photophysics has been studied for many 

years.59, 60 The concept of reducing band gap by alternating electron poor and electron 

rich monomer within a conjugated chain has been used extensively in the past decade to 

develop polymers and oligomers that exhibit broad absorption and emission throughout 

the visible and into the near-infrared (near-IR) regions of the spectrum.61-65 Among many 

building blocks that have been employed to form low band gap materials, 2,1,3-

benzothiadiazole (BTD), diketopyrrolopyrrole (DPP) and isoindigo (isoI) emerged as 

extensively studied electron acceptor unit due to their extended conjugation, large local 

dipole, low-lying frontier orbital level, and good solubility and ease of synthesis on a large 

scale.66-68 The oligomers and polymers featuring these acceptor units has been 

synthesized to generate low-band gap materials for applications ranging from sensors69-

71, electroluminescent materials, organic photovoltaics. The research on donor-acceptor 

systems is of significance in terms of fundamental point of view as well as materials 

applications. Despite the current significance of donor-acceptor -́conjugated systems in 

applications, relatively little is known regarding the photophysics of their excited states 

especially triplet manifold. Platinum acetylides are exceptional systems for investigating 

triplet excited-state phenomena like ground-state absorption to the triplet state, 

intersystem crossing, triplet-state absorption to higher triplet states, and 
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phosphorescence.15, 72 Several different electronically rich and poor chromophores were 

linked by platinum acetylide as spacer and their photochemical and electrochemical 

behaviors was examined for understanding fundamental phenomena such as 

photoinduced electron transfer73 and non-linear absorption.74 As a continuation of our 

work on platinum acetylides materials, our present contribution focuses on designing and 

investigating the photophysical behaviors of a Pt-acetylide oligomer family in which some 

electron donating and aforementioned strong electron withdrawing groups are separated 

by Pt(II) center as illustrated below. The figure 2-1 shows chemical structure of the 

complexes that are subject of this chapter.  

 

 

Figure 2-1.  Schematic representation of D-Pt-A-Pt-D system and the chemical structure 
of complexes that are subject of this chapter.  
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The present investigation explores photophysics of ˊ-conjugated oligomers in 

which platinum(II) acetylide center separates ˊ-donor and ˊ-acceptor moieties i.e.ñD-Pt-

A-Pt-D in which 2,1,3-benzothiadiazole, 1,4-diketo-3,6-diphenylpyrrolo-[3,4-c]pyrrole 

(DPP) and isoindigo (isoI) as electron acceptor units along with triphenylamine (TPA) as 

electron donor unit. The objective of this study is two folds, first is to explore the 

photophysics of two widely used dye molecules in the literature and second is 

understanding the degree of donor-acceptor interaction that is transmitted through Pt-

acetylide centers. 

Results  

Synthesis  

Figure 2-1 shows the synthesis of complexes based on 2,1,3-benzothiadiazole 

(BTD) acceptor core unit. The first three steps were carried out according to the literature 

procedures in straightforward way. In the first step, commercially available o-

phenylenediamine was converted to 2,1,3-benzothiadiazole (BTD) core acceptor unit 

using thionyl chloride with high yield after direct steam distillation. Bromination was 

achieved with molecular bromine in the presence of HBr to yield the 4,7-dibromo 

derivative of BTD (3). Reaction of compound 3 in Sonogashira reaction condition afforded 

bisacetylated BTD (4). The deprotection reaction that yields bisacetylated BTD was 

carried out using K2CO3 in MeOH/CHCl3. As this unprotected compound was not air  

stable at room temperature, it was reacted in the same pot with excess of Pt(PBu3)2Cl2 to 

yield corresponding platinum dimer (7). This dimer was then reacted with slightly more 

than 2 equivalents of phenylacetylene (8) and 4-ethynyl-NôN-diphenylaniline (9) in 

separate reactions to obtain complexes 10 and 11. 



 
 
 

48 
 
 

 

Figure 2-2.  Synthetic scheme for the synthesis of 2,1,3-benzothiadiazole (BTD) based 
complexes. 

The complexes containing 1,4-diketo-3,6-diphenylpyrrolo-[3,4-c] (DPP) as core 

acceptor unit were synthesized using the same strategy as the BTD-based complexes 

The DPP core acceptor unit was synthesized starting from 4-bromobenzonitrile and 

diisopropylsuccinate and the resulting deep red colored solid (13) was suspended into 

DMF to carry out N-alkylation using literature procedures. Sonogashira reaction between 

this soluble DPP derivative (14) and trimethylsilyacetylene afforded protected 

bisacetylene (15), which then was deprotected to yield 16 in 75% yield. Reaction of 

compound 16 with excess of Pt(PBu3)2Cl2 gave diplatinated dimer 17, which then reacted 

with phenylacetylene and 4-ethynyl-NôN diphenylaniline in separate reactions in the 

presence of a catalytic amount of CuI in Et3N to afford complexes 18 and 19 respectively. 
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Figure 2-3.  Synthetic scheme for 1,4-diketo-3,6-diphenylpyrrolo-[3,4-c] (DPP) based 
complexes. 

The complexes containing isoindigo (isoI) were synthesized using similar strategy 

used for BTD and DPP based complexes. Two commercially available compounds, 

namely 6-bromoisatin and 6-bromooxindole were reacted in the presence of acid catalyst 

to give 6,6ô-dibromoisoindigo, which was then alkylated to increase the solubility of the 

isoindigo ring system. The Sonogashira reaction was then employed to yield protected a 

bisacetylene derivative (24). The reaction from compound 24 to 26 was carried out ñin-

situò since bisacetylene derivative of isoindigo (25) is difficult to purify and isolate, we 

decided to deprotect the corresponding protected bisacetylene and carry out the next 

reaction in the same flask after removal of the solvent and filtering K2CO3. After we 
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obtained desired Pt dimer, it was reacted with phenylacetylene and 4-ethynyl-NôN 

diphenylaniline in separate reactions to afford complexes 27 and 28. 

 

Figure 2-4.  Synthetic scheme for the synthesis of isoindigo (isoI) based complexes 

UVīVisible Absorption Spectroscopy 

 The absorption and emission spectroscopy of these new complexes were 

measured to characterize the processes that occur upon light absorption. Ground state 

absorption and emission spectra of compounds are shown in Figure 2-6. In general, all 

complexes showed one broad absorption band appearing in near-UV region which is 

assigned as 1 -́ˊ* transition and the second at lower energy in the visible region which 

can be attributed to intramolecular charge transfer (ICT) band. Triphenylamine containing 

complexes exhibited low energy bands which are 20 nm red-shifted with respect to 
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corresponding phenyl-capped complexes, however, no such change was observed for the 

low energy ICT band. Molar extinction coefficients are in the range of 0.5-1.5x105 cm-1M-1, 

indicating strong light absorption by these complexes. It was noted that the complexes 

featuring terminal diphenyl amino groups have higher molar absorptivity than 

corresponding phenyl-capped complexes. 

Steady-State and Time-Resolved Photoluminescence  

Photoluminescence spectroscopy was carried out on these complexes to gain 

information regarding the active excited states. The emission experiments were carried 

out under air-saturated and degassed conditions. In all cases, single broad structureless 

emission band ranging between 500-1100 nm region was observed. This observation is 

very consistent with the previous reports of structures having electron donor and acceptor 

units in the conjugated backbone. As these complexes strongly emit in the visible region, 

one can guess that triplet emission (phosphorescence) should be within the near infrared 

region of the spectrum. However, unfortunately no phosphorescence emission was 

observed from deoxygenated solutions of these complexes at ambient temperature. 

Same experiments were carried out at 77K to probe whether any 

phosphorescence can be detected at low temperature, only the complexes with 

diketopyrrolopyrrole (DPP) acceptor unit showed small emission peak around 1000nm 

which corresponds to triplet state energy of 1.26 eV. The figure 2-5 shows the emission 

spectra of both (PhPt)2DPP and (TPAPt)2DPP collected in MeTHF solvent glass at 77K. 

This observed peak is more likely ligand-based triplet emission and peak value is similar 

to the published work that report similar emission wavelength from an iridium-substituted 

diketopyrrolopyrrole.75 
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Figure 2-5.  Photoluminescence spectra of (PhPt)2DPP and (TPAPt)2DPP at 77K in 
MeTHF solvent matrix. Samples were excited 350 nm and spectra were 
recorded using 850 nm long pass filter and scanning the region between 800-
1600 nm. 

Quantum yields of fluorescence were calculated according to the relative 

actinometry technique. Ru(bpy)3
2+ (ūf = 0.037 in water)76 was used as standard for the 

complexes featuring both BTD and DPP acceptor core structure and TPP (ūf = 0.11 in 

toluene)77 was chosen as standard for the isoindigo-based complexes.  

Fluorescence lifetimes obtained with picosecond and nanosecond time resolutions 

were seen to be fitted to a single exponential decay law. Fluorescence lifetimes varies 

from 1 to 5 ns giving rise to radiative rate constant, kr, to be in the range of 2x108 -2x109.  

The efficiency (ūCT) and rate constant (kCT) of decay process from first singlet excited 

state to charge separated-state is calculated for BTD and DPP containing donor-acceptor 

complexes as follows 

Ὧ             —   



 
 
 

53 
 
 

Where tDA is the fluorescence lifetime of donor-acceptor (DA) system, and to is the 

lifetime of non DA system.  

 

Figure 2-6.  Absorption and photoluminescence spectra of the complexes in THF solution. 
The absorption spectra were normalized with respect to low energy absorption 
band 
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Transient Absorption  

In an attempt to observe excited species present following nanosecond excitation 

of the Pt-acetylide complexes, nanosecond-microsecond transient absorption 

spectroscopy was carried out for samples in degassed THF solution at room temperature. 

In each case, degassed solutions of the complexes were excited by using 10 ns, 355 nm 

pulses from a Nd:YAG laser. All the complexes, except those with isoindigo as core 

acceptor unit, exhibit strong triplet-triplet absorption in the visible region (550 to 800 nm).  
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Figure 2-7.  Ground state absorption and transient absorption spectra of (PhPt)2BTD (ƴ) 
and (TPAPt)2BTD (ǒ). Experimental Condition for both (PhPt)2BTD and 
(TPAPt)2BTD  Q-Switch: 340ɛs, Camera Delay: 50 ns, Camera Delay 
Increments : 500ns  
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Figure 2-8.  Ground State (top) Transient Absorption (bottom) Spectra of (PhPt)2DPP (ƴ) 

and (TPAPt)2DPP (ǒ) Experimental Condition for (PhPt)2DPP, Q-Switch: 
340ɛs, Camera Delay : 50 ns, Camera Delay Increments: 3ɛs. Experimental 
Conditions for (TPAPt)2DPP Q-Switch: 340ɛs, Camera Delay: 50ns Camera 
Delay Increments: 1ɛs 

The spectra characterized by bleaching of the ground-state absorption in the 450-

550 nm region, combined with a broad excited-state absorption feature extending from 

550 to 800 nm (Figure 2-7 and Figure 2-8). 

The transient gives rise to the absorption decays with a lifetime of 2-8 ɛs. Virtually 

similar transient absorption spectra and relatively similar decay lifetimes were observed 

for complexes consisting of same acceptor core units.  
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Table 2-1.  Summary of photophysical properties 

Complexes UV-VIS 
ɚmax/nm 

Ů (cm-1M-1) 
x 104

 

F 
ɚmax/nm 

ūf 

% 
<tf> 
(ns) 

tTA 
(ɛs) 

kCT 

x10
8
 
ūCT 

% 

(PhPt)2BTD 343, 489 8.41, 4.07 590 58 5.3 2.53 - - 

(TPAPt)2BTD 353, 493 14.4, 5.02 600 32 2.8 2.54 1.68 5.6 

(PhPt)2DPP 323, 512 7.14, 6.22 584 95 3.0 8.00 - - 

(TPAPt)2DPP 346, 512 12.6, 7.57 586 12 0.46a 7.14 18.4 80 

(PhPt)2isoI 320, 576 5.40, 3.90 754 0.084 <200ps - - - 

(TPAPt)2isoI 347, 579 12.7, 6.24 760 0.054  <200ps  - - - 

a
 t1 (Ŭ1) = 0.46 (90.3%); t2 (Ŭ2) = 1.18 (2.77) 

 

Electrochemistry 

Electrochemical response of the complexes was determined by cyclic voltammetry 

and differential pulse voltammetry experiments carried out in nitrogen-saturated 

dichloromethane solution with 0.1 M tetrabutylammonium hexafluorophosphate (TBAH). 

The ferrocene/ferrocenium couple was used as internal standard. A summary of relevant 

potentials is provided in Table 2-2. The complexes with phenyl end-group showed two 

quasi-reversible oxidation peaks. The first oxidation is probably metal-based oxidation 

and is around 0.5 V which remains almost identical among similar complexes. This value 

is consistent with those of previously investigated platinum acetylides having [Ph-ſ-

Pt(PBu3)2-ſ-Pt-] unit.78 The anodic sweeps of all the complexes carrying triphenylamino 

(TPA) terminal group as electron-rich unit showed oxidation potentials around 0.25 - 0.30 

V, which is lower than corresponding phenyl-capped complexes due to electron donating 

effect of the diphenyl amino group. The cathodic scans of the complexes revealed one-

electron quasi-reversible reduction originating from the electron poor core unit. 

Complexes having the same electron acceptor unit displayed very similar reduction 

potentials. The cathodic sweeps showed that 2,1,3-benzothiadiazole has least electron 
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accepting ability with average reduction potential of -1.90 V, which is slightly higher than 

those reported in the literature.79 The observed trend in reduction potentials reflects the 

electron accepting strength of these electron poor chromophores, as BTD being the least 

and IsoI being the most strongly electron acceptors within these series.  

 

Figure 2-9.  Cyclic Voltammogram of A) (PhPt)2BTD, B) (TPAPt)2BTD and differential 
pulse voltammogram of Aô) (PhPt)2BTD, Bô) (TPAPt)2BTD. 
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Figure 2-10.  Cyclic voltammogram of A) (PhPt)2DPP, B) (TPAPt)2DPP on left column and 
differential pulse voltammogram of Aô) (PhPt)2DPP, Bô) (TPAPt)2DPP. 

 

 

Figure 2-11.  Cyclic Voltammogram of A) (PhPt)2isoI, B) (TPAPt)2isoI and differential 
pulse voltammogram of Aô) (PhPt)2isoI, Bô) (TPAPt)2isoI. 
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Table 2-2.  Table of Energetics. 

Complexes Eox
a (V) Ered

a
 (V) CSSb/(V) ESinglet

c/eV ETriplet/eV 

(PhPt)2BTD 0.52 -1.88 - 2.30 1.50d 

(TPAPt)2BTD 0.28 -1.95 2.20 2.27 1.50d 

(PhPt)2DPP 0.51 -1.71 - 2.12 1.26e 

(TPAPt)2DPP 0.26 -1.71 1.97 2.11 1.26e 

(PhPt)2isoI 0.52 -1.32 - 1.84 - 

(TPAPt)2isoI 0.29 -1.28 1.57 1.83 - 

a Potentials reported versus Fc/Fc+ 
b CSS: Charge Separated State = Eox ï Ered 
c Singlet transition energy from photoluminescence spectra. 
d Estimated from corresponding polymer 
e Phosphorescence 0-0 band transition energy from  
 

Discussions  

The ground state absorption and emission studies revealed that there is no spectral 

difference between the complexes which has triphenylamine and phenyl as terminal 

group. This observation suggests that the donor and acceptor are weakly coupled in both 

ground and excited state across the platinum center. The model below shows the events 

that are more likely occurring for the complexes that features the BTD acceptor core unit.  

 

Figure 2-12.  Representative Jablonski Diagram for the photophysical processes for 
(TPAPt)2BTD. 
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The state energies indicate that the energy of the first excited state of this complex is 

slightly above with that of charge-separated state. Deactivation via CT state is possible 

nonetheless, not quite strong as suggested by the slight decrease observed in the 

fluorescence quantum efficiency and lifetime. The triplet energy of this complex is 

assumed to be the same as that of the corresponding platinum acetylide polymer with 

2,1,3-benzothiadiazole as monomer.80 since the energy of triplet state is below the energy 

of charge-separated state, it is not influenced by the nature of charge-separated state. 

Similar model can be drawn for the DPP-based donor-acceptor complex, (TPAPt)2DPP, 

shown in Figure 2-13 to map out the events that takes place upon excitation. First, 

although singlet excited state and charge-separated state is close in energy, quantum 

efficiency of CT formation is high and the process is very rapid. The triplet state is 

produced via intersystem crossing directly from singlet excited state as suggested by 

nanosecond-microsecond transient absorption experiments. The results of this 

experiment also revealed that the intensity of transient observed from donor-acceptor 

complex is larger than that of corresponding model complex, which suggest that triplet 

state can also be formed through the recombination of charges from the CT state. Single 

exponential decay rate of triplet excited state remains unaffected by the attachment of the 

terminal diphenylamino group as the energy of the first triplet excited state, T1, is lower 

than that of charge separated state (CSS), just as in the case of BTD-based complex. 
























































































































































































































































