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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 σ-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 “jump” 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). 

ΔE = E2- E1 = hν  (1-1) 

Where h is Planck’s 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 (λ) 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. “Allowed” or singlet-singlet absorption (So+ hv        S1), characterized 
experimentally by an extinction coefficient ε (So+hv        S1); 

2. “Forbidden” or singlet-triplet absorption (So+ hv       T1), characterized 
experimentally by an extinction coefficient ε (So+hv        S1); 

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

4. Forbidden” 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; 
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7. “Forbidden” 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, ε, in Beer’s 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 = εbc (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, ε 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 



 
 
 

23 
 
 

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:  

ΔG = E(D+/D) – E(A/A-) – ΔG00 – e2/εd (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) 

ΔG00  is the energy of the So – 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 ε 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/εd 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 “pump-probe”  

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. 
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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 π-system via metal-to-ligand 

charge transfer (MLCT, d-π*) or ligand-centered (π-π* or n-π*) 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 π* 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 π-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 π to π* 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 σ-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 σ-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 σ-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 σ-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 π-π* 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 ΦP value accompanied by a 

decrease in the ΦF. 

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 σ-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 

σ-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 

(ε) 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 

𝑣𝑎 − 𝑣𝑓  = [2(𝜇𝑒  − 𝜇𝑔 )
2   

∆𝑓] (ℎ𝑐𝑎3  ) + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (1-5) 

where, 

∆𝑓 ≅ [
𝜀 − 1

2𝜖 + 1
+

𝑛2  − 1

2𝑛2 + 1
] 

(1-6) 

 

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  

𝑒2

2
(

1

𝑟𝐷
+

1

𝑟𝐴
)(1 −

1

𝜖
) 

In a medium of dielectric constant ϵ = 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/ϵRSSIP, 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 
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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 π-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 π-conjugated oligomers in 

which platinum(II) acetylide center separates π-donor and π-acceptor moieties i.e.“D-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-N’N-diphenylaniline (9) in 

separate reactions to obtain complexes 10 and 11. 
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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-N’N 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 6,6’-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 “in-

situ” 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-N’N 

diphenylaniline in separate reactions to afford complexes 27 and 28. 

 

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

UV−Visible 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 1π-π* 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+ (Φf = 0.037 in water)76 was used as standard for the 

complexes featuring both BTD and DPP acceptor core structure and TPP (Φf = 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 (ΦCT) 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 

𝑘𝐶𝑇 =
1

𝜏𝐷𝐴
−

1

𝜏𝑜
            𝜃𝐶𝑇 =  

𝑘𝐶𝑇

𝑘𝐶𝑇+𝑘𝑓
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Where DA is the fluorescence lifetime of donor-acceptor (DA) system, and o 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 (■) 
and (TPAPt)2BTD (●). Experimental Condition for both (PhPt)2BTD and 
(TPAPt)2BTD  Q-Switch: 340μs, 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 (■) 

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

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 μs. Virtually 

similar transient absorption spectra and relatively similar decay lifetimes were observed 

for complexes consisting of same acceptor core units.  

 



 
 
 

56 
 
 

Table 2-1.  Summary of photophysical properties 

Complexes UV-VIS 
λmax/nm 

ε (cm-1M-1) 
x 104

 

F 
λmax/nm 

Φf 

% 
<f> 
(ns) 

TA 
(μs) 

kCT 

x10
8
 

ΦCT 

% 

(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
 1 (α1) = 0.46 (90.3%); 2 (α2) = 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-≡-

Pt(PBu3)2-≡-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 A’) (PhPt)2BTD, B’) (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 A’) (PhPt)2DPP, B’) (TPAPt)2DPP. 

 

 

Figure 2-11.  Cyclic Voltammogram of A) (PhPt)2isoI, B) (TPAPt)2isoI and differential 
pulse voltammogram of A’) (PhPt)2isoI, B’) (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 – 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. 



 
 
 

61 
 
 

 

Figure 2-13.  Representative Jablonski Diagram for the photophysical processes for 
(TPAPt)2DPP 

The isoindigo containing complex, on the other hand, shows very low fluorescence 

quantum yield efficiency and short singlet excited state lifetimes. The main deactivation 

mechanism for singlet excited state is probably nonradiative pathway. it is strongly 

believed that double bond isomerization upon excitation is the main cause of the 

quenching of fluorescence. In addition, no triplet-triplet absorption signal is obtained in 

complexes featuring isoindigo (isoI) as acceptor unit. The energy of charge separated 

state for these complexes is around 1.8eV. It is suggested that such a low-lying charge-

separated state is acting as “sink” for the first singlet excited state generated upon 

excitation thus not populating triplet excited state (Path a). Alternatively, even though no 

phosphorescence peak could be observed from this complex, the first triplet excited state, 

T1, presumably has very low energy and very short lifetime and once it was generated 

through the intersystem crossing from the first singlet excited state, it rapidly decays back 

to ground state following nonradiative path (path b).  
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Figure 2-14.  Representative Jablonski diagram for the possible photophysical processes 

for (TPAPt)2isoI. 

Summary  

Six new platinum acetylides complexes featuring 2,1,3-benzothiadiazole (BTD), 

diketopyrrolopyrrole (DPP) and isoindigo(isoI) as electron poor and diphenylamine (TPA) 

as electron rich chromophores were synthesized and characterized by spectroscopic and 

electrochemical methods. The donor-acceptor interaction transmitted through the 

platinum center is shown to be weakly coupled in this series of complexes.  The laser 

flash photolysis experiments revealed that acquired transients has lifetimes in the 

microsecond regime, which indicates that they are triplet states. Electrochemical 

experiments predicted the approximate energy level of charge-separated state which is 

found to be slightly lower than singlet excited state but higher in energy than first triplet 

excited state. Isoindigo is found to be “dead chromophore” as suggested by its low 

quantum yields and very low lifetimes, further investigation with ultrafast spectroscopy 

system is necessary to find out the fast processes occurring upon absorption of light.  
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Experimental 

Instrumental and Methods 

All the reactions were conducted under a nitrogen atmosphere. 1H, 13C, 31P 

nuclear magnetic resonance (NMR) spectra were recorded on Mercury FT-300 MHz and 

Inova-FT-500 MHz Instruments. The chemical shifts in 1H and 13C NMR spectra were 

recorded to relative to protonated solvent CHCl3 (δ 7.26 1H NMR, δ 77.16 for 13C NMR). 

The chemical shifts in 31P NMR spectra were recorded relative to 85% H3PO4 as an 

internal standard. High Resolution Mass spectra were obtained using Agilent 6200 ESI-

TOF or AB Sciex 5800 MALDI TOF/TOF Instruments. Steady-state absorption spectra 

were recorded on a UV-1800 Simadzu spectrophotometer. Corrected steady-state 

emission measurements were conducted in SPEX-F 112 Fluorescence Spectrometer. 

Samples were degassed by argon-purging for 30 minutes. Concentrations were adjusted 

such that the solutions were optically dilute. Photoluminescence quantum yields were 

determined by relative actinometry. 

Materials  

Thionyl chloride, hydrogen bromide, bromine, copper (I) iodide, phenyl acetylene, 

4-bromobenzonitrile, diisopropylsuccinate, 2-ethylhexylbromide, sodium tert-butoxide was 

purchased from Sigma-Aldrich. Bis(triphenylphosphine)palladium(II) dichloride and  

trimethylsilyacetylene were purchased from Stem chemicals. 

4,7bis((trimethylsilyl)ethynyl)benzo[c][1,2,5]thiadiazole79, 3,6-bis(4-bromophenyl)-2,5- 

pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione81, 3,6-bis(4-bromophenyl)-2,5-bis(2-

ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione82, 6,6’-dibromoisoindigo and 6,6’-
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dibromo-N,N’-(2-ethylhexyl)-isoindigo83 were synthesized according to literature 

procedures. 

Synthesis  

Dichloro[μ-(2,1,3-benzothiadiazoledi-4,7 ethynyldiyl2)]tetrakis(tributylphosphine) 

diplatinum (7)  

This complex was synthesized according to the modification of the literature procedure. 

Dichlorobis(tributylphosphine)platinum (II) (400 mg, 0.597 mmol) was dissolved in 20 ml 

Et2NH and degassed for 30 minutes with argon and then, 4,7-(bisethynyl)-2,1,3-

benzothiadiazole (50 mg, 0.271 mmol) was added to the system at once. The resulting 

solution was stirred at 60oC and heated at this temperature until all starting materials 

were used up as followed by TLC (approximately one hour). The mixture was cooled to 

room temperature and solvent was evaporated in vacuo. The crude material was purified 

by column chromatography using silica gel as adsorbent and 1:1 DCM/Hexane mixture as 

eluent (Yield : 48%). 1H NMR (300 MHz, CDCl3) 7.27 (s, 2H), 2.05-2.16(m, 24H), 1.67-

1.52 (m, 24H), 1.45 (sextet, J=7.2Hz, 24H), 0.90 (t, J=7.2Hz 36H). 13C NMR (75 MHz, 

CDCl3) δ 156.24, 130.20, 119.23, 98.53, 93.18 (t, JP-C =14.5Hz) 26.09, 24.26 (t, JP-C = 6.7 

Hz) 21.87 (t, JP-C = 16.7), 13.78. 31P NMR (121 MHz) δ 8.14 (JPt-P = 2355 Hz).  

(PhPt)2BTD (10) 

Phenylacetylene (20 mg, 0.076 mmol) was dissolved in 10 ml of freshly distilled Et3N and 

degassed for 30 minutes, then 50 mg of (PtCl)2BTD (6) was added along with a catalytic 

amount of CuI (~2 mg) and resulting mixture was stirred at room temperature overnight. 

CH2Cl2 was added to the residue followed by the evaporation of solvent and extracted 

with deionized water several times. The organic layer was dried over MgSO4 and 
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evaporated in vacuo. The resulting crude sample was purified by column chromatography 

using silica gel as adsorbent and 1:1 DCM/Hexane mixture as eluent (Yield : 65%). 

 1H NMR (500 MHz, CDCl3) 7.29 (s, 2H), 7.27 (d, 4H, J =7.5), 7.20 (t, 4H, J =7.5), 7.11 (t, 

J =7.5), 2.3-2.10 (m, 24H), 1.70-1.50 (m, 24H), 1.50-1.38 (sextet, J=7Hz, 24H), 0.90 (t, 

J=7Hz, 36H). 13C NMR (75 MHz, CDCl3) 156.56, 131.01, 130.59, 129.34, 128.06, 125.00, 

119.7, 109.44, 24.64 (t, J=7Hz), 24.61(t, J=17Hz), 24.01, 14.07. 31P NMR (121 MHz) δ 

4.21 (JPt-P = 2347 Hz). HRMS (ESI M+) m/z calcd for C74H120Cl2N2P4Pt2S 1582.7412, 

found 1582.7451 

(TPAPt)2BTD (11) 

4-ethynyl-N’N-diphenylaniline (20 mg, 0.076 mmol) was dissolved in 10 ml freshly distilled 

Et3N and degassed for 30 minutes, then 50 mg of (PtCl)2BTD (6) was added along with 

catalytic amount of CuI (~2 mg) and the resulting mixture was stirred at room temperature 

overnight. CH2Cl2 was added to the residue and extracted with deionized water several 

times. The organic layer was dried over MgSO4 and evaporated under vacuum. The 

resulting crude sample was purified by column chromatography using silica gel as 

adsorbent and 1:1 DCM/Hexane mixture as eluent (Yield: 55%). 1H NMR (300 MHz, 

CDCl3) 7.30 (s, 2H), 7.29-7.19 (m, 8H), 7.18-7.16 (m, 4H), 7.10-7.05 (m 8H), 2.23-2.15 

(m, 24H), 1.69-1.50 (m, 24H), 1.50-1.38 (sextet, J=7Hz, 24H), 0.90 (t, J=7Hz, 36H). 13C 

NMR (75 MHz, CDCl3) 156.57, 148.03, 144.92, 131.88, 130.51, 129.34, 124.26, 122.62, 

119.32, 109.190, 107.53, 106.50, 26.63, 24.63 (t, J=Hz) 24.05 (t, J= 17Hz), 14.09. 31P 

NMR (121 MHz) δ 4.09 (JPt-P = 2344 Hz). 

HRMS (MALDI, M+H+) m/z calcd for C98H138N4P4Pt2SH 1917.8903, found 1917.8931. 
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2,5-Bis(2-ethylhexyl)-3,6-bis(4-((trimethylsilyl)ethynyl)phenyl)pyrrolo[3,4-c]pyrrole-

1,4(2H,5H)-dione (15) 

25 ml Schenk Flask was charged with 3,6-bis(4-bromophenyl)-2,5-bis(2-

ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione (14) (0.1628 g, 0.243 mmol) 10 ml of 

iPr2NH/Toluene mixture was injected and the resulting mixture was degassed for 30 

minutes. Pd(PPh3)2Cl2 (42.6 mg) and CuI (11.5 mg, 0.0607 mmol) were added to the 

system via a stream of argon and the system was degassed for 30 minutes more. 

Trimethylsilyacetylene (0.119 g, 1.21 mmol) was added at once. The temperature was 

brought to 80oC and the system was stirred at this temperature overnight. The crude 

product was purified by column chromatography using silica gel as adsorbent and 2:1 

DCM/Hexane as eluent (Yield : 82%). 1H NMR (500 MHz, CDCl3) δ 7.76 (d, 4H , J=9Hz), 

7.61 (d, 4H, J=9Hz), 3.75 (m, 4H), 1.49 (m, 2H), 11.27-1.10 (m, 16H), 0.82 (t, 6H, J=7 

Hz), 0.72 (t, 6H, J=7.5 Hz), 0.29 (s, 18H). 13C NMR (125 MHz, CDCl3) δ 162.8, 148.1, 

132.5, 128.7, 128.4, 126.03, 110.50, 104.6, 97.7, 45.4, 38.7, 30.5, 28.5, 23.9, 23.1, 14.2, 

10.62, 0.12. HRMS (APCI, M+H+) m/z calcd for C44H60N2O2Si2 705.4246, found 

705.4281. 

2,5-Bis(2-ethylhexyl)-3,6-bis(4-ethynylphenyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione 

(16) 

2,5-Bis(2-ethylhexyl)-3,6-bis(4-((trimethylsilyl)ethynyl)phenyl)pyrrolo[3,4-c]pyrrole-

1,4(2H,5H)-dione (15) (166 mg, 0.235 mmol) was dissolved in 15 ml of DCM in 50 ml 

round-bottomed flask then tetrabutylammonium difluorotriphenylsilicate (254 mg, 0.471 

mmol) was transferred to the reaction vessel. The reaction was complete after 4 hours. 

The crude product was purified by column chromatography by using silica gel as 
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adsorbent and 3:1 DCM/ Hexane as eluent. (Yield : 75%) 1H NMR (500 MHz, CDCl3) δ 

7.76 (d, 4H , J = 9Hz), 7.62 (d, 4H, J = 9Hz), 3.73 (m, 4H), 3.23 (s, 2H), 1.47 (m, 2H), 

1.25-1.03 (m, 16H), 0.79 (t, 6H, J=7 Hz), 0.70 (t, 6H, J=7.5 Hz). 13C NMR (125 MHz, 

CDCl3) δ 162.79, 148.20, 135.21, 132.71, 128.85, 128.76, 125.01, 83.23, 79.97, 45.31, 

38.79, 30.52, 28.47, 23.94, 23.08, 14.16, 10.62. HRMS (APCI, M+H+) m/z calcd for 

C38H44N2O2 561.3476, found 561.3478 

Complex (PtCl)2DPP (17) 

Dichlorobis(tributylphosphine)platinum (II) was dissolved in 5 ml of HNEt2 and argon-

purged for 30 minutes then 5-bis(2-ethylhexyl)-3,6-bis(4-ethynylphenyl)pyrrolo[3,4-

c]pyrrole-1,4(2H,5H)-dione (25 mg, 45 mmol) was added to the system and the resulting 

solution was stirred at 60oC under static argon pressure overnight. The crude product was 

purified by column chromatography using silica gel as adsorbent and 4:1 Hexane/DCM 

mixture as eluent. (Yield : 50%) 1H NMR (500 MHz, CDCl3) δ 7.70 (d, 4H, J=8.5Hz), 7.34 

(d, 4H, J= 8.5Hz), 3.78 (m, 4H), 1.96-2.09 (m, 24H) 1.52-1.63 (m, 24H), 1.51-1.43 (m, 

24H), 1.29-1.03 (m, 18H), 0.95 (t, 36H) 0.80 (t, 6H, J=7 Hz), 0.73 (t, 6H, J=7.5 Hz). 13C 

NMR (125 MHz, CDCl3) δ 163.22, 148.42, 132.04, 131.19, 128.61, 125.19, 109.8, 45.39, 

38.63, 30.53, 28.46, 26.38, 24.55 (t, J = 7 Hz) 23.97, 23.11, 22.27 (t, J =17 Hz) 14.19, 

14.05, 10.65. 31P NMR (121 MHz) δ 8.12 (JPt-P=2345 Hz). HRMS (MALDI, M+H+) m/z 

calcd for C86H150C2N2O2P4Pt2 1828.9323, found 1828.9299. 

(PhPt)2DPP (18) 

Phenylacetylene (7 mg, 68.5 μmol) was dissolved in 10 ml of freshly distilled Et3N and 

degassed for 30 minutes, then (PtCl)2DPP (17) (50 mg, 27.4 μmol) and catalytic amount 

of CuI (~2 mg) was added to the system under a stream of argon. The resulting solution 
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was stirred at room temperature overnight. The crude product was purified by column 

chromatography using silica gel as adsorbent and 1:1 DCM/Hexane as eluent (Yield : 

70%). 1H NMR (500 MHz, CDCl3) δ 7.68 (d, 4H , J=8.5Hz), 7.345 (d, 4H, J=8.5Hz), 7.27 

(d, J=7Hz, 4H), 7.20 (m, 4H), 7.11 (d, J=7Hz, 2H), 3.78 (m, 4H), 2.16-2.11 (m, 24H) 1.65-

1.54 (m, 24H), 1.51-1.43 (sextet, J= 7.5 24H) 1.26-1.05 (m, 18H), 0.93 (t, J=7.5, 36H) 

0.79 (t, 6H, J=7 Hz), 0.72 (t, 6H, J=7.5 Hz). 13C NMR (125 MHz, CDCl3) δ 163.28, 148.4, 

132.21, 131.18, 131.03, 129.21, 128.60, 128.08, 125.11, 124.92, 114.88 (t), 109.76(t), 

107.79 (t), 45.4, 38.6, 28.4, 26.3, 24.6 (t, J =6.6 Hz) 23.9, 23.1, 22.2 (t, J = 16.5 Hz) 14.2, 

14.1, 10.7. 31P NMR (121 MHz) δ 8.12 (JPt-P = 2345 Hz). HRMS (APCI, M+H+) m/z calcd 

for C102H160N2O2P4Pt2H 1961.0823, found 1961.0743  

(TPAPt)2DPP (19) 

4-ethynyl-N’N-diphenylaniline (9) (16 mg , 60 μmol) was dissolved in freshly distilled Et3N 

and degassed for 30 minutes then, (PtCl)2DPP (17) (50 mg, 27 μmol) was added to the 

system with the catalytic amount of CuI (~2 mg). The resulting mixture was stirred at 

room temperature overnight. The crude product was purified by column chromatography 

using silica gel as adsorbent and 1:1 DCM/ Hexane as eluent. (Yield : 60%) 1H NMR (500 

MHz, CDCl3) δ 7.68 (d, 4H , J= 8.5Hz), 7.345 (d, 4H, J=8.5Hz), 7.27 (d, J=7Hz, 4H), 7.20 

(m, 4H), 7.11 (d, J=7Hz, 2H), 3.78 (m, 4H), 2.20-1.96 (m, 24H) 1.65-1.52 (m, 24H), 1.51-

1.43 (sextet, J=7.2 24H) 1.26 - 1.03 (m, 18H), 0.92 (t, J=7.2, 36H) 0.79 (t, 6H, J=7 Hz), 

0.72 (t, 6H, J=7.5 Hz). 13C NMR (125 MHz, CDCl3) δ 163.28, 148.03, 145.02, 131.88, 

131.170, 129.35, 128.60, 124.22, 124.19, 122.66, 45.43, 38.60, 30.55, 26.60, 24.66 (t, 

J=7 Hz) 24.12 (t, J=17Hz), 23.98, 23.12, 14.20, 14.09, 10.65. 31P NMR (121 MHz) δ 4.14 
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(JPt-P = 2352 Hz). HRMS (MALDI, M+) m/z calcd for C126H178Cl2N4O2P4Pt2 2294.2217, 

found 2294.2222. 

N,N’-Bis(2-ethylhexyl) 6,6'-bis(trimethylsilyl)ethynyl) isoindigo (24) 

25 ml round-bottomed flask was charged with N,N’-diethylhexyl 6,6’-dibromo isoindigo 

(23) (500 mg, 0.78 mmol) then 10 ml iPr2NH/toluene solvent mixture was injected and the 

system was degassed for 30 minutes by bubbling argon. Pd(PPh3)2Cl2 (136 mg, 0.19 

mmol) and CuI (37 mg, 0.19 mmol) were added to the system under a stream of argon, 

then the system was degassed for 30 minutes more. Trimetylsilyacetylene was added 

(381 mg, 3.88 mmol) via syringe at once. The temperature was brought to 80oC and the 

reaction was refluxed overnight. The resulting crude mixture was passed through a short 

path of alumina and celite concentrated in vacuo. The title compound was obtained after 

column chromatography by using gradient elution (25 % to 50 % DCM in Hexane (Yield : 

50 %) 1H NMR (300 MHz, CDCl3) δ 9.11 (d, 2H, J=6Hz), 7.12 (dd, 2H, J1 =6Hz J2 = 1Hz), 

6.82(d, 2H, J2 =1Hz) 3.70-3.60 (m, 4H), 1.91-.85 (m, 2H), 1.48-1.24 (m, 16H), 0.97-0.90 

(m, 12H) 0.31(s, 18H).13C NMR (75 MHz, CDCl3) δ 168.4, 145.2, 133.1, 129.7, 126.9, 

126.4, 122.1, 111.2, 105.51, 98.10, 44.6, 37.6, 30.8, 28.8, 24.2, 23.3, 14.3, 10.9, 0.14. 

HRMS (APCI, M+H+) m/z calcd for C42H58N2O2Si2 679.4110, found 679.4137. 

N,N’-Bis(2-ethylhexyl)6,6'-bisethynyl isoindigo (25) 

N,N’-bis(2-ethylhexyl) 6,6'-bis(trimethylsilyl)ethynyl) isoindigo (225 mg, 0.328 mmol) was 

dissolved in 15ml of DCM in 50ml round-bottom flask then tetrabutylammonium 

difluorotriphenylsilicate (354 mg, 0.655 mmol) was transferred to the reaction mixture. 

The reaction was completed after 4h as monitored by TLC. The crude product was 

subjected to column chromatography with silica gel and 1/1 DCM/Hexane as eluent (Yield 
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: 30%) 1H NMR (300 MHz, CDCl3) δ 9.15 (d, 2H, J = 8Hz), 7.12 (dd, 2H, J1 = 8Hz J2  = 

1.5Hz), 6.82 (d, 2H, J2 =1.5Hz) 3.72-3.62 (m, 4H), 3.3(s, 2H) 1.91-1.85 (m, 2H), 1.44-1.27 

(m, 16H), 0.97-0.90 (m, 12H). 13C NMR (75 MHz, CDCl3) δ 168.29, 145.30, 133.32, 

129.89, 126.50, 125.96, 122.29, 111.47, 84.13, 80.27, 44.60, 37.68, 30.86, 28.84, 24.25, 

23.31, 14.29, 10.90. HRMS (ESI, M+Na+) m/z calcd for C36H42N2O2Na 667.1331 found 

667.1342. 

(PtCl)2isoI (26) 

N,N’-bis(2-ethylhexyl)6,6'-bis(trimethylsilyl)ethynylisoindigo (113 mg, 0.153 mmol) was 

dissolved in a mixture of CHCl3  and MeOH and argon-purged for 30 minutes. Then 

K2CO3 (0.3655 mmol, 51 mg) was added to the mixture. The reaction was completed after 

2h as it was followed by TLC, then all solvent was evaporated and 113 mg, 0.153 mmol of 

cis-dichlorobis(tributylphosphine)platinum (II) and catalytic amount of CuI (~3 mg) in 

Et2NH/CHCl3  solvent mixture added via syringe. The temperature of the system was 

brought to 60oC and heated at this temperature overnight. The resulting residue was 

subjected to column chromatography using silica gel as adsorbent and 1:1 Hexane/DCM 

mixture as eluent (Yield : 50%) 1H NMR (300 MHz, CDCl3) δ 9.15 (d, 2H, J=8Hz), 7.12 

(dd, 2H, J1=8Hz J2 =1.5Hz), 6.82 (d, 2H, J2 =1.5Hz) 3.72-3.62 (m, 4H), 3.3(s, 2H) 1.91-

1.85 (m, 2H), 1.44-1.27 (m, 16H), 0.97-0.90 (m, 12H). 13C NMR (125 MHz, CDCl3) δ 

169.19, 145.01, 131.45, 131.11, 129.09, 125.07, 121.80, 119.59,  110.27, 91.51, 44.61, 

37.99, 31.09, 29.13, 26.51, 24.75 (t, J = 7Hz), 24.37, 23.54, 22.41 (t, J = 17Hz) , 14.49, 

14.49, 11.11. 31P NMR (121 MHz, CDCl3) δ 8.27 (J
Pt-P

 = 2352Hz). HRMS (MALDI, M+) 

m/z calcd for C84H148Cl2N2O2P4Pt2 1803.9243 found 1803.9165. 
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(PhPt)2isoI (27) 

Phenylacetylene (6.2 mg, 61μmol) was dissolve in 10ml of Et3N and degassed for 30 

minutes then, (PtCl)2isoI (50 mg, 0.03 mmol) was added with catalytic amount of CuI (~2 

mg) and the resulting mixture was stirred overnight. The resulting mixture was poured into 

water and extracted with DCM several times. The organic layers were collected and dried 

over MgSO4 before evaporation. The crude product was purified by using column 

chromatography using silica gel as adsorbent and 1:1 DCM/Hexane as eluent (Yield : 65 

%). 1H NMR (500 MHz, CDCl3) δ 8.98 (d, 2H, J=10Hz), 7.30 (d, 4H) 7.23 (t, J=7.5Hz, 4H) 

7.14 (t, J=7.5Hz, 2H), 6.65 (s, 2H), 3.65 (m, 4H), 2.09-2.26 (m, 24H), 1.90 (m, 2H), 1.53-

1.70 (m, 24H), 1.43-1.53 (sextet, J=7.2 24H), 1.28-1.40 (m, 16H), 0.95 (t, J=7.5, 36H), 

0.90 (t, J=7.5, 12H). 13C NMR (125 MHz, CDCl3) δ 169.19, 145.01, 131.45, 131.11, 

129.09, 125.07, 121.80, 119.59,  110.27, 91.51, 44.61, 37.99, 31.09, 29.13, 26.51, 24.75 

(t, J = 7Hz), 24.37, 23.54, 22.41 (t, J = 17Hz) , 14.49, 14.49, 11.11. 31P NMR (121 MHz, 

CDCl3) δ 4.37 (JPt-P
 = 2335Hz). HRMS (MALDI, M+) m/z calcd for C100H158N2O2P4Pt2 

1935.0666 found 1935.0644.  

(TPAPt)2isoI (28) 

4-ethynyl-N’N-diphenylaniline (16 mg, 0.059 mmol) was dissolved in 15 ml of Et3N and 

degassed for 30 minutes then, (PtCl)2isoI (48mg, 0.027) was added with catalytic amount 

of CuI (~2mg) and the mixture was stirred overnight. The resulting mixture was poured 

into water and extracted with DCM several times. The organic layers were collected and 

dried over MgSO4 before evaporation. The crude product was purified by using column 

chromatography using silica gel as adsorbent and 1:1 DCM/Hexane as eluent (Yield : 

65%). 1H NMR (500 MHz, CD2Cl2) δ 8.95 (d, 2H, J=8.5Hz), 7.23 (m, 4H) 7.13 (d, J 
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=8.5Hz, 2H) 7.04 (dd, J1=8.5Hz, J2=1Hz), 6.98 (m, 2H), 6.90 (d, J=8.5Hz, 2H), 6.87 (dd, 

J1=8.5Hz, J2=1.5Hz), 6.63 (s, 2H) 3.64 (d, J=8Hz, 2H), 2.07-2.20 (m, 24H), 1.56-1.66 (m, 

24H), 1.41-1.50 (sextet, J=7.2 24H), 1.26-1.40 (m, 9H), 0.93 (t, J= 7Hz, 39H), 0.88 (t, 

J=7Hz, 6H). 13C NMR (125 MHz, CD2Cl2) δ 168.78,  147.78,  144.930, 144.82, 131.46,  

130.86,  129.11, 128.83,  124.28,  123.94, 123.89, 122.51, 119.07, 109.93, 108.99,  

44.02, 37.60, 30.67, 29.68, 28.69, 26.36,  24.44 (t, J = 7Hz), 23.91 (t, J= 17Hz) , 23.14, 

13.85, 13.62, 10.45. 31P NMR (121 MHz, CDCl3) δ 4.37 HRMS (MALDI, M+) m/z calcd for 

C84H148Cl2N2O2P4Pt2 2269.2139 found 2269.2136. 
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CHAPTER 3 
SYNTHESIS, CHARACTERIZATION, PHOTOPHYSICAL AND ELECTROCHEMICAL 
STUDIES ON Pt-DIMERS WITH OLIGOTHIOPHENES AND CHARGE-TRANSFER 

CHROMOPHORES 

Background  

Oligothiophenes (OTs) are broad class of π-conjugated semiconducting materials 

that has potential applications in sensors84, photovoltaic cells85, 86, field-effect 

transistors87, and light-emitting diodes88.  The extensive investigation of the photophysical 

properties of the oligothiophenes dates back to 1995.89 In subsequent years, many others 

worked on solution and thin film photophysics of oligothiophenes in order to gain insight 

on the excited state energies and dynamics.90-96 Substitutional effects on photophysical 

properties of oligothiophenes were also studied by various research groups.89, 92, 97-101  

Chromophores featuring donor-acceptor intramolecular charge transfer (ICT) band 

has also been extensively employed in last two decades to generate low-band gap 

materials for desired applications, however, there are only few reports that investigations 

of the triplet excited states of these compounds.102, 103 

Even though intersystem crossing to triplet excited state is not efficient in purely 

organic molecules because of the weak spin-orbit coupling, the first triplet excited state of 

oligothiophenes is accessible due to the heavy atom effect of sulfur atom.89 The 

attachment of heavy atom, i.e. platinum, to organic π- conjugated system significantly 

enhances the spin-orbit coupling and leads the efficient production of long lived triplet 

excited states.12, 14, 104 Metal complexes of both oligothiophenes and charge transfer 

chromophores were prepared to explore the effects of metal on the photophysical and 

electrochemical properties of these systems. In many of the complexes studied so far, 

platinum metal are introduced to the organic framework via acetylene bridge. For 
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example, one recent study in our group has disclosed the systematic photophysical 

investigation (singlet and triplet excited state) of a series of D-A-D type charge transfer 

chromophores with varying acceptor strength in which terminal donor units are linked to 

metal center via acetylene bridge(unpublished results by Seda Cekli). As a continuation of 

our fundamental investigation of the excited state properties of π-conjugated materials, 

we have synthesized and explored the photophysical and electrochemical properties of Pt 

complexes with various oligothiophenes and charge-transfer chromophores in which the 

platinum is directly attached to the ring system. The figure 3-1 shows the structure of the 

complexes which are the subject of this chapter.  

 

 

Figure 3-1.  Structure of the complexes discussed in this chapter. 
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The synthesis of Pt2Th1 and Pt2Th2 was described earlier.105 (PtCC)2TBT, 

(PtCC)2TQT were synthesized, photophysical and electrochemical properties were 

studied by Seda Cekli. They will be discussed for comparison with Pt2TBT and Pt2TQT.  

Results  

Synthesis 

The reaction between aryl tin compounds and Pt(COD)Cl2 is one of the techniques 

to construct a bond between platinum and arenes32 as discussed earlier in Chapter 1. The 

room temperature reaction between corresponding aryl tin compounds with two 

equivalents of Pt(COD)Cl2 in DCM yields the corresponding complexes with general 

formula of Cl(COD)Pt-Ar-Pt(COD)Cl which were further reacted with 4 equivalents of 

PBu3 to obtain Cl(PBu3)2Pt-Ar-Pt(PBu3)2Cl, where Ar is thiophene (Th1), 2-2’-bithiophene 

(Th2), terthiophene (Th3), quarterthiophene (Th4), 4,7-di(thiophen-2-

yl)benzo[c][1,2,5]thiadiazole (TBT) and 5,8-di(thiophen-2-yl)-4a,8a-dihydroquinoxaline 

(TQT). Synthetic schemes outlining the formation of complexes are shown in Figures 3-2 

to Figure 3-5. First of all, commercially available thiophene (Th1) was stannylated using 

2.2 equivalents of n-BuLi and followed by the quenching with SnBu3Cl at -78oC.  This 

obtained bis-stannylated compound (Sn2Th1) was reacted with Pt(COD)Cl2 to yield 

platinum cyclooctadiene complex which was then reacted with PBu3 in DCM at room 

temperature to obtain trans-phosphine substituted platinum dimer (Pt2Th1). Terthiophene 

(Th3) was synthesized from the reaction between 2,5-bis(trimethylstannyl)thiophene 

(Sn2Th1) and 2-bromothiophene using Stille coupling reaction conditions. Th3 was 

subjected to similar series of reactions to obtain corresponding platinum dimer as shown 

in Figure 3-1. 
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Figure 3-2.  Synthesis of Complexes Pt2Th1 and Pt2Th3. 

Same strategy was employed for the synthesis of higher thiophene analogues and 

charge-transfer chromospheres.  Synthetic schemes that shows the synthesis of these 

complexes shown in Figure 3.2 to Figure 3.4. 
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Figure 3-3.  Synthesis scheme of Pt2Th2 and Pt2Th4. 

 

 

 
 

 
Figure 3-4.  Synthesis scheme for Pt2TBT 
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Figure 3-5.  Synthetic Scheme for Pt2TQT 

UV-Vis Absorption Spectroscopy 

UV-visible absorption spectra of complexes and corresponding tin compounds 

were taken in THF to investigate spectral changes upon attachment of platinum metal to 

the organic π- conjugated system. The smallest member of the oligothiophene family, 

Pt2Th1, showed broad absorption with three shoulder-like peaks at around 240, 260 and 

290 nm respectively. (Figure 3-6). Platinum dimers with higher number of thiophene rings 

showed a single absorption peak around near UV region of the spectrum. The λmax values 

of each complexes are found as 356, 401 and 435 nm respectively. It was noted that 

intense bands are accompanied by the relatively weak bands for Pt2Th2, Pt2Th3 and 

Pt2Th4 in the visible region of the spectrum, roughly from 400 to 550 nm region depending 

on the number of thiophene rings in each complexes. 
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Figure 3-6. Absorption Spectra of Sn2Th1 and Pt2Th1 

On the other hand, those dimers with charge transfer chromophores, Pt2TBT and 

Pt2TQT exhibited two peaks, one of which is in the UV region and other one is in the 

visible region which can be attributed as internal charge transfer band. Both of the bands 

in these spectra also showed red-shift upon binding to the platinum center (Figure 3-8) 

with respect to their tin derivatives. 

Steady-State and Time-Resolved Photoluminescence  

The photoluminescence spectra of oligomers were recorded in dilute THF solutions with 

several different excitation wavelengths. First of all, Pt2Th1 was found to be nonemissive. 

Pt2Th2 exhibited interesting photoluminescence behavior. When aforementioned complex 

were excited at λmax = 355 nm, it displayed three peaks around 400 nm. 500 nm, 530 nm 

respectively. However, when it was excited at lower energy region ca.~ 425 nm, emission 

intensity of the peak around 530 was observed to increase 
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Figure 3-7.  Absorption Spectra of the complexes Pt dimers with oligothiophenes and their 

corresponding tin derivatives. 
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Figure 3-8.  Normalized Absorption Spectra of Pt2TBT and PT2TQT and their 
corresponding tin precursors Sn2TBT(----) and Sn2TQT. 

dramatically (4 times). Dual emission mechanism might be operating in this 

complex in which the high energy emission is more likely due to ligand-based and low 

energy band is presumably metal-to ligand charge transfer type. Such behavior was not 

observed for the structurally similar platinum acetylide complex, (PTCC)2BTh which has 

structureless fluorescence band centered around 450 nm regardless of the excitation 

wavelength. Fluorescence quantum yields of the complexes are around or less than 2% 

indicating that efficient intersystem crossing takes place in these complexes. The fact that 
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the fluorescence lifetimes are less than 1 ns indicates very short-lived singlet excited 

states. Fluorescence lifetimes and fluorescence quantum yields are tabulated in 

photophysical summary table (Table 3-1). 

Steady-state photoluminescence measurement was carried out with solutions 

deoxygenated via three freeze-pump-thaw cycles in order to detect phosphorescence 

from these complexes. However, no phosphorescence was observed at both 273 K in 

THF and 80 K in MeTHF solvent glass. Decreasing the temperature to 80 K resulted in 

fluorescence bands slightly blue-shifted due to well-known “rigidochromic effect” and also 

resolution of bands into more structured shape is noticed, each of which corresponds to 

the vibrational progressions (Figure 3-10). 

Photoluminescence spectra of the complexes having charge-transfer 

chromophores were also recorded in dilute THF solution. (Figure 3-12). Broad single 

structureless emission bands are obtained as expected from typical chromophores with 

internal charge-transfer band. The fluorescence lifetimes of these complexes, Pt2TQT and 

Pt2TBT are relatively similar to those of platinum acetylide, however, fluorescence 

quantum yields are found to be lower than that of parent platinum acetylides suggesting 

that stronger intersystem crossing takes place in the former.  
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Figure 3-9.  Photoluminescence Spectra for A) Pt2Th2, B) Pt2Th3 and C) Pt2Th4 with 
emission from exciting different wavelength.  
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Figure 3-10. Photoluminescence spectra of platinum dimers featuring oligothiophenes at 
273K in THF and 80K in MeTHF solvent glass. 

 

Figure 3-11.  Absorption and photoluminescence spectra of the complexes Pt2TBT and 
Pt2TQT recorded in THF. 
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Transient Absorption Spectroscopy  

In order to gain insight into the triplet states, nanosecond-microsecond transient 

absorption spectroscopy is used. Transient absorption spectra of all the complexes were 

recorded in deoxygenated THF solutions following 355 nm laser excitation. Complexes 

featuring oligothiophenes exhibit intense excited state absorption bands around 450 nm 

for Pt2Th2, 580 nm for Pt2Th3 and 660 nm for Pt2Th4. Triplet life times recovered from 

transient absorption spectra is tabulated in Table 3-1. We have also studied the transient 

absorption of platinum dimers having charge transfer chromophores. These complexes 

showed relatively weaker triplet-triplet absorption transients with respect to structurally 

similar platinum-acetylide complexes. [(PtCC)2TBT and (PtCC)2TQT)]. These complexes 

are also found be to be singlet oxygen sensitizer with singlet oxygen quantum yields of 

0.05 for Pt2TBT and 0.21 for Pt2TQT in CDCl3 relative to terthiophene used as standard. 

However, singlet oxygen quantum yield are somewhat smaller than those similar platinum 

acetylide complexes. 

 

Figure 3-12.  Nanosecond-microsecond transient absorption spectra of A) Pt2Th2 (black), 
Pt2Th3 (red) and Pt2Th4 (blue) and B) Pt2TBT (black) and Pt2TQT(red) on the 
deoxygenated THF solutions 
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Table 3-1.  Photophysical  Summary of Complexes   

 
Complexes 

 
UV-Vis 

λmax (nm) 

 
ε 

(cm-1M-1) 
x 104 

 
F λmax 
(nm) 

 
Φfl 
% 

 

f 
(ns) 

 
𝚽 𝐎𝟐

𝟏  

% 

 
T1-Tn 
λmax 

(nm) 

 


T1-Tn

 

(μs) 

Pt2Th1 240 3.3 370 - 0.450 - - - 

Pt2Th2 356 3.2 500, 540 0.054 0.100 21 450 1.86 

Pt2Th3 401 9.0 455, 483 0.82 0.098 34 580 1.10 

Pt2Th4 435 8.0 495, 568 1.60 0.095 41 660  1.90 

Pt2TBT 345, 540 4.8, 3.2 690 29 5.93 5 440, 610 0.88 

(PtCC)2TBT* 370, 546   5.1, 3.5 685 43 4.84 15 680 1.81 

Pt2TQT 343, 500 3.2, 2.0 650 15 4.16 21 435, 560 1.45 

(PTCC)2TQT* 370, 518   6.9, 4.3 660 38 3.89 24  2.62 

All the measurements are carried out in THF. *Data is provided by Seda Cekli. 

Electrochemistry  

Electrochemical properties of the all new complexes were investigated by cyclic 

voltammetry (CV) and differential pulse voltammetry (DPV) using nitrogen-degassed 

methylene chloride solutions with tetra-n-butylammonium hexafluorophosphate (TBAH, 

0.1M) as supporting electrode. Cyclic voltammogram and differential pulse voltammogram 

of the platinum dimers with oligothiophenes was shown in the Figure 3-15. All the 

platinum dimers feature two reversible oxidation peaks except Pt2Th1 displaying only one 

peak.  
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Figure 3-13.  Anodic sweeps in cyclic voltammogram and differential pulse voltammogram 
of Pt2Thn where n =1,2,3,4.  

No cathodic peak was observed within potential window of the solvent used from 

these complexes. It is probably due to the fact that first reduction is relatively high to 

detect within the potential window of the solvent. Both Pt2TBT and Pt2TQT have two 

oxidation potentials, both of which are found to be the same for both complexes as 

around 0.30 V and 0.45 V respectively versus Fc/Fc+ couple. As both complexes have 
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same electron accepting unit, benzothiadiazole, they both exhibit single one electron 

quasi-reversible reduction peak with a reduction peak value around -1.8 V vs Fc/Fc+ 

 

Figure 3-14.  Cyclic Voltammogram (on the left) and Differential Pulse Voltammogram  
(on the right) of Pt2TBT.  

 

Table 3-2. Summary of electrochemical data.  

Complexes E1/2 /VOxd
1
. E1/2/VOxd

2 E1/2 
Red. 

Pt2Th1 0.58 - - 

Pt2Th2 0.011 0.57 - 

Pt2Th3 0.036 0.32 - 

Pt2Th4 0.048 0.20 - 

Pt2TBT 0.15 0.39 -1.91 

(PtCC)2TBT* 0.30 0.46 -1.78 

Pt2TQT 0.11 0.35 -2.05 

(PtCC)2TQT* 0.28 0.43 -1.83 

*Data provided by Seda Cekli,  
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Discussion  

Oligothiophenes, Pt2Thn Series 

UV-Visible Absorption. UV-visible absorption spectra of complexes and 

corresponding tin compounds were recorded in THF. The observed absorption bands 

near UV region can be assigned as ligand based π to π* transitions. It is noticed that 

there is a red-shift up to 50 nm upon replacing the terminal tin groups with platinum metal, 

which indicates that platinum metal is in conjugation with π-electronic system of organic 

system. Almost same degree of bathochromic shift was also noticed among the dimers as 

the number of thienyl unit increases from 1 to 4 due to increased conjugation. It was 

noted that there is no correlation between the number of thiophene units and 

experimentally measured extinction coefficients among the complexes, however in 

general, extinction coefficients of the complexes are less than those of structurally similar 

platinum acetylides due to the absence of acetylene linking unit in these complexes.106  

Fluorescence quantum yields are found to be very low in these complexes. (Φf< 

2%). These values are quite lower than parent unsubstituted oligothiophenes (Φf ranges 

from 5 to 18 %) indicating that intersystem crossing is efficiently working due to enhanced 

spin-orbit coupling induced by the heavy metal platinum. 

Triplet States. For the first member of the Pt2Thn series, the platinum dimer of 

thiophene, no transient absorption signal was observed, although thiophene itself is 

reported to have triplet absorption center at 305 nm. However, triplet-triplet transient 

absorption was observed for Pt2Thn where n = 2, 3 and 4. Given that these experiments 

are carried out under similar experimental conditions, i.e. same laser power, and same 

optical density, it is noted that intensity of the each transient increases as the number of 
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thienyl ligand increases. This suggests that T1-Tn molar extinction coefficient are higher in 

the dimers. The red-shift in the transient absorption spectra going from Pt2Th2 to Pt2Th4 

suggests that triplet excited state is more delocalized in the Pt2Th4. The measured triplet 

lifetimes are found to be lower than those of structurally similar platinum acetylide 

complexes.107 This low triplet –triplet lifetimes might account for the low singlet oxygen 

quantum yields with respect the unsubstituted oligothiophenes. On the other hand, the 

intensity of triplet-triplet absorption is well correlated with the magnitude of the observed 

singlet oxygen quantum yields. The Pt2Th4, which has most intense triplet-triplet 

absorption, is found to be highest singlet oxygen sensitizer.  

Redox States. The first oxidation potential associated with Pt2Thn series appears 

same across oligothiophene series and around 0.1 V. This low oxidation potential is lower 

than the value typically observed for platinum acetylide system in which first oxidation 

generally takes place around 0.25 V. The second oxidation potential decreases as the 

number of thienyl group in the system increases. This is more likely due to the fact that 

radical cation produced after first oxidation is delocalized over the π-system, thus lowers 

energy enough to remove second electron at relatively lower potentials. 

Bimolecular Electron Transfer. The electrochemical experiments indicated that the 

first oxidation potentials of platinum dimers are lower than 0.1 V. Given this fact, a 

bimolecular electron transfer quenching experiment was carried out using Pt2Th3 and 

Pt2Th4 and N,N’-dimethyl-4,4’-bipyridinium (also known as methyl violegen, MV2+) as an 

electron transfer quencher  to acquire information concerning  photophysics of polaron 

states, i.e. the absorption spectra of radical cations. 
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For an electron transfer to be thermodynamically feasible, difference between the 

excited state oxidation potential and the ground state reduction potential of the acceptor 

should be negative. In order to show that electron transfer is thermodynamically feasible, 

excited state oxidation potential can be calculated as follows  

E (T*/T+) = E(T/T+) – Ees (T) (3-1) 

In equation 3-1, E(T*/T+) represents excited state oxidation potential, E(T/T+) represents 

ground state oxidation potential and Ees represents the excited state energy of the donor 

molecules. Ees is designated as the Ees(T) since the states of the abovementioned 

platinum dimers could not be derived from relevant electron transfer is believed to occur 

from the first triplet excited state of the donor. The energies of the first triplet excited 

photoluminescence spectra since these complexes failed to show phosphorescent any at 

both 29 timtche3 K and 80 K. However, the first triplet excited state energies can be 

estimated following the assumption of ET = ES – 0.7 eV where ET is the first lowest triplet 

excited state and ES is the first lowest singlet excited state. From this assumption, the first 

triplet excited state of Pt2Th3 and Pt2Th4 was calculated as 2.02 and 1.78 eV respectively. 

When the corresponding numbers are placed in the equation above, the excited state 

oxidation potentials are going to be – 1.98 and – 1.73 V. Then, the free energy change 

regarding the electron transfer can be calculated as follows.  

ΔGET,Pt2Thn = EOx (T*/T+) – Ered (MV2+/M+.)   (3-2) 

                    ΔGET,Pt2Th3 = -1.93 – (-0.45) = -1.48 (3-3) 

                   ΔGET,Pt2Th4 = -1.73 – (-0.45) = -1.28 (3-4) 

As shown above, thermodynamically electron transfer is feasible. Electron transfer 

was experimentally observed for Pt2Th3 and Pt2Th4. A solution containing one of the 
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abovementioned complexes and MV2+ was excited at 355 nm using the Nd:YAG laser, 

and Figure 3-17 illustrates the time-resolved absorption difference spectra that observed 

for each system. From each spectrum, Over the time course, while the peak associated 

with the triplet excited states decreases, a new band appeared to be rising. This spectral 

evolution is because of bimolecular photoinduced electron transfer from the triplet state of 

the donor to the acceptor. Eq. 3-5. 

 
3[Pt2Thn]*   +  MV2+ ket       [Pt2Thn]+   +    [MV]- (3-5) 

 

 
 

Figure 3-15.  Transient absorption difference spectra of A) Pt2Th3 B) Pt2Th4 and MV2+ in 
THF/MeCN (3:2) solution. The solution of complexes was prepared with optical 
density of 0.7 at 355 nm and the concentration of MV2+ was 1mM. Spectra 
obtained at delay increments of 100ns.  

The spectral evolution indicates the decrease in intensity of triplet-triplet absorption 

band and raising a band that corresponds to the absorption of radical cations of Pt2Th3 at 

around 575 nm and Pt2Th4 at around 650 nm with the concomitant methyl violegen radial 

anion peak around 390 nm. These observed absorption values are red-shifted with 
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respect to those observed from α-oligothiophenes which suggests that generated radical 

cations are in conjugated through the platinum centers.  

Charge-Transfer Chromophores.  

Extensive photophysical properties of charge-transfer chromophores, TBT and 

TQT, which are the core organic ligands used to build corresponding platinum dimer was 

examined recently.102 The absorption and emission λmax values of two platinum dimer of 

TBT and TQT fall in between of those of pure ligand and platinum acetylides. The 

literature shows that TBT and TQT organic chromophores are highly emissive (Φf = 73 % 

for TBT and 78 % for TQT). It was noted that attachment of platinum causes the 

significant reduction of fluorescence quantum yields and lifetimes indicating strong 

interaction between the platinum center and organic ligand. (See Table 3-1 for the 

values).  Given the fact that the fluorescence quantum yield efficiency of both 

unsubstituted and bisethynyl substituted organic chromophore are almost the same, 

effect of direct metallation on intersystem crossing seems to be larger when the metal 

attached to the ring system directly. 

 
Summary  

A series of platinum dimers in which the platinum is directly attached to various 

oligothiophene and charge-transfer chromophores were synthesized and characterized. 

Photophysical and electrochemical properties was investigated and compared to those in 

which metal is attached to the ring system via ethynyl 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, however, relative intensity of triplet-triplet absorption and singlet oxygen 
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quantum yield was lower than those complexes with acetylene linkage. One the major 

important properties of synthesized complexes are that they all showed very low oxidation 

potentials, less than 0.1 V. These observations lead us to explore electron transfer study 

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

Experimental 

Instrumentation and Methods 

All the reactions were conducted under a nitrogen atmosphere. 1H, 13C, 31P nuclear 

magnetic resonance (NMR) spectra were recorded on Gemini, VXR, Mercury 300 FT-

NMR spectrometer. The chemical shifts in 1H and 13C NMR spectra were recorded to 

relative to protonated solvent (CHCl3 (δ 7.26 1H NMR, δ 77.16 for 13C NMR). The 

chemical shifts in 31P NMR spectra were recorded relative to 85% H3PO4 as an internal 

standard. High Resolution mass spectra were obtained using AB Sciex 5800 MALDI 

TOF/TOF.  Steady-state absorption spectra were recorded on a UV-1800 Simadzu 

spectrophotometer. Corrected steady-state emission measurements were conducted in 

SPEX-F 112 fluorescence spectrophotometer. Samples were degassed by three freeze-

pump-cycles on a high vacuum (10-5 Torr). Concentrations were adjusted such that the 

solutions were optically dilute. Photoluminescence quantum yields were determined by 

relative actinometry. Quinine Sulfate was used as a fluorescence standard. (ΦF = 0.52 in 

1M H2SO4).
108 

Materials  

Thiophene, 2,2’-bithiophene, n-butyllithium (2.5M in hexane), 2-bromothiophene, 

trimethyltinchloride (1M in THF), 2-(tributylstanne)thiophene, tributylphosphine, N-

bromosuccinimide hexametylditin were purchased from Sigma-Aldrich. Pd(PPh3)4 was 
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purchased from Stem Chemicals. 2,5-bis(trimethylstannyl)thiophene109, 2,2’:5’,2”-

terthiophene110, 5,5”-bis(trimethylstannyl)-2,2’:5’,2”-terthiophene111, 5,5’-dibromo-2,2’-

bithiophene112, 5,5’-bis(trimethylstannyl) -2,2’-bithiophene113, , 4,7-di(thiophen-2-

yl)benzo[c][1,2,5]thiadiazole114, 4,7-bis(5-(trimethylstannyl)thiophen-2-

yl)benzo[c][1,2,5]thiadiazole115, 5,8-di(thiophen-2-yl)quinoxaline116 and , 5,8-bis(5-

bromothiophen-2-yl)quinoxaline116 were synthesized according to literature procedures.  

Synthesis  

5,5''-Bis[chloro(cycloocta-1,5-diene)platinum (II)]-thiophene Pt2Th1 (PtCOD)2Th1. 

 2,5-bis(trimethylstannyl)thiophene (150 mg, 0.36 mmol) was dissolved in 20 ml of DCM 

and degassed for 20 minutes, then 252 mg of Pt(COD)Cl2 was added to the system. After 

stirring the mixture at room temperature overnight, the resulting crystals were collected by 

filtration and washed with CH2Cl2. The yellow crystals are not soluble in common organic 

solvents. (Crude Yield : 62%). The complex was used directly in the next step. 

 trans,trans-Dichlorotetrakis (tributylphosphine)-(5,5”-μ-η1,η1-thiophene) diplatinum 

Pt2Th1  

 

(PtCOD)2Th1 (200 mg, 0.488 mmol), was dissolved in 10 ml of dry DCM, PBu3 (383 mg, 

1.03 mmol, 4 equiv.) was injected into the system and the reaction mixture was stirred at 

room temperature overnight. The orange solution was passed through neutral alumina. 

The crude product was concentrated in vacuum and recrystallized by methanol/ethanol 

solution. 1H NMR (CD2Cl2, 300MHz) δ 6.40 (s, JPt-H= 45Hz, 2H), 1.76 –1.60 (m, 24H), 

1.60–1.49 (m, 24H), 1.46–1.33 (m, 24H), 0.94 (t, J = 7Hz, 36H). 31P NMR (CD2Cl2, 121 
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MHz) δ 5.28 (JPt-P = 2650 Hz) Calculated for C52H110Cl2P4Pt2S 1351.5939, HRMS (MALDI-

DTL) found 1351.5934. 

5,5''-Bis[chloro(cycloocta-1,5-diene)platinum (II)]- 2,2’-bithiophene (PtCOD)2Th2. 

 5,5'-bis(trimethylstannyl)-2,2'-bithiophene (500 mg, 1.07 mmol) was dissolved in 40 ml of 

DCM and degassed for 20 minutes, then Pt(COD)Cl2 (836 mg, 2.24 mmol) was added to 

the system. After stirring the mixture at room temperature overnight, the resulting crystals 

were collected by filtration and washed with CH2Cl2. The yellow crystals are not soluble in 

common organic solvents. (Crude Yield : 71%). The complex was used directly in the next 

step without any purification. 

 trans, trans-Dichlorotetrakis (tributylphosphine)-(5,5”-μ-η1,η1-2,2’-bithiophene) 

diplatinum Pt2Th1. 

 

1H NMR (CDCl3, 300MHz) δ 6.87 (d, J= 3Hz, 2H), 6.40 (d, J= 3Hz, JPt-H = 23Hz), 1.762-

1.71 (m, 24H), 1.56 -1.46 (m, 24H), 1.46 -1.37 (m, 24 H), 0.92 (t, J= 6Hz, 36). 

13C NMR (CDCl3, 300 MHz) δ 139.76, 128.21, 126.02 (JPt-C= 55Hz). 122.21, 25.96,   

24.29 (JPt-C=13Hz), 20.76 (JPt-C= 33Hz), 13.78. 31P NMR (CDCl3, 121 MHz) δ 6.22 (JPt-P = 

2650 Hz) Calculated for C56H112Cl2P4Pt2S2 1433.5817, MALDI-DTL found 1433.5833. 

5,5''-Bis[chloro(cycloocta-1,5-diene)platinum (II)]-2,2':5',2''-terthiophene 

(PtCOD)2Th3 

5,5''-bis(trimethylstannyl)-2,2':5',2''-terthiophene (150 mg,0.261 mmol) was dissolved in 

15 ml of DCM and degassed for 20 minutes, then Pt(COD)Cl2 (836 mg, 2.24 mmol)  was 

added to the system. After stirring the mixture at room temperature overnight, the 
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resulting crystals were collected by filtration and washed with CH2Cl2. The yellow crystals 

did not dissolve in common organic solvents. (Crude Yield: 65 %). The complex was used 

directly in the next step without purification.  

trans, trans-Dichlorotetrakis (tributylphosphine)-(5,5”-μ-η1,η1- 2,2':5',2''-

terthiophene) diplatinum Pt2Th3 

 

(PtCOD)2Th3 (100 mg, 0.108 mmol) was suspended in 15 ml of dry DCM, PBu3 (90mg, 

0.43mmol, 4 equiv.) was injected into the system and the reaction mixture was stirred at 

room temperature overnight. The orange solution was passed through neutral alumina. 

The crude product was concentrated in vacuum and recrystallized by methanol/ ethanol 

solution. (Yield: 60 %) 1H NMR (CDCl3, 300MHz) δ 6.98 (d, J= 3Hz, 2Hz), 6.86 (s, 2H), 

6.44 (d, J= 3Hz, JPt-H= 24Hz, 2H), 1.73-1.65 (m, 24H), 1.55-1.45 (m, 24H), 1.43- 1.35 (m, 

24H), 0.90 (t, J=6Hz, 36 Hz). 13C NMR (CDCl3, 75 MHz) δ 139.76, 128.21, 126.02 (JPt-C= 

55Hz), 122.21, 25.96, 24.29 (JPt-C =13Hz), 20.76 (JPt-C = 33Hz), 13.78. 31P NMR (CDCl3, 

121 MHz) δ 6.33 (JPt-P = 2558 Hz). Calculated for C56H112Cl2P4Pt2S2 1516.5693, MALDI-

TOF-MS found 1516.5702. 

2,2’:5’2”:5”,2”’-quaterthiophene 

This compound was synthesized using a similar literature procedure117 

5,5’-bis(trimethylstannyl) -2,2’-bithiophene (200 mg, 0.43 mmol) was dissolved in 10 ml of 

dry DMF and 2-bromothiophene was added along with Pd(PPh3)4 (36 mg, 0.0129 mmol, 

3% mol). The reaction mixture was degassed for 15 minutes, then the system was heated 

to 90oC and stirred at this temperature overnight. The crude mixture was poured into 
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water and extracted with CDCl3 several times. Organic layer is collected and dried over 

MgSO4 and then evaporated under vacuum. The crude residue was purified by 

crystallization using MeOH (Yield : 70 %). Characterization data matches literature.118  

5,5'''-bis(trimethylstannyl)-2,2':5',2'':5'',2'''-quaterthiophene (Sn2Th4) 

2,2’:5’2”:5”,2”’-quaterthiophene (500 mg, 1.51 mmol) was dissolved in 20 ml of THF 

freshly distilled over sodium/benzophenone, and then n-BuLi (1.33 ml, 3.32 mmol) then 

the resulting solution was stirred at 0oC for 1 hour and cooled to -78oC at which SnMe3Cl 

solution was added dropwise. The system was stirred at this temperature for 1 hour upon 

which it was warm to room temperature and stirred at another hour. The crude product 

was purified by crystallization in methanol.  

5,5’’’-Bis[chloro(cycloocta-1,5-diene) platinum (II)]- 2,2':5',2'':5'',2'''-quaterthiophene. 

(PtCOD)2Th4. 5,5'''-bis(trimethylstannyl)-2,2':5',2'':5'',2'''-quaterthiophene (150 mg, 0.230 

mmol) was dissolved in 15 ml of  DCM and degassed for 20 minutes, then Pt(COD)Cl2 

(188 mg, 0.503mmol, 2.2 equiv.) was added to the system. After stirring the mixture at 

room temperature overnight, the resulting crystals were collected by filtration and washed 

with CH2Cl2.  The yellow crystals did not dissolve in common organic solvents. The 

complex was used directly in the next reaction.  

trans,trans-Dichlorotetrakis (tributylphosphine)-(5,5”-μ-η1,η1- 2,2':5',2''-

terthiophene)diplatinum (II) Pt2Th4 

 

(PtCOD)2Th4 (100 mg, x mmol) was dissolved in 10 ml of dry DCM, PBu3 (4 equiv.) was 

injected into the system and the reaction mixture was stirred at room temperature 
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overnight. The orange solution was passed through neutral alumina. The crude product 

was concentrated in vacuum and recrystallized by methanol/ethanol solution.  

1H NMR (CDCl3, 300 MHz) δ 7.04 (d, J=3.5Hz, 2H), 7.01 (d, J=3.5Hz), 6.92 (d, J= 3.5Hz, 

2H), 6.50 (d, J=3.5Hz, 2H). 1.78-1.71(m, 24H), 1.53-1.47 (m, 24H), 1.46-1.39 (m, 24H), 

0.93 (t, J=7.5Hz, 36H). 13C NMR (CDCl3, 125 MHz) δ 138.33, 137.08, 133.98, 130.62, 

129.02, 124.59, 123.48, 121.72, 25.95, 24.29 (JPt-H =13Hz), 20.71 (JPt-H= 33Hz), 13.81.31P 

NMR (CDCl3, 121 MHz) δ 6.33 (JPt-P = 2458 Hz). Calculated for C56H112Cl2P4Pt2S2 

1598.5570, MALDI-TOF-MS found 1598.5576. 

4,7-bis(5-[chloro2(cycloocta-1,5-diene) platinum (II)]thiophen-2-

yl)benzo[c][1,2,5]thiadiazole, (PtCOD)2TBT 

4,7-bis(5-(trimethylstannyl)thiophen-2-yl)benzo[c][1,2,5]thiadiazole (250 mg, 0.04 mol) 

was dissolved in 15 ml of dry DCM and degassed for 20 minutes , then Pt(COD)Cl2 

(300mg, 0.798 mmol) was added to the system. After stirring the mixture at room 

temperature overnight, the resulting crystals were collected by filtration and washed with 

CH2Cl2.  The brown crystals did not dissolve in common organic solvents. (300 mg, 90%). 

trans, trans-Dichlorotetrakis (tributylphosphine)-( 4,7-μ-η1,η1- thiophen-2-

yl)benzo[c][1,2,5]thiadiazole)diplatinum (II) Pt2TBT  

The corresponding cyclooctadiene complex (270 mg, 0.277 mmol) was dissolved in 10 ml 

of dry DCM, then PBu3 (224mg, 1.11 mmol, 4 equiv.) was injected into the system and the 

reaction mixture was stirred at room temperature overnight. The orange solution was 

passed through neutral alumina. The crude product was concentrated in vacuum and 

recrystallized by methanol/ethanol solution. 1H NMR (CDCl3, 300MHz) δ 8.12 (d, J = 3Hz, 

2H), 7.67(s, 2H), 6.68 (d, J= 3 Hz, JPt-H = 23 Hz, 2H), 1.65 – 1.80 (m, 24H), 1.60 – 1.45 
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(m, 24H), 1.43-1.36 (pentet, 24H), 0.90 (t, J= 9Hz, 36H).13C NMR (CDCl3, 75 MHz) δ : 

152.70, 140.49, 132.65, 130.08, 128.73, 125.43, 124.25. 25.95, 24.27 (JPt-H =13Hz), 

20.67 (JPt-H= 33Hz), 13.79. 31P NMR (CDCl3, 121 MHz) δ : 6.33 (JPt-P = 2547 Hz). 

Calculated for C62H114Cl2N2P4Pt2S3 1568.5756, HRMS (MALDI-TOF-MS) found 

1568.5784. 

5,8-bis(5-(tributylstannyl)thiophen-2-yl)quinoxaline (Sn2TQT) 

5,8-bis(5-bromothiophen-2-yl) quinoxaline (600 mg, 1.33 mmol) was dissolved in 30 ml of 

toluene together  with Sn2Bu6 (2309 mg, 4.0 mmol, 3 equiv.) and Pd(PPh3)4 (153 mg 10% 

mmol). The mixture was subjected to three freeze-pump-cycles and heated to 80oC for 6 

hours. The solvent was evaporated and dissolved in hexane and the resulting solution 

was filtered. The filtrate was evaporated and subjected to flash column chromatography 

using silica gel pretreated with 5% NEt3 in hexane.  (Yield: 35%)  1H NMR (CD2Cl2, 500 

MHz) 8.96 (s, 2H), 8.12 (s, 2H), 7.97 (d, J= 3Hz, 2H), 7.27 (d, J=3Hz, JSn-H=25Hz), 1.67-

1.61 (m, 12H), 1.43- 1.35 (m, 12H), 1.21-1.18 (m, 12H), 0.93 (t, J=7.5Hz, 18Hz). 13C NMR 

(CD2Cl2, 125 MHz). 146.37, 145.52, 142.47, 141.85, 137.31, 133.97, 130.42, 129.69, 

30.93, 29.22, 15.07, 12.74. Calculated for C40H62N2S2Sn2  [M+H]+ 873.2476  HR-MS 

(APCI) found [M+H]+ 873.2477. 

trans,trans-Dichlorotetrakis (tributylphosphine)-(5,8-μ-η1,η1- thiophen-2-yl) 

quinoxaline) diplatinum (II) PT2TQT. 

5,8-bis(5-(tributylstannyl)thiophen-2-yl)quinoxaline (210 mg, 0.240 mmol) was dissolved 

in freshly dried dichloromethane and degassed for 30 minutes, then Pt(COD)Cl2 (216 mg, 

0.576 mmol, 2.4 equiv.) was added to this mixture and the resulting mixture was stirred at 

room temperature overnight. Then next day, PPu3 (194 mg, 0.96 mmol) was injected into 
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the system, the resulting mixture was stirred at room temperature overnight. 

Yield: 45% over two steps. 1H NMR (CDCl3, 300 MHz) 8.83 (s, 2H), 7.95 (s, 2H), 7.81 (d, 

J=2.4Hz, 2H), 6.6 (d, J=2.4Hz, JPt-H = 24Hz), 1.83 -1.60 (m, 24H), 1.56 – 1.46 (m, 24H), 

1.44–1.34 (m, 24H), 0.91 (t, J= 7.2Hz, 36H). 13C NMR (CDCl3, 125 MHz) 142.55, 140.07, 

133.54, 131.83, 130.87, 129.06, 128.25, 126.39, 26.00, 24.30(JPt-C= 13Hz), 20.70 (JPt-C= 

33 Hz), 13.83. 31P NMR (CDCl3,121 MHz) δ 6.30 (JPt-P = 2570 Hz). 

Calculated for C64H116Cl2N2P4Pt2S2  [M]+ 1561.6193, HR-MS (APCI) found [M]+ 

1561.6218. 
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CHAPTER 4 
Pt-CARBON BOND FORMATION VIA CuI CATALYZED STILLE-TYPE 

TRANSMETALLATION: STRUCTURE AND SPECTROSCOPIC STUDY 

Background  

Bond formation between aromatic ligands and late transition metals such as Ni, 

Pd, and Pt is typically carried out by the reaction between a metal halide and a 

corresponding aryl-organolithium or organomagnesium reagent.30, 119 A major 

disadvantage of this technique is that the excessive basicity of the organometallic 

reagents do not tolerate substituents sensitive to this type of environment. Oxidative 

addition is known to be one of the best ways to create a carbon-metal bond.38-42 However, 

this technique requires the use of air-sensitive zero-valent metal complexes, and 

therefore the reactions need to be carried out under inert conditions. 

There is considerable interest in the properties and applications of aryl-substituted 

Pt(II) complexes of the type, L2PtIIAr2, due to their useful linear and non-linear optical 

properties.120 One approach that has been used to form carbon-platinum bonds for these 

types of complexes is based on the room-temperature reaction between (COD)PtCl2 and 

ArSnR’3 where Ar represents an aromatic group and R’ is either Me or Bu. 32 However, 

complexes of the type L2PtCl2, where L = PR3, have not been demonstrated to react with 

aryl tin compounds. It has been shown that the Stille-coupling reaction can be accelerated 

100-fold using Cu(I)-salts.121-125 Following this lead, a similar strategy was considered, 

i.e., using a Cu(I) catalyst to facilitate the coupling reaction between ArSnR3 and L2PtCl2 

complexes. Herein, the development of a facile and general route to synthesizing 

compounds of the type, trans- (PBu3)2Pt(Ar)Cl and trans-(PBu3)2PtAr2 by using a Cu(I)-

assisted transmetallation of aromatic tin compounds onto the phosphine bearing Pt-
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complexes is reported. The reported CuI-assisted transmetallation process was used to 

generate platinum complexes that could potentially show interesting photophysical 

behavior.  

Results and Discussion  

Structure and Synthesis 

Synthesis of aryl-platinum(II) complexes is achieved by mixing cis-(PBu3)2PtCl2 

and an aryl-stannane in DMF in the presence of 10 mol% CuI. At elevated temperatures, 

as presented in Figure 4-1, only the monosubstituted complex (trans-(PBu3)2Pt(Ar)Cl, Xa 

is observed to form. This reaction works at room temperature, but requires longer reaction 

times to achieve the same yield. Upon isolation of Xa, it can be reacted in a separate pot, 

again with catalytic CuI in DMF, but this time at room temperature, the disubstituted 

complex (trans-(PBu3)2PtAr2, Xb) can be formed (Figure 4-2.). Isolation of Xa is 

necessary for generation of Xb, as adding another portion of CuI after completion of the 

monosubstitution did not yield any further reaction. Yields for all mono- and 

homodisubstituted complexes under their respective conditions are given in Figure 4-3. 

 

 
 
Figure 4-1.  Synthesis of Monosubstituted Aryl-Platinum Complexes  

 

 
 

Figure 4-2.  Synthesis of Disubstituted Aryl-Platinum Complexes 
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When the aryl-stannane is thiophene based (8 and 9), this substitution reaction 

behaves very differently. Reaction time is greatly reduced (~0.5 hours at room 

temperature), and the control to stop at monosubstitution is mostly lost (~15% 

monosubstituted product vs. 72-75% disubstituted). This result holds even when an 

equimolar amount of aryl-stannane and cis-(PBu3)2PtCl2 were mixed in the presence of 

10 mol% CuI. (See Table 4-3 for yields) Employing two equivalents of the thiophene-type 

stannane yielded exclusively trans-disubstituted complexes, as expected, in 70% yield on 

average. This unexpected behavior could be explained by 8a and 9a having greater 

reactivity than the cis-(PBu3)2PtCl2, probably due to the minimal steric effects of the 

thiophene based rings. 

The mechanism for this transformation is believed to be of an analogous nature to 

that of the Cu-aided Stille Coupling (Figure 4-4). In the first step, copper replaces tin on 

the aryl moiety, generating an organocopper species as well as tributyltin iodide. The 

organocopper reagent then transmetallates to platinum, giving Xa and CuCl. Finally, 

tributyltin iodide and copper chloride undergo halogen metathesis to regenerate the CuI 

catalyst. 
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Figure 4-3.  Yield of mono and symmetrically disubstituted complexes.a Outcome from 

reaction conditions presented in Figure 4-1. b Outcome from reaction conditions 
presented in Figure 4-2. c Tin precursors 8 and 9 react at room temperature for 
half an hour to give a mixture of mono- and disubstituted products. The starting 
materials and stoichiometry is that of the reaction presented in Figure 4-1. 
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Figure 4-4.  Proposed Mechanism for the Cu(I) mediated transmetallation  

Upon further investigation into the products of the monosubstitution reaction, it was 

discovered that a second monosubstituted platinum complex was being formed. This 

complex had an identical 1HNMR (with respect to both chemical shift and integration 

ratios) to that of the desired monosubstituted product; however, the 31PNMR showed an 

~5.5 ppm shift upfield. This product was ambiguously assigned to trans-(PBu3)2Pt(Ar)I. 

Support for this formula stems from mixing only Xa with CuI, which gives rise to a peak in 

the 31PNMR spectrum at the same shift as the peak observed from the monosubstitution 

reaction mixture. Attempts to react trans-(PBu3)2Pt(Ar)I with the corresponding aryl-

stannane yielded no disubstituted product. Additionally, reaction of Xa with CuCl and the 

corresponding aryl-stannane also gave no further substitution. Thus control of the 

reaction to stop at the monosubstituted form seems to stem from formation of the 

platinum-iodo complex, which deactivates the reaction mixture in multiple ways. 

 Synthesis of the symmetrical trans-disubstituted complexes was achieved when 

the isolated trans-monosubstituted complexes (1a-7a) were subjected to a second 

transmetallation reaction using an equimolar amount of aryl-stannane and 10 mol% CuI at 

room temperature. Temperature was found to be a key component in the formation of the 
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disubstituted complexes 1b-7b. Any elevation in temperature favors the halogen 

metathesis pathway, giving no observable disubstituted product. When the 

aforementioned experiment is run at 60ºC, only the platinum iodide product forms. The 

rest of the starting material remains unreacted. This allows assignment of the aryl-

platinum iodide side-product as the thermodynamic product, and the disubstituted 

platinum complexes 1b-7b as the kinetic products. This halogen metathesis is more 

pronounced with the electron-rich compounds 6a and 7a. When either of these 

complexes are mixed with 1 eq. of CuI at room temperature, rapid consumption of the CuI 

is observed by 31PNMR, resulting in formation of the presumed aryl-platinum iodide side-

product. This observation accounts for the low yields given by the electron-rich 

disubstituted compounds 6b and 7b. 

Despite the aforementioned nuances, this method allows for the facile synthesis of 

platinum complexes with mixed aryl ligands, as shown by compounds 10-13. The 

synthesis of 13 offers further evidence to the copper-tin transmetallation being the rate 

limiting step. The monosubstituted intermediate of 13 can theoretically be either 5a or 6a; 

however, reaction of 5a with 6 does not produce 13 at any reaction temperature. 

Conversely, reaction of 6a with 5 at room temperature gives 13 in 45% yield.  
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Figure 4-5.  Yields and Structures of Heterodisubstituted Aryl-Platinum Complexes. 

Photophysical Properties  

Aryl-platinum(II) complexes have been of considerable interest due to the strong 

propensity of the heavy metal center to induce spin-orbit coupling and rapid intersystem 

crossing to the triplet state. In the present study, the absorption and emission properties 

of these complexes were studied in order to characterize their basic photophysics, and in 

particular, to look for room temperature phosphorescence.  

The absorption and emission maxima, molar absorptivities and fluorescence quantum 

yields for all complexes are shown in Table 4-2. It is worth noting that since most of the 

ligands used in this study are quite simple, the λmax is not always the lowest energy 

absorption band. The absorption maxima of the platinum-aryl complexes showed a 

hypsochromic shift relative to their platinum-acetylide analogues,106, 126 as expected, due 

to the absence of the π-electrons of the acetylide. Removal of the acetylides in the 

studied complexes also leads to a reduction in the extinction coefficient. Most of the 

disubstituted complexes show a bathochromic shift relative to their monosubstituted  
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Table 4-2.  Summary of Photophysical Properties. 

Complexes Absorption 
λmax  
(nm) 

ε  
(M-1cm-1) 

Emission 
λmax  
(nm) 

Quantum 
Yield 
Φa 

1a 232 62200 315 b 

1b 237 51800 325 b 

2a 281 32200 350 0.0075 
2b 293 87800 352,368 0.031 

3a 303 54300 340 0.0054 
3b 325 119000 385, 392 0.081 

4a 240 73400 380 0.0054 
4b 247 140000 379, 392 0.023 

5a 337 19000 404 
b 

5b 342 32800 419 b 

6a 300 29000 414 0.043 
6b 303 66600 400 0.05 

7a 337 20000 380 0.013 
7b 355 95000 378 0.05 

8a     
8b 262 23700 352 0.04 

9a 350 118000 412 0.089 
9b 358 77700 407 0.36 

10 353 65000 415 0.054 
11 326 52300 415 0.030 
12 341 19000 385 0.021 
13 306 48500 360 0.013 

           a in THF, b Φ<0.1%,  
 
analogues; however, complexes 3a, 6a, and 9a all show a weak absorption that causes 

tailing further into the visible region of the spectrum. In general, the disubstituted 

complexes have a higher extinction coefficient than their monosubstituted analogues; 

however, complexes 1b and 9b show a decrease in extinction coefficient relative to 1a 

and 9a. The emission shapes and structures of 1b-9b do not differ much from 1a-9a, nor 

does the λmax. Fluorescence quantum yields were recorded, and showed a reversal in 

trend relative to known platinum(II) aryl-acetylide compounds. The monosubstituted 
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complexes, 1a-9a, all showed a lower quantum yield than their disubstituted counterparts. 

This implies that intersystem crossing is stronger in 1a-9a than 1b-9b. Single crystals for 

X-ray analysis could not be obtained, so DFT calculations were implemented to shed light  

Table 4-3. Computed Pt-C bond lengths. 

Complex Bond length (Å) 

PEP-Pt-Cl’ (3a) 2.0335 
DPAF-Pt-Cl’ (7a) 2.0387 
Naph-Pt-Cl’ (4a) 2.0363 
(PEP)2Pt’ (3b) 2.1151 
(DPAF)2Pt’ (7b) 2.1213 
(Naph)2Pt’ (4b) 2.1178 

 

on the Pt-C bond lengths. Specific results are shown in Table 4-3, but significantly shorter 

Pt-C bonds are shown in the computed monosubstituted complexes (2.036 Å vs. 2.118 Å, 

averaged). This is presumably due to the trans-effect of chloride versus a sp2 hybridized 

carbon. The much stronger trans-effect of the aryl ligand vs. chloride allows for stronger 

Pt-C bonding in the monosubstituted complexes. When two aryl ligands oppose each 

other about the platinum center, this effect is cancelled out, resulting in a longer Pt-C 

bond for both aryl ligands and reduced intersystem crossing shown by the increased 

fluorescence quantum yields.  

To look for room temperature phosphorescence, samples were degassed by three 

freeze-pump-thaw cycles before the emission spectra were recorded. Only compounds 

containing the 4-(phenylethynyl)phenyl, DPAF, and naphthalene ligands (3a,b, 4a,b, 7a,b) 

showed this phenomena. Phosphorescence quantum yields were not measured, but are 

approximately the same between a mono- and disubstituted complex containing the same 

aryl ligand. 
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Figure 4-6.  Absorption (left) and photoluminescence (right) spectra of complexes 3a (top) 
and 3b (bottom) 

 

Figure 4-7.  Absorption (left) and photoluminescence (right) spectra of complexes 3a (top) 
and 3b (bottom). 
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Figure 4-8.  Absorption (left) and photoluminescence (right) spectra of complexes 3a (top) 
and 3b (bottom). 

Transient absorption (TA) was also measured on the four non-mixed ligand complexes 

which showed ground state absorption at 355 nm. All TA spectra show bleaching in the 

region of ground state absorption. The DPAF containing complexes, 7a,b, show a strong, 

broad triplet-triplet absorption across most of the visible region, which is consistent with 

the alkynylated versions of these complexes.72 Compounds 9a,b show only moderate 

transients, which are limited to wavelengths less than 600 nm. Lifetimes for these 

absorptions are between 1 and 4 µs, which is also consistent with this feature being a 

triplet state property; however, these lifetimes are approximately an order of magnitude 

smaller than their respective alkynylated versions.127 
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Figure 4-9.  Transient Absorption Spectra of trans-DPAFPt(PBu3)2Cl (7a) and trans-

DPAFPt(PBu3)2DPAF (7b). Experimental Conditions for 7a: O.D. = 0.7, Q-
Switch:340 μs, Camera Delay: 50ns, Camera Delay Increment: 250ns,  
Experimental Conditions for 7b: O.D. = 0.7, Q-Switch:340 μs, Camera Delay: 
50ns, Camera Delay Increment: 100ns,  

 
 
Figure 4-10.  Transient Absorption Spectra of trans-BThPt(PBu3)2Cl (9a) and trans-

BThPt(PBu3)2BTh (9b). Experimental Conditions for 9a: O.D. = 0.7, Q-
Switch:360 μs, Camera Delay: 50ns, Camera Delay Increment: 750ns, 
Experimental Conditions for 9b: O.D. = 0.7, Q-Switch:360 μs, Camera Delay: 
50ns, Camera Delay Increment: 500ns. 
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Summary  

In summary, a method for generating systems of the type L2Pt(Ar)Cl, L2PtAr2, and 

L2Pt(Ar)(Ar’) (L = PBu3) starting from cis-(PBu3)2PtCl2 and an arylstannane has been 

shown, and the basic photophysical properties of a series of these complexes has been 

measured. Despite these advantages, a deactivation pathway exists in which halogen 

metathesis occurs at the platinum center, deactivating both the copper catalyst and the 

platinum itself. Fortunately, this process occurs slowly enough, at the described 

conditions, to give moderate to good yields of a monosubstituted aryl-platinum species. 

This species can then undergo a homo or heteroligation with a second equivalent of aryl-

stannane. However, electron rich species give very poor yields under disubstitution 

reaction conditions. 

The photophysical properties of these systems are quite similar to those of their 

acetylated congeners. Very low fluorescence quantum yields are seen for all complexes, 

indicating that the platinum center is efficiently inducing intersystem crossing to the triplet 

state. Interestingly, this effect is weaker in the disubstituted complexes, presumably due 

to the lengthening of the platinum-carbon bond, as shown by DFT calculations. Room 

temperature phosphorescence was observed for a few compounds containing ligands 

with longer effective conjugation lengths (3a,b, 4a,b, 7a,b). 

This work once again shows the usefulness of copper in transmetallation 

pathways, as it has activated a stannane for subsequent transmetallation on a platinum 

center with monodentate ligands. This results in fewer synthetic steps as well as 

increased control of stereochemistry about the platinum center. Homo and heteroligated 

aryl-platinum(II) species can be made from this reaction, including ligands that may not 
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tolerate the harsher conditions found in previous methods, which may give rise to 

products for use in material applications. 

Experimental  

Instrumental and Methods  

All reactions were conducted under a nitrogen atmosphere. 1H, 13C, 31P nuclear 

magnetic resonance (NMR) Spectra were recorded on Varian Gemini, VXR, and Mercury 

spectrometers. 1H and 13C NMR spectra were recorded to relative to protonated solvent 

(CHCl3 (δ 7.26 1H NMR, δ 77.16 for 13C NMR). The chemical shifts in 31P NMR spectra 

were recorded relative to 85% H3PO4 as a standard. High Resolution Mass spectra were 

obtained using MALDI-TOF. Steady-state absorption spectra were recorded on a 

Simadzu spectrophotometer. Corrected steady-state emission measurements were 

conducted on a SPEXF- 112 Fluorescence Spectrometer. Samples were degassed by 

three freeze-pump-cycles on a high vacuum line (10-5 Torr). Concentrations were 

adjusted such that the solutions were optically dilute. Photoluminescence quantum yields 

were determined by relative actinometry and quinine sulfate were used as actinometer.128  

Materials 

All commercially available reagents were used as received unless otherwise noted. 

cis-Pt(PBu3)2Cl2
129, tributyl(phenyl)stannane, [1,1’-biphenyl]-4-yltributylstannane130, 

tributyl(4(phenylethynyl)phenyl)stannane131, tributyl(naphthalene-2-yl)stannane132, 

tributyl(4-nitrophenyl)stannane122, N,N-diphenyl-4-(tributylstannyl)-aniline133, 9,9-diethyl-

N,N-diphenyl-7-(tributylstannyl)-9-fluoren-2-amine134, triisopropyl(5’-(tributylstannyl)-[2,2-

bithiophene]-5-yl)silane135 were synthesized following literature procedures.  
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Synthesis 

General Procedure for the formation of Monosubstituted Products  

1 equivalent of cis-Pt(PBu3)2Cl2 was dissolved in 10 mL of dry DMF and degassed for 30 

minutes, then 1.2 equivalents of a corresponding tin compound was added to the system 

along with CuI (10 mol% with respect to tin). The temperature of the system was brought 

to 60oC and stirred at this temperature for 4 hours. The solvent was then removed in 

vacuum. Column chromatography, using silica gel as adsorbent, was employed to purify 

the monosubstituted products. 

 trans-BPhPt(PBu3)2Cl (2a) 

 

 

 

Yield: 63%, Rf = 0.45 (1:1 DCM/Hexane). 

1H NMR (300 MHz, CDCl3) δ 7.58 (d, J = 9Hz, 2H), 7.40 (m, 4H), 7.28 (m, 2H), 7.18 (d, J 

= 9Hz, 2H), 1.70-1.55 (m, 12H), 1.55-1.41 (m, 12H), 1.41-1.27 (m, 12H), 0.89 (t, J = 6Hz, 

18H).  13C NMR (75 MHz, CDCl3) δ 142.00, 137.66, 137.46(t, J = 2.3Hz), 134.35(t, 

J=6.5Hz), 128.60, 126.30, 126.12, 125.97, 25.85 (JPt-C =23Hz), 24.26 (JPt-C =13Hz), 21.18 

(JPt-C =32Hz), 13.76. 31P NMR (121 MHz, CDCl3) δ 5.98 (JPt-P = 2755 Hz).  

Calculated for C36H63P2Pt 752.4051, found DART-MS (m/z): 752.4039 [M-Cl]+. 

trans-PEPPt(PBu3)2Cl (3a)  

 

 

Yield: 60%, Rf = 0.51 (1:1 DCM/Hexane) 
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1H NMR (300 MHz, CDCl3) δ 7.51 (d, J = 9Hz, 2H), 7.36-7.28 (m, 5H), 7.09(d, J = 9Hz 

2H), 1.68-1.52 (m, 12H), 1.51-1.42 (m, 12H), 1.40-1.31 (m, 12H), 0.90 (t, J = 6Hz, 18H).  

13C NMR (75 MHz, CDCl3) 141.36 (t, J = 9Hz), 137.19(t, J=2.3), 131.31, 130.43(t, 

J=37Hz), 128.24, 127.60, 124.02, 115.79, 90.92, 87.34, 25.83(JPt-C =23Hz), 24.23(JPt-C 

=13Hz), 20.98 (JPt-C = 33Hz), 13.78. 31P NMR (121 MHz, CDCl3) δ 5.80 (JPt-P = 2733 Hz). 

Calculated for C38H63P2Pt 776.4051, found DART-MS (m/z): 752.4020 [M-Cl]+. 

trans-NaphtoPt(PBu3)2Cl (4a)  

 

 

Yield: 65%, Rf = 0.56 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.74(s, 1H), 7.68(dd, J = 9Hz, J = 2.1,1H), 7.58(dd J=9Hz, 

J=2.1 2H), 7.42 (m, 1H), 7.36-7.24 (m, 2H), 1.68-1.42 (m, 24H), 1.33 (sextet, 12H), 0.87 

(t, J=7.2Hz, 18H). 13C NMR (75 MHz, CDCl3) δ 136.72, 136.16, 134.52, 134.20, 130.29, 

127.34, 126.00, 125.59, 124.71, 123.03, 25.87 (JPt-C =23Hz), 24.22 (JPt-C =13Hz), 21.05 

(JPt-C = 33Hz), 13.72. 31P NMR (121 MHz, CDCl3) δ 6.00 (JPt-P = 2740 Hz) 

Calculated for C34H61P2Pt 726.3894, found MALDI-TOF-MS (m/z): 726.3878 [M-Cl]+. 

trans-p-NO2PhPt(PBu3)2Cl (5a)  

 

 

 

Yield: 45%, Rf =0.41 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.78 (d, J=6Hz), 7.56 (d, J=9Hz), 1.70 – 1.56 (m, 12Hz), 

1.49-1.29 (m, 24H), 0.88 (t, J=9Hz). 13C NMR (75 MHz, CDCl3) δ 155.47 (JPt-C=15Hz), 
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143.33, 137.54(JPt-C =39Hz), 121.53(JPt-C =80Hz), 25.80(JPt-C =23Hz), 24.16(JPt-C =13Hz), 

21.05(JPt-C =33Hz), 13.71. 31P NMR (121 MHz, CDCl3) δ 5.61 (JPt-P =2666 Hz). 

DIP-CI-MS (m/z): 756.3363 [M]+ 

trans-TPAPt(PBu3)2Cl (6a)  

 

 

 

 

Yield: 53%, Rf = 0.6 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.28 (m, 2H), 7.17 (m, 4H), 7.04 (m, 4H), 6.91 (t, J = 7.5Hz, 

2H), 6.77 (d J = 7.8Hz 2H), 1.79-1.75 (m, 12H), 1.50-1.34 (m, 24H), 0.92 (t, J = 7.2Hz, 

18H).13C NMR (125 MHz, CDCl3) δ 148.31, 141.39, 137.71, 133.95 (JPt-C = 10Hz), 

128.80, 126.58, 122.35, 121.17. 31P NMR (121 MHz, CDCl3) δ 6.31 (JPt-P = 2756 

Hz).Calculated for C42H68NP2PtCl 879.4162, found MALDI-TOF-MS (m/z) : 879.4170 

[M]+. 

trans-DPAFPt(PBu3)2Cl (7a)  

 

 

 

 

Yield: 30%, Rf =0.45 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.51 (d, J=8Hz, 1H), 7.30-7.22 (m, 7H), 7.14-7.08(m, 5H), 

7.03-6.96 (m, 3H), 1.89(q, J=7.2, 4H), 1.61(m, 12H), 1.53(m, 12H), 1.38(m, 12H), 0.82(t, 

J=7.2Hz, 18H), 0.36 (t, J=7.2Hz, 6H). 13C NMR (75 MHz, CDCl3) δ 150.01, 148.98, 

148.21, 145.75, 138.56, 137.36 (JPt-C =10Hz), 135.52, 135.31, 130.86, 129.05, 124.22, 
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123.30, 121.97, 120.16, 119.18, 118.46, 32.87, 25.92 (JPt-C =23Hz), 24.24 (JPt-C =13Hz), 

20.85 (JPt-C =33Hz), 13.9, 8.69. 31P NMR (121 MHz, CDCl3) δ 6.09 (JPt-P = 2775Hz). 

Calculated for C53H80NP2PtCl 1023.5065, found MALDI-TOF-MS (m/z): 1023.5065 [M]+. 

trans-TIPSBThPt(PBu3)2Cl (9a)  

 

 

 

Yield: 16%, Rf = 0.40 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.10 (s, 2H), 7.05 (d, J= 6Hz, 2H), 6.45(d, J=6Hz, JPt-H 

=23Hz), 1.81-1.55(m, 12H), 1.50-1.45(m, 12H), 1.43-1.31(m, 15H), 1.12 (d, J=7.2, 18H, 

2H), 0.91 (t, J=7Hz, 18H). 13C NMR (75 MHz, CDCl3) δ 144.92, 137.34, 136.25, 130.45, 

129.85, 128.85, 124.80 (JPt-C =40Hz), 122.33, 25.93 (JPt-C =23Hz), 24.26 (JPt-C =13Hz), 

20.64 (JPt-C =32Hz), 18.61, 13.79, 11.79. 31P NMR (121 MHz, CDCl3) δ 6.22 (JPt-P = 2554 

Hz). Calculated for C41H79P2 S2SiPtCl 956.4197, found MALDI-TOF-MS (m/z): 956.4213 

[M]+. 

Disubstituted Symmetric and Asymmetric Products 

General Procedure for symmetric disubstituted products 

1 equivalent of trans-PtAr(PBu3)2Cl was dissolved in 5 mL of dry DMF and degassed for 

30 minutes, then 1.2 equivalents of a corresponding tin compound was added to the 

system along with CuI (10 mol % with respect to tin). The system was stirred at room 

temperature overnight and the precipitated product was filtrated and dried under vacuum.  

trans-(PEP)2Pt(PBu3)2 (3b)  
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Yield : 45 %, Rf = 0.80 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.51 (d. J=6Hz, 4H), 7.45(d, J=6Hz, 4H), 7.34-7.29 (m, 6H), 

7.17 (d, J=6Hz, 4H), 1.46-1.37 (m, 12H), 1.34-1.25 (m, 24H), 0.89 (t, J = 6Hz) 

13C NMR (75 MHz, CDCl3) δ 165.43 (J=21Hz), 139.82, 131.28, 129.48 (J=21Hz), 128.1, 

127.22, 124.53, 115.13, 91.88, 86.80, 26.00 (JPt-C=23Hz), 24.14 (JPt-C=13Hz),   

21.82 (JPt-C=33Hz), 13.58.  31P NMR (121 MHz, CDCl3) δ 0.75 (JPt-P =2775 Hz). 

Calculated for C52H72P2 PtH 954.4834, found MALDI-TOF-MS (m/z): 954.4898[M+H]+. 

trans-(Naphto)2Pt(PBu3)2 (4b) 

 

 

 

 

Yield: 52 %, Rf = 0.85 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.98(s, JPt-H=20Hz, 2H), 7.81(d, J=6Hz, 4H), 7.72(m, 2H), 

7.60(dd, J=6Hz,  =1.2Hz, 2H), 7.44(m, 2H), 7.35(m, 2H). 13C NMR (75 MHz, CDCl3) δ 

160.54, 139.85, 137.36, 134.43, 130.64, 127.46, 126.26, 124.49, 124.13, 122.36, 

26.25(JPt-C = 23Hz), 24.39(JPt-C=13Hz), 22.00(JPt-C=32Hz), 13.90. 

31P NMR (121 MHz, CDCl3) δ 1.65, 1.59 (JPt-P = 2775 Hz).  

Calculated for (C44H68P2 Pt)H 854.4521, found DIP-CI-MS (m/z): 854.4507[M+H]+. 

trans-(p-NO2Ph)2Pt(PBu3)2 (5b)  

 

  

 

Yield: 60 %, Rf = 0.82 (1:1 DCM/Hexane) 
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1H NMR (300 MHz, CDCl3) δ 7.95 (d, J=8Hz, 4H), 7.74 (d, J = 8Hz, JPt-H =23Hz, 4H), 

1.54-1.43 (m, 12H), 1.4-1.27 (m, 24H), 0.96 (t, J=9Hz, 18H). 13C NMR (125 MHz, CDCl3) 

δ 179.03 (JPt-C =40Hz), 143.92, 139.63, 120.63(JPt-C=86Hz), 26.02 (JPt-C=23Hz), 24.28 

(JPt-C=13Hz), 21.71 (JPt-C=33Hz), 13.85. 31P NMR (121 MHz, CDCl3) δ -0.12 (JPt-P = 2687 

Hz). Calculated for (C36H62N2O4P2 Pt)H 844.3909, found DIP-CI-MS (m/z): 844.3932 

[M+H]+. 

trans-(p-NPh2Ph)2Pt(PBu3)2 (6b) 

 

 

 

 

 

Yield: 10 %, Rf = 0.87 (1:1 DCM/Hexane). 

1H NMR (300 MHz, CDCl3) δ 7.38 (d, J=7.5Hz, 2H), 7.20 - 7.14(m, 8H), 7.08-7.05 (m, 

8H), 6.87 (m, 8H), 1.42-1.31(m, 36H), 0.89 (t, J=6Hz, 18H). 13C NMR (75 MHz, CDCl3) δ 

157.79 (JPt-C=21Hz), 148.56, 140.81, 140.27, 128.66, 125.73, 122.19, 120.73, 25.94, 

24.30(JPt-C=13Hz), 21.86 (JPt-C=33Hz), 13.78. 31P NMR (121 MHz, CDCl3) δ 1.00 (JPt-

P=2787 Hz). Calculated for (C60H82N2P2 Pt) 1088.5616, found MALDI-TOF-MS (m/z): 

1088.5634 [M]+. 

trans-(DPAF)2Pt(PBu3)2 (7b) 
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Yield: 5 %, Rf = 0.75 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.52 (m, 2H), 7.42 -7.31 (m, 6H), 7.25 -7.22 (m, 8H), 7.13-

7.08 (m, 10H), 7.01 -6.93 (m, 6H), 1.94-1.86 (m, 6H), 1.52-1.38(m, 12H), 1.32-1.27 (m, 

24H), 0.88 (t, J=7.8Hz, 18H), 0.36(t, J=14Hz, 12H). 13C NMR (75 MHz, CDCl3) δ 162.21 

(JPt-C=21Hz), 150.08, 148.31, 147.85, 145.11, 139.78, 138.08, 134.81, 133.67, 128.9, 

124.4, 123.07, 121.71, 120.55, 118.83, 55.49, 53.41, 33.02, 26.17, 24.25, 13.99. 31P 

NMR (121 MHz, CDCl3) δ 1.08, 0.91 (JPt-P=2805 Hz). 

Calculated for (C82H106N2P2 Pt)H 1375.7478, found MALDI-TOF-MS (m/z): 

1375.7582[M+H]+. 

trans-(TIPSBTh)2Pt(PBu3)2 (9b)  

 

 

  

Yield: 16 %, Rf = 0.90 (1:1 DCM/Hexane) 

1H NMR (300 MHz, CDCl3) δ 7.21 (d, J=1.8Hz, 2H), 7.12 (d, J=1.8Hz), 7.11(d, J=1.8Hz, 

2H), 6.55 (d, 1.8Hz), 1.50-1.40 (m, 24H), 1.37-1.31(m, 18H), 1.13 (d, J=6Hz, 36H), 0.90 

(t, J=6Hz, 18H). 13C NMR (75 MHz, CDCl3) δ 153.61, 145.78, 138.35, 136.40, 131.28, 

129.74, 125.43, 122.09, 26.22, 24.41 (JPt-Cγ=13Hz), 21.21 (JPt-Cα=33Hz), 18.75, 13.93, 

11.93. 31P NMR (121 MHz, CDCl3) δ 2.33 (JPt-P=2556 Hz). 

Calculated for (C82H106N2P2 Pt)H 1041.3921, found MALDI-TOF-MS (m/z): 1041.3940 

[M+H]-. 

trans-BPhPt(PBu3)2BTh (10)  
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50 mg, 62 mmol of trans-PEPPt(PBu3)2Cl was dissolved in 5 mL dry DMF and degassed 

for 30 min. then 52 mg, 74 mmol of triisopropyl(5'-(tributylstannyl)-[2,2'-bithiophen]-5-

yl)silane was added to the system along with 2 mg of CuI. The system was stirred at room 

temperature overnight. The resulting precipitate was filtered off and dried under vacuum. 

Yield: 60 %, Rf = 0.80 (1:1 DCM/Hexane). 

1H NMR (300 MHz, CDCl3) δ 7.62 (d, J = 6.6Hz, 2H), 7.46- 7.38 (m, 5H), 7.28(m, 3H), 

27.13 (m, 2H), 6.60 (s, JPt-H=23Hz, 2H), 1.53-1.38(m, 24H), 1.37-1.31(m, 15H), 1.14 (d, J 

= 7.2Hz, 18H), 0.88 (t, J =9Hz, 18Hz). 13C NMR (125 MHz, CDCl3) δ 158.85 (JPt-C =21Hz), 

157.04 (JPt-C=23Hz), 145.93, 142.58, 139.62, 138.17, 136.31, 133.71, 131.46, 129.27, 

128.51, 126.30, 125.79, 125.33 (JPt-C = 45Hz), 121.80, 26.07(JPt-C=23Hz), 24.28 (JPt-

C=13Hz), 21.57(JPt-C=33Hz), 18.54, 13.78, 11.82. 31P NMR (121 MHz, CDCl3) δ 1.00 (JPt-P 

= 2770 Hz). Calculated for (C53H88S2SiP2 Pt) 1074.5227, found MALDI-TOF-MS (m/z): 

1047.5267 [M]+. 

trans-PEPPt(PBu3)2BTh (11)  

 

 

 

trans-PEPPt(PBu3)2Cl (50 mg, 62 mmol) was dissolved in 5 mL of dry DMF and degassed 

for 30 min. then 52 mg, 74 mmol of triisopropyl(5'-(tributylstannyl)-[2,2'-bithiophen]-5-

yl)silane  was added to the system along with 2 mg of CuI. The system was stirred at 

room temperature overnight. The resulting precipitate was filtered off and dried under 

vacuum. Yield: 65%, Rf =0.86 (1:1 DCM/Hexane). 1H NMR (300 MHz, CDCl3) δ 7.54-7.12 

(m. 12H), 6.58 (JPt-H=46Hz, 1H). 1.5-1.23(m, 39H), 1.14 (d, J=7Hz, 18H), 0.89 (t, J=7.2, 
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18Hz). 13C NMR (125 MHz, CDCl3) δ 163.4(JPt-C = 21Hz), 156.14(JPt-C=12Hz), 145.83, 

139.26, 138.28, 136.32, 131.49, 131.31, 129.76 (JPt-C=46Hz), 129.39, 128.21, 127.40, 

125.33, 124.30, 121.87, 115.09, 91.67, 86.90, 26.06(JPt-C=23Hz), 24.27 (JPt-C=13Hz), 

21.39(JPt-C=33Hz), 18.64, 13.83, 11.82. 31P NMR (121 MHz) δ 1.45 (JPt-P = 2675 Hz) 

Calculated for (C55H88S2P2Si Pt) 1098.5227, found MALDI-TOF-MS (m/z): 1047.5223 

[M]+. 

trans-PhPt(PBu3)2p-NO2Ph (12)  

 

 

 

trans-PhPt(PBu3)2Cl (50 mg, 70 mmol) was dissolved in dry DMF and degassed for 30 

min. then 43 mg, 68 mmol of tributyl(4-nitrophenyl)stannane was added to the system 

along with 2 mg of CuI. The system was stirred at room temperature overnight. The 

resulting precipitate was filtered off and dried under vacuum. Yield : 60%, Rf =0.5 (1:5 

DCM/Hexane). 

1H NMR (300 MHz, CDCl3) 7.82 (d, J=9Hz, 2H), 7.68 (d, J = 9Hz, JPt-H=41Hz, 2H), 7.35 

(d, J = 7.2Hz, JPt-H =42Hz, 2H), 6.98 (t, J=7.2Hz, 2H), 6.81 (t, J=7.2Hz, 1H), 1.51-1.35(m, 

12H), 1.30 (m, 24H) 0.86 (t, J=7.2Hz, 18H). 13C NMR (125 MHz, CDCl3) δ 139.82 (JPt-

C=40Hz), 127.04, 121.43, 120.06 (JPt-C=46Hz), 25.93 (JPt-C=23Hz), 24.10(JPt-C=13Hz), 

21.62(JPt-C=33Hz). 31P NMR (121 MHz) δ 0.63 (JPt-P=2749 Hz). Calculated for 

(C36H63NO2P2 Pt)H 799.4058, found DIP-CI-MS (m/z): 799.4029 [M+H]+. 

trans-TPAPt(PBu3)2p-NO2Ph (13)  
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TPAPt(PBu3)2Cl (40 mg, 45 mmol) was dissolved in DMF and degassed for 30 minutes 

then 30 mg, 68 mmol of  tributyl(4-nitrophenyl)stannane was added to the system along 

with 2 mg of CuI. The system was stirred at room temperature overnight. The solvent was 

evaporated and the product was isolated via preparative thin layer chromatography using 

silica gel as an adsorbent and 1:1 DCM/Hexane mixture as eluent. Yield : 45%, Rf =0.5 

(1:5 DCM/Hexane). 1H NMR (300 MHz, CDCl3) 7.84 (d, J =9Hz, 2H), 7.69(d, J=9Hz, 2H 

JPt-H=23Hz), 7.34(d, J=9Hz, 2H JPt-H=23Hz), 7.17(m, 4H), 7.05(m, 4H), 6.89(m, 4H), 

1.57-1.37(m, 12H), 1.37-1.27(m, 24H), 0.88(t, J=7.2Hz, 18H). 13C NMR (125 MHz, CDCl3) 

δ 182.77(JPt-C=20Hz), 154.78(JPt-C=22Hz), 148.47, 143.42, 141.39, 140.05(JPt-C=20Hz), 

139.70(JPt-C=23Hz), 128.70, 125.97(JPt-C=43Hz), 122.27, 120.91, 120.16, 25.90(JPt-

C=23Hz), 24.22(JPt-C=13Hz), 21.69(JPt-C=13Hz), 13.75. 31P NMR (121 MHz) δ 0.47(JPt-

P=2773Hz). Calculated for (C48H72N2O2P2Pt) 966.4793, found MALDI-TOF-MS (m/z): 

966.4849 [M]+. 
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CHAPTER 5 
SYNTHESIS, CHARACTERIZATION, PHOTOPHYSICAL AND ELECTOCHEMICAL 

PROPERTIES NOVEL PLATINUM COMPLEXES WITH DONOR-ACCEPTOR 
CHROMOPHORES 

Background  

Low band gap π-conjugated polymers and oligomers have gained attention in the 

recent years. Encouraging candidates are low band-gap materials with donor-acceptor 

units (D-A). Fine tuning of the band gap is possible due to the intramolecular charge 

transfer (ICT) from the donor to the acceptor moiety.136 Control over the band gap allowed 

this materials to be used various application such organic light emitting diodes137-139, 

organic dye-sensitized solar cells140, 141, organic field effect transistors142-144 and nonlinear 

optics.145-147 Even though the first singlet excited state, S1 of these systems has been 

extensively studied, the first triplet excited state T1 remained unexplored due to low yield 

of intersystem crossing to triplet manifold upon excitation. There are few reports exploring 

the extensive photophysical characterization, i.e. both singlet and triplet excited states of 

fully organic donor-acceptor system102, 103, 148, 149 (Figure 5-1). 

 

 

Figure 5-1.  Several donor-acceptor-donor (D-A-D) systems studied by Pina et al.102 
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Attachment of heavy metal such as platinum to the conjugated backbone is one of 

the ways to increase intersystem crossing yield, which ultimately allow one to examine 

triplet excited state of these systems.150-152 

In the second chapter of this dissertation, the synthesis of Pt(II)-acetylide 

complexes with various electron poor ligands ligated with triphenylamine as electron rich 

units was described. In these complexes, electron poor and electron rich ligands are 

connected via acetylene bridges e.i. D─≡─Pt(PBu3)2─≡─A. An extensive photophysical 

and electrochemical characterization of these donor-acceptor systems revealed that the 

first triplet excited state is not influenced by terminal diamino group whereas first singlet 

excited state is dramatically affected suggested by the decrease in fluorescence quantum 

yields and lifetimes. 

In this chapter, taking advantage of the synthetic methodology developed to make 

platinum-carbon bond efficiently, we designed platinum complexes in which the electron 

donating and electron poor ligands was connected by a platinum metal, i.e. 

D─Pt(PBu3)2─A, without ethynyl linkers arms. For the present study, 2,1,3-

benzothiadizole as electron poor unit was chosen along with the three electron rich 

ligands, namely, thiophene, 2,2’-bithiophene and dithieno[3,2-b; 2’,3’-d]thiophene. 2,1,3-

Benzothiadiazole is an electron acceptor unit that is extensively studied over a decade in 

many donor-acceptor oligomers and polymers.102, 137, 140, 144, 145, 153 while 2,2’-

bithiophene98, 152, 154 and dithieno[3,2-b; 2’,3’-d]thiophene155-159 are two well-known 

electron rich ligands that has been employed to generate low-band gap materials. The 

following figure shows the structure of the complexes that are the subject of this chapter 

(Figure 5-2).  
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Figure 5-2.  The structures of the complexes discussed in this chapter. 

Results  

Synthesis 

All the complexes described in this chapter are synthesized following the method 

described in the previous chapter (Chapter 4). The synthesis towards obtaining the donor-

acceptor oligomers described in this chapter starts with the direct attachment of the 

platinum onto the 2,1,3-benzothiadiazole ring. In order to achieve this goal, stannylated 

derivative of this chromophore was obtained using Stille-type stannylation. Dibromo 

derivative of 2,1,3-benzothiadiazole was converted to bisstannylated derivative using 

hexabutylbistin in the presence of Pd(PPh3)4 as catalyst with 40% yield (Figure 5-2). 
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Figure 5-3.  Synthesis of platinum dimer with 2,1,3-benzothiadiazole.  

In order to obtain the desired donor-Pt-acceptor complexes, monostannylation of 

the donor units was necessary, however, attempts to monostannylate employing one 

equivalent of n-BuLi and quenching the resulting solution with SnBu3Cl leaded to the 

formation of an inseparable mixture of mono- and distannylated products as well as some 

unreacted starting materials. Therefore, a stepwise strategy in which one side is initially 

blocked by TIPS group was followed. The following figures (Figure 5-4) show how stannyl 

derivatives of donor units were synthesized.  

 

 

Figure 5-4.  Synthetic scheme for triisopropyl(5'-(tributylstannyl)-[2,2'-bithiophen]-5-
yl)silane. 

 
The platinum dimer bridged by benzothiadiazole was capped with the each of the 

monostannylated donor units to yield final complexes as shown below. (Figure 5-5) 
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Figure 5-5.  Synthesis Scheme for triisopropyl(6-(tributylstannyl)dithieno[3,2-b:2',3'-
d]thiophen-2-yl)silane. 

 

 

Figure 5-6.  Synthetic scheme for the formation of Donor-Platinum-Acceptor Complexes.  
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1H NMR Characterization  

All the complexes were characterized by 1H, 13C and 31P NMR Spectroscopy as 

well as Mass Spectroscopy Techniques and detailed procedures were given in the 

experimental section. 

A 

 
B 
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C 

 

D 

 

Figure 5-7.  1H NMR Spectra of A) (ClPt)2BTD, B) (ThPt)2BTD, C) (BThPt)2BTD D) 
(DTTPt)2BTD 
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Unfield shift of protons that are α-positioned relative to the platinum center is 

evidence of platinum-carbon bond. These protons appear around 6.7-7.0ppm range and 

undergo coupling with platinum with a coupling constant of 23 Hz. This value is consistent 

with that of previously synthesized analogous platinum complexes. Each complex exhibits 

31P NMR signal around ~2ppm except the one with chlorine terminal group showed up 

around 5.5ppm. Each phosphorous peak has accompanying satellite peaks originating 

from the coupling between the platinum and phosphorous. The coupling constant is found 

to be around 2700Hz, indicating a trans configuration around the platinum metal center.  

UV-Vis Absorption and Photoluminescence  

The absorption spectra of all complexes were taken in dilute THF solutions (Figure 

5-8). Generally, the absorption spectra feature two absorption bands. One intense band is 

in UV or near UV region and other relatively weak one is in the visible region. The first 

member of the series, (ClPt)2BTD has two bands centered at 320 nm and 430 nm 

respectively. Absorption maximum and molar extinction coefficient are smaller than those 

of corresponding platinum acetylide complex (ClCCPt)2BTD due to the absence of π- 

electrons of the acetylene that causes the red-shift in the spectra. Replacing terminal -Cl 

ligand with thienyl group does not change absorption maxima except the fact the molar 

extinction coefficient of each related band is slightly increased. When -Cl ligand was 

exchanged with bithiophene or dithienothiophene, another absorption band that are 

originating from those ligands appeared and centered around ~350 nm. Even though 

these bands are predominant, position and intensity of the intramolecular charge transfer 

(ICT) band remained unchanged.  Photoluminescence spectra were also recorded in both 

air-saturated and deaerated THF solutions to investigate the emissive states from these 
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new complexes (Figure 5-7). All the complexes showed broad structureless emission 

band from 500nm to 800nm in aerated THF solution. 
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Figure 5-8.  Normalized absorption specta of (ClPt)2BTD (black line), (ThPt)2BTD (dash 
line), (BThPt)2BTD (dot line), (DTTPt)2BTD (dash-dot line). 

Virtually almost no spectral change was observed upon dearation of the solutions 

except those of (BThPt)2BTD, which shows second broad band around 600 to 800nm 

region upon deoxygenation of the solvent. As this peak disappeared upon purging the 

solution with oxygen, it was assiged as phosphorescence. The lifetime of emission was 

measured in that particular region and was found to be 14μs. Fluorescence quantum 

yields are measured with respect to air saturated Ru(bpy)3
2+ as stansdard. Fluorescence 

quantum yield efficiency of (ClPt)2BTD is 6%. This value is ten times lower than that of 
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strucuturally similar platinum acetylide, (ClCCPt)2BTD, indicating that strong spin-orbit 

coupling between the metal and 2,1,3-benzothiadiazole unit.  

 

Figure 5-9.  Absorption Spectra (on the left) and Photoluminescence Spectra (on the 
right) of A) (ClPt)2BTD, B) (ThPt)2BTD, C) (BThPt)2BTD and D) (DTTPt)2BTD in 
aerated and deaerated THF solutions. 
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Transient Absorption  

In order to understand the transients that are involved in the excited state, we studied 

nanosecond-picosecond laser flash photolysis for those complexes. Figure 5-8 and 5-9 

show the transient absorption spectra of the complexes that are subject of this chapter. 

All the complexes except (ThPt)2BTD displayed broad absorptions which cover the entire 

visible region.

 

Figure 5-10.  Transient Absorption Spectra of (CIPt)2BTD (on the left) and (ClCCPt)2BTD 
(on the right). Experimental Conditions for (CIPt)2BTD, Q-Switch: 320μs, 
Camera Delay :50 ns, Camera Delay Increments :750 ns. Experimental 
Conditions for (CICCPt)2BTD, Q-Switch: 320μs, Camera Delay :50 ns, Camera 
Delay Increments: 300 ns.  

 
Intensities of transient absorption are found to be relatively lower than that of 

parent platinum acetlyide complexes even with increased laser power intensity. 

For example, (ClPt)2BTD exhibit relatively broad and weaker transient absorption 

band with respect to corresponding platinum acetylide complex, (ClCCPt)2BTD, which 

has absorption peaks at both 388nm and ~700nm. However, triplet lifetime of former was 

found to be longer than that of platinum acetylide complex. Even though the mono-

exponential decay rate of the transients associated with the each complex (see Table 5-1) 
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indicates that transients are originating from triplet excited state, the broad nature of the 

transient suggests that there might be some charge-transfer contribution.  

 
 
Figure 5-11.  Transient Absorption Spectra of (DTTPt)2BTD (on the left) and (BThPt)2BTD 

(on the right).Experimental Conditions for both (DTTPt)2BTD and (BThPt)2BTD, 
Q-Switch: 320μs, Camera Delay:50 ns, Camera Delay Increments: 1000 ns 

 
Table 5-1.  Summary of Photophysical Properties.  

 
Compounds 

UV-Vis 
λmax (nm)a 

ε a x 103 
(cm-1M-1) 

F λmax 
(nm)a 

Φf 
% 

f 
(ns) 

p 
(μs) 

T1-Tn 
λmax 

 T1-Tn 
μs 

         

(ClCCPt)2BTD 331, 484 6.5, 4.1  60 6 -b 388, 708 1.5 

(ClPt)2BTD 312, 434 5.6, 3.8 540 6 1.6 -b 490 4.8 

(ThPT)2BTD 310, 428 9.0, 6.7 528 3.5 1.0 -b -c -c 

(DTTPt)2BTD 331, 428 33.5, 4.0 511 2 0.3 -b 385,482 6.2 

(BThPt)2BTD 356, 428 28.0, 4.3 530 1 0.2 14 401,484 5.9 
a in THF, b no phosphorescence is observed, c no transient absorption signal is observed. 
 
Electrochemistry 

In order to understand the redox states associated with the each complexes, 

cyclic voltammetry and differential pulse voltammetry experiments were carried out. Initial 

investigation is to compare the redox states of (ClPt)2BTD and (ClCCPt)2BTD to 

understand if there is any effect of acetylene bridge on redox properties.  
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The following figure shows the anodic scans taken by cyclic voltammetry and 

differential pulse voltammetry experiments. No significant change was observed in terms 

of their first oxidation potential, which appeared around 0.56 V for both complexes. 

(ClCCPt)BTD showed a cathodic peak around -2.1 V relative to Fc/Fc+, however no 

cathodic peak was observed for (ClPt)2BTD within the potential window of the solvent. 

This might be probably due to high LUMO level associated with this complex.  

 

Figure 5-12.  Cyclic Voltammogram (on the left) and Differential Pulse Voltammogram (on 
the right) of the (ClCCPt)2BTD (top) and (ClPt)2BTD (bottom) 

Replacement of -Cl ligand by electron rich organic ligands causes first oxidation 

potential reduced by nearly 0.2 V. The following figure (Figure 5-11) shows the anodic 

sweeps in cyclic voltammetry and differential pulse voltammetry experiments related to 

(DTTPt)2BTD and (BThPt)2BTD. In these systems, after first oxidation takes place, 

second closely spaced another oxidation occurs, which is nearly 70 mV apart. This is 
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more likely from two back to back oxidation of one ligand and then second one right after 

the first oxidation. Bithiophene-containing complex exhibits approximately 0.1 V lower in 

oxidation potential. This finding agree with the literature observation that bithiophene is 

better electron donating ligand than dithienothiophene. Unfortunately, no cathodic peak 

was observed from those complexes within the potential window of the solvent employed 

(DCM).   

 

Figure 5-13.  Cyclic Voltammogram (on the left) and Differential Pulse Voltammogram (on 
the right) of the (DTTPt)2BTD (top) and (BThPt)2BTD (bottom). 

Density Functional Theory Calculations  

Besides the synthetic efforts and electrochemical data, we computationally 

analyzed and compared a series of five oligomers which are the subject of this chapter. 

We chose density functional theory (DFT) methods, known to have a good balance 

between accuracy and the computational time required. Methyl substituents were chosen 
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to simplify the computations with the computational details supplied in the experimental 

Section. The HOMO and LUMO levels obtained computationally in the gas phase are 

summarized in Table 5-2. 

 

 

Figure 5-14.  DFT//B3LYP/6-31G(d)  optimized ground-state geometry together with the 
frontier molecular orbitals energy levels and the molecular orbital contours for 
(ClPt)2BTD, (ThPt)2BTD, (DTTPt)2BTD, (BThPt)2BTD and (ClCCPt)2BTD 
oligomers. 
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Table 5-2.  Wavelength, Molecular Orbitals Involved, and Oscillator Strength for the 
Strongest Predicted Electronic Transition of both the Low and High Energy 
Region in the Singlet State. 

Compound Wavelength
/nm 

 Orbital transitions                                        Oscillator  
   strength, f 

(ClPt)2BTD’            440.3 153 → 154 HOMO → LUMO 
 

(100%)  0.0878 

(ThPt)2BTD’           447.3 
 
                               284.8 

179 → 180 
 
169 → 180 
171 → 180 
177 → 193 
179 → 186 
179 → 193 

HOMO → LUMO 
 
HOMO-10 → LUMO 
HOMO-8 → LUMO 
HOMO-2 → LUMO+13 
HOMO → LUMO+6 
HOMO → LUMO+13 
 

(100%) 
 
(80.3%) 
(5.0%) 
(2.2%) 
(4.3%) 
(8.2%) 

0.0982 
 

0.0680 

  (BThPt)2BTD’       473.9 
 
 
                                338.5 

219 → 222 
221 → 222 
 
220 → 224 
221 → 223 
221 → 226 

HOMO-2 → LUMO 
HOMO → LUMO 
 
HOMO-1 → LUMO+2 
HOMO → LUMO+1 
HOMO → LUMO+4 
 

(3.9%) 
(96.1%) 
 
(21.5%) 
(74.1%) 
(4.4%) 

0.0984 
 
 

1.0175 

  (DTThPt)2BTD’     472.4 
 
 
                                316.1 

233 → 236 
235 → 236 
 
234 → 239 
235 → 237 

HOMO-2 → LUMO 
HOMO → LUMO 
 
HOMO-1 → LUMO+3 
HOMO → LUMO+1 
 

(2.1%) 
(97.9%) 
 
(21.7%) 
(78.3%) 

0.0833 
 
 

1.2341 

  (ClPtCC)2BTD’     555.6 
 
                                339.7 

165 → 166 
 
165 → 167 
165 → 169 

HOMO → LUMO 
 
HOMO → LUMO+1 
HOMO → LUMO+3 

(100%) 
 
(90.3%) 
(9.7%) 

0.3688 
 

0.6965 

 
 

As can be seen from the tables 5-3 and 5-4, main transitions are basically from 

HOMO to LUMO. Typically, HOMO is seemed to be spread out the entire molecule, 

however, LUMO is mainly localized on the BTD acceptor core unit. 
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Table 5-3.  Wavelength, Molecular Orbitals Involved, and Oscillator Strength for the 
Strongest Predicted Electronic Transitions in the Triplet State. 

Compound Wavelength/ 
nm 

Orbital transitions                                                           Oscillator 
 strength, f 

(ClPt)2BTD’         391.6 154A → 162A 
140B → 153B 
142B → 153B 

HSOMO → LUMO+8 
HOMO-13 → LSOMO 
HOMO-11 → LSOMO 

 

(15.5%) 
(80.1%) 
(4.4%) 

  0.0775 

Manifold of weak excitations from 520 – 370 nm 
(ThPt)2BTD’        721.9 
 
                           414.3 

178B → 179B 
 
180A → 186A 
180A → 188A 
180A → 193A 
166B → 179B 

HOMO-1 → LSOMO 
 
HSOMO → LUMO+6 
HSOMO → LUMO+8 
HSOMO → LUMO+13 
HOMO → LSOMO 
 

(100%) 
 
(45.8%) 
(2.8%) 
(2.7%) 
(48.7%) 

0.0624 
 

0.0593 

Manifold of weak excitations from 450 – 350 nm 
 

(BThPt)2BTD’     972.5 
 
                          564.9 

220B → 221B 
 
220A → 224A 
221A → 223A 
222A → 224A 
222A → 225A 
220B → 223B 

HOMO-1 → LSOMO 
 
HOMO-1 → LUMO+2 
LSOMO → LUMO+1 
HSOMO → LUMO+2 
HSOMO → LUMO+3 
HOMO-1 → LUMO+1 
 

(100%) 
 
(1.4%) 
(1.6%) 
(94.1%) 
(1.5%) 
(1.4%) 
 

0.0838 
 

0.0160 

Manifold of weak excitations from 570 – 370 nm 
 

(DTThPt)2BTD’   995.6 
                           958.1 

234B → 235B 
233B → 235B 

HOMO-1 → LSOMO 
HOMO-2 → LSOMO 
 

(100%) 
(100%) 

   0.0677 
    0.0255 

Manifold of weak excitations from 520 – 400 nm 
 

(ClPtCC)2BTD’    640.5 
 
 
 
 
 
                            480.6 

166A → 170A 
166A → 177A 
160B → 165B 
162B → 165B 
164B → 165B 
 
166A → 167A 
158B → 165B 
159B → 165B 
160B → 165B 
164B → 165B 

HSOMO → LUMO+4 
HSOMO → LUMO+11 
HOMO-5 → LSOMO 
HOMO-3 → LSOMO 
HOMO-1 → LSOMO 
 
HSOMO → LUMO+1 
HOMO-7 → LSOMO 
HOMO-6 → LSOMO 
HOMO-5 → LSOMO 
HOMO-1 → LSOMO 

((4.7%) 
((2.2%) 
((4.8%) 
((47.6%) 
((40.7%) 

 
(48.2%) 
(27.3%) 
(21.7%) 
(1.1%) 
(1.7%) 

0.3216 
 

 
 
 
 

0.1866 



 
 
 

143 
 
 

Table 5-4.  Calculated HOMO and LUMO Energies as well as the band gap of complexes 

Complexes HOMO (eV) LUMO (eV) Band Gap (eV) HOMO(eV)* 

(ClPt)2BTD -5.23 -1.84 3.39 -5.30 
(ThPt)2BTD -4.89 -1.57 3.32  

(DTTPt)2BTD -4.79 -1.77 3.02 -4.98 

(BThPt)2BTD -4.73 -1.69 3.04 -4.91 

(ClPtCC)2BTD -4.81 -2.17 2.64 -5.30 

*Experimentally obtained from CV calculated as EHOMO = - (Eonset, ox + 4.75) eV. 

Discussion  

Ground state absorption spectrum of (ClPt)2BTD displayed two bands, one of 

which appears in nearly visible region. This experimentally observed band is suggesting 

that there is a charge-transfer interaction between platinum metal and BTD acceptor unit. 

The interaction between platinum and BTD acceptor unit was also suggested by TD-DFT 

calculations as shown in LUMO molecular orbital contours. Attachment of donor ligands 

to the platinum center causes neither any shift nor an increase in the molar extinction 

coefficient of that particular band indicating that there is a weak electronic coupling 

between electron rich and electron poor ligands. 

Short fluorescence lifetimes and low fluorescence quantum yields indicates 

efficient intersystem crossing in these systems. The fact that fluorescence lifetimes and 

quantum yields decreases in the series as the electron rich thiophene derivative is 

replaced by terminal chlorine in (ClPt)2BTD suggest that another deactivation process is 

operating and this deactivation mechanism is probably photoinduced electron transfer 

from donor to acceptor. Only the complex that features bithiohene donor unit showed 

phosphorescence emission around 600-800 region. This emission is probably originating 

from the triplet state of bithiophene donor unit.  
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Laser flash photolysis experiments indicate that transients observed from these 

complexes have triplet character due to their long T1-Tn lifetimes ca.5-6μs. Triplet 

lifetimes are found to be longer than typical value obtained from platinum acetylide 

complexes. However, the broad nature of observed transients might indicate charge 

transfer type contribution.  

Only oxidation potentials were obtained from the electrochemical experiments as 

the reduction potentials are too negative to be detected within the potential window of the 

solvent employed (DCM). Even though LUMO level could not be extracted from 

electrochemical data, TD-DFT calculations shed light on both HOMO and LUMO energies 

of each complex. Computationally estimated oxidation potentials are in close proximity 

with experimentally observed oxidation potentials, although latter is slightly lower than 

former. HOMO-LUMO band gap was found to be similar regardless of the different 

electron rich ligand with varying levels of oxidation potentials.  

Summary 

Four donor-s-acceptor-s-donor type complexes were synthesized where acceptor 

is 2,1,3-benzothiadiazole and s stands for spacer which is -Pt(PBu3)2- unit in this case. 

The chemistry that was developed and discussed previous chapter was used to make 

corresponding complexes in this chapter. The goal was here to understand donor- 

acceptor interaction transmitted platinum metal and effects of direct metallation on 

photophysical properties of those systems. Electronic coupling seemed to be weak 

between donor and acceptor as suggested by data from UV-Visible spectroscopy 

measurements. The acceptor is probably not in conjugation with donor units due to the 

bulky phosphine ligand which are perpendicular to the plane. Transient absorption studies 
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indicates that observed transients are triplet in nature suggested by their long life-time, 

however, broad nature of the transient might indicate some charge transfer character 

observed in these transients. 

Experimental 

Instrumentation and Methods  

All NMR spectra were recorded on Gemini-300 FT-NMR, a Mercury-300 FT-NMR, 

or an Inova 500 FT-NMR. High Resolution mass spectrometry was performed a Bruker 

APEX II 4.7 Fourier Transform Ion Cyclone Resonance mass spectrometer.  

Steady state absorption measurements were carried out on a Shimadzu UV-1800 

dual-beam spectrophotometer using 1cm quartz cells. Corrected steady state emission 

measurements were conducted with fluorimeter from Photon Technology International 

(PTI) using 1cm quartz cells. Samples were degassed by argon purging for 30 minutes 

and concentrations were adjusted such that the solutions were optically dilute. 

Photoluminescence quantum yields were determined according to the relative 

actinometry. Solution of Ru(bpy)3
2+ were used as a reference76 (Φ= 0.037 in air-saturated 

water).  

Fluorescence lifetimes were obtained with a multichannel scales/photon counter 

system with a PicoQuant FluoTime 100 Compact Luminescence Lifetime 

Spectrophotometer.  A high-performance Coherent CUBE diode laser provided the 

excitation at 375nm (P<10Mv). Decays were obtained using the single exponential fitting 

parameters (FluoroFit software). 

Nanosecond triplet-triplet transient absorption measurements were acquired with 

excitation at 355nm (10mj/pulse) using the third harmonic of Continuum Surelite II-10 
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Nd:YAG laser. Perkin Elmer LS 1130-3 pulsed xenon lamp used as a probe source and 

the transient absorption signal was detected with a gated-intensified CCD mounted on a 

0.18 M spectrograph. Samples were prepared to an optical density of 0.7 at the excitation 

wavelength in a continuously circulating 1 cm path length flow cell. Triplet lifetimes were 

calculated with a single exponential global fitting of the transient absorption decay data 

using SpecFit analysis software.  

Electrochemical measurements were recorded in dry dichloromethane solutions 

containing 0.1M tetra-n-butyl hexafluorophosphate (TBAH, Aldrich) as supporting 

electrolyte. The setup consisted of a platinum microdisk (2 mm2) as working electrode, 

platinum wire auxiliary electrode as a silver wire quasi-reference electrode. A positive 

pressure was maintained during the measurements. The concentrations of the oligomers 

were ca. 0.15 mM. All the potentials obtained were calibrate against the 

ferrocene/ferrocenium couple (E=0.43 vs SCE in dichloromethane). 

All calculations were carried out using DFT as implemented in Gaussian 09160 Rev. 

C.01. Geometries were optimized using the B3LYP functional along with the 6-31G(d) 

basis set for C, H, N, the 6-31+G(d) basis set for P, S, and the SDD basis set for Pt. To 

minimize computational cost, solubilizing PBu3 moieties were replaced with PMe3. These 

models are designated by the addition of a prime (’) to their name, thus the model for 

(ClPt)2BTD is termed as (ClPt)2BTD’. All singlet optimizations were started from idealized 

geometries and run without symmetry constraints. Triplet optimizations were started from 

the optimized singlet geometry and used the unrestricted B3LYP functional. All optimized 

structures were characterized by vibrational frequency calculations and were shown to be 

minima by the absence of imaginary frequencies. Time-Dependent DFT calculations were 
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performed for all optimized structures at the same level of theory with the same basis 

sets. Structures and orbitals were visualized at an isovalue of 0.02 using Chemcraft 

Version 1.7.161  

Materials  

All the solvents and chemicals used for the synthesis of platinum complexes were reagent 

grade and used without further purification unless noted. Silica gel (Silicycle Inc. 230-400 

mesh, 40-63 microns, 60 A) was used for all flash chromatography. Thiophene, and 2,2’-

bithiophene, tributyl(thiophen-2-yl)stannane were purchased from Sigma-Aldrich. Diethyl 

dithieno[3,2-b:2',3'-d]thiophene-2,6-dicarboxylate156 was synthesized according to 

literature procedure 

Synthesis  

4,7-bis(tributylstannyl)benzo[c][1,2,5]thiadiazole  
 

 

0.5 g of 4,7-dibromobenzo[c][1,2,5]thiadiazole and Bu3SnSnBu3 as dissolved in 10ml of 

toluene and degassed for 30 minutes, then 27mg of Pd(PPh3)4 was added to the system 

and degassed for 30 minutes more. The temperature was set to 80oC and the reaction 

was stirred at this temperature overnight. The product was purified using hexane as 

eluent and silica gel as absorbent. Yield: 40%.  

1H NMR (300 MHz, CDCl3)
 δ: 7.62(s, JSn-H= 24Hz, 2H),1.67-1.52(m, 12H), 1.40-1.27(m, 

12H), 1.24-1.18(m, 12H), 0.87(t, J=7.5Hz, 18). 13C NMR (300 MHz, CDCl3) δ:159.50, 

137.37 (JSn-C=18Hz)), 137.10, 29.13(JSn-C=20Hz), 27.31(JSn-C=56Hz), 13.65, 10.14. 
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(ClPt)2BTD 

 

4,7-bis(tributylstannyl)benzo[c][1,2,5]thiadiazole (300 mg, 0.42 mmol) was dissolved in 30 

ml of dry DMF then degassed for 30 minutes. Then, 619 mg Pt(PBu3)2Cl2 and 8 mg of CuI 

was added to the system. The reaction mixture was heated to 80oC and stirred at this 

temperature overnight. The solvent was removed under vacuo and the desired product 

was obtained via crystallization from MeOH. Yield :40 % 

1H NMR (300 MHz, CDCl3)
 δ: 7.10 (s, JPt-H= 23Hz, 2H), 1.66-1.40(m, 48H), 1.37-1.24 (m, 

24H), 0.88 (t, J=6Hz, 36H). 31P NMR (121 MHz, CDCl3) δ 5.12 (JPt-P = 2727 Hz). 

Calculated for C54H110N2P4SPt2Cl2 1403.6001, found MALDI-TOF-MS (m/z) :1403.60333 

[M]+. 

 [2,2'-bithiophen]-5-yltriisopropylsilane135 

 

In a dry flask, 2.5 M butyllithium in hexanes (4.8 mL, 12.0 mmol) was added dropwise to a 

solution of the 2,2’-bithiophene (2 g, 12 mmol) in THF (100 mL) at 0 °C under a N2 

atmosphere. After stirring for 1 h at this temperature, neat triisopropylchlorosilane (2.56 

mL, 12 mmol) was added dropwise. The solution was stirred for another 3 h and allowed 

to warm to room temperature, followed by dilution with hexanes and washing with water 

and brine. The organic layer was collected and dried over anhydrous Na2SO4. After 

removing the solvent in vacuum, the residue was purified by column chromatography on 

silica gel, eluting with hexanes to yield title compound (1.5 g, 40%) as a white solid. 1H 
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NMR (300 MHz, CDCl3, δ): 7.28 (d, J=3.5 H, 1H), 7.22 (dd, J=3.5, 1.1 Hz, 1H), 7.21 (dd, 

J=5.1, 1.1Hz, 1H), 7.17 (d, J=3.5Hz, 1H), 7.02 (dd, J=5.1, 3.7 Hz, 1H), 1.36 (sep, 

J=7.3Hz, 3H), 1.14 (d, J=7.4 Hz, 18H).  

Triisopropyl (5'-(tributylstannyl)-[2,2'-bithiophen]-5-yl)silane.135 

 

In a dry flask, 2.5 M butyllithium in hexanes (0.15ml, 0.37mmol, 1.2equiv.) was added 

dropwise to a solution of [2,2'-bithiophen]-5-yltriisopropylsilane (100mg, 0.31mmol) in 

THF at 0°C under a N2 atmosphere. After stirring for 1 h at this temperature, neat 

tributylstannylchloride (120mg, 0.1ml, 1.2 equal) was added dropwise. The solution was 

stirred for another 12 h and allowed to warm to room temperature, followed by dilution 

with hexanes and washing with brine. The organic layer was collected and dried over 

anhydrous Na2SO4. The crude stannyl product was obtained after removing the solvent in 

vacuum and used directly in the next step without further purification. Crude yield: 80%. 

1H NMR (300 MHz, CDCl3, δ): 7.33(d, J = 3Hz, 1H), 7.28(d, J = 3Hz, 1H), 7.16(d, J = 3Hz, 

1H), 7.07(d, J = 3Hz, 1H), 1.62-1.56(m, 6H), 1.40-1.31(m, 10H), 1.14-1.11(m, 24H), 

0.92(t, J=9Hz, 9Hz). 

2,6-dibromodithieno[3,2-b:2',3'-d]thiophene156 

 

To a suspension of DTT-diester 1 (1.7 g, 10 mmol) in the THF (20 mL) was added 20 mL 

of 1 M LiOH. After the reaction mixture had been heated under reflux for 3 h, water was 

added to give a clear brownish yellow solution. Excess solid N-bromosuccinimide (5.3 g, 
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30 mmol) was then added and the reaction mixture was stirred overnight at room 

temperature. The reaction mixture was extracted with CH2Cl2. The combined organic 

layers were washed with saturated NaHCO3 (aq), water, and brine, then dried with 

MgSO4. After the solvent was removed via rotary evaporator, the residue was precipitated 

with EtOH and then filtered to give the title compound (1 g, 50% yield) as a white solid. 1H 

NMR (300 MHz, CDCl3) δ 7.28 (2H, s). 

(6-bromodithieno[3,2-b:2',3'-d]thiophen-2-yl)triisopropylsilane 

 

In a dry flask 2.5 M butyllithium in hexanes (0.56 mL, 1.41 mmol) was added dropwise to 

a solution of the 2,6-dibromodithieno[3,2-b:2',3'-d]thiophene (500 mg, 1.41 mmol) in THF 

(100 mL) at -78°C under a N2 atmosphere. After stirring for 1 h at this temperature, neat 

triisopropylchlorosilane (0.3 mL, 1.41 mmol) was added dropwise. The solution was 

stirred for another 3 h and allowed to warm to room temperature, followed by dilution with 

hexanes and washing with water and brine. The organic layer was collected and dried 

over anhydrous Na2SO4. After removing the solvent in vacuum, the residue was purified 

by column chromatography on silica gel, eluting with hexanes to yield title compound 

(200mg, 32%) as a viscous liquid that solidifies over the time under vacuum. 1H NMR 

(300 MHz, CDCl3, δ): 7.28 (s, 1H), 7.37 (s, 1H), 1.14 (d, J = 7.3 Hz, 18H), 1.38 (sep, 

J=7.3Hz, 3H).  

Triisopropyl(6-(trimethylstannyl)dithieno[3,2-b:2',3'-d]thiophen-2-yl)silane
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In a dry flask, 2.5 M butyllithium solution in hexanes (0.1 ml, 0.28 mmol,1.2 equiv.) was 

added drop wise to a solution of (6-bromodithieno[3,2-b:2',3'-d]thiophen-2-

yl)triisopropylsilane (100 mg, 0.23 mmol) in THF at -78°C under a N2 atmosphere. After 

stirring for 1 h at this temperature, neat trimethylstannylchloride (0.15 ml, 0.28 mmol, 1.2 

equiv.) was added dropwise. The solution was stirred for another 12 h and allowed to 

warm to room temperature, followed by dilution with hexanes and washing with brine. The 

organic layer was collected and dried over anhydrous Na2SO4. The crude stannyl product 

was obtained after removing the solvent in vacuum and used directly in the next step 

without further purification. Crude yield : 80 %. 1H NMR (300 MHz, CDCl3) δ: 7.29 (s, 1H), 

7.36 (s, 1H), 1.14 (d, J=6Hz, 18H), 1.36 (sep, J= 6Hz, 3H), 0.42 (s, SnMe3, 9H). 

(ThPt)2BTD 

 

Tributyl(thiophen-2-yl) stannane (30 mg, 0.0783 mmol) was dissolved in 10 ml of dry THF 

and degassed for 30 minutes then 50 mg of (ClPt)2BTD and 2 mg of CuI was transferred 

to the reaction mixture. The mixture was stirred at room temperature overnight. The 

precipitate was filtered and washed with DMF. The product was dried under vacuum 

overnight. The filtered product was pure, no further treatment was necessary. Yield: 60% 

1H NMR (300 MHz, CD2Cl2) 
 δ: 7.50 (d, J=6Hz, 2H), 7.28 (s, 2H), 7.10 (t, J=24), 6.78 (s, 

2H), 1.54-1.35 (m, 12H), 1.32-1.13 (m, 24H), 0.85 (t, J=6Hz, 18H).13C NMR (75 MHz, 

CDCl3) 164.27, 153.61, 143.10, 139.33, 130.14, 127.16, 125.27, 25.81, 24.40, 21.60, 
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13.53. 31P NMR (121 MHz, CDCl3) δ 2.01 (JPt-P = 2730 Hz). Calculated for 

C62H116N2P4S3Pt2 1498.6472, found MALDI-TOF-MS (m/z):1498.6545[M]+. 

(BThPt)2BTD 

 

Triisopropyl(5'-(tributylstannyl)-[2,2'-bithiophen]-5-yl)silane (48 mg, 0.0783 mmol) was 

dissolved in 10 ml of dry THF and argon-degassed for 30 minutes then 50 mg of 

(ClPt)2BTD and 2 mg of CuI was transferred to the reaction mixture. The mixture was 

stirred at room temperature overnight. The precipitate was filtered and washed with DMF. 

The product was dried under vacuum overnight. The filtered product was pure, no further 

treatment was necessary. Yield: 45%. 1H NMR (300 MHz, CDCl3)
 δ: 7.32 (s, 2H), 7.17(s, 

4H), 6.75(s, 2H), 1.50-1.45(m, 24H), 1.42-1.36(m, 24H), 1.27-1.17(m, 30H), 1.18(d, 

J=3Hz, 30Hz), 0.90(t, J=6Hz, 36H).13C NMR (75 MHz, CDCl3) δ: 164.16, 157.51, 146.05, 

142.69, 139.30, 137.75, 136.47, 131.64, 129.27, 125.22, 121.66, 25.86, 24.41, 21.65, 

18.41, 13.56, 11.83. 31P NMR (121 MHz, CDCl3) δ 1.65 (JPt-P = 2700 Hz). Calculated for 

C88H160N2P4S5Pt2Si2 1403.6001, found MALDI-TOF-MS (m/z):1403.6033 [M]+. 

(DTTPt)2BTD 

 

Triisopropyl(6-(trimethylstannyl)dithieno[3,2-b:2',3'-d]thiophen-2-yl)silane (83mg, 0.0783 

mmol) was dissolved in 10 ml of dry THF and degassed for 30 minutes then 102 mg of 
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(ClPt)2BTD and 3 mg of CuI was transferred to the reaction mixture. The mixture was 

stirred at room temperature overnight. The precipitates was filtered and dried in vacuo 

overnight. The filtered product was pure, no further treatment was necessary.  

Yield: 53 %. 1H NMR (300 MHz, CDCl3)
  δ: 7.37 (s, 2H), 7.31 (s, 2H), 6.97 (bs, 2H), 1.57 – 

1.36 (m, 48H), 1.19 -1.07 (m, 66H), 0.86 (t, J=9Hz, 36H).13C NMR (75 MHz, CDCl3) δ: 

139.0, 137.2, 131.1, 128.7, 25.9, 24.4, 21.7, 18.7, 13.8, 11.9. Carbons adjacent to 

platinum were not observed. 31P NMR (121 MHz, CDCl3) δ 1.87 (JPt-P = 2700 Hz).  
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APPENDIX A 
SUPPORTING INFORMATION FOR CHAPTER 2 

 
Figure A-1.  1H NMR (500 MHz, CDCl3) of (PhPt)2BTD 

 

Figure A-2.  13C NMR (125 MHz, CDCl3) of (PhPt)2BTD 
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Figure A-3.  31P NMR (121 MHz, CDCl3) of (PhPt)2BTD 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A-4.  HRMS (MALDI-DTL), [M]+ isotope pattern of (PhPt)2BTD 
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Figure A-5.  1H NMR (500 MHz, CDCl3) of (TPAPt)2BTD 

 

Figure A-6.  13C NMR (500 MHz, CDCl3) of (TPAPt)2BTD 
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Figure A-7.  31P NMR (500 MHz, CDCl3) of (TPAPt)2BTD. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-8.  HRMS (MALDI-DTL), [M]+ isotope pattern of (TPAPt)2BTD 
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Figure A-9.  1H NMR (500 MHz, CDCl3) of (PhPt)2DPP. 

 

Figure A-10.  13C NMR (500 MHz, CDCl3) of (PhPt)2DPP 
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Figure A-11.  31P NMR (500 MHz, CDCl3) of (PhPt)2DPP 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-12.  HRMS (APCI), [M]+ isotope pattern of (PhPt)2DPP 
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Figure A-13.  1H NMR (500 MHz, CDCl3) of (TPAPt)2DPP 

 

Figure A-14.  13C NMR (500 MHz, CDCl3) of (TPAPt)2DPP 
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Figure A-15.  31P NMR (500 MHz, CDCl3) of (TPAPt)2DPP 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure A-16.  HRMS (MALDI-DTL), [M]+ isotope pattern of (TPAPt)2DPP. 
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APPENDIX B 
SUPPORTING INFORMATION FOR CHAPTER 3 

 
Figure B-1.  1H NMR (300 MHz, CDCl3) of Pt2Th1. 

 
 
Figure B-2.  31P NMR (121 MHz, CDCl3) of Pt2Th1 
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Figure B-3.  HRMS (MALDI-DTL), [M]+ isotope pattern of Pt2Th1 

 
Figure B-4.  1H NMR (300 MHz, CDCl3) of Pt2Th2. 
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Figure B-5.  13C NMR (75 MHz, CDCl3) of Pt2Th2. 

 

Figure B-6.  31P NMR (121 MHz, CDCl3) of Pt2Th2. 
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Figure B-7.  HRMS (MALDI-DTL), [M]+ isotope pattern of Pt2Th2. 

 

Figure B-8.  1H NMR (300 MHz, CDCl3) of Pt2Th3. 
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Figure B-9.  13C NMR (75 MHz, CDCl3) of Pt2Th3 

 
Figure B-10.  31P NMR (121 MHz, CDCl3) of Pt2Th3. 
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Figure B-11.  HRMS (MALDI-DTL), [M]+ isotope pattern of Pt2Th3. 

 

Figure B-12.  1H NMR (300 MHz, CDCl3) of Pt2Th4 
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Figure B-13.  13C NMR (75 MHz, CDCl3) of Pt2Th4 

 

Figure B-14.  31P NMR (121 MHz, CDCl3) of Pt2Th4 
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Figure B-15.  HRMS (MALDI-DTL), [M]+ isotope pattern of Pt2Th4 

 
Figure B-16.  1H NMR (300 MHz, CDCl3) of Pt2TQT 
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Figure B-17.  13C NMR (75 MHz, CDCl3) of Pt2TQT 

 

Figure B-18.  31P NMR (121 MHz, CDCl3) of Pt2TQT 
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Figure B-19.  HRMS (APCI), [M]+ isotope pattern of Pt2TBT 

 

Figure B-20.  1H NMR (300 MHz, CDCl3) of Pt2TBT 
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Figure B-21.  13C NMR (75 MHz, CDCl3) of Pt2TBT 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B-22.  HRMS (APCI), [M]+ isotope pattern of Pt2TBT 
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