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Abstract 

A series of dinuclear platinum-acetylide oligomers PhnPt2 were synthesized, consisting of alkylated phenylene 

ethynylene oligomers of varying lengths (n = 1, 2, 4 and 9) capped by trans-bis(tributylphosphine)(2-

phenylethynyl)-platinum(II) end groups. The oligomers were designed to examine the effects on the excited 

state properties between two platinum moieties of increasing organic spacer distances. Optical data conclude 

that the ground state and singlet exciton remain delocalized throughout the series, but approaching its limit. 

The extent of delocalization in the triplet exciton is reached by Ph4Pt2, and phosphorescence yields at ambient 

temperatures decreased with increasing spacer length until phosphorescence emission was almost elusive in 

the n = 9 oligomer. Lifetime trends of the singlet and triplet excited states correlate well with the decreasing 

percent heavy metal character as the organic spacer is lengthened. 
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Introduction 

 

There have been a range of platinum acetylide structures reported in the literature,1-4 including oligomers, 

polymers, and dendrimers, used for many different optical and electronic applications5-12 owing to the unique 

photophysical properties2,4,13-16 of these materials. In general, the key aspect toward the advancement of 

materials applications is to define distinct relationships between chemical structure and spectroscopic 

properties.16-19 The nature of the structure-property relationship is also fundamentally important in 

understanding the interaction of light with matter and the information that can be elicited from experiments. 

One such issue is the relationship between structure and the delocalization of the singlet and triplet excitons.20,21 

Our group has studied delocalization of the singlet and triplet states of platinum acetylide oligomers.13,22-28 

It was found that ground state absorbance and fluorescence properties are dependent on the conjugation length 

of the material, as these states are defined as being delocalized through the metal-organic -conjugated 

electron system. The triplet state, however, was concluded to be spatially confined, as the properties of this 

state change very little in relation to changes in the length of the Pt-acetylide oligomer. 

Most of the studies investigating extended -conjugation in the organic ligands of platinum acetylide 

oligomers focus on a single platinum atom and various ligands, or oligomers and polymers with identical repeat 

units; the understanding of delocalization in excited states is therefore limited. One example of such is a set of 

studies reported by Cooper and Rogers, et al.29-35 Symmetrically substituted, mono-substituted, and 

asymmetrically substituted platinum acetylides were investigated and compared to the analogous organic 

butadienes. For the symmetrically substituted materials,29 increased -conjugation gave rise to a red shifting  

 

 
 

Chart 1. Structures of platinum-capped phenylene ethynylene oligomers 
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of the S0-S1 and T1-Tn transitions. It was also concluded that the spin-orbit coupling effect of platinum on the 

ground and excited-state properties is reduced with increased conjugation length because the S0-S1 transition 

is more localized on the ligand. As the ligand size increased, the transition takes on more * character, 

therefore decreasing the mixing with orbitals localized on the platinum center. For the asymmetrically 

substituted complexes,35 absorption and emission data showed evidence of singlet exciton delocalization across 

the central platinum atom. The phosphorescence from the asymmetric complexes always arises from the largest 

ligand, verifying Kasha’s Rule in that the triplet exciton migrates towards the lowest energy ligand. Comparison 

of these complexes with the mono-substituted compounds33 concluded that while the singlet exciton was 

delocalized through the platinum atom, the excited triplet states of each analogous compound were nearly 

identical, implying that the triplet exciton is confined to the larger organic ligand. 

The current study aims to examine effects of ground state and excited state delocalization between two 

platinum centers as the length of a -conjugated spacer is extended. The spacer to be studied is a series of 

oligo(phenylene ethynylene)s that feature platinum end-caps (PhnPt2, Chart 1). The synthesis and photophysical 

analysis of oligo(phenylene ethynylene)s (OPEs) lacking Pt-acetylide end caps was previously reported by Godt 

and co-workers.36 Their work showed that increase of the OPE length resulted in a bathochromic shift of the 

ground state absorption and fluorescence emission maxima. A unique feature of the oligomers was the 

distinctive structure of the absorption and emission band, believed to be due to vibronically distinct electronic 

transitions. 

 

 

Results and Discussion 
 

Synthesis. The general synthesis of the PhnPt2 series was modeled after the synthesis of monodisperse 

oligo(para-phenylene ethynylene)s (OPEs), reported by Godt and coworkers.36 The strategy involved a 

divergent-convergent synthesis starting from 1,4-dihexyl-2-(3-hydroxyprop-1-ynyl)-5-[2-(triisopropylsilyl)-

ethynyl]benzene (7, Scheme S-2) in Pd/Cu-catalyzed alkyne-aryl couplings. The orthogonal acetylene protecting 

groups hydroxymethyl (HOM) and triisopropylsilyl (TIPS) were used to construct various smaller synthons that 

could be selectively deprotected and reacted, as well as to facilitate purification processes. The incorporation 

of the alkylated phenyl moieties is advantageous as well, as the hexyl (Hx) groups provide solubility in typical 

organic solvents. Deprotection of either the HOM or TIPS protecting group (one at a time) of the final OPE 

synthons affords a stable terminal acetylene that can be reacted with a mono-substituted Pt(II) endcap, via 

Hagihara conditions, to afford the analogous platinum acetylides of the series, PhnPt2 (Chart 1). 

The synthesis of Ph1Pt2 is outlined in Scheme 1. A copious amount of the main starting material, 2, was 

initially prepared (~ 50 g). Iodination of known compound 1 proved to be a challenge, as following standard 

literature procedures gave irreproducible results from reaction to reaction. A reproducible yield of 2 was finally 

achieved when acetic anhydride was used in the reaction with both acetic acid and sulfuric acid, rather than the 

use of water as a co-solvent.38 

Subsequent coupling of 2 with two equivalents of TMS-acetylene afforded the symmetrically-protected 

intermediate (3, Scheme S-1) in a high yield; deprotection of this intermediate gave 4. Copper-catalyzed 

Hagihara coupling with 2 equivalents of endcap 5 yielded oligomer Ph1Pt2 as a yellow solid, in 51% overall yield. 
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Scheme 1. Synthesis of Ph1Pt2 

 

Construction of the longer oligomers required the use of orthogonal protecting groups, as discussed 

previously. Coupling and selective deprotection of the HOM and TIPS protecting groups afforded the 

orthogonally-protected dimer 10 (Scheme S-2) as previously reported by Godt et al.36 Stepwise 

deprotection/Hagihara couplings with trans-(PhCC)Pt(PBu3)2Cl (5) to each end of the oligomer afforded Ph2Pt2 

as a yellow solid in 30% yield (Scheme 2). 

 

 
Scheme 2. Synthesis of Ph2Pt2 

 

The synthesis of Ph4Pt2 was carried out in a similar manner (Scheme 3). Preparation of the orthogonally-

protected tetramer 19 (Scheme S-3) was previously described.36 Again, stepwise deprotection/Hagihara 

couplings of each acetylene unit with trans-(PhCC)Pt(PBu3)2Cl (5) afforded Ph4Pt2 in 72% yield. 

 
Scheme 3. Synthesis of Ph4Pt2 

 

To this point, Sonogashira coupling of an aryl iodide with a free acetylene has been relatively clean with the 

use of Pd(PPh3)2Cl2/CuI, as homocoupling of the free acetylene toward dimer formation was minimal (with 

sufficient degassing). Unfortunately, as the organic oligomers become longer, their sensitivity towards oxidative 

dimerization increases. For the preparation of Ph9Pt2, a more active catalyst system was employed to prevent 

oxidative coupling of the acetylenes, Pd2(dba)3/CuI/PPh3. Pentamer 22 (Scheme S-4) and nonamer 26 (Scheme 

4 and Scheme S-5) were both prepared under these conditions. Once again, stepwise deprotection/Hagihara 
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couplings of each end of the known nonamer 26 with 5 afforded Ph9Pt2 as a yellow, paint-like solid in 43% yield 

(Scheme 4). 

The final PhnPt2 oligomers were all characterized by 1H and 31P NMR spectroscopy, as well as an analytical 

method. Attaining the molecular ion of all the oligomers proved to be challenging due to the high molecular 

weights as well as the difficulty of ionization using different methods. When successful, APCI-HRMS data is 

reported in the experimental method section (Ph1Pt2 and Ph4Pt2). The MALDI-TOF MS were also attempted but 

failed; therefore, oligomers Ph2Pt2 and Ph9Pt2 were characterized by elemental analysis. 

The 31P NMR spectra revealed a pattern of three resonances for each final oligomer centered at   ~4.5 

ppm; each exhibited a weak “doublet” with J ~2360 Hz characteristic of the 195Pt-31P coupling, and a central 

resonance due to the PtP2 units with NMR inactive Pt isotopes. The trans stereochemistry of the PtP2 units was 

confirmed by the magnitude of the 195Pt-31P coupling constant.43-45 

 

 
Scheme 4. Synthesis of Ph9Pt2 

 

UV-Visible Absorption Spectroscopy. Table 1 lists a summary of the photophysical data collected for the PhnPt2 

oligomers. The absorption spectra for the series in THF solutions are shown in Figure 1. The S0 → S1 absorption 

maxima span over ca. 0.3 eV range from 355 to 390 nm; these transitions arise from long axis polarized ,* 

transitions with some metal-to-ligand charge transfer (MLCT) character.16,32,44-47 (Higher energy, short axis 

transitions remain fairly consistent throughout the series). The molar absorptivity for each of the compounds 

were measured (Table 1); the trend displays an increase with spacer length48 throughout the series. 

 

Table 1. Summary of spectroscopic data for PhnPt2 series. 

 

n Eabs, max 

(eV) 

 

(M-1 cm-1) 

EF,max 

(eV) 

F 

(%) 

F, av  

(ns) 

EP,max 

(eV) 

P 

(%) 

ETA,max 

(eV) 

T, 

(s) 

T 
a 

(M-1 cm-1) 

1 3.49 67,500 3.12 0.2 0.001 2.41 2.6 1.88 6.0 47,000 
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2 3.44 92,000 3.07 0.1 0.036 2.21 0.8 1.95 15.1 100,000 

4 3.23 115,000 2.92 0.2 0.111 2.11 0.3 1.66 26.0 217,000 

9 3.18 161,000 2.92 2.2 0.179 2.11 <0.1 1.66 32.9 --b 

a Determined by relative actinometry using benzophenone as standard. Assume unit triplet yield for PhnPt2. 

b Transient absorption response was non-linear with increasing laser energy.  

 

The shortest oligomer Ph1Pt2 exhibits the most blue-shifted absorption maximum at 355 nm which is red-

shifted to 360 nm for Ph2Pt2. The spectrum for this oligomer exhibits more fine structure than the others in the 

series, featuring another strong absorption at a slightly lower energy (ca. 390 nm). Both the Ph4Pt2 and Ph9Pt2 

oligomers display further red-shifts to 384 and 390 nm, respectively. The spectra of these larger compounds are 

slightly broader and less defined, and the change in absorption maximum is not significant considering the 

change in the length of the spacer. 

The red-shift of the absorbance implies an increase in the -electron delocalization.29 In general, the 

absorption maxima for the PhnPt2 series are all red-shifted compared to the analogous organic OPEs reported 

by Godt et al,36 suggesting that the incorporation of platinum has a direct effect on the electronic structure and 

conjugation length due to d, orbital mixing of the OPEs with the platinum centers. The shapes of the spectra 

remain similar to their organic analogues, however. The effective conjugation length of the ground state 

chromophore seems to have nearly reached its limit in Ph9Pt2, as the change in absorption energy from the n = 

4 oligomer is relatively small. 

 

 
Figure 1. Normalized UV-visible absorption spectra for PhnPt2 series in THF solution. 

 

Theoretical calculations of the highest occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO) for similar compounds have provided insight into these electronic transitions,34,49 

finding that the combination of the platinum d orbital and the alkynyl  orbitals contributes to the HOMO, while 

the LUMO consists of only * orbitals with no contribution from the platinum d orbitals.  

 

Emission Spectroscopy. Steady state photoluminescence (PL) spectra of the oligomer series were recorded in 

THF at room temperature (Figure 2). The spectra feature fluorescence between 400 – 450 nm (weak for Ph1Pt2 
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and Ph2Pt2) and phosphorescence between 550 – 600 nm. The fluorescence emission maxima exhibit a red-shift 

with the extension of the spacer length over a similar range as the ground state absorption (ca. 0.3 eV). The 

fluorescence of the series demonstrate a larger Stokes shift (~0.3 eV) than for the Ptn series reported by Liu et 

al,22 but it is fairly consistent with the analogous organic series measured by Godt,36 as is the general shape of 

emission. The fluorescence is relatively weak for the n = 1, 2 and 4 oligomers (F ~0.2%), but the quantum yield 

of the S1 → S0 radiative transition increases by an order of magnitude for Ph9Pt2 (Table 1). The energy of the 

fluorescence changes very little from Ph4Pt2 (424 nm) to Ph9Pt2, (425 nm). 

The fluorescence energies continually decrease (red-shift of em) with increase in oligomer length which 

suggests that the singlet exciton is delocalized across the -electron system for n = 1, 2 and 4, and these energies 

are red-shifted in comparison with the organic analogues previously reported.36 However, the fluorescence 

emission from Ph9Pt2 is almost identical to the analogous organic OPE nonamer reported by Godt.36 This 

suggests that the singlet exciton is confined to the OPE oligomer and does not extend into the Pt centers, and 

implies that the any increase in conjugation involving d,* mixing in the PhnPt2 series has been reached by n = 

4. The low yields of fluorescence in the emission spectra for the series indicates that intersystem crossing 

dominates decay of the singlet excited state. For other platinum-acetylide oligomers, the reported ISC quantum 

yields approach unity.50-51 It is apparent from the data herein, however, that as the percent heavy metal 

character decreases in relation to the overall  framework, the rate of ISC decreases. 
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Figure 2. Steady state photoluminescence spectra of the PhnPt2 series in THF solution. Solid lines for air 

saturated solutions (except Ph1Pt2, which is argon outgassed). Dashed lines are argon outgassed solutions. Peak 

wavelengths for the fluorescence (399 – 425 nm) and phosphorescence (515 – 586 nm) are indicated in the 

plots. Numbers in parenthesis are the fluorescence and phosphorescence quantum yields. Note that the 

phosphorescence of Ph9Pt2 was too weak to detect with steady-state emission. The phosphorescence spectrum 

shown was obtained by detection with gated/intensified CCD following 355 nm pulsed excitation. 

 

Fluorescence lifetime data is summarized in Table 1. Within the series, the lifetime of the singlet excited 

state increases along with oligomer length. This trend is consistent with the premise that as the excited state 

becomes more * character and less d-orbital character from the heavy Pt-atoms, the rate of ISC is lowered; 

thus, the decay rate of the singlet excited state decreases (it becomes longer-lived). 

The argon-degassed samples revealed lower energy phosphorescence emission at 515, 561, 586, and 583 

nm in oligomers Ph1Pt2, Ph2Pt2, Ph4Pt2, and Ph9Pt2, respectively (Figure 2). At room temperature, the 

phosphorescence emission was generally broad, lacking significant vibronic structure. As the oligomer length 

increased in the series, the emission maximum red-shifted and the quantum yield decreased (2.6 to <0.1%), and 
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very weak emission from the triplet detected in Ph9Pt2 at room temperature in the steady-state experiments. 

The low phosphorescence quantum yield of Ph9Pt2 reflects the lower Pt-metal contribution compared to the 

organic part in this oligomer which leads to lower ISC yields; as well as lower rates of radiative decay. The triplet 

energy of Ph9Pt2 oligomer is roughly the same as the triplet energy of Ph4Pt2 oligomer, indicating the extent of 

delocalization of the triplet in the series has reached its limit in Ph4Pt2; it suggests that the triplet exciton is most 

likely ligand-based in the nonamer, while the tetramer may include some d-character via delocalization across 

the Pt-atoms. 

The phosphorescence emission in dinuclear platinum compounds is generally characterized as originating 

from the ,* ligand-based triplet state,52 even though population of T1 occurs via efficient spin-orbit coupling53 

between the excited organic ligands and the heavy metal platinum atom54. Emission from this state is not 

typically seen at room temperature for strictly organic OPEs. However, low temperature studies of similar 

monomers and polymers,55 as well theoretical calculations of similar oligomer structures,53 give insight into the 

energies of the triplet states in similar organic structures for comparison with the dinuclear platinum series 

herein. Photoluminescence experiments of poly(phenylene ethynylene) films at 80 K reveal triplet energies 

around 1.9 eV;55 these values most likely correlate to the highest degree of delocalization within the 3 ,* 

exciton in PPEs. Similarly, quantum chemical calculations of OPEs suggest similar lowest triplet energies in 

oligomers greater than n = 10 repeat units.53 

Predicted T1 energies for OPEs with ‘n’ repeat units were also reported53, and calculated values can be 

compared to the ET1 of the platinum-capped PhnPt2 series measured herein. Beljonne et al. estimated that the 

ESo-T1 for the n = 2 OPE (analogous with Ph2Pt2) would be ~2.5 eV; this is comparatively higher than the 

phosphorescence energy measured for Ph2Pt2 (2.21 eV). Similarly, the n = 4 OPE triplet energy is calculated to 

be ~2.3 eV above ground state—also higher than the measured value for Ph4Pt2 (2.11 eV). The differences in 

values decrease with the decrease in overall Pt-character in the PhnPt2 molecules. The comparisons suggest that 

perhaps some d character does exist in the triplet exciton to further lower the energy of this state for the n = 1, 

2 and 4 oligomers. 

 

 
 

Figure 3. a) Plot of the singlet and triplet state energies for PhnPt2 series vs. 1/n where n = OPE length. Singlet 

and triplet energies determined from the band maxima of the fluorescence and phosphorescence spectra (Table 

1). b) Plot of the intersystem crossing and triplet radiative decay rates for PhnPt2 series vs. 1/n. 

 

Plots of the trends in the singlet and triplet state energies and the rates of intersystem crossing (kisc) and 

triplet radiative decay (kr) are illustrated in Figure 3 (plotted vs. 1/n where n = OPE length). The singlet and triplet 
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energies are derived from the maxima of the fluorescence and phosphorescence spectra (Table 1), while the 

rates are determined from the fluorescence lifetimes (kisc) and the triplet lifetimes and phosphorescence 

quantum yields (kr). First, across the series, the singlet-triplet splitting (EST) is nearly constant at ~0.75 eV. This 

splitting value is very similar to that observed for a variety of -conjugated oligomers and polymers, and it 

appears to be a fundamental limit in -conjugated electronic systems.23,55-56 Interestingly, we observe that both 

kisc and kr decrease according to a similar trend with increasing length of the OPE units. These trends are believed 

to arise due to a decrease in the spin-orbit coupling (SOC) effect as the oligomer length increases. A reduction 

in SOC is anticipated to lower the rates of both intersystem crossing and triplet radiative decay. This expectation 

arises because both processes involve spin transitions from triplet to singlet states, and the influence of metal-

induced SOC should impact them similarly. 

 

Transient Absorption. Transient absorption spectra for the PhnPt2 series were measured in deoxygenated THF 

solutions and spectra collected 30 ns after excitation by 355 nm pulse (10 ns, 8 mJ pulse-1). The spectra are 

presented in Figure 4; Amax values, triplet lifetimes, and triplet molar extinction coefficients are summarized in 

Table 1. 

Intense transient absorption is exhibited in the red part of the visible spectrum (550 – 800 nm) for all of the 

oligomers in the series. Among the series, Ph2Pt2 surprisingly displays the most blue-shifted absorbance at ca. 

640 nm, a 12 nm shift from Ph1Pt2 (652 nm). Ph4Pt2 displays a maximum absorbance at ca. 760 nm. Of all the 

TA spectra, Ph9Pt2 exhibits the broadest absorption; the maximum is centered at ca 745 nm; however, there is 

a distinct broad shoulder centered around 670 nm as well. 

 

 
 

Figure 4. Transient absorption spectra of PhnPt2 series measured in deoxygenated THF. Excitation at 355 nm (5 

ns pulsewidth) and spectra acquired at 30 ns delay after excitation. 

 

The triplet state lifetimes (Table 1) were determined from transient absorption decays57. Ph1Pt2 exhibits 

the shortest-lived triplet excited state (6.0  s), followed by Ph2Pt2 (15.1 s) and Ph4Pt2 (26.0 s). Ph9Pt2 

displayed the longest-lived triplet state lifetime at 33.0 s. The general trend is that the lifetime of the triplet 

exciton increases as the length of the organic spacer increases (and the contribution of the metal decreases). 
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The triplet molar extinction coefficients were determined using relative actinometry with benzophenone 

as the actinometer (Table 1). It is evident that the triplet absorptivity increases with oligomer length, reaching 

> 2 × 105 M-1cm-1 for Ph4Pt2. The blue-shift in the transient absorption maximum between dinuclear platinum 

oligomers Ph1Pt2 and Ph2Pt2 is rather intriguing. A similar phenomenon has been reported for a related dinuclear 

Pt series,40 which involved TA differences between a phenylene-ethynylene (P) and a biphenylene-ethynylene 

(BP) moiety where the BP spacer was suggested to have an orthogonal-type structure with a ground state 

dihedral angle of 40o.31 Due to the bulky hexyl side chains in the PhnPt2 series, a similar phenomenon may exist 

(that is perhaps most evident in the dimer) even though the phenylene units in this case are further spatially 

separated by an ethynyl linker. The idea that the central phenyl rings in the dimer-are twisted, which disrupts 

the conjugation, could be plausible; this could also explain oddities in the triplet lifetime of this oligomer, but 

because the exact conjugation length is not known for the PhnPt2 series, it is not possible to determine trends 

based purely on conjugation length. The apparent blue-shift between the n = 4 and n = 9 oligomers is not as 

surprising, as the nonamer does display a very broad absorption spectrum in relation to the tetramer, suggesting 

multiple geometries of the excited Tn state exist in the longer oligomer. Based on the spectral data, we believe 

that the conjugation length of this excited triplet state has reached its limit for n ~ 4. 

 

 

Summary and Conclusions 
 

A series of platinum end-capped phenylene-ethynylene oligomers, PhnPt2 were synthesized via an iterative-

convergent route described by Godt et al36 incorporating the use of orthogonal protecting groups to produce a 

variety of intermediate synthons. The molecules consisted of various sized OPE units (n = 1, 2, 4 and 9) spanning 

two trans-Pt(PBu3)2(-CΞC-Ph) groups; the compounds were designed to characterize the influence of the heavy 

metal Pt atoms on the organic systems. 

In comparison with the organic analogues previously reported,36 it was shown that the introduction of Pt 

in these systems affected the ground state absorption energies throughout the series, in which d,-mixing was 

suggested to cause bathochromic shift within the oligomers. The singlet excited state was also shown to be 

affected by the introduction of the Pt end groups; red-shifts of fluorescence emissions were noted for oligomers 

n = 1-4, while the singlet exciton was proposed to be mainly ligand-based in the nonamer. The fluorescence 

lifetimes of the oligomers were characterized, concluding that as the contribution of Pt vs. organic spacer 

decreased, the lifetimes of the singlet state increased, owing to less decay via ISC. The conclusion from the data 

was that the singlet ground and excited state were delocalized throughout the series; however, the extent of 

delocalization in these states seemed to be reaching its limits. 

Phosphorescence energies decreased (and a decrease in quantum efficiency) with an increase in spacer 

length for n = 1-4 oligomers, but no phosphorescence emission was measured for the nonamer in steady state 

experiments, as the quantum yield of this state was too low to detect vs. the fluorescence emission. Gated 

fluorescence experiments of the nonamer revealed very weak phosphorescence at the same energy as the 

tetramer, suggesting the extent of triplet exciton delocalization had been reached by n = 4. Population of the 

triplet state was also apparent in all oligomers, as all compounds exhibited broad transient absorptions. The 

general trend for Tn delocalization was similar to other states: an increase in organic spacer implied an increased 

conjugation length of the exciton. The data suggested that extent of delocalization of this state had been 

reached as well. 
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Experimental Section 
 

Materials. All solvents and chemicals used for synthesis of the platinum acetylide oligomers were reagent grade 

and used without further purification. Silica gel (Silicycle Inc., 230-400 mesh, 40-63 microns, 60 Å) was used for 

all flash chromatography. All silyl-acetylene starting materials were purchased from GFS Chemical; potassium 

tetrachloroplatinate and palladium-bis(triphenylphosphine) dichloride were purchased from Strem Chemicals; 

all other chemicals were purchased from Sigma-Aldrich. 1H and 31P NMR spectra were obtained on a Varian 300-

MHz spectrometer using deuterated chloroform (CDCl3) as the solvent and tetramethylsilane (TMS) as the 

internal reference. The synthesis of known compounds 1,37 2,38 5,22 7-11,36 15-1936 and 24-2636 has been 

previously described in the literature; synthesis and characterization of all intermediate compounds is reported 

in Supporting Information. 

Instrumentation. Steady-state absorption spectra were recorded on a Varian Cary 100 dual-beam 

spectrophotometer. Corrected steady-state emission measurements were conducted on a PTI fluorescence 

spectrometer. Samples were degassed by argon purging for 30 min and concentrations were adjusted to 

produce “optically dilute” solutions (i.e., Amax< 0.20) in THF. Quantum yields were calculated using Ru(bpy)3Cl2 

as a known reference.39 

Time-resolved emission measurements were carried out on a home-built apparatus consisting of a 

Continuum Surelite series Nd:YAG laser as the excitation source (λ = 355 nm, 10 ns fwhm, < 1mJ/pulse) and 

detection measured with a Princeton Instruments PI-MAX intensified CCD camera detector coupled to an Acton 

SpectraPro 150 spectrograph. The camera delay was set to 150 ns, and the gate set to 10 s. The spectrum was 

recorded as an average of 500 images. The signal was relatively low, therefore the slit to the CCD was opened 

up (> 50 microns) until emission was detected. Samples were degassed in THF for 45 minutes with argon in a 

longneck fluorescence cell. 

Transient absorption measurements were conducted on a home-built apparatus,40 which used a Nd: YAG 

laser for excitation and PI-Max intensified CCD camera coupled with spectrograph as a detector. Sample 

concentration were adjusted so that A355 nm ≈ 0.8. Triplet lifetimes were calculated using TA decay data via single 

exponential global fitting parameters in the SpecFit analysis software. 

Relative actinometry experiments for the determination of the triplet molar extinction coefficients41-42 

were conducted on a home-built transient absorption apparatus using a Nd:YAG laser for excitation and a PMT 

as the detector. Fine attenuation of the laser energy was achieved by use of a variable beam splitter to achieve 

an excitation energy range of I = 0 - 500 μJ/pulse. Sample solutions were prepared in spectroscopy-grade 

benzene with matched optical densities of 0.60 at 355 nm. 

Fluorescence lifetimes were obtained using the time correlated single photon counting technique (TCSPC) 

with a PicoQuant FluoTime 100 compact fluorescence lifetime spectrophotometer. Excitation was achieved 

using a UV pulsed diode laser (λmax 375 nm, P <10 mW). The laser was pulsed using an external BK Precision 

4011A 5 MHz function generator. Decays were obtained using biexponential fitting parameters within the 

PicoQuant PicoHarp software.  
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