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Abstract

N-heterocyclic carbene complexes of the type trans-(NHC)2PtII(CC-Ar)2 (where Ar = phenyl or 

substituted phenyl) are of interest as violet and blue phosphors.  These complexes emit efficient 

phosphorescence in solution and in the solid state, and they have been applied as phosphors in 

organic light emitting diodes.  This study explores the effect of bromine substitution on the trans-

(NHC)2PtII(CC-Ar)2 chromophore through photophysical studies of a pair of complexes in which 

the phenyl groups feature either 3,5-dibromo- or 4-monobromo- substituents (IPt-DB and IPt-MB, 

respectively).  The Br atoms were introduced as heavy atom(s) with the aim to enhance spin-orbit 

coupling and increase the radiative and non-radiative decay rates of the phosphorescent triplet 

state.  Both IPt-MB and IPt-DB exhibit sky-blue phosphorescence in solution and in PMMA 

matrix.  Interestingly, the emission quantum yield and lifetime of IPt-MB are substantially lower 

compared to IPt-DB in solution. This effect is attributed to a substantially larger non-radiative 

decay rate in the mono-bromo complex.  Analysis of the photophysical data, combined with DFT 

and TD-DFT calculations, suggest that the difference in photophysical properties of the two 

complexes is related to the position of the Br- substituents on the phenyl acetylide rings.  In short, 

in IPt-MB, the Br- substituents are located para- to the Pt-CC- unit, and this gives rise to stronger 

electron-vibrational coupling in the excited state, enhancing the rate of non-radiative decay.
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Introduction

Transition metal complexes with π-conjugated ligands have long been studied for their rich 

photophysical properties and applications in sensing, photocatalysis, artificial photosynthesis, 

photodynamic therapy, optoelectronics, and non-linear optics.1,2  One of their advantages is that 

the transition metal can introduce heavy atom induced spin-orbit coupling (SOC) which enhances 

the probability of spin-forbidden transitions.  As a result, transition metal complexes often feature 

efficient luminescence from the triplet manifold and relatively short triplet lifetimes due to 

enhanced radiative and non-radiative decay rates.3,4  

Luminescent transition metal complexes that contain N-heterocyclic carbene (NHC) ligands 

have recently received significant attention.5-7 NHC ligands are strong σ-donors that can reduce 

the efficiency of non-radiative decay by limiting the rate of thermally activated crossing to non-

emissive metal centered (d-d) excited states.8,9  To date, a variety of NHC metal complexes based 

on Ir(III), Ru(II), Pt(II), Pd(II), Ag(I), and Cu(I) have been reported.5,6,10  These complexes exhibit 

interesting and useful luminescence properties owing to their wide variety of structural designs, 

long emission lifetimes, high radiative rates, tunable excited state energies, and large Stokes 

shifts.8  

Platinum(II)-NHC complexes with a variety of π-conjugated ligands have been widely 

investigated owing to their remarkable photophysical properties. These complexes have been 

subjected to various structural modifications aimed at fine-tuning their emission energies and 

optimizing their emission efficiency.11-13  In particular, Pt(II)-NHC complexes that contain aryl 

acetylide ligands (e.g., Ar-CC-) have been investigated extensively due to their good air and 

thermal stability and the ability to tune their excited state energies and lifetimes.9,14-19  The design 

principle behind these complexes includes utilizing the Pt(II) as heavy metal to induce SOC which 
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maximizes the use of both singlet and triplet excited states which are primarily localized on the 

aryl acetylide ligands.18,20,21   Venkatesan and co-workers first reported complexes of the type, cis- 

and trans-(NHC)2Pt(CC-Ar)2 in which the structure and substituents on the  aryl acetylide ligands 

were varied.9,14,15 All the compounds were emissive both in solution and the solid state, and some 

of the complexes showed strong blue emission with relatively high quantum yields.  A few years 

later our group reported an improved synthesis of trans-(NHC)2Pt(CC-Ar)2 complexes and 

leveraged the synthetic strategy to construct a series of novel complexes with efficient visible 

phosphorescence and strong triplet-triplet absorption that could be applied in non-linear 

absorption.17 

A key application of strongly luminescent transition metal complexes is as phosphors for 

organic light emitting diodes (PhOLEDs).  Considerable effort has been made to develop efficient 

deep blue luminescent metal complexes, and to utilize them as phosphors in POLEDs with high 

external quantum efficiency (EQE).16,22-28 However, developing complexes that give rise to “true” 

deep blue luminescence while maintaining high quantum efficiency remains a challenge.29  (Deep 

blue is typically defined as emission with CIE coordinates (0.14,0.08)).27  As a result, despite the 

success of red and green PhOLEDs, deep blue PhOLEDs with high EQE are still rare.25 For 

example, Ir(III) based commercially available red and green emitters can reach up to 100% internal 

quantum efficiency (IQE) and ~25% EQE, whereas POLEDs with deep blue phosphors still suffer 

from lower efficiency and relatively short device lifetimes.30  Another limitation associated with 

phosphors is that their relatively long lifetimes cause device efficiency roll-off due to triplet-triplet 

annihilation and triplet-polaron quenching.29,31 

In previous work, we reported the NHC-Pt(II) complex NPtPE1 (Chart 1) which features a 

deep blue phosphorescence with a moderate quantum efficiency.  NPtPE1 was used as a phosphor 
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in a vapor deposited OLED which displayed a peak EQE of 8%.19,32  However, the triplet state 

lifetime of NPtPE1 is relatively long (~10 s in the solid state), which contributed to efficiency 

roll-off at higher current density in the OLED.  In an effort to tune the trans-(NHC)2Pt(C≡C-R)2 

chromophore to maintain the efficient deep blue emission, but reduce the triplet lifetime, we 

designed two bromine substituted congeners, IPt-MB and IPt-DB (Chart 1).  The Br- atoms were 

introduced into these structures with the aim to increase spin-orbit coupling in the excited states, 

with the notion that this might increase both the emissive triplet state radiative and non-radiative 

decay rates (kr and knr, respectively), reducing the lifetime, but potentially to retain a moderately 

efficient phosphorescence efficiency.33-36 

This paper reports a detailed structural and photophysical characterization of IPt-MB and IPt-

DB providing a comparison with previously studied trans-(NHC)2Pt(C≡C-R)2 chromophores.  The 

results show that the inclusion of the two Br- atoms in IPt-DB has very little effect on the 

photophysical parameters. By contrast, the single Br- atom in IPt-MB elicits a profound effect on 

the non-radiative decay rate, leading to a substantially reduced lifetime, but disappointingly also a 

diminished phosphorescence quantum yield.  The difference in the effect of the Br- atoms in the 

two complexes is attributed to positional dependence on their involvement in the frontier orbitals 

that dominate the electronic transitions to the lowest excited states.

Chart 1

N N

Pt

N N

R1

R2

R2

R1

R2

R2

CyCy

CyCy

IPt-MB: R1 = Br, R2 = H
IPt-DB: R1 = H, R2 = Br

NPtPE1: R1 = H, R2 = H
IPtPCF3: R1 = CF3, R2 = H
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Results and Discussion

Synthesis and Structural Characterization. The precursor compounds 1-bromo-4-

ethynylbenzene (1) and 1,3-dibromo-5-ethynylbenzene (2) were synthesized by Sonogashira 

coupling followed by a deprotection reaction (Scheme S1).37,38 The precursor NHC complex 

(Im)2PtCl2 (5, Scheme S2) was obtained by a one-pot synthesis that was previously reported, 

through an in situ formed Ag(I)-NHC complex followed by transmetalation with K2PtCl4.18
  

Compounds IPt-MB and IPt-DB were synthesized by a Hagihara coupling reaction, in which the 

aryl acetylide ligand was introduced (Scheme S2).39,40   IPt-MB and IPt-DB were characterized by 

1H-NMR, 13C-NMR and X-ray crystallography, and mass spectrometry (SI section). 

X-ray crystallography confirmed the trans stereochemistry of both complexes (Figure 1). 

Selected bond lengths and angles are shown in Table 1, and the detailed crystallographic data are 

reported in the supporting information. As expected, the Pt atom resides on the inversion center of 

both complexes. Pt-Ccarbene bond lengths of IPt-MB and IPt-DB are 2.025 Å and 2.029 Å, 

respectively, whereas Pt-Csp bond lengths are found to be 2.009 Å and 2.001 Å, respectively. Both 

types of bond lengths are very similar to the prior reported trans-(NHC)Pt(II) acetylide complexes.  

The Ccarbene-Pt-Csp bond angles were 89.21° and 89.8° for IPt-MB and IPt-DB, respectively. 
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Figure 1. ORTEP diagrams for IPt-MB and IPt-DB, with ellipsoid at the 50% probability level. 
Carbon atoms are shown in grey, and hydrogen atoms are shown in light grey. Solvent molecules 
were removed for clarity.

Table 1. Selected bond lengths and dihedral angles from X-ray crystal structures

Bond Length(Å) Bond Angle(⁰)
Pt-CCarbene Pt-Csp C≡CPh N-Carbene-N CCarbene-Pt-Csp

IPt-MB Pt1-C1: 
2.025(3)

Pt1-C16: 
2.009(3)

C16-C17: 
1.200(5)

N1-C1-N2: 
105.0(3)

C1-Pt1-C16: 89.21(12)

IPt-DB Pt1-C1: 
2.029(6)
Pt1-C6: 
2.035(6)

Pt1-C31: 
2.001(7)
Pt1-C39: 
1.983(7)

C31-C32: 
1.222(11)
C39-C40: 
1.216(11)

N1-C1-N2: 
105.4(5)

N3-C16-N4: 
105.3(5)

C1-Pt1-C39: 89.8(3)
C1-Pt1-C31: 89.6(3)
C16-Pt1-C39: 90.6(3)
C16-Pt1-C31: 90.0(3)

Photophysical Properties.  The absorption and emission spectra of the complexes were 

recorded in THF solution, and they are shown in Figure 2. Both complexes showed similar 

absorption spectra with bands near 310 nm and 285 nm. These absorption bands are predominantly 

based on π-π* transitions of the phenyl acetylide ligands.18,20,41,42 
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Figure 2. Absorption and emission spectra of IPt-MB (a) and IPt-DB (b) in THF solution at 

ambient temperature, λex 330 nm. Emission spectra of IPt-MB (c) and IPt-DB (d) in PMMA 

matrix.

IPt-MB and IPt-DB feature sky blue emission with max = 456 and 458 nm, respectively, with 

a shoulder at 480 nm due to vibronic coupling.41  The emission spectra of IPt-MB and IPt-DB are 

red-shifted approximately 15 nm (~640 cm-1) compared to the parent complex NPtPE1.  The red-

shift is apparently because of the electron withdrawing effect of the -Br substituents.  However, 

despite having similar emission spectra and energies, IPt-MB and IPt-DB showed distinct 

differences in emission quantum yield, lifetime, and radiative and non-radiative decay rates.  In 

particular, as shown in Table 1, in the THF solution, the emission quantum yield and lifetime are 

substantially greater for IPt-DB compared to IPt-MB. The emission quantum yields for the two 

complexes differ by more than 10-fold, and the lifetime of IPt-DB is 20-fold larger than that of 

IPt-MB (Figure S13, S14).  The radiative and non-radiative decay rates (kr and knr, respectively) 

are computed from the photophysical parameters.  Here it is seen that kr values for the two 

complexes are similar; however, knr is 25-fold greater for IPt-MB compared to IPt-DB.  

In a previous study, we showed that the photophysical parameters of a series of trans-

(NHC)2Pt(CC-Ar)2 complexes vary strongly with emission energy; in general, the lifetime and 

emission quantum yield decreased with increasing emission energy.18  This trend is attributed to 

an increase in the non-radiative decay rate with emission energy.  Due to this effect, we selected 

the complex IPtPCF3 from the previous study as a point of reference to compare with the 

photophysical parameters for IPt-MB and IPt-DB.18,19    The photophysical parameters for IPtPCF3 

are included in Table 1, and it can be seen that its emission energy is within 0.02 eV of the Br-

substituted complexes.  Comparison of the data in Table 1 reveals that the emission quantum yield, 

lifetime, and kr and knr values for IPt-DB and IPtPCF3 are very similar, which suggests that 
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photophysical parameters of the dibromo-substituted complex are “typical” for a -(NHC)2Pt(CC-

Ar)2 complex.  By contrast, the emission parameters of IPt-MB are clearly anomalous, with much 

a lower emission yield and lifetime than reference IPtPCF3.  The anomalous behavior of IPt-MB 

can be attributed to a substantially larger non-radiative decay rate.

Table 1. Photophysical Properties in THF Solution

a Calculated using the equations: kr = ΦPL /τPL and knr = (1/τPL) − kr, where  τPL = <>.  b Data from ref. 18.

The photophysical properties of IPt-MB and IPt-DB in the solid-state were measured in 

poly(methyl methacrylate) (PMMA) matrices at 2 wt% complex loading. The matrices were 

fabricated by mixing the complexes with the methyl methacrylate monomer with a free radical 

initiator, pouring the mixture into a mold, and then heating in an oven at 75 C for 48 hrs.  The 

emission spectra and photophysical parameters were measured in the PMMA matrices and the 

spectra are shown in Fig. 2c,d and the photophysical parameters are compiled in Table 2.  Both 

complexes feature blue emission that is slightly blue-shifted and broadened compared to solution, 

and with higher quantum efficiency.  Interestingly, the emission yield of IPt-DB increased by ~2-

fold in PMMA compared to the solution, whereas for IPt-MB the yield increased by more than 5-

fold.  The increases in emission yields are accompanied by increases in emission lifetimes.  In both 

cases, the increased emission yields and lifetimes in the PMMA matrix are mainly due to a 

Compound
λmax

(abs) 

/ nm

λmax
(em) 

/ nm
Φem

 
τem

 / µs

kr
a

/ 104 s-1

knr
 a

 

/ 104 s-1

Eem

/ eV

IPt-MB 316 456 0.02 0.39 5.13 250 2.71

IPt-DB 309 458 0.2 7.59 2.64 11 2.71

IPtPCF3
b 310 452 0.19 5 3.8 16 2.74

NPtPE1b 279 444 0.03 1.7 1.8 57 2.79
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decrease in knr, and the decrease in knr is significantly larger for IPt-MB.  Comparing the 

photophysical parameters for the IPt-MB and IPt-DB with the reference complex IPt-CF3 it is seen 

that the dibromo complex exhibits parameters that are very similar to the reference, whereas the 

non-radiative decay rate for IPt-MB is larger.  Clearly for both complexes the decreased non-

radiative decay rate in PMMA is associated with restricted motion that is available to the excited 

state complexes in the glassy polymer matrix.  However, the fact that IPt-MB continues to exhibit 

a slightly larger non-radiative decay rate even in the solid state suggests that the mechanism that 

is responsible for accelerating the decay rate is still active to some extent in the polymer matrix.  

Table 2. Photophysical Properties of IPt-MB and IPt-DB in PMMA Matrix

Compound
λmax

(em)

/ nm
ΦPh/PMMA

<τ> a
/ µs

kr
 b

/ 104 s-1 

knr 
b

/ 104 s-1
Eem (eV)

IPt-MB 451 0.11 26.6  0.41 3.35 2.74

IPt-DB 453 0.54 33.5 1.61 1.40 2.73

IPtPCF3
 c 452 0.44 23 1.9 2.4 2.74

NPtPE1c 444 0.30 9.7 3.19 7.23 2.79

a The emission decays in PMMA were biexponential. Median lifetimes calculated by <> = 11 + 22, where 11 
are the normalized amplitude and lifetime of the decay components.   b Calculated using the equations: kr = ΦPL /τPL 
and knr = 1/(τPL − kr), where  τPL = <>.  c Data from ref. 19.

Temperature-dependent emission of IPt-MB and IPt-DB were measured in 2-methyl 

tetrahydrofuran (MTHF) and the results are summarized in Figure S12.  The emission of both 

complexes increased in intensity substantially at lower temperature, consistent with non-radiative 

decay occurring via a thermally activated process as has been observed for related (NHC)2Pt(CC-

Ar)2 chromophores.18  The emission undergoes a blue-shift below the solvent glass point (< 120 

K); similar effects have been seen in related complexes and have been attributed to emission from 

higher energy conformers that are unable to relax in the rigid medium.18,41 Fig. S12c compares the 

Page 9 of 18 Dalton Transactions



10

emission of the two complexes just above the solvent glass point; these spectra clearly display a 

vibronic progression at lower energies from the 0-0 band.  Each complex displays vibronic bands 

at ~950, 1500 and 2050 cm-1 which can be assigned to aryl C-H (out of plane), aryl C=C and 

acetylide CC stretches, respectively.  The mid-frequency band (~1500 cm-1) is distinctly different 

intensity for the two complexes.  While there are differences in the low temperature emission, 

there are not significant differences that could be attributed to vibronic coupling to the meta- or 

para-bromo substituents.

Density Functional Theory Calculations.  Density functional theory (DFT) and time-

dependent DFT (TD-DFT) calculations were performed on the bromo-substituted platinum 

complexes using B3LYP functional in the gas phase. The full double zeta basis set, D95, was used 

for atoms C, H, N, and Br.43  For Pt, a Stuttgart/Dresden effective core potential was used.44  The 

Cartesian coordinates for the optimized geometry of the complexes are provided in the SI section.  

The HOMO and LUMO orbital density plots for the geometry optimized ground state structures 

of both IPt-MB and IPt-DB are shown in Fig. 3a.  Inspection of the orbital plots reveals that the 

HOMO and LUMO are localized on the platinum center and the two aryl acetylide ligands.  Insight 

into the orbital basis for the complexes’ near-UV absorption bands comes from the TD-DFT results 

that are shown in Tables S3 and S4 in the SI section.  Here it is seen that the lowest energy 

transition is entirely comprised of the HOMO  LUMO transition.  Given the distributions of the 

frontier orbitals (Fig. 3a), it is reasonable to conclude that the transition is mainly π-π*, with a small 

degree of metal-to-ligand charge transfer character.45  In addition to the ground-state and TD-DFT 

calculations, we also computed the energy and optimized geometry of the first triplet excited (T1) 

state for IPt-MB and IPt-DB. The adiabatic triplet energy of the complexes was calculated from 

the difference between geometry-optimized energies of  S0 and T1.18 By using this approach, the 
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triplet energy of IPt-MB and IPt-DB was computed as 2.76 and 2.91 eV, respectively. These 

energies correspond to phosphorescence wavelengths of 449 nm and 426 nm, which agree 

approximately with the experimental wavelengths of IPt-MB (456 nm) and IPt-DB (458 nm), 

respectively.

In order to understand the contributions of the -Br atoms to the frontier orbitals of IPt-MB 

and IPt-DB an analysis was carried out to determine the atomic contributions to the HOMO and 

LUMO molecular orbital using Mulliken method as implemented in Multiwfn 3.8.46,47  For both 

complexes, the contribution of -Br localized orbitals to the HOMO and LUMO is relatively low 

(<2%).  However, importantly the contribution of -Br orbitals for IPt-DB is much lower than for 

IPt-MB; indeed for IPt-DB the contribution of the two Br atoms to the HOMO and LUMO is 

nearly insignificant.  This difference clearly results from the positional relationship of the -Br 

atoms in the two complexes (i.e., meta- vs. para-) relative to the Pt-CC- linkage.  We conclude 

from this analysis that the effect of -Br on the lowest excited states is expected to be greater for 

IPt-MB compared to IPt-DB due to the greater contribution of -Br to the frontier orbitals in the 

former.  This is consistent with the experimental photophysical data, which show that IPt-DB is 

similar in properties to the reference complex (IPtPCF3), while IPt-MB exhibits an anomalously 

large non-radiative decay rate.
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Figure 3. a) DFT optimized HOMO-LUMO orbitals of IPt-MB and IPt-DB. b) Atomic orbital 

composition of HOMO and LUMO. IPt-MB (black), IPt-DB (red).

Transient Absorption Spectroscopy. To gain insight into the excited state dynamics of the 

complexes, UV-visible femtosecond transient absorption (fsTA)  experiments were carried out in 

THF, and the results are presented in Figure 4. Overall, IPt-MB and IPt-DB show similar features 

in their excited state absorption. Upon excitation at 330 nm, both IPt-MB and IPt-DB reveal an 

instantaneous appearance of a broad excited state absorption (ESA) throughout the visible range, 

with a sharp peak around 650 nm. This band continues to rise for approximately 20 ps and the 

peak absorption shifts slightly to longer wavelength. Kinetic analysis of the TA reveals that the 

absorption rise in that is seen at early delay times is distinctly slower for IPt-DB compared to IPt-

MB (4.7 ps and 8.4 ps, respectively, see Fig. 4c).  Previously reported fsTA studies on a series of 

trans-(NHC)2Pt(CC-Ar)2 complexes show very similar TA spectra and dynamics as seen for IPt-

MB and IPt-DB.21 In the previous work, the TA has been attributed to the triplet excited state that 

is produced in < 1 ps by ultrafast intersystem crossing. The process that takes place on the 1 – 20 

ps timescale that causes the “rise” has been attributed to a geometric relaxation involving torsion 

of the arylene groups.21  This process occurs because in the triplet state, there is a shallow energy 

minimum that favors the conformation where the arylene rings are in the same plane as the PtC4 

plane. Interestingly, the slower dynamics are observed for the di-substituted IPt-DB complex, and 

this may be due to the slower arylene ring torsion arising from the interaction of the two meta-Br 

atoms with the solvent environment (e.g. solvent friction).48

Page 12 of 18Dalton Transactions



13

Figure 4. Femtosecond transient absorption of IPt-MB (a) and IPt-DB (b) in THF with excitation 

of 330 nm (100 μJ). (c) Kinetic traces of IPt-MB (Red) and IPt-DB (Blue).  Labels indicate the 

exponential lifetime of the slow transient absorption “rise”.  Lifetimes determined by global 

kinetic analysis (see SI Fig. S15).

General Discussion.  The primary objective of this study was to explore the effect of the 

introduction of Br substituents onto the arylacetylene groups on the photophysics of trans-

(NHC)2Pt(CC-Ar)2 complexes.  The goal was to increase the triplet decay rate but maintain a high 

phosphorescence yield by enhancing both the rates of radiative and non-radiative decay.  Previous 
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work on the photophysics of aromatic hydrocarbons has found that Br can exert a substantial effect 

on the rate of intersystem crossing, and the rates of radiative and non-radiative decay of triplet 

states.34  We hypothesized that similar effects might be exerted by Br-substitution in the trans-

(NHC)2Pt(CC-Ar)2 complexes.  In addition, the previous work has found that the effect of Br-

substitution is strongly dependent on the position of the substituents, due to the positional 

dependence of the atom’s effect on mixing the singlet and triplet wavefunctions.34  

To address the hypothesis regarding Br-substitution, the complexes IPt-MB and IPt-DB were 

designed and synthesized.  In IPt-MB, the Br- is located para- relative to the Pt-CC- unit, whereas 

in IPt-DB the two Br- atoms are both located meta- relative to the Pt-CC- unit.  The DFT 

calculations indicate that the para-Br in IPt-MB contributes to the HOMO and LUMO which are 

the predominant levels involved in the transitions to the lowest excited state.  By contrast, the 

meta- Br-atoms in IPt-DB contribute very little to the frontier orbitals.   Given this result, it is 

unsurprising that the photophysical parameters of IPt-DB are hardly affected by the Br- 

substituents whereas the parameters are significantly affected in IPt-MB.

The results of the photophysical studies of IPt-MB in solution and the PMMA polymer matrix 

reveal that the para-Br substituent leads to a substantial increase in the non-radiative decay rate in 

solution and a smaller, albeit noticeable, increase in non-radiative decay rate in the polymer matrix.  

By contrast, systematic changes in the radiative decay rate of IPt-MB in solution and in the 

polymer matrix relative to the other complexes are not as clear.  If the para-Br is acting to increase 

the rates of the spin-forbidden transition (triplet to singlet decay) in IPt-MB, we would expect the 

effect to be reflected by commensurate increases in both the radiative and non-radiative decay 

rates.  Given that the primary effect seems to be in the non-radiative decay rate, we conclude that 

the effect of para-Br substitution is not due to enhanced spin-orbit coupling, but rather due to the 
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introduction of a new non-radiative decay channel, via vibronic coupling with a low frequency 

vibrational mode (e.g., C-Br stretch or bend).  This conclusion is supported by the fact that the 

non-radiative decay rate of IPt-MB decreases in the polymer matrix, where vibrational modes with 

relatively large displacement would be suppressed.  

One hypothesis that we considered is that if non-radiative decay is strongly coupled to the 

C(Ar)-Br stretch, excited state decay could activate homolysis of the C-Br bond.  To probe whether 

this is occurring, we carried out long term photolysis of IPt-MB in outgassed solution with 313 nm 

excitation; however, this experiment did not lead to noticeable photodegradation of the complex.  

While this does not disprove that the non-radiative decay is coupled to a C-Br vibrational mode, it 

does show that the complex is not subject to photochemical degradation induced by photolysis.

In summary, the effects of Br- substitution are strongly positional dependent.  The two Br- 

atoms that are located meta- exert little influence on the photophysical properties of the complex 

relative to the reference.  By contrast, the single Br- atom that is located para- exerts a strong effect 

on the complexes’ photophysics by enhancing the non-radiative decay rate.  However, since there 

is little effect on the radiative decay rate, the Br- substituent leads to an overall decrease in the 

emission quantum efficiency in IPt-MB, which from the standpoint of application is a 

disappointing result. 

Conclusion

This study reports the synthesis and photophysical characterization of two novel complexes, 

IPt-MB and IPt-DB, with the general structure trans-(NHC)2Pt(CC-Ar)2. IPt-MB features one 

para-substituted Br atom on the aryl acetylide ligands, while IPt-DB features two meta-substituted 

Br atoms on the aryl acetylides.  It was hypothesized that inclusion of the Br atoms would enhance 

spin-orbit coupling via the heavy atom effect, influencing the radiative and non-radiative decay 
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rates.  IPt-MB and IPt-DB both display sky blue emission in solution and in PMMA matrix.  IPt-

DB features photophysical properties that are similar to benchmark trans-(NHC)2Pt(CC-Ar)2 

chromophores.  By contrast, IPt-MB exhibits a substantially lower emission quantum yield and 

lifetime in solution due to an enhanced rate of non-radiative decay.  Analysis of the results in the 

context of DFT and TD-DFT calculations suggests that the enhanced non-radiative decay rate of 

IPt-MB is due to coupling of the excited state decay with a low-frequency vibrational mode 

associated with the para -Br substituents.  This study enhances our understanding of structural 

effects on the luminescence properties of trans-(NHC)2Pt(CC-Ar)2 complexes, some of which 

have demonstrated promising performance as phosphors for deep blue OLEDs.  
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