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ABSTRACT 

The imidazolium salt 3-methyl-1-(naphthalen-2-yl)-1H-imidazolium iodide (2) has been 

treated with silver(I) oxide and [{Pt(µ-Cl)(η3-2-Me-C3H4)}2] (η3-2-Me-C3H4 = η3-2-

methylallyl) to give the intermediate N-heterocyclic carbene complex [PtCl(η3-2-Me-

C3H4)(HC^C*-κC*)](3) (HC^C*-κC*= 3-methyl-1-(naphthalen-2-yl)-1H-imidazol-2-

ylidene). Compound 3 undergoes a regio-specifically cyclometallation at the naphthyl 

ring of the NHC ligand to yield the five-membered platinacycle compound [{Pt(µ-

Cl)(C^C*)}2] (4). The chlorine abstraction of 4 with β-diketonate Tl derivatives 

rendered the corresponding neutral compounds [Pt(C^C*)(L-O,O’)] (L = acac (HL =  

acetylacetone) 5, phacac (HL= 1,3-diphenyl-1,3-propanedione) 6, hfacac (HL= 

hexafluoroacetylacetone) 7). All of them (3-7) were fully characterized by the usual 

spectroscopic and analytical methods. X-ray diffraction studies were performed on 5-7, 

revealing short Pt-Pt and π -π interactions in the solid state structure. The influence of 
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the R-substituents of the β-diketonate ligand on the photophysical properties has been 

studied and also the use of the most efficient emitter, 5 as phosphor converter. 

INTRODUCTION 

Solid-State Lighting (SSL) is now a mature technology that is rapidly climbing in share 

among the different commercial lighting technologies.[1] Nowadays, two main strategies 

are available within state-of-the-art SSL to generate white luminescence. On one hand, 

there are the so-called PC-LEDs (phosphor-converted LED) based on high efficiency 

blue LEDs combined with green, yellow and/red phosphors. In these devices, short-

wavelength emission from the LED dye is partially downconverted by the phosphors. 

White light results then from the combination of the phosphors re-emission and LED 

non-absorbed light. The second approach, the RGB LED, consists of three emitters 

(primary at around 455nm, 530nm and 610nm) packaged closely together to form a 

compact semiconductor light source with a tunable chromaticity point. However, most 

of general lighting applications are dominated by PC-LEDs, because of its several 

advantages. First, the efficiency of direct electroluminescence exhibits important 

variations across the visible spectrum. Whereas current external quantum efficiency is 

around 75 % in the blue range and 64 % in the red, the efficiencies at the green and 

amber ranges are 32 % and 11 %, respectively .[2] Thus, at least for green and yellow 

light, it is more efficient to obtain these contributions under the PC strategy. Second, 

PC-LEDs are far less sensitive to temperature than LEDs, allowing simpler (and 

cheaper) control strategies in order to maintain device chromaticity. 

Phosphors used in mainstream LED technology are typically inorganic, comprising a 

crystalline oxide, nitride, oxynitride or silicate host lattice, doped with a small dose of 

an activator ion, in most cases rare earths. Ce3+ and Eu2+ are the activator ions more 

broadly used in SSL and it is just here where it is foreseen that PC-LEDs can have a 

potential weakness in the next decade since the global shortage of these materials is 

currently having a direct impact on phosphor availability and pricing.[3] In the light of 

this, it is clear the necessity of new approaches and materials capable of replacing in the 

next future these rare-earth based phosphors.  

At this point, platinum (II)-based phosphorescent complexes have been attracted much 

interest due to their potential use as dopants in LEDS,[4] chemical sensors[5] or bio-

labeling agents,[5b, 6] with special attention being paid to C^N-cyclometallated 
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derivatives.[4b, 7] The strong ligand field induced by the C-σ bond (σ donor) and the 

aromatic fragment (π acceptor) characteristics of the C^N-ligands enhance the splitting 

of the d orbitals. Consequently, the energy of the non-radiative excited states (d-d) on 

the metal centered is raised, avoiding the thermal quenching. Hence, the incorporation 

of strong field ligands to the metal coordination sphere is one of the key requirements, 

among others, for the design of these phosphorescent systems. Bearing this in mind, the 

cyclometallated N-heterocyclic carbenes (NHC) may surpass the high ligand field 

splitting capacity of the C^N-ligands, since they present two C-σ bonds. This implies an 

even greater heightening of the d-d energy levels on the metal center, enlarging the 

energy gap with the emissive excited states and improving the quantum yields.[8] 

Another consequence of the presence of strong carbon-metal bonds is the robustness 

and/or stability of the carbene complexes which may provide long-term functional 

materials. 

NHC carbenes have been widely used in organometallic chemistry and particularly in 

the targeted fields of transition-metal catalysis,[9] liquid crystals,[10] bio-medicine,[11] and 

luminescence materials.[8, 11d, 12] However, phosphorescent compounds of platinum(II) 

containing cyclometallated NHC ligands have been barely explored with only a handful 

of reports published very recently.[13] Moreover, most of them contain the chelate β-

diketonates or β-ketoiminates as ancillary ligands, and have been prepared following a 

restricted one-pot synthetic route which renders exclusively and straightforward these 

derivatives.[13b, 13c, 13e-i, 14] As stated by the authors,[13i] the synthesis has its difficulties 

and renders rather low yields (∼30%[13c, 13e, 13f, 13i] or < 50%[13g, 13h]). The introduction of 

different kinds of ancillary ligands in the coordination environment of the metal centre 

plays a major role in the design of phosphorescent complexes, because, tuning of 

emission colors over the entire visible spectra is achieved by modification of the 

cyclometallated and/or the ancillary ligands.[4b, 7a, 15] The electronic nature of the ligands 

affects the electron density at the metal center and their steric requirement can preclude 

the existence of metal-metal or π-π interactions which consequently alter the relative 

energy, radiative color, and lifetime of the excited state.[15e, 16] As part of our preceding 

research, we have studied this influence spectroscopically and structurally in 

heteroleptic complexes of Pt(II) with the 7,8-benzoquinolinato and different 

monodentated auxiliary ligands such as alkynyls, nitriles, chlorides, cyanides and 

isocyanides.[16a, 17]Keeping on with our previously described stepwise protocol to 
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prepare C^N-cyclometallated of platinum (II) complexes,[18] we tried this same 

synthetic approach using the N-heterocyclic carbene as a cyclometallated ligand. The 

anchoring of the NHC ligand through the carbene carbon atom to the platinum center 

will allow the following C-H activation at the aromatic substituent to afford a NHC 

cycloplatinated species.Thus, in this manuscript, we describe for the first time the use of 

[{Pt(µ-Cl)(η3-2-Me-C3H4)}2] to achieve a stepwise cyclometallation by isolating the 

intermediate carbene complex [PtCl(η3-2-Me-C3H4)(HC^C*-κC*)]. This will 

subsequently undergo a second C-H activation to lead the cycloplatinated complex 

[{Pt(µ-Cl)(C^C*)}2]. Therefore, having access to a generic precursor such as [{Pt(µ-

Cl)(C^C*)}2], where the chlorine atom can be easily removed, enables a facile and 

resourceful strategy to prepare heteroleptic complexes [Pt(C^C*)LL’] containing the 

cycloplatinated NHC moiety. Only for comparative purposes with previously reported 

results,[13b, 13c, 13e-g, 13i] we have prepared a series of β-diketonates derivatives 

[Pt(C^C*)(L-O,O’)] (L = acac (HL =  acetylacetone) , phacac (HL= 1,3-diphenyl-1,3-

propanedione), hfacac (HL= hexafluoroacetylacetone)) and the use of the most efficient 

emitter among them (L = acac, phi = 53%) as phosphor converter has been also studied. 

RESULTS AND DISCUSSION 

Preparation of NHC Ligand. Synthesis and Characterization of [PtCl(η3-2-Me-

C3H4)(HC^C*-κC*)](3) (HC^C*-κC*= 3-methyl-1-(naphthalen-2-yl)-1H-imidazol-

2-ylidene) 

The synthesis of the N-heterocyclic carbene precursor is prepared by a modified 

Ullmann- type condensation (Scheme 1a). Following a slightly different method to that 

of Xu and coworkers,[19] 2-bromonaphthalene was coupled with imidazole in DMSO at 

110ºC using copper(I) oxide and potassium hydroxide. After work-up, the mixture was 

purified by column chromatography on silica gel using ethyl acetate / methanol (9:1) as 

eluent to give 1-(naphthalen-2-yl)-1H-imidazole (1) in good yield (67%). This 

imidazole derivative was previously prepared in relatively good yields (54%[20] and 

80%[21]) but it required harsh reaction conditions (170ºC) and the use of high (non-

catalytic) amounts of diamine ligands (N,N’-dimethylethylenediamine and 1,10-phen). 

Then, methyl iodide was added to a refluxing THF solution of 1 to give the 

corresponding imidazolium salt: 3-methyl-1-(naphthalen-2-yl)-1H-imidazolium iodide 

(2) (see Scheme 1b and Experimental Section). 



5 
 

 

Scheme 1. Synthesis of compounds 1-7 

Keeping on with our previously described stepwise protocol to prepare C^N-

cyclometallated complexes of platinum (II),[18] we tried this same procedure using the 

N-heterocyclic carbene. The imidazolium salt was reacted with silver(I) oxide to give 

the corresponding NHC carbene complex of silver which was not isolated. Upon 

addition of the dichloro-bridged complex [{Pt(µ-Cl)(η3-2-Me-C3H4)}2] (η3-2-Me-C3H4 

= η3-2-methylallyl) to the mixture, a yellow precipitated (AgI) was immediately 

observed, as a result of the transmetalation from Ag(I) to the Pt(II) center. After work-

up the mixture, the neutral complex [PtCl(η3-2-Me-C3H4)(HC^C*-κC*)](3) was isolated 

as a pale yellow and air stable solid in very good yield (75%). In the IR spectrum, an 

absorption band at 280 cm-1 was attributed to υPt-Cl which is consistent with a terminal 

Pt-Cl bond in trans disposition to a ligand with a large trans influence as η3-2-Me-

C3H4.[18a]  

Unfortunately, all attempts to obtain single crystals of 3 failed; however, the new 

compound was fully and unequivocally characterized by multinuclear NMR 

spectroscopy. 1H and 13C NMR signals were clearly identified by 1H-1H and 1H-13C 

correlations; The number of signals and their relative integrals are in agreement with the 

formulation proposed and the lack of symmetry in complex 3 (see Figure 1 and S1 in 

S.I.). It can be noticed that the singlet at 9.88 ppm, which was attributed to H1 in the 

free ligand, has completely disappeared. The H2 and H3 protons of the imidazolyl 

moiety appear upfield shifted and show Pt satellites with Pt-H coupling constants of ca. 

10 Hz. The resonances corresponding to the naphthalene moiety are displayed in two 

sets of multiplets and do not show any coupling to the platinum center.  



6 
 

 
Figure 1. 1H NMR spectra of 2 (DMSO-d6), 3 (CD2Cl2) and 4 (DMSO-d6) at r. t. 
 

The methyl allyl group (η3-2-Me-C3H4) gives the expected 1H and 13C NMR signals 

with values of JPt-H and JPt-C slightly smaller to those found in the η3-allyl derivatives 

[{Pt(µ-Cl)(η3-2-Me-C3H4)}2][22] and [Pt(η3-C4H7)Cl(HC^N-κN)] (HC^N = 2-(4-

bromophenyl)imidazol[1,2-a]pyridine),[18a] as expected for the stronger trans influence 

of a C (NHC) with respect to a Cl or N, respectively. The 13C1 resonance appears at 

176.4 ppm and the 195Pt{1H} resonance at -4457 ppm, in the same spectral region to the 

analogous complex [Pt(η3-C4H7)Cl(HC^N-κN)].[18a] All these spectroscopic features 

indicate the success of the trans-metalation to the Pt center. 

 

Cyclometallation of 3. Synthesis and Characterization of [{Pt(µ-Cl)(C^C*)}2] (4). 

When a suspension of 3 in 2-methoxyethanol was refluxed for 4h, it turned into a dark-

greyish mixture. Recrystallization of the filtrated solid in hot acetonitrile solution (see 

Scheme 1d and Experimental Section) rendered 4 as a pure white solid in reasonably 

good yield (60%), considering the cyloplatination process. The cyclometallation could 

be carried out at two non-equivalent positions of the beta-substituted naphthalene: alfa 

and beta, C14 and C6, respectively; (see Figure 1 for numeration) to form two different 

five-membered rings. Although the beta-position is the thermodynamically favored site 
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for electrophilic attack,[23] the alfa-position is kinetically favored.[24] A naphthalene 

system beta-substituted with an electron-donating group usually directs the reaction 

kinetically to the alfa-position of the same ring, due to the more effective delocalization 

of the positive charge in the carbocation intermediate formed on the attack.[25] However, 

the C-H activation took place regio-specifically at the β-position (C6), since this 

metallation site is less hindered, as reported before.[26] No other by-products were 

detected from the reaction mixture. 

The new dichloro-bridged cycloplatinated compound [{Pt(µ-Cl)(C^C*)}2] (4) was fully 

and unambiguously characterized by NMR spectroscopy. All NMR experiments of 4 

were recorded in DMSO-d6, because of its low solubility in other common solvents and 

the signals were assigned on the basis of a 1H-1H and 1H-13C experiments (see 

Experimental Section and Figures 1 and S2). The 1H spectrum confirmed the absence of 

the allyl group and the metalation of the 3-methyl-1-(naphthalene-2-yl)-1H-imidazol-2-

ylidene) (HC^C*-κC*) through the β-C of the naphthyl ring (C6), since two isolated 

singlets, assigned to H7 and H14, were observed at 8.85 and 7.93 ppm, correspondingly. 

Besides, the H7 proton displays Pt satellites with a Pt-H coupling constant of ca 63 Hz. 

The H2 and H3 protons of the imidazolyl are slightly downfield shifted with respect to 

those of 3 and barely any Pt-H couplings were observed. The 13C1 resonance appears at 

156.1 ppm which is in good agreement with the literature values.[13b, 13e-h, 27]  

Up to date, the two-step process, coordination and subsequent cycloplatination of N-

heterocyclic carbene ligands has been only reported with the compound 

[PtMe2(DMSO)2].[28] In this paper, we describe for the first time the use of the chloro-

bridge complex [{Pt(µ-Cl)(η3-2-Me-C3H4)}2] to achieve this stepwise cyclometallation 

by isolating the intermediates. Unlike what has been recently stated,[13i] we have been 

able to prepare and characterize the intermediate complex (compound 3), that 

subsequently undergoes a regio-specifically cyclometallation of the coordinated NHC 

carbene. As part of our ongoing research on this stepwise procedure, very promising 

results using different N-heterocyclic carbene ligands endorse the generality of this step 

by step protocol using the [{Pt(µ-Cl)(η3-2-Me-C3H4)}2] complex to prepare new NHC 

precursors, [{Pt(µ-Cl)(C^C*)}2] (unpublished results). If we compare the final products 

of the carbene cyclometallation, using the DMSO-derivative, [Pt(C^C*)(DMSO)Me],[28] 

with ours, [{Pt(µ-Cl)(C^C*)}2] (4), it seems clear that our system presents a significant 

advantage over the other. Whilst the DMSO-derivative has a methyl group and a 
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molecule of DMSO in the coordination sphere of the platinum, which none of them are 

labile ligands to be replaced, in [{Pt(µ-Cl)(C^C*)}2], the chlorine atom can be easily 

removed obtaining the “Pt(C^C*)” fragment with two vacant coordination sites 

available to be occupied by different kinds of ancillary ligands. Therefore, these 

systems, [{Pt(µ-Cl)(C^C*)}2], offer a more versatile and accessible pathway to prepare 

heteroleptic complexes [Pt(C^C*)LL’] which enhance the possibilities of modulating 

the electronic properties of the metal center and consequently its emissive behaviour. As 

far as we know, most of the photoluminescence studies and synthetic methods of NHC 

cycloplatinated chelate compounds were restricted to the diketonate derivatives.[13b, 13c, 

13e-i, 14] Only for comparative purposes with former reported results,[13b, 13c, 13e-g, 13i] we 

have prepared a series of new β-diketonates derivatives. 

Synthesis and Characterization of [Pt(C^C*)(L-O,O’)] (L = acac 5, phacac 6, 

hfacac 7)  

The reaction of the chlorine bridged compound 4 with the corresponding thallium (I) 

salts in 1:2 molar ratio (see Scheme 1 and Experimental Section) led to the precipitation 

of TlCl and formation of the neutral complexes [Pt(C^C*)(L-O,O’)] (L = acac 5, phacac 

6, hfacac 7)  which are obtained from the solution as white (5), yellow (6) and orange 

(7) air-stable solids in good yields. The υ(C=O) stretching vibrations appear at 

significantly lower energies than those found for the free ligands (ca.1720 cm-1) and are 

indicative of the diketonate chelation to the metal center.[29] The non-equivalence of the 

two halves of the β-diketonate ligands, expected for chelate coordination, is evident 

from the 1H, 19F and 13C NMR spectra (see Experimental Section and Figures S3a, S3b, 

and S3c). The 1H resonances corresponding to the NHC carbene are very similar in all 

three complexes (see Figure S3a), except for H7, which seems to be rather sensitive to 

the nature of the ancillary ligand (L-O,O’). It appears as a singlet at 8.06 ppm with a Pt-

H coupling constant of 57 Hz for compound 5, whilst for 6 and 7 it is shifted to 

downfield (8.25 ppm) and upfield (7.79 ppm), respectively. The 195Pt{1H} spectra 

registered in CD2Cl2-d2 for 5-7 exhibit the corresponding singlets at -3360, -3296 and -

3232 ppm, which are characteristic for this type of complexes.[13e-g, 30] As shown in 

Figure S4, the platinum signal is less shielded in 6 and 7 when compared to that of 5, 

probable due to the more electron withdrawing character of the β-diketonate ligands.  



9 
 

The crystal structures of 5-7 have been determined by X-ray diffraction studies (Figures 

2-4, Table S1). Compound 6 crystallizes in the noncentrosymmetric orthorhombic 

P212121 space group. The asymmetric unit contains two molecules (Pt01 and Pt02) with 

similar structural details (see Figure 3). In all three complexes, the platinum(II) center 

exhibits a distorted square-planar environment due to the small bite angle of the NHC 

cyclometallated ligand (C^C*) [80.26(11) - 80.90(2)°]. A chelate diketonate ligand, 

with O-Pt-O angles close to 90 degrees, completes the coordination sphere of Pt(II). The 

Pt-CNHC bond lengths [1.928(5) – 1.946(3) Å] are shorter than those observed for the Pt-

CNaph [1.974(3) – 1.986(5) Å]. These structural data together with the Pt-O distances 

[2.040 - 2.116 Å] are similar to those found in related complexes.[13b, 13c, 13e-g, 13i] 

 
 (a) 
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 (b) 

 

Figure 2. a) ORTEP view of 5·0.5CH2Cl2. Thermal ellipsoids are drawn at the 50% 

probability level. Selected bond lengths (Å) and angles (deg): Pt-C(1) 1.946(3); Pt-C(6) 

1.980(2); Pt-O(1) 2.0440(19); Pt-O(2) 2.0918(18); C(1)-Pt-C(6) 80.85(11); O(1)-Pt-

O(2) 90.00(7). b) Stacking arrangement in a dimer-like fashion. Solvent molecules and 

hydrogen atoms have been omitted for clarity. Distance of Pt-Pt = 3.392 Å. 
 

Complexes 5 - 7 are practically planar, the dihedral angles between the platinum 

coordination planes [Pt, C1, C6, O1, O2; Pt02, C30, C35, O3, O4 (Figure 3)] and the 

naphthyl moieties [C5-C14; C34-C43] are 3.99º (5), 3.45º, 5.05º (6) and 1.48 º (7).[31] 

Also, the angles between the Pt coordination plane and the imidazol moieties [C1, N1, 

C2, C3, N2; C30, N3, C31, C32, N4] are 1.61º (5), 3.45º, 2.56º (6) and 4.57 º (7).[31] The 

ligand NHC carbene cyclometallated itself is not completely planar; it exhibits small 

interplanar angles between the naphthyl and the imidazol fragments are 5.14º (5), 4.24º, 

5.67º (6) and 3.67 º (7).[31] Likewise, the dihedral angles between the diketonate ligands 

and the Pt coordination planes are 3.93º(5), 11.19º and 1.29º (6) and 1.41º (7). As 

inferred from these data, the diketonate ligand of the Pt01 molecule in 6 is evidently 
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bent out of the Pt01 coordination plane with the C50, C57 and C58 atoms at a distance 

of 0.291(5), 0.413(5) and 0.218 (4) Å.  

 

 
 

Figure 3. ORTEP view of 6. Thermal ellipsoids are drawn at the 30% probability level. 

Hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles 

(deg): Pt(01)-C(1) 1.928(5); Pt(01)-C(6) 1.986(5); Pt(01)-O(1) 2.047(4); Pt(01)-O(2) 

2.065(3); Pt(02)-C(30) 1.944(5); Pt(02)-C(35) 1.980(5); Pt(02)-O(3) 2.040(3); Pt(02)-

O(4) 2.090(4); C(1)-Pt(01)-C(6) 80.90(2); O(1)-Pt(01)-O(2) 89.45(13). C(30)-Pt(02)-

C(35) 80.90(2); O(3)-Pt(02)-O(4) 89.73(14). Distance of Pt(01)-Pt(02) = 3.254 Å. 

 

In the solid state crystal structure packaging, complex 5 arranges together in pairs, in a 

head to tail fashion through intermolecular Pt-Pt (3.392 Å) and π - π (∼ 3.35 Å) 

interactions between the NHC ligand and the acac (See Figure 2b).[13c, 13e, 32] Compound 

6 crystallizes as a dimer; both halves consist of a square–planar “Pt(C^C*)(L-O,O’)” 

moiety held together by a rather short Pt-Pt interaction (3.254 Å), which is below than 

the sum of the van der Waals radii.[33] In this case, the molecules arrange themselves in 

a head-to-head fashion, showing a clear offset stacking (torsion angle 

C(1)−Pt(01)−Pt(02)−C(35): 31.5(2)°; see Figure S5), that minimizes the steric repulsion 

of the ligands and enhances the Pt···Pt and π···π interactions.[34] The phacac ligands are 

lying on top of each other whereas the NHC ligands are flipped over, leading to π -π (∼ 

3.37 Å) interactions between the imidazole and the naphthyl systems. The platinum 
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coordination planes are basically parallel to each other (interplanar angle 2.62(1)°) and 

the Pt(01)−Pt(02) vector is almost perpendicular to both platinum coordination planes 

(4.6(6)° Pt(01) and 5.9(7)° Pt(02)).  

 
 

Figure 4. ORTEP view of 7. Thermal ellipsoids are drawn at the 50% probability level. 

Selected bond lengths (Å) and angles (deg): Pt(01)-C(1) 1.943(3); Pt(01)-C(6) 1.974(3); 

Pt(01)-O(1) 2.050(2); Pt(01)-O(2) 2.116(2); C(1)-Pt(01)-C(6) 80.26(11); O(1)-Pt(01)-

O(2) 88.79(8). 

 

On the contrary to 5 and 6, complex 7 does not exhibit short Pt-Pt interactions (∼ 4.463 

Å), however, the molecules stack into pairs in an offset head-to-tail fashion showing 

weak π -π (∼ 3.7 Å) interactions between the imidazole and the naphthyl and acac 

systems (see Figure S6a). Also, the molecule exhibits some close C-H···F interactions 

with the neighbouring molecules (see Figure S6b. C(12)-H(12)···F(3); C(12)···F(3) = 

3.18(3) Å; H(12)···F(3) = 2.46(2) Å; C-H···F = 143.97(2)°). 
 

Photophysical properties of compounds 5-7 

Absorption spectra and DFT calculations 
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UV-Vis spectra data of compounds 5-7 are listed in Table S2. As shown in Figure 5, 

they all display strong absorption bands at ca. 270 nm (ε > 104 M-1cm-1) which are 

normally attributed to the 1IL transitions of the NHC ligand. Also, they show 

absorptions at around 300 nm together with weaker shoulders at 330-350 nm that, in the 

case of 7, are evidently shifted to higher energies. According to the literature reports, 

these bands arise from a metal-to-ligand charge transfer (1MLCT) transition.[13e-h] 

Additionally, compounds 6 and 7 show a broad absorption at around 380 nm (ε ∼ 103 

M-1cm-1). The absorption spectra of both complexes, 6 and 7, at concentrations ranging 

from 10-3 to 5·10-6 M (See Figure S7) showed that the absorptions at 372 (6) and 376 

nm (7) obey Beer’s Law, suggesting that they are due to transitions in the molecular 

species and no significant aggregation occurs within this concentration range.  
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Figure 5. Normalized absorption spectra of 5-7 in CH2Cl2 (5·10-5 M). 

 

UV-Vis spectra of 5-7 were recorded in different solvents showing a moderate negative 

solvatochromism, particularly more intense in the lower energy spectral region (λ > 300 

nm). The absorption maxima suffer a blue shift of ca 6 nm when increasing the polarity 

of solvents (see Figure S8 for complex 6), which is characteristic of charge transfer 

(CT) transitions.[35] 

Solid state diffuse reflectance spectra of 5-7 are depicted in Figure 6. They show no 

significant differences when compared to those observed in solution of CH2Cl2.  
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Figure 6. Normalized Diffuse Reflectance spectra of solid samples of 5-7 at r.t. 

 

To better explain the UV-Vis assignments, time-dependent density functional theory 

(TD-DFT) calculations were carried out for 5-7 using the B3LYP hybrid density 

functional. The geometric parameters of the optimized structures (Tables S3 – S5) agree 

well with the experimental values. The molecular orbitals involved in the main excited 

states are depicted in Figures S9-S11 and the relative compositions of the different 

energy levels are reported in Table 1. Calculated excited states in solution of CH2Cl2 for 

complexes 5 - 7 are listed in Table 2. As can be seen, the highest occupied molecular 

orbital (HOMO) is mainly constructed from orbitals located on the Pt (21% 5, 21% 6, 

16% 7), the naphthyl group of the NHC ligand (69% 5, 69% 6, 81% 7) and to a minor 

extent on the β-diketonate ancillary ligand (10% 5, 10% 6, 3% 7). By contrast, the 

lowest unoccupied molecular orbital (LUMO) is well located on the β-diketonate 

moiety (74% 5, 96% 6, 95% 7) and also on the NHC ligand (24%) for complex 5.  

The selected allowed transitions are in good agreement with the experimentally 

observed absorption maxima (Figures S12, S13 and S14). TD-DFT calculations on 5-7 

indicate that there is a considerable orbital mixing for the transitions, particularly for 

compound 5. The lowest energy calculated absorptions (S1) for 5-7 are 338, 402 and 

450 nm, respectively and they are involving the H → L transition. Therefore, they are 

attributed to mixed LL’CT [π(NHC) → π*(R-acac)]/ ML’CT [5d(Pt) → π*(R-acac)]
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transitions and in the case of 5, also, to ILCT [(NHC)]. These assignments are in 

concordance with other previously reported results.[13e, 13g, 13i] As stated by other 

authors,[13g] the additional rings at the R-acac ligand forms a π-extended system, which 

allows to a greater stabilization and a rearrangement of the LUMO composition in 6 

(2% NHC / 96% phacac) compared to the one in 5 (24% NHC / 74% acac). This LUMO 

stabilization cannot be exclusively attributable to the formation of π-extended systems 

because it also happens with the electron withdrawing CF3 groups in 7. These 

stabilizations provoke a red shift in the lowest energy absorption of 6 and 7 with respect 

to that of 5, as observed in the UV-Vis spectra; and it is also expected to give red-

shifted emission bands. 

Emission spectra 

Complexes 5-7 are emissive in the solid state (298 and 77 K) and in glassy solutions (77 

K) of 2-Methyltetrahydrofuran (2-MeTHF) but none of them are emissive in fluid 

solutions at room temperature (Table 3).  

In diluted glassy solutions (10-5 M), compounds 5 and 6 show well-resolved vibronic 

emissions at high energy, see Figure 7, that do not change at higher concentration (10-3 

M, Figure S15 and Table 3). These vibrational spacings [1174 - 1464 cm-1] correspond 

to the C=C / C=N stretches of the cyclometallated NHC ligand (C^C*), suggesting the 

involvement of this in the excited states. Like the low energy absorption bands, the 

emission of 6 (λmax 493 nm) is red shifted with respect to that of 5 (λmax 474 nm), due to 

the greater stabilization of the LUMO, as revealed by the DFT studies. All excitation 

spectra are closely related to their corresponding UV-Vis spectra (Figure 5). Emission 

lifetimes measurements fit to one rather long component (408 µs (5) and 15 µs (6)). 

Therefore, from all these data, and considering the TD-DFT calculations, these high 

energy emissions are assigned to 3LL’CT [π(NHC) → π*(R-acac)]/ ML’CT [5d(Pt) → 

π*(R-acac)] transitions, characteristics of monomeric species. The longer lifetimes 

measured for 5 could be explained by the additional contribution of the 3ILCT (NHC) 

transition. The emissive behaviour of complex 7 is wavelength dependent. Upon 

excitation with λex < 340 nm, it appears an emission band with maximum at 474 nm that 

is identical to that observed in 5. However, when exciting with λex > 360 nm this 

emission is almost disappeared, whereas a very weak and unstructured band appears at 

λmax = 580 nm, to become the only one observed when the concentration is increased to 

10-3 M (Figure S15 and Table 3). This concentration-dependent and weak low-energy 
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band (λmax = 580 nm) displays a short lifetime measurement (∼ 1.8 µs); also the 

excitation spectrum obtained monitoring this band, closely resembles the UV absorption 

spectrum. Because of that this emission has been attributed to excimers likely formed 

by  interaction of an excited molecule with an adjacent ground-state one through π-π 

interactions,[17d, 17e, 35-36] in view of the molecular stacking observed in its X-ray 

structure (Figure S6). 

 

 
Figure 7. Normalized excitation (---) and emission (() spectra of solutions of 5 - 7 in 2-

MeTHF (10-5 M) at 77 K. Pictures of 5-7 taken with UV light (λex = 365 nm). 

 

In the solid state, complex 5 shows a green-yellowish band with maximum at 534 nm, 

see Figure 8. It presents a well-resolved vibronic pattern [1395 - 1458 cm-1] that 

matches the skeletal vibrational frequency of the NHC ligand. This emission resembles 

to that obtained in solution, but rather shifted to lower energies. Therefore it is assigned 

to the same excited state. However, compounds 6 and 7 display rather different 

emission profiles, they appear as weak broad band at 680 nm and 608 nm, respectively 

(see Inset, Fig. 8) and whose excitation spectra (Figure 8) exhibit bands at lower energy 

than those observed in the diffuse reflectance spectra (Figure 6). Both emissions fit to 

short monoexponential decays (τ = 0.1 µs (6) and 0.3 µs (7)) and barely change upon 
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cooling to 77 K (Figure S16, table 3). Unlike related hfacac derivatives,[13g, 13i] complex 

7 is slightly emissive in solid state at room temperature.  

 

 
 

Figure 8. Normalized excitation (---) and emission (() spectra of 5-7 in solid state at 

298K. Inset: not normalized spectra. Pictures of 5-7 with UV light (λex = 365 nm). 

 

On the basis of band shape and energy, lifetime measurements and excitation spectra, 

the weak emission of 6 and 7 can be attributed to 3MMLCT [dσ*(Pt) → π*] and/or 3ππ* 

excited states in aggregates, in view of the Pt···Pt and /or π···π contacts observed in 

their X-ray structures (Figure 3, 6; Figure S6, 7).[16a, 17b, 17e, 37]  

In light of the results shown in Figure 8, it becomes clear that such compounds could be 

suitable as down-converters for white LEDs implementation. On one hand, light 

absorption in the UV-blue spectral range makes them compatible with standard blue-

LED pumping (the most efficient devices in the market). On the other, the broad 

emission in the green-yellow range turns these compounds into attracting alternatives 

for providing white luminescence, when properly combined with unabsorbed blue light.  
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However, to determine if these compounds are, indeed, suitable for implemented white 

LEDs further analyses are needed. First of all, it is mandatory to characterize how 

efficient are the phosphor in converting absorbed blue photons into lower energy 

photons. To do so, quantum yield (QY) measurements were carried-out on samples 5, 6 

and 7. The study reveals that sample 5 exhibit the highest efficiency with values around 

50 % in a broad range of excitation wavelengths (from 325 to 425 nm) and a maximum 

value of 53 % at 365 nm (see Table 3), comparable to those previously reported.[38] In 

samples 6 and 7, in contrast, the exhibited re-emission is remarkably inefficient with 

values of ~1 (excitation range from 450 to 500 nm) and ~2 % (excitation range from 

400 to 500 nm), respectively. It is worth noting how only by altering the electronic 

properties of the R-substituents in the ancillary ligand β-diketonate, the efficiency can 

experience this enormous quench. The thermo-gravimetric analysis (TGA) of 5 

indicates that it is stable under argon at 1 atm to ca 300°C (Figure S17).  

According to QY results, only sample 5 exhibits luminescent conditions to be used as 

phosphor converter. At this point, the next step is to check its behaviour when pumped 

in direct contact with the blue LED. To do this, two LEDs where prepared for testing by 

depositing on to a conventional 450 nm-LED LXML-PR01 from Lumileds a mixture of 

sample 5 and OE 6531 DOW Corning encapsulant with two different concentrations: 

9.5 %, for white emission, and 17.3 %, for yellow emission (full blue photon 

conversion). Electroluminescent spectra of these devices were measured by biasing at a 

constant current level of 50 mA. Prior to phosphor deposition, as reference, the 

pumping signal was also acquired under similar conditions. The results can be observed 

in Figure 9. The devices fabricated show a clear modification of the spectral shape by 

compared to photoluminescence (PL) spectrum observed in Figure 8, with a higher 

contribution of the yellow-red region. Additional PL measurements by externally 

pumping sample 5 revealed that the spectrum kept the shape at λex in the range 340 - 

450 nm. Therefore, the variation of the spectral shape is related to thermal issues. On 

one hand, the junction temperature in conventional LED-dyes typically can range 

between 50 - 100ºC, depending on operation conditions. On the other, given that sample 

5 has an emission quantum efficiency of 50 %, this means that approximately the same 

portion of absorbed light is transformed into heat, thereby contributing to increase even 

more the operating temperature. 
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Figure 9. Normalized electroluminescence spectra of pumping source prior to dopant 5 

deposition (dashed- blue), yellow emission (solid orange) and white emission (solid 

grey). 

 

It is worth noting that any increase of the junction temperature translates into thermal 

expansion of the LED-chip and a subsequent reduction of the energy bandgap. This 

effect is shown in Figure 9, where a 3-nm red-shift of the blue peak is observed between 

the reference and the device with the lower concentration (grey solid-line). According to 

Lumileds specs, this shift represents an increase in Tj of about 100ºC, which can 

represent a limitation in device reliability. In terms of chromaticity, it is clear from the 

spectra that phosphor addition induces evident changes colour. This can be clearly seen 

in the chromaticity diagram shown in Figure 10 (a). The emission from the almost 

monochromatic LED (colour coordinates x= 0.1507, y= 0.0263) shifts, by addition of a 

9.5 % rich encapsulant, to the central region (white region, x= 0.3456, y= 0.3585) of the 

colour map. The contribution around 450 nm still is quite strong in this device, and in 

combination with the phosphor emission generates white emission with a CCT of 5006 

K. Figure 13 (c) shows an image of such emission. When the phosphor concentration is 

further increased up to 17.3 % the blue emission from the LED dye gets almost 

completely quenched (full photon conversion). In this manner, the colour of the 

emission is practically dominated by the phosphor, resulting in the yellowish emission 

observed in Figure 13 (d) (x= 0.4690, y= 0.4681).  

Nevertheless, it is clear that further studies are needed in order to obtain better 

controllability of emission properties and improved quantum efficiency and to assure 

reproducibility of device fabrication and reliability under long operation times. 
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Figure 10. Colorimetric analysis of the three different LEDs (a). Note how the emission 

from the (almost) monochromatic LED (coordinates x= 0.1507, y= 0.0263) clearly 

shifts to the white region (x= 0.3456, y= 0.3585) by adding a 9.5 % phosphor 5 mixture 

and, subsequently, changes into yellow (x= 0.4690, y= 0.4681) by increasing the 

concentration up to 17.3 %. (b), (c) and (d) show one of the prepared LEDs in off state, 

the device with white emission and the one emitting in the yellow range, respectively. 
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CONCLUSIONS 

For the first time, this [{Pt(µ-Cl)(η3-2-Me-C3H4)}2] complex has been used to achieve 

the two-step process: coordination of N-heterocyclic carbenes [PtCl(η3-2-Me-

C3H4)(HC^C*-κC*)](3) and its subsequent cycloplatination [{Pt(µ-Cl)(C^C*)}2] (4). In 

this new NHC cyclometallated derivative (4), the chloro bridge atom can be easily 

removed to afford two vacant coordination sites, that will put forward a more versatile 

and accessible pathway to prepare heteroleptic complexes [Pt(C^C*)LL’] containing the 

“Pt(C^C*)” moiety.  

Compounds [Pt(C^C*)(L-O,O’)] (5-7) were prepared by reaction of 4 with the 

corresponding β-diketonate thallium (I) derivatives. All of them are practically planar, 5 

and 6 arrange themselves in pairs through Pt-Pt (3.392 Å (5), 3.254 Å (6)) and π -π (∼ 

3.35 Å) interactions. However, complex 7 does not exhibit short Pt-Pt interactions, the 

molecules stack into pairs showing weak π -π (∼ 3.7 Å) interactions between the 

imidazole and the naphthyl and acac systems. 

In glassy solutions, all compounds show structured emissions attributed to 3LL’CT 

[π(NHC) → π*(R-acac)]/ ML’CT [5d(Pt) → π*(R-acac)] transitions with some 3ILCT 

(NHC) character in 5, characteristics of monomeric species. Besides, complex 7 show 

an additional band at lower energies assigned to 3ππ* excimers upon excitation at λ > 

360 nm. In the solid state, while compound 5 shows no effect of the Pt-Pt nor π -π 

interactions in its emission band compared to that obtained in solution, complexes 6 and 

7 display very weak broad band with short lifetime, which is attributed to 3MMLCT 

[dσ*(Pt) → π*] and/or 3ππ* excited states in aggregates.  

Complex 5 exhibits a good PL quantum yield (Ф, ca. 0.53) in the solid state, whereas 6 

and 7 are extremely poor emitters. It seems that the efficiency experiences an enormous 

quench with electron-withdrawing R-substituents in the ancillary ligand β-diketonate, 

probably because they facilitate the formation of aggregates through intermolecular 

interactions. 

Experiments for white-LEDs applications were performed using 5. It showed that the  

emission from the almost monochromatic LED (colour coordinates x= 0.1507, y= 

0.0263) shifts, by addition of the phosphor 5, ( 9.5 % rich encapsulant) to the central 

region (white region, x= 0.3456, y= 0.3585) of the colour map. The contribution around 
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450 nm still is quite strong in this device, and in combination with the phosphor 

emission generates white emission with a CCT of 5006 K. 

EXPERIMENTAL SECTION 

General Comments. Information describing materials, instrumental methods used for 

characterization, photophysical and spectroscopic studies, computational details 

concerning TD-DFT calculations and X-ray structures are contained in the Supporting 

Information. All chemicals were used as supplied unless stated otherwise. [{Pt(η3-2-Me-

C3H4)(µ-Cl)}2][22a] and Tl(hfacac)[39] were prepared following the corresponding 

literature procedures. 

1-(naphthalen-2-yl)-1H-imidazole (1).[20-21] The synthetic method followed was 

similar to a previously reported publication.[19] A mixture of 2-bromonaphthalene 

(670.5 mg, 3.24 mmol), imidazole (365.0 mg, 5.36 mmol), Cu2O (75 mg, 0.53 mmol), 

KOH (403 mg, 7.18 mmol) and DMSO (6 mL) was stirred at 110ºC for 48 h under Ar 

atmosphere. The cooled reaction mixture was diluted with ethyl acetate (80 mL) and 

filtered through Celites. The resulting solution was washed with brine (30 mL) and 

water (30 mL) then dried with anhydrous MgSO4 and evaporated to dryness. The crude 

product was purified by column chromatography on silica gel using ethyl acetate / 

methanol (9:1) as eluent to give 1 as a pure white solid. Yield: 420 mg, 67%. 1H NMR 

(300 MHz, DMSO-d6, 25ºC): δ = 8.41 (s, 1H, H1), 8.21 (d, 4JH14-H6 = 2.1, H14), 8.09 (d, 
3JH7-H6 = 9.0, H7), 7.98 (m, 2H, H9, H12), 7.90 (s, 1H, Im), 7.86 (dd, 3JH6-H7 = 9.0; 4JH6-

H14 = 2.1, H6), 7.57 (m, 2H, H10, H11), 7.16 (s, 1H, Im). 

3-methyl-1-(naphthalen-2-yl)-1H-imidazolium iodide (2). Methyl iodide (0.2 mL, 

3.22 mmol) was added to a solution of 1 (420 mg, 2.15 mmol) in THF (10 mL) under 

Ar atmosphere. The resulting mixture was refluxed for 16 h to afford a white solid. The 

solvent was removed in vacuo and diethylether (10 mL) was added to the residue to 

give 2 as a pure solid. Yield: 670 mg, 93%. 1H NMR (300 MHz, DMSO-d6, 25ºC): δ 

9.88 (s, H1), 8.42 (s, br, H2), 8.38 (d, 4JH14-H6 = 2.1, H14), 8.24 (d, 3JH7-H6 = 9.0, H7), 8.07 

(m, 2H, H9, H12), 8.00 (s, br H3), 7.88 (dd, 3JH6-H7 = 9.0; 4JH6-H14 = 2.1, H6), 7.69 (m, 2H, 

H10, H11), 3.99 (s, 3H, Me (Im)). 

Preparation of [PtCl(η3-2-Me-C3H4)(HC^C*-κC*)] (3) (HC^C*-κC* = 3-methyl-1-

(naphthalen-2-yl)-1H-imidazol-2-ylidene). Silver (I) oxide (157.3 mg, 0.68 mmol) 

was added to a solution of 2 (456.5 mg, 1.36 mmol) in dry dichloromethane (50 mL) 

under Ar atmosphere. After 2 h stirring at room temperature, [{Pt(η3-2-Me-C3H4)(µ-

Cl)}2] (375 mg, 0.65 mmol) was added to the mixture and left to react 3 h to give a 
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yellow precipitated (AgI) which was separated by filtration through Celites under Ar. 

The resulting yellow solution was evaporated to dryness and treated with n-hexane (3 x 

15 mL) to afford 3 as a pale yellow solid. Yield: 507 mg, 75%. 1H NMR plus HMBC 

and HSQC (400 MHz, CD2Cl2, 25ºC): δ 8.16 (s, H14), 7.94 (m, 4H, H6,7,9,12), 7.58 (m, 

2H, H10,11), 7.36 (d, 3JH2-H3 = 2.0, 4JH-Pt = 14.0, H2), 7.19 (d, 3JH3-H2 = 2.0, 4JH-Pt = 10.0, 

H3), 3.97 (s, 3H, Me (NHC)), 3.59 (m, 1Hsyn, η3-2-Me-C3H4), 2.61 (m, 2JH-Pt = 28.4, 

1Hsyn, η3-2-Me-C3H4), 2.32 (m, 2JH-Pt = 34.0, 1Hanti, η3-2-Me-C3H4), 1.60 (s, 3JH-Pt = 

64.8, 3H, Me, η3-2-Me-C3H4), 1.38 (m, 1Hanti, η3-2-Me-C3H4). 13C{1H} NMR plus 

HMBC and HSQC (100.6 MHz, CD2Cl2, 25ºC): δ = 176.4 (s, C1), 137.9 (s, C5), 132.8 

(s, C8), 132.4 (s, C13), 128.5 (s, C6), 127.9,127.7 (s, 2C, C9,12), 126.9, 126.6 (s, 2C, 

C10,11), 123.9 (s, C7), 123.2 (s, C14), 122.5 (s, 3JC-Pt = 41.0, C3), 121.1 (s, 3JC-Pt = 44.2, 

C2), 117.7 (s, 1JC-Pt = 70.0, C2’, η3-2-Me-C3H4), 57.1 (s, 1JC-Pt = 76.7, C1’, η3-2-Me-

C3H4), 37.7 (s, C4 (Me), NHC)), 36.3 (s, C3’, η3-2-Me-C3H4), 22.7 (s, 2JC-Pt = 40.2, C4’ 

(Me), η3-2-Me-C3H4); 195Pt{1H} NMR (85.6 MHz, CD2Cl2, 25ºC): δ = - 4457; IR (ATR, 

cm-1): ν = 280 (s, Pt-Cl); MS-ESI (+): m/z: 666.4 [Pt(η3-2-Me-C3H4)(HC^C*,-κC*)2]+; 

elemental analysis calcd (%) for C18H19N2ClPt: C 43.77, H 3.87, N 5.67; found: C 

43.99, H 3.96, N 5.56. 

Preparation of [{Pt(µ-Cl)(C^C*)}2] (4). Compound 3 (510 mg, 1.03 mmol) was 

dissolved in 2-methoxyethanol (10 mL) and refluxed for 4 h. The resultant grey 

suspension was filtered and the solid was washed with dichloromethane (2 x 5 mL) and 

diethyl ether (2 x 5 mL). The solid was treated with activated carbon in hot MeCN (60 

mL) and filtered through Celites. The solution was evaporated to dryness and diethyl 

ether (10 mL) was added to the residue. The remaining solid was filtered and dried 

(110ºC) to give pure 4 as a white solid. Yield: 272 mg, 60%. 1H NMR (300 MHz, 

DMSO-d6, 25ºC): δ = 8.85 (s, 3JH-Pt = 62.7, H7), 8.26 (d, 3JH2-H3 = 1.5, H2), 7.93 (s, H14), 

7.79 (d, 3JH-H = 7.8, H9), 7.71 (d, 3JH-H = 7.8, H12), 7.61 (d, 3JH3-H2 = 1.5, H3), 7.44 (m, 

2H, H10,11), 4.23 (s, 3H, Me (NHC)); 13C{1H} NMR plus HMBC and HSQC (75.4 MHz, 

DMSO-d6, 25ºC): δ = 156.1 (s, C1), 145.4 (s, C6), 133.6 (s, C7), 132.4 (s, C13), 131.5 (s, 

C8), 127.7 (s, C9), 127.5 (s, C12), 126.1 (s, C5), 126.0 (s, C3), 125.6 (s, 2C, C10,11), 115.6 

(s, 3JC-Pt = 45.0, C2), 108.6 (s, 3JC-Pt = 30.0, C14), 38.2 (s, C4,(Me), NHC); HMQC 1H-
195Pt NMR (300 MHz, DMSO-d6, 25ºC): δ  = - 3506; IR (ATR, cm-1): ν = 271 (s, Pt-

Cl); elemental analysis calcd (%) for C14H11N2ClPt: C 38.41, H 2.53, N 6.39; found: C 

38.23, H 2.48, N 6.51. 
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Preparation of [Pt(C^C*)(acac)] (5). Tlacac (270 mg, 0.89 mmol) was added to a 

white suspension of 1 (400 mg, 0.91 mmol) in dichloromethane (40 mL) at r.t. After 2 h 

stirring, the resulting mixture was filtered through Celites and evaporated to dryness. 

Addition of methanol (3 x 5 mL) to the residue rendered a solid which was 

recrystallized by redissolving in 15 mL of dichloromethane/diethyl ether (1:1), filtering 

through celites and evaporating to dryness. Addition of methanol (3 x 5 mL) to the 

residue rendered 5 as a pure white solid. Yield: 320 mg, 71%. 1H NMR (400 MHz, 

CD2Cl2, 25ºC): δ = 8.06 (s, 3JH-Pt = 57.2, H7), 7.78 (m, H9), 7.71 (m, H12), 7.42 (d, 3JH-H 

= 2.0, H2), 7.34 (m, 3H, H10,11,14), 6.89 (d, 3JH-H = 2.0, H3), 5.56 (s, C-H, acac), 4.07 (s, 

3H, Me (NHC)), 2.12 (s, 3H, Me (acac)), 1.99 (s, 3H, Me (acac)); 13C{1H} NMR plus 

HMBC and HSQC (100.6 MHz, CD2Cl2, 293 K): δ = 185.2 and 185.1 (s, C=O, acac), 

150.6 (s, C1), 146.3 (s, C6), 131.6 (s, C13), 131.4 (s, C8), 129.4 (s, C7), 127.2 (s, C12), 

126.9 (s, C9), 124.7 (s, C11), 124.2 (s, C10), 124.0 (s, C5), 121.8 (s, 3JC-Pt = 46.8, C3), 

114.2 (s, 3JC-Pt = 52.8, C2), 106.4 (s, 3JC-Pt = 33.8, C14), 101.7 (s, 3JC-Pt = 56.4, C-

H(acac)), 34.8 (s, C4 (Me), NHC), 27.7 (s, Me (acac)), 27.6 (s, Me (acac)); 195Pt{1H} 

NMR (64.3 MHz, CD2Cl2, 293 K): δ = - 3360; IR (ATR, cm-1): ν =1518 (s, C=C); 1557 

and 1575 (s, C=O); MS MALDI (+): m/z: 501.2 [M]+; elemental analysis calcd (%) for 

C19H18N2O2Pt: C 45.51, H 3.61, N 5.58; found: C 45.30, H 3.77, N 5.38. 

Preparation of [Pt(C^C*)(phacac)] (6). It was prepared following the method 

described for 5. Tl(phacac) (193.0 mg, 0.45 mmol) and 4 (202.1 mg, 0.46 mmol). 6 

(207.2 mg, 73%). 1H NMR (400 MHz, CD2Cl2, 25ºC): δ = 8.25 (s, 3JH-Pt = 55.2, H7), 

8.21 (d, 3JH-H = 8.4, 2Hortho, phacac), 7.96 (d, 3JH-H = 8.4, 2Hortho, phacac), 7.84 (m, H9), 

7.73 (m, H12), [7.64-7.53] (m, 2Hpara, 2Hmeta, phacac), 7.45 (m, 3H, H2
 (NHC) and 

2Hmeta (phacac)), 7.37 (m, 3H, H10,11,14), 6.91 (d, 3JH-H = 2.4, H3 (NHC)), 6.82 (s, C-H, 

phacac), 4.16 (s, 3H, Me (NHC)); 13C{1H} NMR plus HMBC and HSQC (100.6 MHz, 

CD2Cl2, 293 K): δ = 180.6 and 179.4 (s, C=O, phacac), 150.3 (s, C1), 146.3 (s, C6), 

140.9 and 139.8 (s, Cipso(phacac)), 131.6 (s, C13), 131.5 (s, C8), 130.9 and 130.6 (s, 

Cpara(phacac)), 129.8 (s, C7), 128.6 and 128.5 (s, Cmeta(phacac)), [127.2-126.9] (s, 6C, 

C9,12, Cortho(phacac)), 124.7and 124.3(s, C10,11), 123.6 (s, C5), 121.8 (s, C3), 114.3 (s, 

C2), 106.6 (s, C14), 96.9 (s, C-H(phacac)), 35.2 (s, C4 (Me), NHC);195Pt{1H} NMR (64.3 

MHz, CD2Cl2, 293 K): δ = - 3296; IR (ATR, cm-1): ν = 1522 (s, C=C); 1539 and 1590 

(s, C=O); MS MALDI (+): m/z: 625.3 [M]+; elemental analysis calcd (%) for 

C29H22N2O2Pt: C 55.67, H 3.54, N 4.47; found: C 55.04, H 3.94, N 4.62. 
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Preparation of [Pt(C^C*)(hfacac)] (7). It was prepared following the method 

described for 5. Tl(hfacac) (187.0 mg, 0.45 mmol) and 4 (200.1 mg, 0.45 mmol). 7 

(202.2 mg, 72%). 1H NMR (400 MHz, CD2Cl2, 25ºC): δ = 7.79 (s, 3JH-Pt = 60.0, H7), 

7.74 (m, 2H, H9,12), 7.37 (m, 2H, H10,11), 7.36 (d, 3JH-H = 2.0, H2), 7.32 (s, 3JH-Pt = 15.2, 

H14), 6.84 (d, 3JH-H = 2.0, H3), 6.26 (s, C-H, hfacac), 3.86 (s, 3H, Me (NHC)); 13C{1H} 

NMR plus HMBC and HSQC (100.6 MHz, CD2Cl2, 25ºC): δ = 171.6 and 171.5 (s, 

C=O, hfacac), 145.4 (s, C1), 145.3 (s, C6), 131.8 (s, C13), 131.7 (s, C8), 130.0 (s, C7), 

127.2 (s, 2C, C12,9), 125.1 and 125.0 (s, C11,10), 122.5 (s, C5), 122.2 (s, C3), 117. 4 and 

117.8 (CF3, (hfacac)), 114.4 (s, C2), 107.2 (s, C14), 93.5 (s, C-H(hfacac)), 35.0 (s, C4 

(Me), NHC); 19F{1H} NMR (282.4 MHz, CD2Cl2, 25ºC): δ = -75.5 (s, CF3 (hfacac)), -

75.8 (s, CF3 (hfacac));195Pt{1H} NMR (64.3 MHz, CD2Cl2, 25ºC): δ = - 3232; IR (ATR, 

cm-1): ν = 1615 (s, C=O); MS MALDI (+): m/z: 609.1 [M]+; elemental analysis calcd 

(%) for C19H12N2O2F6Pt: C 37.44, H 1.98, N 4.59; found: C 37.33, H 1.77, N 4.58. 
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Table 1. Population Analysis (%) of Frontier MOs in the Ground State for 5-7 

MO eV  Pt  imidazol Napth R-acac  

 5 6 7 5 6 7 5 6 7 5 6 7 5 6 7 

L+2 -0.46 -0.55 -0.83 22 16 19 19 13 16 57 47 63 2 24 2 

L+1 -0.76 -0.83 -1.14 6 7 10 21 28 33 50 62 55 23 3 2 

L -0.95 -1.62 -2.22 2 2 3 8 1 1 16 1 1 74 96 95 

H -5.14 -5.17 -5.54 21 21 16 0 0 0 69 69 81 10 10 3 

H-1 -5.52 -5.55 -5.91 21 22 14 22 21 19 53 52 66 4 5 1 

H-2 -5.80 -5.78 -6.43 16 10 33 10 7 26 27 25 14 47 58 27 

H-4  -6.28 -7.10  24 25  17 11  14 38  45 26 

H-5   -7.39   17   12   34   38 
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Table 2. Selected singlet excited states calculated by TD-DFT for 5-7 in solution of CH2Cl2 

 λexc (calc.)/nm o.s. Transition (Percentage contribution, %) 

 [Pt(C^C*)(acac)] (5) 

S1 338 0.0032 H → L (88); H-1 → L (4); H → L+2 (3) 

S2 329 0.0188 H → L+1 (53); H → L+2 (15); H-1 → L (13); H-1→ L +1 (9); H →L (5) 

S3 314 0.1583 H-1 → L (46); H → L+1 (31); H-1 → L+2 (13.5); H-1→ L +1 (2.5) 

S4 304 0.1092 H -1→ L+1 (35); H-1 → L (30); H → L+2 (17); H-1→ L +2 (10); H →L+1 (4) 

 [Pt(C^C*)(phacac)] (6) 

S1 402 0.0197 H → L (97) 

S2 366 0.1527 H-1 → L (95); H-2 → L (2) 

S3 335 0.1232 H-2 → L (93); H-1 → L (2.6) 

S4 306 0.3434 H -4→ L (86); H-1 → L+1 (5) 

 [Pt(C^C*)(hfacac)] (7) 

S1 450 0.0070 H → L (96) 

S2 401 0.0761 H-1 → L (96) 

S3 325 0.0646 H → L+1 (63); H-1 → L+1 (18); H → L+2 (15) 

S4 286 0.1329 H -4→ L (38); H-1 → L+2 (34); H -5→ L (7); H → L+1 (6); H -1→ L+1 (6) 
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Table 3. Photophysical Data for complexes 5-7. 

Comp. Media (T/K) λex (nm) λem (nm) τ  (µs) φ  

5 Solid (298) 350-440 534max, 577, 630 35 0.53 

 Solid (77) 350-440 534max, 577, 630 53  

 2-MeTHFa (77) 308, 355sh 474max, 509, 550, 598 408  

 2-MeTHFb (77) 350 474max, 509, 550, 598 412  

6 Solid (298) 440-500 675  0.1 0.01 

 Solid (77) 440-500 685 0.3  

 2-MeTHFa (77) 310, 344, 372, 390 493max, 530, 568 15  

 2-MeTHFb (77) 425 497max, 535, 571 19  

7 Solid (298) 350-520  565, 608max, 660 0.3 0.02 

 Solid (77) 350-530 558, 608max, 665 1.2  

 2-MeTHFa (77) 290-330 474max, 508, 549, 592 397  

  370-400 474sh, 543, 580max,629 1.6  

 2-MeTHFb (77) 310-500 543, 580max, 629 1.8  
a = 10-5M; b = 10-3M 
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