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Transition-metal complexes, which are suitable as emitters for
phosphorescent organic light-emitting diodes (PhOLED) are
currently of great interest.[1] Especially iridium and platinum
compounds with conjugated ligands are prominent examples
because of their exceptional luminescence properties.[1, 2]

Iridium complexes in most cases carry two or three cyclo-
metalated bidentate ligands, either as homo- or heteroleptic
complexes.[1, 2b] Platinum(II) complexes are known with
bidentate as well as tri- and tetradentate ligands.[2]

Cyclometalating ligands are often derived from com-
pounds such as biphenyl,[2a, 3] 2-phenylpyridine,[2, 4] or phenyl-
azoles such as phenylpyrazole[1, 2b] and 2-phenylimidazole[5]

(Scheme 1). But a new class of platinum compounds ,to date

only been mentioned in patents,[6] was never investigated in
detail: platinum(II) compounds with 1-phenylimidazole
ligands, which cyclometalate into the phenyl ring (C*) and
interact with the metal by a strongly donating interaction of
the carbene carbon atom (Scheme 1).

The photophysical properties of cyclometalated b-diketo-
nate platinum(II) complexes ([Pt(N^C*)(O^O)]) are
strongly dependent on the substituents on the ligands.[7] We
therefore searched for a way to access the new class of
compounds ([Pt(C^C*)(O^O)]). Herein we present the syn-
thesis and photophysical properties of these new platinum(II)
complexes, where N-heterocyclic carbene (NHC) compounds
are used as cyclometalating (C^C*) ligands. The geometry of
these new platinum(II) complexes is discussed on the basis of
a solid-state structure and their performance as a light-
emitting diode is demonstrated for one example.

To date, only one cyclometalated NHC-platinum(II)-b-
diketonate complex ([Pt(C^C*)(acac)] (acac = acetylace-
tone)) with a cyano-substituent has been published.[6f,g] Our
synthesis of [Pt(C^C*)(acac)] complexes starts with the
reaction of the corresponding imidazolium salts with silver(I)
oxide (Scheme 2). Without isolation of the resulting interme-

diate it is transmetalated with (1,5-cyclooctadiene)dichloro-
platinum(II). After changing the solvent (from dioxane/
butanone to DMF) an excess of acac (A) and potassium
tert-butanolate is added. The reaction mixture is stirred for
several hours before the product is isolated. Complexes 1–6
could be synthesized in yields ranging from 16–67%
(Scheme 2).

All the compounds were investigated by 1D and 2D NMR
spectroscopy to unambiguously assign the NMR signals. The
assignment of the protons is based on COSY and ROESY
spectra, that of the carbon atoms on HSQC and HMBC
spectra. The spectra of compound 4 are given in the
Supporting Information. To unambiguously establish the
three-dimensional structure, single crystals suitable for the
X-ray diffraction (Figure 1)[8] were obtained by slow evapo-
ration of solvent from a saturated dichloromethane solution
of complex 6.

In complex 6 the central metal ion is square-planar
coordinated. As expected, the Pt�C bond lengths are differ-
ent, the distance between the metal and the cyclometalated

Scheme 1. Examples of cyclometalated complexes derived from
biphenyl, 2-phenylpyridine, 2-phenylpyrazole (X = N, Y =CH), 2-phenyl-
imidazole (X = C, Y= NR), or phenylimidazole.

Scheme 2. Synthesis of the cyclometalated NHC-complexes 1–6.
cod = cyclooctadiene.
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carbon atom C6 is longer than the distance to the carbene
carbon atom C1. The planarity of the system is clear from the
small dihedral angle of all the atoms which form the central
five-membered ring with the platinum(II) center (C1-N1-C5-
C6 �2.88). While the C1-Pt1-C6 angle (80.58) deviates
significantly from the perfect 908 angle, the O2-Pt1-O3-
angle of the acetylacetonate ligand (908) is ideal for a square-
planar coordination geometry. Calculated quantum-chemical
data (DFT calculations, see the Supporting Information)
agree well with the experimentally determined values. Similar
angles have been described before for other cyclometalated
platinum(II) complexes with b-diketonate ligands.[9]

To investigate the photophysical properties, the absorp-
tion and emission spectra were measured in a polymethyl-
methacrylate film (PMMA) at different temperatures. From
the absorption spectra of complexes 1–6 (Figure 2a) it is clear
that the absorption maximum is independent of the substitu-
ent at the phenyl ring. The maximum absorption is around
220 nm and another weaker absorption band can be observed
between 300 nm and 350 nm.

The emission spectra of selected compounds are given in
Figure 2b. The individual emission spectra of all the com-
plexes are given in the Supporting Information. With the
exception of complex 3, the emission maximum of all the
compounds lies in the blue part of the visible spectrum around
450–460 nm, whereas the strongly deactivating group on the
phenyl ring in 3 leads to an emission maximum at about
550 nm.

Compound 3 shows a pronounced bathochromic shift of
the emission, which might result from the formation of
aggregates and a MMLCT (metal metal-to-ligand charge
transfer) character of the transition. We therefore undertook
concentration-dependent measurements, but the reason for
the shift still remains unclear.[10]

From other cyclometalated platinum(II) complexes the
dependence of the emission wavelengths from the substituent
at the phenyl ring is well known and can be observed also for
this new class of compounds,[7] which seems to open up
possibilities to selectively address certain wavelengths.

Table 1 summarizes the photoluminescence data of com-
pounds 1–6 at room temperature. The emission of compounds
1–5 contains a significant UV part which makes them less
useful for the diodes, but the emission bands of 6 lie in the

visible region of the spectrum. Complexes with electron-
donating substituents at the phenyl ring show moderate to
good quantum yields. Especially notable are the 90%
quantum yield of complex 6. The strongly structured bands
and the relatively long lifetime of the triplet indicate a high
LCT (ligand charge transfer) and a small MLCT (metal-to-
ligand charge transfer) character of the emission.

Because of its promising emission properties, complex 6
was tested in a device with the new matrix material 7.[11] The
layout of the diode is given in Figure 3. The device was

Figure 1. Solid-state structure of complex 6. Thermal ellipsoids are set
at 50% probability. Selected bond lengths [�] and angles [8]: Pt1–C1
1.937 (8), Pt1–C6 1.960 (6), Pt1–O2 2.055 (6), Pt1–O3 2.089 (6);
C1-Pt1-C6 80.5 (3), O2-Pt1-O3 90.0 (2), C6-Pt1-O2 91.4 (3), C1-Pt1-O3
98.0 (3), C1-N1-C5-C6 �2.8 (10).

Figure 2. a) Absorption spectra of cyclometalated NHC-complexes 1–6
and b) emission spectra of 3, 5, and 6.

Table 1: Photoluminescence data (2% in PMMA, room temperature) of
cyclometalated NHC complexes 1–6.

lexc [nm][a] CIE x;y[b] lem [nm][c] f[d] t0 [ms][e]

1 320 0.190; 0.190 416, 441, 464 0.07
2 310 0.171; 0.163 418, 446 0.05
3 355 0.362; 0.469 546 0.11 91
4 355 0.167; 0.157 456 0.32 24
5 315 0.161; 0.131 419, 445 0.20 25
6 355 0.162; 0.314 463, 497 0.90 23

[a] Excitation wavelength. [b] CIE coordinates at room temperature.
[c] Emission wavelength. [d] Quantum yield, excited with lexc, N2

atmosphere. [e] Decay lifetimes (excited by laser pulses (355 nm, 1 ns)).
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produced by thermal deposition under high vacuum con-
ditions onto a glass substrate coated with indium-tin-oxide
(ITO), where different concentrations (6, 8, 10, and 12%) of
complex 6 were doped into the new matrix material. The CIE
(Commission Internationale de l’�clairage) coordinates of
0.162/0.314 promise a green–blue color which could also be
observed in the experiment. Therefore 6 is a promising
candidate for the blue component in white OLEDs, as for
lighting applications a pure-blue emission is not needed.
“Deeper blue compounds” such as 4 with CIE = 0.167/0.157
unfortunately show significantly lower quantum yields.

Independent of the dopant concentration, the electro-
luminescence spectra (see the Supporting Information) show
their maxima at 480 nm and a pronounced progression of the
emission band. The maximum luminance depends on the
doping concentration and can be found in between
4900 cdm�2 (13 V, 6% doping) and 6750 cd m�2 (13.2 V,
12% doping). The maximum external quantum efficiency is
reached at the highest doping concentration of 12%
(Table 2).

We were able to synthesize a new class of platinum(II)
complexes with cyclometalated 1-phenylimidazole ligands
and investigated their photophysical properties. The solid-
state structure of these compounds could be shown for
compound 6. With the exception of 3 all complexes emit in the
green–blue part of the visible spectrum and show interesting
photophysical properties.
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Figure 3. Construction of the device (left) and structure of the Ir
complex and compound 7 (right). ELT =electron-transport layer,
HBL= hole-blocking layer, HTL = hole transporting layer, HIL = hole
injecting layer, BCP= 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline.

Table 2: Device performance.

Doping
conc.[a]

Current density at
300 cdm�2 [mAcm�2]

Voltage at
300 cdm�2 [V]

Luminance
[cdm�2]

EQE
[%][a]

6% 3.7 8.6 4900 5.4
8% 3.5 8.5 5000 5.6
10% 3.2 8.5 5900 6.0
12% 2.8 8.4 6750 6.2

[a] External quantum efficiency.
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