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Luminescent transition metal complexes have attracted 
much attention recently due to their potential applications to 
photochemistry, organic light-emitting diodes (OLEDs) and 
chemical sensors for small molecules (O2).1 In particular, 
phosphorescent metal complexes have been considered to be 
promising materials because of their ability to achieve 
maximum internal quantum efficiency, nearly 100%, as well 
as high external quantum efficiency in OLEDs.2 For 
example, d-block heavy metal complexes incorporating ppy 
(2-phenylpyridine) derivatives, such as those of Ir(III) and 
Pt(II), have shown to be highly efficient electrophospho- 
rescent emitters in OLEDs.3 Among these transition metal 
complexes, Ir complexes are regarded as the most effective 
materials in OLEDs, in which they show a high thermal 
stability, a shorter life time in excited states than that of other 
transition metal complexes, and tunable emission energy in 
the region of blue to red through the modification of CN 
ligands and/or introduction of a variety of electron donor/ 
acceptor in the ppy ring.4 Recently, Forrest et al. has reported 
that the effect of methyl substitution in Alq3 showed 
different thermal stability and electroluminescent properties 
by the position of methylation in 8-quinolinol ligand.5 Based 
on this result, we expect that luminescent properties and 
3MLCT states in Ir(ppy)3 are affected by even a small methyl 
substituent.

Of these Ir(mpp)3 (mpp = n-methyl-2-phenylpyridine) 
derivatives, the structural characterization and DFT calcu­
lation of tris(3-methyl-2-phenylpyridine)Ir(III) complex as a 
representative are carried out for the following reason: 
Methyl substituent at the 3 position of the pyridine group 
leads to a non co-planar arrangement between the phenyl 
and pyridine ring, which may influence the MLCT excited 
state and the intermolecular interactions in solid states.

The methyl substituted ppy ligand was synthesized 
according to Suzuki coupling,6 by the reaction of 2-bromo- 
3-methylpyridine with a phenylboronic acid in the presence
of K2CO3 and Pd(PPh3)4 catalyst, as shown in Scheme 1. 
This ligand was obtained in good yields (〜85%). The
complex 1 was synthesized by a slight modification of a 
previous synthetic methodology reported by Watt et al.7 By

Scheme 1

the reaction of Ir(acac)3 with the methyl-substituted at N-3 
position in ppy at high temperature (up to 200 oC), complex 
1 was obtained in a moderate yield. There is a possibility of 
a formation of two isomers (fac and mer) during the 
reaction.8 However, we found that facial isomer was formed 
as a major component at the high reaction temperature even 
though mer-isomers were also formed. The mer-isomers 
formed were not isolated because of extremely low yields. 
Complex 1 is very stable up to 300 oC without degradation 
under air, and characterized by NMR, mass and elemental 
analysis. In addition, the structure of 1 was unambiguously 
established by single-crystal X-ray diffraction analysis.

The crystal structure and packing diagram of 1 is presented 
in Figure 1. Complex 1 in crystal structure exhibits only 
facial configuration with distorted octahedral geometry 
around Ir atom, as shown in Figure 1. The dihedral angle 
between the phenyl and pyridine rings in 1 (12.51°) are 
larger than that of other mononuclear Ir(ppy)3 derivatives. 
This fact renders non co-planar geometry and diminution of 
〃-orbitals overlaps between phenyl and pyridine ring. The Ir-C 
bond length of 2.011(3) A are within the range reported for 
other complexes with the Ir(ppy)2 moiety (1.97(2)-2.13(6) 
A),9 however, they are close to values reported for the 
(tpy)2Ir(M-Cl)2Ir(zpy)2, and other fac-Ir(ppy)3 derivatives.10 The 
o-donor C atoms in metalated ppy ligand arrange trans­
disposition to dative N atoms in the adjacent ppy ring. The 
Ir-N bond lengths (2.131(6) A) observed in 1 are slightly 
longer than those of Ir(tpy)2(acac) (tpy = p-toly-2-pyridine, 
acac = acetylacetonato) (2.040(5) A) and Ir(ppy)2(acac)
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(2.010(9) A).4d These observed elongations imply a stronger 
trans influence of phenyl groups relative to pyridyl groups. 
In crystal packing, complex 1 displays an overlap of the 
pyridine rings between two adjacent molecules (Fig. 1). The

Figure 1. Top: Molecular structure of 1 with atom labeling 
schemes and 50% thermal ellipsoids. All hydrogen atoms are 
omitted for clarity. Middle : Packing diagram in a unit cell. Bottom: 
Diagram of two adjacent molecules in a unit cell. Selected bond 
lengths [A] and an읺es [°]: Ir(1)-C(12) 2.011(3), Ir(1)-N(1) 2.131 
(3); C(12)-Ir(1)-C(12A) 95.97 (12), C(12B)-Ir(1)-N(1) 91.39 (11), 
N(1)-Ir(1)-N(1A) 95.22 (10) and C(12)-Ir(1)-N(1A) 170.99 (11).

shortest separation distance between two adjacent pyridyl 
groups is approximately 3.408 A, indicating that there are 
n-n stacking interactions in a crystal lattice. This result 
suggests that, if complex 1 is used as a dopant in OLEDs, 
self-quenching will occur readily at high doping levels due 
to intermolecular interactions.

To understand the nature of luminescence exhibited by 1, 
DFT calculation was conducted employing a Gaussian9811 
package. The geometric parameters in the calculations were 
employed from crystal structure data. The experimental 
value of the dihedral angle between phenyl and pyridyl 
groups, which is obtained by X-ray structure, is comparable 
to the calculated value (9°). A diagram showing the electron 
dispersion of HOMO and LUMO for 1 is depicted in Figure 
2. As shown Figure 2, the HOMO of 1 involves n orbital 
localized on the phenyl groups with the contribution of

Figure 2. Diagrams showing the dispersion of electron density for 
1 in HOMO and LUMO levels.
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Table 1. Calculated HOMO/LUMO energies and band gaps for 
complex 1 in ground state using DFT (Density Functional Theory)

Complex HOMO (eV) LUMO (eV) Band gap 
fac-Ir(ppy)3 -4.85 -1.21 3.64
fac-Ir(mpp)3 -4.75 -1.09 3.66

Ir(dz2). However, the LUMO is dominated by the n* orbitals 
of pyridine rings. It is noteworthy that the significant 
contributions of both Ir metal (dz2) and phenyl (n*)  orbitals 
in the LUMO level were not observed. The band gap 
between HOMO (-4.75 eV) and LUMO (-1.09 eV) is 3.66 
eV As shown in Table 1, complex 1 exhibits a larger band 
gap and a higher HOMO level (〜0.1 eV) relative to Ir伽y)3 

(band gap: 3.64 eV energy level of HOMO: -4.85 eV).8a,12 
The excitation energies for low-lying singlet and triplet states 
of 1 were obtained from Time-dependent DFT (TDDFT) 
calculations. Excitation energies for a singlet (S1) and a 
triplet (T1) state are 2.9001 eV (427.52 nm) and 2.6197 eV 
(473.27 nm), respectively. Experimentally, we observed that 
1MLCT (metal-to-ligand charge transfer) and 3MLCT bands 
of 1 in UV/Vis spectrum were at 430 nm and 475 nm, 
respectively.13 Therefore, these results are in agreement with 
literature values. According to this results, both calculated 
the S1 and T1 excited states could be assigned as MLCT 
states based on the strong 5d component of the occupied 
orbitals and the mostly ligand n*(py)  virtual orbitals.12,13 
These DFT calculations provide evidence that the lumines­
cence observed in complex 1 originates from the Ir perturb­
ed ligand-centered transitions.

In conclusions, our preliminary investigations on photo- 
electroluminescent properties of methyl-substituted Ir(^^y)3 

derivatives, other complexes show very similar luminescent 
properties to Ir(ppy)3. However, complex 1 exhibits shorter 
life times in excited states and higher quantum efficiency 
than those of Ir伽y)3 as well as other methylated complexes.14 
Based on these observations, we suggest that the nature of 
excite states in the Ir(ppy)3 system are significantly affected 
by the chemical variants introduced at N-3 or C-6' positions 
in the ppy ring. Further systematic investigations on the 
effects of substituents and positions in the ppy ring are 
currently being conducted.

Experiment지 Section

Synthesis. Complex 1 was synthesized by previous proce­
dures reported in literature.8b,15

Computations. Computations on the electronic ground 
state of 1 were performed using Becke's 3 parameter density 
functional in combination with the nonlocal correlation 
functional of Lee, Yang, and Parr (B3LYP).16 6-31G(d) basis 
sets were employed for the ligand and a relativistic effective 
core potential of Los Alamos and Double-g basis sets were 
employed for the Ir(LANL2DZ).12 The ground state ge­
ometries were fully optimized at the B3LYP level and time- 
dependent-DFT(TDDFT)17 calculations were formed to 
obtain the vertical singlet and triplet excitation energies. All 

computations were performed using Gaussian-98 package 
installed on 8 node Pentium 4 cluster along the Linda 
parallel software.

X-ray Cryst지lographic Analysis. Suitable crystals of 1 
were obtained from slow vapor diffusion of toluene/benzene/ 
hexane (2:1:1) into solution of 1 in CH2Cl2. The crystals of 1 
was attached to glass fibers and mounted on a Bruker 
SMART diffractometer equipped with a graphite mono­
chromated Mo Ka (A = 0.71073 A) radiation, operating at 
50 kV and 30 mA and a CCD detector; 45 frames of two­
dimensional diffraction images were collected and processed 
to obtain the cell parameters and orientation matrix. All data 
collections were performed at 298 K. The data collection 20 
ranges are 3.1-56.6°. No significant decay was observed 
during data collection. The raw data were processed to give 
structure factors using the SAINT program. Each structure 
was solved by direction methods and refined by full matrix 
least squares against F for all data using SHELXTL 
software (version 5.10).18 All non-hydrogen atoms in 1 were 
anisotropically refined. All other hydrogen atoms were 
included in the calculated positions and their contributions in 
structural factor calculations were included. The compounds 
1 cocrystallize with a benzene in asymmetric unit and crystal 
system is the trigonal and space groups P-3C1. The refine 
atomic coordinates and anisotropic thermal parameters are 
deposited in CCDC (The Cambridge Crystallographic Data 
Centre). Benzene disordered with each occupancy of one 
was not modeled successfully. Therefore, hydrogen atoms in 
benzene were not included in the calculated positions. 
Crystallographic data for the structure reported here have 
been deposited with the Cambridge Crystallographic Data 
Centre (Deposition No. CCDC-215084). The data can be 
obtained free of charge via http://www.ccdc.cam.ac.uk. /perl/ 
catreq/catreq.cgi (or from the CCDC, 12 Union Road, 
Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: 
deposit@ccdc. cam. ac. uk).

Crystal data: C42H30N3IL M = 768.89, Trigonal, Space 
group P-3c1, 시 = 15.184(2) A, b = 15.184(2) A, c = 15.739 
(3) A, V = 3142.4(9)A3, Z = 4, Dc = 1.625 g/cm3,卩=4.285 
mm-1, F(000) = 1520, T = 293(2) K. Refinement of 139 
parameters on 2584 independent reflections out of 21127 
measured reflections (Rint = 0.0270) led to R1 = 0.0189, wR2 

= 0.0460 and GOF = 0.963.
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