
FULL PAPER

DOI: 10.1002/ejic.201200197

Bis(pyrazol-1-yl)methane as Non-Chromophoric Ancillary Ligand for Charged
Bis-Cyclometalated Iridium(III) Complexes

Sheng Meng,*[a] Il Jung,[b] Jie Feng,[a] Rosario Scopelliti,[b] Davide Di Censo,[b]

Michael Grätzel,[b] M. Khaja Nazeeruddin,[b] and Etienne Baranoff*[b,c]

Keywords: Iridium / Luminescence / Density functional calculations / Pyrazole / Molecular modeling

New charged cyclometalated iridium(III) complexes [Ir(ppy)2-
(L)](PF6) [ppy = 2-phenylpyridine; L = bis(pyrazol-1-yl)meth-
ane (for 1); L = bis(3,5-dimethylpyrazol-1-yl)methane (for 2)]
were synthesized and their electrochemical and photophysi-
cal properties studied. These complexes with non-π-electron-
conjugated ancillary chelates exhibit significantly blue-
shifted emission relative to those of commonly used deriva-
tives with N∧N ancillary ligands such as bipyridine or phen-
anthroline. Both X-ray and theoretical analysis based on
time-dependent density functional theory (TD-DFT) reveal
that the binding of Ir to the bis(pyrazol-1-yl)methane ancil-
lary ligand is much weaker than that to the phenylpyridine

Introduction

Because of their unique photophysical properties,[1–3] cy-
clometalated iridium complexes have attracted widespread
interest in recent years.[4–18] While mostly neutral complexes
have been studied, mainly for organic light-emitting diodes
(OLEDs), charged complexes are particularly appealing for
light-emitting electrochemical cells (LECs).[19–23] There are
major advantages of LECs over OLEDs originating from
the use of mobile ions. Under applied voltage, the ions mi-
grate towards the electrodes causing a local drop in poten-
tial, which facilitates charge injections in the device.
Multilayer architectures necessary for charge injection and
transport in OLEDs are therefore not necessary in LECs,
which makes their industrial production promisingly easier.

The most commonly used design for charged iridium
emitters is based on heteroleptic bis-cyclometalated iridium
complexes with a neutral N∧N ancillary ligand, which leads
to positively charged complexes. Various N∧N ligands have
been used such as bipyridines,[24,25] phenanthrolines,[26,27]

pyridine-pyrazole,[28] pyridine-imidazole,[22] pyridine-tri-
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main ligand; the effect is enhanced in the excited state. As a
result, the ancillary ligand does not participate in low-energy
excitations and triplet emission, and the electronic transitions
are concentrated on the main chromophoric ligands. The
blueshift feature is attributed to emission originating from
the main cyclometalated ligands, in contrast to emitters with
the N∧N chromophoric ancillary ligand. In addition, complex
2 exhibits a one order of magnitude higher non-radiative de-
cay rate than complex 1, which is attributed to the steric hin-
drance of the methyl groups that leads to a more loosely
bound ancillary ligand.

azole,[23] pyridine-tetrazole.[29] In all those complexes, how-
ever, the lowest unoccupied molecular orbital (LUMO) is
largely localized on the N∧N ancillary ligand as a result of
the direct link between the two N-heterocyclic rings, which
results in a lower LUMO relative to those of the cyclomet-
alated phenyl-pyridine ligands. The ancillary ligand there-
fore forms a five-membered metallacycle with the central
iridium ion. Unfortunately, this approach limits the prepa-
ration of charged deep blue emitters. Only a pyridine-carb-
ene ancillary ligand has the necessary high-lying LUMO for
deep blue emission from charged iridium(III) complexes
that have an ancillary ligand that forms a five-membered
metallacycle.[30]

Herein we report the utilization of bis(pyrazol-1-yl)meth-
ane as a neutral N∧N ancillary ligand. In this case, the an-
cillary ligand forms a six-membered metallacycle with the
central iridium ion, a similar geometry to that of the pre-
viously reported bispyridyl-amine,[31] and biscarbene com-
plexes.[32] Because of the presence of the non-conjugated
methylene bridge, no delocalization occurs over the two
rings, which greatly increases the triplet energy of the ancil-
lary ligand.[33] As a consequence, the LUMO of the com-
plexes is now localized on the main ligand and the emission
properties are mainly governed by the C∧N ligand. With
this approach, the complex [Ir(ppy)2{(pz)2CH2}]+ [ppy = 2-
phenylpyridine and (pz)2CH2 = bis(pyrazol-1-yl)methane]
emits at 476 nm, significantly blueshifted from the emission
of [Ir(ppy)2(bpy)]+ at 585 nm (bpy = 2,2�-bipyridine)[34] and
similar to those of previously reported complexes [Ir(ppy)2-
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(pypz)]+ at 475 nm [pypz = 2-(pyrazol-1-yl)pyridine],[28]

[Ir(ppy)2(pybim)]+ at 471 nm [pybim = 3-methyl-1-(4-meth-
ylpyridin-2-yl)-1H-benzo[d]imidazol-3-ium],[30]and[Ir(tpy)2-
{(pz)3CH}]+ at 476 nm [tpy = 2-tolylpyridine and (pz)3CH
= tri(pyrazol-1-yl)methane] (Scheme 1).[35] Our results are
rationalized using extensive density functional theory
(DFT) and time-dependent DFT (TDDFT) calculations;
we find that Ir binding to bis(pyrazol-1-yl)methane is much
weaker than to the main phenylpyridine ligands, especially
in the excited state. Orbital analysis shows that the bis(pyr-
azol-1-yl)methane ligand is not involved in low-energy exci-
tation and does not directly contribute to the emission pro-
cesses, thus is nonchromophoric. Its presence ensures that
the electrons are further localized onto the main phenylpyr-
idine ligands, which results in a significant blueshift of the
triplet emission relative to those of previous complexes em-
ploying aromatic ancillary ligands. Interestingly, when there
are methyl substituents on the bispyrazole ancillary ligand,
the nonradiative decay rate increases by one order of mag-
nitude, which results in a very poor photoluminescence
quantum yield. This is attributed to the more loosely bound
ancillary ligand than for the complex without methyl
groups.

Scheme 1. Previously reported complexes.

Results and Discussion

The two ancillary ligands of complexes 1 and 2
(Scheme 2) have been synthesized as previously reported in
the literature by reacting dichloromethane with the required
pyrazole derivative in the presence of tetrabutylammonium
hydrogen sulfate, potassium hydroxide, and potassium carb-
onate.[36] The chlorido-bridged iridium dimer [Ir(ppy)2(μ-
Cl)]2 was swiftly synthesized within 3 h by using the iridi-
um(I) dimer [Ir(COD)(μ-Cl)]2 as starting material.[37] Fur-
ther reaction with the ancillary ligands in dichloromethane
heated at reflux followed by anion exchange with KPF6 led
to complexes 1 and 2 in fair yield (68% and 54%, respec-
tively). The complexes were characterized by 1H NMR
spectroscopy, high-resolution mass spectrometry, and ele-
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mental analysis (see Experimental Section for details).
Interestingly, the 1H NMR spectra show that the complexes
are symmetric in solution with 11 and 9 aromatic signals
for 1 and 2, respectively, and a singlet for the methylene-
bridge. This points to a flexible methylene bridge on the
NMR timescale.

Scheme 2. Chemical structures of complexes 1 and 2.

Single crystals of 1 suitable for X-ray diffraction analysis
were grown by slow diffusion of hexane in a dichlorometh-
ane solution of the complex. The structure is shown in Fig-
ure 1, and selected bond lengths and angles are reported in
Table 1. The complex exhibits an expected slightly distorted
octahedral geometry around the iridium center with the two
pyridine-rings in trans position to each other. The flexible
methylene-bridge forces the two pyrazole groups to be non-
coplanar. Furthermore, the N–Ir–N bite angle of the ancil-
lary ligand, 87.90(6)°, is significantly larger than those for
previously reported complexes with ancillary ligands that
form a five-membered metallacycle with the central iridium
atom, approximately 76°.

Figure 1. ORTEP drawing of complex 1.

The UV/Vis absorption spectra of 1 and 2 recorded in
acetonitrile solution are reported in Figure 2. They display
intense absorption bands (ε ≈ 3.8�104 m–1 cm–1) in the UV
region. These bands are assigned to ligand-centered (LC) 1-
(π–π*) transitions from the cyclometalated ligand 2-phenyl-
pyridine. The weaker (ε ≈ 4000 m–1 cm–1) bands at lower en-
ergies (350–440 nm) are assigned to metal-to-ligand charge-
transfer (MLCT) transitions.[38] Finally, weak absorption
bands (ε ≈ 220 m–1 cm–1) are observed at 466 and 468 nm
for 1 and 2, respectively. They correspond to direct singlet–
triplet transitions.[39] When the acetonitrile solution of the
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Table 1. Selected bond lengths [Å] and angles [°] for 1 and calcu-
lated structural parameters for 1 and 2.

1 2
X-ray S0 T1 S0 T1

Distances
Ir1–N1 2.0516(17) 2.09 2.10 2.08 2.09
Ir1–N2 2.0464(17) 2.08 2.05 2.08 2.06
Ir1–C11 2.0051(19) 2.02 2.01 2.02 2.01
Ir1–C12 2.011(2) 2.02 1.99 2.02 1.99
Ir1–N3 2.1679(16) 2.26 2.31 2.35 2.38
Ir1–N6 2.1552(17) 2.26 2.28 2.33 2.34
Angles
N1–Ir1–C11 80.44(7) 80.11 80.16 80.23 80.20
N1–Ir1–N2 172.04(6) 173.28 174.87 172.24 174.55
N3–Ir1–N6 87.90(6) 85.44 84.37 84.89 84.34
N6–Ir1–C11 91.48(7) 93.56 93.85 97.05 97.00

complexes are excited at a wavelength that falls within the
π–π* and MLCT absorption regions, the complexes 1 and 2
show structured emission with maxima at 477 and 486 nm,
respectively, and a clear vibronic progression of about
1200 cm–1 (Figure 2). At 77 K, the emission spectra show
intense and highly resolved bands with very small rigidoch-
romism compared to the emission at room temperature. In
addition to the small Stokes shift (less than 20 nm), these
results point to a weak MLCT character of the triplet ex-
cited state, which is therefore largely of ligand-centered
(3LC) character.

Figure 2. Absorption (left) and emission (right) spectra of 1 (full
lines) and 2 (dashed lines) in acetonitrile solution at room tempera-
ture (thick lines) and 77 K (thin lines).

The photoluminescence quantum yields (Φ) and lifetimes
of the excited state (τ) of the complexes in solution in aceto-
nitrile at room temperature are reported in Table 2. Com-
plex 1 exhibits a quantum yield of 0.21 and τ of 0.67 μs,
whereas complex 2 has a low quantum yield of only 1.4 %
and τ of 34 ns. Nevertheless, the radiative constants are sim-
ilar for the two complexes, 3.1�105 and 4.1�105 s–1. On
the other hand, the nonradiative constant is one order of
magnitude higher for 2 than for 1. This is attributed to the
methyl substituents on the ancillary ligand, which induces
a stronger distortion in the ground and excited state geome-
try of 2 relative to 1. This, in turn, opens new nonradiative
deactivation pathways. This effect is similar to the reported
impact of the 6,6�-substitution of bipyridine by phenyl
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groups, which enhances the deactivation pathways through
accessible metal-centered 3MC states.[40]

Table 2. Photophysical and electrochemical properties of 1 and 2.

λabs
[a] λem

[b] λem
[c] Φ τ kr 10–5 knr 10–5 Eox

[e]

[nm] [nm] [nm] [ns] [s–1][d] [s–1][d] [V]

1 254, 378 477 472 0.21 669 3.14 11.8 0.92
2 258, 382 484 478 0.014 34 4.12 290 0.92

[a] Acetonitrile solution at room temperature. [b] Oxygen-free ace-
tonitrile solution at room temperature. [c] 2-methyltetrahydrofuran
at 77 K. [d] By assuming unitary intersystem crossing, kr = Φ/τ and
knr = (1 – Φ)/τ. [e] In acetonitrile, vs. Fc+/Fc, with a glassy carbon
electrode and tetrabutylammonium hexafluorophosphate (0.1 m) as
supporting electrolyte.

Finally the oxidation potentials were measured in aceto-
nitrile with 0.1 m TBAPF6 as supporting electrolyte and are
reported vs. the ferrocenium/ferrocene couple in Table 2.
They are attributed to the oxidation of the metal center as
is usually observed for this class of compounds. They are
the same for the two complexes, 0.92 V vs. Fc+/Fc, which
shows the negligible impact of the substitution of the ancil-
lary ligand on the oxidation potential of the complex.

To provide insight into the electronic structure, photoab-
sorption and emission properties of the two complexes, we
performed first-principles calculations within density func-
tional theory and time-dependent DFT.[41,42] We employed
the SIESTA code[43] to investigate the ground-state geome-
try of complex 1 and 2 by optimizing bond lengths until the
force on each atom is smaller than 0.04 eV/Å in magnitude.
During geometry optimization, we used Troullier–Martins
pseudopotentials[44] to represent the atomic cores, the gen-
eralized gradient approximation for the exchange-corre-
lation functional,[45] and a double-ξ plus polarization basis
of localized orbitals with an energy cut-off of 120 Ry. We
also used the Gaussian09 program package[46] and the
B3YLP exchange-correlation functional to calculate the en-
ergy levels of the molecular orbitals for both complexes, as
well as the photoabsorption and emission spectra. The 6-
31G(d) basis sets were used for light elements, and the
LANL2DZ basis for iridium metal. This set of parameters
has been tested to produce good agreement with the mea-
sured photospectroscopic data for organic dyes.[47]

The optimized geometry parameters of complex 1 in the
ground state and the first excited state are listed in Table 1.
The values of the important bond lengths and bond angles,
in general, agree well with the values measured from X-ray
crystallography. For instance, the calculated angles centered
at the IrIII ion X–Ir–Y (X = C, N; Y = C, N) are within 3°
of those obtained experimentally; in particular, the chela-
tion angle of the ancillary ligand, N(3)–Ir–N(6), is 85.44° as
compared to 87.90° measured by X-ray diffraction, which is
much larger than the chelation angle of the aromatic ancil-
lary ligand in previously reported complexes. In compari-
son with the X-ray data, the bond lengths in the first-prin-
ciples calculations are systematically overestimated by 0.04–
0.10 Å, presumably because of the choice of the Ir pseudo-
potential. Fortunately, the trends in the bond lengths deter-
mined experimentally and by theoretical calculations agree
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very well with each other. The Ir–C bond is shorter than
the Ir–N bond in the phenylpyridine component, while the
N atoms in the bis(pyrazol-1-yl)methane ancillary ligand
forms much longer bonds (by 0.1–0.15 Å) with the IrIII ion.
It is worth noting that on going to complex 2, the distances
Ir–N3 and Ir–N6 increase significantly by about 0.08 Å
(Table 1). It shows that the introduction of bulky methyl
groups result in a loosely bound ancillary ligand.

The geometry in the first excited state, calculated from
TDDFT, does not show significant changes in bond lengths
and bond angles. The bond lengths change by about 0.01–
0.05 Å, and the angles change by less than 2°. This is con-
sistent with the trends in other complexes. However, the
N3–Ir–N6 angle in the bis(pyrazol-1-yl)methane ligand is
now 1.08° smaller upon excitation, and the Ir–C/Ir–N bond
lengths in phenylpyridine is also shortened by ~0.03 Å. On
the other hand, the Ir–N bonds for the bis(pyrazol-1-yl)-
methane ligand are elongated by 0.01–0.05 Å. Both indicate
that the excited state involves stronger Ir–phenylpyridine
bonding and weaker Ir–ligand bonding. This would lead to
a blue emission that is concentrated on the phenylpyridine
components of the complex, as a result of the charge repul-
sion by the nonaromatic bis(pyrazol-1-yl)methane ligand.

The electronic structure and corresponding wave-
functions for molecular orbitals in complex 1 and 2 are dis-
played in Figures 3 and 4. The highest occupied molecular
orbital (HOMO) for complex 1 is located at –7.86 eV rela-
tive to the vacuum level, and it is separated from the
HOMO–1 states by 0.60 eV. The energy level for the LUMO
of complex 1 is –4.07 eV, and the LUMO+1 state is 0.08 eV
higher in energy. The energy gap between the HOMO and
the LUMO is 3.79 eV (327.2 nm). Our calculation of the
optical absorption spectrum indicates that the small bump
at 380 nm and the main absorption peak have significant
contributions from electronic transitions between these
states. Electrons in the HOMO and HOMO–1 are distrib-
uted on the two phenylpyridine C∧N ligands symmetrically,
while electrons in the LUMO and LUMO+1 are mainly lo-
calized on one of the C∧N ligands with a π orbital charac-
ter. It is interesting that the distribution of the LUMO and
LUMO+1 states on the C∧N ligand are almost identical,
but on different phenylpyridine groups. The loose character
of the binding between IrIII and the bis(pyrazol-1-yl)meth-
ane ligand prohibits any significant distribution of electron
density onto the bis(pyrazol-1-yl)methane ligand for the
molecular orbitals of the HOMO, HOMO-1 and LUMO,
LUMO+1 states, as shown in Figure 3. This results in a
blueshifted absorption and photoemission relative to those
in other complexes without the bis(pyrazol-1-yl)methane li-
gands as previously studied.

The electronic structure and molecular orbital distribut-
ion for complex 2, displayed in Figure 4, is very similar to
those of complex 1. The HOMO state is located at –7.78 eV,
and the HOMO–1 state is 0.56 eV below. The energy gap
between the HOMO and LUMO states is 3.77 eV
(328.9 nm). All these numbers are close to those of complex
1 (difference within 0.05 eV). The redshift of the HOMO–
LUMO energy gap from complex 1 to 2 is about 0.02 eV
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Figure 3. Electronic energy levels and corresponding molecular or-
bitals for complex 1.

Figure 4. Electronic energy levels and corresponding molecular or-
bitals for complex 2.

(and ~2 nm), while experimentally the main absorption
peaks are redshifted by 4 nm, because of the presence of
the two methane groups on the edge of the bis(pyrazol-1-
yl)methane ancillary ligand. Similarly, the HOMO and
HOMO–1 of complex 2 are also localized on the C∧N
phenylpyridine ligands symmetrically, and the LUMO and
LUMO+1 have electrons localized at one of the two C∧N
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ligands with π orbital character. In addition, the LUMO
and LUMO+1 states are very close in energy, lying within
0.08 eV of each other.

For a straightforward justification and comparison to ex-
periment, Figure 5 shows the calculated absorption and
emission spectra for complex 1 and 2 from TDDFT. In the
photoabsorption spectra, there appear three major absorp-
tion peaks for complex 1, with the peak maximum located
at around 402, 306, and 265 nm. The corresponding values
for complex 2 are 408, 314, and 267 nm, respectively, all
redshifted from those for complex 1, which results from
electron delocalization due to the presence of additional
methane groups in the periphery of the bis(pyrazol-1-yl)-
methane ligand for complex 2. By comparing with the val-
ues obtained experimentally, the peak at ~400 nm corre-
sponds to the measured small bump at ~380 nm for both
complexes; the difference between them is assigned to the
inaccuracy of the exchange-correlation functional and pseu-
dopotentials used in the computational models. The main
peak at 265 nm (267 nm) also nicely agrees with the mea-
sured value at 254 nm (258 nm) for complex 1 (complex 2).
The shoulder at around 310 nm is less pronounced in the
spectrum obtained experimentally, but it is still discernible
(Figure 2). In their first excited state (spin triplet), both
complexes 1 and 2 emit at a wavelength of ~448 nm. The
emission spectra for complexes 1 and 2 are almost identical,
as shown in Figure 5. This value can be compared to the
experimentally measured emission peak at 470–480 nm. Vi-
bronic couplings, exhibited in the measured spectra in Fig-
ure 2, are not taken into consideration in the theoretical
modeling, and thus they do not show up in Figure 5.

Figure 5. Calculated absorption (left) and emission (right) spectra
of complex 1 (full line) and 2 (dashed line).

To provide some information on the electronic distribu-
tion of the excited states, we show, in Figure 6, a direct com-
parison of the molecular orbitals in the ground-state geom-
etry and the first excited-state geometry for both complexes
1 and 2. The distribution of the molecular orbitals is very
close to each other in the ground state and the excited state.
The only significant difference, shown in Figure 6(d), is that
the LUMO is distributed on both C∧N phenylpyridine li-
gands in the ground state of complex 2, while in the excited
state, the LUMO is further localized on only one of the
C∧N phenylpyridine ligand. This implies that the electrons
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in the excited states of the complexes are more localized,
which results in a stronger MLCT character and lower
MLCT excitation energy with a long emission wavelength.
Furthermore, it is important to emphasize that none of the
HOMO and LUMO levels involve participation from the
ancillary ligand, neither in the ground state nor in the ex-
cited state.

Figure 6. Comparison of the molecular orbitals between the
ground state and excited state of both complexes 1 and 2. (a) The
HOMO of complex 1, ground state (left) and excited state (right).
(b) The LUMO of complex 1, ground state (left) and excited state
(right). (c) The HOMO of complex 2, ground state (left) and ex-
cited state (right). (d) The LUMO of complex 2, ground state (left)
and excited state (right).

Conclusions

We report new nonchromophoric ancillary ligands for
charged bis-cyclometalated iridium(III) complexes. The
methylene bridge in bis(pyrazol-1-yl)methane prevents de-
localization over the two rings and results in weaker metal–
ligand binding in the excited state, which significantly in-
creases the triplet energy of the ancillary ligand. As a conse-
quence, the emission properties of the complexes are mainly
governed by the C∧N ligand, in contrast to those for com-
monly designed charged complexes based on chromophoric
N∧N ancillary ligands. With this strategy, complex 1
[Ir(ppy)2((pz)2CH2)]+ [ppy = 2-phenylpyridine and (pz)2-
CH2 = bis(pyrazol-1-yl)methane] emits at 476 nm, which is
significantly blueshifted relative to that of [Ir(ppy)2(bpy)]+

at 585 nm (bpy = 2,2�-bipyridine). This work calls attention
to the potential of the bis(pyrazol-1-yl)methane ancillary
ligands for shifting the emission of charged complexes
towards the blue. Furthermore, it hints at the impact of the
ancillary ligand on the nonradiative decay rate constant,
which could help design new phosphorescent iridium(III)
complexes with photophysically improved properties.

Experimental Section
General: Solvents were of puriss grade and used as received. The
ligands bis(pyrazol-1-yl)methane and bis(3,5-dimethyl-pyrazol-1-
yl)methane were prepared as reported in the literature.[34] [Ir(ppy)2-
(μ-Cl)]2 was prepared from [Ir(COD)(μ-Cl)]2 as previously re-
ported.[35] 1H spectra were recorded by using a Bruker AV
400 MHz spectrometer. Chemical shifts δ (in ppm) are referenced
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to residual solvent peaks. Coupling constants are expressed in
Hertz [Hz].

Complex 1: Bis(pyrazol-1-yl)methane (72 mg, 0.486 mmol) was
added to a solution of [Ir(ppy)2(μ-Cl)]2 (200 mg, 0.186 mmol) in
dichloromethane (50 mL), and the mixture was stirred under reflux
for 8 h. Addition of solid KPF6 (204 mg, 1.1 mmol) and methanol
(10 mL) followed by the removal of dichloromethane under vac-
uum resulted in a yellow precipitate, which was filtered through
fritted glass, washed with methanol and deionized water, and dried
under vacuum. The solid was dissolved in a small amount of
dichloromethane (about 3 mL) and poured into ethyl ether. The
precipitate was filtered off, washed with ethyl ether, and dried.
Complex 1 was obtained as a pale yellow solid (201 mg, 68% yield).
1H NMR (CD3CN): δ = 8.07 (dd, J = 8.0, 0.9 Hz, 2 H), 8.02 (dd,
J = 2.7, 0.7 Hz, 2 H), 7.93 (s br., 2 H), 7.90 (ddd, J = 8.9, 7.4,
1.5 Hz, 2 H), 7.75 (dd, J = 7.9, 1.1 Hz, 2 H), 7.15 (ddd, J = 7.4,
5.9, 1.4 Hz, 2 H), 7.01 (ddd, J = 8.9, 7.7, 1.2 Hz, 2 H), 6.97 (dd, J

= 2.2, 1.6 Hz, 2 H), 6.88 (td, J = 7.4, 1.4 Hz, 2 H), 6.41 (s, 2 H),
6.37 (t, J = 2.48 Hz, 2 H), 6.27 (dt, J = 7.6, 0.6 Hz, 2 H) ppm.
ESI-HRMS: m/z calcd. for C29H24IrN6 [M – PF6]+ 649.1693; found
649.1649. C29H24F6IrN6P (793.73): calcd. C 43.88, H 3.05, N 10.59;
found C 43.57, H 3.12, N 10.45.

Complex 2: The procedure was similar to that of complex 1, but by
using bis(3,5-dimethyl-pyrazol-1-yl)methane (100 mg, 0.487 mmol).
Complex 2 was obtained as a pale yellow solid (171 mg, 54% yield).
1H NMR (CDCl3): δ = 8.19 (s br., 2 H), 7.89 (dd, J = 8.1, 1.0 Hz,
2 H), 7.85 (dt, J = 7.2, 1.4 Hz, 2 H), 7.55 (dd, J = 7.8, 1.0 Hz, 2
H), 7.23 (t, J = 6.2 Hz, 2 H), 6.90 (dt, J = 7.6, 1.1 Hz, 2 H), 6.72
(dt, J = 7.6, 1.4 Hz, 2 H), 6.23 (dd, J = 7.7, 0.8 Hz, 2 H), 6.18 (s,
2 H), 5.84 (s, 2 H), 6.90 (dt, J = 7.6, 1.1 Hz, 2 H), 2.49 (s, 6 H),
1.22 (s, 6 H) ppm. ESI-HRMS: m/z calcd. for C33H32IrN6 [M –
PF6]+ 705.2319; found 705.2304. C33H32F6IrN6P·0.25C4H10O:
calcd. C 47.03, H 4.00, N 9.68; found C 46.75, H 4.02, N 9.58.

Photophysical Properties: UV/Vis spectra were recorded in a 1-cm
pathlength quartz cell on a Cary 100 spectrophotometer. Emission
spectra were recorded on a Fluorolog 3–22 by using a 90° optical
geometry. The quantum yields were determined by using fluores-
cein (10–5 m in 0.1 m NaOH; air equilibrated; QY = 0.93) as stan-
dard.[48] Excited-state lifetimes were measured by using a FL-
1061PC TCSPC instrument and 406 nm Nanoled as excitation
source. Solutions were degassed by bubbling argon gently for
30 min.

Electrochemistry: A PC-controlled AutoLab PSTAT10 electro-
chemical workstation was employed. Cyclic voltammograms were
obtained at a scan rate of 100 mV/s by using 0.1 m TBAPF6 as
supporting electrolyte in acetonitrile. Glassy carbon, sputtered
platinum, and platinum wire were employed as working, counter,
and reference electrodes, respectively. At the end of each measure-
ment, the ferrocenium/ferrocene (Fc+/Fc) potential was measured
and used as an internal reference.

X-ray Crystal Structure Determination: The data for compound 1
was measured at low temperature [140(2) K] by using Mo-Kα radia-
tion on an Oxford Diffraction KM4/Sapphire CCD quipped with
a kappa geometry goniometer. The data was reduced by CrysAlis-
Pro[49] and then corrected for absorption.[50] Solution and refine-
ment were performed by SHELX.[51] The structure was refined by
using full-matrix least-squares based on F2 with all non-hydrogen
atoms anisotropically defined. Hydrogen atoms were placed in cal-
culated positions by means of the “riding” model. C29H24F6IrN6P,
Mw = 793.71, orthorhombic, space group Pbca, a = 10.77207(17),
b = 16.9574(3), c = 30.5558(4) Å, V = 5581.51(15) Å3, Z = 8, dcalcd.

= 1.889 gcm–3, F (000) = 3088, 54548 reflections collected (6888

www.eurjic.org © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2012, 3209–32153214

independent), Rint = 0.0228, GOF on F2 = 1.044, R1 = 0.0172
[I�2σ(I)], wR2 = 0.0397 (all data). CCDC-869000 contains the
supplementary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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