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DFT/TDDFT method was applied to explore the geometrical, electronic and photophysical properties of 

recently reported oxazoline- and thiazoline-containing iridium(III) complexes [(ppy)2Ir(oz)] (1) and 

[(ppy)2Ir(thoz)] (2). The calculated absorption and emission wavelengths are in agreement with 

experimental data. Based on complexes 1 and 2, a series of Ir(III) complexes 3, 4, 5 and 6 with different 10 

N^O ligands have been designed. The calculated results reveal that the different ancillary ligands not only 

affect the absorption spectra properties but also tune the emission colour. Compared with 2, the higher 

quantum yield of experimental observation for 1 was explained by its larger MLCT contribution and 

smaller singlet-triplet splitting energy (∆ES1–T1). From this point of view, the designed complexes 3, 5 and 

6 are expected to be potential phosphorescence emitters in OLEDs with high quantum efficiency.15 

1. Introduction  

Transition metal Iridium complexes with phosphorescent 
properties have increasingly attracted a lot of attention, especially 
in the application of organic light-emitting diodes (OLEDs).1-4 
Transition metal atoms own strong spin–orbit coupling effects, 20 

which can enhance the intersystem crossing from the singlet to 
the triplet excited state, leading to a high phosphorescence 
efficiency.5,6 Thus, numerous attempts have been made to explore 
the transition metal complexes as phosphorescent emitters. 
Moreover, Ir(III) complexes also have high thermal stability, high 25 

photo luminescence efficiency, short excited-state lifetime, and 
good emission wavelength tunability.7-10 

 For realizing the full-color displays, many interesting Ir(III) 
complexes emitting green (such as Ir(ppy)3 and Ir(dfppy)2(acac), 
ppy = 2-phenylpyridine, dfppy = 4,6-difluoro-phenylpyridine, 30 

acac = acetylacetonate), red (such as Ir(piq)3, piq = 1-
phenylisoquinolato), blue (such as Ir(dfppy)2(pic), pic = picolate), 
and other colors have been developed with good device 
performances.11-18 Recently, Chao et al. reported two new 
oxazoline- and thiazoline-containing Ir(III) complexes 35 

[(ppy)2Ir(oz)] (1) and [(ppy)2Ir(thoz)] (2)19 (ppy =2-
phenylpyridine), oz=(2-(2’-hydroxyphenyl)-2-oxazoline) and 
thoz= (2-(2’-hydroxyphenyl)-2-thiazoline) with high efficient 
electroluminescence (EL) performance and emission colors of 
green and yellow. They also performed a time-dependent density 40 

functional theory (TDDFT) study on the absorption spectra of the 
synthesized complexes. The reliability of TDDFT method was 
demonstrated from the good agreement between the calculated 
and experimental absorption spectra.19 Encouraged by the work 
by Chao et al., we designed a series of Ir(III) complexes 3, 4, 5 45 

and 6 (Fig.1 ) on the basis of the experimental structures 1 and 2. 

Compared with red and green emitters, blue-emitting materials 
with high efficiency and good stability remain a great challenge. 
Previous studies suggested that the substitution with electron-
withdrawing nitrogen (N) atom plays an important role in 50 

realizing blue-emitting properties.20,21 Assuming that this strategy 
can also hold for the complexes 1 and 2, some blue emitting 
analogues can be expected. Exploring how the strategy can affect 
the photophysical properties of the complexes was the main 
objective of this work. In particular, the influence of the different 55 

N^O ligands on the quantum efficiency was investigated, which 
will be of great benefit for designing novel, high efficient blue-
emitting Ir( III) complexes. 

 

Fig. 1 Schematic structures of the complexes 1-6. 60 
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2. Computational methodology 

The ground state and the lowest-lying triplet excited state 
geometries for each complex were optimized by using the 
density functional theory (DFT)22 with the hybrid-type 
Perdew-Burke-Ernzerhof exchange correlation functional 5 

(PBE0) and the unrestricted PBE0 (UPBE0), respectively,23-

25 which have been proved to be efficient and accurate for 
the calculation of transition metal complexes.26 Herein, the 
ground state geometries of open-shell singlet with UPBE0 
functional for complexes 1 and 2 were also optimized. The 10 

results show that the singlet calculations with UPBE0 
functional give the same energies and geometries as the 
close-shell PBE0 calculations, confirming that PBE0 
functional is enough to describe the ground state singlet. To 
confirm that each configuration was a minimum on the 15 

potential energy surface, vibrational frequencies were 
calculated at the same theoretical level.  

On the basis of ground geometry optimization, 
TDDFT27/PBE0 calculations associated with the polarized 
continuum model (PCM)28 in dichloromethane (CH2Cl2) 20 

media were applied to investigate the absorption properties. 
With respect to the emission properties, we performed a 
series of computations on the complexes 1 and 2 with five 
different functionals (PBE0, M062X29, M052X30, B3LYP31 
and Cam- B3LYP32). Our results indicated that M052X is 25 

more accurate in reproducing the experimental data (Table 
S1, Supporting Information). Therefore, M052X was 
selected in the calculation of emission spectra. 

The“double-ξ”quality basis set LANL2DZ associated with 
the pseudopotential was employed on atom Ir and the 6-30 

31G(d)33 basis set was used for non-metal atoms in the 
gradient optimizations. All calculations were performed with 
the Gaussian 09 software package34. The Molekel 4.3.2 user 
interface35 was used to manipulate the structures and orbitals. 

3. Result and discussion 35 

3.1 Molecular Geometries in Ground and Excited States 

In the present work, we mainly focus on the structures of the 
singlet ground state (S0) and the lowest triplet excited state (T1) 
since they are involved in the phosphorescence process. The 
schematic structures of the studied complexes are presented in 40 

Fig. 1, and the optimized geometrical structures for complexes 1 
and 2 in the ground states are shown in Fig. 2, along with the 
numbering of some key atoms. PBE0, B3LYP and M052X 
optimized bond lengths for 1 in S0 state together with the X-ray 
crystal diffraction data19 are listed in Table 1. The corresponding 45 

data for 2 are listed in Table S2  of Supporting  Information. The 
percentage error (δ) indicates that the PBE0 functional provides a 
better accuracy (small δ) than M052X functional and the widely 
used hybrid B3LYP in the prediction of bond lengths.  

Table 2 gives the Ir-related bond lengths for complexes 1-6 50 

using the PBE0/LANL2DZ-6-31G(d) method. From Table 2, one 
can find that the Ir-N1 and Ir-N2 bond lengths of complex 3 are 
slightly decreased compared with those of 1 and 2. Table 2 also 
shows that Ir–N1 and Ir–O1 bond lengths of complexes 4, 5 and 6, 
where C-C bond is replaced with N-N bond, are longer than those 55 

for 1, 2 and 3. This change is more obvious for 6, due to the 

 
Fig. 2 Optimized ground state structures of complexes 1 and 2. 

enhanced inter-molecular π-conjugation of tetrazole ring in 
ancillary ligand. 60 

The geometrical parameters of the studied complexes in the 
lowest triplet excited states are also listed in Table 2 to show the 
geometry changes upon excitation. Compared with S0 states, most 
of the bond distances of 1-6 are shortened in T1 states. Especially, 
the Ir-O1 bond length of 6 is obviously decreased in T1 states. 65 

These changes indicate that the interaction between the metal and 
ancillary ligands will be strengthened in T1 states.  

Table 1 Selected optimized parameters for complex 1 in the ground 
statefrom different density functionals 

  PBE0 B3LYP M052x 

Exp.a Calc.b δc Calc.b δc Calc.b δc 
Ir-N1 2.124 2.155 1.46 2.196 3.39 2.175 2.40 

Ir-N2 2.035 2.036 0.05 2.060 1.23 2.050 0.74 

Ir-N3 2.046 2.047 0.05 2.072 1.27 2.065 0.93 

Ir-O1 2.146 2.156 0.47 2.182 1.68 2.172 1.21 

Ir-C1 1.988 1.993 0.25 2.014 1.31 1.989 0.05 

Ir-C2 2.006 2.002 -0.20 2.019 0.65 1.997 -0.45 

a Crystal data from (ref. 19). bCalculated. c δ(%)= 
100

exp

exp
×

−calc

 70 

Table 2 Main optimized bond distances (Å) of the complexes 1-6 in the 
singlet ground and the lowest lying triplet states 

 1 2 3 

S0 T1 S0 T1 S0 T1 

Ir-N1 2.155 2.166 2.169 2.098 2.148 2.153 

Ir-N2 2.036 2.018 2.050 2.062 2.033 2.018 

Ir-N3 2.047 2.071 2.036 2.029 2.046 2.074 

Ir-O1 2.156 2.143 2.144 2.125 2.162 2.147 

Ir-C1 1.993 1.966 2.001 2.022 1.993 1.967 

Ir-C2 2.002 1.997 1.995 1.996 2.004 1.999 

 4 5 6 

S0 T1 S0 T1 S0 T1 

Ir-N1 2.161 2.140 2.175 2.134 2.159 2.142 

Ir-N2 2.039 2.041 2.049 2.056 2.036 2.039 

Ir-N3 2.050 2.051 2.038 2.035 2.049 2.060 

Ir-O1 2.179 2.163 2.168 2.132 2.182 2.111 

Ir-C1 1.993 1.991 1.996 2.010 1.992 1.987 
Ir-C2 1.995 2.005 1.994 1.992 1.996 1.996 
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Furthermore, the difference in both ground and excited states 
will make a great effect on the frontier molecular orbitals, 
resulting in different electron transition characters. 

3.2 Frontier molecular orbital (FMO) analysis 

The character of the FMO and the HOMO (highest occupied 5 

molecular orbital)-LUMO (lowest unoccupied molecular 
orbital) energy gap are known to have influence on the 
properties of the complexes. Therefore, we will discuss the 
ground state electronic structure with special emphasis on 
the HOMO and LUMO. The contour plots of HOMO and 10 

LUMO of complexes 1, 3, 4 and 6 are presented in Fig. 3, 
while those for complexes 2 and 5 can be found in Fig. S1. 

The HOMO of complex 1 is mainly localized on the d(Ir) 
and π(oz), while the composition of LUMO is predominantly 
contributed by the π*(ppy).19 Compared with complex 1, the 15 

HOMO and LUMO of complex 4 have markedly different 
distribution. The HOMO of the complex 4 is mainly 
contributed by d(Ir) and π(ppy), while the LUMO is 
exclusively localized on the N^O ligand, implying that the 
composition of FMOs is drastically influenced by different 20 

N^O ligands The same changes also occur from 2 to 5 (Fig. 
S1). For complexes 3 and 6, the LUMOs are mainly 
localized on the ppy ligands, but with the different site (ppy1 
for 3 and ppy2 for 5). In comparison with being localized on 
the N^O ligand and the Ir d orbitals in the complex 3, a 25 

significant difference is, however, observed for the HOMO 
of complex 6, which is attributed to the ppy ligands with a 
mixture of Ir(d) character. 

On the other hand, the different N^O ancillary ligands also 
affect the FMO energy levels. The calculated HOMO-30 

LUMO energy gaps of complexes of 3, 4, 5 and 6 are 3.35 
eV, 3.39 eV, 3.00 eV and 3.54 eV, respectively. Compared 
with the previous theoretical energy gaps for 1 and 2 (3.22 
eV for 1 and 2.83 eV for 2)19, complexes 4 and 6 have larger 
HOMO-LUMO energy gaps. It is worth noting that complex 35 

6 has the largest HOMO-LUMO energy gap among the 
studied complexes, which will affect the absorption and 
emission wavelengths. 

3.3 Absorption spectra 

TDDFT calculations are widely used to calculate the 40 

absorption properties of Ir(III) complexes on the basis of the 
optimized geometries.36 Here, five different functionals 
(PBE0, M062X, M052X, B3LYP and Cam-B3LYP) were 
used to assess the effect of different DFT functionals on the 
absorption spectra of the complexes 1 and 2 (Table S3). It 45 

was found that the absorption wavelengths (nm) of the 
complexes 1 and 2 from PBE0 functional are more close to 
the experimental data.19 At PBE0, the adsorption spectra at 
gas phase are less competitive (inferior) compared with 
those in solution (Table S4). In addition, based on the 50 

optimized geometries from PBE0, B3LYP and M052X, it is 
seen that PBE0 also gives better performance in reproducing 
the experimental data, although the data from the optimized 
geometries of the other two methods are also satisfactory 
(Table S5). 55 

Table 3 lists the most leading singlet excited states (with larger 
CI coefficients) and the triplet state associated with their 

 

Fig. 3 HOMO and LUMO surfaces for complexes 1, 3, 4 and 6 
obtained from DFT calculations at their S0 optimized geometries. 60 

oscillator strengths, dominant orbital excitations and their 
assignments, along with the corresponding experimental data 
from PBE0 method. It is seen that the calculated maximum 
absorption peaks of the complexes 1 and 2 at 250 and 248 
nm are comparable to the experimental values19 249 and 65 

243nm, respectively. This indicated that our calculated 
absorption spectra reproduce the experimental data very well. 
For complex 1, the lowest singlet-singlet transition primarily 
comes from HOMO → LUMO and HOMO-1 → LUMO 
with the absorption band at 412 nm. The HOMO of complex 70 

1 extends to Ir, ppy and oz ligands, whereas the LUMO is 
mainly localized on ppy ligands. Thus, the lowest-lying 
absorption can be described as metal to ligand charge 
transfer (MLCT)/intraligand charge transfer (ILCT)/ligand to 
ligand charge transfer (LLCT). The lowest-lying absorption 75 

band of 2 is similar to 1 with the character of 
MLCT/ILCT/LLCT. Compared with 1 and 2, the lowest-
lying absorption of 3 is slightly red-shifted. The results in 
Table 3 also show that the lowest-lying absorption of 4 is 
almost identical to that of the complex 1. However, the 80 

lowest-lying absorption of 5 and 6 changed significantly 
compared with that of 2 and 3. It was found that the 
wavelength of 5 is red-shifted by 65 nm compared with that 
of 2. On the other hand, the wavelength of 6 is blue-shifted 
by 21 nm as compared to that of 3. This suggests that the 85 

lowest-lying singlet-singlet absorptions are influenced by 
N^O ancillary ligands, which is consistent with the trend of 
the HOMO-LUMO energy gaps. 

Meanwhile, the calculated absorption peaks with the 
largest oscillator strengths in 1 is localized at 250 nm. The 90 

transition configuration of HOMO-3 → LUMO+4 and HOMO 
→ LUMO+5 contributes to the 250 nm absorption described as 
MLCT/ILCT/LLCT. Compared with 1, the transitions with the 
largest oscillator strengths in 3 is slightly blue-shifted, while 
that of 4 is slightly red-shifted (Table 3). For 2, 5 and 6, the 95 

maximum absorption peaks are similar to that of 1. In the 
transition S0 → T1, the absorption band of 1 located at 467 
nm is contributed by HOMO → LUMO and HOMO-1 → 
LUMO transitions with the character of MLCT/ILCT/LLCT. 
The calculated lowest triplet absorptions of 2 is at 498 nm, 100 

with the main transitions being found to be HOMO → 
LUMO+2 and HOMO-1 → LUMO+2. The calculated 
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Table 3 Calculated wavelength (nm), oscillator strength (f) and dominant orbital excitations of the lowest singlet and triplet vertical absorptions for the 
complexes 1-6 

 state λcal f Configuration Character Exp.19 

1 S1 412 0.0370 H-1->LUMO (16%), MLCT/ILCT/LLCT  

    HOMO->LUMO (77%) MLCT/LLCT/ILCT  

 S33 250 0.2973 H-3->L+4 (21%) MLCT/ILCT/LLCT 249 

    HOMO->L+5(34%) MLCT/LLCT/ILCT  

 T1 467 0.0000 H-1->LUMO (25%),  MLCT/ILCT/LLCT  

    HOMO->LUMO (36%) MLCT/LLCT/ILCT  

2 S1 412 0.0402 H-1->LUMO (12%),  MLCT/ILCT/LLCT  

    HOMO->LUMO (84%) MLCT/LLCT/ILCT  

 S39 248 0.1534 H-1->L+5 (15%), MLCT/LLCT/ILCT 243 

    HOMO->L+5 (11%), MLCT/ILCT/LLCT  

    HOMO->L+6 (34%) MLCT/LLCT/ILCT  

 T1 498 0.0000 H-1->L+2 (18%), MLCT/LLCT/ILCT  

    HOMO->L+2 (66%) MLCT/ILCT/LLCT  

3 S1 421 0.0344 HOMO->LUMO (85%) MLCT/LLCT/ILCT  

 S40 242 0.1956 H-5->L+3 (11%), MLCT/LLCT/ILCT  

    HOMO->L+7 (37%) MLCT/LLCT/ILCT  

 T1 472 0.0000    H-1->LUMO (17%), MLCT/LLCT/ILCT  

    HOMO->LUMO (46%) MLCT/LLCT/ILCT  

4 S1 413 0.0058 HOMO->LUMO (98%) MLCT/LLCT/ILCT  

 S32 256 0.2100 H-8->LUMO (13%), ILCT  

    H-7->LUMO (48%) ILCT/LLCT  

 T1 521 0.0000 H-1->LUMO (88%) MLCT /ILCT  

5 S1 477 0.0118 HOMO->LUMO (99%) MLCT/LLCT/ILCT  

 S38 251 0.2055 H-2->L+4 (28%), ILCT  

    HOMO->L+5 (31%) MLCT/LLCT/ILCT  

 T1 593 0.0000 H-1->LUMO (64%), MLCT/ILCT/LLCT  

    HOMO->LUMO (29%) MLCT/LLCT/ILCT  

6 S1 400 0.0666 H-1->LUMO (11%), MLCT/ILCT/LLCT  

    HOMO->LUMO (77%) MLCT/LLCT/ILCT  

 S34 251 0.2273 H-8->LUMO (26%), LLCT  

    H-4->L+4 (34%) MLCT/ILCT/LLCT  

 T1 461 0.0000 H-2->L+1 (17%), ILCT  

    H-1->LUMO (14%), MLCT/LLCT/ILCT  

    HOMO->LUMO (27%), MLCT/ILCT/LLCT  

    HOMO->L+1 (19%) MLCT/ILCT/LLCT  

lowest triplet absorptions for 3, 4, 5 and 6 are at 472, 521, 5 

593 and 461 nm, respectively. The configurations of 3 and 5 
are the same with 1, which occur from HOMO → LUMO 
and HOMO-1 → LUMO, with mixed nature of 
MLCT/ILCT/LLCT. Different from 1 and 2, the transition 
characters of 4 and 6 are MLCT/ILCT, MLCT/LLCT/ILCT, 10 

respectively. The non-negligible MLCT is beneficial for 
efficient intersystem crossing, and singlet-triplet transitions 
are expected to enhance the quantum efficiency for these 
Ir(III) complexes. 

3.4 Phosphorescence properties 15 

As mentioned in the computational methodology, 

TDDFT/M052X (in CH2Cl2 media) was selected to study the 
phosphorescent emissions of all the studied complexes since 
it could reproduce the experimental phosphorescent spectra 
reasonably. The calculated phosphorescent emissions for 1-6 20 

are shown in Table 4, together with the electron transition 
assignments, and the experimental data. 

The calculated lowest-energy emissions of the complexes 
1 and 2 are localized at 498 and 595 nm. Upon the 
substitution of C atom with N atom on N^O ligands, the 25 

emission wavelength of 4 and 5 (546 and 619 nm) are red-
shifted. However, the emission wavelengths of 3 (494 nm) in 
which N atom substitutes for O/S atom on N^O ligand and 6 
(439 nm) are blue-shifted compared to complex 1, in which  
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Table 4 Calculated phosphorescent emission wavelength (in nm) of the 
complexes 1-6 in CH2Cl2 media with the TDDFT method, along with the 
experimental data 

 λcal Configuration Character Exp.19 

1 498 H-2->LUMO(28%),  MLCT/ILCT/LLCT 527 

  H-1->LUMO(14%), MLCT/ILCT/LLCT  

  HOMO->LUMO (43%) MLCT/LLCT/ILCT  

2 595 H-1->LUMO(12%), MLCT/ILCT/LLCT 542 

  HOMO->LUMO (74%) MLCT/LLCT/ILCT  

3 494 H-2->LUMO(27%), MLCT/LLCT/ILCT  

  H-1->LUMO(14%), MLCT/LLCT/ILCT  

  HOMO->LUMO (44%) MLCT/LLCT/ILCT  

4 546 H-1->LUMO(15%), MLCT/ILCT  

  HOMO->LUMO (77%) MLCT/LLCT  

5 619 H-1->LUMO(33%), MLCT/ ILCT  

  HOMO->LUMO (60%) MLCT/LLCT  

6 439 H-1->LUMO(14%), MLCT/LLCT/ILCT  

  H-1->L+1(31%), MLCT/LLCT/ILCT  

  HOMO->LUMO(18%), MLCT/ILCT/LLCT  

  HOMO->L+1 (15%) MLCT/ILCT/LLCT  

the wavelength 439 nm lies in the deep blue region. This 
revealed that the N^O ligands in the studied complexes could 5 

modify the emission color from green and yellow to deep 
blue. The calculated lowest emission energy for 1 
corresponds to the HOMO-2 → LUMO, HOMO-1 → 
LUMO and HOMO → LUMO transitions with mixed nature 
of MLCT/ILCT/LLCT. The configuration of 3 is the same as 10 

that of 1. For 4 and 5, there are two transitions contributing 
to calculated lowest emission, which are HOMO → LUMO 
and HOMO-1→LUMO transitions, respectively. The 
emission can be assigned as MLCT/ILCT/LLCT. For 6, the 
emission is from HOMO-1 → LUMO+1, HOMO → LUMO, 15 

HOMO → LUMO+1 and HOMO-1 → LUMO, and is 
assigned as MLCT/LLCT/ILCT. The larger participation of 
Ir(III) center in the emissive state is expected to result in a high 
quantum efficiency. 

3.5 Quantum efficiency 20 

The emission quantum yield (ΦPL) is linked to the radiative 
(kr) and nonradiative (knr) rate constants, which can be 
expressed by equation (1), where τem is the emission decay 
time: 

nrr

r
emrPL

kk

k
k

+
==Φ τ

                                (1) 25 

Accordingly, a large kr and a small knr are required for a 
high quantum yield. Theoretically, kr is related to the mixing 
between S1 and T1, which is proportional to the spin-orbit 
coupling (SOC) and inversely proportional to the energy 
difference between the two states expressed by equation (2): 30 

37,38 

( )2
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TS

STSOS
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E
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×〉〈
=
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          0

3363

3

1016

ε

π
γ

h

En em=

          (2) 

Here µS1 is the transition electric dipole moment in S0→S1 
transition, Eem represents the emission energy in cm-1, while 
n, h and ε0 are the refractive index, Planck’s constant and the 35 

permittivity in vacuum, respectively. The heavy atom 
participation, such as iridium, is believed to increase the 
SOC effects and the intersystem crossing (ISC), provided 
that its orbitals make a significant contribution in the excited 
states involved.39 Therefore, on one hand, the SOC effects 40 

can be elucidated by the contribution of MLCT in the T1 
state.40 An increase of MLCT character can enhance SOC 
and hence the transition probability which would result in a 
drastic decrease of the radiative lifetime and avoid the 
nonradiative process.41,42 Thus a large MLCT contribution 45 

will benefit for a high quantum yield (ΦPL). The MLCT% 
values calculated as described in the work by Chou et al43 
are listed in Table 5. It can be found that the relative high 
ΦPL values of 1 (0.55) compared with 2 (0.27) can be 
rationalized by the significant larger MLCT% of 1 (31.84%) 50 

than that of 2 (20.67%). In addition, from 3 to 6 with the 
incorporation of different N^O ligands, the MLCT% values 
increase, especially for 3 and 4, indicating high ΦPL can be 
achieved.  

On the other hand, the SOC effects also can be elucidated 55 

by the singlet-triplet splitting energy (∆ES1–T1).
44–47 The S1→

T1 intersystem crossing induced by SOC plays an important 
role in phosphorescent process. Equation (2) shows that the 
decreasing ∆ES1–T1 leads to higher radiative rates, while a 
decreasing µS1 lowers kr. Using equation (2), we recently 60 

provided a valuable theoretical analysis of the evolution of 
ΦPL within a series of complexes48 with the aid of computed 
∆ES1–T1 and µS1. The calculated ∆ES1–T1 and µS1 values are 
also shown in Table 5. The results indicated that the µS1 
value of 2 is slightly larger than that of 1, which can not 65 

explain the high ΦPL reported for 1.19 The much smaller 
∆ES1–T1 value for 1 accounts for the higher ΦPL compared 
with 2. The ∆ES1–T1 for 3, 5 and 6 were found to be relatively 
smaller than that of 2, indicating that the N substitution in 
different N^O ligands is beneficial to enhance the ISC rate, 70 

and thus might increase ΦPL. Of course, we should 
remember that besides the factors discussed above, other 
factors may also affect ΦPL which are not taken into account 
in our discussion. 

Table 5 The metal-based charge transfer character (MLCT, %), singlet-75 

triplet splitting (∆ΕS1-T1 in eV) and the transition dipole moment (µS1 in 
a.u), along with experimental quantum yield ΦPL 

parameter 1 2 3 4 5 6 

MLCT 31.84 20.67 32.62 34.90 31.32 23.77 

µS1 0.5023 0.5455 0.4765 0.0791 0.1851 0.8776 

∆ΕS1-T1 0.7497 0.9698 0.7084 1.0103 0.8919 0.7314 

ΦPL
19
  0.55 0.27     
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4. Conclusion 

DFT/TDDFT calculations have been performed to 
investigate the influence on electronic structure, absorption 
spectra, emission colour and quantum efficiency of the 
studied complexes induced by the introduction of different 5 

N^O ligands. In this study, the following conclusions can be 
drawn: (1) The composition of the LUMO is significantly 
affected, when the C-C bond is substituted with N-N bond. 
The existence of tetrazole ring of 6 leads to a large HOMO–
LUMO energy gap. (2) Compared with 1 and 2, the emission 10 

wavelengths for 4 and 5 are red-shifted, while they are blue-
shifted significantly for 3 and 6. Especially, the emission 
colour of the complex 6 is in deep blue region, which is 
promising as a blue-emmitting material. (3) The high quantum 
yield of 1 compared with 2 was found to be closely related to the 15 

large MLCT% and small ∆ES1–T1. The results showed that 
the different ancillary ligands in 3, 5 and 6 leads to a 
relatively large MLCT% and small ∆ES1–T1 and thus a high 
quantum yield. We hope that our results could provide 
constructive information for experimentalists in synthesizing 20 

high efficient phosphorescence materials. 
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Modification of the emission colour and quantum efficiency 

for oxazoline- and thiazoline-containing Iridium complexes 
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We present the electronic structure, absorption and emission spectra, as well as 

quantum efficiency of a series of oxazoline- and thiazoline-containing Ir(III) 

complexes to shed light on the effect of different N^O ligands on the emitting colour 

and quantum efficiency. 
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