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Syntheses, Crystal Structures and Photophysical Properties of
Ionic Iridium(D) Pyrimidine Complexes
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Abstract: A series of cyclometalated iridium(ll) complexes: [(PPM),Ir(bpy)|PFs (1), [(MPPM),Ir (bpy)|PF; (2),
[(DFPPM),Ir (bpy)|PFs (3), [(MDFPPM),Ir(bpy)|PFs (4) (PPM =2-phenylpyrimidine, MPPM =4,6-dimethyl-2-phenyl-
pyrimidine, DFPPM =2-(2,4-difluorophenyl)pyrimidine, MDFPPM =2-(2,4-difluorophenyl)-4,6-dimethylpyrimidine,
bpy=2,2"-bipyridine) were synthesized with pyrimidine compounds as cyclometalated ligand and 2,2’ -bipyridine
as ancillary ligand. New iridium(l) complexes were characterized by the NMR and mass spectroscopies, and the
single crystal structures of complex 4 was measured. The photophysical properties of the complexes were studied
by ultraviolet-visble (UV-Vis) absorption, photoluminescence and time-dependent density functionaltheory (TD-
DFT) calculation. X-ray diffraction studies have revealed that complex 4 belongs to monoclinic system with space
group of P2//c. A theoretical calculation reveals that the HOMO of 3 and 4 is mainly distributed on the iridium
ion and the phenyl group of the cyclometalated ligands, while the LUMO is mainly centered on the ancillary
ligand bpy. In CH,CI, solution, the iridium(ll) complexes 1 and 2 exhibit yellow-green emissions with peak at 561
and 572 nm, respectively, while the iridium(ll) complexes 3 and 4 exhibit green emissions with peak at 501 and
513 nm, respectively. The iridium(ll) complexes had quantum efficiencies between 6.7% and 64.0%. CCDC:
1585309, 4.
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Fig.1 Synthesis route of iridium(ll) complexes



348

xoH Ak

#o% 4R %34 %

e il G IS AR T IC S W Y 2K DA T 5 A 4
IS S U N A TN L R e 7 L
JEm A 1rCly - 3H,0 SRS ik & 9 B A
SRRREN, FREFEREAE SRR &84T h
A ) A R M, W & InCly - 3H,0 A ] 2
TP 5 0 19 48 J5z by A 1 M A AAR S BT e g A 70

FREL 0.35 g (1 mmol) IrCl;-3H,0 Fil 0.34 g(2.2
mmol) PPM T 50 mL KA, ITA 10 mL £ 1
B EEFN 3 ml K FE AR B 24 h, OB
VAN B R R IR AR AR | S TR R
B2 TR AR SR a0 ik — R A 0.54 g,

FRHL 0.17 g(0.16 mmol)[(PPM),IrCl],.0.05 g(0.32
mmol) 2,2"-BRIMERE T 50 mL KB, A 16 mL
W B 16 mL HEE, AT 78 CllE 4
h, ¥ 20 2 R 5 AN BB IR B (S A% BT Y i) K
VAW, AR S E R TR 1 b, ZE BRI T A [ R
TR R e ik ik R RCHE 28 25 BRI AT [ AR
i VA AL S22 AT 20 2, R R) Sy — 5 F e A Y v
B (10:1,V/IV), 13 0.23 g & 4 E K[ (PPM),Ir(bpy)]
PF, (1), W% 929% , oAt 2§+ RUEK L& W 096 BT 12
5 1 251, MS(MALDI-TOF)(m/z) : 659.1[(PPM),Ir(bpy)]';
'H NMR (400 MHz, CDCl) :8 5.30(m ,4H),5.87(m,2H),
6.59 (m,2H),6.80 (m,2H),7.18 (m,2H),7.48 (m,2H),
8.05(d, J=4.74 Hz,2H),8.16(m,2H),8.69(m,2H),,

[(MPPM),Ir(bpy)]PFs (2): B {4 A 0.152 1 g W%
90%., MS(MALDI-TOF)(m/z):715.2[(MPPM),Ir(bpy)]*;
'H NMR (400 MHz,CDCly):6 1.68(s,6H),2.62(s,6H),
6.42(d,J=7.2 Hz,2H),6.76 (s,2H),6.99 ~6.95 (dd, ] =
1.50 Hz.7.50 Hz,2H),7.12(m,2H),7.39 (m,2H),7.96
(dd,J=0.9 Hz 5.46 Hz,2H),8.10(m,2H),8.20(dd,J=
1.20 Hz.7.76 Hz,2H),8.52(dd, J=8.16 Hz,2H).

[(DFPPM),Ir(bpy)|PF, (3):1% 15 {4 [E1 14 0.14 g W%
92% , MS(MALDI-TOF)(in/z) : 731.1[(DFPPM),Ir(bpy)]*;
'H NMR (400 MHz,DMSO-d¢):8 5.83 (dd,/=8.26.
2.22Hz,2H),6.97 (m,2H),6.99 (m,2H),7.30 (m,2H),
7.73 (dd,J=7.16,5.88 Hz,2H),7.97 (dd,J=2.12,6.00
Hz,2H),8.33(t,J=7.88 Hz,2H),8.89(d,/J=8.2 Hz,2H),
8.97(dd,J=4.64,1.88 Hz,2H),

[(MDFPPM),Ir(bpy)|PF, (4): B 4% {4 [# & 0.303 5
g R 89% , MS(MALDI-TOF)(m/z):787.2[(MDFPPM),
Ir(bpy)]*; 'HNMR(400 MHz,DMSO-de):8 1.641(s,6H),
2.569(s,6H),5.93(dd , J=7.52,2.32 Hz,2H),6.98(m,2H),
7.18(s,2H),7.72(m,2H),8.06(dd , J=4.68 Hz,2H),8.27
(m,2H),8.80(d, J=8.12 Hz,2H),
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Table 1 Crystallographic data for complex 4

Formula CayHogl' oIrNgP
Formula weight 931.78
T/K 296.15

Crystal system Monoclinic

Space group P2/e

a/nm 1.441 03(12)
b/ nm 1.414 89(12)
¢ /nm 1.678 29(14)
B1() 96.467 0(10)
V / om’ 3.400 1(5)

Final R indexes [[>20(])]
R indexes (all data)

GOF on F?

A 4

D./ (g-em™) 1.82
F(000) 1816

@/ mm™ 4.065

0 range / (°) 1.89~25.35
Reflection collected 34912
Unique reflection 6218

R=0.018 4, wR,=0.044 4
R=0.021 4, wR,=0.046 5
1.093
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Table 2 Selected bond lengths (nm) and angles (°) for complex 4

Ir1-N1 0.208 7(2) Ir1-N5
Ir1-N3 0.208 6(2) Ir1-N6
N3-Ir1-N1 171.95(8) N1-Ir1-N5
C12-Ir1-N1 79.87(10) C12-Ir1-N3

0217 7(2) Irl-C12 0.200 5(3)
0.215 5(2) Irl-C24 0.201 1(3)
105.89(9) N1-Ir1-N6 85.45(8)

95.07(10) €24-Ir1-N1 93.88(10)
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Fig.2  Structure of complex 4
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Table 3 Photophysical properties of iridium(l) complexes

Complex Xl CH,CL) / nm Aun(s0lid) / nm EQE* / % CIE(x, y)(CHACLy)
1 561 552 64.0 (0.40, 0.59)
2 572 545 6.7 (0.39, 0.59)
3 501 500 24.7 (0.21, 0.49)
4 513 490 10.0 (0.23, 0.60)

* Reference: 1 mol-1" quinole sulfate solution in sulfuric acid with quantum yield of 0.55
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(a) HOMO energy orbitals of 3, (b) LUMO energy orbitals of 3, (c) HOMO energy orbitals of 4, (d) LUMO energy orbitals of 4
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Fig.5 Contour plots of the selected frontier molecular orbitals of 3 and 4
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