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Syntheses, Crystal Structures and Photophysical Properties of
a Blue Phosphorescent Iridium(l) Pyrimidine Complex

GE Guo-Ping® WEI Chuan-Dong LI Chun-Yan LIANG Yun-Xiao LIANG Hong-Ze
(Faculty of Materials Science and Chemical Engineering, Ningbo University, Ningbo, Zhejiang 315211, China)

Abstract: An iridium(ll) complex of Ir(N4)(MDFPPM), [MDFPPM=2-(2,4-difluorophenyl)-4,6-dimethylpyrimidine,
N4 =5-(2-Pridyl)-1H-tetrazole] has been prepared, and characterized by X-ray single crystal diffraction. The
photophysical properties and energy-level structure of Ir(N4)(MDFPPM), are studied by ultraviolet-visble (UV-Vis)
absorption, fluorescence, cyclic voltammetry (CV), and time-dependent density functional theory (TD-DFT)
calculation. X-ray diffraction studies have revealed that the complex belongs to monoclinic system with space
group of P2//c. A theoretical calculation reveals that the HOMO of Ir(N4)(MDFPPM), is mainly distributed on the
iridium ion and the phenyl group of the cyclometalated ligand MDFPPM, while the LUMO is mainly centered on
the pyrimidine group of the cyclometalated ligand MDFPPM. The highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) levels of Ir(N4)(MDFPPM), are —5.98 and -3.22 eV, respectively.
The complex of Ir(N4)(MDFPPM), exhibits blue phosphorescent emission with a peak at 449, 480 and 513 nm in
acetonitrile solution at 77 K, and with International Commission on llumination (CIE) coordinates of (0.15, 0.23).

CCDC: 1043237, In(N4)(MDEPPM);; 1043238, Ir(N4)(MDFPPM), CH,CL,.
Key words: iridium(l) complex; pyrimidine; phosphorescent material; OLED
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Fig.1  Synthesis route of (MDFPPM) and Ir(N4)(MDFPPM),
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AFVEW , LA AW BN R G R (10:1, VIVIFE R
VR AT RE AT 20T, 15 2R i A F R, 7R
78% . m.p. 41~42 °C;'H NMR (CDCl;,400 MHz) &
8.01 (t,1H),6.95 (t,3H),2.51 (m,6H); JCEK /&
CoH 5N, 518 (%) :C 65.45,H 4.58,N 12.72; 5
55 {H(%):C 65.41 ,H 4.54 N 12.69,

1.3.2  FEAY I(N4)(MDFPPM), (1945 B

FRIL0.978 5 g(4.4 mmol) 2-(2 , 4- — FoUAS Hk) Wi g
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mL K g, K CEEUEG, 15 E R
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(m, 1H),2.74(m, 12H); TCE 53 H14% CyHy, FiIrNo, 75
8 (%):C 46.39,H 2.85,N 16.23; LHAH (%) :C
46.47 ,H 2.83,N 16.18;IR (KBr,cm™);v (Ar=C-H) 2
924 (w),v(Ar-C=C) 1 602(s),»(C=N) 1 538(s), v(Ar-
CH;) 1 433(m),
1.4 Ir(N4)(MDFPPM), B 8 & X-GT & &4 5

BE &9 Ir(N4)(MDFPPM), (19 2 B 5 b 43 71 J& A
ST A B A G P e R TR A s T 3 e )
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JGIE , B Rigaku Mercury 70 CCD X 52650 S AT 5 X
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0<26.37°7W I NI T 22 270 AT A, Horpoh
SEATHE A 5 806 Y, A A H BE Ry S IARTE 3.27°<
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CCDC:1043237, Ir(N4) (MDFPPM),; 1043238,
Ir(N4)(MDFPPM),- CH,Cl,.,

#®1 EAEY Ir(Nd)(MDFPPM), 1 Ir(N4)(MDFPPM),- CH,Cl, B & & % £ &
Table 1 Crystallographic data of Ir(N4)(MDFPPM), and Ir(N4)(MDFPPM),- CH,Cl,

Ir(N)(MDFPPM), Tr(N;)(MDFPPM),- CH,Cl,
Formula ColLTiNGF, CaoHINF, - CH,C,
Formula weight 776.77 861.69
T/K 293(2) 293
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Crystal system Monoclinic Monoclinic
Space group P2/c P2/c
a/ nm 0.840 96(6) 1.247 3(19)
b/ nm 1.257 54(6) 1.136 7(2)
¢/ nm 2.691 08(13) 2.210 5(4)
B/(° 92.998(5) 100.912(16)
V/ nm? 2.842 0(3) 3.077 50(9)
A 4 4
D./ (g-cm™) 1.816 1.860
1(000) 1512 1 680
©/ mm™ 4.763 4.576
Ry, wR, 0.098 8, 0.186 3 0.027 4, 0.069 4
GOF on F? 1.237 1.037

x 2 EEY Ir(N4)(MDFPPM), 1 Ir(N4)(MDFPPM),- CH,CL, B9 E Z A K mm)FA#E & (°)
Table 2 Selected bond lengths (nm) and angles (°) of the complex Ir(N4)(MDFPPM), and Ir(N4)(MDFPPM),- CH,Cl,

Tx(N,)(MDFPPM),

Ir1-N1 0.207 1(12) Ir1-N5 0.212 5(13) Ir1-N9 0.216 2(13)
Irl-N3 0.207 5(13) Irl-C24 0.202 5(15) Irl-C12 0.193 2(17)
N1-Irl-N3 175.5(5) N1-Irl-N5 79.2(5) N5-Ir1-N9 75.4(5)
C12-Ir1-N1 79.5(6) C12-Ir1-N3 96.1(6) €24-Ir1-N9 98.7(6)

Ir(N,)(MDFPPM),- CH.Cl,

Irl-N1 0.206 8(3) Irl-N5 0.218 8(3) Ir1-C12 0.200 4(4)
Irl-N3 0.208 4(3) Ir1-N6 0.212 5(3) Irl-C24 0.199 8(4)
N1-Irl-N3 175.83(12) N1-Irl-N6 98.39(12) C12-Ir1-N1 80.01(14)
N1-Irl-N5 82.53(12) N3-IrI-N5 101.20(13) CI12-Ir1-N3 97.71(14)
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Fig.2 Ellipsoid (30%) structures of I((N4)(MDFPPM), (left) and Tr(N4)(MDFPPM),- CH,CI, (right)
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Fig.3 UV-Vis absorption spectra of Ir(N4)(MDFPPM),
in CH,CI, solution
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Fig.4 Room-temperature (solid) and low-temperature

(77 K, acetylene) emission spectrum of
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I: Solid
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Fig.5 CIE chromaticity coordinates of Ir(N4)(MDFPPM),
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Fig.6 Contour plots of the selected frontier molecular orbitals of Tr(N4)(MDFPPM),
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Fig.7 Cyclic voltammetry curve of Ir(N4)(MDFPPM),
in CH;CN solution
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Table 3 Electrochemical data of Ir(N4)(MDFPPM),

Complex Ao / M E s tencene | 'V E./V HOMO / eV LUMO / eV E, eV
(N (MDFPPM), 450 0.38 1.56 -5.98 -3.22 2.76
3 2 i (MDFPPM), #J HOMO F1 LUMO fE &% 7> 5 b -5.98

ARICLI4,6- " H H2-(2,4- T HARIL) BENER F
e A | 5-(2- ML e 5E)- 1 H- DU e Sk 4 B A4, & T —
FRERTC 5 Te(N4)(MDFPPM),, Il F X S £ 20 5 477 45
G 8 TZALE P 2 B SRS R 2 A R Y =S
[l R B X S Bt SRR P2 /e, TEB Y In(N4)

M1-3.22 eV, EZEIR T ,Ir(N4)(MDFPPM), 7 % i
BA W B R, ARJERC G WITER ST A 3%
S W OGS, AT AR R R AR S TR 0 O Kk 45T
(AIPE), Ir(N4)(MDFPPM), 1 77 K & ¥ W %) & 5
U % K FE 449 480 F1 513 nm,CIEx,y 45 A 45
(0.15,0.23), 52— M AL (1 LB R
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