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Synthesis and Properties of Two Phosphorescence Iridium Complexes

ZHOU Yong-Hui*' KONG Qing-Gang' WANG Zheng-Mei' WANG Cheng-Cheng> ZHENG You-Xuan™?
(‘Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, College of Environmental
Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China)

(State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical
Engineering, Nanjing University, Nanjing 210093, China)

Abstract: Due to the P=0 bond, the introducing of tetraphenylimidodiphosphinate acid (Htpip) as the ancillary
ligand can increase the electron mobility of the iridium complex and improve the organic light-emitting diode
(OLED) performances. Using the 2-(4-fluorophenyl)pyridine (F,-ppy) as the cyclometalted ligand, Htpip and
trifluoromethyl substituted Htfmtpip as the ancillary ligands, the complexes Ir(F,-ppy)(tpip) and Ir(F,-ppy).(tfmtpip)
crystallize in the space groups Pbca of orthorhombic system and P2,/c of monoclinic system, respectively, and the
central Ir{ll) atom occupies an octahedral coordination. Ir(F,;-ppy)a(tpip) and Ir(F,-ppy)a(tfmtpip) show good thermal
stability with decomposed temperatures of 385 and 395 C, respectively. Compared with TIr(F;-ppy)a(ipip), the
oxidation and reduction peaks of Ir(F,ppy),(tfmtpip) shift to the positive range and the HOMO/LUMO energy
levels are decreased from —5.55/-2.92 eV to -5.41/-2.49 eV. In the CH,Cl, solution (1x10~ mol -L™") the
maximum phosphorescence peaks of Ir(Fo-ppy),(tpip) and Ir(Fs-ppy),(fmtpip) locat at 492 and 495 nm with
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quantum efficiencies of 9.2% and 16.4% at room temperature, respectively. The results prove that the introducing

of -CF; moieties to the ancillary ligand can increase the thermal/electrochemical stability, manipulate the HOMO/

LUMO energy levels and improve the luminescence efficiency of the Ir(ll) complex. CCDC: 934799, Ir(F,-ppy),

(tpip); 934800, Ir(F,-ppy)s(tfmtpip).

Key words: tetraphenylimidodiphosphinate acid; 2-(4-fluorophenyl)pyridine; iridium complex; crystal structure; electrochemistry;

phosphorescence
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1987 4F , A[3K 28 ] /) Tang! "R HI B 25 U FR I i
BT B PR R A LR BUR G 1 (Organic light-
emitting diode ,OLED), 27~ T W] @ AL, 1E R
AR BRI ARSI E  AEF LI =N
A HE 0 ks S 400z T HL TR IR A Y
B AR AL B R il iR A AR 4 g iR
o W 78 2% i 25— ST AR A B FE 40 K R

A e E F it e, B F-sS RXE GG, $
BT (singlet exciton) 5 = H & B F (triplet
exciton) % B HE R N 1:3, 26 A BRI 25%
RSB TS 75% 0 =828 5 To iR 5 5
Wk, N TR I RN 25% ., BEOLHRHU fE
% 3 o v B AR ) SR IR S B S S
W AR S ROt N BB T RO R KRR T £ 2= ) LA
BIEE 100%, WA =887 LOteReA
HLHLECR EROR A 28 42 1998 47, it SR
W] 420 Baldo \Forrest 550 30 1 9 0t 1 35 & 6 9
SR T R RCRIRT 25% W R I FFRE T
AT L e LB I 6 B P (PROLED)RH . £
OLEDs # HI ) 20648 BRI 9 J2: v BOpi e kL
Hh g BT T B8 R OGRS BRI D P BCOR il
Be & W) AR SR IR BLE R &, AR TRtk
SRS R E TP 4 LB RBOR e S LA
P MLCT 2540 B A 0 R AR B O 5 2003 5 Ak Y
=R AT S AR AR R E B T S T AR
TR PE A WO 07 A A% 4 A 5 B AT A R Y
W3S FF A R RO L ORGSR
S22 07 H YA R

B2 VF 2 HKIBC G W1 A 1 8O B A v It 2
F1% 1 e T DA DA TR o 22— MRAR A (. (BORIR
&3 ,efficiency roll-off), TEFRAT LA AT BB 5T TAE
W (R 9 1k ) B (tetraphenylimidodiphosphinate
acid , Htpip S HAT A W AE R 4 B ECAR ST Ie(IDFC 75

Py 45300 DB A 4 22 90 00 5 1 i B8ORSk
R0 FEA SO O T AR B M RE B AR (GG, FRATT
R FH SRR 1 2-(4- 980K 32 ) Nk BE (F -ppy) Ry 32 B4
PL Hipip e H =5 P BRI AEY —(C@-—#"
P 35 2 35 ) gk 0k B (Hbmepip) by %7 B L A4 &5 B T A
HEC A 40 Tr(Fy-ppy)a(tpip) 1 Tr(Fy-ppy)a(tfmtpip) . Hipip
rhaR B E P=0 SR 5] AT DL4E G A W R S
FEfn, T4 AR LIRS R BB R AR R OL 2
T F -2 CE AR, JF R KMo T IR BLhE
Wl /NG5 TR A AR AT 3 5 1 28 4 i L B k
FEROR W5 = 2R - = A A K (TTA)RN B 3%
FREEIRM, F R 5 AR ] DL — 2048 & i
BV FIERE R i s o N Y - A, X T
P AR R PR RE AR A R0 S5 A K ppy b
1) C-H B & 4 i C-F $EFITE Hipip 51 A CF; J5
A LA R C-H B B Al D S s v, DT 4
R ICRCR IHER G W Y T HE A T s
8y ] st

1 LEES

1.1 R F 5

- E 4-FORMIER KA A LE R
FEEARBE | Z@-—HUH E) SEAeB X TP AR Rk
JHE Joe (HMIDS) R & 4800 B 45 0 0 L0 P | A i 25 i
7E Bruker AM 500 JG 3% X 0 5 |, JT K 4> H 1E
PerkinElmer 240C JC 2 43 M4 E A5 o W s Fin & S
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JE, Bt H AT ZTE Edinburgh FLS920P Y i{X Il
Ik B ] 43 S A5 8 A AR 2 SE G R AE IM6ex
(Zahner) AL Ak 2 T AR, B ifbAT LIRS AL TA/ER
e B2 AR ol X F A | Agt/Ag HAIR R 2 L HL AR | 7%
Fh & W, DL Fe/Fe A NS, A 100
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C R %30 &

AR MR, D, F D, o3 A DA it F R v
VI fac-Ir(ppy)s Wi 1 R (D=0.40)"7 n, Fl 9,y 53
AR TR 5 R ) R S R I T S (1B
RERFE ) T I RS B A A ROk K
TRIMERE 22 AT TR AUl 25 mlL-
min™ P T STA 449 F3(Netzsch) i — 25 #53#r
A E#EAT ) RSN 10 Comin™', 1 SR TE X4
B A R A A

FRBUREEER T, AR AL Mo Ka (A=
0.071 073 nm), 7 Bruker Smart Apex CCD fiT 5% |
AR X SR ERATT G ik B AR | A 5 A fige AT B A IEAE
PC ML I JH SHELXS-97 /¥ #E4T , B #2345 3 r
AAERE b, XMEHEREFHATET P2 e
W fe /N e AE 1E (15207 (1)), A5 1 1 A7 & b B 6
JIERCEN

CCDC:934799,Ir (F4-ppy), (tpip); 934800, 1Ir (F.-
ppy)a(tfmtpip).
1.2 EEMEEWHER

FEAE F-ppy™, 8 BIBCAK Hipip®  Hifmtpip®,
T AF[(Fy-ppy)alr(u-C)], Bt 5 90 B LRI 45 0 45 I
ZE 1 R,

BR Y Ir(F-ppy)a(tpip) F Tr(F -ppy)(timtpip) AL
B S RAE

4.58 mmol = /K& = ALK A 10.08 mmol F,-
ppy W FETE 16 mL &AL S BEAK (3:1) TR & 1 711
TN 24 b, R HS A SE B A TTENT Uk,
K ORISR, 7o s T M A3 B A —H
G HI(Fappy)lr(u-Ch)], 7% K 92%,

JTeK TR FEM T ,1.00 mmol B [(Fe-ppy)alr(u-

<:> P=
R@ @R NONH iy
+—Si  Si— —P
P / \

(i) PA(PPh,),, K,CO,, THE/H,0, 80 'C, 24 h, (ii) IrCl, ,H

Ch)], M1 2.5 £% 9 5 11 4 19 Kipip 3% Kifmtpip ¥ i 78
15 mL 1) ZA 8 AL S BRI 120 °CTF LI 24 h, B
FEZE MR BR 50 ), A ik . £ TR (6:1,VIV)IR
B A BT A A, TR Al 15
F AN 1K BC S0

Ir(F4-ppy)a(tpip) = % : 25%) : 'H NMR (500 MHz,
DMSO-d) 6 8.83(d,J=5.5 Hz,2H),8.00(t,J=12.5 Hz,
2H),7.88~7.75(m,2H),7.68(dd , J=19.4,10.0 Hz,6H),
7.52~7.36 (m,6H),7.28~7.13 (m,6H),7.09~6.96(m,
4H),6.91~6.77 (m,2H),6.63 (id,]=8.8,2.5 Hz,2H),
5.51(dd,J=10.0,2.5 Hz,2H), JC &R 3 Hr #IL{H (%) C
57.97,H 3.59,N 4.40; W (%).C 57.48,H 3.60,N
4.40,

Tr(F,-ppy)s(tfmtpip) () #£:12%):'H NMR(500 MHz,
CDCly) 6 8.93(d,J=5.5 Hz,2H),8.14(dt,J=21.7,10.9
Hz,4H),8.01 (d,J=8.1 Hz,2H),7.80 (dd,J=13.8,7.9
Hz,6H),7.67(t,J=7.8 Hz,2H),7.63~7.56(m,4H),7.42
(d,J=7.6 Hz,4H),6.82 (t,J=6.5 Hz,2H),6.63 (dd,J=
12.1,5.4 Hz,2H),5.70(dd, J=10.0,2.2 Hz,2H), JT&
ST S E (%) : C 49.02,H 2.49,N 3.43; 5E(%) . C
49.07 ,H 2.48,N 3.37,

2 HR5I

21 HELEHMBEMNE
BE 55 7 Tr(Fo-ppy)a (tpip) Al Ir(Fy-ppy)a(tfmtpip) (1)
i 257 R TR AR R B AR S R 2 bl i X5
AT AR WEERE UL 2, A0 G AR B s ) AR SR
1, B 2 o LVE I e - BB LT by B 345
JNIEARAG Y TR Fy-ppy BCAR 2 4> C T

R=H, Ir(F -ppy),(tpip)
R=CF,, Ir(F -ppy),(tfmtpip)

O, EtOCH,CH,OH, reflux, 24 h;

33772

(iif) Toluene, 105 'C, 6 h, (iv) H,0,, THF, 1 h, (v) EtOCH,CH,0H, N,, 120 C, 24 h

1
Fig.1

ETC A B TC R FITEC 5 0 B9 5 i B 2

Synthetic routes of the ligands and complexes
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Hydrogen atoms are omitted for clarity; Ellipsoids are drawn at 50% probability level

B2 (a) FLA Y In(F-ppy)y(tpip) F (b) Ir(F-ppy)(tfmtpip) i & 1A 10 3k ]
Fig.2  ORTEP diagrams of (a) Ir(F,-ppy)a(tpip) and (b) Ir(Fs;-ppy).(tfmtpip) with the atom-numbering schemes

#1 BEEY Ir(F,-ppy)(tpip)® Ir(F,-ppy),(tfmtpip) ¥ & & &S £
Table 1 Crystallographic data for Ir(F,-ppy).(tpip) and Ir(F,-ppy).(tfmtpip) complexes

Chemical name
Formula

Formula weight
T/K

A/ nm

Crystal system
Space group

a/ nm

b/ nm

¢/ nm

BI1()

V/nm?

A

D,/ (gcn)

© (Mo Ka) / mm™
1(000)

Reflns collected
Unique

GOF on F?

R, wRy (I>20(1))
R, wRy (all data)

Ir(Fi-ppy):(tpip)
CyeHFIrN;0,P,
952.92

296(2)

0.071 073
Orthorhombic
Pbca

1.078 41(5)
2.332 81(11)
3.076 83(15)

7.740 5(6)

8

1.635

3.586

3776

53333

9705

1.002

0.023 9, 0.055 1
0.037 3, 0.058 3

Ir(Fa-ppy)s(tfmtpip)
CsoHioF 1alrN;0,P>
122493

291(2)

0.071 073
Monoclinic
P2/c

1.256 99(12)
2.195 5(2)

1.725 45(17)
106.130(2)
4.574 3(8)

4

1.779

3.092

2 400

27 035

8 954

1.046

0.060 5, 0.153 0
0.065 0, 0.154 1

“Ri=SIEEN S F; * wRo=] Sw(F—F2 S aw(F2)]"
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Hifmtpip (9 2 DMEJEFHL, S8 2 DAY E
AL, (HEATHE TN &SR, BEEY In(F,-
ppy)a(tpip) & T 1EAZ fh & Pbea %5 [AIRE T Ir(F4-ppy),
(tfmtpip) J& T HLARFA &R P2/c =5 [ | 35 W] 4 B I A4
tpip WiAE) ESIA 4 SRR =5 B 5 i T
Z8 VRN, % BC A W ) 25 1) 45 R A AR R 52 T
BE 500 Tr-C B Ir-N B A [r-O SH 09T 2 B 5
AL TEIE IS EIZ N,

OLEDs &Gt #2 & — it #2 | fEm s ¥
L a O R A RR A PLR KA S R R
T o3 45 | 3 o (T 25 0 1k B DR B2 B, i AR st
R PR E P AR T A A ARG I X AN BT 5 0 Y
P ENE, AT N, A EI ST X AT TR
SR ERICS I TG I A&l 3 JoR | AH S E i 41
T2 b, EIR] DL & BEEC G Y8 ELAT B4 A
Fe JE M Tr(Fy-ppy)a(tpip) A Ir(F,-ppy)a(tfmtpip) Y 47 52
(T3 A 327 F1 373 °C, ¥4k 53 I 2 (T) 53 ) R
385 1395 COM LT 5% i i 2K ), 1% W 7E 4
B BCAR b5l A =90 F L3 i 7 5 4 i AR
Pt 45 4 B A 1 R Mk T, TR 2 LA R
) o PR A I 2R Y AR N S R HOB 25 AT

1004
Ir(F4-ppy)z(tpip) \

80+

Weight / %

3 0 25 1 75 RO R A IR
2.2 HLZEM HOMO/LUMO 8 &itH

BRI A WIVE A OLED (9 &6l Hodw i 40+
PR BLIE (HOMO) AR AR 43 F & i 416 1 BE 22
(LUMO)RE SN T3 1 4 BV H A 3 38 0 T3
B Tr (Fa-ppy): (tpip) A1 Ir (Fi-ppy), (tfmtpip) A9 HOMO/
LUMO B2 G R Lt 48 T K 4, ATLLE 3 AL
GWITE 0.5~1.3 V U [l N 90— 4] 9 0 Ak E
JR W X — i BRI T eI i AR L DL T
BRI K AED 4.8 eV TS R MG IR 22 I 3 4K
it AT LUHE B T S 4 Ir(F4-ppy)a (tpip) B Tr(F-ppy),
(tfmtpip) B HOMO HE 2% 53 %l h -5.41 F1-5.55 eV
(Enovo=—e (E,.+4.8)), #4ls HOMO fE 2 AL & ¥ 7F
AW v B R AR AR B MO, i3 — 20 ] DL
13 21 G W) Ir(Fy-ppy)a(tpip) F1 Tr(Fe-ppy)a(tfmtpip) B
LUMO 7391 -2.49 F1-2.92 eV (E\mo=Enouo+E)(F
2), M EI& AT LU HBCE Y Ie(Fy-ppy)a(tfimtpip) (Y
AL AL JE I BEE B W) Te(F,-ppy)a(tpip) 73 7 1] 1E F,
FE# 3 T K2y 013 M 0.12 V, AHN A HOMO Fl
LUMO B4 43 BIFEAR T 0.14 F1 0.43 eV, HEZ R
HE i (density functional theory , DFT)H & i %% £ 12 pRi
% (time-dependent density functional theory, TDDFT)

100
90
80+
704
60
50
40
304

Ir(F -ppy),(tfmtpip)

Weight / %

200 300 400 500

Temperature / 'C

100 600

300 400 500 600

Temperature / 'C

100 200

B3 ECEY T(F,-ppy)otpip) Fl Te(F,-ppy)y(timtpip) ) TG 1k
Fig.3 TG curves of the Ir(F,-ppy).(tpip) and Ir(F,;-ppy),(tfmtpip)

F 2 BEEY Ir(F,-ppy)s(tpip)F Ir(F,-ppy).(tfmtpip) & 3¢ B #1 #7
Table 2 Photophysical and electrochemical data of Ir(F,-ppy).(tpip) and Ir(F,ppy)(tfmtpip)

7,/ s
Complex T,, Tl C Ao/ nm” A’/ nm : Dy, 1 % HOMO / LUMO* / eV
Solutionb Solid
Ir(Fs-ppy)a(tpip) 327, 385 227, 261 492 / 520 1.87 2.15 9.2 -5.41/-249
Ir(Fs-ppy)a(timtpip) 373, 395 230, 260 495/ 520/ 573 1.84 1.96 16.4 -5.55/-2.92

* T, Melting point; T,z Decomposed temperature; * Measured in CH,Cl, (1x107° mol L) at room temperature. ¢ HOMO energy levels

were calculated using the equation Eyoyo=—e(E,+4.8) eV with the energy level of ferrocene/ferrocenium couple as reference in CH,Cl, (1x

107 mol + L"); E\uui, energies were determined from the absorption edge of the iridium complexes. The LUMO energy levels were calculated

using the equation LUMO (eV)=HOMO+E},4z-
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Potential / V

02 04

=4
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Ceompis=1 mmol - L
Bl 4 BEAY T ppy)ytpip) F1 Ir(F-ppy)a(timtpip)
PR %2 i 2
Fig.4 Cyclic voltammogram of Ir(F,-ppy),(tpip) and
Ir(F,-ppy)s(tfmtpip) in CH,C, solutions

FW, ISP HOMO 3 2 i o8 R 1o |
1M LUMO F= 22457 T F2 Fe A L | DA e — fis 1 2 B 7 4%
XFF HOMO/LUMO 8 252 i N K {2 7 4 Bl B {4
ISR HL /45 B 3 P S AT DL Bl AR HE A 3
5%, TR M HOMO/LUMO REZ% , HARR i Bl ik -
I 25 a7 P A] DL E S 0 HOMO/LUMO
REZL, 1 W A A 5 | AU AT DRI HOMO/
LUMO REZ, FrUATERANTA R R BIECIAR 51 4
AR RS AR = T RS Y R AR R
i FL AT LAV B A 99 59 HOMO/LUMO fEZ
23 REENIERE

Kl 5 J& B & # Tr (Feppy): (tpip) A1 Ir (Fi-ppy).
(tfmtpip) 75 % 25 PF T | S W B (1x107° mol -
L) H B4 8 0 — T L I WAL ' i N Ol & B G R AR G
[ E I WL 35 2,

B A5 40 1 W WAL S % L A B TR 1 B T i
JETEBIAFAE A7 T 340 nm LA AR 5 4 0 IOk TR T
B 44 PN FRL Aof 5% B8 (Vr—ar(L), TL) , BT HL 7 A BE A2

VE T LUA 26 3 B R SR WO 2288, 1117 340 nm DA I
HE e 3 AT LG DX A 555 1 W R TR T E A BHL 1Y
'MLCT F1 MLCT A feVF#9 'LLCT *LLCT F1fc {4 A<
B St BRIE IR A Wl

Bie 45 W) 09 MLCT 85 ' & 5 W JE IR B A< A 1
Tr(F4-ppy)s(tpip) Bl Ir(F -ppy)a(timtpip) B 5 K A 5 U 43
BT 492 F1 495 nm , &b T4 X H I Ir(F-ppy),
(tfmtpip) Y55 2 D FNEE 3 A S S0 LU Te(F4-ppy)a(tpip)
BAWIE, ZFHMN CIE AR5 (v=0.19,y=
0.56) Al (x=0.21,y=0.47), WNAIATE, HKESPH
HOMO 1 LUMO =% i 0 4R I Fl AR P E
— P P il By C A i AN A i ol B R A g A
114 725 A T 5 ' 2R S W 8 A R 1 B € T AT IR R R Y
s, RAEE B0 ER] . BL 1x10™ mol - L™ BR
1 fac-Ir(ppy); 11 CH,CL, #WAE R Z 1, R A )
TERRERAT T CH,CL, i 58 A0 -1 DL W WSO 4 23
W3O TR T B Y 0 RO i RCE e (Feppy),
(tpip) F Ir(F4-ppy).(timtpip) 73 51 9 9.29% F1 16.4% (7%
2), ATLAE TE Hipip B9l A =3B )5 485 T
B RERCRE, X EERWA A, —ZH Dk C-
H S e % C-F 85 T LA C-H 8RR sl i i
B S S e R = R AR AT R D
Bl & W0 2 T I HERL AT D e & 9 1 — 5
B-ZEHEEK

i 7R MLCT & AR R & S G Ak W | 45
) TECE W CHLCL, ¥ TR [ 28540 i th 2 i
of AR B A 7 B Ie(F-ppy)a (tpip) A1 Ir (Fy-ppy).
(tfmtpip) 5 W TP A S 73 w03 5 R 1.87 F 1.84 s,
M [ A & 5 o B 2.15 A1 1.96 ws, — R UL,
XFFBEEA BT 5 1~2 ws MBS BHRE & HF
AL E A &, REKWIE SRS
PR = H O AS B AEAE T T B0 S B EE KR
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Fig.5 Absorption and emission spectra of Ir(F,-ppy)s(tpip) and Ir(Fy-ppy),(tfmtpip)in CH,Cl, solution
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