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Synthesis and characterization of an ionic iridium phosphorescent complex
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(State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Precious Metals,
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Abstract: An ionic iridium complex [Ir(ppy)2(Dtbbpy)|"PFs” was synthesized with 2-phenylpyridine (ppy)
as a cyclic metal ligand, 4,4'-di-tert-butyl-2,2'-dipyridine (Dtbbpy) as an N*N auxiliary ligand and PFs as a
counter anion, and its yield was 91.0%. Its chemical structure was characterized by elemental analysis (EA),
infrared spectroscopy (IR), nuclear magnetic resonance spectroscopy ('H-NMR and '3C-NMR), and mass
spectrometry (MS). Its photophysical properties were studied by UV-Vis and photoluminescence
spectroscopy (PL). The maximum emission wavelength of the complex in dichloromethane is 557 nm, which

belongs to the yellow-green emitting ionic iridium phosphorescent complex.

Key words: ionic iridium complex; phosphorescence; synthesis; structure; photophysical properties

b (S BRI R R, SoRaHE ARt H
a0 BT HoH A ML EUR Ot 88 1 (Organic light-
emitting diodes, OLED){E 4R 14 3 7~ F k] 745 fE B
o B TR EE AR AR E R RIS T 71, 152 3
MV Z K. B 1997 45 Vi it OLED #4
BHHEA,  AATTEW AR bl 2 FiF AR 90 f R 45 2
TEREOR, OLED HAHEHERILHN. Xif
S EA EFROL R, EER IKEHEAK.
Wl LR, AR A, R E RS s
RINARA S0 R REPY . -RBUREIRHE LT3R

Wk H . 2020-12-29
=

#42(21861023)

B BIASF AT 73 8 B 6 R A LB R L P
KT VOB AR, TR = HAZ P4
BHERIE M52, FLECDEE AT A SO S B AR
HITE 25%AABL, ez, TERIET. B, BKICEE NN
REsRE ST, BT EE RGN B eE
MG RN, RENS 7870 R B B AR T A = E A B
MIfe &, WA E T AR B R DOk E
100%!1%,

FEA R E & RBDCR S A B, HERBERC
YIRS T DO I SO AR R 5 34T

o F B R B TR AR FF R A 785 (202004 AR040001); 75 B9 24 ZE R 70 11 RI(2019FA047. 2018FD141); FEZK [ AR R

R BB, 4, WiLwaEk, BRrn: S ENE YA K. E-mail: wangza.bb@foxmail.com
MEEE: 2Rk, &, @RLEN, grm: RERENEYNE K. E-mail: yex19860706@163.com



32 A

42 %

TR, O AT YE RE R VI A DL R E B A .
HRERHC VARG S5 F (AN R T LAy A K 54
AME TR A, HALg A 1 s,

N N
CC‘ N c/\‘ L
lr/ ) \lr/ )
- ‘\C c - ‘\X
\/N \/N
Ir(C"N), Ir(C"N),(LX)
® )
N N
cr| N S CK\‘ N ®
\Ir/ ) PF, \Ir/ ) n-NBu,
e .y o Ny
\./N \/N
Ir(C"N),(N"N) Ir(C"N),(N"N)

B 1 s r RS RSB E
Fig.1 Schematic structural diagrams of neutral iridium

complexes and ionic iridium complexes

Forb iy T B T RUECRBC & M A G AR 75 (8
A7 BT 25 52 OQTE . W T RIS ok i, JEad

P8R 25 5 B RS AT BLBR T O 2 T RO B e 5

W] DU 5 AR ] SO A A SR s
BUEE SO C BRI 14, B T KIS
A ERAE Y AR TSR BT F R A VA T
TN Bl RE NAN A B AR TS 105 BRI U — 5848, £
B ARG N A B R B G v A AR R, N

B 5 T A P 3648 S TSR 2 0719,
B TIRL I ROPIR S5 K Lo R & T R

PO RIRFE T =y ROGTREETE R [RIINF, bR
BT (1) P AT R AT B R T N TR A
Hfe, NI B FRAIC S REAR AR D) bk, A
H R MEEERR I SRR, B FiL
A SR L AT A AE T AE B A FANME

ARSLUL 2-2RFEMENE (ppy) 34 & E RO, 1B
4,4- R T 5E-2,2- L IE (Dtbbpy) fE N NAN 4 BT
14, PReAE R T4 F far LT B 1, Woih& s 12
R & W([Ir(ppy)2(Dtbbpy)[*PFs )e I TCE MM 40
AN A REIEIRTE 73 b R0 S R AE L A R4 2
ghy, FRE AT WO TE R R EUR S ek BT A L
e ER I BE .

1 sSEK#E

1.1 &7
M AR (ppy)aIr(u-Clo)Ir(ppy)2 N A 5256 =
B R P02, 44 TORUT 32,2 - T e (R R R

PR 2 RHA TR A F], 4r#ral)s 7S B IR R (STiL R yh
(PENLZEARAR], srtral); RS8R 5EA
& Hr ekl
1.2 B TR S YIr(ppy)2(Dtbbpy)| PFs HI-5

£ 2 L =N 4,4'-— 0T ££-2,2'-—
ntErE(11.25 g5 10.5 mmol)5 H i (CH30H; 600 mL),
I EGE M — B A (ppy )2 Ir(u-Cla) Ir(ppy)2(6.39 g,
23.8 mmol)Fl — 5 F £ (600 mL) . ¥ s I [ 5 4 e
TEXHEE FIEH 3 IR E A - E S -hE s, HE
AR R NAR R o IR 3 h, F5FL5E
4 N R SR A TR H B IR, ARG SN
rR ks NN IS B 7S R R (13.14 g, 71.4 mmol),
WG 2 h JERERR RER, RRVAHAKRE
TEVEERR TG 1A TIRAF 2R 47
1.3 FPEHIERAE K AR IR

JLE /it Elementar /A 7 VARIO EL III %Y
TG S AT A S 5 U o A DA R B R U ) e o
Agilent G6230 B KAT I [A] BT 1AM 7 s LA Ei 43
HrR A KBr J& fr, H$EIX A4 4000~300 cm™!, J8 i
Bruker Tensor-27 {8 37 A8 6 o 21 ARG 3 A3 5 5
BRI A ((H-NMR &l BC-NMR #8510
LL TMS AW R, 8 HTARE (CDCL)ER, 18
it AVANCE III ¢ 500 MHz #% B 3405 8 84S0 5
S HNA] TR B 43 BT i CarryS0 Y28 AR AT L4
JEMFETHIE s SR S st H A7 F-
7000 B4 GG EETHINE -

2 ZREWR
2.0 BB ST

B T R & Y [Ir(ppy)2(Dtbbpy) [PFs & B 4% 25
wmE 2 fros.

7~ N
i< + 2 W N + 2 KPFq
\
2
@
CH,Cl,» CH;0H
e 3 “ PR+ 2KCI

B 2 [Ir(ppy)2(Dtbbpy)|PFs H& R 22
Fig.2 Synthetic scheme of the complex [Ir(ppy)2(Dtbbpy)]PFs



%3 EX YT

R T R ER GBS S B B R RERIT T 33

BT KB A B O R SR T RN,
alfifb R S A, A, PPRE. % 12 &
BOPIRERAE, PREARAEN 19.24 g, SEFRFTAS B
AR T=4) 17.51 g, F=%N 91.0%. FritFe s
FIC R TEHES TR 1, B WK 3 Fis.

HE 1 BT LEH, AFEGH COHW N &
A S ERE AR B3 R TIEN
m/z=769, V)& T [M-PFe|"lé, [Ir(ppy)=(Dtbbpy)] ]
AKX 2> TR EN 76901, 5 HE 11§
[Ir(ppy)2(Dtbbpy)|PFe HIAHXT 7 T AN & o HR 4
TCERTRBE TSR, e =8 B i
“W0.

22 BETHEAWNEHRIE
221 AT

A RIOFE A KBr R, e Ha sk,
WK 4 fios .3 2 71 T B 4 [ Ir(ppy)2(Dtbbpy) |PFs
TG Aons L S B e R FLA R o AR VA 2 A
A LAt Wi & B8 B &4

R 1 TR

Tab.1 Elemental analysis

JLER C H N

FRIBME % 52.57 4.41 6.13
M EH % 52.59 4.40 6.15

+ Scan {0,653 min) 180629ESIAS.d Subtract (3)

769

Intensity/(10°cps)
S

274,332, 501542 620658 797

200 300 400 500 600 700 800
mlz

B3 [Ir(ppy):(Dtbbpy)]PFe K1 5T
Fig.3 Mass spectra of the complex [Ir(ppy)2(Dtbbpy)] " PFs

100 F
90
80 F
70

00 |

7%

30 F
40
30 F
20 :

10 ¢

1315
] 1303 737
kiey 7415
1439 759
1608 —
1479 —
3500 3000 2500 2000 1500 1000 500

Wavenumber/cm!

& 4 [Ir(ppy)2(Dtbbpy)|PFs FIZL AN  Fig.4 IR spectra of the complex [Ir(ppy)2(Dtbbpy)]PFs

2 [Ir(ppy)2(Dtbbpy)|PFe [RIZTAMR T 5 2219 &
Tab.2 Infrared absorption peaks and attribution of infrared
absorption peaks of [Ir(ppy)2(Dtbbpy)]PFs

No. W /em! PRah
1 3065, 3045 v(=C-H)
2 2965, 2872 vign(C-H)
3 1608, 1584, 1546, 1479 WC=C)
4 1315, 1305 W(C-N)+ W(C=N)
5 1439, 1415 BT 2
6 759, 737 FHAE EAEAE PN SR ELAEE

2.2.2 WM ARBE R A

FESFY TH-NMR 211 5 Bror . (LA #(6/107)
0=1.56 V)@ N/KIE, 6=7.26 4bi e B R E D)
(CDCly)i# 7 . 6=1.42 A& T BB 1 2 AL
THAETEE 18 ML ZENFE, 6=6.98 BT 2
ANER T =774 FrE ) 2 NMAJE T 6=7.81 BT
1) 2 ANEE T BB G T I btk SR 14k
24, 0=7.61 FTEi 4 MEJR T 0=7.09 BT &)
4 NERFIEA LR AR IRIR EEJR T AL
# o 'H-NMR %85 [Ir(ppy)2(Dtbbpy) |PFe £5 AR T -



34 A

7.76 ppm H

- N
42 %
£y
o
6.28 ppm 7.37 ppm ——
A A I

H 7.38 ppm

» 7.61 ppm

PF

6

........ »7.09 ppm

(R
1.42 PP"‘ 7.74 ppm LJ
T T

Bl 1°h°ﬂ°l WOF |S|
B s

4
0/10¢ r[c\q

[Ir(ppy)2(Dtbbpy)|PFs f{] 'H-NMR £ [&]

Fig.5 "H-NMR spectra of the complex [Ir(ppy)2(Dtbbpy)]PFs

K 6 AFEMHIF BC-NMR 15, B =0 7
(6/10°°) 76.79~77.29 Kb IHJ& N TARE A (CDCL) %
FIE, §=35.70 ALV JE TAHBhECAA A C iU
0=30.24 KbV JE T A BhECAR B-CHs i FI&, 6 N

A NOINOOTONO —

S oo ot
I 3l bl IR Ao~
o cncnaItIcII— ~~o
— — ~r—t=

—167.60
—163.84

o o0 o
S eoe
NSO 0 —SUITFII— N
oSt <t

N

N -

119~170 2 [a] (1) U D A J& T e A b 2R L m g b (sp?
e AUTR ) I BT WU U, 5 05 B BT T4 S A #S AE
120~160 U [ A7 7. BC-NMR 52 Af 13 Bl 5
[Ir(ppy)2(Dtbbpy)PFe R L AHAT o

149.77ppm 122,40 ppm 138,02 ppm
> % A 123.54 ppm
7

HC—CH

/ DL -
N (/ ppm
,NW(PI

Il' \CH 'Hlﬂ&]l“"

- 124,98 ppm

PFg
167.60 ppm < _)— “““ 150,70 ppm
i H%\<: =3 119.41 ppm

—35.70
—30.24

n l,' N
/121 5( 6 ppm \‘]—[ 35.70 ppm

T T T T T T T T T T T

180 170 160 150 140 130 120 110 100 90 80
0/10¢

&6

T T T T U

60 50 40 30 20

14
163.84 ppm 30.24 ppm

[Ir(ppy)2(Dtbbpy)|PFs ] *C-NMR 3 &

Fig.6 3C-NMR spectrum of the complex [Ir(ppy)2(Dtbbpy)]PFs

2.3 ETRREMRYE RS
2.3.1 EAH-A] WO /i

1% CHoCl AEFIBC IR EE 2] 13107 mol/L
(R TEC & P, I 75 B it (1) 58 40 P RO
WK 7 fiors.

L 7 (8R4 n] RSO 61 v L, £ 262 nm 7
BAH—AUREFER Y, )8 TR N B e V)
(n-n")EKAER2, 1E 314 A1 480 nm FIA7 B 405 HHBL T
2 D GHIRHEIR IS U, VA8 T B AR RS TMLCT Fl =45
A SMLCT () B faf F #% R 23241,

0.8
0.6 [
L 04
g
02 F
0.0 |
25I0 3(I)0 35I0 4(;0 45I0 5(;0 550
J/nm
B 7 [Ir(ppy)2(Dtbbpy)|PFs [ 4T WLIR W it

Fig.7 UV-Vis absorption spectrum of complex
[Ir(ppy)2(Dtbbpy)]PFs



3

EX YT

R T R ER GBS S B B R RERIT T 35

2.3.2 JeHIOLTOLILE

K1 8 A[Ir(ppy)2(Dtbbpy) |PFe £ it £ — S 5t

SR ERE(E 8 Fian), M EATRLAE H,
ARSI T A R B R S O OR S
557 nm, TEIEHH R ESE,

BE B AT P 2- AR E (ppy) P 8 RO,

08 r 557nm
0.6
z
2 04
=
02
0.0
300 3;0 400 4§o 560 55.0 600 650 700 750
J/mm
B 8 [Ir(ppy)2(Dtbbpy)|PFs ¥ 3 R 6726 ik

Fig.8 Photoluminescence spectrum of the complex

[1x(ppy)>(Dibbpy)]PFs
2

1) LM = ZBAE (ppy)2Ir(pu-Clo)Ir(ppy)2) A SR

4.4- T 3E-2,2"- L E (Dtbbpy) N AHBIEC /A, PFe
RPIHE TH [In(ppy)2(Dtbbpy)] PFe 3 i B 1 4K
A, 7% 91.0%.

2) JCERANT B MG ST R R

B FITRIEAIESE 1 H AR S YRR 7)1 2544

3) BAET WOEIE A BUROLOEE Mt R AR

B, ZEC S R KAE 557 nm 4b, J& T34k
RS F R A

SH 3R

(1]

Mré4rsg, s, AL OLED BLJRRd: MES
arfFIM]. bt N EGHB HLHARAE, 2011 1-10.

CHEN J X, HUANG X W, ZHOU Z M. OLED display:
Materials and devices [M]. Beijing: Posts and Telecom-
munications Press, 2011: 1-10.

BALDO M A, OBRIEN D F, YOU Y, et al. Highly
efficient phosphorescent emission from organic electro-
luminescent devices [J]. Nature, 1998, 395(6698): 151-154.
BURROUGHES J H, BRADLEY D D C, BROWN AR, et
al. Light-emitting diodes based on conjugated polymers [J].
Nature, 1990, 348(6299): 352-352.

[4]

[10]

[12]

[13]

[15]

GU G, SHEN Z, BURROWS P E, et al. Transparent
flexible organic light-emitting devices [J]. Advanced
Materials, 1997, 9(9): 725-728.

Wré#8, 3330 OLED AHLHRBUROEHELS S M].
B3 SE AR AL, 2007: 11-21.

CHEN J X, HUANG X W. Organic electroluminescent
materials & devices [M]. Beijing: Tsinghua University
Press, 2007: 11-21.

BERNHARD S, BARRON J A, HOUSTON P L, et al.
Electroluminescence in ruthenium(Il) complexes [J].
Journal of the American Chemical Society, 2002, 124(45):
13624-13628.

BERNHARD S, GAO X C, MALLIARAS G G, et al.
Efficient electroluminescent devices based on a chelated
osmium(Il) complex [J]. Advanced Materials, 2002, 14(6):
433-436.

SLINKER J D, KOH CY, MALLIARAS G G, et al. Green
electroluminescence from an ionic iridium complex [J].
Applied Physics Letters, 2005, 86(17): 173506.
SLINKER J D, PARKER J B, MALLIARAS G G, et al.
Improved turn-on times of light-emitting electrochemical
cells [J]. Chemistry of Materials, 2008, 20(2): 388-396.
CHEN D C, SU S J, CAO Y. Nitrogen Heterocycle-
containing materials for highly efficient phosphorescent
OLEDs with low operating voltage [J]. Journal of
Materials Chemistry C, 2014, 2(45): 9565-9578.
SHIMIZU T, MASUDA M, MINAMIKAWA H. Supra-
molecular nanotube architectures based on amphiphilic
molecules [J]. Chemical Reviews, 2005, 105(4): 1401-
1443.

MA D, QIU Y, DUAN L. New insights into tunable
volatility of ionic materials through counter-ion control [J].
Advanced Functional Materials, 2016, 26(20): 3438-3445.
HE L, DUAN L, QIAO J, et al. Blue-emitting cationic
iridium complexes with 2-(1H-pyrazol-1-yl)pyridine as the
ancillary ligand for efficient light-emitting electrochemical
cells [J]. Advanced Functional Materials, 2008, 18(14):
2123-2131

DING J Q, WANG B, YUE ZY, et al. Bifunctional green
iridium dendrimers with a “Self-Host” feature for highly
efficient nondoped electrophosphorescent devices [J].
Angewandte Chemie, 2009, 48(36): 6664-6666.

LIUY, YE K, FANY, et al. Amidinate-ligated iridium(III)
bis(2-pyridyl) phenyl complex as an excellent phos-

phorescent material for electroluminescence devices [J].



36

pal

42 %

Chemical Communications, 2009 (25): 3699-3701.

[16] RAI V K, NISHIURA M, TAKIMOTO M, et al.
Guanidinate ligated iridium(III) complexes with various
cyclometalated ligands: synthesis, structure, and highly
efficient electrophosphorescent properties with a wide
range of emission colours [J]. Journal of Materials
Chemistry C, 2013, 1(4): 677-689.

[17] LAMANSKY S, DJUROVICH P, MURPHY D, et al.
Highly phosphorescent bis-cyclometalated iridium
complexes: Synthesis, photophysical characterization, and
use in organic light emitting diodes [J]. Journal of the
American Chemical Society, 2001, 123(18): 4304-4312.

[18] LAMANSKY S, DJUROVICH P, MURPHY D, et al.
Synthesis and characterization of phosphorescent cyclo-
metalated iridium complexes [J]. Inorganic Chemistry,
2001, 40(7): 1704-1711.

[19] MA D, TSUBOI T, QIU Y, et al. Recent progress in ionic
iridium(IIT) complexes for organic electronic devices [J].
Advanced Materials, 2017, 29(3): 1603253.

[20] &R e, 24, WA, 5. WAL (ppy):
(acac) ML G . A5 SRAE RO GBI T]. 74
48, 2015, 35(2): 141-151.

YAN C X, L1 Y, CHANG Q W, et al. Batch synthesis,

characterization and light-physical properties of bis(2-
phenylpyridine)-(acetylacetonate) iridium(III) [J]. Chinese
Journal of Rare Metals, 2015, 35(2): 141-151.

[21] A, =R, £, & —ME T MRS YK
B RIERNERERFFC[T]. B142)8, 2019, 40(1): 18-24.
LIJ, YAN C X, JIANG J, et al. Synthesis, characterization
and yellow-light-emitting properties of a novel ionic
iridium complex [J]. Precious Metals, 2019, 40(1): 18-24.

[22] NEVE F, DEDA M. L, CRISPINI A, et al. Cationic cyclo-
metalated iridium luminophores: photophysical, redox,
and structural characterization [J]. Organometallics, 2006,
23(24): 5856-5863.

[23] CALOGERO G, GIUFFRIDA G, SERRONI S, et al.
Absorption spectra, luminescence properties, and electro-
chemical behavior of cyclometalated iridium(III) and
rhodium(IlI) complexes with bis(pyridyl)triazolel ligand
[1]. Inorganic Chemistry, 1995, 34(3): 541-545.

[24] SERRONIS, JURIS A, CAMPAGNAS, et al. Tetranuclear
bimetallic complexes of ruthenium, osmium, rhodium, and
iridium. Synthesis, absorption spectra, luminescence, and
electrochemical properties [J]. Journal of the American

Chemical Society, 1994, 116(20): 9086-9091.

k skok sk skoskoskosk sk skoskoskosk sk skoskoskoskoskoskosk sk skoskok sk skoskoskoskoskoskoskoskoskoskoskoskosk sk ok sk sk ok sk ok sk sk

(FgE) SERUFER SRR

EERRNMBIEZERTRR, BIRKREER
BRZE X E R B(R R MRIERR.

EERIEZIRX AR MER, THREE, 7
FE—RZHR, FaFANERIEEXR; (EEKiE,
BXPERME, FEMELERUREER. &
RERWEH TR, FIERIFEAE.

AATEHNIE, FERETFENMN. 775
B A AT R oh SRR R B AR

ST FEEFURFUARNES Lk £
17 EEMEEBATIEI, FHRATEFEE
HEER. AHZAFHEME S S EEEENER
%, EEREERATIRINELRZITAMNA
EELAER. BRI, BHEREIHEE, LUE
BITALIE.
(RE&R) wiEx
2021 £ 8 A



