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Color tuning and mechanism for symmetric/asymmetric Ir(III)
phosphorescent complexes bearing aldehyde group

TIAN Zhuanzhuan, GUO Haoran, YANG Xiaolong, ZHOU Guijiang
(School of Science, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Employing two different 2-phenylpyridine-type ligands with aldehyde group, four
symmetric/asymmetric Ir(III) phosphorescent complexes have been developed. Both changing the
substitution position of the aldehyde group and asymmetric structure can tune the phosphorescence color of
the Ir(III) phosphorescent complexes. Critically, changing the substitution position of the aldehyde group
are much more effective in meeting the purpose, since the phosphorescent emission maxima can be shifted
ca. 100 nm. Theoretical results indicate that the electron-accepting ability of the aldehyde group can be
affected greatly by electronic features of its substitution position. When substituted on electron-deficient
position, aldehyde group can change the orientation of the charge-transfer process to form more stabilized
metal to ligand charge transfer (MLCT) states, which induce the red-shift effect in phosphorescence
wavelength of the Ir(III) complexes. In addition, the phosphorescence wavelength for the asymmetric
complexes exhibits red-shift effect compared with that of the symmetric analogs.
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C1: 7°% 61%. "H NMR (400 MHz, CDCls): 6 9.63 (s, 2H), 8.56 (d, J=5.6 Hz, 2H), 8.00 (d, /=8.0 Hz, 2H),
7.88 (t, J=8.0 Hz, 2H), 7.70 (d, J=7.6 Hz, 2H), 7.35~7.30 (m, 4H), 6.70 (s, 2H), 5.26 (s, 1H); FAB-MS (m/z):
656 [M]"; CaoHasIrN>Os T E M HTHAE (%): C53.12, H3.54, N4.27; 52fH (%): C52.98, H3.47,
N 4.15.

C2: 7% 63%. 'H NMR (400 MHz, CDCLy): 6 9.80 (s, 2H), 8.49 (d, J=5.2 Hz, 2H), 8.05 (s, 2H), 8.03
(d, J=9.6 Hz, 2H), 7.88 (t, J=6.4 Hz, 2H), 7.12 (dd, J=0.8, 8.0 Hz, 2H), 6.45 (d, J=7.6 Hz, 2H), 5.26 (s, 1H);
FAB-MS (m/z): 656 [M]"; CaoHyItN,O4 JTCE TR (%): C 53.12, H 3.54, N 4.27; S (%):
C 53.20, H3.39, N4.18.

2.2 FEXRNKREAY C35 C4 AR

RS T, | HEASBRERA. 1 9 RR 2-28F8MEmE & 1 481 IrClynH,0 75K 4 Z,
MR Ay A, BEFE R INAE 110°C IRV 18 h. ARIGA IR =M, AL B TK, il Al i il
W, FERTEDUE 3 K, A TERAGR AR A . ERSFEBET, BRI SY . S R
SRR f 10 A5 Bt (S K BRBR AN & — I STk rh, T 110°C MY 16 h. [N SEEE S, W HIMA L5
TR, L IEWBCERAE A BTTE, JERPEDTIE 3 I, B THRARH Y. AR5 H S T Bk DR R A feE I
FEL2lifl, 5 gk R AR .

C3: % 25%. "H NMR (400 MHz, CDCl3): 6 9.63 (s, 1H), 8.57 (d, J=5.2 Hz, 1H), 8.51 (d, J=5.6 Hz, 1H),
7.95 (d, J/=8.0 Hz, 1H), 7.89 (d, J=8.0 Hz, 1H), 7.83~7.78 (m, 2H), 7.67 (d, J=8.0 Hz, 1H), 7.57 (d, J=7.6 Hz,
1H), 7.33~7.18 (m, 3H), 6.83 (t, J=7.2 Hz, 1H), 6.75 (s, 1H), 6.70 (t, J/=7.2 Hz, 1H), 6.20 (d, J=7.6 Hz, 1H),
5.23 (s, 1H); FAB-MS (m/z): 628 [M]"; CagHa3IrN,O3 JGE /MBS (%): C 53.58, H3.69, N 4.46;
SEMIME (%): C53.39, H3.53, N4.35.

C4: 7% 23%. "H NMR (400 MHz, CDCL3): 69.79 (s, IH), 8.52 (d, J=5.2 Hz, 1H), 8.47 (d, J=5.6 Hz, 1H),
8.04 (s, 1H), 8.01 (d, J=8.0 Hz, 1H), 7.89 (d, J=8.0 Hz, 1H), 7.85~7.79 (m, 2H), 7.57 (d, J=7.6 Hz, 1H),
7.23~7.18 (m, 2H), 7.10 (d, J=8.0 Hz, 1H), 6.85 (t, /=8.0 Hz, 1H), 6.71 (t, J=7.6 Hz, 1H), 6.51 (d, J=8.0 Hz,
1H), 6.19 (d, J=7.6 Hz, 1H), 5.24 (s, 1H); FAB-MS (m/z): 628 [M]"; CasH3IrN,O3 JCZ /T HL(H (%):
C53.58, H3.69, N4.46; SZllf (%): C53.43, H3.55, N43l.
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Fig. 1 Synthetic scheme for the symmetric and asymmetric Ir(IIl) complexes bearing aldehyde group
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Fig.2 UV-Vis (a) and PL (b) spectra of the symmetric and asymmetric Ir(III) complexes in CH,Cl, at 20°C
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Tab. 1 Photophysical data for the symmetric and asymmetric Ir(IIl) complexes

(a7 WL (20°C) Japs/mm KA (20C) Jewnm  @," g, %ps
C1 262, 285, 306, 368, 413, 443, 496, 514 596 0.29 0.23
C2 262, 295, 333, 372, 398, 452, 478 500 0.92 0.12
c3 262, 285, 361, 377, 400, 419, 447, 482, 518 612 017 021
Cc4 262, 300, 336, 378, 404, 456, 486 511 0.84  0.10

: OFF CHCL H L 107° mol/L ik @FE S CHLCly ' fac-[Ir(ppy)s] (@, = 0.40), Aoy = 360 nm; @ AEHE
JiA CH.CL AR5, 107° mol/L IR Wik ISR, FLAE 20°C R IR HTAT B S KU K3 8 125 370 nm
71 360 nm EAMNCHIBOR T, BCGPVEBEAA AR SE 5, BEY C1 M C3 Kk OEUAROL
(photoluminescence, PL) K5 HI7E 596 nm M 612 nm, 1fif C2 F1 C4 B KA S 274 500 nm

K 511 nm. EATTECKHT Stokes {782 LA SR 0 Z5 dir (A13& 1 P ) 80 R WXL 4 s Ttk
G WARIGIERE (Il 2b Fiad), WAY C1 M C3 MERBHE R G KA Y, SEXREC A C3 1
B KRR C1 MRS . 34— HIRC G C2 R C4 RILH JLFAH R B R AT o (EAE R
JE, LAY C1LR C3 i K e R BT K B C2 FI C4 RILH W B BILE . X —45 Rl B E H,
PSR P IR B Y45 Tr(TID) ) 2- 2R FERLE BE S Bl 016 I 45 40 A ' L, ) S s

LA Ir[(ppy)s] CBEG R 17773 @y 404 0.40) A FriEY), SER X LL ML &1 @, (670734 0.29+ 0.92.
0.17 F1 0.84. ILrfr, BEFEAL-Fulbme BRI AC G4 C2 M C4 HATHE &) &, fH . X Pl 2 7 —J7 A&
BT R E IR A U ORI IR0 7 RO — AR, o — T2 thc 5 W
AR ar A F SRR C2 A1 C4 HAT R IIWEC A7 i, ) LLUR/NAC 510 M et RE 2K 241K BE 0 A 8 5 BRAT 1)
JLE, I s RO
3.3 ROGEHGRENE

18 2 /5 PL OGS AT DUE H, G 6 1 e S O B AT A ROR 2 SR T & 0 A B A6 B I
ML AN [) 2% B0 A7, B e KRS 2R TR 100 nm, A B NS0 ELEAR A6, A ]
AEH IR A, PR IL A I AL T DB R RH A GBI I R

HHOHF TR W, Tr(LD) ) 2- 28 FERHE I A 507 FA R S5 505 T "MLCT SRS (s S 2l 112,
M TD-DFT Kt 4 RKE, KERAYH =4S RIT S 70 THIER w5 570 788 Chighest
occupied molecular orbital, HOMO) — I fILA 54 73 T-#1Li& (lowest unoccupied molecular orbital, LUMO)
BRI RHR LRGN, X — s NP TR BOR R CTE (A0 0.6) W LUA (K 2 Bion). iR SRCEY 1
SEASPOT RS R 2 THOE AT LA (3 Fros), XEEEC S Y = LS R R
SCHATW B MLCT 425, B 2a iR A H, C1 5 C3 ) MLCT Wi €2 5 C4 W B R A4
¥o Wgitdl, C1145 C3 1) MLCT #Uk&MREN EIZizftT C2 5 C4 () MLCT #Uk A MR, ik,
PR MLCT BORES B S BT C1 55 C3 R ULELL C2 55 C4 K, XDtk gi R RuEsL (i
Bl 2by K1 Pra). MULESERORE, HEFEREN 4 C1 5 C3 1) MLCT #Uk &4t C2 55 C4 11
0 BRAR, 0 TT DA A8 R 1 R RO B AN R0 T e A W) A B R R L3
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Tab. 2 Contribution of the metal d, orbitals to the HOMO and LUMO together with the TD-DFT calculation results

e d, HLEX HOMO  d BUIEXT LUMO B9 T, & CLRIFM Ti&AHTH-LER  Si&H CLRIF S & HoL B S-S, HEK

i STk L/ % TR LY/ % o . BT E/% WRAKREY MESEEY/%  E
C1 44.75 2.29 H—L (0.630 17) 79.4 H—-L (0.693 11) 96.1 0.047 3
H-3—>L+1 (0.240 67) 11.6 457.1 nm
534.5 nm
C2 39.96 4.86 H—L (0.548 49) 60.2 H—-L (0.692 14) 95.8 0.048 3
H-2—L+1 (0.252 48) 12.7 405.6 nm
H-3—L (0.13143) 3.5
470.9 nm
C3 42.85 2.66 H—L (0.641 48) 82.3 H—-L (0.685 80) 96.4 0.023 3
H-3—L (-0.218 73) 9.6 476.6 nm
549.1nm
C4 40.88 5.01 H—L (0.569 25) 64.8 H—-L (0.681 32) 92.8 0.030 2
H-3—5L (0.217 42) 9.5 418.8 nm
H-2—L (-0.137 71) 3.8
478.4 nm

e QXY KIE T AOMix 2474 (1) DFT 454 @H—L &5 HOMO ## %] LUMO; CI R/ndASAHEAEH

y LUMO+1
LUMO+1
LUMO
LUMO
. HOMO
HOMO
HOMO-2
V HOMO-3
HOMO-3 M
b—C2
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Fig. 3 Patterns of the critical molecular orbitals corresponding to the important electron transitions in these symmetric and
asymmetric Ir(IIT) complexes

— kAR, Ir(IID) R 2-2R LNt e S5 lE A0 5 111 MLCT B4k 25 T iiied FE A2 A B HE 7 A Tr(TID) A0 31 i
PRl kg SR RN BRI, AN C1. C3 Sl R SR AT R 5C (1 43 U 43 A T LU HY (
Kl 3 Biz), Ir(ID)H 0 d BLiEx C1 5 C3 B HOMO $uE stk 1R A, e AT#) LUMO $Uis 4 e itk g 26
) m SBERE AL, BRI o RO PLIEXT LUMO skt k. Xt C1 5 C3 M FrEskid f B 7
M Te(ID) H L R R BE #A 4, 2 BRAT 2 HAT W PRI (I 3 o) X HL RO A
A DA T 3 B T L bk e PR AT S R I e 2 M (R BE ) o I el T SE AR M 2 R ), AR AR
€ T Ir(D) o0 B EEEE f 7 BT JE i) MLCT SR, SRUILREGUR . X — 451015 21584 itk 45
SCFE CanfEl 2a fis). Bk, C15 C3 BARAES Y MLCT R SR T 1X e R S B R 55
BERK,

SR, C2 5 C4 L HAWHL FIMEEIE, HILBHOUR BB KEERT 2 . R4 DL L HTR B AR M3 3 a0
T4t C2 M C4 PRI C1 M C3 Wh IS Z L RE ) Z20HAR K. C2 5 C4 S o S BESILIE
X LUMO HUE /M oTEk Canl&l 3 o) WcRf Bid4iie. 5 C1 A C3 AN, C2 #il C4 1) LUMO
BUE T BN E IR o SOEEE L. XU, C2 A C4 [ T IRT S R  [R12E Tr (L) S A A
], 3572 M eI HO BRIE S 28 CAnlE 3 o), XU C2 5 C4 H L2 HEL T IR BE ) BRI
TS ., 1% R B B AN R3S o T8 BHAREC 54 Tr[(ppy).acac] () HOMO 43+ %t & L

CanfE 4 Frzs), C2 5 C4 L EUARAL B w7, SRRt ad i SR s Y I 59 T 2 H T IR RE
AW, C15 C3 RIS B ol 1, nf DU P e B2 i I Re . Ritk, €2 5 C4
HP R IREBE 7 S IE B4 38 2 (D H ORI LTI SE i B A T %, 2 1 e U359 C1
5 C3 g A TR Bk, C2 5 C4 R AN REFL 2 BT B BCRE S TR MLCT k%S, B
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Fig. 4 HOMO pattern of the mother complex Ir[(ppy),acac] with the indicated electronic features for the substitution position of
aldehyde group
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Fig. 5 Mechanism involved in the emission-color tuning by the aldehyde group and its substitution position
M1 2b WA Y, ARXS BR G R BN BR G548 1 LA B A S B BRZY 100 nm LR IS . A
ST IEE > A K, AER LG €3 5 C4 1) LUMO 84 vh T8 L 0 Ak L CanlEl 3 jis).
C3 WS o BTG S C4 P& IR ERCANERE ) o S PEXTE AT LUMO By B ¥ 5Tk (i
Kl 3 fros). MAEXFRECEY C1 A C2 H, PIAS ERCAA A SC A7 #4500 LUMO otk (4l 3 Bras).
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e, WARIXHFENS P BRIT R e R IR, TR MLCT SOk AIIRES . AEARXIARIC &)
C3I M C4f, T PR EESR DR, AMAAETRAEZ R TREM, AR TR,
LA MLCT ¥k A I RE EAIR L

4 ZEig

AR 2-FRHENEIE (R0 5N R I A O B n] AT RORE Te(TID) ) 2- KSR e i &1
Gr T EIBECROGIE o K BB Wb BEFR (10 IR) (57 8% 05 A7, AH IG5 40 1 06 R S A 0 #1748 100 nm,
B NGO HRAR Rt . BARWT ORI, X A7 20 R 42 S 2ty IR B AR 7 =
AN, R R 52 T RE ) AR o IR T A I L R L RE Y, AT S TS
EUBEC S T AT R T 10, AR CEARREZL 1 MLCT WUR A I8 U6 R KA . 74k, dEXIHRE;
PRI D 53 1 RS K I AR S ) R AR AR o X — ROG A T #2 SEms RG B b, A
Ir(TID) ¥ 2- 2B WE S 540 7 5 W6 A OEEE IR 5 S 1k 107 R it
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