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Preparation, structure and photoelectric properties of thermally
activated fluorescence-delayed Z-type chain complexes based on

heteroatom strategy
LIU Huiling, LI Jiaxuan, TANG Beibei, HUANG Jiacai, QU Xingyu, CHEN Lianqing"
(School of Chemistry and Materials Science & Key Laboratory of Catalysis and Energy Materials Chemistry of Ministry of
Education, South-Central Minzu University, Wuhan 430074, China)

Abstract Heteroatom strategy is frequently employed in the wavelength modulation and synthesis of thermally activated
fluorescence-delayed materials. By introducing heteroatoms (S, O and N) with varying electronegativity, the electron
cloud distribution of both the primary and auxiliary ligand was modified, thereby the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) energy levels of the heavy metal complexes were improved.
Three ligands (Stz, Otz and Niz) and their corresponding complexes—S "N, SN, S”N, O”N, O,°N, O,*N, NN,
N,”N and N,°N were prepared by one-pot solvothermal method and characterized by FT-IR, NMR ('H, “C, "F, *'P),
elemental analysis (EA), mass spectrometry (MS), X-ray photoelectron spectroscopy (XPS), thermogravimetric analysis
(TGA) , ultraviolet-visible (UV-Vis) spectroscopy, photoluminescence (PL) and electrochemical methods. Single crystal
structural analysis revealed that the metal complexes exhibited a long-range ordered Z-type chain structure. The maximum
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between 229-245 nm, indicating excellent luminescent performance. Particularly, the introduction of heteroatom O or N
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lowered the LUMO energy levels of the complexes, facilitating a blue shift of the luminescence wavelength, which was

consistent with the electrochemical characterization results. Experimental findings demonstrated that the heteroatom

strategy effectively modulated the luminescence wavelength of the complex, providing a viable approach for developing

high-efficiency luminescent materials with robust thermal stability.

Keywords heteroatom strategy; thermally activated delayed fluorescence (TADF) ; Z-type chain complexes; photoelectric

properties; wavelength adjustment
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Tab. 1 Crystal cell stacking structure data of complexes

Crystal Data SN 0N
Vi EN C,H,,F IIN,PS,0, C,H,,F IIN,PS,0,
4y FH/(grmol ™) 1016.10 891.84
LS Monoclinic Triclinic
23 () i C2e P-1
alA 20.737(3) 11.884(2)
bIA 14.482(2) 12.611(3)
/A 15.370(4) 14.567(3)
al(®) 90 77.01(3)
BI(°) 123.525(10) 66.69(3)
y/(°) 90 62.94(3)
A ARBYA? 3838.9(13) 1783.0(6)
Z 4 2
P/ (mg-m™) 1.758 1.661
w/mm’™ 3.802 3.968
TR /K 296(2) 293(2)
Wik (Mo-Ka)/A 0.71073 0.71073
A A R F /mm 0.20x0.10x0.10 0.10x0.08%0.06
0/(°) 2.36 10 25.05 1.52 to 27.42
TR AR G —24<h<24,-16<k<17,-12<I<18 0<h<15,-14<k<16,-17<I<18
F(000) 2016 872
P iR 9785/3380 (R, =0.0348) 8014/8014 (R, =0.0000)
HTF PP GOF i 1.033 1.088
AR [1>20(1) ] R,=0.0365, wR,=0.0884 R,=0.0407, wR,=0.1120
BAHT R (F7) R =0.0447, wR,=0.0944 R1=0.0561, wR,=0.1212

1.2 SKIEFE
1.2.1  FBEARE AR

XoF R H G R 08 B B R AR B S BRI
0.05 mol XF % Z& H R T 50 mL [8 JiE B, Jim A
10.00 mL SOCL,, 5 R 5.0 h. W 58 42 ) , 18 o U
JEZE IR 2% SOCL, , I AU ol 28 1R 1 381 1 o 4 FH
B . RS, BT 30.0 mmol % G478 FP BE & A 2]
27.0 mL CH,CL A, ZEOKIE Z51F T L i1 15 mmol 85%
KA R, AR FE 2.0 h. Z )5, i 8 H Z0R A,
PEATVEUE T8, O 38 1 5 4 R A A SR AT AR
L .

F A Stz Otz Ntz — B VA G AL TR anE 1

7R < 5 10 mmol Fif 3K A4 X 2 FH R AT 30 mmol A
I (IR (Stz: TURAL 8 Otz 1o %84k 8% \Niz:
RTR U EE ) I A TSR A AR AT IR 29 0.5 h s, 5%
FEH 1Y 50 mL 2R DU 2 AR A FEJINA 25 mL
FH 2 7 i O 28 A S 140 °C, U 14.0 h. AR
WA BRI, R TITE Y I Z2 K BE s AR5 18
85 % P L2 i DLt — 2P 44k, 15 8 Stz . Otz Ntz
HAH I PE RO RAEBAIE T

Stz: FIOH R, 773 76.6%. IR ofem™: 3068 (Ar—
H),1585 (C—N), 1507, 1439 (Ar—), 1231, 1143 (C—
F),623 (C—S—C) ;'H NMR (CDCI,, 400 MHz) &:
8.02(q,J=5.2,4 H),7.25 (1,J=8.8,4 H) ; °C NMR
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Fig. 1 Synthetic route of main ligands
(CDCl,, 101 MHz) &: 139.94, 129.31, 126.50, 165.04, 164.78, 162.54, 162.31, 160.44, 154.82,
123.22,120.69, 109.57; “F NMR (CDCL,, 377 MHz) 130.87, 130.78, 128.25, 128.17, 127.20, 127.17,
0: —108.09. Anal. caled: C 61.53, H 2.58, N 10.25; 124.18, 124.15, 116.26, 116.04, 115.68, 115.46,
found C 61.50, H 2.62, N 10.28. GC-MS (m/) : 274 36.96; “F NMR (CDCL, 377 MHz) &: -109.65,

(M*),153,122,136,139,107,95.

tz: @A, 72 % 89.1%. IR o/em™) : 3071
(Ar—H), 1606 (C—N), 1494, 1352 (Ar—), 1229,
1137 (C—F) , 1047 (C—0—C) ; 'H NMR (CDCl,,
400 MHz) 6:8.09 (t,J=5.6, 4 H),7.14 (d, J=8.0, 4
H); "C NMR (CDCl,, 101 MHz) 8: 164.46,162.13,
129.05, 121.47, 115.81; °F NMR (CDCI3, 377 MHz)
8: —106.68. Anal. caled: C 65.07, H 3.09, N 10.93;
found C 65.11, H 3.19, N 10.94. GC-MS (m/z) : 258
(M*),201,136,123,95.

Ntz : # (R A, 7% 33.5%. IR o/em™:3059 (Ar—
H),1533,1484,1363 (Ar—),841 (C—N—C), 1615
(C—N) ; 'H NMR (CDCI,, 400 MHz) &: 8.16 (m,
2H),7.77 (m,2 H),7.22 (,J=84,2 H),7.14 (,J=
7.2,2H),4.02 (s,3 H);"C NMR (CDCL,, 101 MHz) §:

E

—112.25. Anal. caled: C 66.43, H 4.12, N 15.51;
found C 66.47, H 4.13, N 15.50. GC-MS (m/z) : 271
(M*),257,122,136,95.
1.2.2  Z A4k F 23 Bo4 6 R

— BV RS A R BRI A W 25 R an 151 2 ot
7+ FREL0.30 mmol 7K A& = S ALARTA 50 mL 2 PU 5K
NIRRT A 0.85 mmol A 9.5 mL £
B ZL Tk 3.0 mL 2RI K SRS FE R RO 2 T
120 “CR WY 16 h. W 58 42 J , 8 IFPe AT H Y [
PR JBURE (R - /K TEK I IE E %), Bt 5
B EAR A 2, FREL0.1 mmol EAN A T 50 mL
RIUG M IR InA 0.25 mmol 4 B it 4 ( 2,
PR % — B AR R — TR A ol — AR B IR — 2 iR
#f),1.00 mmol Na,CO,F110.0 mL & -5 2 Mk, T
120 “CF [N 14 he RSO0 2 3 2 %00 5 il of ok

F
§ D x.,@
: { st
7% EQ \\\/
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Fig. 2 One-pot thermal synthesis of iridium complexes
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SAN: ZL 8 K K, 7= % 60.9%. IR o/em™: 3073
(Ar—H),2913 (—CH,) ,2865 (—CH,), 1586 (C=
N), 1522, 1453, 1369 (Ar—),1263,1155 (C—F),
634 (C—S—C) ; 'H NMR (CDCl,, 400 MHz) §: 8.04
(t,J=5.6,4 H),7.52 (t,J=5.6,2 H),7.26 (t, J=8.4,
4H),6.51 (t,J=8.4,2 H),6.15 (d,J=9.6,2 H),5.29
(s,2H),1.94 (s,6 H); "C NMR(CDCI,, 101 MHz)
8: 175.16, 164.83, 163.17, 132.59, 129.54, 129.47,
128.06, 126.44, 119.97, 119.73, 116.52, 116.34,
109.41,49.21, 43.35, 12.37, 12.03; "F NMR (CDCl,,
377 MHz) §: -107.32, -108.24. Anal. caled for
C,H, O,NS,FIr: C 47.15,H 2.90, N 6.63; found C
47.11,H 2.86,N 6.65. MS(FAB) : m/z,840(M").

SN G K K L 77 % 66.6%. TR a/em™: 3063
(Ar—H),2934 (—CH,),2863 (—CH,), 1597 (C=
N),1547,1496,1363,1267 (Ar—),1236,1162 (C—
F),636 (C—S—C); 'H NMR (CDCl,, 400 MHz) §:
8.11 (,J=5.6,4 H) ,7.62 (q,J=5.2,2 H),7.19 (t,J=
8.8,4H),6.56 (1,/=8.8,2 H),6.28 (d,J=9.6,2 H),
439 (m,2 H),4.14 (m,2 H),1.19 (t,J=5.2,6 H);
“C NMR (CDCl,, 101 MHz) §: 175.16, 164.83,
163.17, 132.59, 129.54, 129.47, 128.06, 126.44,
119.97,119.73,116.52,116.34,109.41,49.21,43.35,
12.37, 12.03; “F NMR (CDCI3, 377 MHz) 6:
-107.53, -108.05. Anal. caled for C,;H,,NS,F,Ir: C
44.63,H 2.86,N 7.93; found C 44.61,H 2.77,N 7.76.
MS(FAB) : m/z,889(M").

SAN: % 4 K, 77 % 57.8%. IR of/em™: 3067
(Ar—H),2928 (—CH,),2848 (—CH,), 1586 (C=
N),1513,1463,1357,1287 (Ar—),1242,1158 (C—
F),640 (C—S—C) ;'H NMR (CDCl,, 400 MHz) §:
7.99 (q,J=5.6,4H),7.52 (q,J=5.2,2 H),7.14 (t, J=
8.4,4H),6.53 (1,/=8.8,2H),6.18 (d,J=9.6,2 H),
436 (m,2 H),4.08 (m,2 H),1.09 (t,/=5.2,6 H);
BC NMR (CDCl,, 101 MHz) &: 166.85, 165.67,
163.16, 129.95, 129.91, 126.43, 116.47, 116.26,
30.29; “F NMR (CDCl,, 377 MHz) §: -106.68,
-106.87;*P NMR (CDCl,, 162 MHz) 8:105.46. Anal.
caled for C,H,,F,N,PS,0,Ir: C 41.57,H 2.64,N 6.08;
found C 41.54, H 2.60, N 6.03. MS (FAB) : m/,

923(M").

ONN: SR, 72 89%. IR a/em™: 3056 (Ar
—H),2917 (—CH,),2825 (—CH,), 1573 (C=N),
1513,1463,1357,1287 (Ar—),1242,1158 (C—F),
1047 (C—0—C) ; '"H NMR (CDCl,, 400 MHz) &:
8.27 (t,J=8.0 Hz,4H) ,7.64 (1, J=6.4 Hz,2H) ,7.27
(t,J=6.8 Hz,4H) ,6.60 (t,J=7.6,2H),6.43 (d,J=9.6
Hz, 2H) , 5.14 (s, 1H) , 1.62 (s, 6H) ;"°C NMR
(CDCl,, 101 MHz) &: 175.16, 164.83, 163.17,
132.59, 129.54, 129.47, 128.06, 126.44, 119.97,
119.73, 116.52, 116.34, 109.41, 49.21, 43.35, 12.37,
12.03; “F NMR (CDCl,, to HF) &: -106.8, —108.1.
Anal. caled for C;H, ON,F,Ir: C 49.19, H 2.63, N
6.95; found C 49.06,H 2.58,N 6.94. MS (FAB) : m/z,
806(M").

O, N: A4 K, 7= % 88%. IR o/em™: 3078 (Ar
—H),2932(—CH,),2829(—CH,), 1563 (C=N) ,
1542, 1473,1347,1274 (Ar—),1232,1148(C—F),
1039(C—0—C) ;'H NMR (CDCl,, 400 MHz) §:8.27
(t,J=7.6 Hz,4H) ,7.63 (t,J=6.8 Hz,2H),7.28(t, J=
6.8 Hz, 4H) , 6.66 (1, J=8.8 Hz, 2H) , 6.31 (d, J=9.6
Hz,2H),3.82(m,2H) ,3.54(m,2H) , 1.29 (1, J=7.2
Hz,6H);°C NMR (CDCL,, 101 MHz) 6:175.4,166.9,
166.3, 162.9, 162.4, 154.2, 129.3, 129.2, 127.3,
121.6, 120.3, 119.7, 117.3, 110.3, 71.9, 66.8, 63.7,
16.7, 16.6; “F NMR (CDCl,, to HF) &: -106.5,
-107.4. Anal. caled for C;H,,O,N.S,F Ir: C 46.36, H
2.83, N 8.19; found C 46.28, H 2.76, N 8.10. MS
(FAB): m/z,855(M").

O/N: G088 K , 7 % 86%. IR o/em™: 3059 (Ar
—H),2920(—CH,) ,2851(—CH,), 1573(C=N) ,
1526, 1457, 1360, 1272 (Ar—) , 1237, 1146 (C—F) ,
1038(C—0—C) ;'H NMR (CDCI,, 400 MHz) &:8.24
(t,J=5.2 Hz,4H) ,7.63 (t,J=8.0 Hz,2H) ,7.28(t, J=
7.2 Hz,4H) ,6.70 (1, J=6.4 Hz,2H) , 6.43 (d, J=7.6
Hz,2H) ,4.45 (m,2H),4.20 (m,2H), 1.35(t, J=6.4
Hz,6H);°C NMR (CDCl,, 101 MHz) 8:174.1,164.1,
162.4, 161.6, 157.6, 128.3, 125.8, 120.6, 119.1,
118.8, 115.7, 115.5, 108.4, 108.3, 42.4, 42.1, 11.7,
11.4;'P NMR (CDCI,, to H,PO,) 8: 106.5; "F NMR
(CDCl,, to HF) §: —105.4, —106.2. Anal. calcd for
C,H,,F,N,PS,0,Ir: C 43.09, H 2.71, N 6.28; found C
43.05,H2.79,N 6.25. MS (FAB) :m/z,892(M").

NAN: W OR A , 755 86%.1R af/em ™ : 3064 (Ar—
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H),2917 (—CH,), 2856 (—CH,), 1586 (C=N),
1527, 1440,1362,1279 (Ar—),1235,1161 (C—F),
836 (C—N—C); 'H NMR (CDCl,,400 MHz) §: 8.24
(d,J=6.8 Hz,4H),7.57 (d,J=7.2 Hz,8H),6.83 (m,
6H),5.12 (s, 1H), 1.36 (s, 6H) ; *C NMR (CDCl,,
101 MHz) &: 173.9, 160.8, 162.1, 161.2, 157.3,
128.2, 125.6, 120.3, 118.3, 118.6, 115.5, 115.2,
108.2,108.0,42.3,41.8,11.5,11.2; “F NMR (CDCl,,
to HF) 8: —105.3,-105.9. Anal.calcd for C,,H,,O,N,F,
Ir: C 54.01,H 3.43,N 7.64; found C 53.96,H 3.39,N
7.68 . MS (FAB) : m/z,734(M").

NAN: LR O R, 7% 85%.1R o/em™: 3077
(Ar—H),2935 (—CH,),2847 (—CH,), 1572 (C=
N),1527,1458,1349,1273 (Ar—),1237,1142 (C—
F),834 (C—N—C);'H NMR (CDCl,, 400 MHz) &:
8.21 (d,J=6.0 Hz,4H),7.59 (d, J=6.8 Hz,8H) , 6.84
(m,6H),4.51 (m,2H),4.22 (m,2H),1.35 (1,/=6.8
Hz, 6H) ; “"C NMR (CDCl,, 101 MHz) &: 173.2,
163.7, 161.9, 160.8, 157.3, 127.5, 125.2, 120.1,
118.4,118.1,115.1,114.3, 107.6, 107.7,41.7, 41.2,
11.2, 10.6. “F NMR (CDCl,, to HF) &§: -106.7,
-108.3. Anal. caled for C;HNS,FIr: C 50.62, H
3.60, N 8.94; found C 50.66, H 3.54, N 8.87. MS
(FAB): m/z,783(M").

NAN: 8 4408 K, 72 % 83%.1R o/em™: 3066
(Ar—H),2932 (—CH,),2845 (—CH,), 1573 (C=
N),1527,1473,1376,1265(Ar—),1239,1152 (C—
F),842 (C—N—C); 'H NMR (CDCl,, 400 MHz) &:
8.25 (d,J=5.6 Hz,4H) ,7.58 (d,J=6.8 Hz,8H),6.85
(m,6H),3.85 (m,2H),3.52 (m,2H),1.29 (t,]=6.8
Hz, 6H) ; “C NMR (CDCl,, 101 MHz) &: 172.3,
161.9, 159.3, 158.1, 155.2, 126.2, 123.7, 118.9,
117.3,116.6, 113.9, 113.6, 106.5, 106.2, 40.1, 39.4,
12.7, 10.5; “F NMR (CDCl,, to HF) &: -107.5,
-108.1; *'P NMR (CDCL,, to H,PO,) 8: 106.6. Anal.
caled for C,,H, ,F,N,PS,0,Ir: C 46.88,H 3.44,N 6.83;
found C 46.79, H 3.45, N 6.85. MS (FAB) : m/,
820(M").

2 H#R5ITIE

2.1 LISMSIES R
N T RAAE Y 73T 45, SR AR HL 21 Ak

(FT-IR) X} e 44 Stz Nz 1 Otz BEATHFSE . AN 1A 3 FiI g
2R, EBUTE 1625~1450 em™ T8 [l P FRHS 40 25 #4 of
N F 2R R E 2R ) C=C P 4 4 2 I i, 1610 em™
B 3 U2 LT 4% BR C=N A 40 B 3 R g 0 .C—F fif
45 4% 3h W ST 57 7 1350~1100 em™, 43 51 %5 17 Jic 44
Stz ¥ 1371 ,1233 F1 1139 em™, B4 Otz 4 1355, 1229
1137 em™, LA AR Niz /) 1349 1249 AT 1155 em ™2
B4 Stz (1) C—S—C . FL A Otz (1Y) C—O0—C FIFL A Ntz
) C—N—C 1 45 4i 2h W Wi 43 591 % 7 F o6 44 34
6231047 F1832 em™", 3% & B B s & Al 2.

T(\) /%
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o/cm™!

[#]3 WA Stz Otz Niz ZL AP 1%

Fig. 3 Infrared spectra of Stz, Otz, and Ntz ligands

222 TitfK Stz Otz M Ntz LN
Tab. 2 Infrared data of Stz, Otz, and Niz ligands

1

olem’ olem’ olem’

e
Ar—H C—X—C C=N Ar— C—F

Stz 3068 623 1585 1507 1439 1371 1233 1139
Otz 3071 1047 1606 1494 1352 1355 1229 1137
Ntz 3059 832 1615 1533 1484 1349 1242 1155

2.2 ¥REERAE

F LA Stz Otz Ntz (14 53 25 14 FA% g 55 4
P& 4 F13% 3. FBAK Otz F1 Stz 5578 5 Fb AN [] 2 24 (1)
AT TFREF A H A0 T 7.2, HoAk 2 B
AR SRR HIT R H A E RS S e ok, v F
298.0, X AT REJE R A HOTAR I L FRE I K T F
JEF 2 EFCK Nz 6 N _E A H g% JEBUC S , R 2R
B HERA 2550 4 FOR R SEM T, X 2 B T4
DA% TR e BRI 7 A 1) SR B g 3 i

HooohH X=0. S. NCH,

4 BEAK Stz Otz Ntz 19 5 F 5@ s &

Fig. 4  Schematic diagram of proton assignment of Stz, Otz and Niz ligands
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#3 WA Stz Otz Ntz 9 'H NMR £d
Tab.3 'H NMR data of Stz, Otz and Ntz ligands

"HNMR YFNMR
[iZ
H, H, F
Stz 7.25t(8.8) 8.02 q (5.2) -108.09
Otz 7.141(8.0) 8.091(5.6) -106.68

Ntz 7.221(8.4),7.14t(7.2) 8.16m, 7.77m -109.65,-112.25

F MK Stz Otz Ntz 1Y 53 F 45 ¥ B A2 6 80 P8 WL
B S 4. NF Al LUE 1, 34 8 (LB AR 'H
NMR 3% 76 4 I (94K 3 DX Sk HL A 3R 5 T M 0 2445
X5 FEARW TR TEE AR
FEAR T, %5 48 e (10D B 47 B9 2K 3 ARl
FIRIR A AR S A e (10D B A2 1 AR 10 A 4K
WB. R A BB H T2 35 i e—C 8 bt

e A I 1] 5 3 X BB 2, R FR B E Y BT T AR R
TR AN TR X A F i 2 o E
SR HASRAH FRE &8 e (1. i F A, B,
B, 55T & e 2430, T H e I 24 7 (N
0.S) L B PESR , B AR B R, BRI 7 A il B,
(B,) ##¢ T Jii F A Al B, (B,) i BLAE AR 37 1) X
355 . T PN TR A 1) I H S 24 7E 5,20, TS B Ak
YB3 120 SR A 2 0 X5 SOk
i3 A — 2

H; H, H, H;
— X
4 )
oy
PN-N = X=0. S. NCH,
H; Ir H, H,

K5 BLamRET )8R B

Fig. 5 Schematic diagram of proton assignment of complexes

#4 AR H NMR Bl
Tab.4 'H NMR data of complexes

W& Jm Aok ol B O A
[t} A B
CH, CH,
H, H, H, H,(H,) H,(H,)
SN 6.15d(9.6) 6.511(8.4) 7.521(5.6) 7.261(8.4) 8.04 1(5.6) 5295 1.94s
S,°N 6.28 d(9.6) 6.56 1(8.8) 7.621(5.2) 7.191(8.8) 8.111(5.2) 439 m,4.14 m 119t
S,°N 6.18 d(9.6) 6.531(8.8) 7.521(5.2) 7.14 1(8.4) 7.99 t(5.2) 4.36 m,4.08 m 1.09 t
0, N 6.51 d(8.0) 6.60 t(7.6) 7.64 1(6.4) 7.271(6.8) 8.27 1(8.0) 5.14s 1.62s
0,°N 6.31d(9.6) 6.66 1(8.8) 7.631(6.8) 7.281(6.8) 8.271(7.6) 3.82m,3.54 m 129t
0N 6.43d(7.6) 6.70 1(6.4) 7.63(8.0) 7.281(7.2) 8.241(5.2) 4.45m,4.20 m 1351t
N,AN 6.83 m 7.57d(7.2) 7.57d(7.2) 7.57d(7.2) 8.24 d(6.8) 512 1.36 s
N, N 6.84 m 7.59 d(6.8) 7.59 d(6.8) 7.59 d(6.8) 8.21 d(6.0) 451 m,4.22m 1.351(6.8)
N,AN 6.85m 7.58 d(6.8) 7.58 d(6.8) 7.58 d(6.8) 8.25 d(5.6) 3.85m,3.52m 1.291(6.8)
23 XPSHHF M IS T 4f B WA HEAT SO, T LAB GE AR v I

FIH XPS G 1% 43 BT LA W0 1 T R A RN 24
& 6(a) 7R T BEA 1 SN [HA 8 K 1 (1) XPS 4>
S, T DL SR R T T 7 AR AR
W . 54 JCF 1 XPS 2 Fi bR 1 W PEATXT L, S
AT] LA 2 LA W P AFAE CONLO PSS F Al I L
JLE.

FH & 6(b) AT AT, C 1s FRAEN I T 285.06 eV,
5 C—CHEMZE A REA R . an & 6 (c) im0 1s 1)
15 7 BER XPS 135 AT US55 6 g 532.40 eV Al
529.60 eV Y XL , i U6 o - 45 5 BB 532.40 eV
H5HENC—OHM O 1s WHLIEZ A RE—80 . 1Loh,
WmE6(d) fron, LT RN 1s {5505, HE5 &
B} 400.65 eV. 7EE 6(g) T, F 2s Y25 RETE 25.46 eV
BT, 5 F Y 2s BB —BGAER (h) LS 2p IS 5 g
TE 166.45 eV F1 163.30 eV AL, 43 51 %5 1 S 1Y 2p,,
2p,, A .

HITC ZAL A M. AT LAk R T B4 T 45 4 REAH 22 3.00
eV, 7034 65.20 eV F162.20 eV, K1 Ir JCE 1Y 4F,, 1
TE RN 4,58 . B 6(e) HP Y 5R IG FL T-45 5 68 62.20 eV
5 IrCLAYIENT 62.7 eV 42T, BERH S3AN HH Y Ir T & 1]
AELL I (I ARASTFAE . AT LA H, S50 45 XPS &0
RO S EEREAY G SRR N
24 AL
241 B auEH

G BB LA H) S,AN T OAN Y AL, 25 Fg Ky H g
K FVEE A 23 00 S R T 1B 7 RLR 5. S AR &5+ 43 i 36
B, & JEEBL A S, N & T AR R C e 25 TMIRE, T
EIRHBECEY 0N E T =8N &R P-1 53 [|IRE B
BRI EA cis-C, C Ml trans-N , N BSR4 8
Bic A LA Je — AR i e — 2L TR 4 AR . K 5 90 SN A
ON LI & Rt T i i B2 L il 0 7S e 437 /\
AT A B A A4 Y, 35X A Al F HOMOs # LUMOs [ 43
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Fig. 6 XPS Spectra of S,"N Complex
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Fig. 7 Single crystal diagrams of complexes
BB MBS YN C—Ir—S,N—Ir—S,C—Ir—N  2.493(20) (A)#12.489(22) (A), HA LM, 30
B AR A T AR FE .S, AN VOAN 1Y I —S Ry DN 7P i Ak, B Ak -1 1
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£S5 BREEA Y S, NATONN (¥ H A £
Tab. 5  Bond length and bond angle of iridium complexes S;*N and O,"N

A et
S, N 0,"N
Ir—C(A)  2.023(69) 2.018(60)
Ir—N(A)  2.029(44) 2.043(54)
Ir—S(A)  2.493(20) 2.489(22)
C—Ir—C(A) 91.70(3) 91.57(262)
N—Ir—N(&) 172.55(209) 168.99(217)

C—Ir—S(A) 94.08(182), 173.23(187) 95.10(179), 174.59(211)
N—Ir—S(A) 89.37(148), 96.33(149) 90.34(142), 98.85(166)
C—Ir—N(A) 79.60(238), 95.16(238) 79.48(260), 92.53(254)

242 TR

& 8 /R T SAN A OAN A 2> THEFR A . 42 @ 4k
B AR B KA P i 2 AR RS, A 24
43 8] r—ar R ELAE AN S0 .S, N L B 9 32 (R 2R 3R
559K 3R 2 [] 4 3 1 ] 5 4 3.3990(129) A, ifif 0N
Bl & W52 14 1,3, 4- 18 /43R 55 2K 2R 2 8] 1 F 1T
] 4 3.2675(103) A/3.3504(99) A.O N it 44157
A [ 5 B, - A ECAE 5, R 2 H IR X
LR IMG, X 5K 10 A Z58 & —30W . 1Ak, SN
i & Wy ib £F 78 C,—H,---F, F 28 # 08, (8] 15
2.5401(46) A. L, SN ELA 1A O N B & YITE i
AN 0T LU s\ 52 48 1) S S 22 0 2 B -
AHE AR FHAVEHESE , 35050 A i A 1 v fmy R B A o0
SRk, DT ] Fsf fy A R 174 v A 42 i A0 v 2 D'
Y& Sl
2.5 RESW

R AT AT (TGA) XL A P i AR e Pk A 7
TRAE, S5 RN 9 fr s  AE 260 ‘CLAN ,, =Fhc &
PAE AT R AR A B AR Ak R AR X A
T LN LA P RE S R A7 AE B4 260 °C, FE i
FEURREAR , X 2 B A W AE e I TR EE T IR IR Rk
PEEBACHE A /N T RO RHE i £ R Uk O
AR 38 R B S 2Rk, I A R
1) 3B 388 A 2 70 VA R T B e RO a A AR E 1
13X 2 WA 2% 1 BC G A B B e AR PR I R B
—MECEYITE 300 “CUA_LI, B A TR AR AR
X R WA W3 = B A Tt o3, WA T 54
HA R R AR e .
2.6 BUFESH

IO FHAG R AR 2 A 0 4 8 Ak 25 40 1) e A 2 1
Ji, 25 SR 10 A 6 s AR E S AL AR SR FE Y
G (onset) B, 32 FI LEEUW 19 2303158 4 247
FART X4 JRAKEL A 410 HOMO Al LUMO REZK :

oC
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Fig. 8 Molecular stacking diagrams of complexes
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Fig. 9 TGA spectra of S "N, O "N,N "N complexes
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Fig. 10 Cyclic voltammograms of iridium complexes with heteroatoms O and N
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Tab. 6  Electrochemical property data of iridium complexes

k& E, N E, V. HOMO/eV! LUMO/eVe  AE/V®
SN 0.65 -1.44 -5.45 -3.36 2.09
SN 0.72 -1.43 -5.52 -3.37 2.15
SN 0.74 1.45 -5.54 -3.35 2.19
O/N 0.66 -1.76 -5.46 -3.04 2.42
0,°N 0.71 -1.77 -5.51 -3.03 2.48
0,°N 0.76 -1.75 -5.56 -3.05 2.51

TR L AR 37560 B e 2 0k TR B RS . 26 B AR 1) 37
ALK, B AE AR E HOMO BUiE . KL, — A Chiie —
LR AR AR — TR U 2 1 P TR 4 B A4
AT RLAR A B g A A8 Ak fRL o7 R IR 9 HOMO #ILE g
%, R TP 9(a) 1Y S, N S,AN SN 2 A
MR JE TG A FBCARRT, BE— o B b/ R
HYFEHE AR R RN A RO I F B LUMO BEZL , 42
A0 &S RESL . A ) O AN 5 S AN Ry Al
HBhRCAAAR ], SIS T ANE] S ANAH LT O, AN 1Y
LUMO B, 3 AT RS2 PA B o A F 1 40
2.7 EHM-AT AR E

AR B LU 4 SR B A P B 4 mT D
T KB DL 11 )32 7. 3% 2e A B IHE 1.41x107 mol -
L' 2T h i 10 (a) B, FL A Stz Otz Fl
Ntz () 55 F W0 8 43 531) Sk 302,283 i1 246 nm. W5
) i P (R R [R5 30T S KRS A AN [
I R AR AL, B2 R A PR T R S>
O>N, X 5 H 3 Hr g R —20. WE 10(b) ] DLk B
B ECAR ISR R — LR A AR EEIR LR
F4) 58 W2 WAL R 5 S B B A 2 T P TR 1) 265 38 7 1)
5. K 10(c) Fa] LA BLBL A4 0N A1 0,AN fY
LM Z K BE A, th e T A B R
R IR — LT A AR IR — S TEXF T E R A Y

SR REAKILAY A 10(d) HF AT LA N AN NAN
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H BELEBH A9 ° MLCT BRAE 54 AT BE . AT 'MLCT AH 4 5
FERMLCT F *m-mt = F U SR S B &4
S AN.S,"N.S/"N.0,"N 0N NN NN 4 I i 1%
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Fig. 11 UV-Vis absorption spectra of Stz, Otz, Ntz ligands and their corresponding complexes
F7T B PIHGH BLE T
Tab. 7  Photophysical properties of ligands and complexes
WA UV-Vis A /nm (log) PL A, /nm
Z o ’ — o e ©
i " R " g
Stz 302(3.8) 303 375 377
Otz 283(3.7) 286 345 348
Ntz 246(3.8) 247 326 328
SN 227(3.7),256(3.6),308(3.9), 389(3.5) 229,258,309,391 564 567
S,"N 228(3.7), 257(3.6),315(3.8) 230, 259, 318 563 565
S,AN 225(3.8), 253(3.7), 307(3.8), 227, 254, 309 565 568
0,"N 244(3.7), 293(3.9) 245, 296 480, 515 482, 517
O,°N 241(3.9), 296(4.0) 243, 298 478, 513 479, 515
N,"N 245(3.9), 297(3.2) 248, 298 496, 537 498, 539
N,AN 236(3.8), 268(4.0), 304(3.6) 238, 269, 306 491, 531 494, 533

@ 298 K i1 CH,CL A .

@ PMMA ¥ (5% it LE).
2.8 WIHRIESH

FEC A K 453 TR BRI A W 0 9 G P 4 181 12 e
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Fig. 12 Fluorescence spectra of Stz, Otz, Ntz ligands, and their corresponding complexes in dichloromethane solution
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