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AL =(2,4,6- ZEACHIE) 3L [ 3 (TTM)
SR, S TESME S R G AR IR RRE, 5K
TR IR R, E NS TR, 53] 7 TTM-
Imz2, TTM-Imz3 Wi Fp B Kot A 3. R
B AL (GC-MS), {8 B AR i 27 4hEIE AL (FT-IR) |
L PR AR RSOk X B iR B EA TR AR, RS, @i
KA DL (UV-vis) . RS /BESTOE IS | R H
VAN TR N e = ey S Ol = I B Sl Npet /B L N 5T
Foett ittt T 2Gms. &%, B A S TR T
B ER R, X RS e b T RAE.
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(1) B SAGE.  BTPO S g A L
A, ARG TR e T, HAafberzy il T A
RS\ TTMR FH SCHR (24,2514 38 19 07 325 1 45
GC-MSii i Thermo Fisher/A &) 4 1TQ1100 % 1 Bk A4
A - B A AR, FT-IR 38 i Brucker /A A
) VERTEX 80Vt HL it AR 46t 21 41 A ik, W+
I #2295 18 3 H AS o 7 JES-FA200 8, 7 [ fig 3L 97 3%
AR, EL A AT WG i H A B N Al UV-2250%8
AT WAy e BE TR 2 At H AR B
5301PCHEENTEACIIR; B2 EIE ot & T 48
7~ FIFLS980% A /Wt A5 2 Ve Y i A I 3k, 0 £ 975 9
) 2T = Fmt, P P 6GH & BEW W (o=
0.95)E NS, ALK 380 nm; % &7 st A
(DFT)f#i HGuassian09F2 /¥ . B3LYPiZ PR . 6-31G(d,p)
BT B AE S BT (TGA) I8 i 36 B TA A F
QS00#A I H A M Ak, S e P 3k i 1 ik o 8%
WK 350 nm, DIFEE K318.4 kW/em?®, kil 5E
£ K8 ns, $% K10 Hz; OLED#S 4 7E2x10™* PaF 3¢
FH B 28 AR BRI 2%, T F % B - P R R M i
Keithley 240003, % B -H AR DA L BUR G
138 1 PR650T .

(ii) & PHTTM-Imz2 FITHTTM-Imz3 (4 4 1%,
TE100 mLI[E FEFEIH A I ATTM(1.0 g, 1.8 mmol)., Bk
#(0.62 g, 9.1 mmol)., WAR4(0.94 g, 2.6 mmol)L I
N,N-—H I H BERE20 mL, 2SR, 160°C#EER
NS h. BERWRHIEZER, IA200 mL&E 7 /K5
UEASHL . PR )l R A A AT Bk — 2P R gl
(VEWEHI N .18 1), 79 320 (4 [F R K K HTTM-Imz2
AHTTM-Imz3. HTTM-Imz2, 0.20 g, /=#%18%, GC-
MS 615.66; HTTM-Imz3, 800 mg, /~%69%, GC-MS
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647.78.

(i) AW TTM-Im22FITTM-Imz3f&5 %, 78
100 mLE KL P I AHTTM-Imz2(0.18 g, 0.29
mmol) . F T EEE(0.072 g, 0.64 mmol) Lk & 50 mLi#A T
DU R, AP, EOEBHELS b, SRJE A
SZRRR(TCQ, 0.21 g, 0.85 mmol), ZEZEdi+kl h. #E6
AT, B EFNE TR, a2 AT —
AP A (PR R 4 TR TR ) S5 5 3 21 6 [ R K
TTM-Imz2. TTM-Imz2, 0.15 g, 7*%83%, GC-MS
614.96, FT-IR(KBr, cm™) 3113(w), 2957(w), 2928(w),
2870(w), 2854(w), 1722(w), 1585(s), 1560(m), 1545(s),
1493(s), 1406(w), 1373(w), 1306(s), 1261(w), 1248(w),
1196(w), 1184(w), 1138(w), 1122(w), 1107(w),
1059(m), 997(w), 900(w), 858(w), 806(s), 725(w),
654(w), 600(w), 563(w), 436(w). TTM-Imz3& BT
% . TTM-Imz3, f“%85%, GC-MS 647.02,
FT-IR(KBr, cm™) 3123(w), 3111(w), 3074(w), 3043(w),
2961(w), 2928(w), 1726(w), 1585(s), 1543(s), 1493(s),
1406(m), 1304(s), 1261(s), 1120(m), 1107(m), 1061(s),
997(m), 902(w), 866(m), 827(w), 802(s), 768(w),
739(m), 704(w), 656(s), 627(w), 606(w), 590(w),
432(w). TTM-Imz2 FITTM-Imz3 44 B 2% an 1 1T 7.
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2.0040, grrvm,,=2.0038, HHIAEIELL TR H R T
() g B (g=2.0023) A $E30, UESE T BE & 5l 7 1)
TETE.

2.2 ki

TTM-Imz2 I TTM-Imz3 75 — 5 B %t 75 T h Y 45
ANET DL OGS anE 3(a) . 5 HAM = 2K 3 H
P LKL, WA A R IR R P R K K X A
— 5 — 55 2N R WY . G TTM-Tmz2 1) W i U
I K 3821552 nm, TTM-Imz3 AW s K 41390
1558 nm, 5 TTM-Imz2HH A #2541
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Figure 1 (Color online) Synthetic routes for TTM-Imz2 and TTM-Imz3
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Figure 2 (Color online) Solid EPR spectra of TTM-Imz2 and
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Figure 3 (Color online) Photophysical properties. (a) Absorption spectra of TTM-Imz2 and TTM-Imz3 in CH,Cl,. Emission spectra of TTM-Imz2 (b)
and TTM-Imz3 (c) in various solvents. (d) Transient PL decay of TTM-Imz2 and TTM-Imz3 in CHCl;
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Figure 4 (Color online) Optimized ground state structure of TTM-Imz2 (a) and TTM-Imz3 (b) through DFT calculations. Frontier orbitals of
TTM-Imz2 (c¢) and TTM-Imz3 (d)

4126



-
vy

SREOL (%)

100 200 300 400 500 600 700

BE (T)

45
(b)
fwn'mqm}:‘I 156.1s
4.0
[ ]
= tumina8114s
g 3_5-“%4\
i s TTM
—— #TTM-Imz2
” el ATTM-Imz3
"0 50 100 150 200 250 300
Bl (s)

B 5 (MG G)FREMEIRES R, (a) TTM-Imz2 FITTM-Imz3 BY#E MR (b) 78 350 nmIk OIS T, TTM, TTM-Imz2, TTM-Imz3

FIRT PP 2RS35 R DG JE ) TR
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Figure 6 (Color online) Devices structure and performance. (a) Structure of TTM-Imz2 and TTM-Imz3 based OLED:s. (b) EL spectra of TTM-Imz3
based OLEDs at 11 V. (c) The J-V-L characteristics of TTM-Imz3 based OLEDs. (d) The EQE of TTM-Imz3 based OLEDs as a function of voltage
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%1 TTM-Imz2 FITTM-Imz3 B BB K e B Hed”
Table 1 OLED properties of TTM-Imz2 and TTM-Imz3

e Von(V) L(cd/m?) EQE(%) Apr(nm)
TTM-Imz2 7.6 14 1.1 588
TTM-Imz3 8.6 147 2.9 592

a) Vo, ZEEEN1 cd/m’BT (9 FF 5 B, L, 2444 5 R i
EQE, I RAM TRLA; Ap, HBURDLIK

7R(ITO/Mo0O;(3 nm)/TAPC(70 nm)/TTM-Imz25{ TTM-
Imz3:TPBi(5%, Fiie A4k, 40 nm)/PO-T2T(70 nm)/
LiF(0.8 nm)/Al1(100 nm)). P A s {4 GE B S 45
FHRUP, NEIHFTLES, EZFTTM-Imz22FTTM-
Imz3 /% OLED ) & J6 615 W A7 & A L T h A1 4%
LR, 439K 588H1592 nm. LhHLE R EIERE T
DL TTM-Imz3 858 2 i, FLr BUR 6B #E 10~20
VAEH R E (BIS1(a)), 5% W A iy 35 BB IR AH
[F], HAERT WG N A Fofh & e ey T4,
S W TR - H I B (J-V-L) B A 6(c) i s (L T %
R K LIS 1(b)). TTM-TImz3 514 i) e K2
JEIEFN147 cd/m®, AMEFRHCRIERIE N1 VEFIAF]

RPN

e KE2.9%.
3 i

ASCHE S ERRE MR 22 PO T R &
6 A HETTME ZE 5] AR RE0E ks L 141, 15
BT PIFR R KB &t B B TTM-Imz2 f1 TTM-Imz3,
FETEAN R AE T P B OB B AR E M. PR
MBS IR Kk S, E RS IR RIRELaS
BT, KRIESE T TIM P T = R i E
P Hof, PAZ A 6 TTM-Imz2 1 TTM-Imz37E
AT PR TR 0 A 5] 5.9% M110.5%,
A EE TTM A3 542 5 T 239 F1704% . A2 F 43 6 1,
TTM-Imz2 4 & HIXF 8 & A f iR, 2 5182°C.
TER AN O T, PR A S R
F AR M, HeE 4R B TTM A4 1.44% (TTM-
Imz2) F121.94% (TTM-Imz3). fdt JHPFP 5 R 5 i 4 00
OLED ¥4 5 8L Ui+ 5 i B8 0 & 59, Hif TTM-Imz3
PR RS REIR TN 147 cd/m?, F R AN FRRIAF
2.9%.
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Recently organic luminescent radical materials have attracted much attention as a class of novel luminescent materials
which can produce doublet emission. Here we report two modified organic luminescent radicals TTM-Imz2 and
TTM-Imz3 derived from tris(2,4,6-trichlorophenyl)methyl radical (TTM) through introduction of imidazole. Various
measuring methods have been carried out to characterize the structure and radical properties of the two products, such as
gas chromatography-mass spectrometer (GC-MS), Fourier transform infrared spectroscopy (FT-IR) and electron
paramagnetic resonance spectrometer (EPR). The existence of single electron on two products has been confirmed by the
EPR spectra with grrv.mz,=2.0040 and grrm.imz,=2.0038, which were close to the free electron (g=2.0023). Then, photo-
physical properties have been characterized through ultraviolet-visible spectroscopy (UV-vis), steady state fluorescence
spectroscopy, transient state fluorescence spectroscopy, and so on. Absorption spectra of TTM-Imz2 and TTM-Imz3 both
have a strong absorption band at short wavelength and a week absorption band at long wavelength. For TTM-Imz2, its
absorption peaks are A=382 and 552 nm, and for TTM-Imz3, 4=390 and 558 nm. Emission spectra of TTM-Imz2 and
TTM-Imz3 in various solvents do not show significant change. The emission peak of TTM-Imz2 is A=581 nm in hexane,
and for TTM-Imz3, A=584 nm. Compared to the emission peak of TTM, they have bathochromic shift about 20 nm.
Using rhodamine 6G in ethanol as a standard, the relative fluorescence quantum yields of TTM-Imz2 and TTM-Imz3 in
chloroform have been determined under excitation with A.,,=380 nm, which are up to 5.9% and 10.5% respectively. The
excited luminescence lifetime (7) of TTM-Imz2 and TTM-Imz3 in chloroform were 12.8 and 16.1 ns respectively
determined by transient fluorescence decay. Furthermore, theoretical calculations have been carried out to study the
molecular orbitals, electron distribution and the effect of imidazole moiety of the radicals. The DFT calculations
(UB3LYP/6-31G(d, p)) results show that both of the radicals have propeller type planner structure with sp” hybridization
central carbon atom. And the dihedral angle between imidazole moiety and its adjacent benzene ring is 33°-35°. The
singly occupied molecular orbital (SOMO) is mainly distributed on the central carbon atom and partially delocalized onto
the benzene rings and the imidazole rings. The energy gap between SOMO and the lowest unoccupied orbital of
TTM-Imz2 and TTM-Imz3 are 2.22 and 2.19 eV, respectively, which are lower than that of TTM (2.32 eV). Thus,
compared to TTM, both of the absorption peaks and the emission peaks of the products have bathochromic shift. Finally,
TGA measurements were performed to test the thermostability of the radicals. The thermal-decomposing temperature of
TTM-Imz2 and TTM-Imz3 are 129°C and 182°C respectively. Moreover, the fluorescence intensity decay of the radicals
in toluene was recorded under excitation of a pulse laser with A.,=355 nm. The fluorescence intensity of TTM decreased
rapidly with a half-time of 27.9 s, by contrast, TTM-Imz2 and TTM-Imz3 are more stable with a half-time of 1156.1 and
661.4 s, which are up to TTM’s 41.4 and 21.9 times. Finally, OLEDs of TTM-Imz2 and TTM-Imz3 have been fabricated.
Both of the devices realized orange light emission. The maximum luminance of TTM-Imz3 reaches 147 cd/m? and the
maximum EQE of TTM-Imz2 and TTM-Imz3 reaches 1.1% and 2.9% respectively. In conclusion, the introduction of
imidazole moiety in TTM-Imz2 and TTM-Imz3 increase the fluorescence quantum yields and enhanced the stability of
the TTM radicals effectively, and orange light emission has been realized both in solution and OLEDs.

organic luminescence radical, doublet, imidazole, orange light emission, fluorescence quantum yields, stability,
OLEDs
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