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HU EETERERY L4 OLED HAH UL, X —J5 i nl fig
S T RO B oy RO RIME, KAy
S DAL N 2 SO6IX, B, W
B o7 A ROk SR Y S — O, AN R
JEATRHAS B [ 1 S 17 Bt 23 RO IG a4l 4 M
1 R 1) e i o 4 9 LGB (highest occupied molecular
orbital, HOMO) fig 2 5% & i 1% i S AR A o 4l o F HLi
(lowest unoccupied molecular orbital, LUMO) fig % 2> fifi 5
BT AE AR RN, SEEE R SRR, &
PRt g2, Hir, C4RIEN %4 OLED
KA i F 2% (maximum external quantum efficiency,
EQE,,) R #E 5%, I H g g™, KWk,
R B AOGCRCR RN SR R B AL S AN R HIL A
MEHATEJERE

2016 4F, Hatakeyama M@ 4iiE T —3E B O &
A= 1) 22 70 5 75 B P 68 2 0 D' PR A 8 IR 9K (thermally
activated delayed fluorescence, TADF) 431 DABNA-1"",
FSTTALE R LW, H HOMO ¥l 3 Z A fe N i+
F AR XL C i I, LUMO #iE F 250 AR 1F
B JFF S HAB LA C IR 7 I, X FhRRIR A RTER L
B R T BJEFM N R HAMR W E A, i
T T RIZ S TH1LIE HOMO Hil LUMO 784 T3 48 1 JRF
BRI, SEG G- K7 TADF B R K
AR o A ATHE T B R 48 1 T 2 8 HE 4R (multiple
resonance, MR) %00 o H1 T 545 WP 19 70—+ 25 44 FRR ik
BIRTZRBE 07, DABNA-1 2B AR H 25 161 2 1
$i (33 nm), Jf HEAIER @R LaXt & 1F80%, ERR
BHBAOEIFES OBt TR EIT 90% ., T
BIVE TAE A DA B T A R A S R Ik,
JFELE Tz k. SOk Z R T/ES 2 55,
(R REPERER & B 1AM 2 IR R R g0

£ 2015 4F, Hatakeyama 25 A" 5@ i — 1L 4
BT B A O 2057 F ALY O/BO, BRETHIA 4G
R FT L PE o it i 2 E IR0 . Hrr, fk
AW 5,9-44-1,3b-"IF [3,2,1-de] B (IZ3CHk A 45 4 2a,
TOCHR 2a) 7E A BRI 398 nm B S AMEEOL,
AT HEA RS =B, WENSOMEHDEME (Ir
(ppy)s) WU BB, R F7E OLED Hr - HfS T ANEE AIAK
R, EIFR BGOSR M RRIR G L B0
fE. MR O/B/O L5 EATR/ NI =2 SR 22 (AEs)),
HRHE AR (S)) Pt =23 (T,) Z IR e
FREYN, TADF PEBURSS, (LAt 2a U 4% HIGE

WEH, P, B RTZEAIBEST AR A oy B
W 1 225 4 118 32 1A FEE TE R A4 ST 45 -2 /R B TADF A,
FFE%0% OLED W AEZ . B, ST NG
(charge transfer, CT) Z{n; {75 I 2B B0 (55 5 H REASL
FIRIEE, I HEARIEM I,

IAER, Lee ##25 ANHIE T 2051 £ H T m|WE
RIS, PRI A 5 A28 . IR ISP TH 2546 RN 55 (9 45
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FI3ET™, M TSIAR CT A4St RS, Hir
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AW R B [l o BRI L AR B, SE9L T oK EQE
H5.03% RIS, HXTR CIE, {0 0.0167,
1= 5 R A Gl AR RO B O/B/O MR 43 F
HHE ZRIFEM TG . Kb, 5T BO-2DBT 41
THil£ (9 OLED 5230 T 7.90% I KAMRE 720K, Xt
(¥ CIE, {5 0.014"", % L ffik, HHi CIE, {H<0.02 [
RSN OLED 4380

BT ERF IR, ARIGEPEE O/B/O MR 43 T 42
B 5T I H U AR R RS e A 55 5 1A - Rk, SR
FIRBUE R B R, JR AR M2 5 A B 3ok
K O/B/O 52N Z [l i ffy, E— A0 i B sk
7E O/B/O 45t 1o R FIIT 50, itk
T WAL 40 & ek TB-PhCz, TB-MePhCz Fl— 4
LHNE IR TB-2MePhCz, =ANr T IB A 4R %
AR R R ECR e RE . T BT TB-MePhCz
f)#5%% OLED ## 14+ EQE,,, i5 %] T 8.05%, CIE 45 A
(0.169, 0.013), TB-2MePhCz M| 3 B M 5% 8 1 & O
CIE 25 °H (0.169, 0.012), CIE, {HiEIE T 0.01, X2
H R SCEkHGE R CIE, i/, SRR %t OLED
. HAERFM EQE,,., AE]T 7.81%, WHIMLsTiX1T
RIS REA PRy T30, WAL TR, WIT
R ZVERE ST 15 A AR g =

2 SLEMPETEEA

2.1 SERatARt
2,5-Z0-13- R T LR EZ AR AR, 4-
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T AW BEE W (2 mol/L) W T - i i /R Ak 2E R A PR
ONEl NN-Z 5N SR T 1 ZR R ey A BR A
Al 2-TR-5 B O | 2-0R-5 W-1,3- IR nRmk L BT
Bl BUALEAR . 1,2-FRC e RIER e R T
BT A 5 BB B R P I 38 2 e AR A AR
R ABRAE ; 1,1-2 (Z R — %4k A b
(ID) FOPY (=) Bt AR AL i 4- (OH-FRIE-9-
HE) RNER W T IR M IR LAk 2% 5 K,CO,, JG7K Na,SO,
M KOAc W8T i b AR A RA | s A LA RsE
b T BRI . EE R ATk ARG, IE
Ot . HORA L4-ZEOS T T N85 ok
PPN S0 T OIS AiAR . IEC ke, AR,
ALt CRROER . PUEIEG . N,N-H 35 H I e F 51
D50 T BT Byl sl 3 R T 5 A e S R e 1 1k
BT R R ARRIIA F 38 [ CIL Al .

2.2 RIERESE

GRS . BRI 7E Bruker 500 MHz #f43%
PRI T, LADUF RERERE (TMS) MAbA0 RS I AR,
DA A AR o AR = S € (CDLCL) . i il
U %84 Bruker Agilent1290/maXis impact #8 /= s 7R AH
- o FE IR I A A, MR R 1 mL P &k
+0.5 mL 25, # 4 HRMS IE#ER, 22 4h-n] Ik
OB #$ 4 Shimadzu UV-2600 436G EE 3, 2¢
LM { A% 4 Horiba Fluoromax-4 43566 T, #
R R B G BUR D £ ™ IR #8 8 Hamamatsu
C11347 4a X} 5t FRORAL . BRS TG A%
% T £ FLS1000 2t A an ik R 48 . MkHRY b2
MR AE i JRAE CHI 610E Hifb2E TARSS #EAT, KR
=R R, Hrhpim il TAERM, 122l
XTHLH , Ag/AgNO; FLK A Z: LA o 4801k HL 34 FIE I
HLEMILE 0.1 mol/L VU T 3N Sl R 24 i B+ — S P o
FFET N, N Z I e v i bl ik, 4 e R R 2
100 mV/s, #rEPEbEEH ek b i hn e, TR REH
FHEIE LA I E (eV) = — (4.8 + Eoy gy — Erere )o T4
H AT A 2R AR AT AL 2390 TA TGA 550 F
TA DSC 2500, WH7E A A FE T3 17, FHR# RN
10 °C/min, FHESRAELEE R SAVC-sub100 A HL/N 5
FHERR AL

2.3 AL
K1 = A TR SR . Sl I R R A

#| TB-Br 43F, A3 AN A LA BT A 3 2 Ullmann
IR RN . BT Ak B 0 79 2 B i A R el , e 245 TB-
Br i it Suzuki fifs B¢ S I 7% F £ 7 4] TB-PhCz, TB-
MePhCz #l1 TB-2MePhCz,

24 BRI ERE

FLTF 25 7 R B I B B oR S 0 i L AR
T IR ERT Y B IEAS (S, ) M S, BAr AL, A
(34T 55 #B1E Gaussian 16 223540 ih kAT . B 2
45 5RAE Multiwfn 3.6 LEf7 04T, Pr2 LR RTZesr+
BB EEAE VMD HaE T4l . Frik iz pR 2 MO062x,
R 6-31G (d,p).

2.5 BEAHFHIHIE

i H 1TO YE A A0 IR A B, FEf LR A 1TO 1)
BB . SR, RENEER . R TOK
B, R, TR E, RSB TR
5 min, HRSEEE ITO I ZS SIEARE S . e F
IR AT RER RO AL, BLFEEAMBEA LiF, #4814
AR R LS 2R DTRN: W RE D R R
TRV ] She 42 Tl U2 o i o 8 T e R DR A T B e b 3L
MRAAEE = =35

3 HERSHM

3.1 AREMFMBUFMERR

R4 A AR e MR AR RS P T 45 25 95 OLED LA
KAt OLED #iffeue Mmdmide, FrLL, 7edi4 OLED
TR Z RORERUT S AT A WA T T AR T Hr A 222X
Hm i, mE 2 fr7R, TB-PhCz. TB-MePhCz il
TB-2MePhCz (1 #4 73 fift ifit BE 43 3l 2 400 C.. 379 °C
381 C, WHAMRMFHFENE, A, X =0T
b AR S B AL AR IR B, 4350k 139 °CL 137 C
firiel ¢, B =A - EAMRFMEREN: . HFTE
B, TB-PhCz 43 T-1E 228 °C ik BA TRTR I 4E Sk
ks, il TB-MePhCz Fll TB-2MePhCz 7£ 250 °C LA P 3f:
KAL) 25 A, X P BEZ R TB-PhCz 43145
¥ B B4 i i 7%, TB-MePhCz 1 TB-2MePhCz i
FAEARN M AT HEE, MK T A2 R Z R %
i, eSO, BrLl e e R . DL gk
SR, TB-PhCz. TB-MePhCz #il TB-2MePhCz HA i
7R OLED Y4544,
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) i- PrZEt 0 R-Boric acid/R-Borate ester
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(3 ek fit

=L 7 N L= =
Cul,tBUONa Pd(dppf)Cl, KOAC

Q
-
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B 1 BT AMALT L6 % (R A MeCz-B. MeCz-B #= MeCz-B)
Fig. 1 The synthesis of tert-butyl boron oxide derivatives (R represent MeCz-B, MeCz-B, and MeCz-B
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Fig. 2 Thermal stability of tert-butyl boron oxide derivatives. (a) thermogravimetric analysis curves (orange dashed line: 5% weight loss); (b) Differential
scanning calorimetry curves (purple dashed line: the glass transition process; pink dashed line: the crystallization process)
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HWR, BT IFE)54E OLED #sthmzsstiie, ik
A1 P DI REJE A EARA BT 25 R OGIE MR HOMO
LUMO FBZRICHL, BOWA R FEImFHEA - S LK
B4 . I EA R I E T k5% TBNO-tCz Fl
TBNO-tDPA R A AL HE 7 AR SR s o7, anfsl 3 Fios,
PR KA E (eV) = — (4.8 + Eoy oty — Ereprer) ST
BAFF) =T HOMO R4 4 5 h-5.22 eV, —5.18
eV f-5.16 eV, LUMO BEZ 1271 eV, -2.64 eV
H-2.64 eV,

3.2 ERitE

KT IRA BRI S | RCT S A AT A i o1
2R FIAT R BLE 0 A B9 52 0, 19 56Xt TB-PhCz, TB-
MePhCz il TB-2MePhCz #47 TSR . b T 4L
W, ARSCKIRH Cz o, TIRIZENFH Ph FoR, Bl

ZHEILIREIA BO Fon. MNIE 4 FTLIER], BEETIA
FH LB, Ph 5 BO 2 [a] 1 - Ifi £ 12841 A 29.58°
Hna 66.91°, 1 Cz 5 Ph Z Al —TE ML A K. M
X=ANF S, B BT R E, =D
TR AR TE BO LI, AH =AM F 10 B 7oA 1 4N
2251, TB-PhCz [ F £%7E BO Ml Ph |+, Cz I
WA DEN G, A, TB-MePhCz (1 H, T/ fii
7 BO #1 Ph |, T1fii TB-2MePhCz HY By, T 41 H 43 £ii 76
BO . FTLA, K& SIAF LA, TB-PhCz,
TB-MePhCz il TB-2MePhCz HY i, 1~ 55 S 5 J8 B Wi/
[ 7 R CT Az BRI, XA R R s
Mz,

3.3 JSWIEM R
M T =0 FHOEEER, Nl s FE 1 PR,

Current/(a.u.)
Current/(a.u.)

HOMO=-5.22 eV

LUMO=-2.71 eV

Current/(a.u.)

HOMO=-5.18 eV HOMO=-5.16 eV

LUMO=-2.64 eV LUMO=-2.64 eV
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B 3 (a) TB-PhCz. (b) TB-MePhCz #= (c) TB-2MePhCz & w45 14 A (2. & 52 % 50 5.5t 2 69 v 4 o S AL TR o 4)
Fig. 3 Electrochemical performances of (a) TB-PhCz, (b) TB-MePhCz, and (c) TB-2MePhCz (the potential corresponding to the intersection of the black solid
line is the oxidation or reduction potential)
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Fig. 4 Optimized configuration of S, state and hole and electron distribution of tert-butyl boron oxide derivatives
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TB-PhCz. TB-MePhCz il TB-2MePhCz 7 PU & Mk i H )
R W43 5124 387 nm . 383 nm 1 382 nm, FI Ny
BETER IS, UL = R BRI K, X5
H TR AR 3 =AU FE R B s/ N 25 18
XY o = A3 —F7E DU S i R KR OGR4 0
402 nm. 399 nm Al 395 nm, MITEIMEHERE ELIME,
T IR R R R, B0 58 A A
26 nm, 27 nm Fl 27 nm, EA7AE% B 1Y) Z F L PRRON,
B RO, X S5 ST A SR T A
XTI o AR, =AY PO Ak T R I A
PPOEBEOGRTRER, R EE Tk 47.3% . 45.9%
F159.6%. #—H4K5E T TB-PhCz, TB-MePhCz F1l TB-
2MePhCz 7B 2T T O C BT, X =45+ LA
3 wt% [ EB 443 mCP EEM B, =0 FBaR

R R K & eI 23 2T 413 nm . 405 nm Al 400 nm,
FEI 5 D SR IR A T RV R R I B, (AR S
DU S A R LU AR B A T — e BRI AL RS, e B4
T 11nm. 6 nm A1 5nm, ZIBREEZEE/N, I, 1k
4 TB-PhCz, TB-MePhCz -1 5 A XF T U 4 1k Wi 35
Wt &R TR RESE, 3SR T 31 nm A1 29 nm,
E M, TB-2MePhCz (915 2% A X TR &
EESE, RIESEN 27 nm, AR, = FH R TR D
RO AR, 209N 38.2% . 34.4% F149.1%., LI EH
P HT R = A FAEB A TR — TR
R FEAEAER, (BRmTHRIENGIA, 2F i
FERE W N, REDFAEAEHZE/N, 5IERE
TEAS LA o

i1 T TB-PhCz. TB-MePhCz il TB-2MePhCz £ ¥
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B 5 {44 TB-PhCz. TB-MePhCz #= TB-2MePhCz # X & A X bk, (a) ™ Ak iEi& (107° mol/L) T 493 sh-3T Lol k. i
A2 (b) AKX L mMCP A 4R (B 2K EH 3Wt%) 0945 2886 (c) 3 A KA itk A (d) BrA it

Fig. 5 The photoluminescence properties of TB-PhCz, TB-MePhCz, and TB-2MePhCz. (a) UV-visible absorption spectra and (b) fluorescence emission spectra

in tetrahydrofuran solution (10™ mol/L); (c) Fluorescence emission spectra and (d) transient fluorescence spectra of doped films (3 wt% doping in mCP)
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%1 44 TB-PhCz. TB-MePhCz #= TB-2MePhCz &4 # 4% 32 4 3%
Table 1 The photoluminescence data of TB-PhCz, TB-MePhCz, and TB-2MePhCz
THF solution Doped film
Emitter
Ae/nm Aem/nM FWHM"/nm "% AES"/eV Aen"/nm FWHM"/nm /% ™/ns
TB-PhCz 387 402 26 47.3 0.47 413 31 38.2 6.83
TB-MePhCz 383 399 27 45.9 0.23 405 29 34.4 7.45
TB-2MePhCz 382 395 27 59.6 0.22 400 27 49.1 8.24
IR 5 i KRG 5 i) SE ;s iv)EBUROA X TFREE (N v BRI (77 KZOERBEE AL MR RO GRS 8]; vi)POLHfr
(N5 )

WS B S ER R I A8 O Rt R IR
N 2 FE LR 5 R, T 22 LR8N i = A 1Y
WOk SRR AR CT, TR, N TRIEHIS A
MIEER, XX = A0 F T T RARROs . anlsl 6
Fos, MR PEIE O e B s Ak S0, TB-PhCz, TB-
MePhCz #1 TB-2MePhCz 73 W B 41 T 7 nm. 10 nm F
11 nm, X2 HR AR CT BRik T L 3 A 77 1L kv

— - 3F W7 TB-PhCz. TB-MePhCz il TB-2MePhCz
%B;‘%@%% CT EFM &N,

N T i % TB-PhCz. TB-MePhCz #1 TB-2MePhCz
H)'S, REZUHN T, BRI &, by 1 kb S s A PR X RES
9271 N = U1 vt s e e ¢ ¥ A& e L s el iR S
FgEEIE ., mE 7 PR, A=A TGRSO b/
eI ITE 399/470 nm . 396/428 nm il 394/423 nm,
SR G MG & B TR B ST, AR 4 il 2 3.11/
2.64 eV, 3.13/2.90 eV Fl 3.15/2.90 eV, XIS, 5 T,
() fE 9 22 AEs; 73 N 0.47 eV, 0.23 eV Fl 0.22 eV,
AT AE A AR/ B A, BT Y 5
ABR T REMEI 4 A EARE A, AT LA/ S, 5 T, /Y
REg 2, /INWRE 22 A M T I ) 7 8] 5 8 (reverse

TR, K, TB-MePhCz Fll
TB-2MePhCz 1] GE 77 7 TADF $: 1% . R T 4 UF TB-
MePhCz #ll TB-2MePhCz 43 F =& H A TADF 1, #f
— WL T X = A F B Al AR A A FE T
BRSSO, BRAYE, AR S 4 Fi ( 4E
RSy, AU BN EA 9K G R 5 75 i 98, TB-
PhCz. TB-MePhCz FIl TB-2MePhCz %% ¢ % i 43 %1 N
6.83 ns. 7.45 ns fll 8.24 ns, X ik B Al {f TB-MePhCz £l
TB-2MePhCz B AT /NP AEgy, =AM FUIEAR—EFE
TE RISC i3 /%, i Ui RISC i FEIR#18, #E3R & AR
HAN, U TWINABK AT, R TOoKR B 4k
WP RISC i B RBR T 5 AEq AR, K5 T, 5
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Realization of near ultraviolet OLED with tert-butyl
boron oxide derivatives as emitting materials
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Abstract

Objective Organic light-emitting diode (OLED) is a new generation of display technology following LCD display, which has many
advantages and has received widespread attention from researchers. OLED has been developing over thirty years, and emitters based on the
three primary colors of red, green, and blue have met the requirements of commercialization. However, the latest Broadcast Television
2020 (BT.2020) display standard defines the color coordinates of blue emission as (0.131, 0.046), indicating higher requirements for the
saturation of blue emission. Commercialized blue emitters are no longer able to meet the requirements of the BT.2020 display standard.
Some studies have shown that color purity is not only related to the emission wavelength, but also to the full width at half maximum
(FWHM) of the emission spectrum. Therefore, deep blue materials with narrow emission are the object of current research workers' pursuit,
which is crucial for achieving ultra-high definition and full color with wide color gamut displays. Moreover, ultraviolet light, as the
extension of deep blue toward the short-wavelength direction, is also widely concerned by researchers because of its scarcity. Therefore,
developing high-efficiency near ultraviolet and ultraviolet luminescent materials with narrow half peak width is of great significance for
academic research and commercial applications

Methods All chemicals and reagents were purchased from commercial sources and used as received. The final product underwent vacuum
sublimation to improve purity. All density functional theory (DFT) calculations were performed using the Gaussian 16 package. The
theoretical calculation was completed at the M06-2X/6-31G (d,p) level. Solutions with a concentration of 1x10° mol/L were prepared for
the solution measurements. All organic films used for the photoluminescence measurements were deposited onto clean quartz substrates via
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thermal evaporation at 1-1.5 A s™' under high vacuum with a base pressure of < 10~ torr (I A =0.1 nm, 1 torr = 133.322 Pa). Ultraviolet-
visible absorption spectra were measured on a Shimadzu UV-2600 spectrophotometer. PL spectra were recorded on a Horiba Fluoromax-4
spectrofluorometer. PLQYs were measured using a Hamamatsu absolute PL quantum yield spectrometer (C11347 Quantaurus QY).
Transient PL decay curves were measured using an Edinburgh Instrument FLS1000 spectrometer.

Cyclic voltammetry was conducted on a CHI 610E A14297 using a solution of tetra-n-butylammonium hexafluorophosphate (Bu,NPF)
(0.1 mol/L) in dichloromethane or dimethylformamide at a scan rate of 100 mV s . A platinum wire was used as the auxiliary electrode, a
glass carbon disk as the working electrode, and Ag/Ag" as the reference electrode, with the redox couple ferricenium/ferrocene (Fc/Fc")
serving as the calibration standard. The ionization potential (IPCV) and electron affinities (EACV) of these molecules were calculated
using the following formulas: IPCV = (E,, — E,,(Fc/Fc") + 4.8) eV and EACV = (E,; — E,(Fc/Fc') + 4.8) eV, where E,, and E,, represent
the onset oxidation potential and reduction potential relative to Fc/Fc™ (4.8 eV), respectively. Thermogravimetric analysis was performed
on a Netzsch TG 209 under nitrogen flow at a heating rate of 10°C min . Differential scanning calorimetric was performed on a Netzsch
DSC 200 F3 under nitrogen flow at a heating rate of 10 °C min "

The glass substrates, precoated with a 90 nm layer of ITO with a sheet resistance of 15 to 20 ohms per square, were successively cleaned
in ultrasonic bath of acetone, isopropanol, detergent, and deionized water, respectively, with each step lasting 10 min. Then, the substrates
were completely dried in a 70 °C oven. To improve the hole injection ability of ITO, the substrates underwent O, plasma treatment for 6
min before fabrication. The vacuum-deposited OLEDs were fabricated under a pressure of < 5 x 10™ Pa in the Suzhou Fangsheng FS-380
vacuum deposition system. Organic materials, LiF, and Al were deposited at rates of 0.5 to 1.5 A, 0.1, and 3 A s™', respectively. The
effective emitting area of the device was 9 mm’, determined by the overlap between the anode and cathode. The luminance-voltage-current
density characteristics and EL spectra were obtained via a PIN-25D silicon photodiode and Luminance Meter and an Ocean Optics USB
2000+ spectrometer, along with a Keithley 2400 Source Meter.

Results and Discussions Based on the O/B/O multiple resonance molecular framework, benzocarbazole derivatives were introduced in
the para position of the central benzene ring connected to B atom. By introducing methyl groups on the side of the intermediate benzene
bridge, the emissions of the TB-PhCz, TB-MePhCz, and TB-2MePhCz were shifted from near ultraviolet to ultraviolet. Theoretical
calculations indicate that a gradual decrease in the electron delocalization degree of S, states of TB-PhCz, TB-MePhCz, and TB-2MePhCz
with an increase in the number of methyl groups introduced, exhibiting a characteristic of multiple resonance distribution. This is consistent
with the gradual blue shift of their fluorescence emission peak positions, shifting from near ultraviolet to ultraviolet. Their doped devices
all exhibit excellent electroluminescence performance, the maximum external quantum efficiency of TB-MePhCz based OLED device
reaches 8.05% and thedevice has a high color purity (the full width at half maxima is 23 nm); TB-2MePhCz based OLED exhibits the
deepest violet emission, thepeak of which is at 396 nm (the full width at half maxima is 20 nm), the CIE coordinates are (0.169, 0.012), and
the CIE, value approaches 0.01, which is currently the lowest CIE, value reported in the literature, and the external quantum efficiency of
the device reaches 7.81%, indicating that this molecular design strategy can effectively limit molecular conjugation and achieve blue shift
of luminescent molecules, providing guidance for the development of more high-performance ultraviolet emitters.

Conclusions Three ultraviolet-emitting molecules, TB-PhCz, TB-MePhCz, and TB-2MePhCz were designed and synthesized by tuning
molecular torsion based on tert-butyl boron-oxygen multiple resonance skeletons. These molecules exhibit multiple resonance
characteristics, achieving emission blue shift from near-ultraviolet to ultraviolet region. High-efficiency narrowband violet OLEDs were
fabricated using the three molecules, respectively.
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