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Abstract: A naphthalimide compound called 0Cz-NI was designed and synthesized. Theoretical calculations re-
vealed a distorted structure with a small spatial distance between the electron donor and electron acceptor, which fa-
cilitated the space charge transfer. Photoluminescence spectroscopy in different solvents showed the presence of in-
tramolecular charge transfer in 0Cz-NI. The variable temperature spectroscopy tests indicated an increase in the fluo-
rescence intensity of the powder with rising temperature, suggesting the presence of thermally activated delayed fluo-
rescence (TADF) properties in 0Cz-NI. These results highlight the feasibility of designing TADF materials using a
space charge transfer strategy. The thermogravimetric analyses and differential scanning calorimetry measurements
suggested good thermal stability of 0Cz-NI, while the thermal decomposition at 5% weight loss temperature was
350 °C and the glass transition temperature was 121 ‘C. Furthermore, When 0Cz-NI was adopted to fabricate organic
light-emitting diode, the electroluminescence peak wavelength was 496 nm, the maximum luminance was obtained to

be 1 405 cd/m*and the maximum external quantum efficiency was achieved to be 4. 11%.
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WL & 6 — W % (Organic light-emitting di-
odes, OLEDs) H A 1A it 42 # | £ 3 & Ot . m X
BE R 00 IR L SE A L R AT A it 3 S A
FOTE AR s TS BT O IR A R M
BAT Tz B A

KGR R E OLED i 4 25 74 v f5 o %2 i) 20 1
Moz — X e RE iR E JEE . tfE e
OLED & 6B Ry A HLZE e A1 ), (5 H A
25% W FRLAAS BT AR RO i A A 75% 1Y
SR N TR OLED %0% | Adachi*i& it
BT — 2R G P AE IR 92 (Thermally activated
delayed fluorescence L,TADI L& . XN T
PO T AW, i TR R RS
(S)) P =2 (T, WEEHE (AEs) R/ AT
SRR —E R RE R, R 1) &R
[F) Bl 3 3k S 2, T BN S 28 1) ik 285 ke A e A R
LT 7 A SE AR O, AT 52 B 100% 1 HT

— i TADF {5 ¥ i) BT SR mg2 R JH L 7 47
& (Donor, D) FlHL F5Z & (Accepter, A) 73 557, Pk
e A5 7 N 5% % (Intramolecular charge
transfer, ICT) o i & 5 11 41 #h 19 53 1 45 ¥4 1 15
HOMO (The highest occupied molecular orbital) FI
LUMO (The lowest unoccupied molecular orbital ) 73
BT AR A BN AEgy, AT S0 T, 531 fk
NS BT o AHXFE L S5 AR T S, BT
e ARG BRIEY

AT DX —F )5, Rajamal i 11 & B T
— R HA A () WL A A 1 03 1. 1% R HOMO
FLUMO 73 85, I 75 5> 7 B A RN AEg .
[ S e~ s e 1 N s ER /B TR VA=
i F 77 2 B AT LT ok 23 [ L AR 1 O VR R T
NDRG G S = S = (ORGSO o
o1 A R A R B B S T ORI
MR . ZHE &, RN T &Y
0Cz-N1, Hi, 25 1A i w70 Fi, - 52 1K 258 Ik 3TV g 35 A
T A S TR BRI 4 1 B S5 A AR AL B ) oCe-
NISEBE T HOMO 5 LUMO [ 47 5403 8, 7= 2B /1
) AEsy, ffi o 24 TADF PERE . 5) — J7 T, 75 %5 [H]
R e B A 2 T IV Y B A e 3 P-4 H R B
YRR B A R T 501 S A K A R ST ERAT , N4 /&
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2.1 RXFIFLEE

WA AL AW 1,8-28 R BF L 2-TR PR MY K TR
B SE T BT R TR A R 43 B 45 2-(9H-RR e -9-
L) TN TR W 3K i M IR L A RS | g A Al

IR R AN T, U-3900, H A< ;585641
6T, RF-5301PC, H A< 5 #4843 BT 4%, TGA-
50, H A 7R 22 F 4 it /L, DSC-204, 8 5 ; 41 &
KNG, HA .

2.2 LEMEMK

LB WA R LW E 1R . 7E = S0
JA 1,8-Z% I ER T (3 g, 15. 14 mmol) , fil A 100
mL RV . 7B AR 15 minJ&7 , A 2-1R K
Jfi (3. 12 g,18. 17 mmol) , K i i i &£ F+ 2 110 °C.
FIE 12 h 545 1k RN o B = S0 AR S BB
vKoK A g SR AR JZE A 24k, 45 377 4 oBr-NI
4.8 g,7" % 90%.

'H NMR (300 MHz, CD;C1) 6 7.41(t,J = 7.9
Hz,1H),7.54(1,J = 8.3 Hz,1H),7. 82(dd,J = 14. 9,
6.9 Hz,2H),8.34 (d,J = 8.2 Hz,1H),8.63(d,J =
8.3 Hz,1H). "C NMR(75 MHz,CD;Cl) & (163. 84,
135.99, 134. 97, 133. 69, 132. 31, 131. 87, 131. 07,
130. 74,128. 92,127. 43,123. 50,122. 96)x10™°,

P43 28977 ) oBr-NI(2 g,5. 68 mmol) A T
ME 0 = FUM b, A 80 mL VU &k g A 1 o Gl A
1S min J5, A GE 5 DY =R FE B (0. 05 g,
0. 043 mmol) Fl ik R # /K ¥ W, TS A 2-(9H-RE
M -9-FE ) HE AR (2. 45 g, 8. 52 mmol) , 2 I I B N
45 °C, L 6 h S 45 1k B 5 >R T G H e A L 3
U, IF K UE 3 0 I TE K B B2 44 1 #8 ), R AL 2
Br A7 4l Ak, 75 2] 7= 4 0C2z-NT 2. 1 g, 725 72%.,
'"H NMR (500 MHz,DMSO) & 8.56(d,J = 7.7 Hz,
1H),8.51(d,J = 8.2 Hz,1H),8. 45 ~ 8.39(m,1H),
8.14(d,J = 7.7 Hz,2H),7.90(dt,J = 39. 8,7. 6 Hz,
2H),7.62(ddd,J = 7.1,6.2,3.4 Hz,2H), 7. 60~
7.56(m,2H),7.54(d,J = 7.8 Hz,1H),7. 50 ~7. 39
(m,2H),7.35(dd,J = 15.6,4.7 Hz,2H),7. 17(1,] =
7.5 Hz,2H),6.98(dd,J = 11.3,4. 1 Hz,2H) 6. 86(d,
J = 8.2 Hz,2H) . "C NMR (126 MHz, DMSO) &
141.50, 138. 17, 137. 78, 135. 36, 134. 63, 134. 16,
133.59, 131. 71, 131. 66, 130. 92, 130. 78, 129. 86,
129. 29, 128. 70, 128. 65, 128. 05, 127. 48, 123. 63,
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Fig.1 Synthetic routes of compound 0Cz-NI

122.57, 120. 41, 119.98, 110. 63, 109. 98. MS(EI,
m/lz):[M]" caled for C36H»N,0,:514. 168 1, Found:
514.167 3,
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3.1 Eigit#

K H Gaussian 09 2 {4 , {f F % B2 1z oR #Li8
(Density Functional Theory, DFT) , ¥ F B3LYP/6-
316G (d) 1Y J5 1 F 25 21 % A5 1) oCz-NTH) 73 145

1]

HOMO LUMO

AT AL . INE 2 0] LLE Y, &5 4 F 25
FEAL G L oCz-NTELA 411 il (19 25 44 , 25 1k W i 5 2%
R Z I8 £l 61, 38°, Rk 15 4 3R 2 J] 114 2 £y
h34.57° et B4 1 S B HOMO 5 LUMO A
o, Hoh  HOMO 32 2250 A A8 MR S A I | i
LUMO W 3= %55 A 76 Z8 Wk W e B A1 | o i — 20,
W)t R e N D 5 28 S B - 1T 2 TR B B S
27. 26 nm, X FE 1 BE B A AT 55351 N 1 L o
.

K2 A& oCa-NIRISSH K L & HOMO 5 LUMO 43 i [
Fig.2 The chemical structure, HOMO and LUMO distributions of compound 0Cz-NI.

PE— 5 M, 38 i Gaussian09 #2445 15 %
J¥ 77 BK P2 & (Time-dependent density functional
theory, TD-DFT) & H B3LYP/6-31G (d) (1) J7 i M
AT EAAEY oC-NI A B REYH . HHEE
G W oCz-NL Y I IR L L S BESL S, H 2. 35
eV, Ml AR T, N 2.30 eV, HAEH 22 AL,
90.05 eV, X FE/NREN 22 A F TAE W =4
AW A3 5 S ) R ) B R A R R AT, N
177 2 e BB B 3 R

3.2 AR

H T EUE AL A W) oC2-NLAF7E 43 F P HAL fif 7%
B, KA S W oCz-NT ¥ fift 75 A [] B 1 19 35 50 v
0 8 G A AN (] 3 50 Y Ol B4 D' (Photolumines-
cence, PL)Y6iE R 3 rn . WAL, IL &Y
0Cz-NLTE ¥ ) v A 4 369 516 335 Bt 45 7 790 A 2 1) 484 o
T3 W 21745 , i 2 W AR V8 50) v i RO s T 0
PN EEL T B B RO o X A SR AR R R, 2 1 I R
i e o W ik, (A RO
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Fig.3 The PL spectra of 0Cz-NI in different solvents

3.3 BREFSLLENE

e B AL A W 0Cz-NI N 5 5t L LA DY & ik i
(THF) ¥ ) R W, W BE R 107 mol/Le [0 B 5
WA 8] F i 7K, IR IR PL OGS . fn
Kl 417 76 THF s il b i A0 615 R
550 TS IATK A LA 2 60% B, 30 & i
JE R E e, JF BBEE K & s AR, T Aot
JEE b B 2 1, RN B A SR AR RO R .
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Fig.4 PL spectra of 0Cz-NI in THF solvents(¢=5.0x107 mol/

L) with different water fractions
3.4 TEXEMES

TR A R G YR 5 A TADF 4
P T A A W 0Ca-NTFE A [H R E R 19 % 66
W, G S R, AT LUE B E IR EE A 100 K T
1= 21 300 K, 0Cz-NI Y & 5 W B FEA AN A i &
S5 BE % Wi s, R B T B Y B T AE AR 9%
JeHEPE . MR T AL B W oC2-NTH K 75 K [7] I
T FE A, mE e iR o LR B, B A A
100 K F 751300 K, 164G ¥ 14 75 6 (14 55 508 7 1
ThE P T LR TADF B, v 9k 3.5,
7.6,12 ps.
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Fig.5 The fluorescent spectra of 0Cz-NI powder measured

under different temperatures
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Fig.6  The lifetime of 0Cz-NI powder measured under differ-

ent temperatures

3.5 #HopEgemi

T ¥ AL A W oC2-NI R T OLED #§% 14, il
T AR E M B BVER S b (L T) R Ak
G 0Cz-NITE 350 CH 2R 8 5% ; 1M 3 if 22 7 49 4
T PO A2 BT (18] 8) AT 1, 0Cz-NT 4 3% 15 1 5% 5 i
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Fig.7 The TGA curve of compound 0Cz-NI
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Fig.8 The DSC curves of compound 0Cz-NI

3.6 BHEFXBEMK

AW 0C2-NTEA TADFPE T D K B 4T iy $ifa
ML T E L 3k O (Electroluminescence,
EL)PERE RIS 7888 77k Hil#5 T OLED #84% . #%
£ 4589 24 : ITO/PEDOT: PSS (30 nm)/mCP (20 nm)/
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1
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Fig.10  The luminance-EQE curve of the OLED
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Lok I E A ZE T, A T B A ) e e R R PR 1
sl A BE 0Cz-N1o 3 B SCHK o [7) 4 R FH 28 Tk 0 e by 2
; ' UNNUN R R S /e NI = R Sy TSR A6 )
£ 06r BE ML BRI I A 5 T RS JEE DA S e R
S o4} ST RCR LA T T HEAT L. g LR, T L
Ll 5 B L T2 ) LA P 4 VSR 0 P 4 0Co- N

JI il £ 1) OLED 54, #H Lt IF 23 (] . for % B 15 1

N SN (OB, AT S 1 24 50 MU, AP S8 1) I

RO e s en T SRR . P A DR IR 1 T2 e
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Fig.9 EL spectrum of the OLED 56 1, 345 RO CHERE S I AL
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Tab. 1 Comparison of the properties of 0Cz-NI with some materials reported from literatures
L& R I U /mm Ja SEHE/V K FEE/(ed-m™) e RIMETFRORI% 27 0k

1A 539 12.0 87 N.D. [11]
NP-VK 535 21.0 110 N.D. [12]
CbzNI 539 3.2 100 1.02 [13]
0Cz-NI 496 6.0 1405 4.11 AT AR

4 % #

‘o

ARSI A BT A6 G W) oC2-NL, 38 o B it
KW, 535 1 HOMO 'ﬁLUMMEﬁ%ﬂM}‘%
H o 45 R F 32 iR A 25 (] b g5, ]

% | EJEEH%&E’J%EE%I%%%WEE%%&O i
R 2 B % 4 F S5 8 AF A 4y N e e B

PR o i i 78 3R O 35 5 A oCz-NI H A TADF %
f%,LﬂAIE%%%%%EEﬁ%%@%@k)‘EE‘J
LS S S S B = S I W o 1 TGA?FDDSC
T B R SRR e e, R E ) A AR
1 77 S 25 A LR G ER A o R oC2-NIAE Ry %
JE A B & T OLED #5 7F , H & G 06 i K 4 496
nm, fixt K5 FE K 1405 cd/m’, it KAMR TRCR N
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4.11% . 5 SCHR T [R) FF 25 52 H 7 5 DT ) 295 4 A T A PR CH R BT T .

L, R s (6] H i A RS 1 BT SN A7 HIL RO R

FRA ALK R S d B R B 58 BE DL K A i AR SR GO R R L A I N S T St i
TR . WL AT WL, 25 8] far 5 B W] AE S — b http://cjl. lightpublishing. ¢n/thesisDetails#10. 37188/
BB R AT PG IR IR SO MR, £ CJL. 20230034,
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