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Theoretical Study of Energy Gaps for Naphthalimide—based Charge
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Abstract Thermally activated delayed fluorescence (TADF) materials are promising for the next generation of organic
light-emitting diodes. To realize reverse intersystem crossing (RISC) effectively for TADF molecules requires basically small
energy gap (AEsr) between the lowest singlet (S;) and triplet (T,) excited states. In this work, 1,8-naphthalimide was selected
as a fixed acceptor (A) because of its large rigid conjugate structure with a high radiative decay rate. Twelve naph-
thalimide-based intramolecular charge transfer (ICT) compounds were constructed by the conjunction of naphthalimide moi-
ety with each of donors (D) including 9,9-dimethyl-9,10-dihydroacridine, phenoxazine, efc. Their energy gaps were calculat-
ed with the Gaussian 09 package at TD-DFT level using the optimal Hartree-Fock exchange method reported by Huang
Shuping recently. The results show that D-A structure of naphthalimide-based ICT compounds has smaller AEst and longer
starting fluorescence emission wavelengths (4) than those for corresponding D-phenyl-A type. However, strong electron do-
nor like 9-(9H-carbazol-3-yl)-9H-carbazole (DCZ) seems to have no significant effect on AEgy and 4 at high CT amount. To
achieve small AEgyof these naphthalimide-based ICT compounds, increasing the twisting angle between D and A, together
with enhancing electron donating ability of D is found to be a practical strategy to stabilize the energy of the lowest local-
ly-excited triplet state ("LE) and substantially lower the energy of its lowest CT triplet excited state (*CT). As a result,
4-(9,9-dimethyl-9,10-dihydroacridine)-N-phenyl-1,8-naphthalimide (4b) and 4-(phenoxazine)-N-phenyl-1,8-naphthalimide
(5b) show small AEgt of 0.01 eV and 0.02 eV, respectively. Their 4 and oscillator strengths of vertical absorption from ground
state (Sp) to S; are 575 nm and 0.0002 for 4b, while 621 nm and 0.0025 for 5b, respectively. In addition, the 1 of compound
5b obtained from its photoluminescence curve is 600 nm, which consists with the computed one with an error of 0.07 eV.
Therefore, compounds 4b and 5b can be expected to be potential reddish-orange and red TADF emitters.

Keywords naphthalimide; thermally activated delayed fluorescence; energy gaps; quantum chemical calculation
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Figure 1 Molecular structures of constructed 1,8-naphthalimide-based ICT compounds
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Table 1 Twisting angles of twelve compounds among D, Ph and A
Compound la 2a 3a 4a 5a 5B

Twisting angle (D-Ph)/(°) 40.4 564 572 80.9 90.0 86.5

Twisting angle (Ph-A)/(°) 823 76.8 77.6 90.0 90.0 53.1

Twisting angle (A-D)/(°) 419 204 204 9.1 0.0 334
Compound 1b 2b 3b 4b 5b 5A

Twisting angle (D-A)/(°)  41.7 625 643 78.6 81.8 90.0

3.2 HIZ%SD THIESH

K 2 2 12 Fib &9 DL 2R TS HOMO Al
LUMO M F=aAil. HEERER, frath&mn
S| ¥ )E THMEBAES 'CT, X% H HOMO F|

HOMO LUMO

B2 B3LYP/6-31G*IH5L 12 FiL &4 HOMO #l LUMO HL¥ = 43 &
Figure2 HOMO and LUMO of twelve compounds calculated at the B3LYP/6-31G* level
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A1 5B), HOMO [f1H 7= EZ B 3/E D 1 Ph |, LUMO
M5EAEIMAE A “Fii k. BT 1a A1 5B T A1E
HOMO #1 LUMO 2 [if5 /> &5 &4F, 2a~5a [f] HOMO
5 LUMO HFZ=Z%E24E, B g EHIEX, 4T
0.94~1.00 ZI[8], (HZERE /N 3T D-A A& (1b~5b
FI5A), H HOMO FE &/t D b, LUMO M| 3= 2 5535,
76 AP _E. {H2&, HOMO 1 LUMO 2 [8] B3 ¥ 25 HI 43 25
FEEEEA AR D-n-A R K, BATZ A2
B, JHSE 1b A1 2b 5 7. D-A KR g AT 0.63 F
0.95 . [n], AR LEEK.

#2 B3LYP/6-31G*IHH 12 LA HOMO. LUMO. E, fil g {4

Table 2 HOMO and LUMO energy levels, £, and g of twelve com-
pounds calculated at the B3LYP/6-31G* level

Compound  HOMO (eV) LUMO (eV) E,(eV) CT amount (g)
la —5.03 —2.40 2.63 0.977
2a —5.39 —2.49 2.90 0.990
3a —5.22 —2.53 2.69 0.998
4a —5.04 —2.48 2.56 1.000
5a —4.68 —2.51 2.17 1.000
5B —4.81 —2.52 2.29 0.941
1b —542 —2.37 3.05 0.634
2b —5.68 —2.60 3.08 0.843
3b —5.35 —2.66 2.69 0.943
4b —5.28 —2.57 2.71 0.879
5b —4.95 —2.63 2.32 0.897
5A —4.86 —2.62 2.24 0.946

HOMO 5 LUMO Z [0 HF =8 S E T
D. Ph Fl A B0 [A1EB I IR 1 Br 2 21 (1) 25 (Al 2 BH. R
A PHBROR, BTG R R AR F2 B R, o B LB AR
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BACPXZ IR T, R, B ATTAR N 45 s T RE 1IN
F: DCZ>CZ il PXZ>DMAC. D )45 7 Re /1 BB
T ALAEYI HOMO. LUMO. E, fl ¢ {H. $%I PXZ
>DPA>CZ(5a. la. 2a 1 5b. 1b. 2b)JFF it s 1R
719858, f#5rF HOMO RegAkik FF%, MiifE E, A&
KB H D A HRTFRESIN ¢ RIREmLT LR E 2.
DCZ #1 CZ. PXZ Fl DMAC {145 H. 1 /1% HOMO.
LUMO H1 E, [fsgma#a®s 5 FR ARl thah, RE A A
A%, HEE I LUMO RERIE S 52 B R W fuf (1 5. EE
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2P AL, Rk, S D R B ik
BAFS BT RESIN D, #Re LGN E, RAEXK
N NTTE IR R N e R R g L0 b5
&[25].

33 LEYIH AEsTFAA

* 3 5& 12 ML &I AEsy A1 2 I SEAE. ST
D-n-A K&, Ew(CCT)5 Eoo(S) M 2%, EooLE)# L
EooCCTY/h, FTELER EooCLEYEN T 4. BR T 5B i
EowCLE)% T 2.15 eV 4b, 1a~5a [f] Eo CLE)fE 2.21+
0.01 eV NZEZh. XFF D-A KR, 1b~3b X} Nif £ CT)
HE Eoo(S1)/N, A EooCLE)HEEL EooCCT)/I, FTLAZEEL
EooCLEYEN T, 4. H1T 4b. 5b Al 5A 1] Eo.oCLE)#JLL
EooCCTYR, BIMERUEAIN B CCIEN T, 4. FILd,
ZEM/E i ICT AL &%) 1a~5a. 1b~3b A1 5B ) T, & E
BRI AE 4R NI L, J&T °LE, 1fi 4b. 5b 1 5A T,
BIHJET D B A MBI =HECT.

MW 3 B, FeE D mEZEFRX, hE&wn
EooCLE)ZARTE B E, 5 SCHRIRIE I ZEME % T, 1)
S P T R, TR AEsr BNt S
W, TEFN A Eoo(S1)R Ego(CCT), FHIEF] Eoo(’CT)
R F 8 N F EpoC'LE).

R3 12FMCEIN AB R 2 HHELAE
Table 3 Calculated AEsr and A of twelve compounds
Optimal HF% Eva(S1, OHF) Eo.o(S)) Eoo(*CT) Eo.o(’LE) AEsr 2

(OHF) (eV) (V) (V)  (eV) (eV)(nm)
1a 410 3.10 286 286 222 0.64 433
2a 416 3.52 328 328 221 1.07 378
3a 419 3.49 325 325 221 1.04 382
d4a 420 3.24 300 3.00 222 0.78 413
52 420 2.87 263 263 222 041 471
5B 395 276 252 252 215 037 492
1b 26.6 2.68 244 2.09 .92 0.52 509
2b 354 2.94 270 258 214 0.56 460
3b 39.6 2.96 272 270 214 0.58 457
4b 36.9 2.40 216 215 217 001 575
5b 377 224 200 198 222 0.02 621
54 397 2.39 215 214 222 001 576
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(IR T~ 95 43 5114 0.0002.0.0019 AT OGL 315 B SV). &%
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HH LTS 2] 4b. 5b [ SA ) fya(OHF) 435l 22 0.0002
0.0025 F10. H:r 4b £l 5b (1] f4(OHF)5 STk IEPI
%k TADFE #48F 7,10-7(9,9- - FRIENY BE)-1,4- % 4RI
(m-ATP-ACR)[¥] £ {E(0.0002)FH 4.

164EY) 4b F1 5b THE TN 2 4352 575 nm A1 621
nm, 43 AJE TR EREL tat, RS
Y 1b AEHRE IR 208 509 nm, 5 SCHRTRE 1S5
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{H 500 nm*AH—%L. 2L, 5b 1 2 HHHE 621 nm 5
BATE AR S 600 nm(GZHFHE B SVIIFEEA —
B/, W TUEERA —EMATEE.

4 LHig

KA AN D-A R 7Y 78 (B A2 B R RN 45 BT R
¥ PXZ F1 DMAC #8258 ME &K ICT &4, 1t
HARBRENN AEs BeiEiL T 0 eV. 1hEH14-(9,9-
T EE-9,10- AN BE)-N-K JE-1,8- Z5 1 W [z (4b, T, =
2.15 eV, $;=2.16 eV, fyx=0.0002)H1 4-(W3 M )-N-F -
1,8-Z5 Mk f%(5b, T, =1.98 eV, S;=2.00 eV, fy4=0.0025)
f) AEst 4399124 0.01 eV F10.02 eV, A 205 575 nm
621 nm, ‘EATATRE R RIS ALK TADF Akl 28
PP IS ICT 73 FHIRe R ZETHE A MRS AEsy 77
%, W HABZESY TADF MEHN 2T B — 2 HIfE %
YEH.
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