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Theoretical Investigation on Firefly Oxyluciferin Analogs Bearing an
Amino Group Used as Organic Light-Emitting Diodes Materials

Min, Chungang™“ Li, Zuosheng” Cui, Xiaoying“ Yang, Xikun“
Huang, Shaojun” Wang, Shaohua“ Ren, Aimin**
(“ Research Center for Analysis and Measurement, Kunming University of Science and Technology, Kunming 650093)

(¢ State Key Laboratory of Theoretical and Computational Chemistry, Institute of Theoretical Chemistry,
Jilin University, Changchun 130023)

Abstract Firefly oxyluciferin has great potential application in organic light-emitting devices, because of the high efficiency
and wide range of multicolor light from green to red. To gain an insight into the structure-property relationships, a set of firefly
oxyluciferin analogs bearing an amino group with benzopyran, biphenyl, bipyridine, phenanthrene, phenanthroline, fluorine
and coronene instead of benzothiazole ring were designed. In this study, a systematic investigation into them was carried out
using the density functional theory and time-dependent density functional theory methods. The calculated values show that
bipyridylaminooxyluciferin (BPAOL) and orthophenanthrolylaminooxyluciferin (PMAOL) with nitrogen atom have smaller
the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) energies, larger ioniza-
tion potential (IP) and electron affinity (EA) values than biphenylaminooxyluciferin (BIAOL) and phenanthrylaminooxylucif-
erin (PHAOL) with carbon atom. Compound aminooxyluciferin (AOL), BIAOL, BPAOL, PHAOL, PMAOL, fluorenyla-
minooxyluciferin (FLAOL) and coronenylaminooxyluciferin (COAOL) can be used as electron-injection/transporting materi-
als. AOL, PHAOL, FLAOL and COAOL can be used as blue light-emitting materials. These results indicate that the firefly
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oxyluciferin analogs bearing an amino group have many interesting properties and are good candidates for optoelectronic ap-

plication.

Keywords ionization potential and electron affinity; reorganization energy; oxyluciferin analogs; emission spectrum;

time-dependent density functional theory
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Figure 1 Chemical structures of firefly oxyluciferin analogs
bearing an amino group AOL, BEAOL, BIAOL, BPAOL,
PHAOL, PMAOL, FLAOL and COAOL
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MPW3PBE/6-31+G(d) 7 AT B ) 2L A A 0%
HE AT AOL, BEAOL, BIAOL, BPAOL, PHAOL,
PMAOL, FLAOL Al COAOL 7E 4 JU{T A4 24 R i) 25 35
BKMHEAAES TR L. BER AT, SRR
R IR | JE 48 UK FE . 25 R R I BURX 1~
1 Al 1o S L BH R0, A i K 1y A B,
TR TR T B 1 4 T 0.009~0.021 nm. 11 1
BB B T i R T B RAE R T 0.034~0.041 nm. Lt
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F£1 MPW3PBE/6-31+G(d)J7iEE 2+ 14 AOL, BEAOL, BIAOL, BPAOL, PHAOL, PMAOL, FLAOL 11 COAOL [f]— & 5 43

K (nm) F1 T £ (°)

Table 1 Selected important bond lengths (nm) and dihedral angles (°) of AOL, BEAOL, BIAOL, BPAOL, PHAOL, PMAOL, FLAOL

and COAOL in neutral state obtained by MPW3PBE/6-31 + G(d) method

Compd. AOL BEAOL BIAOL BPAOL PHAOL PMAOL FLAOL COAOL
1 0.130 0.151 0.140 0.140 0.139 0.139 0.141 0.145
I, 0.145 0.145 0.146 0.146 0.146 0.146 0.146 0.148
I3 0.177 0.178 0.178 0.178 0.178 0.178 0.178 0.178
Ty 0.181 0.180 0.180 0.180 0.180 0.180 0.180 0.180
Is 0.154 0.154 0.154 0.154 0.154 0.154 0.154 0.154
T 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121
7 0.140 0.139 0.139 0.140 0.139 0.140 0.139 0.139
Ig 0.130 0.130 0.130 0.129 0.130 0.129 0.130 0.130
Ty 0.176 0.135 0.141 0.141 0.142 0.142 0.141 0.139
Iyo 0.138 0.139 0.139 0.138 0.139 0.138 0.139 0.139

ZCCCN* 179.9 179.9 179.9 178.8 179.9 179.5 180.0 179.8

“ The dihedral angle is «/NCCN in AOL.
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Figure 2 Plots of the frontier orbitals for AOL, BEAOL, BIAOL, BPAOL, PHAOL, PMAOL, FLAOL and COAOL by MPW3PBE/

6-31+G(d)

#F2 AOL, BEAOL, BIAOL, BPAOL, PHAOL, PMAOL, FLAOL FI COAOL H A~ [d] A B HOMO F1 LUMO & 53 ik 19 H 43 LE (%)
Table 2 Contribution of electron density (%) for AOL, BEAOL, BIAOL, BPAOL, PHAOL, PMAOL, FLAOL and COAOL

Compd. R group Thiazoline ring Carbonyl oxygen
HOMO LUMO HOMO LUMO HOMO LUMO
AOL 95.79 64.60 3.75 30.72 0.46 4.67
BEAOL 97.77 55.72 1.88 39.38 0.35 4.90
BIAOL 99.30 92.80 0.62 6.24 0.08 0.96
BPAOL 99.17 95.54 0.75 3.92 0.08 0.54
PHAOL 96.53 55.21 2.94 38.56 0.53 6.23
PMAOL 98.38 65.90 1.37 29.30 0.24 4.79
FLAOL 96.09 64.14 3.38 31.10 0.53 4.77
COAOL 97.88 81.16 1.65 16.43 0.47 2.41

MR 20 W, Btk &9 HOMO #UE H = E AL T
R B[] b, W e IR R 5 0 B0 1) s kAR . X T
LUMO #i&, F& BIAOL A1 BPAOL 4h, R % [Z1%} LUMO
HIE M DTk 5 HOMO #UIE L RIE RS, WifE BEAOL
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A2 EIEER BNPB (—2.03 V) P2 UL LUMO %L
EREE, R RARGEMETIENGES]. 5 AOL HIRERT
tb#: & 3, BEAOL, BIAOL, BPAOL, PHAOL, PMAOL,
FLAOL fIRERRIYIE K, HH COAOL MIRERR IR/, 158
KT MR 2R S NG R TB BRI &
2, JEREHZE IR . B, BRAbne . JE. A AR
275 0 R AR R G M e TR AT DL 1 1K e B R A AL 0
RATEM .
1.3 EERE. BTEMBMERRE

TR R N RE SR, BATEA T R

AE(IP) A HL TR FI 35 (BEA), HEESREER/DN, 257Xy Nk
AN 5y, T T RMBEK, B TFREAREES.
MPW3PBE/6-31+G(d) /772115 1) IPs Fl EAs {HT3&
4 . Wk 4 PR, Frit s Y4 i B e Al 4a vy
TIN5 5~ COAOL <FLAOL <BIAOL <
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PMAOL > AOL > COAOL > BPAOL > PHAOL >
BIAOL>FLAOL>BEAOL. {k4%) BPAOL 1 PMAOL
(K] IP F1 EA 18 5454 BIAOL A1 PHAOL L4, 545
1.2 Fi 6 HOMO F1 LUMO $UiE g &= 15118 i 45 SREAR [,
Ut B U 7 06 B B 7 B AR AT DA T s TR SR /1. B
BEDIN 1P()EI KT U 2 DhEe kL BNPB [H
BRE(6.37 eV B IXSE AT AE M ANIE A AR N A %
BiAEL A AN, 525G b EIESE MR 2 T REM R
BNPB ELAZ(EA: 1.16 eV)> VLB, B BEAOL (EA: 1.06
eV)4h, FTEEDI B ERtERe#RLL BNPB &F, Rl
AN AL R, P PMAOL [ TR #6 R
N 1.71eV.

BJa, N T MR R IR 2 SO BT IR R T R AR
1, AT T 2 ICE 41 BE (o) A1 HE T H 4 BE
Getecron)> 2. W1 4 FiTR, B2 BEAOL 4h, FTrE &I
Aetectron /N T AOL, Ut A ZR FEMEMRERGE IR . BRIHEIE |
e AP EARTE. M ERIAUE, BRI B R
RPN, B BEAOL #F, FTERTAEMIN daccron T Anoe
Z I ZHB/NT AOL, R HIIX L4l 54 1) =23 R L+
EANTPPET TS 2] TR KFE &
1.4 BFIREFEL S IE

F5HHT TD MPW3PBE/6-31+G(d) J7iEEIESS
PEAC U Al E45 2 B Bt e AL S P OGS PR

£3 TG HOMO, LUMO % g & % fe kR
Table 3 HOMO, LUMO energies and HOMO-LUMO gaps of studied compounds

Compd. AOL BEAOL BIAOL BPAOL PHAOL PMAOL FLAOL COAOL
Eyomo/eV —6.23 —6.09 —5.95 —6.29 —6.00 —6.36 —5.80 —5.76
Eyymo/eV —2.90 —2.33 —2.55 —2.78 —2.55 —2.79 —2.46 —2.68
Eyomo™~ELumo/eV 3.33 3.76 3.40 3.51 3.45 3.57 3.34 3.08

x4 TSR ER. BTORMNE. HIEEMEAR V)

Table 4 Ionization potentials, electron affinities, extraction potentials and reorganization energies for studied compounds (eV)

Compd. IP(v) IP(a) HEP EA(v) EA(a) EEP Ahole Aelectron
AOL 7.85 7.60 7.45 1.41 1.66 1.91 0.40 0.50
BEAOL 7.69 7.45 7.27 0.78 1.06 1.35 0.42 0.57
BIAOL 7.48 7.22 7.07 1.13 1.34 1.54 0.41 0.41
BPAOL 7.84 7.58 7.43 1.36 1.59 1.81 0.41 0.45
PHAOL 7.46 7.24 7.11 1.18 1.38 1.58 0.35 0.40
PMAOL 7.86 7.64 7.51 1.41 1.71 1.83 0.35 0.42
FLAOL 7.27 7.05 6.90 1.08 1.27 1.46 0.37 0.38
COAQOL 6.99 6.82 6.70 1.48 1.63 1.78 0.29 0.30
Chin. J. Org. Chem. 2015, 35, 432~438 © 2015 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 435
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# 5 TD MPW3PBE/6-31+G(d) 1%t 5432 AOL, BEAOL, BIAOL, BPAOL, PHAOL, PMAOL, FLAOL #1 COAOL 1% Y ¥t

W YRR N BRI AH

Table 5 Absorption spectra oscillator strengths (f) and main configuration obtained by TD MPW3PBE/6-314G(d) method for AOL,
BEAOL, BIAOL, BPAOL, PHAOL, PMAOL, FLAOL and COAOL based on the optimized geometries

Compd. Electronic transition Wavelength/nm f Main configuration
HOMO—1-LUMO (—0.12027)
AOL S, 399.69 0.4576 HOMO—LUMO (0.69262)
S, 361.09 0.0002 HOMO—3—LUMO (0.69391)
HOMO—2—LUMO (—0.16412)
S 340.04 0.1482 HOMO—1—-LUMO (0.66800)
HOMO—LUMO (0.11585)
BEAOL S 385.92 0.0372 HOMO—LUMO (0.70404)
S, 332.66 0.0003 HOMO—3—LUMO (0.69151)
S; 313.14 0.4206 HOMO— 1-LUMO (0.69490)
BIAOL S 397.91 0.5999 HOMO—LUMO (0.70443)
HOMO—2—LUMO (0.68797)
52 340,81 0.0004 HOMO—2—LUMO++2 (—0.11801)
S; 311.30 0.0314 HOMO— 1—LUMO (0.68737)
BPAOL S, 385.31 0.6284 HOMO—LUMO (0.70424)
HOMO—3—LUMO (—0.26598)
S 361.34 0.0003 HOMO—1—-LUMO (0.63955)
HOMO—4—LUMO (0.52319)
S; 345.59 0.0003 HOMO—3—LUMO (—0.43093)
HOMO—1-LUMO (—0.11227)
HOMO—1—-LUMO-+1 (—0.13271)
PHAOL S, 392.00 0.5088 HOMO—LUMO (0.69241)
HOMO—1—LUMO (0.66322)
S 376.61 0.0062 HOMO—LUMO+1 (0.22882)
HOMO—3—LUMO (0.68780)
40. ,
5 340.30 0.0003 HOMO—3—LUMO2 (0.10995)
HOMO—1-LUMO+1 (0.13682)
PMAOL ) 4984
O Si 37859 0498 HOMO—LUMO (0.68942)
HOMO—5—LUMO (0.12495)
S, 368.43 0.0016 HOMO—4—LUMO (0.11451)
HOMO—2—LUMO (0.67711)
HOMO— 1—LUMO (0.63480)
53 357.95 0.0009 HOMO—LUMO1 (—0.29455)
FLAOL S, 398.11 0.7519 HOMO—LUMO (0.70352)
HOMO—2—LUMO (0.68697)
S 33942 0.0003 HOMO—2—LUMO2 (0.11756)
HOMO—4—LUMO (—0.11427)
S; 312.53 0.0185 HOMO—1—-LUMO (0.67451)
HOMO—LUMO+1 (—0.12247)
HOMO—1—-LUMO+1 (0.17350)
COAOL S 441.96 0.4257 HOMO—LUMO (0.68099)
HOMO—1-LUMO (0.61516)
S 43243 0.0137 HOMO—LUMO++1 (—0.33565)
HOMO—1-LUMO (0.32232)
S 365.45 0.1490 HOMO—1—-LUMO+2 (—0.26384)

HOMO—LUMO+1 (0.56075)

o FE K E BRI A K. Wk 5 FraR, AOL, BIAOL,
BPAOL, PHAOL, PMAOL, FLAOL 1 COAOL 3 AU
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399.69, 397.91, 385.31, 392.00, 378.59, 398.11 Fl 441.96
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nm. &%) BIAOL, BPAOL, PHAOL, PMAOL, FLAOL
5 AOL ML HIHE# T 1.78, 14.38, 7.69, 21.1 A1 1.58
nm. 1] COAOL NZ1#% 7 42.27 nm. BEAOL ff] Sy—S,
Bt 2R 58 FEAR /)N, AT LA So—S, AZEFH I, Hix
KIRF58 B B ERIE N So—S;, 5 AOL AHELEK
W W F2 86.55 nm. FEAM KR IR RINML AWK
W e U4 I 7 9 BEAOL<PMAOL<<BPAOL<PHAOL <
BIAOL<FLAOL<AOL<COAOL.

TR RS, H TD MPW3PBE/6-31+
G(d) HEVE T it A &R R SHEE. Wk 6 iR,
AOL, PHAOL, FLAOL 1 COAOL #] IME N5 1 % et
Bl HARR ISR T T2 S — S, SMEKIE, XLk
FFERHKIERBAT 068612 ) HOMO #iE %
LUMO #IBEREKIE4 5. AOL, PHAOL, FLAOL Al
COAOL L i Fe 2 8 32.7, 27.97, 22.61 F11 20.26
nm. BEAOL, BIAOL, BPAOL Al PMAOL ] & 5 1 it
X R PRI T 5 AR /)N, RIFIT XS . [ R A2 A FH 1.

2 Zhig

AL EFRETE T AIME . PR, Bekee . . 4B
TRAE 2R R B K R E R E TR N 4
IR PR, M IP A EA H2RE, Fra &AEE R
RATEMM S TGENRE IR ZE. 55050 F OEsE i
12 IhRes kL BNPB LLi &I, Bk BEAOL 4b, Bt
GBI N TSR KL, Hoh PMAOL A &K1
FEMHA N 1.71 eV. (LAY BPAOL il PMAOL 51k &
¥) BIAOL F1 PHAOL [h#, BT %R T 45 T (1 H
AR, fH R ) HOMO A1 LUMO %l fig &8N, IP 11 EA
EIR, e T BT rI&LHEee . ARIBOEIE B&, B
BEAOL 4k, A fiT AEWxE NI BE A& AN Sp—S,. Ik
A, T RS RO A (8] LA 45 04 0 o502 S SO FE e i
FEM 20.26~32.7 nm. XEEAL AP RS G AR T 5
228 AOL, PHAOL, FLAOL 1 COAOL 7] LAE R

KA R
3 HEGF*E

TSR B 95 26 B, MPW3PBEP % b5 it vhE 1 1 T
Mg KRB T AT e s RS, R RAT
15# DFT-MPW3PBE Z 456 6-31+G(d)ZEAH AL
FEFOEEMY AOL, BEAOL, BIAOL, BPAOL,
PHAOL, PMAOL, FLAOL 1 COAOL 35 FH B 724
BRI E5 8. DR Ul 546 o etk i
I SCHR[32, 331 A AR IETHE T B REAP). TR
I (EA). 27 AHEAE(HEP). HL Tl EXAE(EEP). H4H.
AE(V) Fm R HLIE (HOMO) . B AKIE 545 3B (LUMO)
AefE 2 HOMO. LUMO #LIERERA(AEW.L). FTiE AL &)
()25 — B B R A L i@ ik TD-DFT/MPW3PBE/6-
31+G(d) J7 ik Ab. TEAR A0 3 25 FIUR 25 L AT 1 22 Atk
I, XH TD-DFT/MPW3PBE/6-31+G(d) /715 T 1k
B VIRRSCRI R G et T DR SE ATk oA R K
HEyrETE, RATH T EHE T AL, QAL, NAL,
CAL(%> T 45 W22 R[22 E HE(PCM. R B350 ch
ISR R S (N R 7 Fim). 5 SEieqE b R IR,
WG TRER ZELE 15 nm 2 W (AL A NAL WO iE iR 2
43 4% 13.67 F115.02 nm; 1ff QAL A1 CAL 4352 0.97
F113.76 nm). THE MRS S SLIGE BRI, R%E
7£ 30 nm Z (AL. QAL 1 NAL fit5 48 23 ) bb sz ié:
/N 23.72. 17.68 F115.03 nm, 1 CAL UK 29.48 nm).
S M) DFT A& eSS, Fra s E St
T eI, Bt f2 i, MPW3PBE/6-314G(d) )5 i
EESE A BN R, B it 51K A Gaussian09 25
A58 RO,

#Bh#1 Bl (Supporting Information) T iff 7044 & A &L
AR A TS5 B R IRAARR. IXELh4 LT DL 2%
AT 9354 (http://sioc-journal.cn/)_E N %K.

K6 BTG TIRIRST B IRy50 () ZERRITPIE K BRI R %

Table 6 Emission wavelength, oscillator strength (f), dominant transition orbitals, coefficient the studied compounds

Compd. Wavelength/nm f Main configuration

HOMO—1-LUMO (—0.13006)
AOL 432. 4132
o 32.39 0413 HOMO—LUMO (—0.69161)

BEAOL 559.13 0.0105 HOMO—LUMO (—0.70571)

BIAOL 512.59 0.0000 HOMO—LUMO (—0.70479)

BPAOL 516.38 0.0095 HOMO—LUMO (0.70475)
HOMO—1-LUMO+1 (0.12165)

PHAOL 419. .

0 997 0.5369 HOMO—LUMO (0.69496)
PMAOL 519.85 0.0000 HOMO—LUMO (—0.70216)
FLAOL 420.72 0.7488 HOMO—LUMO (0.70410)
COAOL 46222 0.4895 HOMO—1-LUMO+1 (—0.15695)

HOMO—LUMO (—0.68612)
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7 AL, QAL, NAL Ml CAL fE%h (IR AN A SHOE I (nm) IR T 525 ()
Table 7 Absorption and emission wavelength (nm), oscillator strength (f) for AL, QAL, NAL, CAL in benzene

Absorption spectrum

Emission spectrum

Compd.

Wavelength f Experiment!”! Wavelength f Experiment!”!
AL 369.67 0.6108 356 413.28 0.6402 437
QAL 357.03 0.3689 358 405.32 0.3294 423
NAL 342.02 0.5036 327 384.97 0.4764 400
CAL 382.24 0.4288 396 498.48 0.0459 469
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