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Synthesis and Optical-Electrical Properties of N/O and N/S
Heteroatom-Containing Hexacene

YU Cong, SHEN Yugqgiang, WAN Jiaqi, FAN Mingxuan, LI Junbo
School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: To develop the highly stable and band gap adjustable azaacene structures, oxygen/sulfur (0/S)
atoms have been successfully inserted into the skeleton of azahexacene to prepare oxygen/nitrogen (O/N) and
sulfur/nitrogen (S/N) heteroatom-containing hexacenes. The results showed that the absorption peak and
emission peak of S/N heteroatom-containing hexacene (DATH) was red-shifted by 16 nm and 68 nm,
respectively, compared to those of O/N heteroatom-containing hexacene (DAOH ). Meanwhile, the fluorescence
of azahexacene was greatly quenched when the S atom was introduced into the skeleton of azahexacene. The
fluorescence intensity of the compound DAOH in CH,Cl, was 4 times higher than that of the compound DATH.
Moreover, the cyclic voltammogram shows that DATH is more easily oxidized than DAOH. The study lays a
foundation for the application of N/O and N/S heteroatom-containing acenes in the field of organic electronics.
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1.1 5 A

A A% R LR A (S5 [ B BL %2 A W), VX
400) ; Biflex I 781 5 1% 4% ( Bruker 28 7] ) 5 848436
JEREEH (H A B HA ], UV-2450) 5 561X (H
A H 3L A Al F-7000) 5 HL AR 2E TAE 0 (1l R 4
CHI760) .,

WA o brat, WAL E A R A L &R
BUT Bt (G r i, kiU B4k ) , — AT K a4
(rdral, REE A0 T) KBS R (4, Rt
FALT), LR LW (b, Kt e 746 T, —&
H e (o BT 2, R T4k T, A ik (o3 #r 4l , K
HEFRT).

1.2 KWHE

&Y 4E Y K EE (5 g,24.8 mmol) , &
LR 4 (25 g, 93.6 mmol) Fl = AL 51 K & W
(0.25 g, 1.2 mmol ) I A H: 3] — G F 5 (50 mL) ,
ZNE (50 mL) AT7K (60 mL) IR & AR H o e,
S R HERE 24 ho KRB AR R A 250 mL K Hr R
K, H BE(2x100 mL) ZEH, A5 HUA e 115 51
TRAE (0 A o 38 o R R A LR ) - VAT
k) : V(A H b)) =1:2] 41k A, 15 01 52 A 1 (0
k(1.4 g, 77 % 30%) .

&Y 2a 9 & B FE VKR T LB 1a(0.40 g,
0.66 mmol) % T PU & LK (15 mL) A3t im A Py
A, e ERE s EER TR 120 H]
P00 T NHL CL¥ WA S g, &l H € 50 mL 4
3 AR, TOoK B R A0 T 4% T 1 o 38 3 ik (1
FELPRMEH VO hEE) v & H %) =6: 141k
REW ., BB EHAKWO0.16 g, /"F 42%) . 'H
NMR (400 MHz, CDCL;) § :7.0~6.7 (m, 4H), 3.6
(s, 4H), 1.5~0.7 (m, 42H)

b &9 2b 19 & 0 FE VKB T L8 15(0.40 g,
0.63 mmol) ¥ T P & We i (THF, 15 mL) 234t fin
A DO SRS B 58 JE R VKR FE = R T B4
12 ho FHAR AT NHLCLE W K 0, FH & b
50 mL 3 R A L, ToK B BR 4 14 L e 1. it Rk
JE o 3 A [ TR . v O k) sV A b ) =
10: 124 IR A 9, 159 2 8% k) K (0.23 g, f= %
61% ). 'H NMR (400 MHz, CDCI3)8 : 7.4 (dd,
J =59, 34Hz, 2H),7.2 (s, 2H),3.3 (s, 4H),
1.2 (s, 42H),

k&% DAOH Y4 1 :2a(0.10 g,0.17 mmol) ,
1649 4(0.04 g,0.17 mmol) JITA ] 10 mL vk i iR
HOEIR TR L he € UEDET £ B R IR AT A
o [ A R e [ A o e i A e i [ R BER : v
(i) « VO )=10: 1264k, 158 Ak A (0.05 ¢,
FER55%) . TSP DAOH 7% H AR i 71
R R 22, R BETI /S 'H NMR 5 "C NMR. IR
(KBr, em™): v 3442, 2940, 2 862, 1 620, 1415,
1 355, 1302, 1 065, 883. HR-MS (MALDI) m/z
Cale. for [M+H ] +CsHssN,0,Si,: 771.379 7, found:
771.379 4,

&Y DATH (5 8 4 2b(0.11 g,0.18 mmol)
AL & ¥ 4(0.042 g, 0.18 mmol) Jill A 7K fis 2
(10 mL) P ZEE R FHFE 1 he U85 VI C
ik O T A IR o TS o A 1 A 5 ok A €35
DL VEEF : v ) < VO ) = 2001461k, 15
FIR A AR (011 g, 77 F76%) . LAY DATH
T HZ WM M, R BB °C NMR, IR (KBr,
em™): v 3436, 2923, 2860, 1627, 1458, 1081,
989, 879, 688. 'H NMR (400 MHz, CDCL) &:
9.58 (d, J = 7.6 Hz, 2H) , 8.24 (d, J =7.7 Hz,
2H), 8.06~7.82 (m, 4H), 7.54 (dd, J = 5.8, 3.3 Hz,
2H) , 7.32 (dd, J=6.0, 3.2 Hz, 2H), 1.51~1.29
(m,42H) . HR-MS (MALDI) m/z Calc. for [M]+
CsoHssN2SSiy: 803.286 0, found: 803.334 0( LK 1),
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Fig. 1 Synthetic routes of DAOH and DATH
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O3 F 2R T A N 45 T B XS 4k (2D) 1 X T HE

H T B BE 2543591 4 0.354 nm F10.355 nm , %
%ﬁfﬁﬁwﬂﬁ YEH .
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DAOH L% 16 nm, 7] fE 26 i+ B AT H ik 45
TR, SINIK R 73 F N HL AT 5 RS 5 . (b &9
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Fig.2  Structures of DAOH, DATH and DACH
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Fig.3  (a)Single-crystal structures of DAOH (left: top view;

right: side view), ( b) Molecular stacking patterns of DAOH
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Fig. 4  Compounds DAOH and DATH: (a) UV-vis spectra,

(b)fluorescence spectra

P Ak Y DAOH 1 DATH 1Y & 5 s 43 3]
£7 T 494 nm F1 562 nm, DATH & 5 1§ 41 % T
DAOH L% T 68 nm. [AlBf, DAOH 5% i H 1)
BT TR N 0.378, 1 DATH — 508 W 92 6
FRRAL K 0.094, DAOH %% % 3 Ji 3 DATH 14 4
L ST I T I ARKIER TIRRDO G, K Scik ™
i3l A I A O/S 24 i F 1 A 4475 I %K DACH 1
PR AN % S I I 1 7E 500 ~ 600 nm ( H K W Wi ik
652 nm) , %G K FHELE T 657 nm Ak, O/S 7k A F)
IR p LA Y W e R TS
XA BE 4 T A R AR RS O/S 24 R F 51 A Bl 5
g Tl IR T LB R R sy o
T
24 HBUEHR
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I DATH #E47 T H Al 27 I (LA 0 ot R 5 1)
B 8 0.1 mol/L 14 DU T 356 75 JUBE iR 44 ( Bu4NPF6 )
F14) R R TR T IR, R bR ) . WAL
R AW DAOH F DATH FAE PR 22 i 4k, AL S
il DL E 164 Y DAOH F1 DATH #B EL A5 7] 5%
1) A8 Ak 3 D 0 | O LR R 340 D R AV, i) 2 - 1.54
—1.43 eV, IR EALH AN 1.09.0.94 eV, 1B 15 %)
14 % DAOH Fll DATH i HOMO-LUMO g7 B
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Fig. 5 CV curves of compounds DAOH and DATH
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Tab. 1 Summary of photophysical and electrochemical data and energy levels (eV) of compounds DAOH and DATH
) E.,/ LUMO/ HOMO/ E,/Aw.! LUMO/ HOMO/ E,/ & ax
AW EwdI V' Enu 1V D,
eV’ eV’ eV! eV‘/nm eV’ eV eV’ (Lemol"+cm™)
DAOH -1.54 1.09 2.63 -3.26 -5.89 2.53/490 -2.39 -5.47 3.08 0.378 4.8x10°*
DATH -1.43 0.94 2.37 -3.37 -5.74 2.38/520 -2.55 -5.58 3.03  0.094 7.1x10°*
HZ :(a) T:E CH.CL iﬁ ?& EP iﬁ ?i‘ E(J ﬁ%'fﬁ ﬁ: ‘UE"J iit o (b )E.;(.,. =E ..~ E.,.MM s(e) Evvmo = Evowo + Evpo (d) Enovo=—(4.8+E,..") - (e) )Iﬁ%% lgﬁt E. =

1 240/A . () BIETTHE
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