M Z BB 2017HE F£62% £ 35H: 4099 ~ 4112 ¢\<¢,ﬂ%> JuAk
=8 FEE A PR e kL SCIENCE CHINA PRESS

T B RCE -l BN TR0k: ks S iAA

X ER, BT, B
MR AR F A5 SR E R E SRR E, KF 130012
* B & A, E-mail: yangbing @jlu.edu.cn

2017-08-08 Wk, 2017-09-12 & [01, 2017-09-25 435%, 2017-10-31 FIZE LAk 7%
[ % & S & 3R (2015CB 655003, 2016 YFB040100 1) Fl [ 5 [ SRR 342 (51673083, 51473063) % Bl

% AEANn-E L FEGL A RY, BoFErnl B RRE R KL KT, £ETEDREF, &
MERT —k@RE, KFEGHEER NPT REAER, FETTEGLAAREHAR: —FE, LESFR
THESEM, EHOX D THAST-nE B EHETRRANE, BRT FEHREESR, 5 —FE, SHh=
REn-mEREMFHT L0, FNRDTLOLS, BEMEEMPN RS MR, ARHIHTFEHLE
A, RS T AT EEEREN DT ZEA B2 T MR, Rap MR T B R & aomE =K
Kr-msgREM, WHRET BT AR R IR, A PR T #. Bdo TORR)EM-HR S M-

RHERZE R RFR, LEH KRBT RAAM R, HRELH M.

Keptinl

H Forster%: N T 19544F 76 £ 11 1IE C bE 8 W &
PRI GE S LRN, g S — Rk A
FUR AL 4 22 A ST B AF 58 0. R 4 5 ) (excited
dimer, excimer)J& I"'MHA &S+ 57— FEFES
a3 & A AR EAE T B — Fh 5 £ A X AR ) ilf 4
BEWY. WL G YRR F1E I — 18R
K6, HkGHEIERRE BN E T A A Eis e
LIRS ARG TE | Yk SRS A0 S5 A8 T I B HLA v BE AR
SR O A DR LR B R e T, AR AR IR
INAG; ot NS oF 1Y (AN [y | 1A S L Ve S Bl g
O A FHET Y m e gt A
BL& e B A RS L 4 A W OE N S D AR A
EHEEONA. B, ER—MEENEESY
B, VLGS T Y B oK TR) R G R R OB IR 55,
LA H AR AR B SRR ()Y, 7 BR A
Ry RN . HA TR A — 7T, RS
B R CAS A A AR T L Xk P 2 B 0 5 1

B, ZRIK, mES e, BaT, RARE

FRKRFEAR; 75—, [E PR b4 & Y 2545
R IRk, WA, Wk
B BEfE AR RS 55 R 5 BOIR AR S BRAE AR R,
IRZAR B H B AR . I, SRS Y
A TE B S B b — L A HIL I AR A e bR IE 5 o T s
Ty E IR ARG Y. BN, LR CRA Hln- P8 KOt
B> T AR BT, Ayl S 5l - oA LA TR K ROt
TRLRE, R LN 25 R | B . R AL IR
ST e IR AN SR n-nAH AR L, H e T
T AR A0 ) R B B AR E | R AR MR B e A1 1 Pl
ZEEMREBESIE R J350, fER R A M- 3040 4
R R T, ZBCR B 2R L > T r-n iR 42
TE U S A T L v R A Ao BEL o
45 W U AR L R, PR IE R SO B B 0.
HJE, BRSSO BA FRIR B OB 2
R RS, DL, ASCANBOR SHE R T, &
SEOr T (HEBOZE S 5 ROEEREZ M R &R, 8O T8

SIRARAR: XN, &5, . TN R BT A ISP A . Rlafiz, 2017, 62: 4099-4112

Liu H C, Gao Y, Yang B. High-efficiency dimer fluorescence system based on m-m interaction between anthracenes: Recognition of excimer (in
Chinese). Chin Sci Bull, 2017, 62: 4099-4112, doi: 10.1360/N972017-00864

© 2017 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




A % b B 2017THE12H He62% H35H

PHEG5 W) I TR LA 8 R NSRS b

UL S A W 0 SO IR T 78 AR A ot A TR
SR RS Y R B B Bt #E, B 1A
RS F R FEZS 71 HH EAE 3288 5 30 T8 W 17 WL
SRR, X2 IR SRS IE-, A
FEAH B HER, 43 F (B R B LSRR T 1k
JEU20 B R R R, AR A AR ARk
A TR TR BB B AR AR S AR A i Y 2
X, BIECE IR 0 FELAF M BEAE A, RBLE
O WOSCREPE. B, PR S IROR R 5 L 40
GWRIFER ROCRE (LR . W98 . TR .
e 2, U WA R ) R i & ST LY. R T 1
WES B BEAR RN 43, FRATTE SCHC U TR0, B2
BT KO CHIEIE 10 d R PR A AR RS, 53 4k, (EAERE
SIS 81~ 5 o k=2 1 | B v /B2 iR Oy Tt (S I
B CETALE T R AR AR T — RS TR
R — A LR EUR C M R S S, R
£ S &t (aggregation-induced emission, AIE) "
PG AL IE R ¢ Y (thermally activated delayed fluores-
cence, TADF)*** | = 8 4%- = B A58 K (triplet-triplet
annihilation, TTA)?*?1 | Z4{k 25 (hybridized local and
charge transfer state, HLCT) F1 #4 # T (hot exci-
ton) 7 AT 4 W) (excited complex, exciplex) &k
JEUSIGE R B, O AE A YR S B T
L MENE, BitG B EA WSS YR
XU R OCHT SR TR R, IR R
BT D B R

1 SECERAK AN -5k

et BAT A AR BRI S R, AR 9T 4150 K B
TRl CR K A B BN S &R B 2-TA-AN,
B 2- 7 WE BB AR B (K 1), WnE 28R,
2-TA-ANTE PU S W (THE)A W (10 wmol/L) H i) % 5t
WERT Amax=424 nm, K ICELE N 191 =26%, PN F5 7=
2.27 ns, RILIEH MR QRS T208. SR, BR
Al VR 22 S W A7 K 3 M 2T B 07,526 nm, F I
SR SRR, RCBUR R IE80%, DL R M7
#15(163.75 ns). MRS AMA, 2-TA-ANMI#E 2
BRI T AR AR L. AR AN R Y BH B TE HL
P& shoRE AN 25 K 3 et B8 T e BURP SR i 2, (0 H ¢
FEG T W (B MV W B S R & A T 102 nm) K ELES,
REH A T — MR S BRI 54b,

4100

o
S8®
& b gl W

9-position

Lo GO
Trposiion. O

1-TA-AN

B 1 (MR E)2-TA-ANFI 1-TA-ANF 4 T-25H
Figure 1 (Color online) Molecular structures of 2-TA-AN and 1-TA-AN
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Figure 2 (Color online) Fluorescence spectra (a) and time-resolved spectra (b) of 2-TA-AN in THF solution and crystal. Fluorescence spectra of
2-TA-AN in THF solutions with various concentrations (¢) and H,O : THF mixtures with various H,O fractions (d)
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Figure 3 (Color online) Disperse dimeric anthracene stacking in 2-TA-AN crystal ( I : 3.466 A) (a) and dimer with top view (b). Herringbone stacking
structure of anthracene in 1-TA-AN crystal (Il : 3.579 A, M:3.632 A, IV:3.204 A) (c), and two adjacent m-m anthracene planes with top view ((d), (e))
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Figure 4 (Color online) Molecular structure (a) and fluorescence spectra in solvents with different polarities (b) of ANP-m-Br. Fluorescence spectra
(c) and time-resolved spectra (d) of ANP-m-Br in THF solution, crystal B, crystal G and powder
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Figure 5 (Color online) Photographs of ANP-m-Br crystals and powder (a), and stacking structure of crystal B (b) and G (c)
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Figure 8 (Color online) Molecular structures and its photographs (a), fluorescence spectra (b), time-resolved spectra (c) and crystal structures (d) of
ANP in THF solution, crystal and powder under irradiation. Molecular structures of ANP-p-Br and its photographs (e), fluorescence spectra (f),
time-resolved spectra (g) and crystal structures (h) in THF solution, crystal and powder under irradiation
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High-efficiency dimer fluorescence system based on 7t-t
interaction between anthracenes: Recognition of excimer

LIU HaiChao, GAO Yu & YANG Bing’

State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin University, Changchun 130012, China
* Corresponding author, E-mail: yangbing @jlu.edu.cn

Excimer is a class of dimeric excited-state species, which is often formed by association of an electronically excited
molecule with the same one in the ground state. In the excited state, the intermolecular interactions are attractive while
they are repulsive in the ground state. Therefore, as typical spectral characteristics, excimer usually exhibits red-shifted,
structureless and broadened emission spectrum relative to that of monomer. Since Forster and Kasper firstly found the
pyrene excimer fluorescence in hexane solution in 1954, aromatic excimer formation has received tremendous attention
because of its many potential applications in organic light-emitting diodes (OLEDs), chemo-sensors, bio-probes,
high-resolution bio-imaging, organic lasers and so on. Although the spectral characteristics of excimer in rigid media
(crystals, glassy matrixes, supramolecular capsules, etc.) are similar to those of excimer in fluid or gas media, the
definition of excimer in rigid media is not supported by that in fluid or gas media. Therefore, we prefer to name them as
dimer emission as a result of the pre-associated ©- dimer of ground state in solid state. Generally, in the solid state of
planar and rigid aromatic molecules, the strong intermolecular m-7 interactions tend to quench the solid-state
luminescence, which commonly causes very low efficiency of solids. As a solution, the chemical modification with bulky
substituents or physical doping was usually adopted to suppress the intermolecular - stacking and achieve the
high-efficiency single-molecule luminescence. Interestingly, we have found a class of dimer fluorescence in crystal with
high efficiency and long lifetime, which is based on intermolecular 7-7 interaction between two anthracenes in ground
state. The emission spectra of these crystals are characterized by those of excimer. Experimental evidences and
theoretical calculations revealed the essences for high-efficiency luminescence: on the one hand, the constringent
interplanar m-w distance of dimer excited state reinforces the geometric rigidity and significantly decreases the non-
radiative energy decay; on the other hand, the monodisperse dimeric mt-m stacks produce the pure and uniform dimer
emissive excited state to avoid the formation of energy-trapping dark state, which effectively suppresses the non-radiative
energy transfer. The explanation of high-efficiency dimer fluorescence has been also evidenced by the further
experimental data, i.e., the more anthracene dimers in solids, the higher fluorescence efficiency. Furthermore, based on
the relation between molecular conformation and stacked structure in crystal, molecular design strategy of high-
efficiency dimer fluorescence is put forward to successfully construct the monodisperse dimeric ®-w stacks in solids. The
molecular structure should contain two moieties, i.e., T-conjugated group and substituent group, and the spatial position
of substituent group leans to the one side of t plane. When two m-conjugated units stack in dimeric form, the substituent
groups play a role in isolating every dimer which makes the dimer monodisperse in crystal structure. Intermolecular
dimer belongs to the simplest supermolecular system, and is significant for the study on supermolecular luminescence
materials. Besides, this review concludes the latest progresses of dimer fluorescence, existent issues and application
prospects of supermolecular luminescence materials. Expectedly, new-generation high-efficiency dimer and
supermolecular luminescence materials could be developed on the basis of new concepts, new principles and new
aplications, as well as the structure-property relationship could be established among molecular (stacking) structure,
excited state property and luminous performance.

anthracene, dimer, excimer, supermolecule, luminous efficiency
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