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DESIGN, SYNTHESIS AND PHOTOPHYSICAL
PROPERTIES OF HALOGEN- AND
SULPHUR-CONTAINING NONCONVENTIONAL
LUMINOPHORES

ABSTRACT

As researches on pure organic luminescent materials go deeper, nonconventional
luminophores have been drawing increasing attentions for their intrinsic photoluminescence
whereas lacking traditional remarkable conjugations. Compared with conventional pure organic
luminescent compounds containing noticeable conjugation structures, nonconventional
luminophores only hold varieties of isolated, discrete chromophores, such as heteroatoms (e.g. N,
O, S and P), hydroxyl, carbonyl, amino and cyano groups, etc., which changes people’s cognition
that organic luminescent materials must contain remarkable conjugation. Nonconventional
luminophores play an important role in revealing self-emission phenomenon of organisms, and
also hold significant potential applications in the field of bio-imaging, anti-counterfeit and
encryption and bio/chem sensors owing to their relatively easy synthesis, and the fact that most of
them hold benign biocompatibility, environmental friendliness, hydrophilicity and low toxicity
resulting from not containing conspicuous conjugations.

The clustering-triggered emission (CTE) mechanism can be utilized to rationalize the
intrinsic luminescence from such atypical luminophores. However, since researches on this kind
of luminescent material still remain to be promoted, a lot of plausible mechanisms have been
proposed while no one of them can escape from controversy. In that scenario, a highly universal
luminescent mechanism is desperately expected, which needs to be further investigated and
generalized. Recently, there have already been multiple literatures relating unorthodox
luminophores based on heteroatoms like N and O and electron-rich subunits like hydroxyl, amino,
carboxyl, carbonyl, amide and so on. Nevertheless, researches based on atypical luminophores
holding other electron-rich heteroatoms such as sulphur-, phosphorus- and halogen-containing
nonconventional luminophores are seldomly reported. To further explore the emission mechanism
of nonconventional luminophores, and to add luminophores containing these uncommon elements
into existing theories, we here in this thesis, under the guidance of CTE mechanism, chose
electron-rich halogen- and sulphur-containing luminophores as research objects and subsequently
selected or synthesized a series of small molecules or polymers to explore whether these materials
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will behave nonconventional luminescent characters. Plus, through researches on the chosen
halogen- and sulphur-containing small molecules and polymers, we further testified the rationality
of CTE mechanism and its significant guidance role in photoluminescent molecule design.

Key words: Nonconventional luminophore, clustering-triggered emission, room temperature

phosphorescence, fluorescence, molecule design, photoluminescence tunability
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B4, H#k )t (photoluminescence, PL) #REHEGHLA G A% (OLED). AWtk
AR MR DA AR AR S DT TG A S 2 S S A BT R UR AR 4
JEA NI R, LR T 2 5 T6 B SAR BRI 5T A3 2 755 1 2%
o EE T LA RIS SRR, RIAFEFF NG, HLENE v FEEA AR f
WLt B WA T LA 7 SR EE 512K (aggregation-caused quenching, ACQ) [E-8If15
#£i% 5 K% (aggregation-induced emission, AIE) #5101, W F 5 & KRBk EIERE, AIE
PPRMELT SR 51 T Rk 22 11 90T E

U AER, kR 22 A S KILPESE M AR SR RO B MR ol o RS B SRS (1) RS BiE
A, AR RA PR AE R R B2, T B RO S AIE PR S E S,
RIFERVEOIRZS T TP AR B S5 R JEILR, TEMRIEH A A SR RS T HE R
FROG. BERT, RILHEAE A AN A R T b S5, R IX Aokt 2 AR LAY
KAV —EKIUESE T Z D . WETHTIR, A£G MANL MR RS 0 &
ORI T7 PR o IXFh AR B T S I ERIT ) R, Reh b &9 K 7 A8
PEE . A ML R . i 4h, RILHE T PR 5 IR AE AR A4S 3K 8 R A LGS
Gy RERIKYESS 1, 25 FAE KA SR T U2 AR el iR B & i 1 — 8 IR HE o T Ak 22 A
RURSCAA W) AN 5 X 26 o] iy Sk | AT AT IR OT 2 BT D D5 IR 25, A2
FEANE PIREMRVEL HIRBE AT, A AEEREr . AU AR < B3 O DA B A% I &5 07 TH A 6
T B S i1,

SR, R BRI 2 () JE AL RO S W R AR TE H R, (H I R 2 3 2 AR AR
RINW)o VFZ W TEEE XA F AR RO AR REEH T & Fh &AL RIARRE , (F2 HERR HLrT 4R
RICHVIERATIRA FFRE o 1M 1 B ER Z 56 HOR AL AR S b0 () 78 73 3%, JESURLR 65
F R A AN T — AR BT X ROK JE A DA S AR 4 2 R8I I B T I IR 014 (1) R
FERETL, BATREA T 2013 42, ARMAUL G RGN A3 R T & B2k 4] (R
TR n B FIREUABERPI R TR EHE (ETEED M RNREL, BIERTS
Sk Cclustering-triggered emission, CTE) HLH.

BT CTE LB, FI0LE IR R AR AR e ocsE, R E SR AL R
WEDRIE R, BTG NiXEeIE ], Hb, #EFMx R (G EraTREAERT
AR AR S M ST A 1 AR S8 AR A A e 2 o SR TR 2 il 3 AN i ) AR S 1Y
HAEVIIRIER A 2 Do Bk, N T RSSX T, A% S TARE RT3
A KR AR RO &Y. B e TRA B SR ISR & R NG iR T —Fh & B = o 1
T I B0 S (R ARSI, T R KRR B (8 A 2 ) o L E i B TRl
RN TR, BT E ORI & A S A K= R — i E T2 7
o, SRR BAF= AR RO AR AU o B SRR AN e R AR A RO AR T, MR
SPUEER T CTE HLERM IERAYE, T HONR & Rk B E AR AL ST 78T I TE 2

A FERR AN ACE DB DL AIE PRI, FEx H AT oA AR Ak

%1 7 4t 56 W
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1.2 Fegidiz

1.2.1 1 RIEHLH

Wil 1-1 1 Jablonski BEZL RN, JRALL T3S So M TIRIE REJE T 5, #BUk 2
Fe— R E PR Sy, n > DA — MRESIBES  ARIEBUR &5 F IR (Kasha's rule),
WBOR B R ISR S F LW Cinternal conversion, 1C) ARz (vibrational
relaxation, VR) ARG OE IR G, BRICRHIZE—HEHBMAS (S MRIKIRSIEEHR . X

— AR BRIT I R FERT 104~10 s, LSS T S1 AW T A5E F T R 2RSS So, I
PEBEA AOCILG, WWAOGIL R RNt (Fluorescence), HAGar#)0y 10°~107s. Fritbz 4b,
KT S1 R A AT fiE I RAIE LK (intersystem crossing, ISC) KT £ — =5
BORAS (T, n > D, SRR TOEERE (B3 IC M VR) J&5, 4 FERITRE —=
HWRE (To) WEAIRSIEEY, FFidt—PERIT HEEZE (So), ULEF &5 156 s
(Phosphorescence), H7r#)h 103-101s, ISC i FE# & 2 1 H ekl (spin-flipping) ,
Rl JE T A e RIS AR, SRR BN, XA oK 5w A 55 1 IR A

) Intersystem Crossing
Internal Conversion

/s / Internal anid external conversion
N
S: \ - \
T TR
M Sy T
----T
Engrgy
Absorption Fluorescence
|

Se

Ground State -

1-1 EASCYEL R Jablonski BEZ &

AHh, mF RS K IC, VR AISC VL AR kT, S87T —EnhitE
FEHL, DRI P RS B G A — IR LU IR R B . bk, B AN S T 3 So Y
SRR 240, AR AR RIE AT /e, W0 FRIZI S EUR BRERAERL YO
BRK.

1.2.2 PL Y61 AT Stokes f7#%

PL G AHEZE i B, AT o R S ek AR i . [ e ORI (e
FRFE, O SN BA T AR SREE, 15 20 A S 58 BE - R S B S b s A e i
(emission spectrum). [ KK (em) A2, CKFEFERER & MEORBEK TS, Kk
SRR IR R T R S, T4 3] 1) R ST i R - TR I A R B R B G ORI (excitation

spectrum),

#
N
=
b
&
b=l
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Stokes shift
Absorptio Emission

Intensity

AR RARRE AN LA RS AR
100 200 300 400 500 600 700

Wavelength (nm)
B 1-2 BOGE- REHGERBE A%

WRTATE, — MO, SOOI ER R T RO, XFILA T 1852 F it
el (Stokes) B RMEEE]. W1 1-2 o, XA AS s LR PR T e M {42 (Stokes
shift), HEEJFHLET IC M VR SEAFRMN BT LR REEAEH. RIEE 1-1, T SHREE
HRET S ASMREE, BFULBOCAH LT ORI . MumfEMARRRRE K T, Bt
IOEYE ST VA2 N R

1.2.3 B TR 5w

BTHE CURRT %) IRICH fr RHE ROCHE R 1 BT R, 13 kRS
B R

BT RO R FAEAR RIOR RO I0RE F1, RAEREE L« YA AVSSEREE T b4 SO (1
A RESH. RERTHER (@) & ORI THH SO TH0H 1L
ERRERTHE

? = R TEE AR (1-1)

B 1 BLESE S, B R AT LUE ORI TR S BUR > 1 BB b ROt R R
LY, HE 7L LIER 1 ETAFEN 0 KST, ATNEERG. NTTT
fEVHE, BATHE A2 5 CRi IO E R K AR O 2 Ko R R GET
e

(p:Kr/(Kr‘l'Knr) AR (1-2)

BT =2S0 AR EE A EREMERE, Fild 7 RAS BRI A =2
& REEBSYIRES N 1SC IR R EFCRESE, FIBIDEE T ReRE0E O8:

Ky
(pp = (D]SC X

K7+ AR (1-3)
Bren = Kisc
ol —
Kisc + Krf + Kr{r AR, (1-4)

A, KO K ——2 ORI ) S R 6 1 4
KA KE—— GBI 4 S BRI T 4 1 4

Kisc—— M ERLZR 25 31 = 2R 25 73 8] BB 42 8 4
Disc—— M FLLLAS B = 2025 2 () BB & T R0%

3 3 7 $£ 56 Tl
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S Sumom Juo Tovs sy S8, SRIEATEEAAMINLHA RSB R

RNFFRVFN B IR 7 — DN EERNSE . 265 (o &SNS
TRVIWT IS R OGRS R E e FR&irIRt ], SRR T 2000+ S MKES K75
fir:

=1/ K +K° (A 1-5)

YT ROCAMRITE 75 i & SONBUR O GIR T W 5 B R 56 i B2 BRI A WIBR B Le FT 75
TN A] o PR = 2R A 5 4 A 55 v 1) 80 SR K 23 S KGRI KR, B LATE 58 U6 753 i i 2488
DRI KGR RO R B AR S BRI R (KE) HREAN, LT

=1 (K +K +Kj ) (~3K 1-6)

1.3 @B/ AR BN LZATIESH R

1.3.1 REIERAEKMEBET TR

gy e E A2 N EA R o LR R RINEF I 7, FERE R B RS TR
IR PO RT3, BRI T OO ER I H 2R A ROIAR, B ACQ BLR 1202,
X TR S IR AR T SR K 2 1 R AR & R SRR KIS RS RO K 95
W, CHRERA FRSEBIARA I, 27 LR 2 70718 wem SERUH LA T T 7] ek
ZE G . IXPh REEAR PO A8 B I AR AR S S A B it [ BRSSP BOROC IR RS
Ko MAESLERRII b, AR B AR, HULH BRI T2 AR 2] T RS E UK
JGHIRPRHZS29, fH 2 FL AT AR IR PR AR R R R e 52 3 B
Water fraction (vol %) HPS
0 10 20 30 40 50 60 70 80 90

- e

(V@ Water fraction (vol %) Perylene

0O 10 20 30 40 50 60 70 80 90

Aggregation-Caused Quenching (ACQ) Aggregation-Induced Emission (AIE)

(8)

Perylene <« H }H')r
Yo B P o W0 &

Hexaphenylsiole 1
(HPS) 4 .
AIE %h

Bl 1-3 (A) 20 pM (££) 120 pM ANZFEFER (F) 7EEHE A FEER 2 BUK T VS RRmE/

KBSV KB HREEREBA TR A (B) JERNERER KT, 23R i
1 ACQ Fl AIE 52

ACQ IR HAR LI/ T REMNTIME—TTEE, 2001 4, FEATRBA R 1-F
-1,2,3,4,5- L # FEMENE AF R DU SR I LA RO, (ERREE HH A IR RS 7FIK

% 4 T 4t 56 T
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() BT n,  ROGHIBHTIEER. 2K Bk E] 80%-90%H), Zik R Ok SR ISk
Pt (B 1-3). A, AV B AR RS M REORES N A E MR RS . X
FhEL S AR A AIE B 5:126-28],

B 1-3 JEBL T 3b——FP gL AL ) ACQ A RHAN 1-H1 5E-1,2,3,4,5- A FEMENE IX Al AIE A4}
FIENLX . JEEARIME IS, RERE R n-n R & SEOOERImES T 25
Ko 1ERIEFIUERREF, JEMFER 2 ARNE AT ERIHK (RREFD 1
IR BOBRIR Z 5], JERIR GBS KRR 5 BOE F) 80%HT, Fétaie K,

AIE BLEMARA FoiiR T ACQ i, ¥ T HIOLEMEPFNMNAH . AIE TTHRIEAMY
F ik IR, MREREZAE 5 HARILHE M R e E PR Eiw i . RERZ A5
SRR A A A, T R IR e R M R R A B I TERR A WUIRES N AN RO TE
W PR MRAE A KRERERES TAEWRA T IR . XMILLS AIE
B EEG—, WU AIE W H 347 & B R

1.3.2 AR AR VIR IR T ROCHLE

FEGE ) R BUR A il B K IEHE  fF RS, XX S5 11 e B FEARTR L
PR FL O e SR, RT3 A R R I AN B R IR B 2540 1 g8 R Ak S RO
LB ER AR INA B/ B RF . IR G EMEDIREAY) (PAMAMD R, RECLAIN
() e AR B HEAE R GRS B T A, (SR IR & Fh & A L an S 0B8R
YRR T B2, B 1) SR AR BRI DA K FEL 7 26 A 1 7 SR S P SR R I E B B R etk &)
POCPIHEREE . R, sERpE CnRds . &I, RIS, T E, BB RSN (&
AL FECIREE) DLE pH 25N F % PAMAM [RGB E R, X T b
TAG B EE MR O MR . AT AE 2013 3R THERIFE T KOG (clustering-triggered
emission, CTE) HLERAFREIX FhAE Sk S R BRe R0, R 15t B sl 3F 81 20 A A 11
FHE R L BERI = AR T 2 B S (R38R A KW, 320k
oo BATRIL, CTE HIEEAMAT AR RATR LIRS AL S KOG, FIFEHEH T3
T AE B R R G

TERATAZ AT R, FRATAE B R LS ) T A7 B AT 382 1 433 nm {15 £
2t (Bl 1-4A) B8l T ICKE Z PRI IRREY, SN 1 5 I0i5 I ) B AE B2
RICHUEL, AT 005 T IR B, Wik e E e . FoK IR [ 7
R E IR TE TLC AR EANK . SR A FH VR AR 2 77 KRR A & RO . it
Ab, ER I Aok AR RIS FE =R T A R (B 14 B). T4 4E R S5k I 5k
R EINE, B — B R E A, X, AT A4 2T T TE, K
BT AL AOEELS (B 1-4 BY o S3AMRATT SO HARR SR =y A= fdE A B (BSA) HEAT
THEF, ORI T HRER AT (B 1-4B,C).
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O

i"} ‘,,.y H NI
m o
(A) ( @ oo b
382 . OH OH NHy| OH NHy O NH7°H

433 starch chitosan
O CH,
OH HO oOH o r
‘{o‘\;‘&ogg‘o} %&%—o cHa
HO OH - L £ OH
cellulose dextran*® oHa
&g Ko &x

330 380 430 480 530 580  * of" = °”
Wavelength (nm) D-(+)-glucose D-(+)-xylose D- ( ) galatose

cellulose

365nmUVrt

Intensity (a.u.)

365 nm UV 77 K

starch cellulose  BSA starch cellulose BSA

Bl1-4 (A) FORFEERSMT TR RIS  (B) ik 4R UKBSARIE AR
N (C) BWWAERSMT TEREERT TR (D) —EFHIEARA BRI RR=Y

M1 TV AT 4R sk = R R R ICHE A ], IR AfETER LT gz h, A A7e4%E
FOHLRIf e XTI MErgERm 5, by 7 SRR 2 b, A E BT IR
DR LB ATIAR A BE 55 000 S i1 7T BE B2 ROt R o ARSZ I 4RV - HL 7 B AR L 2 /N DA
&W%ﬁ?%i?%ﬁﬁﬁﬁiTL%ﬁ% DRI S 30 7 AP S SO B EAN RO
WEI%%* Rl OB RS M R R R ] R R A, R a kAR

» PRI 8507 70 18] oL 7 A B s AR (P BREE FRAR) BLRCRRAR I R MIBE AL . 1t 4h,
m?&ﬁmA¥Wﬁ\¥@ﬁﬁﬁﬁﬁu&m%é%%%ﬁ%%@ﬁﬂmﬁT#H%ﬁﬁ,
i1k T RERARAL, A Bh T IX LR A A B A T WO R

CTE WLEEMS R 7 HAb D> FUnse SO0 HIRME. MR AWE UR A FURE S 06T
SCFF (B 1-4 D)o X D-(+)-1 % b5 5 b 5/ B S uE i 2 dh oy 1aE S ) (G2 Hh O---0
FARAERI DD A EEEMS, —J5m, X -FRVER IR 177 iRsh s, (2
B THIGAIRELL, IHIARARSTERIE: 5 Jri, X2 O---O JEAR{E M et 7> TRk 7
— 7l 3D WLIRGEHE (& 1-5), XA R i) 23 R LB A5 A A SO IR s E A L L Ay

#
o
p=it
H
&
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2.707,2.711
2.774,2.775
2.847

Clustering of |
nonconventional
! chromophores
l Electron overlap |

B 1-5 (A) D-(+)-B &R EBEWR—NFRBER S FRMATIER. (B) 00 s
EMEER. (C) HoELEEM (D) ARERRKNFEF LBEE R EFHEERREE

R 1 EIRAEROK . VEM LA SAF 4 2 1 RO ok 31 3 B0 H I AU A (A 2 4k, BEE N IR
WS R I T & A SR A AT DOE SO A (R FE LR RO, ansdd . BRIE . RIER. IR
Bf. F#HE. FOE. MRESE TR, 2016 4, WATRBARI 7 HEHEGRE (PAN) 1)
KOG RN, AT, PAN FEMVEBCIRAE T (£1.25 x 10° M) ARG . J811 PAN 1)
WIS VORI A R A RIS T BRI (50, HETREEIAH| T 16.9%, I T ks
IR FE R s R A AIE PRI (B 1-6) . SUEMFILFgE AL, AR PAN (14540 J Lk B 4
s RGN, RO DR H R TR RS (B 1-7).

700 ,
(D) / 405 conc. (M)
~ 2
560 :
L - — 05
S 420 i
1.25%1041.25%10% 1.25x102  0.05 [ —0.125
3 —0.05
G 2801 — 1.25x107
(©) £ 3
= —1.25x10
140-
0.25
Pt :

350 400 450 500 550
Wavelength (nm)

B 1-6 (A) PAN HIZH=; (B) 365 nm E4MT FEEMRKE A ARMKE PAN/DMF
WM (C) 365 nm EAMTHER FHRIB AR (D) REHERE

%7 7 4t 56 7



Bt suananu o Tone UnversTTy S, SFHAEREE KA AWER AR SR RS

FATHE— 2 RS PAN I BN B ARy R BEAT VUK, MR A AR RESE , X
£ 77 K NRIBOCAT AEET TWEIE, AR BRI Ak AR 5O 825 1 o, o HW%E
B 7B RRRS OB, RUI GRIEELRIE A R T2 A0 . PAN BRI IRAE A U5
JEATYIREA TGRS, XU AU AR AR G A 2 LU 77~ o i ELASE AN R ROk
PAHEAT RIS MR I, B 6 B W8 (R B AR, RV O B R
A, RGN B AN SRR A A, I DU A R RS R SR . #E—2B
F WA X 8 R S M 28 AN 8] (15 6 75 i o £ LA B4 W, T BAFR 43 E B A G [T (R
PRI RA AR ARG S RO HIRRA IR . CTE HLERF LS PE A5 LIER] o

(B)

(A% ‘“\'ﬁt

lone pairs and
n electrons overlap dipole-dipole interaction n-nt interaction

B 1-7PAN 4+ TFE (A) LA (B) RERF THAEE; (O RERTTHERE; RE
B ATREEN S TFANLG FEERS: (D) IBEFAN « BFZRNBEFEES, (B)
ER-ERAE AR (F) n-n MEAEM.

1.4 iGN R

1.4.1 B4

B AR T B IR AR A 1ISC 1R, BRI MR . B TBDCAA g
IRZEVR W A7 i B TS SO T ISR A, FE 70 TAR AN E R AR S5 UG 212 i) R TE

351,

r—— T}
Exc. - High &,
kisc >0 Non.rad
kp > krs + kg

Fluo. Phos. ko (ers , Kg)
S, l kg kp

B 1-8 BOLFAERCHEER, FRKEH)E SR AERNFE

3 8 7 £ 56 i
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WK 1-8 fin, =4 (T BHRES (S B REEB ASC) SREEM, M
M3 — 3o R ) B IR KRS 4 T E R BLIE RS & (spin-orbit coupling, SOC) B8, 4 T {2tk
AREHI 1SC A2, RGBS EHEE B 5] NE LR 7723 in SOC, Mim$s ISC #
B BRI K T AT TR N, Kk, 4G WL EhREE H A
B HL 5 T Wi & m UG AT 7S E AT 2k . B3R A G MU= I8 RE, e B feisrs
AHRISC, MMEAE =HEERBT: HIK, N TRBIE=ESE A EER N2 H
PABEEHITERIRE, B D R4 S KT i A2 .

1.4.2 fEGAAHLBCA R

AIE NIRRT Si—>To BUZERH DA K = 2R 255 ISR N BUBES R 3T AN 28 5 P A i e,
R4l ML= 3% (room temperature phosphorescence, RTP) A4k a5 337381, H i
7@5’]*@@%3&%%%&?&1%?& FEEGIANER T (KMRFETFE « FHET &K

o [, Tt b, @ g, RS ARSI EN G SRR S T DU T 52
fﬁ?ﬂznu

Fraser PR it IFG BT Z®UAIl- R B be- SR AR 1A & (BF2dbmPLA) , BF5T
RIIEZER T, ZEMERARE T RRHEG GO, MR TR AR, 1
B A Y A RO EIIRE 7T %LEMJCA%%[J%&E%, RIAE S R SHIE 5O, (H2
BT LEEREN, % RERAIFHHSEERRE (i 19 fion) , R BR.dbmPLA
BAEBOING . 25 A1k, fi{%%ﬁ?ﬂﬁ%%/ﬁ%%ﬂﬁﬁﬁﬂ%E‘J@Eﬁi‘)ﬂ%’a\%m@iﬁ

DL-lactide

Ri&
(A) R F I H
Sn(oct);
130°C
M% "

P
BF,dbmPLA (2)

Sl O PP

BF,dbmOH (1)

—
oY)

~—
-
~N

5

Total Emission RT
w—— Fluorescence RT 4
—— Phosphorescence RT ‘,'.4}
—— Phosphorescence 77K

3 o

Normalized Intensity (au)

400 500 600 700 0 05 1 1.5 2
Wavelength (nm) Air Pressure (Torr)

B 1-9 (A) BEYEBEERLE 365 nm FHIKR . BF.domOH Ml BF.dbmPLA ARFEPRZS
THAEN; (B) BF.domPLA HIEERFERES THRES R 77 K FBDBLE; (C)
BF.dbmPLA JEHIF A Stern-Volmer #2888 T ZEBHEHESBE KK .

% 9 7 £ 56 Tl



B SRIFATL USRI SRS IR RR

& 1-10 (A) CZBP. BCZBP J DBCZBP 4#=; (B) CZBP. BCZBP K DBCZBP 7E

HAMEIR K CZBP FERIT BRI Fe CZBP. BCZBP K DBCZBP (¥Rl 53EiR K5

1 R R MBI HAr; (C) CZBP. BCZBP K DBCZBP FEERM 77 K &4 F, 7E 365 nm
RIMCER R EIHERERRE

STt =R BRI b, FATREA R IR AR e HL T T, RS
THIT, @ RMERAE D-r-A Sl E? (K 1-10) , HAGKGm SRV
JiREOL, B FUR B A AE 365 nm SAMEIUN RS 0, A TR e g .
FERFEAMEREOL Y, CZBP KFDLH K, EAVRASEREOBLE (B1-10B) o M
RAFAFBECIL IS T AR K RS = SRR a2 LS. CZBP 73 T1E diy R P )
HERURIA L) 70 3R BAE L, MR NIBEALRERE G . 53, b &b BB s IR RE
(f) C-H ZL[HI7E CZBP g iA 152 1A R MRE, XIS KA drmitieft 7RIt

1.4.3 AR AiG B R

S AVE N RARLL, JERBMEEYITR RS E N S il C=0 &5 lLiR A 5 7 A
IR . LR N IRIE T IR IR AN A S IR RO S . RN A 1-11 A FiR,
Ho 1 p-D-H B SRR (B-D-mannuronic, M) Fl o-L-5 & BEES R (o-L-guluronic, G) %

(1—-4) BEEEMRG, 2R RIRZ PR, B 7R DL RN I ANE &6 T LA CTE MLEE
KARRE . AEIR 0.1 ms B, DL 330 nm UK B, MRS RRAA B IR B R S IR 518 nm,
FFan il 27.4 ms. [ 1-11 C @b PUFSE HF=IRBOEIL R : DL 312 nm SLAMTBUK, IR
B ARy R R R I o, M IbEOR R, BRI K E GBS . PR E
RGNS 5 R B AR T SOR B MR, PR K, A FIT SOC it #%;
WAL, BT AR R RN AR B2 v, SRR S BRI A, SR T = iR B A

% 10 T 3t 56 T



x%i@x%

%) SHaNGHAL A0 ToNG Univensiry S, ATIEARE LAY ARSI RS
(A) 450 1518 .
i }
=5 (B) 1,=0.1ms 104 (D) GMr powders
s 429 g t
z \ =274
@ 1001 % <> ms
H » g |,
>ﬁth& W 17 ™
0, HO 7~
\ o7 T © 10 »
or° 5w ] Tl
G-block M-block MG-block = %
GM MG =069 M WG = 153 ‘z’ A= 330 nm m} J I 1
M, = 310,000, PDI = 2.1 Moz S0, B =21 360 410 460 510 560 610 200 400 600 800 1000

Wavelength (nm) Time (s)

UVon UV off 312 nm

powders

film

1 1 1 1 I T T T
0 0.1 0.2 04 0.6 1 1.5 2s

A 1-11 (A) BERHNSEH, 88 GH M BT, (B) GMr i REEKRBK 330 nm T,
ta N 0 F1 0.1 ms IREGIE. (C) 7E 312 nm KAMT FFRIRHA G, GMr EKy KA K &
F. (D) GMr ¥ RKIERFAiLE.

15 dEMEE KU AWNS TR

AR TR, BN AR AR AR SIS T EORIEERE, (H2 R 2 HOAO Lk R
AR A I . B H AN IE, REF S AFFRBEIR L, JF B G R AOEHLEA IR
FAEBRIIF UL BT 83 ROEHIER IR N B AR, ARSI RO &+ BA
PRk
(0]

” PU;im=1,q=2

—Rm—T—C—O+CH2tO

H PU;ym=1,q=4

O——0

T
H
PUsm=2q9=2

m=1R= —QCHZ%— m=2 R=

PU;m=2qg=4

150 200 mg mL™!

& 1-12 PU; — PUs 55 H), =R 365 nm E 4 FHIEE L& PUJ/DMF B AR A .

LART, W FCE A — AR RO AR T R B AL, ERIFANE T HAb R &R . EAh,
AR g TR A 0 A1 (R S A HOROGA A A AR BE T JF 1 2250 1F1243, S AE 2013 4F, FATEREIA

% 11 T 3t 56 T



L x> ,f
i</ SHANGHAI JIAO TONG Uvamsuv . SHIESRAE Y SYRNS SRS eI B

TmHjT CTE HLE, ACATERERATRIARIA A, HAREH T HAMR A R . £k
ZJa,» N T BIEY CTE MLERR LRI A B AR IR RO &1, BATER S (R
BRLLI LB IR a R T — RANAEIT B LR AN (PUs) MR, 5 0% GE 1) 5 B BE BOR 4 RE
B R AFRA RS, B e s R RS A RS B e UBR IR AN B — N RS
TR B . LE BT S B SRR, A R e ik RO A SR A O R S e o 1A 1-12
Fis, WORRABREMIBH AR, (ERAEREEH B AR BR S IN 2k 1 S22
DG, RoRH TIREERESRROGHT AIE TEBT. AN, REERE KL B RTP MR

XX — %@J KRB R BT S AR R T CTE Mfiﬁfﬁﬁ%#ﬂﬂ*”kﬁﬁi%ﬁﬁﬁﬁ
IERATEAEE N, EARTL TARYE CTE MBI THE A A SR AT . X —WF AN
JR BT AR LA RO AR A T R 5 KA

16 BXMIRBEMNSEEAR

1.6.1 W5 HM

2ot B ig, ORI KBRS TS g G R AR AL S AT . X
SeAE SR R RO OB H B IR AR GUROE 0 T VA LA =0, B0 5y il 46 - AR T
RUFIISRAR MRS . IR BRONIZ LI R A AE , AR AR R A U B SO & A
SN A DU R T A8 2R, RYE AT T AR RO SRR FUE TS %
B BEIRN 5 AL R AL THRZ I B, MARA ERIER. CTE fEA—Fh
FIBERINLER, R B D HIEsSE S N

R ARG S AEWIE FRdk . FRAE . ERAE. Bihe. BRI, BR2kSEARL
AR, AR A P B A T AR TR (A R LR DA
LRJR T (g, JUESE), RMEETIAAEE KERIAX B 1. RN E BT
Jir B LU RUR TR ZER, o 3R 7 AR 1 B 2 R AR S R A (B ik . 2R
AT XX PR B SR A G I FE AN AR D . Oy Tt —2DEM] CTE HLEE, JF H KRR
R AR ARG, AR AE . S A AR IR S e S A N E B RFAT I IT,
JIBEKs CTE HLERE B AL S A7 I 7R R, IR ROt S B & e it
TSN

1.6.2 FEHNE

3 R AR R P AR S 1 E B, BILR RO, N S e A 4 TR
STHAEAER, &8, Sms TR BAJERAROGHER . BRI AR E X2 X
TR RO E AT TEIE, AT RA A RL R .
BB KN B B AT T, CAUERH CTE MLER R IR M Ik Ho e
Z AR R R R:

(1) BEE Y S ZE bt (pentaerythrityl tetrachloride, PERTC). PURZE K % (pentaerythrityl
tetrabromide, PERTB) Biff &< (FAR) i 71N FAE NI, BHATHRAF SRR &,
BT HAE IR DL 77 K RO FRAE (CBHEDOE. SREBE. BT8R Ea)

(2) EHNFE LK% (hexachloroethane, HCE) F1PUALGK (tetrabromomethane, TBM)
PERREE, Ht—DHERR 7 o1 R &R A AN R 2 [ AR 0, BF Fe gl i 3k R A7E =3 DA
J 77 KRB e .

(3D SF DA b DUFRE it () B SR g AT AT, SRAS B A B U5 ATE o A R g X RO
IEM, K CTE WLEEHE E xR R.

(4) SF DA _EPURRRE S AT BV V5, R SR TSR0 1 B 1 B RO S B

% 12 T 3t 56 7T



VY FLAAY
I/ SHANGHA JIAO TONG UNIVERSITY BE. SHARIL AU SR E RS IR RS

SR DL CTE HLEAE, WikA B —F im0 T E, Hodd e iR 1
B0 AT AR RO SR AT T

(1) R4 CTE ML, ir—F S EmE TS 7, HESSTERP IR
Il R, DA sRH R OLRE

(2) i 1,4- T —WilE (BDT) 5 1,4- T [ NAIRES (BDDA) #H T W /RINKEE A
SN, 38— R SRR E T R EREE (PL) . FErt AT Al 5L, Az pont B SRR
B (P2) RN (P3). X EGWIHATIZNL. A AMNEHMRAE LOIE A =Y 3K 15

(3) Xt P1, P2 1 P3#HMTEHIELLK 77 K FHIR . BOEIREMNER, AL E T4
RIMAREES Y BENE RAE, YiAE A At ] (R, BRJR 7 AR AR AE e Et i
R EEER, R R 7 RS ROE R .

% 13 7 3k 56 I
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E-5 FHRBLARENERFFLAAUR

21 5|5

FOCH R B R RR, SRR T T RO R AR, AR R S, fl s R
BHO052,  Z5ihik e, i GBS LU R A LA A 56 SR T AR A DIE s R N P IS
—HERXIFWIFER R ot ST AR AOM BRI U eAEE aim Lot &
YIRS 5 T % ST a A IRAR T 2 2 AL N T REAS BIm R A0, whd
T A S P SN R LT 2R, ARSI NG YT, SElZ — R St
FEFSINBORRIEHRSS . UL 97 855D . AR TSR KA 59, A& K
SEHRSEH, M AR Bk, REE, UL R BUNESIR H DU R T (41 Ny O, P,
S &%) MARM AR AL S AL S G SRR A Y Jm 5 S M Fek S 4R0E Hi ok . Hh RS2
SR BUGE T AT SO &Y A A KIEHESS L GE N, A B

Y, XEARM ARSI A BAT 3R S RIS, BATE AR MABACUF . SRk
U LA E IR A S DU 5 PN L AR R F2 B RO A R R A5 7 I B 3, R
2 KT AR CA S WD TE AL BRI AR TE R 62661,

GORTRIE, WA EAT BRI, AR ST, BB BN E
T I PR 7R AROG O RS X e 5 H T R R4 B S 00 B ——B n s
ZRIET (WIN, O, P, S) D7336T-6oR1EL REIOVESL L], WAL HE B & A o L7 R BRI AN 35
FEONSEIE P o T ASE AT AT HARAR X 5 5 O A5, SR B e IS ) /N SRR (AT
WARAFIMA RO SR RS ol SR, IXLEAIOL S & n BT AT o 7 A IS F AN 2
LU RS AT LG B A A2 08 1) P B 3o PRI e T B 3 A 25 M ok T AR I AR R e A S it
TS AR SRR 5 W) A A FE RIS T A T LA™ A BURO L MR U S, Bl TRk
R T AER S AO6 (CTE) HLHEKR & BARREX A AMEROLAIT . CTE HLEIACN, fE3F
WRRCE YRV RIDRE T, JRAILINSLICVE T ORI HU S5 44 (0 B B 7R B kAR
RS, LR BT AW A F T, AT DU SRS SS R, 5340,
15 BRAEAT 01383 A 731 A AN TR ELA T J0AB 20 R, TR A A S B 201 H B At
e, BETA AR SRR GRS T R et e, Sz b, CTE MBI IERIE D245 3]
TOREX AR SRR AL BRI TT R SCRFATE W .

xRS RO A B b A B R R HE— 2B IR AT FTUE B T 25 (8] 348 (TSCO 4% A7 AE,
Fra7s T ARSI G e PRI I B AT P SR FE RO R B BB RLT2 74, #E TSC Rk, AF
oo (RREERE. SFUREE. BT EAE RS- A AR AR AN ERARE & n
A n BFIE BRI F it DI R AT A 85 ROty CROERE).  d IR AR
SN A P AEZR AR RO I, TSC W48 Hh 43 1 I R NIBE AL B R Xm s, I LR itk
REGIRE T s R AL TIRFE SIS AR R 200 ROk E . S5k b, Bight o
RARI B . AR THERRGE /I DAL, TSC AN — R I 5, I8 PR 20 A RO 3R
A GAEA AT B EAE A, et Aot X T RIE K, BATHE BRI ERDE
B — AR ——patE (XB) ST E AT LI M T AR AR ROt & s, i1 e

% 14 T 3t 56 T



— - 2
NS/ SHANGHAIJIAO TONG UNIVERSITY 26 FHRAFARLAU SV E RS AR RS

BEARGVER SR (5 — 180 kd/mol) FLAHEL T-&l 5 HAg J7 e, e h—Fa 247
A EAE ) N T A TR 2 FiRA . 8 Pl R 2yt e, 7
Fr48R, B IFFEEAA B T TSC W4k i A e Al d R etk SV I 71

HHABR AR (D AR, AN AT DU I % AR A R A A A 14 S Y R
BN SEIE 0% %, dE— Bt TSCERMAEY:; MTFES n ¥, WEREFHGE
PAAH ORGSR ROt o eAh, IR T 78 2 110 n R0 e 25 AR B SR 1 2 iR 14K
LI ] DA 1 P A SR RIS 1F . IX R T n P IR R DU BRI R T2 ikt
HE-HUE RS (SOC) LARBEZ AR REE (1SC) IR, (HHE 2 M REeRETHALN
—4RE, WMARITEOCRS . XFEER, DIKEIE IR IER TSC M4, PLXHIE
R IEH ORI B RS A A MR AR . (B NEBHRIZ, BB BIPAE, X i
TE R 67 TR F (R IF 50350 26 R 3d sk T2 Rl e B St 398 i Y1 JHCAth 2 w0 1) 5% SR RN O i B
(79811, i ¥ % T 0 % EL IR N R CIR I 9T

PG CTE MLEE, pafERiiZ ] DAERARIEH . AT KAEFRATAREAR, R HERR R B
FA B FRERTIL, FRAT R A RS s 3 — Pl o R 0 ) B 45 s AR AT A
Flo HHTARYELCAT U4RE, R T o-hole 1R/NH A GAPERK, FRULICIEME N B4 0 4
SRR, R T S R S I R ARE R Z R E R E . SR, R RATTER RGN T
fe b AT HA R TR AN R ke (HCE) #EHTHI9T. AT 54 s 2 BUR K HCE ik
frxttl, SEURFRIVIAZ e (PERTC) ik rh/E AR RIS R & 1R 5 7 DU R
ZE bt (PERTB) ARG (TBM) HFEIE X LA A G (B 2-1). X Lib &
VI PRI R R . REFR L Xy Pl T4 i T8, UF Ik ech 2k 3t
P mA L RO, HRAFIHERE, ERIDEHER T, BTSSRI T HESE KSR AT I
Pt (B 2-1. BT 07 HEa T el g A e, xgiAEME—a a2k
RICHILEN . 2 JG AT — RIIRAE CEAMNRILE IEH T sBEER R RIEBGERE . b
TEARIR (77 KO R IR FdE— DUl Bl TR R GRE T, AMUPOL R E s, R H
T BKEmIEE (B 2-1D. BHRRE, EXEAEYh s T arEEoR K
DA% U 5 A48 A () 0 T R 1 o X P RS BRI OR I B 3R AR R W ARAE RO AR SR R e &
W R o ) SR TE TR AL R AT

UV off UVon

Y -
s 8
77K 77K 77K 77K rt

\ Halogen bond & Emissive halogen cluster

t

Halogen only | —— Haloalkanes ——— | H containing

\

Tunable afterglow with 4., & temperature

UVon UV off UV off UVon UVon

Br

Br
b
BI'%Br »Ne- .
77K

A 2-1 PERTC, PERTB, HCE fl TBM HI4&#. RIMDEEAE TR RERF A XEFRE
R

% 15 W

Pz

56 0
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2.2 SEEGERGY

2.2.1 W5 557

N LKE (HCE). D&kt (PERTC). PURZER S (PERTB) FIPURILE (TBM)
W [ Bh 7 2 (LML T R R E IR AT (TCD. ZfE. HEET Ll 275G B
] (Shanghai Lingfeng Chemical Reagents Co., Ltd.). f:M a4y K g T oM ki s £ 15 B
/Ay (Hangzhou Wahaha Group Co., Ltd). HCE. PERTC. PERTB #il TBM fEf#i i 2 B fE 2
ARG e Al K R B 4 SRl SUA T C RSB AE R IR B I AS ek CA i i
WG A KO ) 45 B AT E— P T . AR A b i g, TR 2 il R &t — b
24l

2.2.2 Mk 51 2%

TEUER AN SO A3 T 5% [F Perkin Elmer 24 51413 1) Lambda 35 UV/Vis Y34 5E o
[ {28 FM RSO3 FH 36 [ Perkin Elmer A & #ili& (1) Lambda 7508 Sl e . PL 6% &
. B8 A Edinburgh Instruments Ltd.Zf 72 () FSL1000 flIfa A/ 786G iA%, 78
77 — 298 K IR FE A NI, B ih X S ZeAiT 5 254 i85 Bruker D8 Venture-CMOS H i X
R e sE . a8 H Sony a 7s BORGAHHLIAEE .

S EEZ MBS (TD-DFT) iH57E Gaussian 09 f£F (A B.01) kT, dEidfd
F b3lyp V&4 BRECR def2svp JEAE TR EIE n 48 (Sp) FIZE n =48& (T BUkRE.

2.2.3 R4 TE
(1) HCE. PERTC. PERTB f! TBM [{j#24t

PREX 2.0 g #Edh T 100 mL = HREHiA, TN 5 mL ZJE, PR NG i 2l 7K 4 [
PRBETABT Y, IN#AE 80 °Cffi 2 S AV # . 1E 80 °C R A4 HE iR I & LRSI 45K,
RN R iR - AR T B IRV J B =R 5 0 A 2IDU AL SR S A, B 2R
JEJE T 20 mL AF AR AR B A R AR B A E T R A T T R R IR

(2) HCE. PERTC #l PERTB [ 5. 5 12 35

KRR ERG IR =R SR gk 70 AIFREL 500 mg #Edh - 20 mL FE SR, 0
N CIEHR ERGT A, G EARE DR B RTES 884t LB B2 AL R i
BT ZE A BRI K, BoR)E G20 IR R (HCE). A%
HARE A (PERTC) MUK NI Frik i ik (PERTBD. O T PR LA AESE, 7RI 75
ST AR AR AU D AN A A IR AT

(3) TBM [r) B i d% 55

K FH A ey s 77 TBM [5G FREL 500 mg £ 20 mL AR S, A S
VA IR E RO AR AR ORI ZY 3 mL GERGIS Al K. SRS IR
TBM/ LIS, e e A s i 2l K BB SR N, ALV EBEZ SR . T
IKIERCEA BT R A . 8 dRah, B TR & 7 ARV R AR CORE SR BON VKA ¥4 T -
—RIE AR BN I A6 A Z AR AR B EHIRER R 9 7B RS2, IR e i T2
HIRE A PR RE R 5 A1 305 G AE DR AR V2 el 2 LA 6°CIRAF

% 16 71 3t 56 7T
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2.3 ZER511

2.3.1 XEERIHE AL

AR, MRS S S FaWESHN, AME kAR (R-XO 1,
A o-hole CRIIEHLH L) [ 50 J5F B AR 40N, TR 2 0 2 Frig inrsl, £ b
B B T2 B0 A (3K e PR 25 48 S 800 T 0 R-X BB 5], 3K 2 SRAE i B T R BT
Mo ARYE 2 BUMHRIE, AV s B AT AT DR B A R SRR 1 L SRRSO . 204
W RO M AT RNE DL R A O A AT R . Sl iRk, RATERE SR
WG A A 22 Hp T B AR T T SR AE Ty 1

DL HCE 1E AR, TATTR AT T R AMRIO G RAE . FRAT 1A, TERRAR 13 W F HCE
TR AR T TR, AUk 1A R B8 I PR B DR T A 2 7= A s i 7R RO IS TR
X1 B AR AR L SE AT 1R 3 TG 0% e BRI FRATTO R FE 9 0.01 mM F1 5 mM ) HCE/ i
WICHEAT T RAE, SRIRgE R K 2-2 Fios.
| CT: 205 conc. (mM)

—0.01
5

Normalized absorption

| 271
M

—er—————————
200 300 400 500
Wavelength (nm)

& 2-2 0.01 1 5 mM HCE/Z. BE ¥ ¥ i) 48 &h- 7] IR 6 i

RIE Erd@yi HIIRIERY, G fEd, X BT AR IS 1S 2 R EFTFRAE: (1)
B A LA B IIERE; (2) RN S HI—NHrn A% (Charge Transfer, CT)
I JEIEXFEE 0.01 A1 5 mM ) HCE ¥R S8 AN SO 1S mT &, VA RAE 205 nm A& H 3 1A
IR ZI S0 o IX — IR ST BT T T B TR O B CT 0. 54, Mo b AR
TARE T no>n*BRITAL T 271 nm AR RIS CE IR T I F 22 249 nm Ak o SX P SURFIE 4
B R AN TE T < BT I S e b, DRI BRATT T LAY HIWT: 7 HCE 4» FIRIFE R 1
i

2.3.2 =R N IUAME &P S B

FH T3 P b T AR 73— B 5 46 0 17 5, 80 A A QP T 2544 S5 0] LARR 1) 43 H & 12 3))
FILERRFAE, TR R ACIR S RO R 2 o H T 7E B S 45 M R 093 1 DR e b AR SR 2 A 75
o E SRS, R AT LA S S5 A S & A AR R STRT, Ao TR AT
INRIREAL R SN R e o BRATTIR e v e BB AT T ) S A A T 9

WK 2-3A i, WUAMLEDIR R REER FOE M EE T 2HERNREISR . W
AT PGSR I, X DUFP 5 PRI A i 2 AR AL (B 2-3 B-BED: 7EAN AR
KT, HCE, PERTC, PERTB 1 TBM VURM LA M5 i 0 R Gt v fr B LT 354 7

%17 T 3t 56 W




(@) ¥ #RAr¥
/' SHANGHAI JIAO TONG UNIVERSITY BE. BRIEARR LA EMINEITTE RS IR RR
UV-A BHE6 XS], B BA AT G 2 RTP LR . MECEATTR OGS K, )
JeE 3 S ORI MR, RIEAS [F]BOR B T Rt iU 47 B 5 98 A A, 1X 5
Kl 2-3 A RO P s LS — B sk, ZnFEA0EiE (8 2-4) i4g, fEFH
ORI, AR R 5 A3t AN F], 40 HCE B @R 7E 312 nm BUR KR, 7
RSN 429 F1 454 nm Ab A4 43 5108 2.1 F1 2.7 ns, IEBHLEX PURH L A1 B & FR A7 AE
FE AR YRR, KAES TR A TR R I ——H TR AR AN, AR RN Y
BRI, ST Z MR ORI O TS EZHE R, AT XIS 5 mM
(1) LG BOAT T R ARG RENHR (B 2-3 F), R BLIX S TR 1) R AR IS AR & A1 F 300
nm Z FTHIFEH. (H2K 250-400 nm BTSSR S K3, 7E 300-400 nm F7E il 4 A7
FEMRG, AR T B e B B A IR R ANt AT AR R B4 S 0 AR RO I S

(A) 312nm 365 nm (B)
4, (nm) F2x10

3 280

> 300
X F 312

c 220

S — 330
o E 350
(= 36 / — 365
['4 "4 —
w . | /S T
o > .

@ prompt ‘ prompt
&) g [ delayed [ delayed
7] E
i 3
o N

®

E
= 2
]
0 ov

Wavelength (nm)
(0) () B}
nm) 4x10

A ——HCE
| ——PERTC
f

\ PERTB
\ TBM
\ h \
\ N
\'\_ 250 300 350 400
B\

f T
650 350 450 550 650 200 300 400 500
Wavelength (nm) Wavelength (nm)

B 2-3 (A) ZiEk HCE. PERTC. PERTB §1 TBM B :7E 312 Al 365 nm 24T ¥
RTHIRNEEHA; (B-E) £iEKM HCE. PERTC. PERTB fil TBM BB EARREMA KK T
FIREHEE (LD PARTE 312 nm EAMEECR T 4 FIFEIR 0 (prompt) 1 0.1 ms (delayed)
B R SRR (FE)D; (F) HCE. PERTC. PERTB fl TBM 5 mM Z.JE ¥R 48 SR i

i, FEAER 250-400 nm B2 B 2R ik B

UEAMR BRI B, BT ok XL R AR RTP S®EERES, DR TENMHSE
M AP A AL 22, 7EATIR TSR ANAT I, (HE AR IB AT A G S SO I 2 . = iR i 6
PN B T T & n I s 2R R 3G 5K SOC 20N LA S b 2 36558 1) 1SC i
Fio T T I e g AR 2 T R S R TR B, BV TE d i P BTG 78 e i 3 B S sz 8,
KRR EA IR PO HHRER, IS TR AOERE, i RTP ML, X—m
FE R SO AR VR SSIG TR AS 3 7RSS IR A AR 77 KRR N 2 T AL S Wi £k
F%, 30 HESR S BRAT, AT ARG (0 i B R 5 iy (RIS A5 3 7 R K dRd. B4h, EE 3R
WK Gex =312 nm) FAZIIEAIN RTP Han KL, 57eH a2l EAF R KSR K AL
X R 75 i B A AN AR [R]——1 HCE e, AT 454, 529 FlT 605 nm & SR Akt 97 (1) g
N5 At 5> H)h 78.64 58.4 130.9 ms (& 2-5), XAV SEZFRMIBHEIEN T RTP fEX L 1
RIE B TR, A — ML T 2 M RO R BRI A IR, fE— R BiE
BT CTE HLEE ) IERAME .

Intensity
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[delayed

S—

Normalized intel
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& 2-4 (A) HCE, (B) PERTC, (C) PERTBHI (D) TBM ERE FIFLH4

(A) (B)
5 5 1
4i <> ms 4 1 <Tt> mMs
1 =~ @454 786 1 " @437 1577
3+ ¢ @529 584 3 « @530 57.0
@605 30.9 - @610 326
2

200 400 600 800

Gl
= O,
N b ol
o o N
ST N Y Y IR ——

5
)
<1> mMs <t> ms
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0 200 400 600 800 O 200 400 600 800
Time (ms)

& 2-5 (A) HCE, (B) PERTC, (C) PERTB Al (D) TBM ZEZE T MR LtHEA

SR, HT HCE S5 UMb SR i RSO, BN S MO SRR AE ™ A D
PO ER IR AN T 55 AN B o DRI AT Tk 5 AR PR, ¥4 12 26 1 XA S ISR A ) e 2 A P SRR
SREATRIAICRE, A TBORA RIS -

2.3.3 R SFAF T DUF AL &4 50 B R G BE A 5

WIRTETIR, WX SRR T, T iasimR, FECEATRMELE IR
AFEHPRE T, RN RO AR ST, Xyt — D MRAERT TRk 7 BRI
Ao PRI HATT 5 B I HAth T B 9RO UBCK A R R, A AR IXM RO LI sk 0
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mmwmmmwwmw BE. SHARIL AU SR E RS IR RS
@W%A%$wﬁﬁ%ﬁmn TEIXFIEHLT, 2T CTE HL3E, BATok i 8ext 7Ll
BB RN R SRR R AL . AR AN X DI M L AR AR 77 K 5, W
BATVFT I AAKE, SRR H I o sl 5 (i R ORIG 58, I HLAE 312 A1 365 nm 4k
FeWOR G T IR AT WK G eIl R (K 2-6 A, B 2-7A), HrskH PERTC 1K
BARMHZIAR T 8 s Ll KE PERTB FMRIERAMER] 7 12 s L b IXZEHKE T 75+
P2 ) S A S e el = B, A R ORI 5 S B0 . eAh, W 2-6 DL H BLK
Kl 2-7 D H s, POFP s A R IR 2 e ] LB o i K R385 . 1 4h, LA PERTC Jufil,
ot B =R A A 6 RS RS R DL, 47 T 446 nm R SRR EI A 77 K 5 KRB 98 —ER A
T EWE, WEER N T2 BRI T A X RN A It R, s R A
(VAR XS B B R A2 T AR A o 3 T B AN [R] PR R S S5 I8 3 i AR HR A7 7 AN TR R SR, v A [) RO AER
TEIR BN 1% e LA A [V R A S A R R S B LA A TR B ek R 6 2R, AT mp BAIE—30
ESE 2 RS I FEAF LG o 3X Be o Hr 45 F BT S B (PARIR T 2O s I R ARt T & 2
fRFE -

UVon UVoff0s 05s

(C)
5 W 5 I
41 o
ms 'I <t>ms
@472 1923 . @445 953
34 @546 795 3 . @550 139.4
. @695 252
2 24N
1 i 1L B
0 T e IV e e
000 025 050 075 100 000 025 050 075 1.00
365 nm Time (s)
(D) (E) 1 (F) ) G)
2107 . () s | @ PERTC| '5x10° 1 A~ Zonm) [ 700 & PERTC
. 1 /, \ ——280
s s ] / ——300
0] 4x10° / ‘ 32| os
2 Y/ 2. / \ 330
= i @ 3x10° { — 350
gono g 5| Tos
£ = 210
4x10* w10° ] 02
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ol r . . 0 & - - 00+ i ; T
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. X A, (nm)
4x10° A ——280
. 7™\ 300
6x10° 1 /[ \ ——312
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;
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B 2-6 (A) fE 312 1 365 nm &4 LEAFE (LBURJE PERTC 1 HCE %HHE 77K
RIE FHRZOEMBEEIR A (B, C) 78 77 KK, AFKRSTE KA PERTC M HCE KB tH
(s (D-G) 77K i, REEERBEK T PERTC K%t (ta=0) FFER (t4=0.1ms)
K5 TR CIE A44rE; (F-K) 7E 77 if, AREEBK T HCE B (ta=0)
FIFER (ta=0.1ms) RFEIERITRH CIE H45E
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UVon UVoff0s 05s 1s 2s wg-»
; (B) ©)
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5
: 4
49 <t>ms ] <t>ms
2,3 @447 336.5 3 @445 753
§ @515 358.0 j @540 110.9
o 2
24
14 14
0 ~
0.0 05 1.0 15 20
365 nm , Time (s)
(D) i (F) 8x10
5x10° - 2, (nm) @ PERTB ~ 2, (nm)
. /'I —275 . [\ ——300
a0’y / \ —300 &10°7  / \ —312
> / \ 312 > / \ 330
B3x10° [~ \ 330 3 / 350
§ SN § w0 —— 365
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/ { \
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B 2-7 (A) 7E 312 fil 365 nm 4B EFE LR /G PERTB M TBM B E7E 77 K
ER T TR (B, C) 777 KB, FRRSHKL PERTB f1 TBM HBHE#A
fr 0; (D-G) fE 77 K&, AEBEEK T PERTB KI5 (ta=0) FIER (ta=0.1ms)
KA KX R CIE M4r ] (F-K) 72 77 Y, ARBRBKT TBM HI%t (ta=0)

FFEIR (tg=0.1ms) KEGIERXTRLIH CIE AtnE

N FEIRNG T HE, TATBEXT VYPp EARIEA R IAEE T R REIR KT (tg=0.1 ms)
HEAT T (B 2-6 F. J, B 2-7F. Do RIFEREIZE 77 K J5 X B 4b GV B0 B35 1Y 5
Frm W IRTT, 1XE FOMRIRA R R G T 771250, SRR TE AN NIRE A6 R R SR A 4 S R
L, s TR, RIEA 1-6 v 2 TIsBRERREI T Ke K, AT EKBHE
FFime NN NIRAT 2, TR BB KRG EEF, FRATIER S T BB ORIk KAR
FI ARG R . BEAE SR K A BT i, PERTC ' & 55 16 i o7 B BH S5 M. 455 nm [R5
X (lex =280 nm) ZLAZZE| T 546 nm HIZEYEIX (Jex = 365 nm); 1fif HCE ' & 5 i fr B R
ERBRN, S T NGIEX B X WA R . BEWRE, WE 2-6. 2-7 FUFh
W AR 2 YRR 43 TR L B AR AR BT/ B AT TR IR A 635 R I 1 Bl R A AR A 1)
AIVAPERT, AHECE AR AR . PIRMER ZE R, RIRBDEAM GG, HEAE
ey AR AT PE (TBM B2 ] LLSEE i s 238 SRR a R TR 1) o X FhI0R P A
AR AR K S MGG —X B 2-6 B. C, K 2-7B. C Finit iy
MARFTUESE (anfE 2-6 B i~ PERTC HHLAEL, 1E 77 K NALT 472 F11 546 nm A1) 75 i 73 5l
9 192.3 F179.5 ms), T H.EAIH: 72 L HH 45 558 P Bl 35 A 8 K A8 A BRI AR 2 7T AN S R 2% L PR A i
PE, HWORATRATEILE T RGBT, ARGTE A DL R AW 5 55 A3 2 e Ak
IS FHARARE T 1) S g (72 86881
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\ 0.2

T T T T 0.0+ T T T f T T — T T T
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Wavelength (nm) x Wavelength (nm) x

& 2-8 RAEIEET (A) HCE, (B) PERTC, (C) PERTB 1 (D) TBM IR R &
it (tg=0.1ms) KXt CIE 245

bR T AR BEBOR B AR AT M, FRATT R B L i AR R R S B I
] R AR A I PE R . 6T PERTC. PERTB 1 TBM =i, HBnIy R b
BEFEZHARNIE, HABEE AT 50 nm (& 2-8 B-D). 1fiXlT HCE ¥ Kik,
BT, G RIL e B R MMRRRRIE, B S B S R fE#OEIX (K] 2-8
A). AN, LA 330 nm AN, AE 78 B 218 K KRG, HCE 5 7E 550 nm AL
W sm BRI A T R ARk, XML MM RS R e Esaa T 1 (B
2-9), KU HCE H.in A #H TR AL RAS T R M EE N H AT 5. 4, 218 K JG HCE M4
(o FE AR AR B AR PRI, X — IR BE B 1 A I AR A S M B SRR B AR A, FRATTRAE
Jo SRR T P AR SRR o AR FRATHEN , X ol i 20 P AR A T T R T BB G I SRR SRR T DY AR A
BTSRRI AR < R ILAE . WIRTRTIR, S e LA, 2 PO RIE
TR, ANET R R 208, HALHEM A SN AFE B354 2 DAHEHTIX L
KRBT TFRIZIN 7 Fizs), SEERFBOE 2, ([ERHOGRERG. MEZHA A,

SRR AR 1 P o AR S 3RS 17 A2 8 RO SR MR A, , S IR PR R B8 s A R AR B ) 32

BUTS; WA RS EAK, RRAR /NI s AR 5 A T IR P e )7, 1% 88 i XS B (1)
FHIERE (KR tH——8 “WaE”, AR A SR b Rk A ot . Rtk R I
H T BRI T AL RS T R

X A B B T LA A T AR U K AR L P DU A T R I, AN A AT T
BT BRAGSH TOL AR IR AW UG S AU T 5, B0 I H i AR B RO R 1
i, AR S R A G RO GRLIR . e B AR AR AR U B A U TR B T AT L 12
BET B R
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w0 o 2, =550
5X105i ) linear fitting
5%10°
2 s 1
E 4x10 —. - R =-0.999
2 3x10° 3
E |
2x10°
1x10°
0+ 218K ° % ° @
50 100 150 200 250 300
T (K)
B 2-9 B 330 nm RECR B, 550 nm REHEERE T HCE BRI R AL

37
2.3.4 F BN RAT

ANE HCE UM i RS 2 AT, IR E b X2 AR R st HiHEA
RIEH, PLEIH SRS R R R AL O EAE I T e A E S RS R IR RN
T MR IR 2 T ——— R0 20 DA A 2 TR AR R K L B O ) R BT R, FRATTX D o
AR I B HEAT T ST . TR R (298 KD R, XU TS A AR I BB LA,
H SR BNRIZ, RIS SRS L0, R DAYERE & B R (1AL G S RF B 5 45 M g p i sk
T8, R IRATEZXEAE 173 K FRR ST 17 ot SAMRE Wk, PERTC
A PERTB M T Fizah iR Kt Iz kit &, BRI E R T~ to Xk CUFAT L
mgiie (] 2-10, PSSR S2-1). RN TH 2L HCE F1 TBM N #E47 4 L 4544 7
T8 (LA HCE B2 i B AT B FRAT T 3R I 5, TBM B il ok [ SOk ®); #
A SO WL SR S2-1).

& 2-10 £ 173 K Tt K (A) PERTC #1 (B) PERTB B RE&H, Hb5d0
M ERIEFHERNNNMIRE FMNELF (BEFHEEK)

& 2-11 firos, £ HCE #1 TBM 731 i Bl 47 7E4 K& #) C-Cl---CI-C 1 C-Br---Br-C
FEAER (i), E0 TR (B 2-11, 2-12), XL fy i 45 M 42 1
TER, BN PR, Sl 1%tz (A F 7 1) 25 A1 358 (Through-space Conjugation,
TSC). XLEEAEAEH Jy—TJ7 A LLRE AW ST H S IRS) . FeshSFIEmaRat, mb e
BREHG I A MR T IRIFEER 3D HLFASTM S (B TSC), A AT X &R A1 2 A
IR KT, It — PR R . s, KEXEFRIGINRER R4 T
BRI =AW, MAXMEISHEAS 3 T KE X EIE RN TSC mififae, Mk R
BRI R

&
N
w
=
H
&
=
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C-Br--Br-C (A) : 3.656, 3.667, 3.673,
3.677,3.695

& 2-11 (A) HCE #1 (B) TBM B G&E&WH—A4FRBFERNMEIERIU RS T
ER o HERR B Bh 2RI FEAE FAH LA F 7 B P 2 1) SE 3 P 4%

& 2-12 (A) HCE Ml (B) TBM HE&WH 4 FREHER G MR EEH
FIFE B 22 [B) FEHE M 4%

Ik, s R TSCL et iAot L d R i 2] 7 mEEH . £
JSGFR) % T 7 SRR B AN ) 1 e e A KB 2 7 A R R MINBE AL, AR X e i (ke 7 777 2
T REF R ZOCHOBARMOgE ;s I Bl TAe Ol s & n B HUE R 7 RN 0 25 1 R
R XA T RTP BLR, JF 2R T BEREROR B R AR B X E . £
AT 705 A S 5 R ST, IR R A IR A5 DL & PRAPERE

2.3.5 Mgt

%f HCE PAK TBM [ S AT 7 — e FERE LR 1 DA i A B i b 01 18] RO R EL AR
F UK i BEAE T A% TSC b R P s M, ANIMIERA T I RAE RO R I BB EH . (H2 538
RAFATIRPERT . AN [FAE SRR B 1 AR 1 A7k R B ARk S5 RE T, U i
R W E B 5 HE AT 458, IRBCA B EBAIEST . O T RN ERAE B X Fh 4TI
T 2B SFEZ KT ORGFEME, AT — DX O S5 HCE
TBM 3HT T &Iz 8 (TD-DFT) B iH5, DUIIE I 2 R R S ih O AR AE

WiEE 2-13 fizw, fE5ZSEE, HCE Ml TBM K HOMO REZ HLF 25 JE A AR 52 Sk AE B~ 20 1
Bz (TBM PO RARRRSL, H HOMO fegih &=L B 7RIS, iE TBM
(T EIIL R+ B2, X eI LUMO fédk, PifhifUEs 1T =Y
F I H B 1 B IEOIRES B ATTANMYAE LUMO RS I S5y 1 S5 A P 250 L HH B 7 B 5 1) s 3k,
BT 2 AmEAN T, WHRE S TR, O ES T NI XL T
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ﬂ’]Eﬁ%ﬁC«;.Lu%——ﬁf HCE #.5 TR B NIH R, 1 EAEXT R HOMO RE:
WA HI T FUE T 0V C-C ffl 7 MM BT 22 i (B 2-13 A) . BT NI 25 0]
WRR BN TR — D B BE e T . FEBEJE AT I R AR . SRR SR AR,
TEEEE M. XA —FINE TSC IR EMAR AT LIE A [F A B4 F Ok
BCIEAE,  HEm PR A AN R R R ST RIRRAS [R] R R SR A R S

(A)
Lumo @ m’go

monomer dimer trimer tetramer
& 2-13 (A) HCE f1 (B) TBM B4F. —F&. =RAMYEHAEK HOMO. LUMO
RN BT EEN A E

BT UL P m oG ae, BAE—SHE T EARBESH B FREAS.
IR UNE 2-14 F1 2-15 i BECHIR S TR E RSB T4 ISC dER L =468 T, H
BB =R RAERIATH, AN B FROEAS — BUE AT, LA
HCE BN, H S &M FIRTEHS ORI : H-3—L. H-1—-L. H-1—-L+1 f1 H
—L, HEIFARKE SIS LTI LT X PUFASFHATE TS To 4, MNEK
To S WLHHA FFRER B TS A AT LU A —F H R ISC /. IXFEM T Tk, #£ HCE Y
TRRET, N SIS UBKESR T, M Te&. BT FRATUERTERE, HEAE
I EH Z MRS, B R —F b G T LU= R R 20 ISC @i, fiix Seil iE ik 2 i
FJERRIR . Witz Z B E RS TRE, KR AE B R E R E T4 ISC Bk =283 R
ANTE T EAN MR, 3 A B S A R B U2 A 9 A e B8 T AT R PA RS R
UERH T 2R S0y (R 2R MAFETE, R 1 adnh J 8 5 R 6 T 1 i e vl 47
PE, RGN s B AN i AR AT RO R A T — R
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& 5, - A A 1] 4 ]2 ML , oo
T/ SHANGHAI JIAO TONG UNIVERSITY 23, SWMIFRBL KU AR T E RSB RR
S S, 84
s Ts O T, SOy —
H—L AN T HA L DU ¢ HoL SN T
H-3 = L+1 py—— o H1 — L1
e AN
T Y
A7
M V=
D213 eV \ 0206 eV | T, H1 - L(31.3%)  |0.056eV \
[} v [
\ VY Ty Hel— L+ (39.3%)
Vo ) ! :# T’ ;
LT, H o L(11.0%) \ 2
H-3 — L+1 (18.2%)
\
i
| H —+ L (55.7%) ! T, H-1 - L (10.9%) |
TR AT H3 L 1 @82%) M= T 7, HoL@14%)
T, H-1 — L+1 (19.0%)
monomer dimer trimer
. — — N N
& 2-14 HCE B.43F. —RANM=RELLEN =LA K R R FREEMKITHS
s, s s,
T TR T g s
N D, —Ts el — T
H2-L N HoL NN T HoL N T
oy N
\ T, H-2 L (68.0%) H4 — L N H4 L RN Ty Hd — L(10.7%)
v % a‘-"—T1 H4 - L (60.0%) Yo
Vo VT, ML e
454 ' \
0454 eV 0.197 eV VS 0.080 eV i
L H L (1.0%)
1
‘ \
\
AT, H2 L (10.2%) [
! i
-------------------- T e 7 H—L(403%) B A A

' H-4 - L(14.0%)
mmmmmmm dimer trimer

B 2-15 TBM 243 F. IR = Befh B AR A = 4375 1) 0 26 1) B RS AT E 4L 75
2.4 KREINGE

AR EFEHA BN T TSC MR, WK RIE A R ED R IER .. &
i1 H HCE. PERTC. PERTB #l TBM VUFH E A ] 5145 14 H AN HoAh A= (1) i AR AE A
TR G, R BIX e s AR AR R B i R = N A SOR B XU ST IR 77, UEA T 4 AE
P78 TSC W48 DL K i AR R R e T AT 1, [FIRHIERA T CTE MLEERIIERAME . B AR
B RZE 77 KARIRG, o] WG e ORI A G X R A B T AL, E
BT 2R RSO A IS . Al TARIR AN T e s AR A T IR B . KK
D T ARAR SO A R I RE R BRE, AR T B G50 A a5 KK Tt

Bribz 4h, BT RIEKRIET X%, BORMERETFABSMEER n B ERAERP &
Fhoxt 6B 5 S EAABIE R E T, FRATARI T IX 8 i A4 AR ' Bl R il K AL
A I, ik B R AR L AR AR T S N KRR A AT L . xR
XIRETE TSC 7 THI 25 B2 A DA K Tl o' 110 SO0 2 T ) 2 350 0 B o 5 WA A T R0 B 11 550 5 3L i
FE, BRI T AR S EUR RO LA SN % AR T AR 8 R A WA RO B
JLaN o
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F=E SHRFRBELARAMHRHTAERS SN BELR X

31 5|8

s, YRGS T HME RO R, EAVRE - HE (OLED)
(56-61.90.911, “HHLIEOE, WAIAEMIREE, Jujlk 4SS, A iy sl AR B0 K 24 W 1k A5 A s 7y
A A B ) AR AN E PR LA 23 (1) R R0 45 44 1 B G B R 1 R 6 IR
KRy XA A AN A YIRS fE T 32 FHUAL . SR Sk, B A AT IR S
T ek { T b B2 LRSS M K HE AR O ) R ARAIE Kl [42.62.95-08.63-66.72-74.92] G i
KB TAEMAY KA AW AE R CAER WL L5755 % P Aeca 5 Bl 32 1 B A 5,
MR TR 2 FO0E . 5EGMAUR LG, JERABUR AT — Kk R a5 %
W ARSI AE A, WE B FRIZR T (N, O, P) [3334676099-102]  ¥23k 3L, BrRiEE, 4
FELO), PR RRIG3), [k (62941, R I (6466.981 D) 7 Bk XUEEIOSISE . P T4 T 1 A R K3k
PuEA BRI, AEMBUR A AV BA LIS T« SRR e IR AR DL S 25 5 ) 4% 55
e s 162651, (b AME A —FE (1) 52, AR ML B E i B A B B R T RN 45 4 W] 1 S I 3 (1042090
BB AIF 78 B 22 MO RREIR AR S AL O R b (PAMAM) [33:3467.99.0001 7 A M RARLE 54 A
YIRS+ ARG T2 1 KOG A P 55 AR T2 IR 15 53 B S 40 il ok
[41,69,74]o

SR, R ORI 2 AR S R A B VIR IE ok, R 2 Bk RER AR AR R I
(63,741, (R bt 70 & AT HE ML A RS S R LR SR B/ 4 TR PR e, BE AN Ui it tH B
RS EA R R AT 12K B AN R B S SR R LR ML ER, (E RO i — etk
BLEIE 2 A B BT . Ban, RSl o2 & N D BUREE 1 (1) 5 10 't TR R 192981
{H 2 Z JE W73 7E PAMAMBARI PEIGSIY) A vt W 1) 1 BH S (1) R, X B F1L &4
TR, 72 2013 4, FETXAOK, AF4ERAVER ZOGMBETL, A TERBA K R AR
HAE I ALE K IR & IR A R A T 2 E S (B0 DL RN
%), XphfeRAIZ EIREKFERFES R (CTE) FLEEL, CTE HLERSR] T K& F Ay
KA G RIS, AMUBFEREERE (PAND) 19 REHEE (PU) BAFIEEERREN (SA)
BOSEIR SR ROCIR G, A SRR & M LR OIE AR A RO /Ny 1. teah, BRT I
TR 8 IR 2R, CTE ALEE R AT DA 23 M R I Ath 1) 3E 31 78R Y6 A0 ) fk 3 133.63.206.071

PG CTE HUEL, #7bASr HA A o HFRI/EE n Bl 7 1R A 6 [ A 7 R A R e I et TR
Fo F, N TR A AR RO B, T NIR S A LR LA . FH LT RR
T, WETHENE BT, HEFERER Bl HEsgaEE L, FiiE 12—
HAR A SR, B AN S A SRR AR SR RO A A TR, TS N X R
RIACWEVI GBS T« FUEPL CTE MLEAR S, FAIA BB A R — M &5
&, FEN AT S, AAT PABGAE CTE FLEEX S & AR 88 R e L & 9145
SR, &R A E AR RO L. ] 3-1 P, FRA I A R IR A R OB
AT —FREREEE (PL. 2 5 3-2 fizr, AT PLIEEMEAML SR A (P2) FIEEHA
(P3) XIX =FP RSV ENE B 7 I, 8 A nT LAS B S e st 2 .
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e B SRIFATL USRI SRS IR RR
4b, X P1 TH%IF”EI’J%&H:, FATAT AL S AN B AT WG X N A e B E R 1 S B R
FUR SN (Em), XOVRTTARIA RO S SO T — R X071

/\/\/SH
HS

f °
(o]
N
Q
=
/
o
O
o TEA éi
-
50 °C
+

/(

\
O/r
Lf)/;{

P1

B 3-1 RHREE P1 &R LR

(o] (o]
(CHz)s )’l\/\
0/ \"D S
o
o]
(CHz)a
o ™o

0

N
°
5
/

o=u

3 ;

1.2 eq Hy,0,
0.05 mmol SA
rt.

(CHz)4

\
m/

0.4 mmol SA
80°C

3.6 eq Hy0;
-

(CHa)s
~ ~o

+

% |
0=lﬂ\:0

5]

&

=

/
oO=w=0
) ;

P3

B 3-2 BT P2 A P3 (& REE
3.2 SCEGERSY

3.2.1 W5

1,4- 7 —HifE (BDT) W H Sigma-Aldrich AR A . 1,4- T NIRRT (BDDA).
BT N, N-— F L H BE i (DMP) Al CDCIs I T B R gk A PRA 7 Q&KD « = 4 (TEA)
B TCl HRAFRME. HECEB AR (ETG) WH EFE kAL a R AR . I
R (SA) MFBTEI AT AR AT . T/KLEE. LFFE. 30%IAME (H0) EAE
BRER (PA) MEZGERN A RAARAR (PED W%, PA TEAH 2 BTTE £ B2 B 45 e
ali . HARFIFESE 2 AT R &t — bR al.

3.2.2 M 51 2%

M3 (NMR) 18 Bruker 24 54577 f) AVANCE I11-500 NMR 2% i 3L HE 3z A3 it «
PL CDCls M7, VUGS (TMS) AW, | Pl SEILRM%E Y 500 MHz,



%

/ o 10 o e BE. SHARIL AU SR E RS IR RS
B SRR 126 MHz. (B AR B HE (FTIR) i Perkin Elmer 100 FTIR i
A E o BRANRUSE 1AL Lambda 35 UV/Vis Y64 (Perkin Elmer, USA) JIl5E. K5t
T 7] Perkin-Elmer LS-55 %Gl iig. %y (o) B QMITM/IM Fazs-9 e/ e ik
X (ns 2, PTI, USA) Al Edinburgh FLS980 Y% (us Z¢) MIEAH], METFHER (&)
NI HRC %4 SPEKTRON-R98 FA43Ek (9 = 80 mm) (KA ME . BEMHSTE (M Al
Mn) F1Z - HPEFREC (PDI = MW/My) 7E1EIE 30 °C. £ DMF H i H bR iESR 2 RS IE Y
HLC-8320GPC X 28 ftiit 753, FrE ¥ Sony o 7s HAGAHHLIA S . AR Z ) PL/DMF
VAR AT B TR

3.2.3 AL
(1) BB (P HE LR

AR~ PL B 7RISR A N A . 7E N ¥ 0.24 mL BDT T 1 mL
DMF, ZJ&lIA 056 mLTEA, AR/t T. %R/54 0.42 mL BDDA %1 1 mL DMF,
FERE I P e T30 B e R . SNAR R 2T = IR R B - AR T R R R
SRRy (BB, RN E BT 50 °Cili . [N 12 /NS A Z I 0.44 mL
ETG i+t 12 /Mot kAT . HHA MR EIRE, ERZIEE N 1\ JEK B A2 5 5N R 8
WK = ProtiE i, T IEIERDTE . BUTIE I T/ & DMF . 2 5 PR K S B 7=
YIUTHE » IXFP R I -DIE R B2 = AR B & aifb =9 . i J8FF1E 40°C F BT,
32 AR AR RLT ) 773 89.1%. Mw: 5100; Mw/M,: 1.48.

IH NMR (500 MHz, CDCls) 6 4.20 (q, J = 7.1 Hz, 2H), 4.13 (s, 15H), 2.92 (t, J = 7.2 Hz, 2H),
2.78 (t, J = 7.3 Hz, 15H), 2.66 (t, J = 7.2 Hz, 3H), 2.61 (t, J = 7.4 Hz, 15H), 2.55 (s, 15H),
1.94-1.71 (m, 19H), 1.71-1.64 (m, 15H), 1.61 (s, 8H), 1.29 (t, J = 7.1 Hz, 2H).

13C NMR (126 MHz, CDCls) 6 171.94, 64.22, 64.14, 61.46, 34.80, 34.26, 33.69, 31.66, 28.47,
27.53, 26.95, 25.26, 14.17.

(2) B (P2) K& R

P2 m] DL i — 5 ] L AL S R4S B . 7EROVE T, K 160 mg P1 A 4.9 mg SA W iE T
45 mL DMF, ZJGfEMEJHFEF I R 1.2 M2 R E A (0% . fEEiR
TNHEEE 50 min J5, FERIZIEE R 171 JCK CBEH IR NS N, DT ok, T E
WA DTUE » K UTIE Ja P20 /05 DMF 2 J5 PR e /K SRR F= e . iXFh
FE-UUPE I FE B = RIS B A AL P ). L IEIRAE 40°C PRSI, HRE A
AR B LT W) . 775 85.6%. My: 5300; Mw/Mn: 1.55,

IH NMR (500 MHz, CDCls) 6 4.20 (q, J = 7.2 Hz, 2H), 4.13 (s, 15H), 2.92 (t, J = 7.1 Hz, 2H),
2.78 (s, 14H), 2.61 (t, J = 7.3 Hz, 17H), 2.55 (s, 14H), 1.72 (s, 18H), 1.69 (s, 17H), 1.29 (t, J = 7.1
Hz, 2H).

13C NMR (126 MHz, CDCl3) 6 171.94, 77.28, 77.03, 76.78, 64.15, 34.81, 31.65, 28.48, 26.94,
25.26.

(3) B (P3) HI& A

P3 AI LU AN P2 BRI 753/, (2RI SE I & SR IN [R] AT s S FEE AN [ o
FER N, ¥4 160 mg P11 38.8 mg SA ¥fii T~ 4.5 mL DMF, ZJ5 fERE I HE 4 H [F] i
BN 3.6 BERITEIE (30%IERD. 1E 80°CHiPE 2 /NG, FERIZIHEHE T AT K 2k
BRI L, B PRI ok, T IE IR DTVE » RUTUE JS I PR T/ & DMF A,
Z Ja T AE R ToK SRR = UiiE . X PR E-IUE R EE SR A B RA A=Y, T

%29 T 3t 56 7T



)-'l?éi@)t%éf}
I swancin 10 Tone Universy S, SHIERDE RN AVNIGI AR HMIB I FHS
JEIEAE 40°C FEZHT ISR, 155 2 A O AR R L= 722 95.7% . Mw: 56005 Muw/My:
2.10.

IH NMR (500 MHz, CDCls) § 7.27 (s, 1H), 4.16 (s, 2H), 2.89-2.83 (m, 3H), 2.85-2.77 (m,
2H), 2.03-1.97 (m, 2H).

13C NMR (126 MHz, CDCly) § 171.30, 77.30, 77.05, 76.79, 64.67, 27.06, 25.17, 22.18,
21.84.

3.3 ZR5TTE

3.3.1 REME SR

HArE4&Y) PL i@t BDT #1 BDDA 7E TEA AL N L sa /R IR & e N33, 2 )5
i/ ETG #H78um (B 3-1. PL (WAL P2 F1 P3 m BLd T LA b EUN A AL T . SA
NI AT A A 3] (B 3-2), SRR @ i AL E A SA & I3 AU N,
I 7] Sfe 42 ] [L08. 1091 . ZF DMF A% P1, P2 Al P3 347 GPC ik, 1K 3-3 715, &id4fk
JEVETE A B RARAY, AR R A R T SR E B AR e R FOR R A B T . bk,
WER B Bon T A FSELRE FRAEM TR M. =MEEMIEY s FEMZ 58S
(Mw/PDD) 43724 5100/1.48, 5300/1.55 A1 5600/2.10. ‘EATHIEE & EL )y 15, IFB A ]34
FhFERE B A R IR
—P1

—P2
—P3

é ' é I 1|0 l 1I‘I
Retention time (min)
3-3P1. P2 fil P3 ffj GPC &%

X =P EREE D B 5 M B R BRI 1 1 4G TAZS MR =4 o T 0 =M R &
IR AR AT X, AT EANTEAT T L4 DL AL RE LIRSS RIS R AE o [ 3-4 & —Fh R
BYINLANEE, JBR T 5B MgEIRsh. 76 1730 om™ n] LIS Bl 5ok 5 25 11 B L i
PRI, [FIFECE 1179 et AbtH AT AMIEE 3 C-O-C [ 4adkshid. SikER, ELdk
JE ) P2 A1 P3 i, 1054 cmt 4bJE T S=0 HIIEALIEMT T L. Hok, 7E P3 Gt i
3| 7T 1404 et AR () O=S=0 1&f7, X —Ig&Aith RAE P3 (ki BB, DLEXT=
Fh AWy 7 B 1R 43 HTilE B T AT i S A i R 1 D

&
(S
=
b
&
=
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vt/ SHANGHAI JIAO TONG UNIVERSITY X, EMIFARBE KU AT ER SRS RAR

l1179
c-0-C

T I T T T T T
4000 3400 2800 2200 1600 1000 400
Wavelength (nm)

& 3-4 P1. P2 1 P3 4T 4h it &

FEN, N T HRRIHE R T BARPE, AT =R AR R AR T T A REILIR
Hro & 3-5 A Fox, fE PL KRR, 40 5.83, 6.11 1 6.38 ppm ALty
{RATRFAENE, THX = AMEFIEIE) JE T BDDA H1[)-CH=CH, 5 [#], XULHER A Kb e
BDDA #{ A e a4 FE R e bR 2. 1.29 ppm AR FOHRFIEIELE P1 ) NMR &%
HASRAEAE, (HR L AT O 2 RIEREAS, IETE PL A DB IR CRE
Wi). RN, 2dEEE, B TELmEF (-S-) FEFR I ERSETE 2.61 F12.78 ppm Ab
Wi EER] . BT H AU AT DL A b DT RC B 5 AN, 8 TEIE A g B, iE B
T TR T e S A RO P 5 (] 2 (R 2 T RN IR A ] N o 83 A 2 S5, FRATT AT DA
S TR FHER T (2, 3, 48 6) [MREMIIL AR, X2 HEE TG LL
J S=0 1 0=S=0 [ 2 B M8 F E

Kl 3-5 B J&rr 1 A AR RUEIR S A% LRkl 73 A . 7E BDDA 3 & 7T 128.54 Al
130.89 ppm [11J& T C=C U, 7& P1 iR & KA L, UEF] BDDA D& 58 i FE.
M7E PL iAo B 7 567 T 27.53 A1 37.26 ppm [, EA1E TERTHTHIL 3 M4, 5
SRR, SR TAERRRE T (LA 3) KR I 5 S RS B8 Ak 7 1) kA
T REALRE, 1K U PR T A A T 28 T 1 N P B A 1 2 BRSO o X e A3 £
RE FREE 8 B EHRNTRI &R T P, JF H IR PL 4T T AT AN
FEBE B S84 SR

&
x
=
H
&
=
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=/ SHANGHAI JIAO TONG UNIVERSITY X, EMIFARBE KU AT ER SRS RAR
(A) 3 ® |
2 . SH
/\\/\/
/\/\/SH
HS™ ™ HS™ ™5
1 2
.
|
8 7 6 5 4 3 2 1 0 180 160 140 120 100 80 80 40 20 0
4 Q 7 3 o 6
SVLO/\/\/O S . \_?:/Jé o~ o)
4 7
6 8 70 " o N
6
4| I |5
8 7 é 5 1 4] 180 160 140 120 160 80 60 6‘0 20 0
1
\[5/2 S'-. e . }« lS"’\ ~ S“\/:“‘\Sl O"w’jl B (o] -
4 2 3 6) n
3 4 n 5
s 123
4| 7
| I | L
8 7 6 5 1 0 180 160 140 120 160 80 60 4‘0 2‘0 0
S : ’
J 2 8 | s _As0 L
E‘i 5 - Z S 5 — \53, = 5 ~ o) ~
o] n o o n
i 5 5 347
: J [ u I 1
8 7 -] 5 4 3 é 1 0 1é0 160 140 12‘0 100 80 éU 4‘0 20 0
o o] o o)
o | (@] 1
[RA_~_5_ 2 o 2 ~o ]l {S,J s Aso L~ AL
3 o4 I 7 2 o3 6 |
e} o) n fo) o n
H 7 2 h o
[ 6 3 2
- 4 i
ib : i . A7
8 7 6 5 4 3 2 1 0 180 180 140 120 100 80 60 40 20 0

Chemical shift (ppm)

A 3-5 ZEAEMBEYN (A) BRILIRESEN (B) ik, BAEMEHESIRH.
3.3.2 P1 & ) ey B M

RIE CTE HLEEROS, L/ B igity, HApdmAE@P (FRIE-COO-FIH i
H-S-) PEBLIINL Ay B, (HE A I REMR I, ERIMTEE N PL RN SR NT
R UFFRA TR, FRATE X PL UK G AT Tt Tt. W 3-6 A Fios, SIRFEKT 2
mg/mL B}, PLDMF ¥ LA R o X8 T AERR I AR 6 A M B 5T, TR R4
RIS S8 i R R EMIE R, TERIE R 11 B Sz s+ ig Ex,
SHEAE R AR R, AT CBUROE L. BEE LB, SIKkEiAS) 5 mg/mL
i, FRATAT AW B 5 (E R A s v R 58 ;s T 43R B A 100 mg/mL B U AT AR
53 B 5 1) RT3 o B S 38 5 14 R 4 49 VA R T 7 e R P YA R v T B S T A
A I (R EE B 4 E, MR (R BRI FNAR R T iz R 4. R 0.1 mg/mL P1/DMF
WIRME TR (@) )N 0, MikE NS 100 mg/mL i, & 55N 3.9%. &
EFEIMAFR] 7K 3-6 B RORSHOGIEMIER : AW, KIanm Rtz o, g
f7F 435 nm HA AT 454 F1 483 nm [FJEIE (lex = 365 N IX Pk 3 o R 6 I 50
o T PR NG R TR 75 SR DA B B 2 7= A A R MR AL 5 350

% 32 71 3k 56 I



B SRIFATL USRI SRS IR RR

50 100 mg mL-'

365 nm UV
B) 1000 c)
1435
conc (mg mL™") }7 <z (ns)
1\ 454 {
800 ] Py —;go 3 { ) —0— @435nm 545
— 25 z ¢ J:F @483nm  4.89
600 4 1483 —10 2 9
: —5 8| da —e—@IRF
— £ 1l
PR o ® s
400 2 | L
®© | B re
g ,
o
200 S

> = —
"ﬁ 390 440 490 540 590 640 140 145 150 155 160 165
§ Wavelength (nm) Time (ns)
£
= 1000 E)
D) 435 | ] p
2, (nm) 2.5 conc (mgmL™")

280 ——100
300 ] ——50
— 312 20 7 —25

] 10

800

600
w 15\, 288 —5
8 : —
< ) —
4004 10d | 301 —05
1 — 02

—01

200

0.0

T T T T

300 370 440 510 580 650 270 320 370 420 470
Wavelength (nm)

&] 3-6 7 365 nm EAMEE KR TARWREE PLIDMF ¥ (A) REBF (B TRHE
F) M (B) REPEEE. (C) 100 mg/mL P1/DMF EWRAERSEA 435 F1 483 nm B 5%
Ff (Jex = 365 NM). (D) 100 mg/mL P1/DMF AR FE KR EEK TR RS, (B)

AFEIVRE PL/DMF ¥ FIRBOETE o

UbAh, BATIENT 100 mg/mL PL/DMF ¥33E47 T I [a] 43 HE 6 R: - DL 365 nm ik
WK, 1E 435 F11 483 nm [ R ST AL 9 A ar (<e>) 73l 5.45 F1 4.89 ns (1] 3-6 C),
YT 2RO P IAEE. B 3-6 D JBIR T ANA dex NIEHRIIRSEHE, ©AT15 A A
RSP, [FIFER AT DAUE AR RV R SO IAETE . BEE dex (ELMIIGIN, R GTIE(E 2O H 3%
FOFARG SRR

NTIREEZA5 R, BATTSO AR BE (3 04T T LA m] IR o6 1St (Bl 3-6
EDe MARERATAI LUAIL, 4K EEART 5 mg/mL I JL-F-BcA RN 10 4Rk &N 1] 10 mg/mL
I HIL T AT 288 AT 301 nm IR ANIRISE I . BEVRFEAR SRR N, TSR B S5, I H I
TALT 330 nm &b B A —AN R IR EEIRIRISE Tz, A R R AN X,
Z—H 2] WX HA R, X WAERE T 4 =R PLIDME ¥ RIS AE 365 nm 1X
PRI GEOR T A RIS . Hoh, ¥ PL A AETARER (DMF, S&5F1 THF)
HECH A 10 mg/mL ¥, HORGHEIE IV T RN (B 3-7), X UL AEAN A [ 7]
R A [l — PP, BT T R A 58 AR BT AN R A TR

0

% 33 T 4t 56 T
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——DMF
——CHcl,

—THF

Normalized intensity (au)

390 440 490 540 590 640
Wavelength (nm)

B 3-7 7E 365 nm ALK T PL T DMF. €451 THF (10 mg/mL) RS
%

3.3.3 P1 [ A% AR ) S B i

DA 25 SRR PL )R e mT LUd i A 6 P (R 7 SRR NI AL N SR . 5 HCIRAS AR EE,
[ Ao AR S SRR B K HL B S IR A A G, PL (1 [ ot R AR R 2 B R eI
H sk, Wk 3-8 A B, PL[EFATE 365 nm EKAMEEUK T EILH T8 S i 108
o, HETHERLKIEBRSEEL, X3 7T 45%. BHAHABERAEE TTKIEEE, Pl
R EELE TR . ALk, T 77 K Nt — 25 KRR #4548 0 1)
(I AEFE S R0, (R AN R, FRATIEM SR 3 T R K Emak b, Fif, H©
TAEE n BFRIERP R AePUERS (SOC) Hing, Mm{edt 7 REEHK (1SC) iIfE,
M SFEC T EOLR A W 3-8 B B, EANFEKEEAKTT, PL BRI A& SR A LA
X (324 nm) —EAMWFA] WIGIX (409, 421, 447, 485 nm). Xk KR K&t
G5 AT PR B I R FE — 35, 2D E B T BT AR SR A 2 FEE (2 Fb
RFFIIAFAE) o X — SRR A8 2 TIESL (K 3-8 C): 7E 440 F1 484 nm (1) R 5
KT, [ERREH a5 58 3.93 F18.30 ns (Jex =365 nm, i),

&
S
=
H
&
=



- x> Pt V%
7). Y E AL f
£/ SHANGHAL JIAO TONG UNIVERSITY BE. BRIEARR LA EMINEITTE RS IR RR

B) 800 A C) o <> (ns)
1 F) ) —0— @440nm  3.93
650 1| | = F
1] %‘ £ @484nm  8.30
2 500 1 | g ﬁ.
g —: ! vé 7‘ v —e— |RF
§ 1 = | 1%
2 1 o | ol ¥
= 350 | N | ¥g ¢k
] 1 S| 8%
1 E | .I ¢
200 S | Ne CELS
7 A = h: °® <
1 o) ‘
300 370 440 510 580 650 140 145 150 155 160 165
Wavelength (nm) Time (ns)

B 3-8 (A) FEBR 77 KEF, 7E 365 nm E4h6EE T AE IR B P1 Bk R R
Fo (B) REAEEHEKT P1LEAKIERSHERE. (C) P1EEIERSER 440 1 484 nm
K1 IEF R (hex = 365 NM)s

3.3.4 it nl A AL I SR T K

WFRIAEIRUL, KOG RIEE EEM . T ARRD PL R, B AR T
IR T SR SR B BUR G, T F B TRk S A TR RO AR AL T AT R IR E AL A

I AR, BRT (-S-) A DA M A A O IEBR (S=0) FIiK (0=S=0)
(08T, R e AR B A Y AR SR A SRR A 2 74T hAh, MBS 2 IR 2R A A
A LE— 2B nas oy AR 31 TR AR ELAE TR R 7= A 3 2 380 . FRATIE T 4% i) A Ak
F AT AR SORE B S5 S40, R PL CREREE BRI AL P2 (R
AR F1P3 CRIAD. w1l 3-9 fox, fEAHFEIRIMRE &M, M PL1 3| P2 3| P3 BRI
PRI G R T IR P Al 5, 0 B B AR 0N 4.5%,  7.0%F1 12.8%.

F 3-9 =RBFEE 365 nm EAMEEUR T PL, P2 1 P3 BRI A

% 35 T 3t 56

p=t



x4 4 N
S e e e Sl SRIERRE R AMOE AR SEIEE RS

UVon off 1 4 5 6 7 8 9 10 1M1 12 13s

A 3-10 77 K BHE 365 nm RAMEER T K& ILE NG R BB HIRI PL, P2 F P3 [F
ZNialicYas

St ER, 5 P1 2L, P2 fil P3 AL 77 K FEEA E K EmE ORI %, HE
SR DA R 13 70 (& 3-10 AT 3-11 A). [RIREM), P2 F1 P3[4 (R Gt 07 24
AT SOC I sm FBE RIS 1SC AR e, LA 77 K RIS A PF T AR50 5 32 08 1) = FE 4
FER . iETE PL HOWER B, 75 P2 Al P3 haRATH LS 2 T ok B KAk (K 3-11 B,
C) PAKAEARR KGRt B AR A6l (B 3-11D, E). XEe4s B — 5 iEse 7 3R %
FALE I — R R B TR R AR A S 5 B A [F i S22 MR SR, 75— 7
(RN =R E =y e e | 8 Rt R et/ N iy LT R s S R S S O R (2 DX [ K
M2, ARHECL BRI, A TSk R ek vt R ol LR B aRIE A, miHfdE2
RGBT B . AMRATE R I, M PL 3| P3, FrA MUK N i 5 i K G
EANX (324 nm, P1) ZHILFEE A WOEIX (406 nm, P2; 439, P3). iXiiHHBEE MR T
e AR AT N i A< S I NG SR S Ry G ey il o) 72 R b S By | PN TR
WOR K N s R AR . B 3-11 F B RIS TiX— 4518 Kk XISk
Wb 5 SRR P (R 1S D T 1S 58, MTT 5 B0 iR R S I T B A AR BE RS I LR I R o DRI LEE AR
P LA 5 Hr ﬂ%ﬁ%TﬂﬁﬁmﬂwTuw%?ﬁw%ﬂikﬁwAWMﬁﬁkﬁﬁﬁ

C) s00

600

400

200

01—

Wavelength (nm)

D) LY E) [

to 2 (ns) > (ns)
? 3
< J  —o—@440nm 684 5, —o— @440nm 579
2 & i
g U ‘l‘w —— @484nm 6.62 Ll* —— @484nm 7.34
] )
£ I‘ (_‘_‘—.— IRF i %7 —e— IRF
HE ,l v
= e ® ¢

(5

gl §l % &«
-3
S | e, ‘
= L4 ¥ (L«'\“ 3, ; ®

® o QQ

< o .i \f«"- <y
| V‘v’".j! P — ﬁfT ynp—— u T T —
140 145 150 155 160 165 140 145 150 155 160 165 200 300 400 500 600

Time (ns) Wavelength (nm)

& 3-11 (A) ZE K 77 K BFEE 365 nm E5MEER FME LR G5/ P2 #1 P3 B4R .
(B, D) P2R1 (C, E) P3 EMAEARIBREK T K REEEFAR R T KFE iR
(Aex=365nm). (F) P1, P2 F1P3 E&MRBoOLE. @ EEE (A) F4H
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(@) X Fxar

B SRIFATL USRI SRS IR RR

7/ SHANGHAI JIAO TONG UNIVERSITY

NT P HEIX =R ARG, BATRCHIFERF 7L 7 e 31 mM (L% P1 [ 10
mg/mL) W R RIER AR OCIL R M, UK 3-12 A Fiios, 7 365 nm 240G & N, P3/DMF
BRI R GR By, H @ {1l 3.4%, T1fii P2/DMF A P1/DMF V& 1) & GH L 855, &
B9 318 2.2%F1 1.6%. P3 ABTEBAEZEHCRAS T, KB N =F &k, X&m T
S LR B LG AR DL R B b B B I g, HA S SR> TN o> T IIEF, [ A3
SR FE RN A48 S ERIE D« T PL/DMF A1 P2/DMF YK UG, 584N B & 5
4 32 T A I AT XOR G (R T AN B . T — BEA T P3, Y RAE AT L
FEIX R STk LR 25 B 5 H AR i R EERSS . T 2 RSP TR, =P 25
ST R I T IR R AR (8] 3-12 B-D, ] 3-13)

P1/DMF P2DMF P3/DMF

1000 900
800 o B) 2,,(nm) ] c) 4,,(nm)
20 | ——280
—300 - ——300
600 | \!365 312 si2 | 794
1 —330 ] —330
= PA/DMF | sicd P2/DMF s
A —365 ] ——365
N
a0 I\ 1\ s —385 - —a3g5 | 40
/ ——400 : ——400
| s ¥
200 ! 225 -
0 e : 0
300 370 440 510 580 650

Intensity

1000

800
600
400

251 |
] A 200

0 T T 0 - T T \
340 405 470 535 390 455 585 650

Wavelength (nm)

3-12 P1/DMF, P2/DMF Al P3/DMF ¥ (38 31 mM) (A) FE 365 nm ¥4t
RKTHEEM (B-D) ARBEEK TRERSEHE. BREKAN (E) 280, (F) 312H1 (G)
365 nm B} P1/DMF, P2/DMF 1 P3/DMF %% (31 mM) &5k

T
500

450

T
400 550 600 520

<t> (ns)
—A— @435nm 9.71
i
@483 nm 4.1
¥
[«

%\AF IRF

fy‘,,“,, .
t““

150

Normalized intensity (au)

140

145

155 160 165

3-13 AEIRFHFHEE T 31 mM PL/IDMF, P2/DMF F1 P3/DMF B IE R (ex = 365
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DESIGN, SYNTHESIS AND PHOTOPHYSICAL
PROPERTIES OF HALOGEN- AND
SULPHUR-CONTAINING NONCONVENTIONAL
LUMINOPHORES

As researches on pure organic luminescent materials go deeper, nonconventional
luminophores have been drawing increasing attentions for their intrinsic photoluminescence
whereas lacking traditional remarkable conjugations. Compared with conventional pure organic
luminescent compounds containing noticeable conjugation structures, nonconventional
luminophores only hold varieties of isolated, discrete chromophores, such as heteroatoms (e.g. N,
O, S and P), hydroxyl, carbonyl, amino and cyano groups, etc., which changes people’s cognition
that organic luminescent materials must contain remarkable conjugation. Nonconventional
luminophores play an important role in revealing self-emission phenomenon of organisms, and
also hold significant potential applications in the field of bio-imaging, anti-counterfeit and
encryption and bio/chem sensors owing to their relatively easy synthesis, and the fact that most of
them hold benign biocompatibility, environmental friendliness, hydrophilicity and low toxicity
resulting from not containing conspicuous conjugations.

The clustering-triggered emission (CTE) mechanism can be utilized to rationalize the
intrinsic luminescence from such atypical luminophores. However, since researches on this kind
of luminescent material still remain to be promoted, a lot of plausible mechanisms have been
proposed while no one of them can escape from controversy. In that scenario, a highly universal
luminescent mechanism is desperately expected, which needs to be further investigated and
generalized. Recently, there have already been multiple literatures relating unorthodox
luminophores based on heteroatoms like N and O and electron-rich subunits like hydroxyl, amino,
carboxyl, carbonyl, amide and so on. Nevertheless, researches based on atypical luminophores
holding other electron-rich heteroatoms such as sulphur-, phosphorus- and halogen-containing
nonconventional luminophores are seldomly reported. To further explore the emission mechanism
of nonconventional luminophores, and to add luminophores containing these uncommon elements
into existing theories, we here in this thesis, under the guidance of CTE mechanism, chose
electron-rich halogen- and sulphur-containing luminophores as research objects and subsequently
selected or synthesized a series of small molecules or polymers to explore whether these materials
will behave nonconventional luminescent characters. Plus, through researches on the chosen
halogen- and sulphur-containing small molecules and polymers, we further testified the rationality
of CTE mechanism and its significant guidance role in photoluminescent molecule design. Below
please find the main research contents in this thesis.

(1) In emission of nonconventional luminophores, clusters play a significant role as the
emissive center. To effectively form clusters of chromophores, a through-space conjugation (TSC)
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network and diverse intra- and intermolecular interactions to connect electron-rich moieties are
necessary. Hydrogen bonds, chalcogen bonds, ionic and dipole-dipole interactions are
representatives to form such a TSC network. Inspired by these results, as a relatively unexploited
noncovalent bond, whether halogen bond (XB) can be utilized in the field of nonconventional
luminescence is taken into our consideration for its properties as a strong (5 — 180 kJ mol*) and
directional interaction. Different from other noncovalent bonds (e.g. hydrogen bond) that only
work as connections to shorten proximity among chromophores to form clusters and thus facilitate
TSC and emission, halogen units can also compose emissive clusters by their own as the source of
luminescence for their n-electron-rich character. Plus, adequate n-electrons held by halogens are
qualified to offer favorable conditions for phosphorescence emission, due to their promotion to
spin-orbit coupling (SOC) and succedent intersystem crossing (ISC) process. Unfortunately, there
has been no research where halogen clusters act as emissive source while all relating
investigations mainly focus on amplification of luminescence via XBs up to now. However,
according to CTE mechanism, halogen clusters are supposed to be emissive. To verify our
conjecture and prevent interference from other varieties of clusters, we here introduced four
commercially available haloalkanes with simple molecular components as model
halogen-containing atypical luminophores, namely hexachloroethane (HCE), pentaerythrityl
tetrachloride (PERTC), pentaerythrityl tetrabromide (PERTB) and tetrabromomethane (TBM), and
all of them have been purified and prepared as single crystals.

During the investigations on these haloalkanes, surprisingly, we observed weak but visible
fluorescence from their single crystals, despite how unlikely it seems that they are emissive with
such unconjugated structures. Meanwhile, although cannot be captured by naked eyes and digital
cameras, truly existing room temperature phosphorescence (RTP) was detected by the
spectrometer, along with different lifetimes at various AemS. The occurrence of RTP is supposed to
be ascribed to highly promoted spin-orbit coupling (SOC) and intersystem crossing (ISC) process
due to the presence of multiple halogen atoms and clusters. However, such weak and short RTP
should also be attributed to the existence of too many halogen atoms in the emissive centers,
because excessive heave atom effect and n electrons lead to immoderate SOC and ISC process.
Upon cooling down to 77 K, the fluorescence and phosphorescence of the haloalkane single
crystals were greatly promoted, while the lifetime of phosphorescence was also prolonged, owing
to enhanced conformational rigidity, which can restrain nonradiative decay of molecules. Plus,
phosphorescence emission spectra (ts = 0.1 ms) with different excitation wavelength and at
different temperature were subsequently performed, respectively. We surprisingly found that the
triplet state luminescence (phosphorescence) exhibited a dual tunability with the change of
excitation wavelength and temperature, which broadly provided potential smart applications in the
field of optoelectronics and bio-imaging. Also, we further proceeded single crystal analysis of
HCE and TBM, as well as theoretical calculation of electron cloud dispersity of them. The results
of single crystal analysis uncovered the presence of ample halogen bonds and theoretical
calculation gave rational illustrations to the coexistence of multiple emissive centers (clusters).

(2) According to the CTE mechanism, the formation of clusters of isolated chromophores
with 7 and/or n electrons is essential for the emission. Therefore, to design new nonconventional
luminophores, the introduction of such groups is necessary. The sulphur (S) atom is thus a
promising candidate owing to its electron-rich nature. Compared with oxygen, it also has some
attractive properties like larger atomic radius, wider electron cloud and multiple oxidation
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channels. However, there are few reports regarding nonconventional luminophores involving the
sulphur moiety, let alone their post-functionalization. Herein, following the CTE concept, in the
hope of fabricating S-containing luminophores, we synthesized a kind of polythioether (P1) by
Michael polyaddition. The subsequent oxidation of P1 results in polysulfoxide (P2) and
polysulfone (P3). All three polymers were carefully characterized and their photophysical
properties were thoroughly investigated. After the synthesis work, corresponding *H NMR, 13C
NMR, GPC and FT-IR characterizations were performed to certify the success of our design and
synthesis as well as the purity of as-prepared polymers.

The photophysical properties of P1/DMF solution were firstly characterized, showing
obvious concentration-enhanced emission, in which concentrated solutions emit stronger
luminescence than that of diluted ones, while P1 solid powder exhibited much stronger emission
than the most concentrated solution. This result and subsequent Jex-dependent luminescence
phenomena together proved the accuracy of CTE mechanism. After that, P1 solid powder at 77 K
was investigated, showing highly enhanced fluorescence and persistent green phosphorescence.
This cryogenic experiment indicated that low temperature could assist to rigidify conformation,
which would decrease nonradiative energy dispassion and lead to promoted luminescence. After
controllable oxidation, P2 and P3 were acquired, whose solid powders exhibited much stronger
emission under UV irradiation than that of P1. Plus, with the increase of oxidation extent, the
emission was gradually boosted. The results indicate that more efficient emission can be achieved
through oxidation. Such a trend is also observed in their concentrated solutions. The significant
photoluminescence increase should be ascribed to the extension of the through bond conjugation
of sulphur-bearing units and the enhancement of intra- and intermolecular through space
electronic interactions in clusters. Furthermore, through the oxidation of P1 at different extents,
we can regulate the optimal emission maximum of the polymers from ultraviolet to visible light,
which may provide an alternative approach to modulating the emission of nonconventional
luminophores. Moreover, the P1/DMF solution was also used as fluorescent probe to PA explode
detection, which finally demonstrated a sensitive dual linear trend of fluorescence quench by PA.
These results not only indicate the feasibility of designing new nonconventional luminophores
based on the CTE mechanism, but also in turn verify the rationality of the mechanism.
Furthermore, despite it not being a prerequisite for the emission of nonconventional luminogens,
oxidation provides a strategy for adjusting the photoluminescence efficiency and emission
wavelength of sulphur-containing systems.
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