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Abstract: In this work, classic circularly polarized thermally activated delayed fluorescence (CP-TADF) mole-
cules (R)-CzCN and (S)-CzCN were obtained by introducing two carbazoles into a terephthalonitrile moiety bearing
an axially chiral binaphthyl structure. It was found that the two enantiomers not only emitted CP-TADF with dissym-
metry factors of +2.4x10* and -2.6X10™ in solution, but also exhibited excellent aggregation-induced emission
(AIE) properties. Their fluorescence quantum yields in the crystalline state reached 30 % and 28 %, respectively.
More importantly, (R)-Cz:CN and (S)-CzCN could directly emit yellow mechanoluminescence (ML) under mechan-

ical force, representing the first reported CP-TADF luminophore capable of emitting yellow ML. Furthermore, under
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the stimuli of external force and solvent vapor, their photoluminescence color could be switched between green and

yellow, exhibiting reversible mechanofluorochromic (MFC) behavior. These results indicate that (R)-CzCN and (S)

-Cz>CN are AlE-active CP-TADF materials possessing both MFC and ML characteristics. Based on the force-stimuli-

responsive properties of (S)-CzCN, this study further demonstrated its potential application in ink-free writing.

Keywords: circularly polarized luminescence; thermally activated delayed fluorescence; aggregation-induced emis-

sion; mechanoluminescence; mechanofluorochromism
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ized Luminescence, CPL) 5 P 15 %E iR 9¢ )G ( Ther-
mally Activated Delayed Fluorescence, TADF) #L #1
FHZ5 A, Bk AE 38 o [ & ] 5 8 (Reverse Intersys-
tem Crossing, RISC) 5 1 = 5 A 3 7 19 =1 2R
W B A T RCR IR T E 100 %, T i B
T PERHAE 1Y I ik K65 5 78 = e Bon L TR IR
IR PSRN I (TR ) (R
P R R . TR A LB CP-TADF
PAS R N A PN i TS S O IS e i [ B
F4 - A EL AR S A A0 -8 B R AR T S B
B RS m e B R ES T R ENRER
58 K (Aggregation-Caused Quenching, ACQ) , &
680 IR T ek, M R R AT B R 8 S B L
B 4 % 5 & Ot (Aggregation-Induced Emission,
ATE) RO 14 %2 B fife pRe ACQ A AL 416 T o 20
o MALE gy 7 AE R A W I e T N E Bl Pk Bh
I F R R, AR R S BRAT o 32 5 OGS R R
BT 031 Wiz 3 32 IR AT RO E e S B AE il
KO 3 KSR . " ATE 57 5] A CP-TADF {4
Z M $U ALE B CP-TADF B4 BL, 7] 76 0% B T HOL
SN W55 e AT R RE T B TR I A e e 2 A
JCHE K T L, Ay v PE BE [ 25 CP-TADF #4853
5 007 1 B8 Al . "H B, AIE B CP-TADF #1 K
C 78 1 Bk Ot & 18 b e B 4 S R R L 1H T e
AE M 17 373 5% 1) D BE R AT AF (e B B A 2 o

T3 A HIL A R R — S T RE
HeE bRk, M 85O AR 4 (Mechanofluoro-
chromism, MFC) #1 71 2t & )t (Mechanolumines-
cence, ML) I B W g o " B9 AR B
BHESN g (ITBE % hrfh B S5 ) /E TR i i
Oy AR HEFR B 2 5 7 52 B ¢ ' R Y a]

m\\‘

PR I BURCH BT B R BB R % 1L G RE
TG AN 28 AR R AE N T AT R AR AR 8% 5 R
DU 22 P fi 45 A5 S %8 4 40 e 2L AT R I
05 48 CP-TADF MRS, J7 30 380 i 4 O
ST RZ%Z ACQRN M, 7 RERT KGR
A e R A 2% AT T bE BE R 55, DA
JE T 25 BB I O A 1 S PR R o ATE FEPE
195 AN BT 3X —MERT . ATE Y g 0 g b R
EREEN T RFE SRR, B2+ U o] P
T 5 S B R A T 3R T SO S e N B K b R
T3 R R &' A RE R Y . 4T, ATE
AY CP-TADF #1 %t 5 ATE %Y Jy 5l 3 mi B2 A4 k1 ©
AR B B PR e o AR, (A B S 2 ALE L CP-
TADF \MFC Fl ML VU 5 55 7E (9 4 L& 6 # kL 2D
A ARGE ., PR D RE AR B T E JE AR &
L R 2 A e A R BB e B Y T oK
{CH £ CP-TADF R % 0 b4 6} T 1 52 30 %5 A1 g 3l
P ST AT AR G 2 e 7 X LA FH T Bl 2 A R
55 WA 5 AR A B E s  BOR
AR B B e = 15 i 4k 06 2 A5 5, To ki R T
PEAS B4t =45 B ok B TR B
Bk . F L ¥ CP-TADF 5 MFC ML B 5] %
B AE B — ALE 43 b JF & B i i e o7 5
) ALIE B! CP-TADF # ¥}, J2 4t 5 2 T e A Pl &6
BRI

AW 5T 45 18 — Fh e . MFC AT ML 4% A9 ATE
A CP-TADF 4 BL o 38 320 B R e 25 1K 5| A 3] 3% 422
T TR I 2R A A R G S A ke A
L) CP-TADF 43 T (R)-Cz>CN F1(S)-Cz>.CN . "B
GER I, A X AR B T A v W T AT R B AR X R
F (gum) 20 3 A +2.4x10™" Al -2. 6X10™ ) CP-
TADF &b, b 80 25 0 ATE fdE o HLAE S AR
BT BZOG 77 25 0 T3k 30 %28 %, W
B|EM SN TIER T L (R)-C22CN FI(S)-Cz2CN
8 RO R AT R K SR D W 1 B ML, X SR
) fie & 5 B ML Y CP-TADF #1 k. &0 )



A, S BUROEANT B A 0 R [ i ik AR GE I8 986 A 3

AT AR () CP-TADF 3l €8 T DA & (875 O ¥ €21
I HTERE R R R T N aik E Bak i, %
B RT3 MFC R . 7R L SERE I, /R T gk
151 AIE 4 CP-TADF #4 B £ T 55 15 5 J7 1 9 17
R 1o XS g5 SR B X WK (R)-C2z2.CN F1(S)-
Cz,CN A A T B th AL 8 Ol 7 2% 14 45
I

2 % B

2.1 WEYWEM

XJ BEAA (R)-CzoCN F1(S)-CzaCN 2 25 SCHR J5 1
B PE B R I TR . R R
DY 58 %) 4 i (1,00 g, 5. 00 mmol)Fl(R/S)-1,1" -1
-2-Z5Wr(1. 43 g, 5. 00 mmol) il A | 250 mL = i 5
o, A 15 mL 9T N, N- O SR O R
(DMF) % fi# , Jn A J& /K K,CO5(1.38 g, 10.00
mmol), & T W 12 /NiF . BfiJE , in A 9H- s
(2.00 g, 12 mmol) Al J& 7K K,CO4(1.38 g, 10.00
mmol), %5 i N FE R 12 /N8 o 2 I 45 5, 6
o7 Y A 200 m L vk PR A Ak B K W Ak
PR T & Be, in A T K B R 4R T4, il
U8 o RV P e 75 R A A A5 B . ML
W 08 FH # S A 2 BT Ok AT A B AR Al I Bl A Sy
AW e/ mBE(VIV=1:2), WL /AP SR

B E PLTE , 15 B ot 6 AR K .
‘"'
O¢<N Q
° Il Iy O
(R)-Cz,CN N O

i O, e
T eyt OO0
O
N O
., " X
b oo X ;¢<
'O

KoCOs, DMF, 12 h, rt.
K,CO3, DMF, 12 h, rt
KoCO3, DMF, 12 h, . OO

(S)-Cz,CN

N KoCO3, DMF, 12 h, it

Bl 1 (R)-CaaCN I (S)-CaaCN 45 1 s 25
Scheme 1 Synthetic routes of (R)-CzCN and (S)-CzCN.

(R)-Cz2CN [ A R 1 J5t 45 O 2. 33 g, 72 RN
62.0 %. 'H NMR (500 MHz, CDCL;): 3 8. 18-8. 15
(d, J = 8.8 Hz, 2H), 8. 07-8. 04 (d, J = 8. 2 Hz, 2H),
7.77-7.73 (m, 4H), 7. 64-7.59 (m, 4H), 7. 57-7. 54
(d, J=8.4 Hz,2H), 7.49 - 7.46 (m, 2H), 7.26 -
7.21 (m, 2H), 7.18 - 7.14 (m, 4H), 6.97-6.93
(m, 2H), 6. 77-6. 74 (m, 2H), 6. 70-6. 67 (d, J = 8. 1

Hz, 2H). "C NMR (126 MHz, ds-DMSO): & 151. 31,
148.72, 139. 28, 139. 12, 135. 54, 131. 90, 131. 14,
128. 67, 127. 76, 126. 56, 125. 85, 125. 41, 125. 33,
123.99, 122. 75, 122. 69, 121. 06, 120. 68, 120. 65,
120.00, 119.94, 114.14, 111.89, 110.79,
110. 61. ESI-MS m/z: [M+H]" CsH,N4,O,", caled.
for, 741. 22905; found, 741. 22757.

(S)-CzoCN [ A By R B BT it 4 2. 03 g, J= % 2H
54.2 %, 'H NMR (500 MHz, CDCL;): & 8. 18-8. 15
(d, J = 8.8 Hz, 2H), 8. 07-8. 04 (d, J = 8.2 Hz, 2H),
7.77-7.72 (m, 4H), 7. 64-7. 59 (m, 4H), 7. 57-7. 54
(d, J = 8.2 Hz, 2H), 7. 49 - 7.46 (m, 2H), 7.25 -
7.21 (m, 2H), 7.18 - 7.14 (m, 4H), 6.97-6. 92
(m, 2H), 6. 77-6. 73 (m, 2H), 6. 70-6. 67 (d, J = 8. 1
Hz, 2H). “C NMR (151 MHz, CDCl): & 151.09,
149. 29, 138. 89, 138. 35, 135. 05, 132. 44, 132. 07,
131. 80, 128. 60, 127. 66, 126. 77, 126. 63, 125. 87,
125.09, 124.97, 124. 17, 123. 95, 121. 38, 121. 08,
120. 64, 120. 35, 119. 89, 114. 44, 111. 74, 109. 70,
109. 66. ESI-MS m/z: [M+H]" CssHaN,0, . caled.
for, 741. 22905; found, 741. 22821.
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Fig. 2

a) UV-Vis absorption and PL spectra of the enantiomers (R)-Cz,CN and (S)-Cz,CN: a, UV-Vis absorption spectrum of

(R)-Cz,CN; b, UV-Vis absorption spectrum of (S)-CzCN; ¢, PL spectrum of (R)-CzCN; d, PL spectrum of (S)
-Cz,CN. b) UV-Vis absorption spectra of (R)-Cz,CN in different solvents. THF, ACN, DMF, and DMSO represent tetra-

hydrofuran, acetonitrile, N, N-dimethylformamide, and dimethyl sulfoxide, respectively. ¢) UV-Vis absorption spectra
of (§)-Cz,CN in different solvents. d) PL spectra of (R)-Cz,CN in different solvents. e¢) PL spectra of (S)-Cz,CN in dif-

ferent solvents. ( Concentration: 10 M, Excitation: 365 nm)
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$:365 nm) 5d) (R)-CzCN FI(S)-CzoCN 7EBR 4 1Y R O 4ot v Y 28 00 3 80 T 48 R B2 - 1 mM s 30K 0K 2365 nm)

Fig. 3 a) CD spectra of (R)-CzCN and (S)-Cz2CN in dichloromethane (Concentration: 100 M) ; b) CPL spectra of (R)-Cz2

CN and (S)-CzCN in cyclohexane ( Concentration: 1 mM; Excitation: 365 nm) ; ¢) The glum values of (R)-Cz:CN and

(S)-Cz>CN in cyclohexane (Concentration: 1 mM; Excitation: 365 nm) ; d) Emission decay curves of (R)-Cz>CN and

(S)-Cz2CN in degassed cyclohexane (Concentration: 1 mM; Excitation: 365 nm).
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Fig. 4 PL spectra of (R)-CzCN a) and (S)-Cz,CN b) in H,0/THF mixtures with different water fractions. Insets are the fluores-

cent images of the compounds in THF and in the H,O/THF mixtures with water fractions of 60 % and 95 %, respectively.

(Concentration: 10 wM; Excitation: 365 nm)
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Fig.5 UV-Vis spectra of (R)-Cz,CN a) and (S)-CzCN b) in H,O/THF mixtures with different water fractions ( Concentration :

10 wM; Excitation: 365 nm).
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a) Emission decay curves of (R)-Cz,CN under different atmospheres at room temperature; b) Emission decay curves of

(S)-Cz,CN under different atmospheres at room temperature; c¢) Fluorescence (300 K) and phosphorescence (77 K)

spectra of (R)-Cz,CN. (Excitation: 365 nm)
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