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Abstract

Aggregation-induced emission (AIE) luminogens have attracted extensive attention in the field of
smart luminescent materials because their twisted molecular conformations not only endow them
with strong solid-state emission, but also favor loose molecular packing that is sensitive to external
mechanical stimuli. In this work, a new pyrazole-functionalized tetraphenylethylene derivative,
TPE-PY, was designed and synthesized by introducing 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazole
units onto a tetraphenylethylene (TPE) core. Its aggregation-induced emission and mechanofluoro-
chromic (MFC) properties were systematically investigated. The results show that TPE-PY exhib-
its pronounced AIE behavior in THF/H,0 mixed solvents. It is almost non-emissive in pure THF,
whereas its fluorescence is significantly enhanced as the water fraction increases and molecular
nanoaggregates are formed. At a water fraction of 90%, the emission intensity reaches 124 times
that in pure THF, with a maximum emission peak at 505 nm. The fluorescence quantum yield of the
as-prepared solid is 0.604, and the AIE factor is greater than 604, indicating excellent aggregate-
state emissive performance. TPE-PY also displays highly contrasted and reversible mechanofluoro-
chromic behavior. The as-prepared powder emits bright blue fluorescence with an emission maxi-
mum at 467 nm under UV irradiation, while mechanical grinding converts the emission color to
yellow-green and shifts the emission peak to 513 nm, corresponding to a red shift of 46 nm. The quan-
tum yield of the ground sample remains as high as 0.558. After fuming with dichloromethane vapor
for 30 s, both the fluorescence color and emission spectrum recover to the initial state, and the ma-
terial maintains good reversibility and stability during repeated grinding-fuming cycles. PXRD anal-
ysis reveals that the MFC behavior originates from a reversible phase transition between the crys-
talline and amorphous states induced by external mechanical force. Fluorescence lifetime and solid-
state UV-Vis absorption studies further indicate that the red-shifted emission after grinding is asso-
ciated with molecular planarization, extended n-conjugation, enhanced n-m interactions, and strength-
ened exciton coupling. In addition, based on its reversible MFC property, TPE-PY was successfully
applied to an inkless rewritable information storage material, demonstrating promising potential
in optical recording and anti-counterfeiting applications. This work provides a useful molecular de-
sign strategy for developing high-contrast and reversible force-responsive luminescent materials
based on TPE derivatives.
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Figure 1. Molecular structure of TPE-PY
& 1. TPE-PY KI5 F4544

£ AIE 45y W 2RISR TT, DUZE ZM(TPE), & i O e 1 A DY A & BBl 55 2 5% 1 (R 3R)
AL, HAIEILm. MRS FRR10]-[13]. Kk, AT, AL TPE {E AR OB, fE4ME 5]
AN 1-(VU -2 H-PHE PR -2- 55 )- TH-RE R0 gk 47 AM MBI, 43357+ TPE-PY, 70 T4l 1 fros. 701
ML B 5 b 1) DY Rk R R — 7 LA RT3 0 23 B AR S R R L FR P, 5 — 5 T v] LA o FEH
HUAFR A fvE[14]. IEQFTIARERIAREE, TPE-PY RBILH 7 &R0 R IG62A R, 02 &1 AIE 47 41
S MEC PEREE
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2.1. SEHAFI SR
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RG], IAAEIR, FREREE ), IR
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2.2. AIE J&i%F1 MFC ¥R

AIE W £ AIH % M S0mL A ST MA—E =N TPE-PY #£&, H THF E & Uil 2 x 107
M K THF W . SR8 RS B VSRR VE e N 25 mL RO A, A IE &R0 2 5 77K THF
T B, BRAEESKERKREN 1 x 107° M i) THF-H,0 1B &R #4558 5 L2037 Y618 5 o

DOI: 10.12677/amc.2026.142018 164 MRMEZERTHT


https://doi.org/10.12677/amc.2026.142018

FNE 45

MEFC FE & Bl 25 1) BT R Ak R OGS RAUAL 5 O IG S AS T R R B T3S 30 es A OE
XTI R 2 RN LR ASRTER R 2) BRI AR: KO ARRE B EaR B, JF
R LB T NS BN AR N, A DCM Z I i BEA A 1/3 Ak, i 88 SCORMTRE ah B = T

2.3. SCIG(UE%

1) Bruker Avance III ('"H: 600 MHz F1 3C: 150 MHz)RZ RE LRI IEA%:  LL CDCL /E a7, DY H 3%
FERE(TMS) N AR, MIIEE TH A1 13C NMR 1

2) Q Exactive Orbitrap &7 #FF Fili(HRMS): 21| H Ax2r 1A Fp (a4 7 10 5 i

3) Perkin-Elmer 240C Jo & 73 #T{X: 438 H b7 A0 a4 77+ i Co H A N ot 3= 4G

4) Shimadzu UV-2550 43 Y606 it W& FF i 3% A RE T K W UV-Vis IO 3

5) Cary Eclipse ¢ 670 Y66 A I 10 SR RS f B LV 90 1) % e e i 5

6) Horiba Fluorolog QM WEZS/Faas JGME G : I i S8 AR i (1) R G 28 3 A Dl 7 i (T
(] 43 B 1 5 G R Yok T 28 ) 5

7) Bruker D8 Focus ¥y A X S ATHAC: W5 [ 4ARE 5 8 K X S 26775 (PXRD) Bl 1 5

8) Gaussian 09W #AHFEF4L: 7F B3LYP/6-31G (d, p)/K°F Fi+5 H #5431 HOMO/LUMO #UiE FI1J
PRI 23 (A 5

2.4. B¥R49F TPE-PY BIS R R TRAE

H x> TPE-PY (& RO W& 2 fror, B5ebl 4,4- 3 KR 1 o950k B HAE Zn By TiCL
FMERE AR T R AE McMurry N [15][16], 152 EHADIRIUZAK 245 2. 285, 78 Pd (PPha)s f4L T, #
AT ORAA 2 1 1-(DY -2 H-MHE A -2-25)- 1 ZC-nE e -4- B R AR B 1 3 3@ Suzuki A5 HX = M A3 3 H #7731 TPE-
PY, 7N 72%. A, FATFIH NMR ("H 1 BC). &40 ¥ 1% (HRMS) A1 7T K041 (C, H, N)XT I &
Hff) TPE-PY 7 T-HHT T 45 KR AE . TPE-PY 7E THF. DCM. &4+ KL, FREM HE), 4R LHE.
ik 285 (2 Tk R S AT T ) S5 V5 71 o B 00 S ROV R, R A AR Y 7 P R MR e 22, 1B 2R (MeOHL A
EtOH) UL X G i 42 (n-heptane. n-Hexane £l CHY)

G 2 G R ARRTE TP IR[17], BARsr+ TPE-PY B EARG AP RAIT .

HA#5rF TPE-PY 1,1,2,2-PU(4-(1-(PUS-2H-MEIH-2-J5)- 1 H-PHEMe-4-386) 2 3E) 2,475 (1,1,2,2-tetrakis(4-(1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-4-yl)phenyl)ethene) ] & il K454 2 (5.83 g, 9.00 mmol). 1-(VUE
-2 H-PHE R -2- 555 )~ 1 FI-PEE PR -A-B B AR AR TS 3 (12.60 g, 45.30 mmol) M R4 (5.24 g, 37.91 mmol)i% T 250 mL
SRR, FMAE T EE(95 mL)FI/K(66 mL). 7EXHRA T = AMEHMES - 2%/ 5, MR
ERRF A PA(PPhs)s (0.15 g, 0.13 mmol). JETERRSM T, BREMT 120C FHF R 72 he fFR
RIEE G, FHRABEIAKS, Hite, Mg TEEEINREGYCE ). iR G %EDCM/
LR TG, viv =S/ Eaith, sAAFENRE AEER6.04 g, =% 72%). 7T TPE-PY 1 'H.
BC NMR LL K HRMS JLEf 514 S1~S3. 'H NMR (600 MHz, CDCls) 6 7.78 (d, J = 18.6 Hz, 8H), 7.24 (d, J =
8.4 Hz, 8H), 7.05 (d, J = 8.4 Hz, 8H), 5.38~5.36 (m, 4H), 4.06~4.04 (m, 4H), 3.72~3.68 (m, 4H), 2.15~2.01 (m,
12H), 1.74~1.66 (m, 8H), 1.63~1.59 (m, 4H); '*C NMR (150 MHz, CDCls) ¢ 142.00, 140.09, 137.07, 131.93,
130.48, 124.82, 124.40, 123.17, 87.72, 67.74, 30.52, 24.94, 22.36; HRMS (Q Exactive Orbitrap MS, APCI) m/z:
[M + H]* Calcd for CssHg1NsO4 933.4816; Found 933.4827. Anal. Caled (%) for CssHgoNsO4: C 74.65, H 6.48, N
12.01; Found: C 74.72, H 6.55, N 11.95.
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Figure 2. Synthesis route of TPE-PY
[ 2. TPE-PY HIE R ERLk
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3.1. B#s4F TPE-PY B AIE f48Ef5E
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Figure 3. UV-Vis absorption spectra of TPE-PY in THF/H20 mixed solvents with fi, of 0%~95%
3. 0%~95% (fv) B 7K EH) THF/H20 SR &R & TPE-PY B UV-Vis IRICHIE
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Figure 4. DLS picture of TPE-PY in a THF/H20 mixed system with fw = 95%
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Figure 5. (2) Fluorescence spectra of molecular TPE-PY in THF-water mixtures with different water contents (lex = 365 nm);
(b) Plot of I/Io versus fw for the molecule TPE-PY; (c) Fluorescence pictures of the molecule TPE-PY in THF-water mixtures
with different water contents (1ex = 365 nm)

5. (a) 9F TPE-PY ZEARE/KER THF-7KRE AP IITI I (lex = 365 nm); (b) TPE-PY FFHI /e 5 fw By

XZ&E; (c) HF TPE-PY EAREIE/KER

REBPHIRIEE A (dex = 365 nm)
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5(a)f& TPE-PY TEANA £, ) THE-ZKIRA I FIH 1986 ek . 7E4l THF %+, TPE-PY Hgek
WHFUET 2, WIRJLTAT R, AL LT AT EL, KRR T 0:<0.001. %4 4T
T0%IM, TR LT EA A . 2 £,>70%0, TPE-PY HITENAT AR A RAS, 7 /K & 1 m
TR IG I 7E £ 9 90%E, RS aR FER Bk, AR 4 THF SR 124 5. SRR, BRI G
7E 505 nm 4b, FH ] DA EE RS 08 6 ( 5(e)). PLESEIGEIL %R B TPE-PY $il4 B &1 AIE 1T
Mo B 5(c)R ARG KE T B5OGIR T B ENE T TPE-PY (5351 ALE £k, 7 A X R % i J5 R
T Y fART 70%0, VEFIRAERRE S L8, TPE-PY 4> TRENS 58 VA ML I — 18w, LI 20 1
(107 B 1 e T P e AR BN R 8 KR PV FEOR & o TR &, PR ARSR I ERIE . DR, FERCIE LR,
T N BER B R LRGSR 6. L2 R, ERK BB AR, T IE R R RE 178 %, TPE-
PY 43 F LAGK AR L NI AT o U, 20 9 05 SRR AR S A5 B3], 2 FAEBUR S
e B DLW S BRIT TR ORI, ARfm S WO e O 1, SRR T 71 W IEHE 2 FR(RIR 2080 S 748 & 4F F B
[FfEHE T 4R O TS, AT 2 I H S ATE RF1E.

TE X AT A6 [ ZS A R (@ aps) B THF I (D) (1) 58 M 572 2R [P 75Kk 6F TPE-PY [ ALE 47 34T &
FEIF . TPE-PY ] ®paps [N 0.604, 1M O {H1<0.001. FATH LAF H TPE-PY FE W I R IE R
FARTHIGEE SR, RFE— PR T AIE G AL, @i, A5 2] TPE-PY 1) AIE ¥ (aar
= D 4/ Dr5) J9>604 .

3.2. B#R%9F TPE-PY B MFC MR

BT AIE 5 MFC RS R 7 26l ,  FRATTHEN TPE-PY RS R I MFC 4. N T HRiIFX—
e, ATRGENIR 7 TPE-PY [WHFEE AT A . BB B oK S 728 AL B JE M R I [ 8 R AT A . anfEl 6 fr
N, BERAMEG6S nm)UK G, TPE-PY HIBFES A FE & R A S €900, R ATIEHIITE 467 nm. %)
R RN = A A R CRE ST, HE AR ERCR IR 0.604. ) 3D HGAF B b FAEASE o b 46 285 T AR HEA T
RO JE R AT IR AR AR RS IR R, HPOEBIE ARG, T 513 nm &b HIUARXS R B K K e, AH
Lo TR 8 R B R U AR T 46 nm FILLAS o BB H K (1 18 25 1 e R A U b R g IS, 9 0.558. LA
MR SRR B TPE-PY #6 mib) BU B2 (1) MFC 18

AL, MFC PRI AT 2 S ) T b . 4 TPE-PY MBS 5[4 E T DCM 28 b
T 30s Jm, ARG ES IR E BYIEMTE D, SRR SHERERIE SHIER R K m YA 6(a)).
GRS - 8 NEAMEAHG, RHBIPOUE S ZRILR(E 6(c)), XIESE TPE-PY HINLIK /1 50%
G N B TR E M. BB IR S TPE-PY FIBTEEM R AEVAF 28 R SR I, 4T
BERET BT T . LM ORI THF 25728 S P, ek R B3 KT DCM 2SI E AR,

JEF TPE-PY BRI () MFC 451k, JATIF AT —Fh eS8 18 52 ¥ AN R 35 S A B 2K Rk A7

PY A A I H I S A SIS IR AR R, il BRI O R RER A . Wi 7 o, fE4REK
EBE “B” wh, GO TR SEOESIBBEX L, TR AR T TR E4ERF 30 K
Pll. %4 DCM Z AR 30s J5, Tl se il b, BRIKENIRTOLIRE, MM ol 10 AR
FRIERERSAE, SRR 1AM RHE T HR S 45 A Al U 10 L Y 7 77

N ¥ 4578 TPE-PY [¥] MFC 4797 £ L], FATiEE PXRD Xt AT F B A& b B 2800 AR AT
Torre i 8 Frar, JRAGHE ) PXRD AT DALEE 21 2 SN AT 4 06, 1EW] T4 TPE-PY HIHI4G
el T BA KRG P KRSt UG, s UM R R (AT AT T L 2k, IR
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Figure 6. Normalized PL spectra (a, lex = 380 nm), fluorescence images (b) and emission peaks during the grinding-vaporiza-
tion cycle treatment process (c) of TPE-PY in three diverse states (original, ground and fumed)

6. 53F TPE-PY E=FMAEAZS(HI& . FHERF DCM ZSLLIE) FHIYI—1L PL Hik(a, Jex = 380 nm), FHEER
(b) FFRE - BERMBIALIRTIZH 0L GHIEE(C)
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Grlndlng writing
Vapor erasing

Figure 7. Photographs of TPE-PY under UV light for inkless writing/erasing cycles
& 7. FEEINET TPE-PY WEEREAZMRBEITRR A
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Figure 8. PXRD plots of TPE-PY solid powders in three various solid states (original, ground and fumed)
& 8. TPE-PY E=MAREARES@FNE. HEMERE) FESH AL PXRD 175 B

N B BR T I T AE RIS TPE-PY FRI [ 25K AR A it (1 5 6 Rl AT W RO RE R, JRAT TS HEA) 46
AR R 9673 i idb AT I, 1930 1 I a0 B A el (151 9), AR R A T3 1 rhe RATATLA
B, RIS, TPE-PY AT MIBT B AKE G #R R I =R K5t g A, X Ah 2 H 5 dy
A7 AL R I 8] 22 B 9 PL D6 %E%ETHW#ﬁKWUMEWM$ﬂE%ﬁﬁ% Xt i) TPE-PY
RO IE I 11 4, ANTR] B0 B AT T A MV IS ] AR R A R B0 2 AR (150 35— 2k i B 2
%ﬁ@nﬁﬂﬂ%ﬂﬂ?maﬁm&jﬁiﬂ?bmﬁgﬁiuiﬁiﬁmﬁibémﬁmﬁ K ERATS
B AEERAET BT, HINZE 0.63, BAEM KRN A KA TR . TPE-PY IR R 1 INECF
WFFtn(<e>) N 2.51 nso WS, F52UAORTEE [ A4 R M 90675 dr KA TR, 9 4.44 nso AT
I i 1 2508 i 4 5 016 7 i 10 X 8340 R R T AT B R SRR 1) 7 K RAME AP S K 25032 [ 19]

NIRFT TPE-PY HIWEEE AL S CENUIO IR B 5 2668 K AL LR B IR AL, AR Bt 7 Hais 5
T ] 2ok R Y ] A 5 A - W LIRS e (1610 TSR A - AT JLIE S S Dl ol A it F) o] s MR A B AT T
AL WA 10 ffrs, TPE-PY KSR RLE 435 nm AL H B R AP JTHIECT , WSS O 2088 DL K 28
ANt 2, B PR T AT AR R (0 FA I A HE B S5 A B R T S B AR AR A . 7R S S S MR 1 i R
T, T AR B S R, TR RETAC AR AR . Wi, A BT R R KR I, e B e R
ORI Y RLAE 452 nm,  WEBEA R AL T 17 nm BT Z0RS,  [RIIEAEREE RSO AR TEAEE . 41
RICT > WSO BV ZEAS UL R AR TEANE R, 3 B2V R W 460050 AR A s it A S 8 5 M A B A i 3 B0 2R 4R
Ao FE AR AS G RER I RE R, 0 MRS v B3t 12 DR R PR T L L B AR o AT ORI A R 2
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Figure 9. The fluorescence decay curves of the initial and ground powders for TPE-PY

[& 9. TPE-PY HIHIIAFNHA B R BOTE S TR 2%

Table 1. The fluorescence decay parameters of the initial and ground powders of TPE-PY

5% 1. TPE-PY BIHI AT EM REIK AR RS

Sample 71 (ns)* Ar® 7 (ns)* A 73 (ns)* A3? <> (ns)°
As-prepared 2.51 0.42 2.51 0.41 2.50 0.17 2.51
Ground 4.21 0.63 4.22 0.32 8.77 0.05 4.44

“ Fluorescence lifetime. ® Fractional contribution. ¢ Weighted mean lifetime.
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Figure 10. Normalized UV-Vis absorption spectra of the initial and ground powders for TPE-PY
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