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Abstract

Flexible room-temperature phosphorescent (RTP) crystals integrate the long-range order of crys-
tals with the flexibility of polymers, showing great potential in optoelectronics, anti-counterfeiting,
and biomedicine. However, their development has long been hindered by the inherent contradic-
tion between the rigid lattice required for efficient phosphorescence and the weak interactions
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necessary for mechanical flexibility. This review systematically summarizes research progress in
the past five years, focusing on strategies to achieve flexibility through molecular and crystal en-
gineering (e.g., halogen bonds, hydrogen bonds, self-partitioned packing) and to obtain long-lived
RTP via mechanisms such as the heavy-atom effect, deuteration, and host-guest doping. Representa-
tive works that successfully integrate “flexibility” and “phosphorescence” are reviewed, with par-
ticular emphasis on the design and application of dynamic stimuli-responsive materials based on
energy transfer mechanisms (e.g., FRET, Dexter TTET). Finally, an outlook on future applications in
optical waveguides, multi-dimensional anti-counterfeiting, and bioimaging is provided, along with
a summary of key challenges.
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Figure 1. (a) Design concept for elastic organic crystals. (b) Proposed mechanism of highly efficient ultralong organic phos-
phorescence. (c) Chemical structures of target molecules. (d) The fluorescence microscopy images of curving crystals from
target molecules under UV on and off, the scale bars are 500 pm [9]

E 1. (a) BMEBNRERRITEE. (b) SRBKENBANS. () BRI FHLFEENR. 1) BRS FEthaiEE
LHNTFHBFRKXARS TR AR HIRER, EEBIRA 500 um [9]

2.12. ZESRSENBRERE

SV T MR T, R SRR AE T . Cao AN BERE, R THAHZES
PEE ARSI A S g, RTE T DY E SR ) 4 [ T S AR SRR RTP RS RE J[10]. AtRAT]
Wi T —RAET 1L,2- 25 F, 4 DB-F, A3 FRFIUE C=0...H Z 8 IK3) 7 I KHHERUE R
WA R 45, TkE S 2 [ B8 55 ) C-H. ..o M EAE TS, TR T IETERIE AT o X P & ) S 1
REERAELLAT1S DB-F fn A e I A A0 Sk SR E (IR AR emax = 6.76%) W1 2 B, RIS, DYEE BRI
R TN A L RE T 1SC, SEIL T4 ML RTP K5 . SRl e —Fem e, 74 9)(DB-SF) & 4
HIRSEIL T IR ZLAMNIR) RTP &I, iz S8R AR 4 Sk i) B2 TFRee 1 B 4%

DOI: 10.12677/ms.2026.164074 72 PR R


https://doi.org/10.12677/ms.2026.164074

WA AL

0 b A,o "
‘ hydrogen bonds
Carbonyl acceptor
Armomatic donor § Self-assembly ~
~ :
oo oo o
- @ -:- -~ l.:- - - Release
oo oo e
coocoo oo e®
oo oo o —
cooovo oo —
< - = > 2
Slip direction

o Compound ¥ Ultra-flexible crystal

O o8
T ¥ Pure RTP
0,
5 oper # NIR emission £upt0 6.76 %

Figure 2. (a) Schematic illustration of the hydrogen-bonded supramolecular self-assembly. The cyan columns indicate the
hydrogen-bonded assemblies, and the green dotted lines represent the slip direction, which is occupied by the weaker C-H...w
interactions. (b) Scheme for the elastic deformation of crystals. (c) Molecular structure and naming. (d) Images of the bending
deformation of the DB-F crystal [10]
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Figure 3. (a) Elastic/plastic deformation of BP-OR and Xan-OR crystals with changeable alkoxy chains. (b) Photographs of
elastic/plastic crystals under UV irradiation and after tuning off UV lamp, and their RTP lifetimes. (c) Jablonski diagram of
RTP and the effect of m-stacking on the stabilization of excited triplet states. (d) The self-partitioned aggregated structures in
BP-OR and Xan-OR crystals, in which aromatics formed the stacked column, and the flexible chains constructed the slip planes,
contributing to the flexible RTP crystals. (¢) The relationship between the difference of interaction energies from aromat-
ics/alkoxy chains and mechanical deformation. Blue stars refer to the elastic ones and purple stars refer to the plastic ones [5]
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Figure 4. (a) Photographs of Py-coated flexible crystals under 365 nm excitation and after removal of the excitation source.
(b) Overlapping area and vertical distance of the z-z interaction. (c) Intermolecular C-H...x interactions between adjacent
TPhE molecules. (d) Molecular packing arrangement viewed along the a axis, and expansion and compression directions of
the outer and inner arcs formed during the bending process, respectively. (¢) Schematic diagram of the phosphorescence pro-
cess for this FRET system [11]
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Figure 5. A schematic representation of multichannel energy transfer in RTP glass. (a) Schematic diagram of the PRET process
between P20OH (RTP glass) and RB/R6G (fluorescent guests). (b) Schematic diagram of the Dexter process between P20OH
(RTP glass) and PY/NA (phosphorescent guests). (c) Chemical structures of these emitters [12]
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Table 1. Comparison of main design strategies for flexible RTP crystals
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—HRAr B FRAESI5]. AR AR SN R SRR I, A SR AR B RO, N BRI A R i
JeBC P RNAL OERE, HANATRENBOLE S .. RE R T HEYE RTP SR SCHLA P 508 1% ) ]
71 Xiao SE AU B AK5 8 50, K BAT KBRS (<732 nm) I EEATAED AR BN K I 46,
AT T IR RS A 7 i (~102 ms) i) RTP #4RE, FFREH A AR, s ESEBL 1 /N BRI e
I 50k ELR AR [27]. B0, Zhang 58 NIEIER FHEBDC R 5 B 2 SR 10 #AGH AL IEIR 5t % 4
B A BRI A, ST M SR (~50 od-m ) AR AR A R G O IR R K R, AR
B RE S IRBR A T Rk RN TR (28], SR, ESCHIEIERIANRI, AU AT A/ A
YA E LSO R SR 5 L T 2040 B VS5 AR W& BC Ve Rl L Bk, APRHE AR BEA ST o (KRR E
P B HLE AR I MR R iR Ay R GEPP A

5. REERE

AR, FTMEERPDCS AP ARG T NEH R, By TR, B TREMEREER
g, BHEEEATCAREW I T “2E” 5“8t ZIRBAET G, B IF G R RIUEREDL A
FIRs kL. WEBHIER KBRS, 2040 pa Kb, LA, B 70 B HER S5 Sng B B 1A
A, AL - PERESC R M ELR H /A o Rl 2% FRET M1 Dexter TTET 5 fE B A2 L FE XA
i, BHRENCLRESIRT RTP MEENAS . R0 S A - BERFE(7] [12] [13]. MOBHEIVE BE B —
MR eh ] 1 AiBL Rl AANX I F it NEMRIE K 2T 30 Ab(21]; Bt AR 10
IR R R RI R BT Z YRS B AR R SRR ([27].

ISR N IR BOC R UG T RE R, EZOU i 2 B S 8. E2%, HAT
ARSI X RTP PR RE KR U0 T A, AROR TS 245 & SRS T 10 B T SEANAL &5 2% 51 4 B () vl
G, NG M E AR RMA,  SEHU HARTERE RS B TN . LK, AT e R AR R AR E 2
The, nlEmselm Stk B e, 2 FOROE N AN AR K A iy RTP, S HES) HAE R 2% e b s
MR8 . fER R, REEIIRRZHLD CRRE 1, HESHHEIER AN, EFFEH AR
WKL S AEMANE . BRI BR AR E “EWE 7 DRI E SRR 2 . Bh4h, H
R 70 E B TR AERIOK 22K 0, T SEBIOR AR L i B R SR RTP I ) ] o S L mT S 851 2
J, R EIEDNACRL G2 B . BEE GRS RAEBORFIBEISB AR gt , XRE “R7 5
O TR A ORI SR S E M SEPR N, ISR ARORS M T AR AR R AT
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