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Abstract Room-temperature phosphorescence (RTP) can not only intuitively reflect the excited state transition process of
the phosphorescent luminescence, but also has wide potential applications in optoelectronics, sensing, bioimaging and secu-
rity devices. Consequently, more and more attention and interests on RTP materials have been attracted, which turned it to be
one of hot topics in luminescence materials, especially, organic luminescence materials in recent years. The halogen bonds
and hydrogen bonds between the molecules can fix the phosphor to suppress non-radiative transitions. A twisted
donor-acceptor skeleton can promot efficient thermally activated delayed fluorescence (TADF) and also benefit to the RTP.
Moreover, circularly polarized room-temperature phosphorescence (CP-RTP) also remains a daunting challenge to implant
circularly polarized luminescence (CPL) in metal-free RTP materials. This review summarizes recent research progress on
RTP of small organic molecules, mainly focusing on RTP materials based on hydrogen bonds, RTP materials containing hal-

ogens, RTP materials based on D-A structures and RTP materials with CPL properties.
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Figure 1 Schematic diagram of phosphorescence (ISC=intersystem
crossing; Ex=excitation; Fluo=fluorescence; Pho=phosphorescence)
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Figure 2 (a) Structures of Br6A, G1 and PVA; (b) Phosphorescence
picture of G1 embedded in PVA100 under ultraviolet light*
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Figure 3 (a) Structures of aromatic acids; (b) Photograph of IPA crys-
tals after indoor light, UV lamp (365 nm) and UV lamp are turned offi*”

2017 FEAREPURIE T — R B KHam ) RTP
PR IR AL &0 (E 4a), flfi 1@ S23E T 8K
RTP £ fE 3F Z T 28 55 5L R < [ i B E . —
T, IX L5 2 14 431 1B A ELAE PR RO Ak BRI 7E — AR
PERIFREE G, TR T = ES AR SR E R, A
— 7, ZEEEE MR T on A EAE
M, WifaE T =EBES. REeAERBEINY T
BRI K RTP MR, HRKBe AL 2.24s.
T IX R AP EA S5 RTP YERE, A A1 FiZA R
TR T — P i O n s wt S5 4 AR (K 4b).

(a) OR PBA-OH  R=H
PBA-PrO  R=Pr
PBA-EtO R=FEt
PBA-MeO

HO/B\OH PBA-BuO R=Bu

B4 () BIEZMISEHT; (b) F PBA-MeO T E] i AE A ] 5224
Figure 4 (a) Structures of boric acids; (b) Panda pattern printed with
PBA-MeOP

HEl, CHRERA LN T RTPAPREEAR EAES A
FE L. 2018 4F, FARAEPHRE T H A K RTP
PET (9E 55 7 S5 A NN 7 T 82E LR (CAA,  5),
RIZMH AR REIE 862 ms HIBEEHE M. 4 IAIM)

1032 http://sioc-journal.cn

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SUBEAE HIZ LB AT 1 2 RSN ). XA AR E At
BT RIS A LN ST RTP AR RE 1 338

%,

(a) (b) |.

" Under daylight Under UV
g Non-aromatic molecule:
£ = CNCH,COOH
2 z (cAR)
2 g
2 |Fluorefcence 8
[} e
E 5
o
=z

Phospharesdgnce
)

: 10°
400 450 500 550 600 650 700 0
Wavelength/nm

500 1000 1500 2000 250
Time/ms

Bl5 (a) CAA SVATEZE IR R IR IR 1, (b) CAA S ATE = i
TR PL gt

Figure 5 (a) Fluorescence and phosphorescence spectra of CAA crystal
at room temperature; (b) Transient PL curves of CAA at room tempera-
ture in the crystalline state!®’!
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Figure 6 (a) Structures of cyclodextrin derivatives; (b) Photographs of
the solid powders of BrNp-f-CD, BrHB-f-CD, BrBp-#-CD under 254
nm UV light?%!
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Figure 7 (a) Crystal structure and n—n stacking of SOBF-OMe; (b)
Emission photos of SOBF-OMe during the afterglow emission process '’}
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Figure 8 (a) Chemical structures of phosphors; (b) Steady state lumi-
nescence and phosphorescence spectra of six crystals recorded at their
optimum excitation wavelengths. The right insets are the corresponding
photographs of six crystals, taken under ambient light (left), before (mid-
dle) and just after (right) removing 365 nm UV light*®
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Figure 9 (a) The phosphorescence picture of halogenated aromatic
aldehyde in solution; (b) The phosphorescence picture of G1 embedded in
PVA100 under ultraviolet light*”
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Figure 10 (a) Structures of S-2CN, S-2I and I-NH;; (b) Luminescence
photos of S-2CN at 365 nm ultraviolet; (¢) Luminescence photos of
S-2CN/I-NH; crystals at 365 nm ultraviolet™”
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Figure 11 (a) Chemical structures of p-BrCz, m-BrCz, DBrCz and
MeBrCz; (b) Photographs of the as-preparation and ground powders of
MeBrCz and DBrCz""
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Figure 12 (a) Chemical structures of Br-1 and Br-2; (b) XRD patterns
of Br-1 and Br-2; (c) Phosphorescence lifetime decay profile of Br-2*
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Figure 13 (a) Chemical structures of Br-Al-Cz, CIl-AI-Cz and
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Figure 15 (a) Structure of DBQPXZ; (b) Normalized phosphorescence
spectra of DBQPXZ; (b) EQE versus luminance curves of the device’®”!
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Figure 16 (a) Structure of MCBAs; (b) Prompt and delayed PL spectra
of MCBAs in the crystalline states at 298 K; (c) Advanced encryption
application®!
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Figure 17 (a) Structure of TBBU; (b) Fluorescence and phosphores-
cence spectra of TBBU crystals. Inset: digital photos of TBBU crystals
under UV lamp on (left) and off (right); (c) Plots of z,/t against oxygen
fraction for TBBU doped film®”
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Figure 18 (a) Structures of 0-Al-Cz, m-Al-Cz and p-Al-Cz; (b) Lumi-
nescence photographs of 0-Al-Cz under 365 nm UV irradiation and after
removal of the ultraviolet lamp®**!
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Figure 20 (a) Structures of (R)-DMBDA, (S)-DMBDA and
p-estradiol; (b) Photoluminescence of (R)-DMBDA/f-estradiol powders
under excitation and after ceasing the excitation”!
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Figure 21 (a) Structure of organic ion complex TPA-(R/S)-PEA; (b)
CPL dissymmetry factor; (c) Photoluminescence of TPA-(R)-PEA crystal
under UV irradiation and different time after excitation!*'!
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