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Figure 1 The structure and photoswitching mechanism of the first reported photoswitchable fluorescent dithienylethene molecule
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Figure 2 Photoinduced intramolecular charge transfer caused fluorescence quenching of closed-form isomer
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Figure 3 The structure and photoswitching mechanism of photoswitchable fluorescent bis(benzothienyl) ethene molecule

RIFPAS ST 5
-- ~550 nm / 0.87
" R O
b -- @—/< ~550 nm / 0.87
AT O @_\
R = °° ~
R oH 550 nm/ 0.88
] @\ ~600 nm/ 0.78
EHH S
. @\(o ~690 nm / 0.61
5

B4 E AL RTINS B 2R Bk 208 PR 3R 25 S A PR AT v 9l 1 R

Figure 4 The closed-form isomer of bis(benzothienyl-S, S-dioxide) ethene molecules exhibits high fluorescence quantum yields
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Figure 5 The structure and photoswitching mechanism of dithienylethene molecule based on a tetraazaporphyrin core
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Figure 6 Photoswitchable blue fluorescent dithienylethene molecule based on triphenylimidazole fluorophores
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Figure 7 Photoswitchable green fluorescent dithienylethene molecule based on a diphenylalkynyl-anthracene derivative
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Figure 8 Photoswitchable red fluorescent dithienylethene molecule based on a tetraarylporphyrin derivatives
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Figure 9 Photoswitchable fluorescent dithienylethene molecules based on perylenemonoimide fluorophore

through a conjugated linkage
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Figure 10 1,8-naphthalimide derivative attached to dithienylethene moiety through unconjugated bonds
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Figure 11 The design and optical properties of super photoswitchable fluorescent molecules
(a) The schematic photochromism and fluorescence photoswitching of PMI-nDTE (n=1, 2, 3);
(b) fluorescence quenching efficiency Q(#) monoexponentially change with time t.
a(1) was fitted well with y=1—e *, while Q(v) fitted well with y=1—e ™" where & is
the rate constant, n is the number of DTEs in one PMI-nDTE; (¢) The polynomial fitting of fluorescence quenching
efficiency Q(#) vs. photoconversion yield a(#). The inset at right side: zooms in Fig. 3c.

The inset at top left corner is the calculated fluorescence quenching ratio Ry =1/[1—a() "
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Figure 1 2 Dithienylethene (10) and Rhodamine B (2) are blended with Polymethyl methacrylate
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Figure 13 The chemical structure of photoresponsive conjugated polymers containing photoresponsive dithienylethene

moieties in the side chains and their red/green/blue fluorescence photoswiching schematic
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Figure 14 The schematic of multicolor fluorescence photoswiching of photoresponsive conjugated polymers containing

photoresponsive dithienylethene moieties in the side chains
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Figure 15  Colocalization of photoswitchable fluorescent polymer based on dithienylethene (50pug/mlL)
with lysosome selective labeling ability and LysoTracker red (75nM) in living Hela cells
(a) Synthetic route toPNIPAM-DTE and its photoswitching schematic; (b) The image of polymer PNIPAM-DTE
(green fluorescence, excitation wavelength=405nm); (c) image of LysoTracker Red (red {luorescence, excitation
wavelength=0561nm); (d) The green-fluorescence and red-fluorescence images in (b), (c) are merged with the
bright-field image; (e) and (f): Zoomed-in views identified by the boxes in (b) and (c¢) reveal that LysoHighlighter and

LysoTracker have essentially the same patterns; (g) MTT assays for cell viability detection
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Figure 16 The application of photoswitchable fluorescent dithienylethene in rewritable data storage
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Figure 17 The application of dithienylethen&tetraphenylethene conjugated molecule (DTE-TPE) in rewritable fluorescent pattern

>440nm

UV light

(a) the color and fluorescence of the words written with the solution of DTE-TPE can be reversibly switched upon the
alternate UV and visible light irradiation; (b) Reversible fluorescent micropattern with the help of a copper

grid under fluorescence microscope upon alternate visible light and UV irradiation. Imaging wavelength: ~440nm.
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Figure 18 The application of super photoswitchable fluorescent molecules in reversible fluorescent micropattern.
The PMA film doped with PMI-3DTE (PMI-3DTE: PMA=2. 4:100w/w) is spin-coated on the surface of a glass slide.
A copper mask is put on the film or moved away during the experiment. The fluorescence of the film is observed on
a fluorescence microscope under a green light excitation by alternating irradiation of UV (302nm, hand-held lamp,

0.8mWeem ?) and visible light (>>495nm).

10. 14028/j. enki. 1003-3726. 2015. 09. 010



. 154 = N ¥ i1} Eild 2015 4F 9 A

M5 37 R 9 Y FF X R B e b ), 404 Bh TR W 5 ARG e BE . 8 PMI3DTE B 2416 B
TR T P TR v 5 6 5 B A 4 S 1 5 B R S B T U R R T R S {5 S I sk S A B
BERC, BAG T X HO B . WEWY L SR B AR A S AT 1 S BN 5 A 2 0 £ R A B8 S T G
Xt LU BE AN 1 IR, o 75 B A T 1) i RO a5 S TC AR I 1Y & Ji5 SCOKE 2k S X6 R AT M A
4.2 FIREH

FER KA 1 T BTG 43 F FF AN T b 5 U Sk O T A5 A7 A R A 3 AR R b (B AR IR
i B I3 HE B0 ol M ) R, B2 RS2 O K B & 4 T 3R AR POk 1 TR L nT BE A O S R RN &
Aztee 2T S O R BOC AT B BN . R 8 2 7E — 2 A CRE A% 3 & 9 R I A 1 4 — A X T BR
J N TP A 2 7 S AS B 1 152 K L B R AR T O T R SR B L BB 0 R R R B Y R {2 I A v
T BRI T B AR 2 R METC R B2 7. BRE FAT G AN W b AR A —WE Wy BE M O 4 T R
(i 235 Ay 20 2752 03 SR P B 1 S Y KWL, e K I S B T S B G s L 2 28 2 00

WA 19 JE7R 2650 FFF 26 HOIF IR HAT s 20 0 9 %, 1 P R 25 ol 1 32 304 o W B0y s,
RE A A MR R I 1) R A R R il TR RS SR 98 6V K o 1l A S5 M8 43 i Wi i i K i im K —
55 3 5 TE RIS RN RS (K L DR R G T SRR OR S I O B O A A S R R B R O R
PR R s Bk —2 i FAER B E R S, fERMFINE M L mIT BN =8 T, REHLUT . feig 2k 1k
FMBRE S MITFAE I M T WAL 1 58 42 38 G 1 % 0 72 5 300 TF 36 06 55 4 4k R B
PR TG 1 R B R 15 5 5 05 Bk L AR AT SR A 0 0 S R AL R  BRAIE T IR X S G A B B AN
AR Y, SRR a5 R R T 532nm 1 S & 1A I A R TT R A 45 T A /N T R S A A
586nm Ab 4% [ Y T B ORI A AN AR 3% IR T Ml S B T 98 A TG B2 Y TR B A B 3 9O R R
RS R T R TF A 5 F 9O I o .

532 .nm, 532 nm
R S
AL LV

BEREK i
O o o

O N O O o
d’s°0 o " N
A w 0 S {

HFEF O FHEBFBIOLT X %

; 1.0
.ﬁ‘ $ 3086—0—0—0—0—0—0—0—0
"E ©
o € 06
£ § E
8 B 04}
” wn
S w02
>
00 x L . R © 0ole—=0—0—e—e—e—e—e—o
300 400 500 600 700 0 20 40 60 80 100 120
Wavelength /nm Time / min.

19 ToA i ) 92 e 2 T SR Y S5 4 KO BUR (45 AR

Figure 19 The chemical structure and non-destructive fluorescence readout of photoswichable fluorescent molecule
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Figure 20 The application of photoswitchable fluorescent dithienylethene in all-optical transistors
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Figure 21 The application of super photoswitchable fluorescent molecules (PMI-3DTE) in all-optical transistors.
Left: The structure of PMI-3DTE. Middle: Schematic of the optical switching, wavelength conversion and modulation.
Ex: excitation wavelength; T(%): transmittance. Right Time-domain description of incident light irradiations or

excitations and corresponding optical response of the molecule.
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Figure 22 Digital photoswitching of photoswitchable fluorescent dithienylethene at a single-molecule Level
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Figure 23 Amphipathic photoswitchable fluorescent dithienylethene as a probe for live cell imaging
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Figure 24 The Schematic diagram of photoswitchable fluorescent dithienylethene as a probe for super-resolution imaging
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Figure 25 Super-resolution imaging of spin-coated DTE-TPE-doped PMMA film
(a) Conventional fluorescent image displaying the distribution of DTE-TPE fluorophores in solid film;
(b) Super-resolution fluorescent image for (a); (c¢) and (d) Expanded view and super-resolution {luorescent images
of the marked regions in (a) and (b), respectively; (e) Fluorescence cross-sectional profiles of a pair of

vicinal DTE-TPE emitters along the dashed lines in (d), indicating the spatial resolution of 81nm.
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Figure 26 The mechanism of the enhanced fluorescence of PNIPAM-DTE in acidic environment and the
application of PNIPAM-DTE in super-resolution imaging
(a) Bright field image; (b) Conventional {luorescence image displaying the distribution of PNIPAM-DTE;

(¢) Expanded view of the conventional fluorescence image marked by the purple box in (b); (d) Super-resolution
image of the same purple box marked in (b); Images (e) and ({) are enlarged view of the yellow boxes marked in
(¢) and (d), respectively, revealing the dramatic enhancement of the super-resolution technique;

(g) Fluorescence cross-sectional profiles of a pair of vicinal fluorescent points along the dashed lines in (f),

indicating that structures of 40nm apart have been resolved
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Figure 27  The Optical nanoimaging of PSt-6-PEO vesicles stained by PMI-3DTE. a kind of
super photoswitchable fluorescent molecule
(a) bright field image of block copolymerpolystyrene-b-poly-(ethylene oxide) (PSt-b-PEO)
vesicles stained with PMI-3DTE, inset: TEM image; Scale bar, 1m; (b) fluorescence image; (c) merged image;
(d) fluorescence image at quenched state; (e) photoswitching nanoimaging colocalization with bright image;
(D) photoswitching nanoimaging; (g) and (i) Expanded view of the marked regions in (D ;
Fluorescence cross-sectional profiles of single fluorescent point (h) and a pair of vicinal fluorescent points

(j) along the dashed lines in (g) and (i), respectively. Scale bar of (a)-(f), 4um. Scale bar of (g) and (i), 100nm.
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Research Progress on Photoswitchable Fluorescent Dithienylethenes

LI Chong”, LIU Jun-xia, XIE Nuo-hua, YAN Hui, ZHU Ming-qiang”
(Wuhan National Laboratory for Optoelectronics » Huazhong University of Science and Technology » Wuhan 430074, China)

Abstract: Photoswitchable fluorescent dithienylethene is one kind of the most typical diarylethene structures. Owing to
its excellent fatigue resistance and unique thermal bistability, it has been widely studied and applied. This paper reviews the
development history of photoswitchable fluorescent thienylethenes, summarized the mechanism of fluorescence
photoswitching mechanisms, describes some important achievements on the foundational research about novel structures
and improved properties of photoswitchable fluorescent thienylethene in recent years. We also focus on the systemic
overview of the applications of photoswitchable fluorescent dithienylethylene in optical memory, non-destructive read-out,
single-molecule fluorescence imaging. bio-imaging, all-optical transistors. In the end, the challenges encountered during the
study of diarylethenes are analyzed. It is believable that photoswithcable fluorescent polymers based on dithienylethene is
the research direction in the future. Moreover, the promising application of diarylethenes in super-resolution imaging is
prospected.

Key words: Dithienylethene; Photoswitchable molecules; Optical memory; Super-resolution imaging; Photoswitchable

fluorescent polymers

10. 14028/j. enki. 1003-3726. 2015. 09. 010





