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Progress of Fluorescent Probes with Perylene Tetracarboxylic
Diimide as Chromophore

Shi, Yan™* Yu, Youwei” Xue, Lin” Wang, Yanfeng™”
(“ Collge of Food Sciences, Shanxi Normal University, Linfen, Shanxi 041004)
(® Institute of Materia Medica Shandong Academy of Medical Sciences, Jinan 250062)

Abstract In recent years, molecular fluorescent probes have attracted extensive attention due to their high sensitivity, high
selectivity, specificity and simplicity of design. Perylene tetracarboxylic diimide derivatives (PDIs) are well known for their
excellent photothermal stability, chemical stability, high fluorescence quantum yield, large stokes shift and easy modification.
Therefore, they can be used as excellent fluorophores. PDI itself has strong electron-withdrawing group and easily to be
reduced but it is hard to be oxidized. However, due to their inherent structure, the poor water solubility and aggregatable
ablility limited their applications in biological fields. The water solubility of PDI was improved by introducing hydrophilic
groups into the structure. Therefore, the PDIs with the unique advantages will have potential application values in the field of
fluorescence probe and has been developed rapidly for the past few years. The development of PDI as a chromophore in
fluorescent probe for the detection of ion, gas, biomolecules, efc. is systematically summarized. Meanwhile, the design of the
probes, fluorescence response mechanism and application of the probe are also discussed. Finally, a novel type of PDI
fluorescent probe is proposed. The challenge of construction of the PDIs and future development are also reviewed.

Keywords perylene tetracarboxylic diimide; fluorescent probe; ion-detection; gas detection; biomolecules detection
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Figure 1 Molecular structure of perylene diimide (PDI)
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FEL, T OERE R —PhOT R ARy

2004 4, SR AT AN R AR PIETE T A
f) 1,7-005] NBEME LB B B 4 T, TR
A1 PDI fF YIRS 1, @ AR 2 A e s T
¥ (Photoinduced Electron Transfer, PET, Eq. 1)id ek
T 50 L 5% 66 i AR Ak . Sl DA R FLAL S AT T R
TEFEZS I T8 B % SRt IR 2 (8] 474E PET {EH,
FETBEW R e LT 58 A K RN, Fet LUK
TR IAFI e, M T — SBR[
AND B[], ZEE R AANFMMEERT Fe* IRER
TR FUARAL T T I S

FIRERT PET JRER, i 55 i it I &k
THE 2, 5 FERT, BT RARETFRITOEHI
PET 1EH, WA K; 45 Fe &EE&LE,
PET 1EHIZ2 212510, %IeKE, M sl 15t Fe’ ik
M(Eq. 2).
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£ PDIs BRyGE AN [l SR RO > —-(2- 2 B K)
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FLIEARE R BUR T & 4217 PDIs 1 PET 1E/H. DPA 1&
PRAEF 43 7 H A 1R 35 [ 66 0% 0 98 1 RD A [F) 4 )8 5
TG, PARE R 2 BN b 5 ol 4 s 25
i, PET 1EFISZ2IBREI, 435 HE Bk E. @il g+
PESZIG AT, AN T 3 ETIMEBE T Na', Cr',
Mn?", Fe**, Co*", Cu*', Zn**, Cd*", Hg* Al Pb* 1£17E H.
WPBE N NP IRFERIDUAE R, X Ni* 5B A Bk
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Co*", Ni*", Cu*", Zn*", Cd*", Hg* " F1 Pb> TR AEN X} Fe**
B R R R R R U
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W, TEARYS Fe' 85611, LA I B USO SOR I,
REF R R R A S R i, A REERR. 5
Fe' "SGR, DAZERE U I (K WSO O T, RS2
AE TR L A A S0, WA AR T EE I I ) T E I
J ¥ FRET 1EF. 1Z4RENST Fe’ " H IF OB B8 1 X
BB, X H AR R AE .

2005 4F, ZE R A HOE T UITE BT A
FOEHFERED A TR Cu® e tREr 6. 5 Cu g A
AT, ZAREMEILIIH N---Au BOAL/E FAESE e L AR
HERNEE R T S5 KB A G, BT KK TR
RAF BV KR, Be 8 A AR 206 18] In) < 40K T e B
% (Energy Transfer, ET), M FEIE B &2
K 5 o' g A, BT oS N EFREALE R E
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5, R Cu* BUR Au 9Kbs 7 S knefchz, BRI T ET
YER R, B9 3E BRI AZAL T 600 nm Ak )58 1k
5 (Eq. 4). ZWREMIN R GE S, BN TR 1 pmole
L', JFHEA 4R 7 Co® IR 7= 4 T

2012 4EA=F S I 7 T8 AR e 18 b H 2R
AR A Z BRI KA BIEREE 7, ZAREH B L A H A 7
MRR TR XA ERERIRE S Cu® B a, R
BT RA H-ABIRAE, SORVER. MRER 7 R Cut IR
AW NN R £ (pyrophosphate, PPi)i, HT4R4"
7 5 PPi M AERT S Cu MK A1EM, 5 Cu®' i
A F RN REMI, EHERERE 7 MAERES, 206
WA, X PDIs B IXIELKERH T PP HIwOLR:
T RS < 5 20 R A R IR B B2 1B AR Tk 0 i 7 43
FIHERI Cu* " HIP I EIREF 8. %3R4 5 PDI-GlyAsp 2%
o, FIFERERSTE Cu® fFAERT, PO RAVEK, FIA=
T R i 7 (Adenosinetriphosphate, ATP), 1Kk &.
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S FIRIMERUE N, FKHIRGS. Uik Ok R A
FERE, FI He™ 45 & 5 MERET 4> T 78 6 Al LUK 5 BIW1 46
WA, VEHIEREN 14 WA E E AT, 25 He B
Ao R SIYE, [ A By (1) 1F d s 4544 ] DUE A
DNA FI#AA.

RIS IREN X He? " B A BTk b A R
B, AH2 B T KV RS FREERAIK, HRBBAE NN-—
L 19 i (DMF)-H,0  IRR A v, X bR T
PREF BRI . [FIREEE T RAE S EOR R KHLEE, &
F I AT RO IE TR B TR RS 15,
GREHE KRR S He EFABERAERE, S8
PEK, HASZHAD S8 & 7 1I5em, R K sk
LT WK He® sl &, faifk T IR B R e
T T B 5 7

"OH

BRIEE T RE-MREITHRE 248, 3T HABE L
FRAIREH B 432 540, 2015 4F, Erdemir LT
PET MLER T A% T 484 16, 18R 4H1E PDI (LT fiiehis
W = (Q-R I LS R, mRa %S He
il, RAEZQ-FHE I LK N EIERM PET 1EH,
M S B AR DO R E AR AL, N He™ 5 &4
=ZQ-EIEZFE EHUA N R T 5 He? B A, BHAS T
PET {ERIMIKLE, MMESIER IR E (Eq. 7). #%
PREF ST R B8 T v AR R MR R AEE, 5 Lo 7 PR

2015 AEIZIF AP R EREr b ey 5 ] K,
POIR[4]175 B 5 G(CX[4]), B RIFRIFEET PET HLHEMIRE
5%} He* JEAT Turn-on BTN AUFREL 17. PB-CX[4]%1 7K
BT BRI LA B i 1 B — R AR PR — 2D PR IA
F 5.56X1077 moleL ™", f HiZIRAH & Th N T 40
P Hg® ARSI

BRI AP RIE T — AN T PDI AL
FEY“ turn-on " TUEREN > T 18, TE—NEEHITH, 1k
WA B AN 5 Hg* %4, 5 He' 454,
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ICT WIREZEIH], SEERE > FHIPI K. LT
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(26 CF WL A LR A kL — R PRI R, i
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JIE, Xy R 0 AT ML 2 S ml R e P R P AL
BVINAFLE NS R A K, (B RS A 1R U (1 3%
PP, 33 mg/L HIRI SR BENS (8 4 25 1458 e R A 30%
K, T 4100 mg/L ) H 2SR BEAE R A2 15%01)
K.
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Figure 2 Molecular structure and self-assembly processes of probe 51
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Figure 3 Molecular structure (a), self-assembly processes and response (//Iy) of probe 52 devices in ammonia (100 mg/L) (b) and

schematics of the sensing mechanism (c)
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Figure 4 Chemical structure of probe 59, SEM images (A) and
the response modulation-concentration curves of 59 devices in
hydrazine vapor (B)
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Scheme 6 Molecular structures and schematic representation of the formation and disassembly of the probe 61 and its interaction with
TNT and phenol in two different modes
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Figure 5 Molecular structures and detection mechanism of
probe 62
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VIS IR BT BRI 1, SOAT LA 3R K B 5 A R 2
LGRS, NI 51 IR 5 et T i A2 4.
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UERT DAL B 4 b A K SR AR, A HH RO
0.51 mmoleL . ZREHTIIR S FI F R FARE A
I A T BTt .
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) on
e
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OH
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WA, WA LA . SR .
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EAEEREPY O A BF L B R 24 B O — FR 4
(I Ho O, AR R BB i e A T LA I 0 2K
PRI B AR IR HLEERT LR AT B2 3. Soh 2 Tmato
TSR T TR SO A S IR EL 68. 124K
BHE PDIs [z 51N =ZRILBERE N, fEA 5 R
W BIET, T =R B R TR 2B PDIs [
PET 1EH, SETOCHIRZO K, 58 B
Ja, BRRTHAM, PET fERIRAELL, SO6RIMTOLK
2 (Eq. 15). fEE SR Seih, BEE SidE AL
PR EE KR, TRET 68 (19 5m B A TG 9. 2R EH R
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*OH KMARCGE B+ ZIREM AT O &4 H R
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T 700 nm BN TR AL OGIREE 70, ZAIREF AR R
TR S BE ZR T 6 RBON ZO & 120, 1R
BRI T 5 Bk s 1) — B ) A I 5 % T 48 i Y
ARARIRICAR. IX NI T SRl d DL R B ki A A5 41 Jifd
JE TSI AR P AR TR KR 5 B

CICI

HHﬁQ

CICI

CICI
e CQC

CICI

—HRMERE R A c-mye G-DUEER BAIR
SRR R R, S5 A HHGEIE 107 Lemol ! O,
iz e N = I E E1 5 PDIs 1) - ERURIER
VE SO TR &R, M8 TIERER 71, 2 8RE TRl
c-myc G-VUEEMR, HRIESS c-mye G-PUFEAREE & 1%
PEME AR AU B (nmol) (Eq. 16).
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