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Abstract

Phosgene (COCI:) is a highly toxic and chemically reactive choking chemical warfare agent, as well
as an essential chemical intermediate widely applied in the synthesis of polycarbonates, pesticides
and pharmaceuticals. Nevertheless, characterized by an extremely low lethal concentration, strong
concealment and a short incubation period, phosgene poses a severe risk of acute poisoning during
its production, storage and transportation. Therefore, the development of rapid and sensitive
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phosgene detection methods has become an urgent practical demand for industrial safety and pub-
lic health protection. Against this background, small-molecule organic fluorescent probes have rap-
idly emerged as a cutting-edge strategy in the field of phosgene sensing due to their inherent ad-
vantages such as low detection limit, fast response Kkinetics and excellent selectivity. This paper sys-
tematically reviews the research progress of small-molecule fluorescent probes based on different
recognition mechanisms, with a focus on their response mechanisms, photophysical properties and
structure-performance relationships. It aims to provide systematic theoretical support for the ra-
tional design of high-performance phosgene fluorescent probes suitable for complex environmen-
tal and biological systems.
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1. 5|15

HS(COCIWE N —Fhm Btk R BTG PE I = B AL 22 08 B S AL TR A 1]-[3], T2 AT
RIKERTG . AR 2R 256 AE K[ 4]-[6]. TR B EE A 2 MIE AT, eEAr=. EEfzind
TR SRR S SEU R T[7]. Wk, FHRAE 0 T 52wk WIS ksl 77 2
PRI ez 4 AR B KR X [8].

FEGE RSN INE RS 8O EA[9]. BAE[10]. AAH IS - BUEVE L FRAH gk 12]. &
SRIX LT IRRE W SR AL AERA DR I ZSE S, (EARAT 2 RE M & BRI 2R . DR IRAE R e, F L ARIE N R )
HIZ, ARHBPRE] AT SIS T I SE PR o SR, ROECIREHE I B DU R BUS . #RER
B RPEPELF . T SERMAIN S AR R AR TSR s, SHR TR AAROOGER, R
FURAF RN T T INH[13]-[17] ALRGHHE T T AFRBIFLEIR/N D T ROCIRE I T e, H T
PR Hm ST SCABR IR RE S 45 - PERERIRIOC R, FFRE & R IREF MR 3 5 R BRAEEAT T e 0
Lo, BEN AR A 5 A A R IS PR SRR ET BT R AL RS BB S

2. XERSERE 5 FROIRBIHLE
2.1. XiFESEFHEBPET)

6 FH T (PET) & —F AL 9O G TRIENLE, 78 PET B2 GEREr (R 2k 3 5 Dy Wit
IREZRIRANRE 650 M S B fe s &5, 2 FWHET o 0 i s ae g KA SE, 5
{8 PET I R4 A 280 8 B, SO0 DL KEIK S . K38 T8 7 m S5 R Dhae e hi i 2 5
PET BYEREF FE 0 N bk - 2O (a-PET) 5524k - OGRS (d-PET) [18].

WE 1(A)FT7R, a-PET HUGIATHEIA . FEREF B e S eSS & 2w, B0 2E (B F45 44) 1)
HOMO fe Ak T 98 6 B (132 48) () HOMO 5 LUMO R 2 8] FEGIR 26440 1 5 B 1 3244 1) HOMO
PIEE LUMO, [FIR 451k HOMO 72 2 24k HOMO g . X524k LUMO LHIHT
T IR T IS, S IE RO K.

WK 1(B)7R, d-PET WL TE B 13244 LUMO BEZLA T f T-AEA 1) HOMO REZZ AT LUMO fEZ
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Figure 1. Frontier orbital energy diagram of the PET mechanism: (A) a-PET
processand (B) d-PET process
1. PET HlEBMIBIEHIEREZE: (A) a-PET #1(B) d-PET id#2

2.2. FFARBERMEBJACT)

3 F P H4nf % #% (Intramolecular Charge Transfer, ICT) & —Fi 8 B (e #Rd A2, FLEREN g f il i i 3%
ORI 1) FEL TR (D) 5 HL T2 AR (A) e R G, TR W AR ) “HE - 127 (D-m-A) o AR & .
AR B AR E N E AL S A AT I B, o A - T R R 2 R BUR AN
PRI . MR R TII A TR T IRES I, A TR R ool SRR AR, -
o7 AEAIRES, SEOOCREKREER: R, Y7 ZERITTHIR 58 BRI, 4> A e
AR, JLRUR R AL EEREOR, A - B AER R, SORRITK B (K 2) [20].
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Figure 2. Mechanism of ICT probe
2. ICT $REHERHIE

2.3, RAIIREEEHB(FRET)

YOEIIRBER AL (FRET) AL — P2k T 104K - MHAH FLAR ARG A RE R RS A, W A AR AR 3 1]
R IO S BRI 6 A1 (Donor) 5 524458 6 H(Acceptor) Z [H][21]. AR USRS & 9K OB I RIE 2
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WOk E, HAeE AN KRR - AN T AR F AR R s 25 52 4k, 2 R ARSI R AE SO
KA, RIS A I 50 RS K (E] 3) [22]. FRET 4 R I BE S AL 18 30 F B2 DR L7 R 2 1 4% -
1) RS2 EBRRRE . O ER AR, XN RE R AR 2) AR [H
7 [ ER RS : FRET BOA RUE I BE R — 0 1~10 nm, [A]FRBE GO IN{E 25 S B FRET 2% 52 [ 1IC; 3) fit
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Figure 3. Mechanism diagram of FRET fluorescent molecular probe

[& 3. FRET X5 FIRETHIHIEE

3. SRR HARERSIIR

FS(COCL) 2 — i e BiEPE B & iz ) Tolk Ak i, (B EA W ErE, — B R A iR lop %
MR, BT AR AR IREE Rt 22 AR ™ . R, SR i RO L T
5 1E RS SR A, RT3 Tl #2228 168 715 A 322 4 B2 /K-S BAA B 2 sk
=9V

HAT, BTN RHR T 2RI 9K B SR AW R TR ZOeRN, QEE)E - AHHESE
(MOFs). JLHEREMME T . 5T MOF (& BA m bR A v s FLIE S50, Reiis seile
R SR B I B AR B AT s o SR, LRI I i 45 M o 3 BUEE VR R o B 22 T E A8 8))
TN, I HAEWNR %A T35 KA, M™ERS) 7 AN LR P e AT, RS
W CAR IR B T 00 T S LRSI R I B SR A 98 615 SR, (AR SIS MR ZE . BRI X DL Rt
IR A —5, B HLBR ] T B AL 7 T80t IR, JE T ONLE T s 1A AR A7 E 4 i
BPEm . bR DR R EE I FE G A5 8, (S T AR A St — 2. 5 Eid
MRHELG, AHLINS T2 CHREHE S P I AR AT BRI AR 35, GBI 7 7451 &
GRCEINE . 5 TR DL B W R G B R N FAREF RIS AE 73 1K ERE T SRR e R
ST AT R 56 B], A& FEIEE ICT. PET. AIE ZGW3AT N, SEIIRHG S s Bk fk R
BRI teAh, FAR SRR AR BT R R DA S AE A R P AR AR T TR BRI g, A
BCOAE A B B A L BT SR B & . REE /Ny PSR OIS g B R, B2 047
EPTREENAL . BT AR — ARG N Z S W . Nk, AR EEREE NN Fo
TREE, HTwfRrs k. Pud Bar AR e, B B B A B AN S R S

3.1. BETRE. BERRANEFANLSISERS
Liu £#[23]BL Z AR o0 RURBE N 96 K tald], R 1 — i 6 Uil (i R 50k
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HEF 1 (H 4). VST 1 T QIR T AU RN, R BAT iR T R IR R R E B
DNESLE HLT RE IR BE G AL, AT 25 M 9570 5 Y AR B R (ICT) RO o I R 51 R WAL 55 R S e 1l 1 ) 25
A% . PRER 1 XD URILI i 0 5 PR ) 1AM (< 20 5),  FOLRHIFRIKE 0.09 nM. 2 FAHIAR
NS, RIS SRR MG S ICT 3372, Zhang S5t —3B it T 28 WM AT A 4t
2, e T ZREHIMA RGO AT I 45 2 FEE S 18 T T [24]
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Figure 4. Fluorescent probe 1 and 2 for phosgene

4. RRARE 1702

2023 4, Zhang WL [25]L 1,8-ZE BN N K (A, 51 N 1,4,7- =528 PR A e e 1t 1R il H
JG, Wit HE R T —MEETHE S BT HBPET)HLEHI IH BRI T %R NP (B 5). ZREHE &
R T 420 nm UK T 2IETRIECE T =% O = 0.03), MANSE, HARIGR A EREE
RAIEF I [N, PET BN AA R0, S8 501 nm Zb7e ' i F B Z 0 58(0 1T 2 0.51). HHMET
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Figure 5. Fluorescent probe NP for phosgene
5. XRILIREE NP
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2025 4F, AbhijnaKrishna PR [261% 1T & T 2T = K& PR 707 N A R (ICT)HLEL R S
RN THRE TPAOD F1 SAHY (14 6). % TPAOD 1€ ZJE AR R BLH 7 6 I M N, 1454 SAHY
£ DMSO EUH R I DOETT N . TPAOD Al SAHY R F6 R IIER 7354 19.44 nM A1 34.89
nM. FEEIFHPEHE R SARY 55 MG, PR T TR FHUME R M HA, el
XA I LRI o[RBT, SAHY $R%HE ) B FH T HeLa 400 9 S5 e pidg, B8 m i s A
mﬁﬂf%%%

IXBEARE T S BIAUE S MR, G LR AL AN O e, MR B B4 4tk T
i, AT SEE AR AT AR ﬁ%ﬁ@@fﬁmﬁkf%ffmﬂwamm&f,HMEﬁﬁ%@m
P, WRREES I TE R hoh, B B = 2RO S50 5 TE T, BTl R
%%T%?Ik'Wﬁ%¢ﬁwmwm,&TF%?%@WE%%%OEﬁHFﬁMEEW&%ﬂEE
% 7.

SR, XFRE A — @ RIRE. B, H A B RN AR Al A HLIA R R R KR, T8 22 HI/K I
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Figure 6. Fluorescent probe TPAOD and SAHY for phosgene
B 6. SRS IREE TPAOD F SAHY

Control

3.2. ETEEFHEEARMNERRESTAEHRS

Zhu ZE[2713 T 5-GUKMRE SIS RTT, Wit IF G M T — AR SO IRET 47 (K 7). IZIREH OB T
53 A1 500 R A IR S O-BR AL IS, 30 1 A B AR R, WY T 5 R A3 LRGN 50
KR EI . EHAERRE, A AE R R E AT Sl 5 RIEMMEA, RILH R4 i mrid
PESREN, EHTORARKBUZE LN 2R RA & REUZAIIR Y 4 nM). ALF A%
hﬁ (LM 250 7 22 B (30 min) . 75 ZEARIFINZ, AR FIHLEIE L TE S 00 O-BiAL SR, T ARSCHk

S o R BT A . ARG [ FATLER S S5 2 TR 2R e /it — 2B BT 7
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Figure 7. Fluorescent probe 47 for phosgene
Bl 7. SERTIRE 47

Kim PR [28]H T i H(BODIPY) e 2E, SIANGHE AR R o6, Wit&m 7 —F
HRBCIREE 40 (K] ) ZIREITERL GOLART, [R5 B H A T 1 = A E SR S ot 75 i 1 1 2 2056 4298
PERAS o MARBEAERIR G L, JE A A i B PR 2%, AP J& T BODIPY #2001 m FL5E/A
R, HEERRSTWHEMEEBACTRN, MMSEIERZITE “TFR 7 MR SREFRHE SR P
i . 50 F7254(10 s) I8 57 RO 36 1 DA BRI SAHAS I PR (0.09 ppb) o i ERET 40 35) 638 TRk i 2 (i (TLC)
B AT [0 5 0 PO HR mT ) bl 38 Ak 5 v %o B FE 2 e B, B8 IE 1 LA 5465 I e I o e s 1k
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Figure 8. Fluorescent probe 40 for phosgene

& 8. HEIEAIRET 40

A T N B 5 AR ) B T IR BT 5 2 ] 5 e R TR AT 1) O-B AL BBt K S s, AR T2k Tl
RIVTREE, AL VMR RGOSR . KRG AT AN — A B UL R R (R, M0 KR B
TRIPBLI M (A o Ji5 2 [ R] 5 5 22 R Gkl (WK AT BODIPY) &5 6, fE € T g ARl
JERETER B, A AERUE S AN, BI L RIS RS T, SCUBRIR TR AN o X SRR LT
PRBL S I Fdk, JF RA M REUE. BEAh, /KA BODIPY REH T SEHUE PR if 7, i 2 th
N SIE K

15k PHAAE P 5 S I S S B A (AT R O-IHe A ATAS RT3 P i 7K A= Pl i), B I o e v PE AR T
9IC I ZREEH IR RN o H AT H 5 S LR BT R 5% 28 G AN, BELASE 7 e L BReas meg 7 A AT
A FPERRE A BB 38T O-Bh Ak S S ZK B BE S AR 301 70 B (75 30 2%, e LA 2 S
B BRI R . MO, R SRS B T N AR, ISR RF A A AL, T 5 AR
VIR R AR RE . K i () BODIPY $R%H A AEANTTW 3L He AL, Tk E B . K28
FREAE TSR A I B PR FFER PR RE, BRI T HAE SR R E R P R -

3.3. ETHRF R AIRFI BB STEERE

2018 4, Feng B [20| AW G F B R AR R ER], 5INE NG N-H 3 1) 4 IR IR eI ARy
SR TG, WP IR AR T M RS FIREN (K] 9). ZARENE LA R IR S B0,
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Figure 9. Fluorescent probe for phosgene

9. RRSIRE

Wang S5[301 BT HHRIE 1 —Fud& H TS AU B EL 4 - BT SO6REE DPA-CI (4] 10),

TR BRI

GIREHER IR T 1 Bl N AT ACT) WL R, A2 o U Rl

REFE S RIGAIE) S 77 P TR (TICT) R0, ATIE B AR o 43 ) 28 RT X 40 ) L 8 5 B R 5 e s
S IR RNAT R T HE A K D-n-A BHER R TEE, MBI 5 PSR S RERES
2. 4h, DPA-CI JEEL LS R mIPERE, AR R (045 T 2 min, “SABZEAIIFR rT{% 22 0.11 ppm.
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Figure 10. Fluorescent probe DPA-CI for phosgene
B 10. SESISEIRE DPA-CI
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IR I BT RIS B AL A Dy 32 22 BILIGOURR A TR B 01 1 3 FH S

LA TICT =53 (UM N 5 S PR AR MR AL B S sh iy, S B SRR AE BARZEI K. A, AR
W e 3 EAE T AE RS M T3 T, Sk 0 A P9 2R AR P RE S A MR B B R GE VP A

3.4. BETEHEGAIRFER L ST

PyB & —Fh3E T XUE R L HI OG5 5 F 7 (PET) k55 4 1 N ML 3% #2 (ICT) S %) IR B
BRI SAL S, B Gangopadhyay [31]1HREZL T 2019 FE&THFFARE (A 11) 1ZIREN LAZK - 1Em:
BIR T RNRBA O, @SR AR R TR AN, SRR RIPE = eI S5 . %85 A A AT
JECRELWT PET J81&, [F)H 1004% S5 G A - 2Rt oA, 51k ICT J7 e s, AT A5 IR BN 207 15 ¢
R . AR, ATERIRE T OIDE S, SRS B AL, F PyB iR7E T HER
JZ G (TLO)# AL £ [ AR £ P &, 76 S ppm Je 28R 5% N RV T SEILRSE ISV ., e I/ B
PR 7 A T ) R S FH AT
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Figure 11. Fluorescent probe PyB for phosgene
B 11. XRRAERET PyB

3.5. ETEERREEL AR A EF R ST RS

P 3 [ AT 550l R AR VR I AR S B A S 5, A S O — 2R R D R AL . T
SRR, Du SR [32]LARE - ZPHINIE AN O E L, SINBREE B ke SR s BT, F g
TIOCIREL 48 (5] 12) IZIREHERSS A6 N RIS 9O, Do A SBKG, JRALA SRIE B s
THIER:, ACE RN 7T WS SIRSIFEEL RIS 98 ICT 08, MM SEIlsRZIRIE 2040 “IF
JA MR SRET A AR RN [E] Y 4 min, SOUAEIIRARE 8.9nM. B D, RERET S BT IB AR A AR
B35 B BT, R SEHLRRAR AT ) L (A8 A0 R [RG5S I 2L A0 90, B0l 1 I & 1
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Figure 12. Fluorescent probe 48 for phosgene
12. SESIEEREL 48

Song PR [33]H: T LA T BODIPY 1265 4e, I APHEME R R R o0, WitHEm T —
R AEREE 51 (B 13)0 ZERE IR EUR 7 10900 il i 615 5 B B (PET) I 2 80 K
BODIPY 9é)t. S M R R R AN, SR AR eI 3% e 2 4, ] (5 2 ATOn) 12 5 i
MIAIEBELIT PET J8IE, MM 51 R BEZL 50 “ TR 7 WL, FRE 51 XG0 tH OB FR(0.15
nM) S RIS AR RN 3l F754(1.5 8) o 3E—20Hh, BEIRETHIRARAL, 1Ee AR ST N T SR i L
N PSR G S, EH TSRS . BT A RIS 0 560, Yang 25 [34)RE T
D PHHRIREE 52, HuE GRS T BRI N BRI IR A S I R SR AR S TBOR, H g T R
AR A SR E BT

PR b LR PR TR SR, RIS i M0 7K A S AN SR IR S B, T e S 2 B B (B AE RE R PHER
BODIPY A& 4 %5 PR SAL AR AL 1A A IR AT o 85 7 I A/ IR S5 B2 T R 6 L4
MR RENE, HOLWBE SHHIACT BoRaE PET WRR)IEMWIH, AR T 0 7484 a4 wit.
T Fe A 2 T R A SR 1) o PR A 3 I A9 G s A A TR R A AE TC /KB LI R R O . BT R
L e AR B AT AR L AP XS AR, AL L0 X I BERATAE AN KB = o EAh, AHOCHTIT 3 B v T30 855
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Figure 13. Fluorescent probe 51 and 52 for phosgene
B 13. XSTLIRE 51 70 52

DOI: 10.12677/japc.2026.153020 211 YyEE AL


https://doi.org/10.12677/japc.2026.153020

w5

3.6. B STEAIRET

2022 4, Sivan Velmathi 20 [35]PATE 7 (Cyanine) B 44/F N A ld, BEit-& T —AN Al bR XY

BT R RDEERE CynCO (K 14). IIASE UG, ZIREH I 22 AL ZLAM(NIR) PG TT e Wil
N, [ B S  E N AL BB AR g sy, SEEL T b '?JU‘EEI’JXXE ot o SREHRADE TR FRICE 0.08
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Figure 14. Fluorescent probe CynCO for phosgene
14. SRHKIRET CynCO

4. BINASTAIREt TIEMRERSEL

N5 81 B LEBAS FIR AL T S RPOCIRE i P e S
LaTE 1.

e B RS SRET RO SR AR

Table 1. Comparison of the performance of various phosgene-based fluorescent probes
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