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Abstract

Sulfite (SO;") and hydrogen peroxide (H202), as important reactive oxygen species and reactive

sulfur species in organisms, their concentration changes are closely related to various physiological
and pathological processes. Developing detection methods with high selectivity and sensitivity is of
great significance for biomedical research. In this paper, the action mechanism of two reversible

fluorescent probes (probe-a and probe-b) for the detection of SO;” and H:0: was systematically

studied by theoretical calculations. The results showed that the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO) of probe-a molecule are uniformly
distributed in the entire molecular structure, showing obvious local excitation characteristics, and
strong red fluorescence is generated after excitation (oscillator strength f = 0.86). After probe-b is

acted on by SO’", HOMO and LUMO are spatially separated, locating in the SO3 group and the main

molecular part respectively, showing typical charge transfer excitation characteristics, leading to a
significant decrease in fluorescence intensity (oscillator strength f= 0.01). Average Local Ionization
Energy (ALIE) analysis confirmed that the SOs group in probe-b has strong reductive reaction activity
and is the key site for redox reaction with Hz02. The electron transfer heat map clearly shows the
changes in charge distribution of the two probes during the excitation process, providing a direct
theoretical basis for understanding the fluorescence response mechanism. This study not only re-
veals the design principle of reversible fluorescent probes, but also provides an important refer-
ence for the development of new probes for the detection of reactive species.
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1. 5|8

iM% (Reactive Oxygen Species, ROS) 5 i P ffi(Reactive Sulfur Species, RSS)Z4EMAN —FKEFH &
SONETENE NG 0, RS A% 3 AU i BRA QI 1 25 A B R b R 45 AN AT ek
IIVER . RUEIK(H0)F RARER IR ROS, S 540N 2 M ik i B, R FE R T2 80 DNA 1%
i+ BB ARG SR A SR R, BT 5] R « AP IRAT MR S5 2 Bl o AR ( SO N EH 2L
f) RSS, fEAEMAN T E B IR SRICREEME AR, BAPUEl. WaSARDiEe, RN HKRE
5 B0 RN O ML S B FR B UM OC o Ah, HL0, 5 S0 Z [AAF/EAH BAEA], SO mlilid 4
I 5 2 B BRI 1 HoOos HERFAAR A AR T o PRI, SEEUX AR A SO 5 HaO0 I S B4
e REBEATI, TIRANBE FUHAE B FE D RE . s RS W B B R R SRR ANME1]-[ 7]

51 S0 5 HaO0 I 7 v B 8T e vk iy, s 2Ayh s, W e iA R E W A E R BUS BUK, X
DL R A TR talsvk R B m kB A m e, (ERER AT EER 2. R A IK, AEHT
SR S AN s F AR S e s FE AR, H 5 52 AR i b AR B TR PR B T, AR S A R
WHREHATE L S R mIEEE. SRR A BAEREERS, DN IS F
RO 2T B AT OGRS RE g SEILT B AR T S A, AT SN AS W A Ak AR AL, AEAE
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T, PEREE

W a5 b B MR AR EA . AR, H AT CARE R CIREHE R I SO 15 HoO0 I, AT AEAE 2 i R AL
AN B . JCRE MR RCESE R, R AR RN o BRI, TR A AT SO
PREFFERNTE FEHAT AL, 0 T HES FOCIRE BRI & f B B2 X [8]-[11].

FEOCTRE B AR 56 B R ] =38 7 4. IR R B4 B 5 B A5 70 i Kk A ek
MEAEH, e, FAIEE . KBS, JOCRIR™ETNE SHZ 0, HIR I (W s
PR WO F w5 ) 2 BEH N B H S B AR 7 S A B R R AR 3B AR s SRR I TR
PR SE A R e, LS5 & o EREF VS et . AE AR 250 DA RGR I 3 [ 5 5 6 A 2 TRD () FL T e 72

MR e SEHLEI AN, SOGIRER 7T 4 6 5 FEL T #% 4% (Photoinduced Electron Transfer, PET). 47
F N B 757 % 4% (Intramolecular Charge Transfer, ICT). ¢ 34 it & %% # (Fluorescence Resonance Energy
Transfer, FRET). &3} & (Local Excitation, LE)% 28!, 7 PET AL, iRAIZH S Bis s &5,
SRR B S PO R i R 0, B REOR K {2 ICT Hlild, HAsa i 5iR
| B A PR AH B A FH 23 51 A2 9 6 1 431 A A 0 A I 284K, BRI K R AE AL Bl #2 . FRET B2
T WA RIGCB A RE R34, 9 BAR i SR E R S, PIAS 2O 22 18] 1) 2R 5 Bl ) AR A4k
ML e B R 23, SEIOGAE S B0 TS LE MLl 2OGHE MK G, B AER I 751 N
RABKIE, HAOGHE R 252 5 6 H B G5 M [12]-[16]

AW FERI PRI AT 556 R (probe-a F1 probe-b) AT ML G AT Ak, i 5N R R i ek 141 5
X s0* 5 Ho00 B R IRAI[17]. probe-a K5 sor fEHIT, HorF45#MHx 22, HOMO 5 LUMO
BI51 A0 TREAN 1, R LE Rk, P AERGRIIOE: 2 probe-a 5 SO fEA )G, A2/ probe-b, JHiS
D TER KA, HOMO 5 LUMO KA (8] 73 25, R ICT Rk, SEFOLIREL R F IS ; 2 probe-
b 5 W0, fERJG, SO ZEHIRE AL, REHr TIKE A probe-a 45K, PGB LR, AT SEILX
SO 5 H,0, (] 1Al .

AT EE AR BT R S EE ST FYREE TR T TR AT R
BRAEF B9 M M ALE] . B AR S F] %5 B2 bR 3 i (Density Functional Theory, DFT) A8 B %5 B 7 pf B i
(Time-Dependent Density Functional Theory, TD-DFT)i#AT#18 T+, 4 #T probe-a Fl probe-b 7% & 77
i FREIE TARE . BRI RS, R G R .

2. ERWHHEGE

FrA R T 5K Gaussian 16 P87 3T . K% 2 R EEIR(DFT)H 1) B3LYP 72 iR fil def2tzvp
S %F probe-a Al probe-b fISEZS JUAI S5 HEAT AL . FEARAL G I LA 5 A0 At -, SR FH 3 A 58 P ¥ o 3
W(TD-DFT) "' i) CAM-B3LYP 7z p&i Ml def2tzvp FEZH T 5 HBHOR AR BT, B4R UK BE IR T 98 5[ 18] [19].
DA b vH S AR i 38R K IR B AT U B8 AR A0 S 30 45 S AT 0T L o

A% % (Density of States, DOS)E T 43 #T HOMO 5 LUMO [ Aifiil, i Multiwfn 3.7 255
Gaussian T1H 25 BT BASR] . P13 /S FLBE(Average Local Ionization Energy, ALIE)F] 144
TN AR [ S, SR B3LYP 32 B AT def2tzvp JEAHH AR5, o TR IR T R R AR
R R A A L, IR I T RROR S 5 A R R A B ZE 19 3 [20]-[22]

3. ZREWiR

1 2 AT OGEREH A I AR R AR 5 XKL R B, #R%t probe-a 5 SO B AR iRt probe-
b, HRHIRE! probe-b 5 HoOn JSLJi A2 FARET probe-a, 2 5t XU U5 Ot 3 B X L AR AT — 28 B A I
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Figure 1. Schematic illustration of the detection mechanism of reversible fluorescent probes for sulfite (SO™) and hydrogen

peroxide (H202) (Cyan: carbon; white: hydrogen; red: oxygen; blue: nitrogen; yellow: sulfur)
I TR REBRESNE KNG TEE@ERR: &% B&: §; 48: §; H&: &; ®5e: W)

A% JE(DOS)EREM B HL /R 7> 7 HOMO 5 LUMO KAt i, T B g 2 i NATLH A
BEEE L. K] 2N probe-a MIAZEEE, HEW A, probe-a ) HOMO 5 LUMO 4553 4ii T8N 43 145
Febr, A SR () 7y 1, RIS MR ) R OBOR (LE) R 1. 7E LE ML, L EBOR S A 2 ]
S NERRAERRGE, SO B SN E SRR, RIS, UL probe-a I FGR
PI(f=0.86).

DOS

Energy Level

Figure 2. Density of States (DOS) plot of probe-a
B 2. R4t probe-a HASZEE

3 4 probe-b (I ER, MKW, probe-b i) HOMO FE 04+ SO; #H] F, 1ff LUMO F %
o3 T F ERHE (8 6H]), HOMO 5 LUMO KA 7 BRI 2 0] 40 55, SRILH SR 4 7 9 Fefer i 2
(ICT)HtE. 78 ICT ML, - FIEER G M HOMO (SOs FEFN#14 2 LUMO (4 T EAE#5r), BT 5%
NI ESREERAC, KT HREEC, K probe-b FILHEHHIK (= 0.01),
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Figure 3. Density of states (DOS) plot of probe-b
& 3. R4t probe-b IS EEE

P35 R B F AL BB(ALLE) 2 PPAG 7 T AN [ X S S e B 22240, ALIE {EBRAIG, R B IX 38
B PR DR, ISR TR . & 4 A probe-b ) ALIE &, HEIT A, A6 (SOs FHE) )
ALIE {5 BAK T HABX I, £ SO, HR B A RIS RN IHME, 25 H0, KA S AIE 5N ) < A
o 4 probe-b 5 HoOx fEHIRT, SOs JE:HIRE H.0, Adl, REH 7 FHILE K E A probe-a 1451, HOMO
5 LUMO EFBI S50 TR F, SOLRERUKE.

Figure 4. ALIE plot of probe-b
[ 4. Probe-b Y ALIE [

HLT B T B RENS T T 0 RO PR BT AE SO I R rh Y AT AR 1 0L, U CUBRIR, SR WL SRR P
o [ 5 0 probe-a MR FSH —WORSWGI R T IR TR I E L H R R SR I8, mEE . B
THEREEEPESTIFE XIS, BAWHRRRAEBIE, R RS, S&%E
LE S
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Figure 5. Heat map of electron transfer during excitation from the ground state to the first excited state of probe-a (upper panel)
and the corresponding schematic diagram of atomic numbering (lower panel)

[ 5. Probe-a AESEIE —HMASH L TREFHRETEBRE(LE)RERTFSREE(TE)

K 6 24 probe-b MR EIEE —WOR SO RE T A L TR B LR T 5o B, WL
T EELEPAE SO; FE Pt X ), 2R EEAE PR T EARE 7 (X 35), R DL WS ) ffar A 7 L
B, SEEE PR B ZARMER SR T 52NN &, BK TR T 98, MTIAE probe-b )

e GaRE B2EIR T
0.420
Hole 0.336
Electron 0.252
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Overlap 0.084
0.000
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R, e AN

Figure 6. Heat map of electron transfer during excitation from the ground state to the first excited state of probe-b (upper
panel) and the corresponding schematic diagram of atomic numbering (lower panel)

6. Probe-b RESEE—HEATHEL I EFHE FEBAE (LB RERFFSTEE(THE)

Figure 7. Electron radiative process from the first excited state to the ground state of the fluorescent probes: (a) probe-a, (b)
probe-b
7. RARSAHB—BEASEESHEBE FIRETTIZE (a) probe-a (b) probe-b
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4. GitERE

AW TR G — P ] 15 R ET (probe-a), HE IS 5 SO~ A ELAEH W 47 probe-b. B 7 45 R K B,
probe-a X} SO;” B A mik FEME M m REBUE, I SO JaotssfE B K; probe-b X H.0, BA =ik %
PEANE R, NN HoOo JG9OGIREER LMK, IR BA RAF 1] 1 1k

PR GEEE BT ALIE 2087, BT HER R 558 T IREF 52 e LI probe-a
] HOMO 5 LUMO #5704 T8I 1, RIS RSO ke, 7 AR5 : probe-b ) HOMO
5 LUMO RAEZE 508, 43l @A T SOs FE R r T F4RER 5y, RIH B U R, SRR
R EWET: SOs 3 H A SRIE R R NS, 5 H0, RAESMIEFE MG, REFTWE N probe-a i)
g5k, PR LMK E

TSR S AN B3 R ] 3 SR AT R A 1B BB T, I TR FR AR S e i S LR AL T
TR ARE . SR, RAREHEAE DR A 0 S DT —Se Bk, W AR IAR e L AR 2R S A 1]
ARSRBIHE T T M AT DLELAE: (1) RHEREFI S MEAT B, S F AR ARG 2 A s (2) R B
TN SOT 5 HaO, HISEI R AT I ; (3) FFAREE T ZRE I EM G AR, i it 7312 Wi 4t
BT B
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