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Abstract

To explore the specific fluorescence detection mechanism of probe CANBD for biological thiol cys-
teine (Cys), this study systematically investigated the electronic structure changes and photoexci-
tation characteristics of probe CANBD before and after reaction with Cys from the perspective of
electronic structure, combined with relevant analysis methods of density functional theory, includ-
ing molecular density of states (DOS) analysis, electron density difference characterization, heat
map analysis of atomic contribution to electron transfer and calculation of electronic excitation pro-
cesses. The results showed that the probe CANBD had an intramolecular charge transfer (ICT) effect
from coumarin (CA) to 7-nitrobenzofurazan (NBD), and the oscillator strength from the ground
state to the first excited state (S0—S1) was only 0.0133, resulting in complete quenching of fluores-
cence emission. For the NBD-Cys product formed after the reaction with Cys, both the highest occu-
pied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) were localized
in the NBD moiety, and local excitation (LE) occurred in the NBD region. The oscillator strength of
S0—-S1increased to 0.6715, showing intense yellow fluorescence, and the CA formed by the reaction
could also emit characteristic blue fluorescence. This study revealed the microscopic mechanism of
CANBD probe for Cys fluorescence detection from the aspects of electron transfer, orbital contribu-
tion and excitation characteristics, and provided a theoretical basis and electronic structure refer-
ence for the molecular design and performance optimization of fluorescent probes for biological
thiols.

Keywords

CANBD Probe, Biological Thiols, Cysteine, Fluorescence Detection, Electronic Structure,
Intramolecular Charge Transfer (ICT), Local Excitation (LE)

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

VIR R YR A — S8 I (-SH) R Z/ N7 T 5T, Herb R (Cys) PR R 5T R B A
BIEMR 2 —, FNZ5EMEARENEE . F54%. EATTESSMERMERE, HENSE
M5 H 5O IN . P RGUIN « I 55 2 R IE IR A AR R R B DDA SR 10-[3]. BRIk, SEELAEMIA N
Cys Wi RBUE . mkese PE DU, X5 i 52 Wy ZEBRNLHITE 7 R HE R 2 e SCRIN. A A7y
1.

FOCTRE RN H R AT BRI W R . I i, ) SR A Sem R 3%, SO
PImrEAGL IN ) E IR B Z —[4] [5]0 SOCIREF AR INE RE 1 ZHGH T 70 T af i it Az R il
e T 5 B T RS RO, SRS TR T AR A, BETTSEIL OGS S Ok - JF T Hee.
T-HH AR I E T M (NBD)RAT AN B R AF e e BT, HILI530 LIRS 2E ) 5 A i e 1 3 2k
KAZEIZIURRNL, O AR SOCPRE v (K38 T 2O IR s & R (CA) AL S NI TR 5
BT RE A R JeRRE M SR R E B TOLIRET SO R (U [6]-[91.
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PEAETE 5

CANBD fEA—F%: T CA HI NBD [RUE:H 7 e RkEr, RISEINT Cys IRE RSN, 5 Cys K
IS J G 9 AR A G AR Sy i i R BB IPIRAS , H H AT OC Tz aRE 2L e “ % - IR BN
FL 25 A AL R 15 B R HIR AR [10]. 40T 198 6tk 5 0 M 7 4540 RO Bl f2 v (1 L7
HERAT NI, 0 F W AT R CT) AR UK (LE) 2 RS 6 R S ORI B IR 22 . AHIF 78 bA
CANBD R4} 5 Cys M JE 7= NBD-Cys ABFFXT &, FIHZAE E(DOS)H T B 1% B 72 73R Ak
JRF TR TR T RO PRI RN ST B, WA FHUIETTIR. BT RIS OSSR, IR
THRESE T, RARA CANBD BREFRA Cys 2 demi gL, RN AT E 4> T BT RS %
FEREMEZ IR IR R R, i B AR MR BE SO ERET 10 70 1k PERE TR RS (LI SR 11]-[13],

2. KBS5HEG®

AW TR F % P 32 R B 1R (DFT) A5 i) %5 202 bR 2248 (TD-DFT) W% O B B T i 7, )
CANBD &%l ¢ NBD-Cys PRI T 458 JEEMOS BT . 727 a5 it fE i, ik4%
BT RIS, WSy TS S R ks R SIS S5, T TD-DFT 5, 5345
TIHETEREE RTFHE. 2 FRIETTIRES . Fra iR PCM B QiR R, AFIAK. @il
I (DOS) A W R AE 5 T H v o 45 23 75138 (HOMO) MR AR R 15 48 737 B3 (LUMO) FY L 43 A 41,
I HL T R 2 S R OO 2 BDGHUAGE AR P 1 H A T I R X3, Gl R LT R ST AR E =
W& R F1E PR R M TTHRE . R TR SO IS AR TR B AT RFIE[ 14]-[18]

3. GR5ITE
3.1. CANBD #R§H#&l Cys BIEILR R 5500 RHFHE

FREF CANBD 72 H CA 1 NBD it 3 8 iE#E s AR B 7 1, H S AEMREE Cys KA R E2%
BB SOR, SEEA TR, A2 BT B I CA A NBD 5 Cys 45 & 74 NBD-Cys, S LI 1
No

NBD

Figure 1. Mechanism diagram of biological thiol Cys detection by probe CANBD
1. #REt CANBD &4 ¥IRES Cys HlHIE

MEMF M RKF , REH CANBD A B Ot AT, KRB “ K7 RS 5 Cys X
JSEJ, A I ARG R SRR, Herp AR CA 0 T R SPRHIE I €458, 11 NBD-Cys 7404 5t
FHIEE (O, T SOGE 5 IR E RSN Cys BAERIERIN . XM5OE “K - 17 BFHAR L
& B SN R 20 5 L SR I CORE SR Y, S BUMUA AR P AT R AT N 2 S i S B LR E ALY
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OO R, Dk, M TS5 44 f AR 5 CANBD #REFS Cys OSLRTJE 15> FHUE A . 5 R4
fiEs WORARAE, RSO K S5 .

3.2. PFHERHBIFE: DOS E9HT

% E(DOS) vl B R AE 4 T B¢ 5 7 35 43 T PLUE (HOMO) FHE A A o5 4 2 F #1E (LUMO) O #LiE B7
BRIV, & HT 0 7 M T A M T B . AR ST 23 A0 HR%ET CANBD #1774 NBD-Cys. CA #17 DOS
B M, SERmE 2 1 3. B 4 s,

Total
{ HOMO —NBD LUMO hv
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Figure 2. DOS diagram of probe CANBD
2. #R§t CANBD 9 DOS [&

¥ CANBD 1) DOS Kl &7R, £ HOMO FE i CA #4105 FHUETTER, 1 LUMO M =% i NBD
o B R FPUE TTER, HOMO 1 LUMO S 31 H Bl 8/ 73 B 40 A ik o X FhIE 43 i FF s € T CANBD
S FAERCEOR IR, TR i HOMO 1) CA #4317 A4 LUMO ) NBD #8493 & AE#H#, RIfELE
M CA F| NBD W)5; W TR BT, T+ W B R ACT) RN IR A S it 1 i 251 B hifl .

HOMO — Total LUMO

=

/ﬁé P

A

Figure 3. DOS diagram of product NBD-Cys
[& 3. /=41 NBD-Cys Y DOS [
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Figure 4. DOS diagram of product CA
[ 4. 7)) CA #) DOS &

5¥%%F CANBD A A, 74 NBD-Cys Al CA () DOS K HH 58 4 AR (RIS 70 A FR4E, 774 NBD-
Cys [f] HOMO H1 LUMO %1 NBD #4-iJ5 7 HLIE DTk, CA #5015 NBD & AE LA B W 22411 i
2, AE25 NBD-Cys 19 THUIEM K. NBD-Cys [l HOMO Al LUMO ¥R T NBD #545, CA I
HOMO FI LUMO W43 T Aoy 1, 35 IBIE /A U & FE R R, X P E R AE 15 % 0
TFAEVCBUMUAR IS A2 b 2 I LR 1) JR 3O (LE) RFALE -

I TEIER A FFEROE T ORBOR IS B i TR I B A %5, CANBD #24H#) HOMO-CA . LUMO-
NBD 43 & 43 Aii & ICT RN & AERIFTHE, 1 NBD-Cys () HOMO 1 LUMO ¥JJ538 T NBD /& LE %8 ()
B A5 IERE, B B A B 2 R VO EAS R AR A SR A

33. AMEBETFEBEIIL: BTEEERESH

NEM RO EOR LR T R TR AT, ATHTEE  TRE S KSR TEEERA,
RALHRE CANBD A4 NBD-Cys. CA f£ So—Si WK M FHAZ T A XIARRRE, 45 n i
5. Horb, B DRI, RV 30K n H B 7 B DX 2t XA 1 L
BN, BV R A T IR R X, TR DU R R e e £ X I e € P T R Y
I XSRS -

Figure 5. Schematic diagram of electron transfer during molecular excitation: electron density difference diagram
between ground state and first excited state. (a) Probe CANBD; (b) Product NBD-Cys; (c¢) Product CA

5. 2 FHAIRPEFERTIEE: £S5 —HATRFEEERE. (2 R CANBD; (b) &4
NBD-Cys; (c) /24 CA
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XFFHREE CANBD (1 5(a)), YUK IS FE v 3 PR D 1) S S X R B AR AE CA #4y, T2
JEE 8 T DX 0] = 50 A #E NBD #43, BT M CA #43 17) NBD #5430 & 2B W B RIS R A 568, B
BRI 5F A BT A R (ICT)RFAE o X PR BE B8 1 7 N B A 5 e 22 S BUMUR S R 4R S st o AR 3 o,
FRWOR S HL T DU I 48 SO 1 7 K R B3, 3E i S RO RS RO RAR, RIUNIREN A 5 L7
(1) AR

XT T4 NBD-Cys (2] 5(b)), SRk R b i) v -85 B g /b DX Sl R n [X 4553 4 7 43 A £ NBD 8
gy, R XA TR, BFAE NBD W R AR BB A, M9 CA (B 5(c)—HERILH
BRI R R (LEYRRAE o« JRSROR IERE v, BOR A fiL 7 R AR5 S ot 74 0t R e 2 35 4, W 9 5 Jl i 4
SFERIT I 77 B RIS, PO RGBT RIS, it NBD-Cys RILH A 5, S T 9%k
I BIIRE .

F 5 R 22 S R I e Al 45 2R 5 DOS IR IE 3 A Re ik =1 FE — B0, BDUEGHIE T CANBD #8411 ICT 4
RiAT NBD-Cys. CA F=#if] LE 208, B 1 I SHTfE GO I 2 T AT AL 2 e, WHLTFiE
NI A AR T B R AN A

34. EFRTFHBRE: RESH

NRE BN IR TACBUOR B TR RE P otk EE, DU T B Bk, A
221 7 % CANBD 174 NBD-Cys 1£ So—S1 BRI AR 3% J7 7% HL 7 5642 I s sk A, 45 R sl 6 pr
e Fot, BRAKRNIR TR T, ARSI 5HIAAR 257X (Hole) LT (Electron) L& 5 & (Overlap) i) DTk E »
TURME I R/ T iZ R T TR R S 5.

(a) NBD CA

Hole 0185
Electron g(l)gg
Overlap gggg

1 4 7 10 13 16 19 22 25 28 31

Hole
Electron

Overlap N\

(c)

Figure 6. Heat map of atomic contribution to electron transfer during molecular
excitation. (a) Probe CANBD; (b) Product NBD-Cys and molecular structure;
(c) Probe CANBD; (d) Product NBD-Cys

6. D TFHEAIRPREFIEFEBHTTEHAE. (2 HE CANBD;
(b) F=¥INBD-Cys B TEHE; () IREH CANBD; (d) 774 NBD-Cys
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TREF CANBD (157 H T3 R STk VBN (] 6(a)) B, 2 RGTIRE R IR T 2208 CA 4R
T, 1 H T DT AR AR A R T 32 D NBD #4- R T, CA I NBD #8243 [ R 175 25 /XM HL 7 ok |
SR EM S BERE, B FPUEESTTIRERK. X —4R e 8RR, CANBD fEXBUR T,
H 368 B R A CA A NBD BN 2R A 2 18], CA ¥4 BIE T NHF45 44, NBD #4401 ET N
RS2k, BT EEFAERN B FZERE MR, HRA R R H0E SRR, P
T THWHEEHERACTFIRA, HiXFh ICT I FE SR K 25 i ff 6 88, 2R KRN . 3%

79 NBD-Cys HJJETHL T HAL stk (1 6(b)) o, 28 7O L7 ok (4 m R R 14409 NBD 8
ST, Cys #5r BJE 716 B 73R I R b I ST AR, JLTPAS 5B BT, H NBD
B3 R T (0 S TUEME B35 = T CANBD #84%F. X —45 R EEW, NBD-Cys fEXCEUREREF, H
THRAUKELE NBD #i5r W#, Cys (UENIRGIZER S NBD 454, A5 FrpotyEidf2, NBD #
Ir T TR 2 AH B A R R 32 AR ) f s, R AE SR IS T NBD SR H TR RS, B RSCR (LE), H
BRI HE SRR AR A T R OSSR KR T, RPN EL IR R -

JEF LT RS TTRR I R M E T A HE— 2B AT T CANBD Al NBD-Cys [ HL 7 H R 4FE, 5 DOS K.
BT % 2 R A g A TLENE, BT WPUE AT F 8% EDWRHIE 21 R 7 DTk 8 = HT i o8
BAFHEEE, B T ICT A LE B 38— #H 0O 2 R I O B g 2.

3.5. BFHATENEBUSE: BAESiRFEE

gt B AL KA RE CANBD M4 NBD-Cys. CA HIJGEUS A R, AHT 7T & 525 52 5
HR(TD-DFT) 5, 193] BRI —HMARE S-S E BB FRUKIESH, SRR RREIRE/
SIGME) PRT IR WOTA B R R, Rk 1R,

Table 1. The main electron excitation processes in the probe CANBD and products NBD Cys and CA; ? H stand for HOMO
and L stands for LUMO; P Coefficient of the wave function for each excitation was in absolute value

< 1. #R%t CANBD K /=4 NBD-Cys. CA WEEHB FH %I E; * H X5k HOMO, L X% LUMO; * AWK &R

WA AEE
. Excitation .
Probe/sensing product Electr.o.mc Energy theoretical/experimental Oscillator Composition® Cr
transition (nm) strength
CANBD So— Si 303/330 0.0133 H—-L 0.7841
NBD-Cys So— Si 448/460 0.6715 H—-L 0.8042
CA So— Si 318/330 0.6526 H—-L 0.7980

T ERRAE 7 PO S R RS O R W EE SR, IRFIRAEER, FRAT T R,
POCRIT MR R, WRTIRE/N, SRFIRITMERR, JOURImE, EREAETIRK.

M1 BHETTLAUE H, #R%F CANBD K So—S: L FERIT A HOMO—LUMO BRiT, EREUKREA 303
nm, SCEEUKAEN 330 nm, A EA RUFI—EE; AR T ICH 0.0133, AR T UL RS A R
THRFEBI{E, FW CANBD 7EMBUR RS, §RM WOEMERARAC, WOk A 7 32 B o e 4 i ot i 2
FIEIEE, HRE ARG LRI RS, SZEMWELRIG 8. FI, CANBD ¥ SO—S1 BT s R 5
9 0.7841, FRIFZPGT N MBI EPUEPGT, #F—PIESE T F M CA-HOMO [1] NBD-LUMO [15€ [n] %
FEHRHIE «

774 NBD-Cys [f) So—S B FERE AN HOMO—-LUMO BRI, HIESHUABEN 448 nm, 2K
REN 460 nm, LB ZEAIIWOGIX, 5HIE A kG AR CHOGIBRHEART ;. HIR TR IA %] 0.6715, #H
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T CANBD #REHEF 72 50 fi5, 3B NBD-Cys fECBUKEREH, G BRI KIRIE S, WORESH
T EE AR BT R 7 s B, RUER I SR 2 B 6 58 e K it . NBD-Cys 1 So—S1 BT UK R %L
FHCN 0.8042, B&E T CANBD #REF, RUNZRBEURBRIT I PUERAEE 23, R R 5.

It4h, CANBD ##%H5 Cys KB JEAEMRITITE CA 701, HA G BA A 17 T R
HVERT, WRARHIER RBEOR, RETIEGR, 5 NBD-Cys FIE (05 2L [F R X8 ami v, idt—3
T T CANBD #8414} Cys A6l (5 S AR .

HFEOOI R E T AR, UK EE . R TIR B SE CEOC B S 5 B, EALEIE T CANBD £
EF 98 KR NBD-Cys 117 6 5 STRFE , 44 FL T 45 FRFAE 5 6 A 3 14 07 B 2 OR B, 8 8448 7R T CANBD
TRETXT Cys JCATMI “L54 - M " MR

4. g

AW LA CANBD #5405 Cys NG HIP“4) NBD-Cys NWFA MR, MHETFEMAEHE, 45
DOS K. WF#EERE. 8T BT HERITEAE B PR &, REHERTT T CANBD R4
LI Cys RSOGO AL, 19 3 LA N RO 2518

R4 CANBD K HOMO FE i CA #1435k, LUMO FEZH NBD #43 oi#ik, HUIE KI5 50 S35
HeBR IR R CA F| NBD 1401 W R (ICT)RN, 7 1K BE B s A R R &4
AT ITEIE R, So—S RTIRBEIA 0.0133, WK B K, WERIMATLRIEH “R7 RE.

CANBD 5 Cys &M i E i) NBD-Cys 724, £ HOMO 1 LUMO /53T NBD #43, ekt
Firh R4 NBD A #BIH AR (LE), HLTANAE NBD XN EW40A0, JE4E 3 0k 406, So—S)
PRTF R EIRTT 2 0.6715, FESFERITMEZR RIRIG N, RO HEZIE SO RN B AERIFEES CA H
AR SHRRAESE (a2 0, SEILAOE “TF7 RES.

T T AT B E ® R, CANBD WIHTH M CA #0J5 FENHE T4, NBD #45
TAENE T 2R, PUEESAEEK; 1 NBD-Cys HIH FHEMUK AL NBD #2077, Cys A
Z 5 EEE, PuEESBEEEERA, WETFZMIESL 7 ICT # LE 808 1) T H R

CANBD #1 NBD-Cys HJHL UK e th BAE 5 Lo i B A RIFH—EE, NBD-Cys UK RELLF% 2 7]
WIHGIX, SRR HEN R R AEA R, $R 5 BE 1 5535 72 R e 38 PR A R (1 B B AR T

AW TN FHIEDAG . B TFEBAT N BT TR RSS2 AN, 5B # /R T CANBD
BESXT Cys 52 GHI AHOUE HEL T 25 /I, IESE T ICT—LE Y H TRk M R SEIL O “ 56 - 17 1)
O R o BT A SRR B B0 RS OCBRHLE], B P LR B TR 5 8 S 2 1 B R SR e
Ho—, RS TR REREIR(CA) N ICH 5 &I 5N =5 R L FUESE R 15, dEd
WS FRTRPUIERER, PP HOMO REZIFHI R/ TREBR, A3 il 7 N A 2 (CT)id
P2, FEAERFRENRT B AR B SIVE T 1 TR, 535 B AR e R o Ry SR 55 5, SRTHRIR RS
Mabt . T, XEOGIHNS O R IT  [R R AT NI A, 9 a5 N IR e B BN AU 25
I PR 27 B B AR R I BRIT L2, A AR O B T P R F I, [ RE 7 T L 2 (A
Mg, A BARE S I IOGTF BN, R RBUE . e e PR IR AR e )82 5 R R
A7 b ) 4y 5 T 1]

M T4 S A MR R GRS B T R AL T BB, E S SRR e, T A
56 BRI B A R BTE 70 A B i a0, SEILICT 5 LE AUM A rTe e, #EmitibiRet
P NERE, TFRH R B e R R B A R R G R . [RIEE, A TR I T 45 4
T 5 1A A A IR IS DU ML A FE 584 T PT S I H AR K 2k

DOI: 10.12677/0jns.2026.143031 280 FIAA R


https://doi.org/10.12677/ojns.2026.143031

=

Rde 5

SE

(1]

(2]

(3]

(4]

(6]

(7]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Wang, X., Zhang, X., Zhao, Y., Wu, X., Yang, G., Zhao, Y., et al. (2026) Biomimetic Chiral Recognition of Biothiols
by Enantiomeric Nanoclusters in Plasma. Advanced Materials, 38, e14158. https://doi.org/10.1002/adma.202514158

Qin, S., Huang, L., Shu, X., Yang, J., Cheng, S. and Wang, Y. (2025) FeS: Nanosheets as Mimetic Peroxidase for
Sensitive Colorimetric Detection of Biothiols. Bulletin of the Chemical Society of Ethiopia, 39, 1699-1711.
https://doi.org/10.4314/bcese.v39i9.4

Ali, M., Zhou, C., Gao, Z., Fan, G., Ren, J., Wang, E., et al. (2025) Sensitive Fluorescent Probe for Monitoring and
Bioimaging Biothiols in Living Systems. Dyes and Pigments, 235, Article ID: 112650.
https://doi.org/10.1016/j.dyepig.2025.112650

Pang, X., Qin, S., Ma, H., Luo, Y., Fei, Q., Xu, S., et al. (2026) Dual-Function Fluorescent Sensor Enabling Real-Time
Tracking of Cellular Viscosity and Biothiols Levels. Spectrochimica Acta Part A: Molecular and Biomolecular Spec-
troscopy, 347, Article ID: 126967. https://doi.org/10.1016/j.saa.2025.126967

Yu, T., Li, Y., Li, J., Gan, Y., Long, Z., Deng, Y., et al. (2025) Multifunctional Fluorescent Probe for Simultaneous
Detection of ATP, Cys, Hey, and GSH: Advancing Insights into Epilepsy and Liver Injury. Advanced Science, 12, Article
ID: 2415882. https://doi.org/10.1002/advs.202415882

He, S., Liu, C., Guo, X. and Wang, H. (2026) A Ratiometric NIR Two-Photon Probe for Biothiols Detection in Cellular
Autophagy and Liver Injury Models. Talanta, 298, Article ID: 128975. https://doi.org/10.1016/].talanta.2025.128975

Dou, H., Luo, D., Shi, L., Ma, F., Zhao, Y., Huang, T., ef al. (2026) SERS Monitoring of Biothiols in Serum Based on
Thiol-Alkyne Click Reaction. Microchimica Acta, 193, Article No. 147. https://doi.org/10.1007/s00604-026-07878-y

Xie, M., Yang, T., Chen, M., Yu, L., Wang, T., Wei, H., et al. (2025) A Colorimetric and Near-Infrared Fluorescent
Probe with Large Stokes Shift for Biothiol Bioimaging. New Journal of Chemistry, 49, 13958-13962.
https://doi.org/10.1039/d5nj01958¢

Wei, M., Yang, M., Leng, H. and Shu, Y. (2025) A Novel Intelligent Sensing Strategy: Integration of Metal-Doped
Carbon Dots Nanozymes and Machine Learning for Rapid Screening of Biothiols in Disease. Sensors and Actuators B:
Chemical, 444, Article ID: 138304. https://doi.org/10.1016/.snb.2025.138304

Zhai, L., Shi, Z., Tu, Y. and Pu, S. (2019) A Dual Emission Fluorescent Probe Enables Simultaneous Detection and
Discrimination of Cys/Hcy and GSH and Its Application in Cell Imaging. Dyes and Pigments, 165, 164-171.
https://doi.org/10.1016/j.dyepig.2019.02.010

Yang, T., Zuo, Y., Zhang, Y., Gou, Z. and Lin, W. (2019) Novel Polysiloxane-Based Rhodamine B Fluorescent Probe
for Selectively Detection of AI** and Its Application in Living-Cell and Zebrafish Imaging. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 216, 207-213. https://doi.org/10.1016/j.saa.2019.01.093

Wei, C., Zhang, P. and Li, X. (2019) Progress in Fluorescent Probes for Carbon Monoxide Detecting. Chinese Journal
of Organic Chemistry, 39, 3375-3383. https://doi.org/10.6023/cjoc201906029

Chen, T., Chen, Z., Liu, R. and Zheng, S. (2019) A NIR Fluorescent Probe for Detection of Viscosity and Lysosome
Imaging in Live Cells. Organic & Biomolecular Chemistry, 17, 6398-6403. https://doi.org/10.1039/c90b01222b

Lu, T. (2024) A Comprehensive Electron Wavefunction Analysis Toolbox for Chemists, Multiwfn. The Journal of Chem-
ical Physics, 161, Article ID: 082503. https://doi.org/10.1063/5.0216272

Lu, T. and Chen, F. (2012) Multiwfn: A Multifunctional Wavefunction Analyzer. Journal of Computational Chemistry,
33, 580-592. https://doi.org/10.1002/jcc.22885

Humphrey, W., Dalke, A. and Schulten, K. (1996) VMD: Visual Molecular Dynamics. Journal of Molecular Graphics,
14, 33-38. https://doi.org/10.1016/0263-7855(96)00018-5

Laun, J. and Bredow, T. (2022) BSSE-Corrected Consistent Gaussian Basis Sets of Triple-Zeta Valence with Polarization
Quality of the Fifth Period for Solid-State Calculations. Journal of Computational Chemistry, 43, 839-846.
https://doi.org/10.1002/jcc.26839

Frischea, M.J. (2019) Gaussian 16, Revision C.02.

DOI: 10.12677/0jns.2026.143031 281 FIAA R


https://doi.org/10.12677/ojns.2026.143031
https://doi.org/10.1002/adma.202514158
https://doi.org/10.4314/bcse.v39i9.4
https://doi.org/10.1016/j.dyepig.2025.112650
https://doi.org/10.1016/j.saa.2025.126967
https://doi.org/10.1002/advs.202415882
https://doi.org/10.1016/j.talanta.2025.128975
https://doi.org/10.1007/s00604-026-07878-y
https://doi.org/10.1039/d5nj01958c
https://doi.org/10.1016/j.snb.2025.138304
https://doi.org/10.1016/j.dyepig.2019.02.010
https://doi.org/10.1016/j.saa.2019.01.093
https://doi.org/10.6023/cjoc201906029
https://doi.org/10.1039/c9ob01222b
https://doi.org/10.1063/5.0216272
https://doi.org/10.1002/jcc.22885
https://doi.org/10.1016/0263-7855(96)00018-5
https://doi.org/10.1002/jcc.26839

	基于CANBD探针的生物硫醇半胱氨酸荧光检测机制研究
	摘  要
	关键词
	Study on Fluorescence Detection Mechanism of Biological Thiol Cysteine Based on CANBD Probe
	Abstract
	Keywords
	1. 引言
	2. 实验与计算方法
	3. 结果与讨论
	3.1. CANBD探针检测Cys的宏观反应与荧光响应特征
	3.2. 分子轨道分布特征：DOS图分析
	3.3. 光激发电子转移特征：电子密度差异图分析
	3.4. 原子电子转移贡献：热图分析
	3.5. 电子激发过程的量化特征：激发能与振子强度

	4. 结论
	参考文献

