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Abstract

This paper designs hybrid rhodamine-based near-infrared fluorescent bioimaging probes (Rh-1,
Rh-2, Rh-3) based on polyene bridging and investigates their imaging mechanisms via quantum
chemical calculations (using software such as Gaussian-16). The polyene carbon chain, as a bridging
unit, connects rhodamine and benzindolium through m-electron delocalization, forming an ex-
tended conjugated system. Studies show that the length of the polyene carbon chain determines
fluorescent performance: a longer chain leads to longer electron absorption and emission wave-
lengths. When the carbon chain contains 5 C-C bonds (Rh-3), the fluorescence wavelength reaches
1093 nm in the NIR-II region, with the absorption wavelength extending to 1029 nm. Excitation pro-
cess analysis reveals that the electron transition of the probes is dominated by local excitation, and
the structures of the ground and excited states are highly stable, which can reduce fluorescence
quenching. This study clarifies the “chain length-conjugation-wavelength” structure-activity rela-
tionship, providing a theoretical basis for the design of NIR-II region probes. Future optimization
can be achieved by heteroatom modification and introduction of responsive groups.
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TR —— UMY T B PIASLHE B) o TN T, TERCE KRMILHIR R, B F R R
BRESE, G R SE AT S BRI R, RIARTF A, MR 2 N R B L B U (N £
Wdk), ILHY RACRABR(8]-[11]. E % Shi FE A& “ ZIHME” Hilg: LZIHEE(-C=C-C=C--)EN
Mrz e, % PH A G 5 2R 05 MG AT AR (o) — R LB A AR RS . 2 I B IS o B r] A
N CHTHRR”, B PSR IERINRES T o TR AR, TR I iR R, TR E A
R AT, AE AR IRET IR AR R AN 25 8] 7 22 45 2 S 3 A 5, 3X —500E 9 NIR-ITEREH I 3R 4t
T AT R [12]. ASCETEXS Shi 58 ANHRIE FRIIT 275G IREN RANEHAT — IR R Gu ik BN B2, 8 % 1%
BT S IR 25 AT B TH R A 4, DR SR At — MR BRI R VRS AR S B 1.

2. ARG *

ALK Gaussian-16 3 fF 34T & F A4 S0 B, 25 0 00 4 A R O R T R 4 R 2 T
B3LYP/def2TZVPP [{17Z bR /3 41 20 & 1) 5% FE V2 bR RN I 26 BE3Z R 5 v A6 S 7 e & & T A AL
N F BRI R [13]-[17]. THEZ RS HrRA T Multiwfn 3.8 (dev)fl VMDI1.9.3 #A4FFE/7[18]
[19].
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AR %2 IEMHAE I FACE PRI R A AR SO R E LR BEAT 1 BB 0T . 1200 EHREE R 5 (Rb-
1. Rh-2. Rh-3)ZEFUIE 1 o, HH 2 M5 EER: 2 P50t B 5 s g AT E I AE , 20Tt i
m-m BN P96 A1 5 2R G| M T ) 7 L EEEGEE R, A 2 P, IXAR T B SR ET 201 A i
AW DD C-C BIVBIEFMTWMREE, KUY » B TEBEANE LI EIRIE(E 3). AR
W, B2 A 3 i R SOEHE Rh-3 UEER, 96 RET Rh-1 A Rh-2 HATRBURER . X 2 00 ik
(IR LR 2 FEM DR ETAE TR T B FL T WSO S G, BB, OB ERET 1) Fi 1 MR AORI g 5
KA. SCIRMTHRAE SRR, HBREEEINE 5 > C-C BN (JOEHRET Rh-3), SGHACR KA IT 4L
L IXH 1093 nm, SRR I 53R 2 AR BT A= M) AR L RE

@Q b @ b # W
] @ @ ; \ @ g
@s 4 e &etee
s *;ﬁ b NN e ¥
4"2‘3»0 i 9 L f f 3& ' ® J%e N %
e @9 v e * ‘j s, é‘f“‘e T
)‘ - ] g @ 2 9
ye . et be 9"y 3y ra®e® ¥’
?‘g 3"‘/")1’ i}% a ‘.“!‘ ’ ""‘/ ™
F] 9 ? F @ @
() ©) (c)

Figure 1. Structure of fluorescent probe. (a) Rh-1; (b) Rh-2; (c) Rh-3
1. REIRET4EM. (a) Rh-1; (b) Rh-2; (c) Rh-3
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Figure 4. Electronic absorption spectra of the fluorescent probes. (a) Rh-1; (b) Rh-2; (¢) Rh-3
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Figure 2. Schematic diagram of © electrons in the fluorescent probe Rh-3
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Figure 3. Schematic diagram of bond orders of each bond in the fluorescent probe Rh-3
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Figure 5. Heatmaps of electron transfer showing the contribution of each atom during the excitation process from the ground
state to the first excited state of the fluorescent probes. (a) Rh-1; (b) Rh-2; (c) Rh-3
B 5. AR HESEE —HATSHHAIRET R EF MBI FEBARE. (a) Rh-1; (b)Rh-2; (c) Rh-3
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Figure 6. Structural comparison of the fluorescent probes in the ground state (So) and the first excited
state (S1). (a) Rh-1; (b) Rh-2; (c) Rh-3
B 6. WHIREEEDS So ME—HEE S HWEMELE . (a) Rh-1; (b) Rh-2; (c) Rh-3
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F R PR T2 P R R R R, X R T ORI EE I I ok RIS RS P AR 1
WL
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nm [ 58 0 T 25 BRI A SUB SRUSCT, a5 A L Es AR R Ik, AR SRA SN FH T/ NS i Ak iR A
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