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Abstract

Two-dimensional material violet phosphorus shows great potential for application in the field of son-
odynamic therapy due to its unique layered structure, tunable bandgap, and intrinsic piezoelectric
properties. However, the low quantum yield of reactive oxygen species (ROS) generated by single vi-
olet phosphorus nanosheets under ultrasound excitation severely limits the clinical translation of
their therapeutic efficacy. To overcome this bottleneck, this study successfully loaded gold nanopar-
ticles (Au NPs) onto the surface of violet phosphorus nanosheets using an in situ reduction strategy,
thereby constructing an Au@VP composite heterojunction system. Atomic force microscopy revealed
that the Au NPs were uniformly distributed on the violet phosphorus surface, with significant in-
creases in sample thickness and surface roughness compared to unmodified violet phosphorus. Zeta
potential and dynamic light scattering (DLS) analyses further confirmed the successful loading of Au
NPs, while the dispersion stability of the system in physiological environments was effectively main-
tained. The sonodynamic performance was quantitatively evaluated using the 1,3-diphenylisobenzo-
furan (DPBF) probe method. The results demonstrated that the introduction of Au NPs significantly
enhanced the ROS generation capability of violet phosphorus under ultrasound irradiation, with the
enhancement effect showing a positive correlation with increasing Au NP loading. Mechanistic analy-
sis indicates that the Au NPs act as cavitation nuclei, reducing the cavitation threshold and enhancing
the local acoustic field, thereby improving the ultrasound excitation efficiency of violet phosphorus.
Additionally, the reduction in the bandgap of violet phosphorus after composite formation promotes
the generation of electron-hole pairs. This study provides a new strategy for constructing highly effi-
cient sonodynamic therapy systems and holds potential application value in the treatment of deep-
seated diseases such as atherosclerosis.

Keywords

Violet Phosphorus, Gold Nanoparticles, Sonodynamic Therapy, Local Acoustic Field Enhancement

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

SV I AE AR 1) 0 BERE A2 S B AE T AL 5 R R R 1], X RPEH A A LT EIR 2] RIR
HERZ A KB SN A IR SR AL, X S P I Bl e PR o 4 s AR P £ B Al 26590 5 SO BN S A7
FEFRBRYE, BLAELGIEINE T X 2 BB TAE S AN /2 LA SR 5 B A 78 RS B v 55 . TFROBT R AR IR A
RS AESE R IR YT T BCR A E )R K

FBNFIRIT 31 AL | AR — Mo X AR R ARG 75, A s A O, e H AR X A
VRS, BETMTE S AR TR R T SO RN ZEOR RS H AT BRI, WREEA. AR E RS
R CHE SR B A IR TT o P IBGRI I R W T R S i, BRAEL Y 7P ) 75 e S0 2k
R NE S AV BANE4] -

KR 2 R I AR E M m A M [5], A IR A 512°C, BURBERE 52°C. &
W RAT BRI R Z ARG 2 TRIRE o), FEAGEH B IC-Po-Py-Po-Po- PRI BRI EDIR G5 K, J2 IR LAV B4R

DOI: 10.12677/ms.2026.166138 57 ey PR


https://doi.org/10.12677/ms.2026.166138
http://creativecommons.org/licenses/by/4.0/

K74, R

JiGha, FTIERL RO RS 2 D 29K (6] VRN BT B 3K, ORI ERZ) 1.44 eV, BRZ) 173
eV, WTULECHE A S A A B (7). EYFIERTTH, SR — M ERATE S, A
HERZ) 1.44 eV, HZRWHGH L) 1.73 eV, 3K BV Bl 3 R i W 75 22 A 7 R I P BUROILOE T
BT R AT R I, SRR ST A2 -0.26 eV (HHXT T AR HEE HIAR), =T 0o/ O, HIIEJE FiLAL(—-0.16
eV), RUIHLENS 2 FHA M A8 A A & 5 B 29 71[8]. H TR Eepstt, KBEE A3 A
TS B RAF RIS 7. AR, BRI A A R B T A R w7 RE R R A
RSF 191, BRI T LA B TR

Ultrasound

=
_/ ROS
ad f Apoptosis
eSSUI‘e

Cavitation

l 2025 ‘,

Necrosis
Thermal effect

Figure 1. Basic principles of sonodynamic therapy
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Figure 2. AFM images and dimensions of intrinsic violet phosphorus nanosheets (a), (b) and violet phosphorus
nanosheets modified with gold nanoparticles (c), (d)
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Figure 3. (a) Zeta potential analysis after Au modification; (b) Hydrodynamic diameter distribution curves of VP and Au@VP
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Figure 4. (a) EPR detection results of singlet oxygen ('02); (b) EPR detection results of hydroxyl radical (-OH); (c), (d)
Detection of '02 generation from Au-modified violet phosphorus samples using DPBF as a specific probe under (c)
different time intervals and (d) different ultrasound power densities
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Figure 5. Tauc plots and band gap comparison of unmodified violet phosphorus (a) and Au@VP-0.5 (b)
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