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Study on Photoacoustic Effect in Nanoscale and Photoacoustic
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Abstract The construction of nanoprobes with high conversion efficiency is the key factor for the development of
photoacoustic (PA) molecular imaging. The traditional design methods for PA probes usually maximize their optical
absorption at the tissue optical window, while the research on the PA conversion properties of the probes has not
been given enough attention. Taking gold nanospheres as an example, the mechanism of microcosmic PA conversion
of nanoprobes in PA effect mediated by thermal expansion mechanism is discussed, which makes the rational design
of probe with high conversion efficiency possible. Based on theoretical analysis and finite element analysis, it is
indicated that nanoprobes no longer satisfy the thermal confinement conditions due to the small size effect. The
thermal energy diffuses from the sphere to the surrounding medium in the range of laser pulse. As a result, the PA
signal is composed of nanoprobes itself and the thermal expansion of media around the nanoprobes.
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Fig. 1 (a) Specific surface area of spherical particle as a function of radius; (b) localized surface plasmon

resonance induced field enhancement effect for a gold nanosphere with the radius of 15 nm; (c¢) schematic of

nonradiative transition for the nanoparticles absorber photons; (d) simulated results of the absorbed

optical power spectra for gold nanoparticles with different radii
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Fig. 2 (a) Thermal confinement time as a function of nanoparticle size; (b) thermal diffusion length as a function of

laser pulse width; (c¢) temperature field distribution versus time when a gold nanosphere with the radius of

15 nm is irradiated by the laser with the pulse width of 10 ns
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Fig. 3 PA signal generated by thermal expansion of the thermal

environment for the gold nanosphere and its surrounding water
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Fig. 5 (a) Simulated results of thermal energy deposited in the gold nanosphere as a function of the laser pulse width,

the inset is the thermal diffusion length as a function of laser pulse width; (b) thermal energy deposited in water

as a function of laser pulse width with different sizes of nanospheres

73— AR AN K RE T K S [ B0 358 22 (] R o3 A
(1) T B N R AR A B B RS . Bl 0Kk T
ST B0 G T 3 T AR R R 3K 2 T A A R L
5 1) Ji] R B3 ) AR 1 R . FETE S (b R BLIR
BEAE K AR BR O B % R38R T A 6] RH 9
KL~ 7E 7K Hh Bt 4 LU R O Ik o 5 BE 4 A8 56
ol A B OG5 BE B8 i oK rb i £
S e b7 S Tp: ) | I T IR B R AN B N TR 7 S
PRV F A RO S NI g s 35 b AN AN
UKL T Y R WA R

7% AR AR IR B B /N RS B3O8 A AL 2258

Wi A B ik A8 3 45 5 e B PR BT A B 9 Gl PR 4
KARE Y 6 P e A 25 3 i B AT AR 3 A R ST AR
Ph o AT BT IS RS — R B RE Bt
P A B AR AT % LR WA A e 80 5 3 14 22 57
(ST TR LA E T i o LB AN RRC DN B
SRR B AR ATl B 5 Y A B AR X A
% 8 B P9 5 ¢ [ 8 A (] R R 24 2 AE AN A0
WE KT - AR LA A [, LA A 4B i
SERY . T ARORL T B /N RS EORT 2 A2 B O
I S0 30 B8 T e N 2 T A A DA KR 1 1) ] R B
S A AR R ok G v R LA 5 A R R O R

0207026-5



h | i bl
4 52 i) B B P EOE B, DT B2 i B R AN K R Chinese Journal of Lasers, 2011, 38(1): 0104001.
T & R4 = [ 1 457 sk, R T 2 WKW 6 44 g ]
HE O, 2011, 38(1): 0104001.
4 é:l:t[: ib [9] Qin H, Zhou T, Yang S H, et al. Fluorescence
quenching nanoprobes  dedicated to in  vivo
LA gy R 3RO B, 5 B EE T U AR AL T 44 photoacoustic imaging and high-efficient tumor
KEREF B IO 75 A 4 ML L 38 o RIS 43 B AL AT FR therapy in deep-seated tissue [J]. Small, 2015, 11
SEAMHT BRI T M G K BR % 7 K o i 0 7 B (22): 2675-2686.
Ve F RO 7 e (TR B B e Moy 100 Pu K Shubendler SA T, Jokerst TV, e al.
PREF R R T RE . H T /N N SF AR B e 1 gy Semiconducting polymer nanoparticles as
KRR S R e
i}&i}%}a‘zﬁim%mﬁﬁﬁ*fﬁ&’Mﬁzﬁ{ﬁﬁ%ﬁﬁﬁié@%?g [11] Yang X, Stein E W, Ashkenazi S, et al.
R B T KREE A G R H @%ﬂﬂﬂﬁﬁiﬁ £4] Nanoparticles for photoacoustic imaging [J]. Wires
PO Z A, W AR QUK IREE AR B B T OGS Nanomed Nanobiotechnol, 2009, 1(4): 360-368.
HORBE RIS BRI A P S 0 g6 R, [12) Sh Y 1L Qin HL Yang S H. ot ol Thermaly
OB o g S R T e R A A K R R R A confined shell coating amplifies the photoacoustic
conversion efficiency of nanoprobes [ J]. Nano
%&*EEFO Research, 2016, 9(12): 3644-3655.
s = x W [13] Furlani E P, Karampelas I H, Xie Q. Analysis of
pulsed laser plasmon-assisted photothermal heating

[1] Weissleder R, Mahmood U. Molecular imaging[]]. and bubble generation at the nanoscale[J]. Lab on a
Radiology, 2001, 219(2): 316-333. Chip, 2012, 12(19): 3707-3719.

[2] Gambhir S S. Molecular imaging of cancer with [14] Rioux D, Valliéres S, Besner S, et al. An analytic
positron emission tomography [J]. Nature Reviews model for the dielectric function of Au, Ag, and their
Cancer, 2002, 2(9): 683-693. alloys[J]. Advanced Optical Materials, 2014, 2(2):

[3] Massoud T F, Gambhir S S. Molecular imaging in 176-182
living subjects: seeing fundamental biological [15] Hatef A, Darvish B, Dagallier A, et al. Analysis of
processes in a new light[J]. Genes &. Development, photoacoustic  response from  gold-silver alloy
2003, 17(5): 545-580. nanoparticles irradiated by short pulsed laser in water

[4] Lee] H, Huh Y M, Jun Y W, et al. Artificially [J1. The Journal of Physical Chemistry C, 2015, 119
engineered magnetic nanoparticles for ultra-sensitive (42): 24075-24080.
molecular imaging [J]. Nature Medicine, 2007, 13 [16] Calasso I G, Craig W, Diebold G J. Photoacoustic
(1): 95-99. point source[]J]. Physical Review Letters, 2001, 86

[5] Ametamey S M, Honer M, Schubiger P A. (16): 3550-3553.

Molecular imaging with PET[J]. Chemical Reviews, [17] Rosencwaig A, Gersho A. Theory of the
2008, 108(5): 1501-1516. photoacoustic effect with solids [J]. Journal of
[6] Ntziachristos V, Bremer C, Weissleder R. Applied Physics, 1976, 47(1): 64-69.
Fluorescence imaging with near-infrared light: new [18] Pelivanov I M, Kopylova D S, Podymova N B, et al.
technological advances that enable in vivo molecular Optoacoustic method for determination of submicron
imaging[J]. European Radiology, 2003, 13(1): 195- metal coating properties: Theoretical consideration
208. [J]. Journal of Applied Physics, 2009, 106 (1):

[7] Zhang J, Yang S, Ji X, et al. Characterization of 013507.

lipid-rich aortic plaques by intravascular photoacoustic [19] Baac H W, Ok J G, Maxwell A, et al. Carbon-

tomography[J]. Journal of the American College of
Cardiology, 2014, 64(4): 385-390.
[8] Zhang J, Yang S H.

imaging based on multi-spectral

Photoacoustic component

excitation [ J].

0207026-6

nanotube optoacoustic lens for focused ultrasound
generation and high-precision targeted therapy [J].
Scientific Reports, 2012, 2(12): 989.



