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Gold Nanosphere Solutions

Research of Optical Breakdown Induced by Nanosecond Laser in Water and
Abstract

Fu Lei, Wang Siqi, Xin Jing, Zhang Zhenxi, Wang Jing

Key Laboratory of Biomedical Information Engineering of the Ministry of Education, Xi'an Jiaotong University,
Xi'an, Shaanxi 710049, China

Optical breakdown induced by nanosecond laser in deionized water and gold nanosphere solutions with

24 nm diameter is investigated based on bright plasma imaging and light scattering detection technique. More than
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one laser-induced breakdown regions are generated along the direction of beam propagation as a function of incident
of bubble induced in gold nanosphere solutions are more stable.

laser energy, which is denoted as multi-point breakdown. And the stretching of bright plasma is asymmetry along

optical axial direction, especially in low concentration of gold nanoshere solution. Weak breakdown occurs only
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when laser energy is low, and strong breakdown occurs only when laser pulses energy exceeds the given energy.
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Low concentration gold nanosphere can decrease the minimum energy which could induce optical breakdown by laser
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pulses. Increasing concentration of gold nanosphere can lead to the larger energy threshold of optical breakdown. In
addition, it's easier to get submicron size bubble in gold nanosphere solutions than in deionized water, and the size

laser technique; optical breakdown; light scattering detection technique; gold nanosphere
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Fig. 1 Detection setup for optical breakdown induced by nanosecond laser
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Fig. 2 Optical breakdown in deionized water, E=275 pJ. (a) Image of bright plasma, in which arrow represents

the direction of laser propagation; (b) optical scattering time-resolved response of optical breakdown
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Fig. 3 Bright plasma images generated by optical breakdown

in deionized water induced by different power laser pulses

(arrow represents direction of laser propagation, and scale

bar represents the length of 20 um. "back" represents the
start of bright plasma, and "front" represents the end

of bright plasma)
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(a) Deionized water; (b) gold nanosphere solution, D=24 nm, don=0.1
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(a) Relationship between probability of optical breakdown and energy of laser pulses;

(b) probability of optical

breakdown versus corrected energy of laser pulses; (c¢) energy correction coefficient of gold nanosphere

solutions with different concentrations
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(b) probability of optical breakdown with and

without bright plasma induced in deionized water as a function of the energy of laser pulses
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solutions as a function of the energy of laser pulses
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4 4k 1w

FESE T TR SE AR K b OL 6 o o A AR
ARG MHNZ ARG LB TAKIMERH 24 nm {1
AT JBE <3 R K BRI W e T . LB AR RE
B LU A i e B o RO 25 i T JE B 5 A
TURILG  BEAE HOL VK v E B 28 7 49 5 WA P g
o B ] A PR B G T 8 ol RO AR R A 4
Ut 1) 4 R R 4 s EL Y D't Bl X R S 5 )
P14 S fif1 S22 BRSSO AR A o T Bl 1) B2 7 17 A S e o EE
TR i) B4 R R R . B A R AR P 0 L O 4 B
Zmh g, MG E —E R, 5567
MWLM AR, 76 OD FTF 0.1 MK & %W
e A W A R T R B R T B0 R IR RE B LU AR 25
B TR R EEAR  ELAF B 5 K DXl ) A i 5 LA
PN /NG SRV SR DS €2 oy R LUK 5 NN L 2 2 R Ul
FEICE DT 5 v B J0 W 5 45 B 1 1A AR Y 55 o o B
B WPEBARIT, 94K 4 fE B3 R AOLECE 7 Bl
AR AR . o AR L AE LB KR B L B AR
INARRE #9259 . SR B3 290 0K <6 vk B2 19 38 o 0

T A 49 2 A v 0 W ISORITHICS 51 RS 1) O 1B i FE
5, Bk SR DXk A RE R G SR T N R G T I A
i 28 il e AR AR L 3 i, o ZE R AT, I OD
T L0 W H A R M & B A B oK
AL, A% BAL R oL R b 0 OG RE EFE R s,
FE 24 nm RAR TR, 98K 4 10 Uk B AR AL X SR BT 5
Wi AN JRAR K. PRI, 7 5 2 14 A 4 B 2 g FHH 7
R R IE LT L IR T B S AR L DL s R
BWOCTEAGRE R BB th A FE L, b, A0 B TE (%) S A1)

A R R SRS ARG 0 5 3k T 114 2 9 72 355 A B0 R AR B
B 2 A S I e KA . TR &I ™

AR ZS W L 2R B T K R AR E L A R RE AT L ok R
R A% A 3k A2 b ol T ORI IS B AR O SE /N, B4
(25 AR

& % x Wt

[1] Lukianova-Hleb E Y, Samaniego A P, Wen J, et al.
Selective gene transfection of individual cells in wvitro
with plasmonic nanobubbles [ J ]. Journal of

Controlled Release, 2011, 152(2): 286-293.

0207029-7



h | W bl

[2] Hellman A N, Rau K R, Yoon H H, et al. Optoelectronics Progress, 2015, 52(5): 051401.
Biophysical response to pulsed laser microbeam- B, 5, k4. BEM Q kbt K Fis s sk
induced cell lysis and molecular delivery[J]. Journal WA W S A (V] Ot 50t ek R,
of Biophotonics, 2008, 1(1): 24-35. 2015, 52(5): 051401.

[3] Baumgart J, Humbert L, Boulais E, et al. Off- [15] Lu T, Li Z J. Experimental research of cavitation
resonance plasmonic enhanced femtosecond laser effect induced by focused Nd : YAG laser pulse
optoporation and transfection of cancer cells [J]. underwater based on high-speed photography [J].
Biomaterials, 2012, 33(7): 2345-2350. Scientia Sinica Physica, Mechanica & Astronomica,

[4] Kostli K P, Frenz M, Weber H P, e al. 2011(11): 1241-1248.

Optoacoustic tomography: time-gated measurement B, FEME. TR BEEARNRE Nd: YAG fik
of pressure distributions and image reconstruction WEOLK T ESN LR ], T EB . P
[7]. Applied Optics, 2001, 40(22): 3800-3809. 1 R, 2011(11): 1241-1248.

[5] Werner D, Hashimoto S. Controlling the pulsed- [16] Zong SG, Wang ] A, Wang H H. Image measure of
laser-induced size reduction of Au and Ag characters of cavitation bubble by optical breakdown
nanoparticles via changes in the external pressure, [J]. Acta Optica Sinica, 2009, 29(8): 2197-2202.
laser intensity, and excitation wavelength []J]. RO, BV, EME. b SRR S RN &
Langmuir, 2013, 29(4): 1295-1302. BRI R (]]. Je% i, 2009, 29(8): 2197-

[6] Chakravarty P, Qian W, El-Sayed M A, et al. 2202.

Delivery of molecules into cells using carbon [17] Yu Y, Xu K H, Zhang T P, et al. Dynamic
nanoparticles activated by femtosecond laser pulses evolution of air plasma induced by tightly-focused
[J]. Nature Nanotechnology, 2010, 5(8): 607-611. femtosecond laser pulse [J]. Chinese Journal of

[7] Arita Y, Ploschner M, Antkowiak M, et al. Single Lasers, 2017, 44(7): 0708001.
cell transfection by laser-induced breakdown of an FHE, I, KRR, 5. BRELMEHT WREL
optically trapped gold nanoparticle[C]. SPIE, 2014, PR R TR s A B AR E (] E B0k,
8972: 897203. 2017, 44(7): 0708001.

[8] Muller M, Garen W, Koch S, et al. Shock waves [18] Bohren C F, Huffman D R. Absorption and
and cavitation bubbles in water and isooctane scattering of light by small particles[M]. Germany:
generated by Nd : YAG laser: experimental and John Wiley & Sons, 2008: 287-324.
theoretical results[C]. SPIE, 2004, 5399: 275-282. [19] Lombard J, Biben T, Merabia S. Kinetics of

[9] Evans R, Camacho-Lopez S. Pump-probe imaging of nanobubble generation around overheated
nanosecond laser-induced bubbles in distilled water nanoparticles [ J]. Physical Review Letters, 2014,
solutions: observations of laser-produced-plasmal[]J]. 112(10): 105701.

Journal of Applied Physics, 2010, 108(10): 103106. [20] Kotaidis V, Dahmen C, von Plessen G, et al.

[10] Vogel A, Busch S, Parlitz U. Shock wave emission Excitation of nanoscale vapor bubbles at the surface
and cavitation bubble generation by picosecond and of gold nanoparticles in water [J]. Journal of
nanosecond optical breakdown in water[J]. Journal of Chemical Physics, 2006, 124(18): 184702.
the Acoustical Society of America, 1996, 100 (1): [21] Acosta E, Gonzdlez M G, Sorichetti P A, et al.
148-165. Laser-induced bubble generation on a gold

[11] Tian Y, Xue B, Song J, et al. Stabilization of laser- nanoparticle: A nonsymmetrical description [ J].
induced plasma in bulk water using large focusing Physical Review E: Statistical, Nonlinear and Soft
angle[J]. Applied Physics Letters, 2016, 109(6): Matter Physics, 2015, 92(6): 062301.

061104 . [22] Zhang Z X, Yao C P, Wang J, et al. Development

[12] Brujan E A, Tkeda T, Matsumoto Y. Shock wave and application of the laser cell microsurgery [J].
emission from a cloud of bubbles[]J]. Soft Matter, Acta Optica Sinica, 2011, 31(9): 0900124.

2012, 8(21): 5777-5783. SREAPY, WERME, Tah, S WOLYNN T AR KR

[13] Flannigan D J, Suslick K S. Plasma formation and FREF ], Se#2#4R, 2011, 31(9): 0900124.
temperature measurement during single-bubble [23] Liang X X, Wang J, Zhang Z X. Nano-scale
cavitation[J]. Nature, 2005, 434(7029): 52-55. photoporation by Tightly focused Lasers: a survey

[14] Lu T, Chen F, Zhang W. Experimental study of [J]. Journal of Xi'an Jiaotong University, 2012, 46

cavitation bubble and shock wave induced by Q-

switched focused laser pulse underwater[J]. Laser &

0207029-8

(10): 107-115.
BT, i, BB 4K O B R A F AL



th i

M

ot

[24]

[25]

[26]

[27]

(28]

[29]

AR, V23838 K% %M, 2012, 46(10): 107-
115.

Sankin G N, Yuan F, Zhong P. Pulsating tandem
microbubble for localized and directional single-cell
membrane poration [J]. Physical Review Letters,
2010, 105(7): 078101.

Stevenson D J, Gunn-Moore F J, Campbell P, et al.
Single cell optical transfection [J]. Journal of the
Royal Society Interface, 2010, 7(47): 863-871.

Fan Q, Hu W, Ohta A T. Efficient single-cell
poration by microsecond laser pulses[J]. Lab on A
Chip, 2015, 15(2): 581-588.

Lukianova-Hleb E Y, Wagner D S, Brenner M K, ez
transmembrane

al.  Cell-specific injection  of

molecular cargo with gold nanoparticle-generated
transient plasmonic nanobubbles [J]. Biomaterials,
2012, 33(21): 5441-5450.

Soughayer ] S, Krasieva T, Jacobson S C, et al.
Characterization of cellular optoporation with distance
[J]. Analytical Chemistry, 2000, 72(6): 1342-1347.
Arita Y, Ploschner M, Antkowiak M, et al. Laser-
induced breakdown of an optically trapped gold
nanoparticle for single cell transfection [J]. Optics

Letters, 2013, 38(17): 3402-3405.

[30]

[31]

[32]

[33]

[34]

0207029-9

Kalies S, Heinemann D, Schomaker M, et al. Gold
nanoparticle mediated laser transfection for high-
European

8803:

throughput antisense applications [ C].

Conference on Biomedical Optics, 2013,
880309.

Kalies S, Gentemann L, et al.

Schomaker M,
Surface modification of silica particles with gold
nanoparticles as an augmentation of gold nanoparticle
mediated laser perforation [J]. Biomedical Optics
Express, 2014, 5(8): 2686-2696.

Yao C, Rahmanzadeh R, Endl E, e al. Elevation of
plasma membrane permeability by laser irradiation of
selectively bound nanoparticles [ J]. Journal of
Biomedical Optics, 2005, 10(6): 064012.

Noack J, Vogel A.

in water at nanosecond to femtosecond time scales:

Laser-induced plasma formation

calculation of thresholds, absorption coefficients, and
energy density [ J]. IEEE Journal
Electronics, 1999, 35(8): 1156-1167.
Ibrahimkutty S, Wagener P, Menzel A,

Nanoparticle formation in a cavitation bubble after

of Quantum
et al.
pulsed laser ablation in liquid studied with high time

resolution small angle X-ray scattering [J]. Applied
Physics Letters, 2012, 101(10): 103104.



