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Abstract Gold nanoparticles are prepared in chloroauric acid trihydrate (HAuCl, « 3H,O) aqueous solution by the
ablation with a focused femtosecond pulse laser beam of 800 nm wavelength and 30 {s pulse duration. The effects of
HAuCl, » 3H, O aqueous solution concentration, laser pulse energy and dispersant polyvinyl pyrrolidone (PVP)
amount on particle size and size distribution of gold nanoparticles are investigated by means of UV-Vis absorption
spectrum, transmission electron microscopic morphology, X-ray diffraction spectrum, and selected area electron
diffraction pattern. The results show that the surface plasma resonance absorption peak of the gold nanoparticles
locates around 530 nm. Lower solution concentration, higher laser pulse energy and higher PVP amount are helpful
to obtain nanoparticles with smaller average particle size, narrower particle size range and higher dispersion when
other experimental parameters are fixed at certain values. The prepared particles are mostly spherical and display
multi-nanocrystal surface structure. The strong X-ray diffraction peaks of (111), (200), (220) and (311) crystal
planes of gold nanocrystal are observed. The growth process of gold nanoparticle includes aggregation stage and
adsorption stage.
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Fig. 1 Schematic of experimental setup
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Fig. 4 TEM images and particle size distributions of gold nanoparticles prepared at different concentrations of solution.

(a) 0.1 mmol*L""; (b) 0.4 mmoleL"'; (¢) 0.7 mmol*L™"; (d) 1.0 mmolsL™"'

% (@) 24 IO) 0.1 mmol-L!
a e U.1l mmol- L~
522- 2 20t A% 04mmol-L*
E - g 4% . 0.7mmol L
o - s L6¢ # ‘%g _.. 1.0 mmol-L!
B § o\
€10 {x/ g
E ol g 0.8r
B 04t
0 02 04 06 08 10 12 400 500 600 700 800
Concentration /(mmol - L") Wavelength /nm

B 5 7 [ v B T b o) % () & 1 KORE F R4 B (b) AR 4 11 UV-Vis B IR0 1%
Fig. 5 (a) Particle size of gold nanoparticles and (b) UV-Vis absorption spectra of colloidal gold prepared in

different concentrations of solution
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Fig. 6 TEM images and particle size distributions of gold nanoparticles prepared at different laser pulse energies.
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Fig. 7 (a) Particle size of gold nanoparticles and (b) UV-Vis absorption spectra of colloidal gold prepared at

different laser pulse energies
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Fig. 8 TEM images and particle size distributions of gold nanoparticles prepared at different PVP amounts.
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Fig. 9 (a) Particle size of gold nanoparticles and (b) UV-Vis absorption spectra of colloidal gold prepared at

different PVP amounts

3.5 EMRKFHRMEER
K B U 5 14 M R < Y WO B — R L 7 L AOIR A T IR T A5 BIAR BB R L T XRD-6000 B X 5

0803003-6



H = # ot

LRATHHMY (RN /), H A X H AR B AT A . P 10 S 4 40 Kok 1 10 1 X H T 59 % AT S —
FGN I PR AR 25 0 2H B, U I S50 T 45 ) A AOKR RO 2 S g A . B 11 R AR AN 5 nm 1 & 40KRK T 1 &
S ST (HRTEMDJE S, H R 11 AT, 4 900K S A A9 18T 9D 9 0.235 nmy, 3R 4 (111) [T A it 1T i)
P —2 . 12 A9k BARE XRD 3%, HE 12 ATH1, 24 20 8 20°~80° I, E3 A 4 MATHF I, AT
(78 437 R 38.38°.44.54° 64741 77.78°, 43 I XF W 4 (111) ,(200) . (220) A1 (311) T I AG 5. A7 4 g 47
3038 B0HE 43 590 Ay 2% TR 4 o TR V) B

l" - \*v

1

5.00 nm

10 & 99KkF 1Y SAED % B 11 &gk iA 1D HRTEM B 51
Fig. 10 SAED pattern of gold nanoparticle Fig. 11 HRTEM image of gold nanocrystal (111) plane
240 -
I (111)
s 200 0.234841\nm
2 160+ ‘
=]
& 190l ‘ (31D)
=) (200) (220) 0.122(724 nm
g 8ok 0.203842 nm 0.144#)97 nm
£ .
= 40

i
20 30 40 50 60 70 80
20 /(%)
Bl 12 &4k &k XRD 7%
Fig. 12 XRD pattern of gold nanocrystal
3.6 SMKNFHEBIE
S v A AN KR B TR B — iR PR L e R AR e Y AR A A O ) AR L W — S 2O i
B MR S5 R A 25 L IF S R DG SCHR I 256, AR DRVEEZH DA Ol S50 It 0 Ik e o 20 R AR S L AR
MOt MR EIEEEE T RS G, SE R A SR T R A CR B 3E W A 4 A AR
s X8 B J -2 o R BRI I P 58 1 v 0 e e o A TG R T 4 G RS B R AR T [ B I R 4
K7 25 W BT LA 45 5 100 4 i BT /NI b T AR K L i 3K — R 1 b AR L A RO 98 K i GRS Y
Ko A GKORL 1 A i R T L3Sy AT 3R A BRE P S B B . AE B SR B B, S TR 4 F R AR DG B R T 4
D 3 S G i 2 8] A A B AR LG 4 i 5K A 2 T AR T B sRAS 22 , PR I 3k 0 4 i 2 D /D i 19 4 it
F R A% I ) AR L TS PR AR IE N RSE Y 4 48 KR BB O B E (N T 100 nm) A 4 JR A
FEIS . TEMCBA B B o X A0 DX 8 CHE A 00 BE 5 KT 100 nm) 19 4 Ji - B2 4 10 /0N 5007 368 o V38 % 432 Ml 1) /N RS |
4 AN KORL I SN KORL - 23 AR 22 W B O G218 A R ORI i AR RE -, il b 3R 1 11 5 R g B 79 4
B B » 4 Dt AT LAFE A 6 14 ISF ] PN T8 B e 900 1) 40 KA

4 4 e

LI PVP 2 3R 10 & PR, R CRD K o 0 B8 it G 4 R K VS VR A& TR [ R AR Y A g KR T, B A
TEM.UV-Vis \HRTEM ,SAED il XRD 4§ F= B X 4 99 KA 09T 550 RS WOSCRI & R P ot 447 3R AE , 4347
T AA TR K W B OB RE S AN PVP IS X 4 g0 Ko ROST FDRLAR 43 A 0y 52 e . 38 3 40 B S 36 285 2 AT

0803003-7



H = e ot

TR AR e 01 e TR K I VR B s B Tl O BB R PVP IR I B ARG R TR AR RS AN DR AR AR Y
DL R BOVE B R I NOK KL o BE— 25 20 B Je T R a5 B 0RO BT 2 S AS R . 1% 5 0T I B
A H SR A R AR 7 Ty 4 ) A DI A AN (R T T A PR SR A KR 1 T L TR R T R A
KL~ PR RUSE RIDREAR 23 A1 AT 42 B 22 S 1A B A A 6 B89 40 K KL -

HT T QOB bk i O B A R G e {2 3 R L ) K o P ) T DL e P S 6 2% R R 2 R A AL

A ) 0 KR B9 RS R 300 e P Tl K ORE T O 4540 . RORD SO T R Hh i 45 <6 94 KORE T B9 BF 5 A B
TOFFEN DLt — A0 PR A2 48 4 5T 2R AR B T8 LA K ORE 1 1 Bl ) 2 3k R L A T A 3 2 DKL T Y 52 B
PRGBS 7Y 4 e

[1]

(2]

[3]

(4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2 % x M

Jain P K, Huang X H, El-Sayed I H, er al. Noble metals on the nanoscale: optical and photothermal properties and
some applications in imaging, sensing, biology, and medicine[]J]. Accounts of Chemical Research, 2008, 41: 1578-
1586.

Wang A, Sun W, Wang C, et al. Gold nanoparticles modified by new conjugated S=C=N terminal and its biological
imaging application[]J]. Dyes and Pigments, 2017, 141: 13-20.

de Mrinmoy B, Ghosh P S, Rotello V M. Applications of nanoparticles in biology[J]. Advanced Materials, 2008, 20
(22): 4225-4241.

Jin Jing, Zhu Shoujun, Song Yubin, et al. Facile synthesis of Ag/CDs composite using CDs as reductant for SERS[J].
Spectroscopy and Spectral Analysis, 2016, 36(10): 291-292.

& WORTR, REMN, FOR/REEGHRR T W I SERS BIFSE L] . St % 5061 404, 2016, 36(10):
291-292.

Zoladek S, Rutkowska 1 A, Blicharska M. Evaluation of reduced-graphene-oxide-supported gold nanoparticles as
catalytic system for electroreduction of oxygen in alkaline electrolyte[J]. Electrochimica Acta, 2017, 233: 113-122.
Okada T, Suehiro J. Synthesis of nano-structured materials by laser-ablation and their application to sensors [J].
Applied Surface Science, 2007, 253(19): 7840-7847.

Khodaveisi J, Shabani A M, Dadfarnia S, et al. A novel sensor for determination of naproxen based on change in
localized surface plasmon peak of functionalized gold nanoparticles[J]. Spectrochimica Acta Part A, 2017, 179: 11-16.
Kneipp J, Li X T, Sherwood M, et al. Gold nanolenses generated by laser ablation-efficient enhancing structure for
surface enhanced Raman scattering analytics and sensing[J]. Analytical Chemistry, 2008, 80(11): 4247-4251.

Li Ming, Li Kaiwei, Dai Fang, et al. Highly sensitive optical nanofiber sensor based on gold nanorod amplification[]J] .
Acta Optica Sinica, 2015, 35(12): 1206001.

2= W, s, R, S T S YUREE RN & R HUE AUOR G AR AL A [T SR, 2015, 35(12):
1206001.

Nirmala J G, Akila S, Narendhirakannan R T, et al. Vitis vinifera peel polyphenols stabilized gold nanoparticles induce
cytotoxicity and apoptotic cell death in A431 skin cancer cell lines[J]. Advanced Powder Technology, 2017, 28(4):
1170-1184.

Wang X Y, Zou M J, Xu X, et al. Determination of human urinary kanamycin in one step using urea-enhanced surface
plasmon resonance light-scattering of gold nanoparticles[J]. Analytical and Bioanalytical Chemistry, 2009, 395(7):
2397-2403.

Guevel X L. Recent advances on the synthesis of metal quantum nanoclusters and their application for bioimaging[]].
IEEE Journal of Selected Topics in Quantum Electronics, 2014, 20(3): 6801312.

Jiang Y Q, Horimoto N N, Imura K, er al. Bioimaging with two-photon-induced luminescence from triangular
nanoplates and nanoparticle aggregates of gold[J]. Advanced Materials, 2009, 21(22): 2309-2313.

Wang M H, HuJ W, Li Y J, et al. Au nanoparticle monolayers: preparation, structural conversion and their surface-
enhanced Raman scattering effects[J]. Nanotechnology, 2010, 21(14): 145608.

Zhang Jie, Chen Yulin, Zhu Yong. Raman spectrum of carbon nanotubes coated by Au nano particles film[J]. Chinese
J Lasers, 2012, 39(11): 1115001.

gk U, BRATEE, R K. BRUCRE M & B YRR T2 A MR 2 ke g [J]. P E O, 2012, 39(11):
1115001.

Hvolbaek B, Janssens T V W, Clausen B S, et al. Catalytic activity of Au nanoparticles[J]. Nanotoday, 2007, 2(4):
14-18.

0803003-8



H = e ot

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Xu X H N, Huang S, Brownlow W, et al. Size and temperature dependence of surface plasmon absorption of gold
nanoparticles induced by tris(2, 2'-bipyridine) ruthenium(II)[J]. The Journal of Physical Chemistry B, 2004, 108(40):
15543-15551.

Kelly K L, Coronado E, Zhao LL L, et al. The optical properties of metal nanoparticles: the influence of size, shape,
and dielectric environment[J]. The Journal of Physical Chemistry B, 2003, 107(3): 668-677.

Link S, El-Sayed M A. Size and temperature dependence of the plasmon absorption of colloidal gold nanoparticles[J].
The Journal of Physical Chemistry B, 1999, 103(21): 4212-4217.

Raschke G, Kowarik S, Franzl T, et al. Biomolecular recognition based on single gold nanoparticle light scattering[J] .
Nano Letters, 2003, 3(7): 935-938.

Jana N R, Gearheart L, Murphy C J. Evidence for seed-mediated nucleation in the chemical reduction of gold salts to
gold nanoparticles[J]. Chemistry of Materials, 2001, 13(7): 2313-2322.

Sau T K, Murphy C J. Room temperature, high-yield synthesis of multiple shapes of gold nanoparticles in aqueous
solution[J]. Journal of the American Chemical Society, 2004, 126(28): 8648-8649.

Zhou Shuqing, Ma Guojia, Wang Chunhua, et al. Rule of morphology variation of Ti alloy surface induced by
femtosecond lasers[]J]. Chinese J Lasers, 2016, 43(9): 0902003.

FAwE, SEMAE, EHEE, F. CHBOLHESRREG SR MIES A DT]. PEBOE, 2016, 43(9): 0902003.

Du Lingyan, Wu Zhiming, Hu Zheng, et al. Progress in fabrication and application of doping black silicon by
femtosecond laser[J]. Laser & Optoelectronics Progress, 2015, 52(10): 100005.

M, RAEV], BOAE, S REPEOGH A8 22 R S A BER (1], WOt 56 m FAE#E R, 2015, 52(10):
100005.

Sylvestre ] P, Poulin S, Kabashin A V, et al. Surface chemistry of gold nanoparticles produced by laser ablation in
aqueous media[J]. The Journal of Physical Chemistry B, 2004, 108(43): 16864-16869.

Mafune F, Kohno J, Takeda Y, et al. Full physical preparation of size-selected gold nanoparticles in solution: laser
ablation and laser-induced size control[J]. The Journal of Physical Chemistry B, 2002, 106(31): 7575-7577.

Haider A F MY, Sengupta S, Abedin K M, et al. Fabrication of gold nanoparticles in water by laser ablation technique
and their characterization[J]. Applied Physics A, 2011,105(2) :487-495.

Kabashin A V, Meunier M. Synthesis of colloidal nanoparticles during femtosecond laser ablation of gold in water[J].
Journal of Applied Physics, 2003, 94(12): 7941-7943.

Sylvestre ] P, Kabashin A V, Sacher E, et al. Femtosecond laser ablation of gold in water: influence of the laser-
produced plasma on the nanoparticle size distribution[J]. Applied Physics A, 2005, 80(4): 753-758.

Takami A, Kurita H, Koda S. Laser-induced size reduction of noble metal particles [J]. The Journal of Physical
Chemistry B, 1999, 103(8): 1226-1232.

Nakamura T, Mochidzuki Y, Takasaki K, et al. Fabrication of gold nanoparticles in intense optical field by
femtosecond laser irradiation of aqueous solution[]J]. Journal of Materials Research, 2008, 23(4): 968-974.

Mafune F, Kohno J Y, Takeda Y, et al/. Formation of gold nanoparticles by laser ablation in aqueous solution of
surfactant[J]. The Journal of Physical Chemistry B, 2001, 105(22): 5114-5120.

Sobhan M A, Withford M J, Goldys E M. Enhanced stability of gold colloids produced by femtosecond laser synthesis
in aqueous solution of CTAB[J]. Langmuir, 2012, 26(5): 3156-3159.

Sylvestre ] P, Kabashin A V, Sacher E, ez al. Stabilization and size control of gold nanoparticles during laser ablation
in aqueous cyclodextrins[J]. Journal of the American Chemical Society, 2004, 126(23): 7176-7177.

0803003-9



