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Fig. 1. Schematic representation of 2D periodical

nanoparticles.
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Fig. 2. (color online) (a) The extinction spectra of
single nanoparticle in visible waveband at 8 specific
radiuses; (b) the extinction spectra of single nanopar-
ticle with radius from 20 nm to 100 nm. The electric
dipole (ED) and quadrupole (EQ) contribute to the
total efficiency; (c) comparison of the theoretical and
experimental results of the dipole resonance extinction

peaks position of Ag nanoparticles with different sizes.
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Fig. 3. (color online) (a) The extinction spectra with R = 40 nm; (b) the extinction spectra with R = 80 nm;
(c) the electric field at the resonance of ED (A = 391 nm) with R = 40 nm; (d) the electric field at the
resonance of EQ (A = 385 nm) with R = 80 nm; (e) the electric field at the resonance of ED (A = 500 nm)
with R = 80 nm.
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Fig. 4. (color online) (a), (b) The extinction spectra of nanoparticle, nanochain whose orientation is per-

pendicular to the electric polarization (P = 500 nm) and square nanoarray (P = 500 nm); (a) R = 40 nm;
(b) R =80 nm; (c), (d) the electric field at the resonance peaks (P = 500 nm), (¢) R = 40 nm, A = 391 nm,

(d) R =80 nm, A = 383 nm.
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Fig. 5.

(color online) The extinction spectra of nanoarray with the periodicity. (a), (c), (e), (g) R =

40 nm; (b), (d), (f), (h) R = 80 nm. (a), (b) Py, = 300 nm; (c), (d) Py = 400 nm; (e), (f) P, = 300 nm;

(g), (h) P, =400 nm.

207802-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65,

No. 20 (2016) 207802

4 % #®

AR Mie BRI 2 A7 ILIR LR, BEST T
AN AR GR UL KV o ROR 5 U 2 7 3t R 2
[IRISC AR, b 1 UKL Py 748 B RO Ji) L FES St F L A
e AR 7 g A X420 T 50 nm
MIRURE, HATAETAT T A e IR IR 7 1A R P S 4
TR R AR AR T, FURL A BB L 37 0 A 5 5 FELAE AR
R RFE, BT A 2 SR R AR RO R T, A2
PR JCT IR AU R A Al T ARG DU A 7. FLAE AR
TAEARGAR IR P B SN AL RS T IR, IR AE
R 5E B AL TE BISLR, P AR IR IR, Xt 2
KT 50 nm ARIRL, B 7 A AR 57 A 1 3R
D, AR R A A H B R DO AR R A ) AR
Tt REMBR T IRG A — DB IR, 2R
SPORBRLI RS A R, 1ok, k58
VU= AL BTG 2085 . SRR THE R el HL AR AR
TR A A e A B L 45 RARST.

FETERR K [ —HEAR G ARBORIAE TR 51, L2
) AN RO 2 (10 9 D' 0 A T 3 45 44 H Wood-
Rayleigh S H fT 5138 BRI 6. X SO AT
AR G, FLIEA S 3R BT R R IR 5 1A R
AR, AW P, K, W15 T P, A P, BN,
HI T UKL AL L ROAE L, S2mi 1 SO AT, B
B RT P, (A BN JORL ™ A2 BV D 16 42 %2 3
WATH R T A R BE RS, RN RS R R
WS 28] A RO PR RS TR DA K B 31 ) 34
AR5 2K, AT AR A A AR AR 1 A DU AR T SR
B ARSI S RO B A R e e A TERE oK &
P RA B SE R S, RS AR AR R KA R
L FH VL

SE

[1] Akerman M E, Chan W C W, Laakkonen P, Bhatia S
N, Ruoslahti E 2002 Proc. Natl. Acad. Sci. 99 12617

[2] Santra S, Zhang P, Wang K M, Tapec R, Tan W H 2001
Anal. Chem. 73 4988

[3] Meng L J, Zhang K W, Zhong J X 2007 Acta Phys. Sin.
56 1009 (in Chinese) [#F %, FRIHE, £hEHT 2007 P2
4% 56 1009)

(4]

(5]

(9]

207802-8

Wang Z Y, Zhang R J, Wang S Y, Lu M, Chen X, Zheng
Y X, Chen LY, Ye Z, Wang C Z, Ho K M 2015 Sci. Rep.
5 7810

Yerci S, Li R, Dal Negro L 2010 Appl. Phys. Lett. 97
081109

McMahon J M, Schatz G C, Gray S K 2013 Phys. Chem.
Chem. Phys. 15 5415

Liu Y H, Zi W, Liu S Z, Yan B J 2015 Sol. Energy.
Mater. Sol. Cells 140 180

Kim U J, Yoo S, Park Y, Shin M, Kim J, Jeong H, Baik
C W, Roh Y G, Lee J, Im K, Son H, Hwang S, Lee C
W, Park S 2015 Acs Photonics 2 506

Cottancin E, Celep G, Lerme J, Pellarin M, Huntzinger
J R, Vialle J L, Broyer M 2006 Theor. Chem. Acc. 116
514

Huang W Y, Qian W, El-Sayed M A 2005 J. Phys.
Chem. B 109 18881

Paramelle D, Sadovoy A, Gorelik S, Free P, Hobley J,
Fernig D G 2014 Analyst 139 4855

Chen F Y, Johnston R L 2009 Plasmonics 4 147
Lazzari R, Jupille J, Cavallotti R, Simonsen I 2014 J.
Phys. Chem. C 118 7032

Bohren C F, Huffman D R 1983 Absorption and Scat-
tering of Light by Small Particles. (New York: Wiley)
pp99-101

Draine B T, Flatau P J 1994 J. Opt. Soc. Am. A 11
1491

Flatau P J, Draine B T 2012 Opt. Express 20 1247
Lerme J, Bonnet C, Broyer M, Cottancin E, Marhaba
S, Pellarin M 2008 Phys. Rev. B 77 245406

Li S Q, Qi W H 2014 Acta Phys. Sin. 63 117802 (in
Chinese) [ZEEML, ¥ % 2014 YE4R 63 117802

Yin C, Xu T, Chen B'Y, Han Q B 2015 Acta Phys. Sin.
64 164202 (in Chinese) [B¥, VFH, MR, #iKH 2015
YIFLEAIR 64 164202]

Almpanis E, Papanikolaou N 2016 J. Opt. Soc. Am. B-
Opt. Phys. 33 99

Evlyukhin A B, Reinhardt C, Seidel A, Luk’yanchuk B
S, Chichkov B N 2010 Phys. Rev. B 82 045404

Auguie B, Barnes W L 2008 Phys. Rev. Lett. 101 143902
Agnihotri S, Mukherji S, Mukherji S 2014 Rsc Adv. 4
3974

Fedotov V A, Rogacheva A V, Savinov V, Tsai D P,
Zheludev N I 2013 Sci. Rep. 3 2967

Miroshnichenko A E, Evlyukhin A B, Yu Y F, Bakker
R M, Chipouline A, Kuznetsov A I, Luk’ yanchuk B,
Chichkov B N, Kivshar Y S 2015 Nat. Commun. 6 8069
Rayleigh L 1907 Philos. Mag. 14 60

Hessel A, Oliner A A 1965 Appl. Opt. 4 1275


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1073/pnas.152463399
http://dx.doi.org/10.1021/ac010406+
http://dx.doi.org/10.1021/ac010406+
http://wulixb.iphy.ac.cn//CN/abstract/abstract12564.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract12564.shtml
http://dx.doi.org/10.1038/srep07810
http://dx.doi.org/10.1038/srep07810
http://dx.doi.org/10.1063/1.3483771
http://dx.doi.org/10.1063/1.3483771
http://dx.doi.org/10.1039/C3CP43856B
http://dx.doi.org/10.1039/C3CP43856B
http://dx.doi.org/10.1016/j.solmat.2015.04.019
http://dx.doi.org/10.1016/j.solmat.2015.04.019
http://dx.doi.org/10.1021/ph500412p
http://dx.doi.org/10.1007/s00214-006-0089-1
http://dx.doi.org/10.1007/s00214-006-0089-1
http://dx.doi.org/10.1021/jp0526647
http://dx.doi.org/10.1021/jp0526647
http://dx.doi.org/10.1039/C4AN00978A
http://dx.doi.org/10.1007/s11468-009-9087-1
http://dx.doi.org/10.1021/jp500675h
http://dx.doi.org/10.1021/jp500675h
http://dx.doi.org/10.1364/JOSAA.11.001491
http://dx.doi.org/10.1364/JOSAA.11.001491
http://dx.doi.org/10.1364/OE.20.001247
http://dx.doi.org/10.1103/PhysRevB.77.245406
http://dx.doi.org/10.7498/aps.64.164202
http://dx.doi.org/10.7498/aps.64.164202
http://dx.doi.org/10.1364/JOSAB.33.000099
http://dx.doi.org/10.1364/JOSAB.33.000099
http://dx.doi.org/10.1103/PhysRevB.82.045404
http://dx.doi.org/10.1103/PhysRevLett.101.143902
http://dx.doi.org/10.1039/C3RA44507K
http://dx.doi.org/10.1039/C3RA44507K
http://dx.doi.org/10.1038/srep02967
http://dx.doi.org/10.1038/ncomms9069
http://dx.doi.org/10.1080/14786440709463661
http://dx.doi.org/10.1364/AO.4.001275

) I8 % 4 Acta Phys. Sin. Vol. 65, No. 20 (2016) 207802

Theoretical study on the optical response features of
silver nanoparticles and arrays”

Jiang Zhi-Yu" Wang Zi-Yi? Wang Jin-Jin" Zhang Rong-Jun" Zheng Yu-Xiang"
Chen Liang-Yao' Wang Song-You"?1

1) (Shanghai Engineering Research Center of Ultra-Precision Optical Manufacturing, Department of Optical Science and
Engineering, Fudan University, Shanghai 200433, China)
2) (Key Laboratory for Information Science of Electromagnetic Waves (MoE), Shanghai 200433, China)

( Received 4 March 2016; revised manuscript received 26 July 2016 )

Abstract

The optical properties of nanoparticles and their array are closely related to their surface plasmon resonance of
the particle and periodic structure parameters. In this paper, optical response features of single Ag nanosphere and
periodical two-dimensional structure arrays are theoretically studied. The Mie theories and the multipole resonance
theory are employed in the simulation. For Ag spheres each with a radius of less than 40 nm, one extinction peak can
be observed and attributed to electric dipole resonance. When the radius of Ag sphere is more than 40 nm, apart from
the peak contributed by the electric dipole, there is a peak of extinction at short wavelength, caused by resonance of
the electric quadrupole. Generally, the frequency of multipole resonance decreases with increasing particle radius. The
simulated results are in accord with the experimental data. For an infinite two-dimensional Ag-nanosphere arrays, two
resonance peaks come from the dipole resonance of single particle and the Wood-Rayleigh anomalous diffraction. The
frequency of multipole resonance can be controlled by tuning the size and the periodicity distribution of arrays. This

paper provides a significant method to design advanced nanostructures with particular optical properties.

Keywords: Ag-nanoparticle, periodical arrays, extinction efficiency, multipole resonance
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