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Double Fano resonance in gold nanotube embedded with a concentric elliptical cylinder

Zhang Xing-Fang  Liu Feng-Shou  Yan Xin  Liang Lan-Ju  Wei De-Quan

5| {5 B Citation: Acta Physica Sinica, 68, 067301 (2019) DOI: 10.7498/aps.68.20182249
TELERE View online: https://doi.org/10.7498/aps.68.20182249
AN View table of contents: http://wulixb.iphy.ac.cn

LT RERGBR A HAN S R

Articles you may be interested in

D3hFID4h%F B MOTH /> T 1 Fano JLAROGIE 1) T4 4 e B

Subgroup decomposition analyses of D3h and D4h plasmonic metamolecule Fano resonance spectrum
YIH~A4. 2016, 73(5): 057302  https:/doi.org/10.7498/aps.65.057302

FEIRBEERIURE ) Jr sk T 25 B ot R SR80

Localized surface plasmon resonance and the size effects of magneto—optic rods

YIBR2EA. 2016, 73(11): 114202 https://doi.org/10.7498/aps.65.114202

GRS FELEAS A AR 4 Jy R T 45 B O IR AR P 0

Simulation of localized surface plasmon resonance of hexagonal Ag nanoarrays and amorphous oxidized silicon nitride
PIFR~FA. 2015, 72(17): 177301 hitps:/doi.org/10.7498/aps.64.177301

JE 1B JCAE P R B SR A ) 2 T A5 B O T AR R A 2 1)

Effect of annealing treatment on characteristics of surface plasmon resonance for indium tin oxide
YrH2E 4. 2018, 75(17): 177802  https://doi.org/10.7498/aps.67.20180435

BIRENKAE S5 R A BB A IR

Effective wavelength and resonance characteristics of carbon nanotube optical antenna

PrPeEd. 2016, 73(9): 097801  https://doi.org/10.7498/aps.65.097801


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20182249
http://wulixb.iphy.ac.cn

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 067301

[ /o4 [

K VAT xR

-NARE LEHIRINE Fano iR

] 7 1)

R=40  HfEah

1) (EAAEBOGH TR, HE  277160)
2) (IWARA MBS BRI =, ®T 277160)

(2018 4E 12 [ 22 HUkFl; 2019 4F 1 A 16 HUEEMH)

ST — ol O W 0 R -8 K A8 O 5 5 A A < AR A TP A T T B A AR R, R IR A BR 22
IMET T RSE S8 T BRGSO A AR R R Z S5 R G 2 PR A S ) 5 R SR I, 801 A [ A8 e
2 ey JEE T A UEE R (A Fano JLAIR , JH: 32 B o 0 150 85 6y A i) sl i £ A IR ABE 215 A O 0 i A
S 1z S R A X 2% A T R ) o A S S BSR4 AR A 7 A 1), LR AR T
AT AR B RS 2R ) AR I8 A Tl il 4 094 DR T £, o A DK A A G 18 O o A RS sl s
552 , 4 A0 KA A3 RIS R Fano JLIRFEE 2045, I Fano LR Yo B HEL1 8%, [A] i HLXS Sh J 36 55
F4 728 A AN R B0 94 0K A P AR AR A A A S Bt 7 ) A BT 2R A BRI N I R AT TR X
BE 25 R ] Dy Fay s A S T ) 2 30 Bt Fano 34 — 48 ol — HEAR S5 S AL — Fo i 7 5K

S SR FRHOT, Fano JE, 4UKTE, MEBUA 2k

PACS: 73.20.Mf, 78.67.-n, 78.68.4+m

1 5 =

B IR AUOK G TERS E SR AR T 742
A R T 25 B O CHARBLS, BAT X AGHER
(14 5 WS RSS2 i 3 T B Jmy B 7 486 500 25
P, TEARARAR R AR BTT | AOE T a0 55 D7 HI
2Tz I8 MR, R S Ak,
TS Z R HED T 30 AR R S A S A b5 45
IR . ARG IE T, QKRG 1Y Ja) dal 4 T 2
B OCIIR Z )36 Al A EAR TP A2 Fano 3LR%K
IO, ARG PR B ARy B AE XS BRER L. HRTT, AT
HAMNEAEZHERAKREHH R T Fano 24k
G, WK IR B0 GR 22 ke 10 5
BARXI BRI ORI =141 GRS AR 191
BRAN R G5 ey (0] 26 T s S B BB 58 B AN e

DOI: 10.7498/aps.68.20182249

2333 Fano 4RG> A4 17,

I JLAER, AR IRES M h T HER A B ot
YRR T 45 | Fa I BT A S T 2 3R AR AR
SELE T TR O 1319 IF 5 3l K 9ok 48 R
T AT 2O gtk 21 By 22 SR AR A B2 AT 5, sl ]
BTG PERT. Fano LR IIGAE G KB IR G5
AT IE, AR FH A D 75 A R A RERR R O RBER
HEEA N R 725, AT LAUK i Fano 3t
P 2324038 P ELANOK A ZRAK R Fano MR A A2
T 201 BOR FH A% 1) S DA A ORI A
P77 R R Fano FRR 2627 55 ARSI T —
o422 Ja KA TP N TR A0S 9 [) 0 B2 5 254
Tt A D SRR T, AR R [R5 Je il )
AR RRCAZ A T S BB A A - (i Fano FE4ik, IR0
AEEARRZS) (finite difference time domain, FDTD)
AT ERESE, S0 T A S SR A S

*E R H AR S (S 61701434), LA HARKES (LS : ZR2017TMF005, ZR2018LF001), 11448 & S p A B -5l
(S JITKA087) AL ADLALE BIIREA RS TN a1 F A S0 3 W B i R

t BIEMEE . E-mail: zxf4114@126.com
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

067301-1


http://doi.org/10.7498/aps.68.20182249
mailto:zxf4114@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 067301

AP REXT Fano JLIRAYEZIR . WFTE4E R n] e 94
KT TR FFTEAR A M E A EE 1 .

2 HEpMA

P AAE H PN R (B TR A s 18 TR) O A 5 A A
RURBEWE 1. EAETE 205 m TR K,
WA A A 5 a, b, HAK A S 2 3l 2
M0, PRE NN R v, R, H T
L. BRI GORE N B 522 4 T8 T B A B
B BT B R er, eo, e3Mley. T o BHIE ]
NG, AR DT U g Bl AR A ARG
ik FDTD J7 i RO 4045 2] FEA SO,
[ S R K A T2 R MBSl 4, FEA fL s 400
HTFEZE R 2. FDTD FBHUX AR/ NA 3000 nm x
3000 nm, FIAEKTEE N 1 nm, I E 5L ICEE N
FAAF LR S B S IR 2. TE e 0T, 8L
S W ST AT A9 A SR g B K ) A B B
W% (W/m) 5 A G (W/m?) Z I,
A R .

PL1 AR ES-A0OK A5 8]0 52 6 A5 R TR 7 7
Fig. 1. Geometrical structure of Au elliptical cylinder-nano-

tube concentric nanostructure.
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Fig. 2. Relationship between absorption (dotted line) and
scattering (solid line) spectra of gold nanotube composite
structure and rotation direction of the elliptical cylinder

core.
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Fig. 3. Plasmon hybridization in a nanotube composite structure. Scattering spectra for (a) SiOy-core Au-shell nanotube in vacuum,

(b) composite structure and (c) Au elliptical cylinder embedded in SiO,. Inset shows the surface charge distributions at the corres-

ponding resonance energies.
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Fig. 4. Scattering spectra of nanotube composite structure as a function of the semimajor axis a. Inset shows electric field distribu-

tions corresponding to each peak in the scattering spectra, the numbers in white indicate the maximum electric field enhancements.
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Fig. 6. Scattering spectra of composite structure with differ-
ent (a) R and (b) 7.

400

350

300

250

200

150

U /nm

100

50

Z?OO

800 1000 1200 1400 1600 1800

Pk /nm
7 BYUREE S ST HUR 1 R A R A2 Al
Fig. 7. Scattering spectra of nanotube composite structure

scaled to different sizes.

AL, GOREEA SR RT3 K}, Fano JLRREZ
I, HOGIESRAER K, Y 1.5 %I FEZY 660 nm
LI T U Fano L4, 40k g Fy s A R <
RS 5IRA B T L2, 90K v,

(a)
eq4=1
g4 =1.77

64:2

1150 nm

U #EE /nm
z

1000 1200 1600 1800

1 /nm

600 800 1400

250

200

[y
[
(<=}

T /nm
g

50

._ 1524 nm

0 1 1 1 1 1 1
400 600 800 1000 1200 1400 1600 1800

H1/nm
B 8 AL (a) SPFLIAET o F1 (b) YUK E WA KL &2
22 4k

Fig. 8. Scattering spectra of composite structure with differ-
ent (a) es and (b) eo.

067301-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 6 (2019)

067301

317 406 nm, M Fano 24 M 830 nm #3h &
1524 nm, F VL EE 694 nm. PEAAILYKRE RS
SRS N IR A 0 B RS, (B A A
(AR FEATC R, T AFAERR ARV E F 3T 5 3845
SRR B

4 % b

KHI FDTD J5ik, BF5E 1 B A - oK A
[f).0 52 B S DG A T, 2B T 45 RTS8
WNAZAT RSN LR S5 3 5 0 Kok B R S e e I 1)
X Fano FEHRHFFMERSZ M. 45 R R0, 3830 % 4 5
AR e 2 B2 AR, TR U A AL -
8% Fano &4, JCrh i 4wy (4R 5) B di i
[0 P R R AR AT 25 P R A A M S Bl (o
) BRI A, PIAE Z A 45 5 i Fano 3k
fig. AR EARAT Fano S 32 At il sl 4 il
K, BIBEIh el i 1 R T LLRS HOG % e A2
/N, BEAKAE S R e (A RS N IT #2224
UK AR AE I, @A Fano Jh4R BAIHLLF
43 Fano L% W) 5 W B 2145, [ B 2 B A
Fano 4% 4 FL 2058 (19 28 LA B0k, (E ARk
BN BTSRRI RELLRS , U
1% 406 nm/RIU Fl 694 nm/RIU. iZZ5H) A
W Bt Fano 4R AT I8 A 4F 5, PO A9 i A AU Y
Z Bt Fano LR 4k ol = E9R G5 A HR It —Fhopr
=

S2% 30k

[1] Liang HY, Wei H, Xu H X 2016 Front. Phys. 11 117301

[2] Chen W, Hu H, Jiang W, Xu Y, Zhang S, Xu H 2018 Chin.
Phys. B 27 107403

[3] Halas N J, Lal S, Chang W S, Nordlander P 2011 Chem. Rev.

[29]
(30]

(31]

067301-6

111 3913

Hao F, Nordlander P, Sonnefraud Y, Dorpe P V, Maier S A
2009 ACS Nano 3 643

Li J, Liu T, Zheng H, Dong J, He E, Gao W, Han Q, Wang
C, Wu Y 2014 Plasmonics 9 1439

Sonnefraud Y, Verellen N, Sobhani H, Vandenbosch G A E,
Dorpe P, Nordlander P, Moshchalkov V V, Maier S A 2010
ACS Nano 4 1664

Sanchoparramon J, Jelovina D 2014 Nanoscale 6 13555

Ho J F, Boris L, Zhang J B 2012 Appl. Phys. A 107 133
Pena-Rodriguez O, Rivera A, Campoy-Quiles M, Pal U 2012
Nanoscale 5 209

Zhou H, Gao D, Gao L 2018 Plasmonics 13 623

Shao L, Fang C, Chen H, Man Y C, Wang J, Lin H Q 2012
Nano Lett. 12 1424

LiJ, GuY, Gong Q 2010 Opt. Ezpress 18 17684

Ci X, Wu B, Song M, Liu Y, Chen G, Wu E, Zeng H 2014
Appl. Phys. A 117 955

Yang Z J, Hao Z H, Lin H Q, Wang Q Q 2014 Nanoscale 6
4985

Cui Y, Zhou J, Tamma V A, Park W 2012 ACS Nano 6 2385
Fang Z, Cai J, Yan Z, Nordlander P, Halas N J, Zhu X 2011
Nano Lett. 11 4475

Zhang S, Bao K, Halas N J, Xu H, Nordlander P 2011 Nano
Lett. 11 1657

Velichko E A, Nosich A I 2013 Opt. Lett. 38 4978

Yu H Q, Jiang S M, Wu D J 2015 J. Appl. Phys. 117 153101
Cong C, Wu D J, Liu X J 2011 Acta Phys. Sin. 60 046102 (in
Chinese) [AME, 2 KEE, XIBEIR 2011 P)FE~44f 60 046102

Xu H, Li H, Liu Z, Xie S, Fu S, Zhou X 2012 Opt. Commun.
285 3202

Zhu J, Li J J, Zhao J W 2013 J. Phys. Chem. C 117 584
Zhang J, Zayats A 2013 Opt. Express 21 8426

Wu D J, Yu H Q, Jiang S M, Wu X W, Liu X J 2014 Sei.
China 57 1063

Wu D, Jiang S, Cheng Y 2012 Opt. Ezpress 20 26559

Chen H L, Gao L 2013 Opt. Express 21 23619

Gao D, Gao L, Novitsky A, Novitsky A, Chen H, Boris L
2015 Opt. Lett. 40 4162

Taflove A, Hagness S 2000 Computational Electrodynamics:
the Finite-Difference Time-Domain Method (Vol.2)(Boston:
Artech House) pp75—85

Johnson P B, Christy R W 1972 Phys. Rev. B 6 4370
Mukherjee S, Sobhani H, Lassiter J B, Bardhan R,
Nordlander P, Halas N J 2010 Nano Lett. 10 2694

Pan T T, Cao W, Deng C S, Wang M, Xia W, Hao H 2018
Acta Phys. Sin. 67 157301 (in Chinese) [#EEE, B 3¢, X%
My, FE AR RE 2018 HrEEAR 67 157301


http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1007/s11467-015-0524-7
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1088/1674-1056/27/10/107403
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/cr200061k
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1021/nn900012r
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1007/s11468-014-9761-9
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1021/nn901580r
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1039/C4NR03879G
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s00339-012-6757-1
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1007/s11468-017-0553-x
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1021/nl2041063
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1364/OE.18.017684
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1007/s00339-014-8479-z
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1039/c3nr06502b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nn204647b
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl202804y
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1021/nl200135r
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1364/OL.38.004978
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.1063/1.4918310
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.7498/aps.60.046102
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1016/j.optcom.2012.02.052
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1021/jp310676s
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1364/OE.21.008426
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1007/s11431-014-5544-y
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.20.026559
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OE.21.023619
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1364/OL.40.004162
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1103/PhysRevB.6.4370
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.1021/nl1016392
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://dx.doi.org/10.7498/aps.67.20172582
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 6 (2019) 067301

Double Fano resonance in gold nanotube embedded with a
concentric elliptical cylinder”

Zhang Xing-Fang"?? Liu Feng-Shou Yan XinY? Liang Lan-JuY? Wei De-Quan"

1) (School of Opt-Electronic Engineering, Zaozhuang University, Zaozhuang 277160, China)

2) (Laboratory of Optoelectronic Information Processing and Display of Shandong, Zaozhuang 277160, China)

( Received 22 December 2018; revised manuscript received 16 January 2019 )

Abstract

Optical properties of the concentric composite nanostructure composed of gold nanotube around the center
gold elliptical core are investigated based on the finite difference time domain method. According to the
simulated absorption and scattering spectra, electric field distributions and charge distributions, we can
generate double dipole-dipole Fano resonances by adjusting the angle between the elliptical cylinder core and
the linearly polarized excitation light, which is due mainly to the interference between the subradiant dipole
mode and the superradiant dipole mode. The narrow, low-energy subradiant mode originates from the
symmetric hybrization between the longitudinal or transverse dipole mode of the elliptical cylinder core and the
dipole bonding mode of the nanotube, and the broad, high-energy superradiant mode originates from the
symmetric hybrization between the core’s dipole mode and the nanotube’s dipole antibonding mode. Moreover,
the intensities and spectral positions of the two Fano resonances can be manipulated by modifying the
geometric parameters of the composite structure. By increasing the semiminor axis of elliptical core, the high-
energy Fano resonance red-shifts faster than the low-energy Fano resonance due to the increase of the
interaction coupling between the transverse dipole mode of the core and the dipole mode of the nanotube, and
becomes weaker in the scattering spectrum because of the reduced radiation intensity of the superradiant dipole
mode. When the semimajor axis is changed, a similar phenomenon occurs in the low-energy Fano resonance. In
addition, the two Fano resonances red-shift when outer radius of the nanotube increases, but the shift of low-
frequency and high-frequency Fano resonance are inconsistent as the inner radius of the nanotube changes. The
high-frequency Fano resonance red-shifts monotonically while the low-frequency Fano resonance first blue-shifts
and then red-shifts with the increase of inner radius of nanotube because the red shift of the dipole bonding
nanotube mode competes with the spectral shifts induced by the diminishing hybridization between elliptical
core and nanotube mode. It can also be concluded that the dipole-dipole Fano resonances become apparent and
higher order Fano resonance occurs when the composite nanostructure is scaled to a larger size due to the
increased radiative damping. With the core and nanotube size fixed, Fano resonance is insensitive to the change

of the external environment, but has a good response to the nuclear material of the nanotube.
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