Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

ML TR RO S 1% R

BUT ILRR ik Ik AT

Photothermal properties of core-capped gold nanoparticles

Hong Xin Wang Chen-Chen Liu Jiang-Tao Wang Xiao-Qiang Yin Xue-Jie

5| F15 . Citation: Acta Physica Sinica, 67, 195202 (2018) DOI: 10.7498/aps.67.20180909

7E 25 %35 View online:  http://dx.doi.org/10.7498/aps.67.20180909
23N %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/119

EATRERCH B B S &
Articles you may be interested in

ANTR] i THT R K s v T A B0 2% 1)
Anisotropy of melting of Ag nanocrystal with different crystallographic planes at high temperature
YyH%3:.2015, 64(10): 106101 http://dx.doi.org/10.7498/aps.64.106101

B i A B B A KR FR) 52 68 v B 5
Exchange bias effect in single crystalline phase MnO nanoparticles
PP 2EH%.2013, 62(17): 176102  http://dx.doi.org/10.7498/aps.62.176102

RAPHOCIRE No 55 3 TR L SE A8 1T 7T
Experimental study on the behaviors of femtosecond-laser-induced low-pressure N, plasma
YE % 4.2013, 62(4): 045201  http://dx.doi.org/10.7498/aps.62.045201

(5] fei P AR X 28 7 P I PR 52
Effect of cylinder-electrode on magnetoelectric heating of ions
YH % 4.2013, 62(1): 015202  http://dx.doi.org/10.7498/aps.62.015202

BT RABTE e Jo AR R T R TR B A 4D

Numerical simulation on the thermal deposition of optical surface irradiated by low energy ion beam in ion
beam figuring

YE % 4.2012, 61(22): 225201  http://dx.doi.org/10.7498/aps.61.225201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20180909
http://dx.doi.org/10.7498/aps.67.20180909
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract64059.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract55487.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract52373.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract51266.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract50490.shtml

) I8 ¥ 48  Acta Phys. Sin.

Vol. 67, No. 19 (2018) 195202

EXEZRR TRz A S M B

BeET

TRE XIE ImE FFE

(REHE T RS TE B SATREE A S TR, KE  116024)

(201845 A 7 HigH; 2018 4 7 A 14 AURBIME R )

Bt AR G R R R GIORAE IR DG AR TT DL RVRAR UK 2 WA SUSCR AT E A R . 1A
P RS A0 R 5 L 0 T U 45 4 2 ORI RO (i R A5 BBUBR R 1, RT SR ARSI 21 /e BESRAS ELAR
(1 2R AT 5, AT AT A S EIR BE F R RO . AN SOk A BR T T iR T 1 0K M0 R G54 2 500 Hoe 4
RORBOME R, BUE A RE W X 452 BN R U (B 7R R B Fetl Vb Ag & Jm 3R i A o %
A5) T SE IR B A 2 R AR (R PR AS A S T (30°—70°) A AT DR 7 AR IR AR I HE LR M T .
ANGG TGRS TG L K B 6 AR BETT A6 AR BERIT FE 4R it — o AL .

KRR R A5 B ORI, (SIREE ), eI, RS

PACS: 52.25.Tx, 52.50.-b, 61.46.Df, 13.88.4¢

1 5 7
B4 JB Oh K IR R 47 7E R B R T 45 B T

PR IEPRAE I (localized surface plasmon resonance,
LSPR) =31 1 3% B0 H 58 210 1) o 27 05 A i s
P R R T B A G G e 4K 6 5L
B2y O Jf T DO IR B R EE R GRE, R AR
B BTN, W R R B K K i
FEACTFN B O 55, X e S AH 45 Tt 45 8 9 K TR £E
YK AP T AR A B A AT (B R R
77, Bl e Rz 7, gk 25 i B0, S #as
7 A5 LO—18] Rk e 7 i i, — A SR Y ) A
0] v R T 15 4 S M K OB P iR P

W Bt S JE A0 K UKL B B AE AR — A
BREGOR HK, N T B K B YU, I8 SR
7001200 nm PEBLAE A I B w1 D S 2
SR 45 G K SUREL PR R ST e R Y B LA B T
4 J8 AN K BURL K] LSPR 58 2 T ks (1) R) %
DR L ) 2 A Bl A PR, X AE AR ) A% I T T
/B T RZH MM, 5 anis i b i -k
(R A1 s AT 5] RS 22 A B 46 B DR 1) 141 5%, A 0

* [E R HARIESREG (HHES: 31271064) BEHIFIEREL.
T #{E/E#H. E-mail: hongxin@dlut.edu.cn
© 2018 FEYIEF S Chinese Physical Society

DOTI: 10.7498/aps.67.20180909

LSPR W el 2 Az KR J5E 21 7%, {HL 2 2 R840 B/
LA 1D PR WA Ve R W % B B A0 A D BEEI IR R 5
H. B EA N 20 nm 5204 Bk, HIE{E LSPR
WKL N 514 nm, SRT R E RGNS 150 nm K,
H LSPRIEZLF 4 570 nm. Fi T E AR N T
7.5 4%, {E RIS AR iz Xk LUA BT 40 4, L
L7 EARRINR, R R et fe ORI 5 R
AR AR, DT RIS AT A B v I
AL 1 TR I £ R B — R SO BR T RLAR U HE DA
W SR (A 7 VR R e TR T IS5 .
Lo 38 3o 225 ) 2 0P A AR S AR S e Y R
Bl R3] T KE M SGERBE T, S5 8 AR
SEFIFAAEBIT ] T gk 10), gk 16) gk 2 1171
4P AR I P VA R e AR AN S I S T AW (Y
VG i ] D VR TR Y. AE X R v % T S
FAJ P s 27 1 O B SR R, 49 0 L3 RAS L 2 A TR 1 4N
K, X TGRS G MR T, X TR A AT
DA SEZ IR B S K £ %, T L2 B L 5 2 )
AL MO IRIRSTE AT TR K
S R B R R L R S T ) Dt 2 7 200 % g
ST ) A R SES T 8 A L R B 1 i I S Al

http://wulizb.iphy.ac.cn

195202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180909
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 19 (2018) 195202

Jo 2220 AR NS B R R 4 3 B (90°) /SFAT (0°)
T O FR Bl N 7 ) 2 B AN R BB AU A, E 90°
I AT S K B 4T, L JFG R A8 T A X 0° I AT
PR BCE R R, AR TR, R T
AT N TR RS SHCE N, A AELT s
P BRI R RO £ NIRRT 2H R B 51
iR TEMAERC AR R TEREZ P P2
EIRP R RBEARN K E, ABRE e
MIRE R R RN I 7. BT, SSOEIE . &0
KA I B I A I A (201, (LRSS 5 A 11 '
PR R AR SR A

B < N KDL A i P 1 o AN AR T
L FR IR ST T A, T LI 0L IO 454 A Bl A
JRER RT3 NI G IR R IR B <5 PR 3R IR
FetE 5 4 S HOL R POGE T BRI RGP, 505
e 25 AL R T 1R I PR A £ AN WRAURS 016 A B e fe 2
TR R T GRS H. G SRR AT A U2
DAZE g B — [ S B AL 7 R ST, X T4
PR A5 1A SR AR B Y, 20t A e A
& PO Oy, ASCHE T A BRIGEFIH COMSOL
B BB 23 BT 6 D5 VR AT 5 55 M 95 40 1) Ol A
Bl 4540 2 AU AL TR T Si0,@Au K
RRURL R 6 AR IR, SRIC T R e Dl 2 AR P BB 4K
WS (BREEFEE. SRl SR &ERm
T i A ) ARG, W] OGRS A T ik
SEMEEEARTE; JFXS BRI G KURL 52 9K TR |
SO R 20 R ORE A % < 490 K K DU b 9 K 5 R F) Dl
TR JFEAT T EOBL. AR ST T IR A B 44 K R 1 5
TS 15 P A 6 FA2 Ty AT B ) HEA AN N
A,

2 WHET®
2.1 ERMRFRAKRMERBHE

£ LSPR A HOG IR T, )8 40K Bk B A
5 1 R, TR AT DR AR S B AR T 40 K AR
PR, e ) AN K R AR

% @ YK UKL (1) 6 R e T 22 P ] DA R Wi A
[l O aps 7N

P = O'absjy (1)

RH, TRANICHRE.
S5z R AN K URE A B 17 2 th A DU xS

IR IR AT 255 B g (r) (RUARFR AR 315 21, /P
P= /q(r)dv. (2)

G B 208 K SBUR P9 4 1 B 0 K 2 U A
T(r) RIETHYBOT LR, B

V- [5(r)VT(r)] = —q(r) BRI, (3)
V- [5(r)VT(r)] = 0 Hkish, (4)

Horfr, w(r) AT FRHIHL, X T E4208 RER
TEARRRL, FR LT iRy ATnp AT AR

AT(’I“) = ATNP§, r> R, (5)
AT(T) ~ ATnp, T < R. (6)

5 A (3) 73 31 10 4 8 oK ks N 358 1 A4 1) 3%
B PE AT AN I, B SR BT ERFT AR B PR B A 5
H AT FRE I/ T 2 B YUK R T 2 By
L4 J& 9K URL PN 50 13 T DU R Y AT,
LR T 9 K S L P T v AT DAL e oy 20
P Tabs
Al = ATk R 4nZSR’ (™)
Hr g AR TSGR, (7) EH TERIE9
KR, ERX T IR BB 2 ARGIK S5, %
FEFT A FE A, Nk, AT AR CEE T H
BTV, THR R 255 B TR GRS i v e o A
N FLBE R ARk

2.2 HERR

AIEETAH R It 2 W30 734+ COMSOL
Multiphysics 14 #4% #3340 K
TIURE B D' B0I0 FA I . ) T e W AT e A A A
B3 TH L T ORI 5 ON S AR ELAE F I 7 A Y
JEW S ) ZE AR BE Ay A, A, NG RR
N1 mW /um?, JEIREAATH#ETE F Y 500—900 nm,
Jel FE A R B K. AR BT A, K A
FYN1.33, SIS Bl K R AR 9] R AR A,
FEAT E P, <A A A R ) 47 5 3R ] COMISOL
FHEHZEH ) Au (Johnson) F1SiO5 (Gao) EREL k15
TEAY A EE B A1 N _E PML WS d 57 5% 1k e —
UCHIUR 005 A5 R AT BB AR £ 1 LY
T A B8 TG o Ry R, B 1 DY TR g, — A
FICN BT ) B KR B LA AR, BT LI RE
FE T BROR Z R, b, Mg R 5 R
BIRR A R, i EARMBBATEEA, bk

195202-2


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 19 (2018) 195202

TR PE K EAE 25—49 nm Yu A, IR R RS B /s
F12.5 nm. 8 R 5 SCARURS ) 8, AR S i
KA A IC R E NS nm. BT RARRI mE 1 (a)
RN, A VB s R AR A2 S 508 T
#1027

F AR b R O RR A

Table 1. Material thermal properties used in the heat

transfer model.
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Fig. 1. With different polarization excitation, the core-
capped nanoparticle: (a) Absorption power spectrum
on y-axis incidence; (b) absorption power spectrum at
oblique incidence; (c) absorption power and tempera-

ture change curve on y-axis incidence.
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Fig. 2. Photo thermal effect of core-capped nanoparticle in water: (a) Electric field intensity nor-

malized to the incident field; (b) current density distribution; (¢) thermal power density distribution;

(d) temperature distribution at resonant wavelength.
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Fig. 4. Comparison of photothermal properties of solid sphere, core-shell structure, core-capped structure and gold nanorod.
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Fig. 5. Temperature curves of solid sphere, core-shell structure, core-capped structure, and gold nanorod: (a) Along

the z-axis; (b) along the z-axis.
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Abstract

Photothermal effects associated with noble metal nanostructures have shown wide potential applications in photo-
thermal cancer therapy, photo-thermal imaging, nanomedicine, etc. These applications benefit from the localized surface
plasmon resonance (LSPR) effect of the nanoparticles. Due to the LSPR effect, the nanoparticles exhibit unique optical
properties such as strong scattering and absorption in the band ranging from visible to near-infrared region. The
absorption enables the plasmonic nanoparticle to be a thermal source to increase the temperature of itself and the localized
surrounding environment. Among these particels, the anisotropic core-capped nanostructures distinguish themselves by
their strong polarization selectivity. The absorptions are different when the incident light is polarized in the directions
vertical (90°) and parallel (0°) to its symmetry axis, respectively. At 90°, a large red-shift can be achieved and the
absorption cross section is greatly enhanced. Moreover, their absorption peaks can be flexibly manipulated by slightly
adjusting one of the geometrical parameters. However, the photothermal responses to these parameters are left blank. In
this paper, photothermal effects of SiO2@Au core-capped nanoparticles are studied based on the numerical finite elemental
analysis method (COMSOL software). The thermal response to each of the paramenters, including shell thickness, core
diameter, core-shell ratio, and metal surface coverage is achieved. The calculation shows that the temperature of these
core-capped nanoparticles can be adjusted efficiently in the near infrared band by easily rotating the polarization, i.e.
slightly adjusting the geometric parameters. Especially in a range between 30° and 70°, the temperature varying with
the polarization follows almost a linear relationship. The comparisons with other popular structures including solid
sphere, core-shell and nanorod are also made. The results indicate that at a similar size, the core-capped structure can
offer a higher temperature than solid spheres and core-shell structures. To obtain the same temperature variation, the
core-capped one has a smaller size than a nanorod. The comparisons demonstrate that the core-capped structure can

be an alternative to a high-efficient nano heat source in the photothemal applications.

Keywords: localized surface plasmon resonance, core-capped structure, photothermal properties,

polarization
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