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Fig. 1. The device for photo-thermal measurement.
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Fig. 2. (color online) TEM images of gold nanostars prepared by light irradiation at different wavelengths:
(a) 350 nm; (b) 450 nm; (c) 550 nm; (d) 650 nm; (e) no light irradiation; (f) absorption spectra of gold

nanostars prepared by light irradiation at different wavelengths.

R AFPACIRI ] & 2K 2 R
Table 1. The branch-lengths of gold nanostars prepared by light irradiation at different wavelengths.

IR /nm 350 450 550 650 TootkE iR

SFIBALA BE /nm 10.98 4 2.00 14.75 4 2.00 17.82 4 2.00 14.05 4 2.00 21.56 + 2.00
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Fig. 3. (color online) (a) Absorption spectra of gold
nanostars at different time under 350 nm light irra-
diation; (b) relationship between the absorption peak

position and the time in (a).
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Fig. 4. (color online) (a) Growth of gold nanostars;

(b) TEM image of gold nucleation; (c¢) molecular for-
mula of HEPES; (d) high resolution image of gold

nanostarbranch.
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5 (MTIRE) SRR AR R A
Fig. 5. (color online) Shortening model of gold nanos-

tar branch length.
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Fig. 6. XRD patterns of gold nanostars.

F2 S (111) 5H AR 2
Table 2. Ratio of (111) crystal plane intensity to in-

tensity of other crystal planes.

Wavelength/nm  (111)/(200) (111)/(220) (111)/(311)

No irradiation 2.43 5.18 6.10
350 2.87 5.43 6.03
450 2.31 4.45 4.53
550 2.65 6.69 7.56
650 3.27 7.59 7.96
1.0+
(350, 0.92)
0.8 |
)
5 0.6}
£
g s
S |
< 04f (450, 0.3) |
(550, 0.29 §
0.2} ‘
I I P L

PR
300 400 500 600 700 800 900
Wavelength/nm

7 TOOUHRIE R AR R RSO
Fig. 7. Absorption spectrum of gold nanostars without

light irradiation.
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Fig. 8. (color online) (a) The heating curves and (b)
the cooling curves of pure water and different gold
nanostars prepared without irradiation and under ir-
radiation at 550, 450, 350 nm wavelengths.

B8 (a) & 0T 7K, TG 648 HE i 2% 1) S 40 K 2 DA
43 B 550, 450, 350 nm Y64 & 6 % 1) 490
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K8 (b) fizr. B8 (a) AT LLTE VA IR B 1138
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PEEIRROR ) WIER 3 Fion. WX 4 gk R 1A
R P B TG 4 3038 I I A o8 B 0 1 46
AP NP R SV T

23 FIZLEE % SRR HC A R

Table 3. Photothermal conversion efficiency of gold

nanostars prepared under different conditions.

N
350 nm 450 nm 550 nm © Water
irradiation
/ﬁﬂ 10.98  14.75  17.82 21.56 0
K /nm
S
7‘5%?& 99.1 70.1 58.4 49.1 29.6
A%
4 #

K GAE R Bh i % S9PK R, 13RI &gk
BB B R T o ehR IR S 9ok B R B, A
I % K B R IR SRR T P R FE AN R AR
IR b 3BT T ok B A AR Ak A 3t
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1) il & i FE h & 9K A A DT e AR K J5 AR
TR, 8 B 2 b v] 15 3 A KA A

2) ARG EE IR & AF T3 21 & 90K B ALK
FEA 72 5, TR PRI AT DLUE 45 50 AR AR i KT ok
FE 2R

3) M2 HER 1) % 4 0 K B TR A TR 4 ALK
A DS I S R 3 I 4
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Abstract

Gold nanostars are multi-branched nanoparticles with tip structures. Nanostars have excellent photoelectric prop-
erties, which make them able to be used in a variety of optoelectronics devices. Moreover, these stars have good
biocompatibility and low toxicity, which opens broad application prospect in the biomedical field. Gold nanostars with
admirable optical as well as thermal properties, are thought as a good candidate in cancer treatment that is a hot research
topic in recent years. Gold nanostars with different branch-lengths were prepared by the photo-assisted method, and the
effect of light was well studied in relation with gold nanostar branch-length. In the solution system, HEPES was used as
the reducing agent, stable agent and shape-inducing agent. Under light irradiation, a certain amount of chloroauric acid
solution (HAuCly) was added to the HEPES solution. After a period of time, gold nanostars were prepared. Different
wavelengths of irradiating light were selected in this experiment. The wavelength has different effects on the growth of
branches associated with gold nanostars. The transmission electron microscope and the ultraviolet-visible-near infrared
spectrophotometer were used to analyze the morphology and absorption spectra of gold nanostars. Meanwhile, a nano-
measurer software was used to determine branch-lengths of gold nanostars under light irradiation of different wavelengths.
The results indicate that the branches of the nanostars under irradiation were shorter than those of nanostars without
irradiation. Different branch lengths correspond to different irradiation wavelengths. Based on these results, the physical
process of shortening nanostars branches was analyzed, and a theoretical model of changing branch-length in the process
of light-induced nanostars growth was proposed. The model indicates that there are two steps when the branch-length
is changing. Firstly, the branch-length grows longer with the overall growth of the nanostar. Secondly, the nanostar
becomes shorter because of the insatiability of HEPES molecules that are adsorbed on the nanostar surface with the
increasing solution temperature. Through a photothermal measurement, a xenon lamp (wavelength 670 nm) was used
as a light source to measure the temperature change within 30 min, and then the photothermal conversion efficiency of
the gold nanostars was calculated. The results show that the branch-length of gold nanostars can be precisely controlled
by light irradiation with slight variation in wavelength. The photothermal conversion efficiency of gold nanostars can

also be regulated.
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