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In this letter, gold nanoshells with a size 620 nm were prepared by a wet-chemical synthesis
method and the surface plasmon absorption band of gold was tuned from visible to near-infrared.
The gold nanoshell hydrosol demonstrated excellent photothermal conversion property. The
temperature of the hydrosol was increased to as high as 30 °C under exposure of an 808 nm
coherent diode laser with a powder density of 5 W#cifhis kind of gold nanoshell hydrosol is
promising for use in biomedicine through photothermal conversio20@5 American Institute of
Physics[DOI: 10.1063/1.1874308

Noble metal nanostructures have been the focus of studfpr 10 min. Then, 1 ml of fresh NaBH(0.01 mM was in-
for many decades because of their use in real or potentigécted. The color of the solution changed to dark yellow
applications, such as catalysis, photography, optics, electroimmediately. Then, the solution was stirred for 30 min until
ics, optoelectronics, information storage, biological andthe color was stable. After that, 20 ml above solution was
chemical sensing, and surface-enhanced Raman scatterihgated at 100 °C in a 250 ml flask and refluxed for 10 min
(SERS.12 It has been demonstrated that the intrinsic prop-before a specific volume of 1 mM HAuE(99.9%, Aldrich
erties of a metal nanostructure are closely related to thaequeous solution was added dropwise. The color of the so-
shape, size, and structure. The nanometer noble metals witiition turned from yellow to green and then gradually blue.
various kinds of shape have been prepared, such abhe reaction mixture was refluxed for another 20 min until
nanospheres, nanorod$,  nanobeltS,  nanodisk$, its color became stable. Vigorous magnetic stirring was
nanoprisn, nanotubes, nanoshells, nanobo%emd nano- maintained in the entire process. The products were cooled to
capsules, and their intrinsic properties were widely studiedroom temperature and deposited for at least 6 h before mea-
Among them, colloidal hollow goldnanoshells have been surements.
studied extensively in recent years due to their special optical The absorption spectra were measured with a Shimadzu
properties and promising applications in biomediclithe  UV-3101PC ultraviolet visibléUV-VIS) NIR scanning spec-
strong surface plasmon absorption band for gold nanoshellsophotometer. The morphology and size of the particles
can be tuned from visible to the near-infrar@lR) region  were observed with a JEM-2010 transmission electron mi-
of 800—1200 nm, where the transparent window of biologi-croscope(TEM) (JEOL Company, Japanin the photother-
cal tissues is located. Using moderately low exposures of mal conversion experiments, different volumes of gold
extra corporeally applied NIR light, the nanoshells injectednanoshell hydrosol with an absorption peak -©800 nm
into the tissues of a body can be used to deliver a therapeutiSample d in Fig. Pwere diluted to 2 mL by distilled water
dose of heat to kill the sick cells. Thus, gold nanoshells havén a culture dishwith a cross section of 2 chand height of
become an ideal candidate for photothermally trigged drud.8 cm). The solutions were exposed to a B-TEC-30-01 elec-
releasing in tissues. In 2003, Halasal reported the ap- trically cooled coherent 808 nm fiber-coupled diode laser
plication of gold shells packed on SjOnanoparticles (made by Changchun Institute of Optics, Fine Mechanics and
(100 nm to thermal ablative therapy for cancer. Later, SunPhysics, CA$ with an irradiation area of 2 cfrand power
et all? reported the preparation of hollow gold nanoshellsof 10 W. The temperature of the solution was detected with
with a size of~50 nm and their NIR absorption properties. the NRL-002 sensitive thermal detecttmade by Chang-
In their preparation, polyvinyl pyrrolidone was used as a chun Maida Co., Ltd. of ChinaThe experimental equipment
capping reagent and a high preparation temperature was reras drawn in Fig. 1.
quired. Here, we present an easier way to synthesis Au Figure 2 shows the absorption spectra of silver nano-
nanoshells with a size of 20 nm along with their excellent spheres before and after a reaction with different volumes of
photothermal conversion properties. The shells with aHAuCl, solution. As seen, the silver nanoparticles exhibited
smaller size should have better stability in solutions and an intense and characteristic surface plasmon absorption
better metabolic property in the body. peak at 400 nm. As a small volum®.3 mb) of HAuCl,

First, spherical silver particles were prepared by the consolution was added, the intensity of the 400 nm band de-
ventional method? In the preparation, 0.25 mL AgNO creased, while two bands at 450 and 700 nm appeared. With
(0.1 mM, Aldrich) was added to 100 ml deionized water andthe increase of HAuGI(0.5 mL), the band of 450 nm de-
0.25 mL citrate(0.2 M) was added in the mixture and stirred creased, while the band of 700 nm increased and redshifted.

For Sample d, the band at 400 nm nearly disappeared and the

author to whom correspondence should be addressed: electronic maiRPSOrption peak shifted t&800 nm. The shift in peak loca-
songhongwei2000@sina.com.cn tion was attributed to the increase in void size and the reduc-
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FIG. 1. Experimental setup for the measurements of photothermal transfer
(a) 800 nm laser(b) culture dish,(c) gold nanoshells hydrosolg) thermal
detector,(e) thermal detect controller.

tion in wall thickness for the shellsThe spectral changes
were consistent with the formation of seamless Au &
nanoshells. For Sample e, a band at 530 nm appeared, whicj
was the characteristic surface plasmon band of E;@lsl.the
HAuUCI, solution is excessive, the gold nanoshells were de-
stroyed and gold nanoparticles were formed.

It was reported that during the forming process of a gold
nanoshell from silver nanospheres, the chemistry reaction dfiG. 3. TEM images taken from silver nanospheres before and after a re-
Ag"'Cl‘_,AgCl occurred. For the solublllty, the product of action with different yolumes of 1 mM HAUquUeOUS solution@) 0 mL,

AgCl is raised with temperature due to a positive enthalp t|>) 0.5 m'&.’ﬁa”o‘.’v pointto e and ';1""" point to pinhofe) 0.7 mL, and(d)

for the dissolution proce§§.The silver chloride formed in electron difiraction image of nanoshetls.

this redox reaction should be completely soluble in water ) )
under our experimental conditiof800 °C, refluxeyl This exhausted. As the redox reaction was complete, thg particles
process can be observed by the following TEM images. FigVere hollow. The central portion of each Au particle was
ure 3 shows TEM images of silver nanospheres before antghter than its edges as a result of their difference in electron

after a reaction with different volumes of HAuCFrom Fig. ~ attenuation. The reaction between Ag and HALI€d to the

3(a), it can be seen that the silver resultants yield Veryformation of gold shells around silver templates, and the size

smooth nanospheres with sizes of 10—20 nm. From FigsVas consistent with the size of Ag particles. Note that the
3(b) and 30), it can be seen that after these Ag nanoparticle§0!d nanoshells exhibited a combination of morphologies
reacted with HAUGJ, nanoshells formed and Ag oxidized similar to that of silver templates, and all shells in the prod-
gradually. As shown in Fig.(®), there were some pinholes UCt Were characterized by smooth surfaces. The lattice con-
in the surfaces of the shells and some shells had cores in tant was calculated fr'(g)\m an electron diffraction patfeee
middle (as labeled by an arrowThe cores were the silver Fi9- Ad], to be 4.078 A. This value was in agreement with
nanospheres that were not oxidized and the pinholes were 8¢ JCPDS(Joint Committee on Powder Diffraction Stan-
channels by which the Agwvas effused out. Figure(® dem- dards standard cardfile no. 04-0784 and indexed to face-

onstrates that with the increase of HAyClhe silver was centered cubic.
Figure 4 demonstrates the temperature of the NIR-

irradiated hydrosols containing Au nanoshells versus time. It
can be seen that heating occurred immediately when the

2.51 808 nm laser irradiated the sample. Initially, a rapid tempera-
ture change occurred, followed by a gradual variation. Such

2.0 a significant variation within a brief period was attributed to
= ; intense localized heating before thermal diffusion. It can also
& 1.5_’ be seen that the longer the irradiation time and the higher
5 concentration, the higher temperature change. The inset of
= . . .
g ‘0. shows Fig. 4 the temperature of the irradiated samples as a
5 function of the concentration of gold nanoshells. It can be
2 ' observed that the temperature linearly increased with the
< 0.5 concentration, indicating that the absorption of the gold

nanoshells hydrosol obeyed the Lambert—-Beer law. In our
‘ : : , experiments, the largest temperature incre@sE) reached

400 600 800 1000 1200 30 °C after the sample was exposed to the 808 nm diode

Wavelength (nm) laser for 12 min(with a power density of 5 W/cA. We

FIG. 2. UV-VIS-NIR absorption spectra of aqueous dispersions of silverbelleve that under Fhe same laser eXposure, th_e_tempe_rature
nanospheres before and after a reaction with different volumes of 1 mI\AI_VIII increase more if the g0|d nanOShe_”S V\_Iere Injec_teq Into
HAUCI, aqueous solutionga) 0 mL, (b) 0.3 mL, (c) 0.5 mL, (d) 0.7 mL,  tissues because of the lower thermal diffusion velocity in the
and(e) 1.0 mL. body. It is well known that tumor cells can be killed at
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90 po- - In conclusion, Au nanoshells with excellent optical ab-
[y n min . . .
rZsol ® 4 min sorption and photothermal conversion properties were pre-
80FEus . pared, with a shell size 620 nm. Their plasma absorption
1 240 . . covered the visible and NIR regions. The temperature in-
L T0r .E,;z 9 crease of the gold nanoshell hydrosol induced by photother-
K o ] mal conversion was as high as 30 °C. This material has
< 60 L 0.0 0.2 0.4 0.6 0.8 1.0 s . 3 . .
@ Concentration (volume %) _ promising use in the field of biomedicine.
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