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ĖżĊ`]_Study on Hollow FePt/Au Nanoshells for Photothermal Therapy of CancerƔgl¬ĳ
ħŃĻ FePt/Au �Œ��xq�^ƌoiŉőƕCyƑmwťĊ[đfj]5 ŔfgĢýljw
ciAglƀžÙ¬ĳħŃ_ńĳ¥efaŋĦŧĴt��m_�Č^ùĻÅŢz½ŃĻŋú
ƈ�ŒŗÝkŴűm]r_ĢƂ´öyúŢŶ¨^vcwƁcwciAŋúƈ�ŒŗÝ_Ŵű

[`]ƓcŋĦłČúyƀžÙ¬ËÄķkĔo FePt ��ŗÝƎŐÓxq�yƈ��xq�f
gzi�éxq�Ó�ŒŗÝkĄĞmsA 
Chapter 1_General IntroductionC[`]ƈ�ŒŗÝ_½ŃùĻ^vcwżn]ƈ�ŒŗÝ_g
l¬ĳħŃ_ńĳ¥efaºáŃĨ_ŧĴt��mb_ùĻ^ejiźƑkĠŲmsAr_

źƑkÔ^]ċŰ½ŃĻŋúƈ�ŒŗÝymw FePt ��ŗÝyƈxq�fgzi�éxq�
Ó�ŒŗÝkĄĞm]k_�éxq�ÓŗÝ_ĵøyyd^]ŉő_ņŅyûşkƁcsA 
Chapter 2_Synthesis of Silica-FePt/Au Core-Shell NanospheresC[`]FePt yƈfgzi�éx
q�kĔoiumxq�ŗÝ_¦ŭė¡kĠŲm]ŪƏîĲú^«ji�éxq�kóýo

iė¡_ĒƄº^vcwƁcsA�éxq�ÓŗÝ`]m��ÔkĔoiĚĶ����
PolyethyleneimineƔPEIƕk�Ƌéymw]FePt xq�_�^ƈxq�kóýoig]���
�é_ŪƏĶükĒƄºm]FePt xq�_�^Ĝyziƈ��ŗÝkÒ�fvƓäð[óý
m]���������_Ál[îĲzŪƏkĔoiƈxq�kóýoiė¡kďgf^m

sA 
Chapter 3_Morphology Changes of Silica-FePt/Au Core-shell Nanospheres to Hollow Porous FePt/Au 
NanoshellsC[`]¦ŭms�éxq�ÓŗÝfgzi�ŒŗÝ_¦ŭė¡kĠŲm]ĒƄº
kũusŚękƁcsAſţŀr|����[�éxq�ÓŗÝkĳ±Ĺoiky^fhx

q�_ŪƏóüy¬áĵú_ąÏkÐusAĳ±Ĺ�^ƍÈdŗÝgŨňoiky^fhx
q�ŪƏ^��Þgĺýoiky]FePt xq�gƒĝyzh]ƈxq�kv���m]ŮÈ
xq�_ĢƂâãúyĳâãúkÊ�lTsAk_ĠŲ_�[]ƈxq�_Áleĳ±ĹĮ
ð_×·^¢cŪƏ_��ÞgĬıoiªÊgbikydďgf^msA 
Chapter 4_Heat Generated by Porous FePt/Au NanoshellsC[`]Porous FePt/Au Nanoshell ŗÝg
³Ĉmsu�o�İĭ_ńĳƇkįã[hiūŞk{~�m~�m]Ř 800 nm _ĩƊ_ƃś
ĩńĂ¹¦_��w�kĻcw]ĺ¥Ù[_ńĳĵú^vcwĠŲmsAu�o�İĭ�[
_ŗÝ_ńĳ¸ķ^æoiŮĉ_����|_ôƐkĠŲm]�éxq�ÓŗÝ`]¾éƈ

xq�ŗÝfhƓcńĳ¸ķyĢƂ_ĳâãúkĔoiky]lg^¬ĳŃĨb_ƄĻgÅ
Ţzńĳ¸ķkĔoikykďgf^msA 
Chapter 5_General ConclusionsC[`]Ėŉő[õgjsýękŜĀm]ŚżkƁcsA 

ĖżĊ[`]glƀžÙ¬ĳħŃ_ńĳ¥efaŋĦŧĴt��m_�Č^ùĻÅŢz÷

ŗÝÓ��ozymwŋú¥yƈy_ŮÈxq�kĄĞm]r_¦ŭÿĨkŊœms�[]
¬ĳħŃ^ùĻÅŢzúŢkĔoikykŌmsA�
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In this thesis, synthesis and characteristics of two kinds of hollow magnetic gold nanoshells were investigated 

and discussed from the viewpoint of photothermal therapy (PTT). One was named as Type A composed of 

double-layered FePt/Au shell with small pores of ~5nm and a hollow cavity. The other was named as Type B 

with a netlike nanoshell of FePt/Au with large pores (~20 nm) and a hollow cavity. Firstly, NIR light-absorbing 

gold nanoshells were successfully grown on the silica/FePt core-shell nanoparticles via the seed-mediated 

growth method using PEI polymer layer as an interlayer. I found that both of the species and molecular weight 

of polymer have a significant influence on the quality of gold shells and the amine group of PEI polymer was an 

appropriated primer to enhancing coupling gold with FePt. My studies also show that the negatively charged 

small THPC-Au colloids can be uniformly deposited on the surface of PEI-modified silica/FePt nanoparticles 

with a relatively higher surface coverage. The use of the mild reducing agent of formaldehyde allows the 

reaction well controlled resulting in the formation of high-quality gold shells. Secondly, the hollow particle of 

Type A with small pores was made from silica/FePt/Au core-shell particles by removal of silica cores via using 

NaOH etching. I found that the mechanical strength of the hollow particles was greatly enhanced by the presence 

of the FePt nanoshell. After NaOH etching, there were no changes in the morphology, structure, and magnetic 

and optical properties. Another hollow particle of Type B with large pores was made by thermal treatment of the 

silica/FePt/Au core-shell particles using surpercrital ethanol, followed by NaOH etching. I optimized the 

treatment conditions and the particle parameters to make sure to enlarge the pore size with maintaining the 

structural stability and the SPR absorption in NIR region of FePt/Au nanoshells. Finally, the results of 

photothermal experiments using CW laser demonstrated the excellent photothermal capability of silica/FePt/Au 

core-shell particles and indicate that both nanoshells of Type A and Type B work as an efficient photothermal 

mediator. I found that the dependences of the photothermal efficiency on the core size and the particle 

concentration were similar but very different on the core material and the shell thickness for FePt nanoshells and 

gold nanoshells. The insight provided in this study probably aids in the development of techniques that can 

produce a nanomedicine device based on nanoparticles for photothermal therapy of cancer. 
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