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INTRODUCTION 
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MATERIALS AND METHODS 

 

Chemicals: 3+D0-#$&%0%-:0)#! -#).! KLH:S&<O! -,.! V;-4),%A0%A6&D0)+D$%I)*)&-,+! KH73W"O! 8+0+!

A:0#$-*+.! '0%4!H#0%*1! "%.):4!L6.0%I).+! KP-XLO1! "%.):4!":&').+! KP-N"O! -,.!H44%,)-! KV=Y!

PLV1!=ET!D%!V!9O!'0%4!9+0#Q1!"%.):4!S)D0-D+!KP-VS?LTX>O!'0%4!R-,5-I61!WD$-,%&!KZZEZYO!'0%4!

S$-,/*$:![-,/6:-,! -,.!3+D0-+D$6&%0D$%*)&)#-D+! K! ")KXSNLTO<1! =E\! D%! =ET!9O! '0%4!XDD%Q+4)E!H&&!

#$+4)#-&*! 8+0+! 0+-/+,D! /0-.+! -,.! :*+.! -*! 0+#+)G+.E! H&&! /&-**8-0+*! 8+0+! #&+-,+.! 8)D$! '0+*$&6!

A0+A-0+.! -]:-;0+/)-! -,.! 0),*+.!8)D$!8-D+0! 5+'%0+! :*+E! 3$+!8-D+0! :*+.! ),! D$+! +IA+0)4+,D!8-*! %'!

9)&&)A%0+!9)&&);^!]:-&)D6E 
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Instrumentation: F%&.!,-,%*D0:#D:0+*!8+0+!#$-0-#D+0)U+.!'%0!A-0D)#&+!*)U+1!4%0A$%&%/61!*:0'-#+!

-,-&6*)*1!-5*%0AD)%,!*A+#D0-!-,.!U+D-!A%D+,D)-&!:*),/!30-,*4)**)%,!+&+#D0%,!4)#0%*#%A+!KS9N==1!

7$)&)A*O1!_%:0)+0!D0-,*'%04!),'0-0+.!-,-&6*)*!KP)#%&+D!2,*D0:4+,D*!S%0A%0-D)%,1!`"HO1!H5*%0AD)%,!

*A+#D0-!K`NZ==1!L23HSL2O1!a+D-!A&:*!K(0%%Q$-G+,!2,*D0:4+,D*1!`"HO!-,.!!bM"Kb6,-4)#!M)/$D!

"#-DD+0),/!b+G)#+1!(0%%Q$-G+,!2,*D0:4+,D*1!`"HOE 
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Synthesis of gold nanoparticles: \==4&!=ENT!49!LH:S&<!8-*!50%:/$D! D%!5%)&! ),!-!#%,)#-&!'&-*Q!

8)D$! #%,D),:%:*! *D)00),/E! =ET!4&! TY!P-VS?LTX>!8-*! -..+.! D%! D$+!5%)&),/! *%&:D)%,! -,.! #%,D),:+.!

0+'&:I),/! D)&&! D$+! #%&%:0! #$-,/+.! '0%4! A-&+! 6+&&%8! D%! 8),+! 0+.E! 3$+! ),)D)-&! 4%&-0! 0-D)%! %'!

P-VS?LTX>c!LH:S&<!8-*!4-),D-),+.!-D!VETc\K*-4A&+!\OE!H!*+#%,.!+IA+0)4+,D!8)D$!-,!),)D)-&!4%&-0!

0-D)%!%'!P-VS?LTX>c!LH:S&<!-D!>c\K*-4A&+!NO!-,.!-,!),)D)-&!AL!%'!?ET!8-*!-&*%!A+0'%04+.!Kd)!eE1!

N==>OE!

!

Synthesis of gold-gold sulfide nanoshells: \=! 4&! %'! \49!P-N"! 8-*! -..+.! D%! \=! 4&! %'! N49!

LH:S&<! -,.! *D)00+.E! H'D+0! T! 4),! T! 4&! %'! \49!P-N"! 8-*! -..+.! D%! D$+! -5%G+! *%&:D)%,! -,.! D$+!

0+-#D)%,!8-*! #%,D),:+.E!f$+,! D$+! *%&:D)%,!8-*! '%:,.! D%! /)G+! A+-Q! -D! .+*)0+.!8-G+&+,/D$! )D!8-*!

*:5J+#D+.!D%!#+,D0)':/-D)%,!-D!V===!0A4!'%0!N=4),E!3$+!A+&&+D!8-*!8-*$+.!V!D)4+*!-,.!*D%0+.!-D!<gS!

KR-*#$Q+!FE1!N==<OE!

!

Synthesis of functionalized silica nanoparticles:! _:,#D)%,-&)U+.! *)&)#-! ,-,%A-0D)#&+*! 8+0+!

*6,D$+*)U+.!8$)#$!#-,!5+!':0D$+0!:*+.!'%0!'-50)#-D)%,!%'!*)&)#-;/%&.!,-,%*$+&&*E!HAA0%I)4-D+&6!T=!

4&!%'!+D$-,%&!-,.!<!4&!%'!PLV!8+0+!*D)00+.!),!-!/&-**!5+-Q+0E!3%!D$)*!*%&:D)%,1!NEN!4&!%'!3WX"!8-*!

-..+.!-,.!-&&%8+.!D%!*D)0!'%0!-D!&+-*D!h!$%:0*!-,.!':0D$+0!*%,)#-D+.!'%0!\=!4),E!")&)#-!,-,%A-0D)#&+*!

8)D$!.)''+0+,D!*)U+*!8+0+!%5D-),+.!56!G-06),/!D$+!#%,#+,D0-D)%,*!%'!:*+.!0+-/+,D*!K7$-4!3E1!N==NOE!

3$+!,-,%A-0D)#&+*!8+0+! )*%&-D+.!56!#+,D0)':/-D)%,! KT===! 0A41!\=!4),OE!_:,#D)%,-&)U-D)%,!%'! *)&)#-!

,-,%A-0D)#&+*!8+0+!.%,+!56!/0-'D),/!8)D$!\N!49!H73W"!),!D$+!G%&:4+!0-D)%!%'!Vc>!:,.+0!#%,*D-,D!

G)/%0%:*!*D)00),/!-D!h=
=!
S!'%0!\!$!D%!/)G+!-!D+04),-&!-4),+!/0%:A!%,!D$+)0!*:0'-#+E!3$+!%5D-),+.!*)&)#-!

A-0D)#&+*!8+0+!D$+,!#%%&+.!D%!0%%4!D+4A+0-D:0+!-,.!8-*$+.!8)D$!-D!&+-*D!>!#6#&+*!%'!#+,D0)':/-D)%,!

-,.!0+.)*A+0*)%,!),!-5*%&:D+!+D$-,%&!-D!h===!0A4!'%0!V=!4),!+-#$E!Ki-$!dE1!N==hOE!

!

Characterization:! 3$+! 4%0A$%&%/6! %'! D$+! /%&.! ,-,%A-0D)#&+*! -,.! /%&.;/%&.! *:&').+! ,-,%*$+&&*!

8+0+! #$-0-#D+0)U+.! :*),/! D0-,*4)**)%,! +&+#D0%,! 4)#0%*#%A6! -,.! D$+! %AD)#-&! A0%A+0D)+*! 8+0+!

.+D+04),+.!56!`j;j)*!"A+#D0%A$%D%4+D06E!3$+!4%0A$%&%/6! -,.! *)U+! %'! D$+!5-0+! -,.! #%,J:/-D+.!

*)&)#-! ,-,%A-0D)#&+*! 8+0+! #$-0-#D+0)U+.! 56! D0-,*4)**)%,! +&+#D0%,! 4)#0%*#%A6E! b6,-4)#! M)/$D!

"#-DD+0),/! b+G)#+! KbM"O! -,.! a+D-! A%D+,D)-&! *D:.6! 8+0+! -&*%! A+0'%04+.! D%! '),.! D$+! A-0D)#&+! *)U+!

.)*D0)5:D)%,1!A%&6.)*A+0*)D6E!_32R!-,-&6*)*!8-*!A+0'%04+.!D%!#%,')04!D$+!-DD-#$4+,D!%'!H73W"E!

!

RESULTS AND DISCUSSION 

!

Characterization of gold nanoparticles: 3$+!`j;j)*!*A+#D0:4!%'!D$+!A0+A-0+.!/%&.!,-,%A-0D)#&+*!

*$%8!-!*D0%,/!-5*%0AD)%,!-D!k!T\ZET!,4!'%0!D$+!*-4A&+!\!K_)/:0+!\O!-,.!kTN?,4!'%0!D$+!*-4A&+!N!

K_)/:0+! NOE! 3$)*! )*! D6A)#-&! %'! /%&.! ,-,%A-0D)#&+*! -,.! #%00+*A%,.*! D%! D$+! +I#)D-D)%,! %'! *:0'-#+!

A&-*4%,!G)50-D)%,*!),!D$+!/%&.!,-,%A-0D)#&+*E!

!

 
Figure 1: UV-Vis spectrum of gold 

nanoparticles prepared with 3.5:1 ratio of 

Na3C6H5O7: HAuCl4 

!

 
Figure 2: UV-Vis spectrum of gold 

nanoparticles prepared with 7:1 ratio of 

Na3C6H5O7: HAuCl4
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3W9!%'! *-4A&+!\! *$%8*!4%,%.)*A+0*+1!.)*#0+D+! *A$+0)#-&!/%&.!,-,%A-0D)#&+*!8)D$! *)U+!%'!k\<,4!

K_)/:0+! VOE!L%8+G+0! *-4A&+! N!8-*! '%:,.! D%! /)G+! $)/$&6! A%&6.)*A+0*+! -,.! A%&64%0A$)#! A-0D)#&+*!

K_)/:0+!<OE!!!!!!!!!!!!!!!!!!!!!!!

 !!!!!!  

 

Figure 3: TEM of gold nanoparticles with 

initial Na3C6H5O7: HAuCl4 of 3.5:1 

!  

Figure 4: TEM of gold nanoparticles with 

initial Na3C6H5O7: HAuCl4 of 7:1 

 

 

Characterization of gold-gold sulfide nanoshells:!`j;j)*!*A+#D0:4!%'!D$+!*-4A&+!*$%8*!-!A+-Q!

-D!kTN<!,4!8$)#$!#%00+*A%,.!D%!A:0+!/%&.!,-,%A-0D)#&+*!-,.!-!*+#%,.!A+-Q!8$)#$!#%4+*!'0%4!D$+!

#%-D+.!A-0D)#&+*!*$)'D*!-#0%**!D$+!G)*)5&+!0+/)%,!D%!D$+!,+-0!),'0-!0+.!-D!kh?>!,4!K_)/:0+!TOE!

!!

!

 
Figure 5: UV-Vis spectrum of gold-gold 

sulfide nanoshells!!! 

! !!!!

Figure 6: TEM of gold-gold sulfide 

nanoshells 

 

Characterization of silica nanoparticles:!!

! !

H,-&6*)*! 56! 3W9! *$%8*! 4%,%.)*A+0*+1!

.)*#0+D+! *)&)#-! ,-,%A-0D)#&+*E! 3$+! *)U+*! %'!

D$+! ,-,%A-0D)#&+*!8+0+! '%:,.! D%! 5+! k\T;N=!

,4! -,.! D$+6! 8+0+! *A$+0)#-&! ),! *$-A+!

K_)/:0+! >OE! H&*%! 3W9! -,-&6*)*! %'! H73W"!

#%,J:/-D+.! *)&)#-! ,-,%A-0D)#&+*! 8+0+!

A+0'%04+.!5:D!,%!.)''+0+,#+!)*!*++,E!

 

!

!
Figure 7: TEM of silica nanoparticles 

 

DLS study and Zeta Potential: bM"!),*D0:4+,D!8-*!%A+0-D+.!-D!-!&)/$D!*%:0#+!8-G+&+,/D$!%'!?V=!

,4!-,.!-!')I+.!*#-DD+0),/!-,/&+!%'!Z=lE!3$+!-G+0-/+!$6.0%.6,-4)#!.)-4+D+0!4-D#$+*!8)D$!D$+!3W9!

0+*:&D*!-,.!D$+!.+A+,.+,#+!%'! D$+!*)U+!%'!*)&)#-!,-,%A-0D)#&+*!%,! D$+!-4%:,D!%'!-]:+%:*!-44%,)-!

K4&O!-..+.!8-*!'%:,.E!3$+!.)-4+D+0!%'!D$+!*)&)#-!,-,%A-0D)#&+*!8-*!'%:,.!D%!),#0+-*+!8)D$!),#0+-*+!

),! -4%:,D! %'! -44%,)-E! bM"! .-D-! *$%8+.! ')I+.! G-&:+! K-0%:,.! =EVO! '%0! A%&6.)*A+0*)D6! 8$+,! D$+!

+IA+0)4+,D*!8+0+!#%,.:#D+.!),!D0)A&)#-D+*!*://+*D),/!D$-D!D$+!A-0D)#&+*!-0+!4%,%.)*A+0*+!),!,-D:0+E!

!
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FTIR analysis (for APTES conjugated silica nanoparticles): _)/!h!*$%8*!D$+!_3;2R!*A+#D0:4!%'!

D$+! *-4A&+*1! ")XN! K-O! -,.! H73W"! 4%.)')+.! ")XN! ,-,%A-0D)#&+*! K5OE! "A+#D0-! .)*A&-6*! D$+!

#$-0-#D+0)*D)#!'+-D:0+*!%'!D$+!")mXm")!:,)Dc!-*644+D0)#!-D!\=ZNET!#4!\!-,.!*644+D0)#!*D0+D#$),/!-D!

h=NEV!#4
;\
E3$+!50%-.!-5*%0AD)%,!-0%:,.!V<==!#4!\!8-*!-**)/,+.!D%!D$+!")mXL!0+*).:+E!3$+!5-,.!

-D!\?V>EV!#4!\!8-*!D$+!5+,.),/!G)50-D)%,*!%'!8-D+0!4%&+#:&+*!-.*%05+.!%,!D$+!*:0'-#+!%'!D$+!")XNE!

_)/! hK5O! .)*A&-6+.! D$+! #$-0-#D+0)*D)#! '+-D:0+*! %'! H73W"!4%.)')+.! ")XN! ,-,%A-0D)#&+*E! S%4A-0+.!

8)D$! _)/h! K-O! D$+! 8+-Q! SmL! *D0+D#$),/! G)50-D)%,*! '%0! 4+D$6&+,+! -,.! 4+D$6&! %'! H73W"! 8+0+!

%5*+0G+.!-D!NZ<=!-,.!NZh?!#4!\!-,.!D$+!5-,.!-0%:,.!V<==!#4!\!8-*!8).+0!D$-,!D$+!5-,.!%'!")m

XL!),!_)/E!hK5OE!3$+!8).+0!5-,.!#%,*)*D*!%'!D$+!-*644+D0)#!*D0+D#$),/!G)50-D)%,!'%0!PmL!5%,.*!%'!

H73W"! -,.! D$+!")mXL!%'!")XNE!3$+*+! '),.),/*! ),.)#-D+! D$-D!PLN! /0%:A*!8+0+! ),D0%.:#+.! D%! D$+!

")XN!*:0'-#+E 

!

!

Si nanoparticles
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Figure 8(a): FT-IR spectrum of Si 

nanoparticles. 

! APTES+Si nanoparticles

2930

2986

3460
1637.3

802.3

1092.5

0

20

40

60

80

100

120

400900140019002400290034003900

wavenumbers(cm-1)

%
tr

a
n
s
m

it
ta

n
c
e

Figure 8(b): FT-IR spectrum of APTES 

modified Si nanoparticles.!

!

 

CONCLUSIONS 

 

F%&.! ,-,%A-0D)#&+*1! /%&.;/%&.! *:&').+! ,-,%*$+&&*! -,.! H73W"! ':,#D)%,-&)U+.! *)&)#-! ,-,%A-0D)#&+*!

8+0+! *6,D$+*)U+.! -,.! 8+&&! #$-0-#D+0)U+.E! H&&! D$+! A-0D)#&+*! *6,D$+*)U+.! 8+0+! 8+&&! 5+&%8! \==,4!

8$)#$! )*! ).+-&! '%0! .0:/! .+&)G+06! -AA&)#-D)%,*E! _:D:0+! 8%0Q! -)4*! D%! +,#-A*:&-D+! D$+*+! /%&.!

,-,%*D0:#D:0+*!8)D$),!D$+04%*+,*)D)G+!&)A%*%4+*!'%0!.0:/!.+&)G+06!-AA&)#-D)%,*E!
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