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Abstract. Sphere-like gold nanoparticles have been prepared by chemical reduction method and 
by using X-ray irradiation, while rod-like gold nanoparticles were synthesized according to the 
seed-mediated growth method and by sonoelecưochemistry. Sphere-like gold nanoparticles have 
diameter of 20 - 60 nm, while rod-like gold nanoparticles have aspect ratio from 2 to 4. In UV-vis 
spectra the absorption bands related to surface piasmon resonance were observed. CoPt 
nanoparticlcs with the size of 5 - 20 nm have been prepared by electrodeposition, while FePt 
Iianoparticles with the size of 5 - 10 nm were synthesized by sonoclectrodeposition. After 
annealing, these magnetic nanoparticles showed a high coercivity. The metallic nanoparticles were 
Uinctionalized for trial of application in biomedicine.

KiyworJs: Gold nanoparticlcs, CoPt nanoparticles, FePt nanoparticles, Optical properties, 
Magnetic properties.

1. Introduction

Metallic nanoparticles (NPs) are very attractive bccausc o f  their size- and shape-dependent 
properties (sec, for instance, [1]). For example, gold nanosphcrcs have a characteristic red colour, but 
anisotropic gold nanorods have a changed dramatically colour. The colour is due to the collective 
oscillation o f  the electrons in ihc conduction band, known as the surface plasmon oscillation [1,2]. The 
oscillation frequency is usually in the visible region for gold (and silver) giving rise to the strong 
surface plasmon resonance absorption. The plasmon resonance absorption has an absorption 
cocfficicnt orders o f  magnitude larger than strongly absorbing dyes, leading to increased detection 
sensitivity. ITius many applications in biomcdicine o f  gold NPs became possible. Magnetic NPs based 
on transition metals Co, Fe ...  such as CoPt, FePt...  have very high potential application in producing 
new-gcncration ultra-high-dcnsity magnetic recording media because o f  their good chemical stability 
and high magnetocrystalline anisotropy observed in the ordered intermetallic phase with Llo structure 
(see, for instance, [3,4]). These materials will contribute to an effort to design a magnetic medium 
capable o f  recording densities beyond 1 Tbits/in^. Beside, these materials have potential applications 
m permanent magnetic nanocom posites and biomedicine.
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In this paper, wc report on synthesis and characlcnzalion O Í’ gold NPs as well as C'oPt and FePt 
NPs.

2. Experim ental

Synthesis o f  gold nanosphcrcs using chemical reduction method was carricd out as follows: 50 ml 
o f  0.01 wt% chlorauric acid (HAUCI4 .3 H 2O) solution was heated to boiling while s l im n g  in a 100 ml 
beaker. Then a few hundred microlitrcs (Ị.Ú) o f  1 wt% tnsodium  citrate dihydrale (N a 3CoH5 0 7 .2 l l : 0 ) 
solution was quickly added to the auric solution. The solution changed colour within several minutes 
from yellow to black and then to red or purple colour depending on the size o f  the nanoparliclcs. Gold 
nanospheres were also synthesized using a stronger reductive agent (sodium borohydridc (NaBlI^)) as 
follows: 5 ml N aB ỈỈ4 0.01 M at 0 '’c  was added to 25 ml HAuCU 1 mM  in 50 ml flask w ith stirring for 
15 min, until the colour o f  the solution changed from lightly yellow to dark red.

Gold NPs were also synthesized via a photochemical approach by using X-ray irradiation. A few 
îl o f  1 mM ừiton X-100 (TX-lOO) solution was mixed with 3 ml o f  1 mM HAUCI4 .3 IỈ2O solution. 

Pure HAuCU solution without TX-lOO addition was also prepared for comparison. The X-ray radiation 
was Cu-Ka radiation o f  an X-ray diffractometer Brucker D5005 with the parameters o f  40 kV and 40 
mA. The X-ray irradiation time was set up to 40 or 60 min to guarantee the complete reduction o f  gold 
precursor solution.

Gold nanorods have been synthesized according to the sccd-mediatcd growth mclhod consisting o f  
two steps.

Step 1: Preparation o f  seed solution; 2.5 ml o f  1 mM chlorauric acid solution was mixed with 7.5 
mL o f  0.2 M cetyllrimettyammonium bromide (CTAB; CiglỈ42BrN) solution and stirred. 0.6 mL of 
ice-cold 0.01 M sodium borohydride (NaBIU) solution was added to the stirred solution. The final 
solution had a brownish yellow colour. After stirring the seed solution for 2 min, the seed solution was 
kept at room temperature (RT).

Step 2: Growth o f  nanorods: 5 ml o f  0.2 M CTAB solution was added to 5 ml OÍ I mM chloraunc 
acid solution. Then a few hundred ^1 o f  4 mM silver acetate (A gC 2l Ỉ 3 0 2 ) solution was added and 
gently mixed. After that, to this solution, 70 o f  0.08 M ascorbic acid (C6Hh06) solution and 12 ịi\ o f  
the seed solution were added. By changing the amount o f  silver acctatc, the aspcct ratio (AR) denned 
as the length o f  the major axis divided by the width o f  the minor axis o f  the nanorods can be varied. 
To separate nanorods from nanospheres, the solution was ccntrifugcd at 3000 rpm for 10 mm.

Gold nanorods were also synthesized from metallic gold by sonoclcctrochemical technique. A gold 
m eta l p la te  (1 c m  X 1 c m  X 0 .0 5  c m )  w a s  u sed  a s  the  a n o d e  and  a p la t in u m  p late  (1 c m  X 1 c m  X 0 .0 5  

cm) was used as the cathode. These two electrodes were placed in a glass containing 25 n l  o f  
electrolytic solution consisted o f  0.08 M CTAB and 83 mg tclradodccylamm onium-brom idc (TCAỈ3).
2 ml o f  acetone and 1 mL o f  cyclohecxan were added into the above mixed solution prior to 
electrolysis. Then the glass with the electrolytic solution was putted to an ultrasonic balh 
(ULTRASONIC LC 30H) and ultrasonicatcd throughout the electrolysis time.

CoPt NPs were synthesized by elcclrodeposition method. The electrolytes were com posed c fo . l  
M/1 CoCh-óHsO, 0.01 M/1 H.PtCU, and 0.525 M/1 N a 2SƠ 4, contained in a 100 ml threc-ncck flash. 
The pH o f  3 o f  the electrolyte was adjusted by H 2SO 4 . Poly(vinyl-pyrrolidonc) (PVP) with molecule 
weight o f  30,000 as a surfactant was added. Before starting electrodeposition, nitrogen gas was 
bubbled in the electrolyte for 20 min to remove the amount o f dissolved oxygen, [ilcctrodcpositioi has



been conducted ganvanostatically in a two eleclrode home-made cell at RT. A platinum plate with a 
squarrc o f  1 c m “ was used as a c o u n t c r  clcctrodc. A titanium cathode has the same area. C uưent pulse J  
was changcd  from 13 to 40 m A /c m \ The duration o f  the current pulse was 0.5 s then the current was 
turned o ff  for a fixed duration o f  0.3 s. The elcctrodcposition was carried out under nitrogen 
atmoĩSphcre. After 1 h deposition, a black solution was obtained and as-prepared nanoparticle powder 
was co llecled  by using centrifuging ai 9000 rpm for 30 min. The pow der was annealed at 7 0 0 °c  for 1 
h under a m ixture oF5 % Ih  and 95 %  Ar atmosphere. The increasing rate o f  temperature was 6 °c/m in  
and coo ling  with the tumacc.

The sonoelcctrodcposition method has been used for synthesis o f  FePt NPs. The 
sonoclcctrodcposition device employed is sim ilar to that described in ref. [5J. A  titanium hom with 
diam-eicr o f  1.3 cm acted as both the cathode and ultrasound emitter (Sonics v e x  750). The 
elcctĩToaclive part o f  the sonoelectrode was the planar circular surface at the bottom o f  the Ti hom. 
This sonoclectrodc produced a sonic pulse that immediately followed a current pulse. A platinum plate 
with a square o f  1 cm“ was used as a counter elcctrode. The current pulse was changed from 15 to 30 
m A /c n r .  I 'h c  ultrasound power density was 100 w /c m ^  The duration /on o f  the current pulse was 0.5 s 
then the current was turned o ff  for a fixed duration o f  0.5 s. During /on, FePt NPs were deposited on 
the surface o f  the clcctrode. When the current was switched off, an ultrasound was activated to remove 
the N Ps from the clcctrodc. rhc time o f  ultrasound was 0 . 2  s for all samples. The  temperature during 
the reaction was room temperature. After deposition, I’cPl NPs were collected by using a centrifuge 
(Hcttich Universal 320) at 9000 rpm  for 20 min. NPs were dried in air at 8 0 ° c  for 20 min. All samples 
were annealed at 7 0 0 °c  for 1 h under 1 Ỉ2 atmosphere.

The  obtained NPs were characterized by X-ray diffraction (X RD) by using a Brucker D5005 
diffractomctcr and transmission electron microscopy (TEM ) by using a JEO L JEM 1010 electron 
microscope. U V-vis absorption spcctra o f  the nanoparticle solutions were collected with a Shimadzu 
u v  2450 PC spcctrometcr. The chemical composition o f  the CoPt and FePt NPs was studied by using 
an energy dispersion spcclroscopy (EDS O XFORD-ISIS 300). Magnetic measurements were 
pcrlbrtTicd by using a DM S-880 sample vibrating magnetometer (V SM ) with maximum magnetic field 
UÍ' 13.5 kOc ul R ' l .
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3. Results and discussion  

G old nanopartic les

I-Igiire 1 shows a typical X R l)  paltcrn o f  the gold NPs obtained from the solution with 400 ịi\ o f  
trisodium citrate solution. It can be seen from the figure that all the diffraction peaks coưesponding to 
the diffraction planes ( 1 1 1 ), (2 0 0 ) and (2 2 0 ) were indexed to the gold metal with face-centered cubic 
(fee) structure. Lattice constant determined from XRD  pattern is a = 4.078 , in good agreement with
the standard diffraction pattern o f  cubic gold metal (Pattern 4-784) [6 ].

Surface plasmon absorption spcclra o f  spherical gold NPs prepared with different amounts o f  1 % 
tnsodium citrate solution are shown in figure 2. As seen from the figure, the maximum o f  the 
absoiption spectrum is shifted to the short wavelength side (from 539.9 nm to 521.1 nm) and the full 
width at ha lf  m axim um  (FW H M ) o f  the spectrum is decreased with increasing amount o f  trisodium 
citrate from 200 îl to 400 ^1. Thus, the amount o f  citrate solution determines the size o f  the NPs. The 
faster the capping o f  the N Ps by the cifrate, the smaller the resulting NPs.
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Fig. 1. XRD  pattern o f  the gold NPs 
prepared by chemical reduction technique.

Wavelength {nm)

Fig. 2. Surface plasmon absorption spcctra o f  spherical gold 
NPs prepared with different am ounts o f  I'^o trisodium citrate 

solution: 200, 240, 280, 320, 360 and 400 pi.

Typical TEM images o f  the gold NPs prepared with differcnl am ounts o f  1 %  trisodium citrate 
solution are shown in figure 3. From the figure one can see that when the am ount o f  trisodium cilratc 
increases from 200 Ị.IỈ lo 400 fil, the size o f  the syntlicsi/ed gold NPs decreases from 60 nm to 30 nm. 
That means the more amount o f  trisodium citrate, the smaller obtained NPs.

Gold NPs were also synthesized via a photochciiiical approach by using X-ray irradiation as 
mentioned above. The I ' EM  image [6 ] showed that llic addition o f  TX-lOO behav ing as a particle 
stabilizer and reducing agent into H AuCh solution tremendously affected the fomiation and grovHlli OỈ 
the gold NPs.

Gold nanorods were synthesized according to the sced-medialcd growth method vvilli two steps. 
TEM image o f  gold NPs for the as-prcpared sample (not sliovvn) showed that two major components 
o f  the sample are sphcrical NPs and nanorods. After centrifugation at 3000 rpm for 10 mill, tlic 
nanorods were separated from spherical NPs.

200 ịi\ 280 Mi 
60 nm SO nm 

nm 536 nm

NRf n« IMm frii mm'mis:
Fig. 3. TEM images o f  the gold NPs prepared with different amounts (200, 280, 360 and 400 |il) o f  I % 

trisodium citrate solution. All the scale bars are 100 nm. On the pictures are shown the size o f  the NPs and the 
wavelength o f  the maximum o f  surface plasmon absorption spectra.

Surface plasmon absorption spcctra o f  anisotropic gold nanorods prepared with different amounts 
o f  4 mM silver acetate solution arc shown in figure 4. As seen from the figure, when the shape of the 
NPs changes from nanosphcres to nanorods, the surface plasmon absorption spcclra also change. Tlie 
surface plasmon absorption spectra o f  the gold nanorods have two bands: one band in the bluc'grccn
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region around 525 nm due to the transverse oscillation o f  electrons and another band in the red- 
nearinfrared region due to tlic longitudinal cicctronic oscillation. In addition, the position o f  the band 
due to the transverse electronic oscillation is almost unvaried; meanwhile with increasing the silver 
acctatc contcnt from 70 |.il to 120 ^1, llic position o f  the band due to the longitudinal oscillation is 
increased from 654 nm to 830 nm, wliich corresponds to the cnhancc o f  the aspcct ratio (AR) o f  the 
gold nanorods.

G old  nanorods were synthesized from metallic gold by sonoelcctrochemical technique as well [7].
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F'ig. 4. Surface plasmon absorption spectra 
o f  the gold nanorods prepared  with 

diíĩercnt amounts (70, 80, 100 and 120 îl) 
o f  4 niM silver acciate solution.

I'ig. 5. I  LM images o f  the gold nanorods prepared by 
sonoelecirochcmical method, inset is an aspect ratio 

distribution histogram.

I'vpical TEM images o f  tlic gold nanorods shown in figure 5 indicate that the nanorods are o f  
uiiiloim S I / . C .  I he AK dislribuiion liislogram presented in the inset ot ligure b shows that the size ot 
nanorods has a narrow distribution: the nanorods having the AR o f  3 make up 55% and those having 
the AK o f  4 make up 25%.

C o P t  n a n o p a r t i d e s

Before annealing, llic X R D  patljrns for CơPt NPs (not shown) showed the reflections o f  pure Pt 
structure, which is similar to other CoPt thin films produced by elcctrodcposition [8 ]. The reflections 
from Co arc very weak due to the fact that their atomic weight is much less than that o f  Pt. The Pt 
peaks in the as-prcparcd samples arc broad due to the small size o f  the particles. The as-prepared 
particles were not disordered CoPt but llicy were formed by many Co-rich and Pt-rich small particles. 
Using the Scherrer formula with the FWHM o f  the strongest peak (111), the mean particle size o f  the 
particles was deduccd to be 6  nm.

The positive and ions went to the cathode surface and received electrons to make Pt and 
Co NPs. If there was not PVP surfactant, Co and Pi atoms would continously deposited on the 
particles and at the end we would have a film o f  CoPt. The prcscnce o f  PVP around NPs created a 
steric forces that limit the growth o f  NPs and we could obtained Co-and Pt NPs well dispersed in the 
solution.
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Figure 6  arc the TEM images o f  typical as-prcparcd and annealed samples. Particle size o f  the as- 
prepared CoPt sample was about 5 nm, wiiich is consistent with tlie size oblaincd from ihc broad X RI) 
peaks. Particle size (5 - 20 nm) depends on the concentration o f  PVP (1 to 5 g/1). After annealing the 
particle size increased lo 1 0 0  nm due to the difiusion and aggregation between particlcs to form face- 
ccntercd tetragonal (fct) CoPt NPs.

Fig. 6 . ri-M images of the as-prepared (left) and annealed (riuht) Co-Pt NPs.

Magnetic measurements revealed low saturation niagncli/ation (A/,) and coercivity ( / / J  in all as- 
prepared samples (data not shown). The low value o f  A/s o f  the as-prcparcd NF^S may be explained b> 
the oxidation or hydroxidalion o f  Co atoms in NPs whicli can result in the anlil'crroniagnetic coball 
oxides and weak magnetic coball liytiroxides. I'his is in agrcenicnt with the suggestion o f  separated Co 
and Pt domains in as-prcpared Nl's. After annealing the hard magnelic Co[*t phase was formed. Figure 
7 presents the magnetic curves o f  the annealed samples with currcnt density J  o f  13, 20, and 40 
m A/cm‘\  The curves for J o f  15, 25, 30 niA/cm (not sliown) are similar lo that o f  20 mA/cm . The 
c u rv c s  sh o w  ty p ica l  h a rd  m a g n e t ic  h y s te re s is  loops  o f  m u l t ip h a s e  m a te r ia ls  w ith  //^. (F o r  in
the multiphase materials the reader is referred to discussion below for F*ePt NPs). Cocrcivity gets 
maximum value (around 1 1 kOc) in the samples with ihc clicniical composition o f  the particlcs close 
to the cquiatomic composition, i.e., samples with J  o f  15 lo 30 mA/cni . riie  atomic percent o f  Co 
increased with . /w h ich  resulted in the high A/,. However, the magnetic squareness A/f/A/s reduced with 
Jb c c a u s e  o f  the presence o f  ihc CoiPt.
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Fig. 7. Magnetic curves for the annealed CoPt samples with J of 13, 20, and 40 mA/cm^
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FePi nanoparíicies

The chemical com position o f  the FePt NPs was controlled by adjusting the current density 
(corresponding to the applied voltage). With tlic current density J o f  15 - 20 mA/cm^, the composition 
o f  NPs was close to ihc expected equiatomic composition, namely for J o f  15 mA/cm^ and 20 mA/cm‘, 
^^45^155 and Fe52FM.is N Ps w ere obtained, respectively . At higher current densities, the atomic percent 
o f l ' e  was higher bccausc the s t a n d a r d  cicclrodc potential Fc^VFc (-0.44 V [9]) is more negative than 
that o f  Pi^VPt (0.742 V [10]).

As in the case o fC o P l  NPs, before annealing, tlic XRD rcsulls (not shown) showed the reflections 
o f  pure Ft structure, which is similar lo other FcPt thin films produced by eleclrodeposition [11]. Upon 
annealing, the formation o f  the ordered Llo phase liappcncd by the diffusion process between Fe 
and Pt domains. The TE M  imaues o f  typical as-prcparcd and annealed samples [12] showed that 
particle size o f  ihc as-prepared FcPt sample was 5 - 1 0  nm, compared to 5.2 nm obtained from the 
XRD results by using the Scherrer formula. After annealing the particle size increased to 10 - 25 nm 
due to the aggregation and particle growth.
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i'ig. 8. M agnetic curves ori 'C isP tss  N Ps. The maximum applied field is 13.5 kOe.

Magnetic measLircmcnts revealed low and 7/c in all as-prepared samples (data not shown). For 
the unannealed particlcs A/s is about few emu/g and tlic cocrcivily is 20 - 80 Oe. The low value o f  A/s 
o f  the as-prepared NPs may be explained by the oxidation or hydroxidation o f  Fe atoms in N Ps which 
can result in the weak magnetic iron oxides and iron hydroxides. This is in agreement with the 
sugị;estion o f  separated Fc and Pt domains in as-prcparcd NPs.

\f tc r  annealing the hard magnetic FePt phase was formed. I'igurc 8  presents the magnetic curve o f  
the annealed Fc45Pt55 N Ps as an example. The curve shows a typical hard magnetic hysteresis loops 
will high He. Note that, bccausc o f  the limit o f  maximum applied field o f  13.5 kOe, the curve is a 
minor loop. Therefore, the real cocrcivily must be higher than those obtained from the hysteresis 
cuncs. The loop shows a kink at low reversed magnetic field o f  500 Oe, which indicates that there 
was a small amount o f  a soft magnetic phase. Classically, the coercivity is defined as the field for 
which the magnetization (A/) vanishes ( / / c)- In a more physically meaningful definition, the coercivity 
//c nay  be defined as tlie field where the largest number o f  moments reverses, i.e., the maximum o f  
the iusceptibility (dA Í/dỉỉ). In most cases, both definitions o f  ihc cocrcivity are almost equivalent. 
Hovever in multiphase materials, two definitions arc significantly different [13]. From Fig. 8 , / f c  was 
6  kOe whereas lie was 8.5 kOc. Magnetic measurements for all samples show that the atomic percent
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o f  Fe increased with J  which resulted in the high A/s- However, the magnetic squareness 
reduccd with y  bccausc o f  the prcscncc o f ih c  I'cyPt.

Application o f  gold  nanoparticles fo r  detecting breast cancer cells

In order lo detect breast canccr cclls, wc have conjuualcd ihc sodium borohydridc (or sodium 
citratc) rcduccd gold N Ps with anti-1 lcr2 antibody (traslu/um ab) through cither non-covalcnt or 
covalent linkages. The procedure consists o f  the following steps 114]:

Funciioiializiii^ iỊOÌd nanoparỉicles W'iiii 4-A TP (C JlyN S)
Different volumes o l '4 -A  rP  2 niM were added into 20 ml o f  the gold NPs containing solution. 

The colors o f  the solutions changcd from dark red to dark blue, and then were incubatcd for 2 days.
Conjugation o f  trasỉỉiium ah ÍO íỊold nanoparíicles
Trastuzumab was non-covalcntly conjugated to colloidal gold NPs, prepared by N aB IỈ4 reduction 

(named as B íỈ4*GNPs). The colloidal gold suspension was adjusted by 0.1 M NaOH to pH 6.5 to react 
with a mixture o f  6  |jg/ml non-labc!cd Iraslu/.Limab and Fi rC-trastuzumab (480 nm / 520 nm) at mole 
ratio 10:1 at RT for 5 min. The  trastuzumab-GNPs was collectcd by ccntrifugalion at 4 °c ,  at the rate 
o f  30,000 rpm, for 30 min. The pellets were washed twicc and then rcsuspcndcd in PBS with pH 7.4 
containing 0.2 % bovine serum albumin (Ỉ3SA). 1'rastuzumab was covalently linked to amino-GNPs 
through EDC conncction. Bricily, the above prepared amino-GNPs was reactcd with EDC 0.2 mM  in 
MOPS buffer with pi I 6.0, for 20 min. at RT. Then, the IiDC*GNPs were rcactcd with 6  |ig/ml non
labeled trasluzumab and r r rc - t ra s tu z u m a b  (480 nm / 520 nm) at mole ratio 10:1, for 30 min. at RT. 
The lrasluzumab-HDC*GNPs were washed three times by cenlrifugaiion at the rale o f  13,000 rpm, at 
4°c ,  for 13 min with PBS and then was stocked in PBS wilh pH 7.4 containing 0.2 %  1ỈSA.

The absorbancc prolile o f  irastuzumab-GNPs was measured and compared with that o f  GNPs 
using Spcctrophotometcr (Nanodrop).

Culture o f  KPL4 am i H eld cells
KPL4 and Hela cells were cultured in 24-wcll HLISA plates containing DM1:M (Difco Modified 

Cagle Medium) plus 10 % rp>s (I'clal Hovinc Scrum). GlacG covcvEilips were added in cach well and 
the cells were incubatcd at 37‘'C, 5 % CO 2 lo reach a population o f  about 4x10^ to 10̂ ' cells/ml. The 
coverslips were pickcd out to new 24-vvcll I:LISA plale for further immuno-nanogold incubation.

Incubation o f  trastuzum ah- coiijiigated go ld  NPs with KPL4, Ile la  cells and  im aging o f  the cells
Coverslips containing KPI.4 and lỉcla cclls were washed 3 times with 500 Ịil PBS before being 

fixed by 3 % paraformaldehyde at RT, for 15 min. and then treated with 5 %  triton X-100 at RT for 5 
min. After being blocked with 500 Ị.íl o f  2 % BSA, the coverslips were incubatcd with 200 |il either o f  
trastuzumab-BHj^GNPs or lrastuzumab-l:DC*GNPs at a conccnlration o ỉ '3  |ig/ml at RT, for 60 min. 
The covcrslips were observed under Axio Plan cpiiluorcsccnce microscope (Carl Zeiss). The KPL4 
cell incubatcd with Trastuzumab-l:DC*GNPs were observed under FI:SEM (Field Emission Scanning 
Electron Microscope).

We could observe the 10 times higher fluorescent intensity o f  FITC on K PL4 cells than that o f  
FITC on Hela cells in all the three types o f  trasluzumab-conjugatcd gold NPs. Bccausc KPL4 is the 
cell line having a high level o f  Her2-expression, while Mela is the ccll line, which expresses Her2 
normally, the remarkable diffcrcncc in the fluorescent intensity between KPL4 and Mela indicates the 
specific binding o f  all the three t>pcs o f  Irastuzumab-GNPs on KPL4 membranes. However, among 
the three types o f  the trastuzumab-conjugated gold NPs, the covalently linked trastuzumab- 
EDC*GNPs showed to be the most stable in fluorescent intensity after a long lime o f  stocking (several 
months).
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I'ig. 9. Typical briuhi-ilekl (A|, A.I, A5) and dark-iield (A2. A4, At) microscopy images of breast cancer cells 
after incubation wilii the i^old NPs nun-conjugated with trastuzumab (A1-A2), ihc gold NPs conjugated with 
trastu/.umab (A rA 4) and liie amino-GNPs covalentlv conjugated with trastuzumab through EDC connection

(ÁrAe).

We also tried to conjugalc tlie gold NPs with trastuzumab without FITC fluorescent dye. As seen 
from figure 9, in the case o f  the GNPs non-conjugated with IrastLizumab, the gold NPs could not find 
the cancer cells and nothing was observed in the dark-field microscopy image (A 2). When the gold 
NPs were dircctiv conjugated with trastuzumab, the gold NPs concentrated on the cancer cells and 
these cancer cells were d ea r ly  observed in the dark-ficid microscopy image (A 4) by means o f  
scattering light o f  the gold NPs. When the amino-GNPs were covalently conjugated with trastuzumab 
through HDC conncclion, the gold NPs concenlrated on the canccr cclls as well, but these cancer cells 
were observed with slightly lower intensity in the dark-ficld microscopy image (Aô) in comparison 
with those in the image A4 . However, the gold NPs directly conjugated with trastuzumab were storable 
in freezer for only about two weeks and then lost their activity; while the gold NPs covalently 
conjugated with trastii/umab vscrc stable for about two month storage.
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4. Conclusion

Gold NPs, CoPt and FePt NPs have been prepared. Aflcr annealing, CoPt and FePt NPs showed a 
high cocrcivity. Wc succccded in conjugating Trastuzumab to gold NPs for specific dctcction o f  Her2 
over-expressed breast cancer cells, here IS KPL4 cell line. Among 3 types o f  conjugation, the 
covalently linked Trastuzumab-HDC*GNPs showed long-time stability and strong binding toward 
breast canccr cell KPL4.
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