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Abstract:

FeCo nanoparticle colloid was synthesized by ablating a higtyf@Co target in distilled

water using pulsed laser. The local surface plasmon resona®P&) phenomena were
investigated by UV-VIS spectrometer. By employing scanniagt®n microscope (SEM)
and its scanning transmission electron microscope (STEM) nieal@o colloid’s other

properties were characterized, such as particle size amdisiribution. The correlation
between SEM/STEM results and UV-VIS absorption spectiaows in this paper.

. INTRODUCTION

In the last few decades, a lot of research interestdtallic nanostructured materials has
arisen due to their unusual properties which are diffdrent their bulk materials, such as
their electronic, optical, magnetic, and chemical propértisong these, metallic colloids
are of special attention owing to their potential technologipalications in biosensor, drug
delivery, biological labels, and catalysi¥hese potential applications require optimizing the
metallic nanoparticles in colloid by controlling their growdind consequently their structure,
the chemical composition, and the grain SiZderefore, the key issue in the metallic colloid
is to develop an optimized method that can synthesizeestahtl size-controllable
nanoparticles with narrow size distribution. The usual technitpresynthesizing metallic
colloid include mechanical milling, solution chemistry, vapour-pt@githesis, and sol-gel.
Recently, a new method was developed to synthesize metllioed by using pulsed laser
ablation of metal target in a liquid solutfolcompared to chemical synthesis, the advantages
of this method are the simplicity of the procedure and absenckewfical reagents in

solution. Pulsed laser ablation also has appeared to beaseflexible and promising
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technique because of its ability to ablate almost ati«iof materials due the ultra-high
energy density and control over the growth process by manipulbngdcess parameters
like irradiation time, duration, energy density, wavelengis, e

FeCo nanoparticles have played an important role in technologiqdications such as
ultrahigh-density storage media and biomatkerich require soft magnetic materials. FeCo
nanoparticles due to their combination of low coercivity, |gggeneability, and very large
saturation induction are candidates for such applications. Tis pgports the synthesis and

characterization of FeCo colloid by pulsed laser ablatidgfe€o target in distilled water.

I1.EXPERIMENT

FeCo (50:50 by atomic percentage) target was immenséidtilled water in a square glass
vessel and later ablated by an Nd:YAG laser with waveleoig§82nm. The typical laser
pulse duration is about 10 ns and repetition rate was settdt.10he volume of distilled
water (with FeCo target) was adjusted so that themgurface is always 3 mm above the
FeCo target surface. A convex lens with short focal length (75mas used to avoid
focusing laser beam at the water surface. An X-Y motgestvas used to move the glass
vessel randomly so that the laser irradiates the Fe@ettsurface at random locations. This
arrangement provides uniform ablation of the FeCo target andsalasier irradiation at a
particular place.

The morphology of FeCo nanoparticles was investigated by JERM6IB0F field emission

scanning electron microscope (FESEM) equipped with electron edeggrsive X-ray

2.0 A spectrometer (EDS) and a
L Tminl::\l\HI scanning transmission electron
1:: 7minLT1 |“.\H‘-ﬁ microscope (STEM) mode. The
31-2-: :::"!\I specimens were prepared by
g;:: S :\:\‘ dropping and drying the fresh
S| Babn m'—"??\_'\‘ FeCo colloid onto the Cu meshes
0-“': V\\\ with carbon films. SHIMADZU
BT LT UV-VIS 2501 spectrophotometer
] was employed to determine the
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Figure 1. UV-VIS absorption spectrum of FeCo Calloid. Intensity

of the peak at around 315nm increases and becomes apparent by

fitting two peaks using Lorentzian method as the irradiation time

increases from 5min to 7min.
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affect its optical properties, FeCo colloid was redispemséa€erry Ultrasonic Bath before

UV-VIS absorption spectrum.

I1l. RESULT AND DISCUSSION

Figure 1 shows the UV-VIS absorption spectrum of FeCo colithesized by ablating
FeCo target in distilled water with different irration time. As the irradiation time increased
from 5 min to 7 min, the intensity of absorption spectrum emed, indicating an increase of
the number of FeCo nanoparticles in colloid. By fitting twakseusing Lorentzian method,
it was observed that an absorption peak at around 315nm becamenagits peak
intensity increased with the increase in laser irraatiatime. It may be noted that this peak
broad and has a large bandwidth. The position and full widthifalmbaaimum (FWHM) of
the absorbance peak depend on the materials, solvent, pargelend its distribution
according to Mie scattering thedryTherefore, the wavelength of maximum absorption and
the large FWHM lead to the assumption that FeCo nanoparfidigasated by pulsed laser
ablation are rather small and their size distribution iselyicspread. The FWHM of
absorption spectrum decreases to a certain extent and theligbélg blue shifts at longer
irradiation time, which can be explained that the vyiedde rof smaller sized FeCo
nanoparticles is larger than bigger ones for longer irradiati@so may due to the laser
destruction of the initially ablated clusters formed by Fe@aoparticles, so that the size of

nanoparticles decreases and the colloid concentration becorhes hig
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Figure 2 (a) SEM and (b) STEM images of FeCo nanoparticlesin colloid synthesized by 7 min irradiation.

The SEM image of FeCo nanopatrticle clusters in colloids sgizibe using 7 min irradiation

time is shown in Figure 2(a). FeCo nanoparticles tend to aggreggether to form bigger
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size clusters with wide range of sizes from about 50 to 100tmmay be one of the reasons
to explain why the FWHM of UV-VIS absorption spectrum is laigevas observed that
some brown flocks appeared at the bottom one week after simtiadich can move by
applying strong magnetic field and be re-dispersed by ultradmath. The size of FeCo
nanoparticles was evaluated by STEM images using JEOL JSM 6@98Rpwn in Figure
2(b). The size of nanopatrticles varies from 5nm to 40nm, whigkecthe large FWHM and
attribute the long-wavelength tail in the UV-VIS spectra stibim Figure 1. In agreement
with UV-VIS absorption spectra results, most of FeCo nanapestare at the range of 5nm

to 15nm and give rise to the maximum absorbance at about 315nm.

IV. CONCLUSION

FeCo colloid was successfully synthesized by ablating Fe@ettan distilled water in a
glass vessel with high yield rate. UV-VIS absorption speotlicate that FeCo nanoparticles
synthesized by pulsed laser ablation are rather smalbwotd size distribution. The STEM
shows that the size of nanopatrticles varies from 5nm to 40nrBEkdimages shows that
these nanoparticles tend to aggregate to form clusters raingindbOnm to 100nm. These
observations are in agreement with the conclusions drawn froiI8\épectra results. It is
shown that pulsed laser ablation is a promising technique for thedtdm of magnetic

nanocolloid.
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