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ABSTRACT

The use of Atomic Force Microscopy (AFM) to ingege the effect of different annealing temperatureshe self-
assembly properties of Iron (lll) oxide nanoparti€lprepared by the Langmuir-Schaefer method isrempetally

demonstrated and discussed. Ferritin moleculesainimy a self-assembled core of iron oxide undettgarmal

treatment to produce the nanoparticles. When ttn Illl) oxide nanoparticles were subjected to aadimgy

temperatures, they were found to coalesce espgatthe boundary of the graphitic substrate tosmme energy.
At higher temperatures the particles were agaims®ecoalesce more, forming islands at the grapHtitbundary.
Further studies revealed that these islands repriesk different phases of Iron (lll) oxide nanopelds that
resembleg-Fe,05, a-Fe;0sand a third phase that likely was a combination-6&,0; anda-Fe,0s.
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INTRODUCTION

According to Cientifica [1], Nanotechnology is ajoratechnology for the future compelling many Gaweents in
the world to commit billions of hard-earned dollairs its development.A nanoparticle (or nanopowder o
nanocluster or nanocrystal) is a microscopic plartiith atleast one dimension less than 100 nm.oNarticle
investigation is currently an area ofpassionatergiic research due to a wide variety of potengipplications in
biomedical,optical and electronic fields. Nanopgaes are of immense scientific interest as theefégetively
bridge between bulk materials and atomic or mokacatructures [2].The popularity of nanoparticles lsoared
recently owing to their peculiar size as well asiagh, electronic, magnetic, and chemical propsrtieat depend on
the crystal size [3]. As a result of their physiaall chemical properties, nanoparticles have thengial to benefit
the electronic device development, Medicine, Cafalgnd the use of remedial methods to improvésskilreverse
environmental damage [4, 5, 3]. Nanotechnologies aready being used in the food packaging indufgty
Moreover, Nanotechnology is significant in the &lexic properties of materials which vary much wtigh
reduction in particle size especially when quantaethanical effects are considered. These propextesnostly
observed within nanometre range [7]. Furthermdre,Gomputer and data storage branch is gainingosufipm
nanotechnology to improve performance.Non-volatieEmory device, a technique based on the applicafisiiver
nanoparticles has been manufactured [8].

One such nanoparticle that shows a lot of promiseabse of its unique traits for the advancemenmahy
indispensible fields of endeavours is Iron (lll)idex For instance, due to their magnetic propert@gper
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paramagnetic behaviour and toxic influence on beaimcer cells; they are used simultaneously in oeglias tools
for tumour imaging, treatment of brain cancer, attter Cancer therapy [9, 10]. These particles lzds@ proven to
be more effective than conventional-sized parti¢lasmicrons) for oxidizing CO decomposition of biass by
annealing [11]. Aside their oxidizing potentialptr (Ill) oxide nanoparticles can be used as adsbrtweremove
metal from aqueous solutions [12, 13, 14].

An innovative approach to create nano-sized Irti) ¢kide particles is based on the capability efrin to self-

assemble and form a core of iron oxide. Ferritim isignificant iron- storage protein in living celinade up of a
spherical hollow shell consisting of 24 polypeptglébunits capable of storing iron as hydrated ogide in the

inner cavity [9]. Annealing the sample thereforenoees the Ferritin shell to expose the nanopasticlehe

morphology of this process and the behaviour of firened Iron (lll) oxide nanoparticles annealedelvated
temperatures are not well — established.

Therefore, this work seeks to investigate the moligrfy and effect of annealing temperatures on éieassembly
properties of Iron (lll) oxide nanoparticles usiAtpbmic Force Microscopy. Again, this work also seél provide
answers and observations of Iron (Ill) oxide namtglas in the form of images as samples were drdeat
different temperatures.

MATERIALSAND METHODS

Highly Ordered Pyrolytic Graphite (HOPG) obtainednfi the Experimental Physics Il Laboratory, Univgref
Augsburg, Augsburg,were used as substrate foretkperiment because of its organized layer structtability
compared to others and particularly due to thewssak der Waals forces bounding these layers; thusngaheir
removal easy. The surface of this substrate wamelt with isopropanol before Sellotapeswere useateto/e the
surface of sample so as to avoid any possibleAthiout 80 ml solution was made from 0.01 M NaCl loidiag 80
ml ultra-pure water to a weighed 46 mg NaCl powidea clean beaker. These Beakers and other appaath as
pipettes and test-tubes were pre-cleaned by soélkérg in detergents overnight and then washed tighiy in the
morning with double deionized water to remove aoggible contaminants. The solution was then whisled/ly to
ensure that the salt dissolve completely in thetsm. About 145ul horse spleen Ferritin solution (0.15 M) was
further added to the NaCl solution.

Preparation of the nanoparticles monolayers waieett by using a complete Langmuir Blodgett experital set
— up based on Langmuir Schaefer technique as showig. 1. Detail information about the parts of sap and
their functions are presented elsewhere [16]. @opttoLangmuir Blodgett method, the substrate igpdd
horizontal into the solution when using the Langn8ghaefer technique. These two methods enabléoop@duce
and classify single molecule thick films with casitiover packing density of molecules. They alsovjate the
chance to form multilayer structures with differdayer composition. However, the Langmuir Schaefethod
alone was used to prepare the nanoparticle mornsldgethis workbecause it is a simple but accurag¢hodwith
short turn-around — time. More importantly, it elatively less costly compare to Langmuir Blodgetthnique.
Critical parts such as the trough are also preeardd with chloroform to avoid possible contamovatand
hydrophobic.

The solution was then transferred onto the set traymgh for analysis. As a way of increasing thadformation
between the surface molecules and to make theceudanditions favourable for producing monolayatsput 14
plOctadecyltrimethylammoniumbromide (Tenside) waseabli the solution.

Principal parameters such as pressure valuesgisotand details of surface tension of the soluti@ne observed
on the computer with the aid of a barrier mechardsining the experiment. The barrier mechanism aedgotherm
are monitored on a computer untilan appropriatgetapressure was reached before the cleaned fasgbefrate
was quickly dipped horizontally on the surfacehd solution in the trough. This pressure (abou2@dyn/cm)was

achieved after compression of the barrier and m@itdr a few minutes. These samples later underasené¢aling at
temperatures in the range of 573K-733K and tim&s-024 hours. The water and the Ferritin shellsewben

removed leaving the nanoparticles to be imagedratysis.

In other to obtained precise images of the varioaisoparticles in the Ferritin monolayers substrateair, the
Atomic force microscopy operated in the Tapping meas used. In the tapping mode, the tip of the ABithes
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the surface and detaches from the sample surfacéi oscillation cycle by using large vibrationpditude. The
various images were then analysed using suitalitguater software program.

RESULTSAND DISCUSSION

The following analysis is carried out on fifteenrgdes and the average results are as follows:

Fig.1: A complete Langmuir Blodgett set-up

o

T 1 1
0.0 1: Height 1.0 um 0.0 1: Height 1.0 um

Fig. 2 AFM image of an oxidized ferritin monolayer annealed  Fig. 3 AFM image of oxidized ferritin monolayer annealed at at 573K
for 1 hour 573K for 25 hours

Figs 2 and 3 give detailed revelations of the nantiges. Fig.2 shows samples heated for only 1tedus73k
illustrating clustering nanoparticles to reduce theface energy. Fig.3 depicts sample heated f@k =t 25
hoursshow more cluster in addition to alignmenttted nanoparticles at the graphitic boundary. Nartabes
shownin Fig.3 are smaller than that in Fig. 2 beeamore water was lost when more heating was apptievas

observed that the surface energy of samples showigin 3 wasfurther reduced by alignment at stepghef
substrate.
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Fig. 4 AFM image of an oxidized ferritin monolayer annealed Fig .5 Image of oxidized ferritin monolayer annealed at 673K
at 673K for 0.5 hrs. for 2 hours

Figs 4 and 5 present two different images as thepéeature and the annealing time were increasetiBo k6
Therewere more nanoparticles in Fig.4 than Fig.He nanoparticles in Fig.4 were sparsely distrid\tixe islands
of nanoparticles) which could be due to the tipgdiag some of the particles since some scratchalsl @ seen on
the image background. Sample images presented)ib &iso experienced the tip dragging of the narimtes but
the extent were different for both images. The panticles also appeared more compact and biggeelthe
conserving surface energy than inFig.4. The graimdaries for both images in (Figs 4 and 5) wereisille.

1
0.0 1: Height 1.0 pm

Fig. 6 AFM image of an oxidized ferritin annealed at 733K for 25 hours
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Fig. 6 shows Nanoparticles annealed at 460°C (738K25 hours respectively. The energy supplied higbest.
Fig.6 shows more clustering of what, may be narapes and theyappeared to be merged. Alignmerhet
graphitic grain boundary was also reduced to theimmim. One plausible explanation for this observed
phenomenon is that, the substrate energy was Idaesanoparticles shown in Fig. 6. Densely packledters of
distinguishable nanoparticles were also revealethénannealed sample images captured. Annealingéaimgples
causes the removal of protein shell resulting lioveer coverage of the HOPG surface.

Thus,nanoparticle clusters consist of well-defingatticles size of approximately 6.5-7nm. Thesessizvere
expectedly reduced with annealing because of wats. Dimensional analysis of the graphite boundaith
respect to size, diameter, height and steps can abeieved with a computer software program,
nanoscale. Thenanoscale program could also shovea ¢tiimensional image of each sample. Fig.7 sh@nssk of
the program for image measurements.

-1 T i
D2 04 0 03 1 12 14 18 18 ¢
. y Spechial Period 1.73 um Spectral Freq 0.578 fum
1: Height Spectral AM5 Ampl 0,938 nen Temporal Freq: 0.00 Hz
Figure7 AFM image showing size of nanoparticles Fig. 8 AFM Graphs showing the size of Iron (I11) Oxidenanopaticles

Table 1 showing the various distances of the Iron (111) Oxide nanoparticles

Line Pail | Horizontal Distance(un | Vertical Distance(nn | Surface Distance(u!
Blue 0.035 -6.30 0.036
Red 0.043 7.057 0.044
Green 0.047 6.918 0.048

By taking a scan line at a sample surface one eadily obtain the corresponding information of tfaoparticles
at the area.Fig.7 shows three different areas aelic by red, blue and green colours where infoomatf the
nanoparticles present and their heights indicatdeig. 8 have been displayed in Table 1 above.t@lsisverefound
predominantly at steps present on the HOPG subsitatace. Clusters of the nanoparticles formseamedwith a
rise in annealing process. Formations of clustiss reduced the surface energy of the substrate.

CONCLUSION

Thermal treatment of F®3nanoparticles shows that, an increase in anmeadimperatures and times lead to
clustering of the nanoparticles. The nanopartibes self-assembled structures that lead to a textuin surface
energy of the system. Most of the nanoparticlessvedso found to cluster at the boundary of the lgjtepsubstrate.
We therefore conclude that, the graphitic boungeoyvides a favourable environment for cluster faiora Hence
nanoparticles cluster at the boundary due to tmenmim energy required to form there.
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