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ABSTRACT

The electrodeposition synthesis of highly ordered macroporous films of
cobalt with regular arraysof spherical poreswith diameter 0.2, 0.5, 0.75and
1 um was carried out into the interstitial spaces of a template formed by
polystyrene latex spheres self-assembled on gold electrodes to produce a
highly periodic, hexagonal close packed, interconnected network of mono-
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disperse spherical pores within the metal film, the size of which is deter-
mined by the diameter of the polystyrene latex particles used to prepare the
template. Nanostructure of thefilmsis studied by scanning electron micros-
copy, also the magnetic studies of the films are carried out by Aerosonic
3001 vibrating sample magnetmeter.  © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Meta eectrodepositionisof great importance, both
for thebasic scienceinvolved inthisprocessandfor its
mgjor technologica applicationsin e ectroplating, meta
electrofining and e ectrowinningt™.

Porousmetd sareimportant for many engineering
gpplications, such asfilters, catalyst, supports, heat ex-
changers, fuel cells, dectrolytic cells, thermal screens,
and vibration damperg?. In many applications, ahigh
specific surfaceareaisrequired. Theproduction of ma-
terial swith micron and submicron scalegtructureintwo
and three dimensionsisof importancein arange of ap-
plications, suchasphotonic materids, high density mag-
netic data storage devices, microchip reactors and
biosensorg®7.

Thedectrochemica deposition of nanoscaeNi and
Au meshesthrough templ ates madefrom close-packed
silicaspherearry have been described by Xu et al'®. It

wasfound that there are severa important differences
between the method described in thiswork over that of
Xuetd whichsummaraized as: (i) thepolystyrenela
tex particlesused arecommercialy availableinarange
of sizes; (ii) the close-packed templates can be pre-
pared by evaporationin 2 d rather than by sedimenta-
tion over aperiod of several months; (iii) thereisno
need to sinter thetemplate; (iv) themeta depositionis
achieved inafew minutesrather than over 36 h; (v) the
template can beremoved by dissolving the polystyrene
intoluenerather than requiring the useof HF.
Inthisarticlewereport the preparation of highly
ordered macroporous metal films. The preparation of
the structured macroporousfilmswascarried out via
the electrochemical reduction of CoSO, in agueous
solution withintheintergtitial spacesof aclose packed
polystyrenelatex spheretemplate, self assembledona
gold surface. Theinfluenceof the porediameter of poly-
styrenelatex sphereson the magentic properties of the
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electrodeposited Cofilmsisreported. Thenucleation
and thegrowth mode of Co onto gold substrates, were
investigated viacurrent — time transient curves during
potentiostatic deposition. The morphology of the Co
filmshavebeeninvestigated with Scanning e ectron mi-
croscopy (SEM). Magnetic hystersis curveshave been
recorded with an Oxford InstrumentsAerosonic 3001
vibrating samplemagnetmeter at room temperature.

EXPERIMENTAL

Materialsand substrates

All solventsand chemicalswere of reagent quality
and wereused without further purification. Themono-
disperse polystyrenelatex spheres, with diameters of
200, 500, 750 and 1000 nm, were obtained fromAlfa
Asear asa 2.5 wt% solution in water. Propanol and
toluenewereobtained fromAldrich. Thegold eectrodes
used as substrates were prepared by evaporating 10
nm of achromium adhesion layer, followed by 200 nm
of gold, onto 1 mm thick glassmicroscopedides. The
gold e ectrodeswere cleaned by sonicationin propanol
for 1 hr followed by rinsing with deionzed water. All
solutionswere freshly prepared using reagent grade
water (18MQcm) from a Whatman RO 80 system
coupled to aWhatman “Still Plus” system.

I nstrumentation

Anandytica scanning e ectron microscope (JEOL
6400) was used to study the morphology and thick-
nessof thee ectrodeposited cobdt films. Magnetichys-
teresisloopswere measured using An Oxford Instru-
mentsAerosonic 3001 vibrating sample magnetmeter.
Electrochemical depositionwas carried out inacon-
ventiond threed ectrode configuration usngan EG and
G 273. A large area platinum gauze was used as the
counter electrode, saturated calomel (SCE) reference
electrode and thetemplate coated gold substrate asthe
working el ectrode.

Assembly of the colloidal templates

The polystyrene spheretemplateswere assembled
by stickingal.0cminterna diameter Teflonringonto
the gold substrate using double-sided tape. A pproxi-
mately 0.3 cm? of an aqueous suspensi on of the mono-
disperse polystyrene spheres of 200, 500, 750 and 1000
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nm diameter diluted with water to 0.5 wt% was spread
over theareaof the gold electrode surrounded by the
Teflonring (0.785 cn? )-thiscorrespondsto forming a
templatelayer about 20 um thick. Thesamplewasthen
kept inacontrolled humidity chamber and allowed to
dry lowly over aperiod of 3to 4 days. After al of the
water had evaporated the Teflon wasremoved toleave
acircular areacovered by thetemplate. Thetemplates
arerobust and adherewell to thegold substrate. There
isno evidencefor there-suspension of thelatex par-
ticleswhen thesare placed in contact with the deposi-
tionsolutions.

Synthesis of highly orderd macroporous cobalt
films

Theé ectrochemical depositionwas performed at
afixed potentiasof -0.95V vs. SCE. The Cobdt films
weregrown with constant and gradient thickness. The
gradient wasranging from 0.0to 1.5 um acrossthe 1
cmdiameter sample. Thiswasdoneinordertodlow a
systematic study by SEM measurements of the prop-
ertiesof thefilmsasafunction of thefilm thickness.
After theeectrochemica deposition wascomplete (25
-30 min), the cobalt filmswere soaked in toluenefor
24 htodissolveaway the polystyrenetemplate. All ex-
perimentswere performed at room temperature (20 -
23°C).

RESULTSAND DISCUSSION

Chronoamperometry char acterization
Chronoamperometry isamost widely used tech-
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Figurel: Current—timecurveduringdeposition of cobalt
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Figure2: Plot of film thicknessver susdeposition time of
cobalt films

Figure3: (a): SEM image of nanostructured cobalt film
with template diameter 500+ 20 nm; (b): SEM image of
nanostructured cobalt film with templatediameter 750+
20nm; (c) : Cross-section image of deposited cobalt fiilm
using template500 nm

niquefor the deposition and to observethegrowth pro-
cess during thefilm formation. Chronoamperometric

curveinfigurel showsthreedifferent regions, inwhich
A region correspondsto rapidincreasein current with
applied potential of -0.95V vs SCE, further slow cur-
rent decay isobservedin B regionwhichisfollowed by
aconstant current in C region. The rapid surge and
exponentia decay of the current observedinregionA
isdueto doublelayer charging. A contineous decay
current observed in region B, correspondsto thefor-
mation of cobalt filmg® and after that the currentinre-
gion C is the characteristic of diffusion controlled
growth™, Thus, (i) acobalt deposition after double
layer charging, (ii) critica nucel formation, and (iii) fur-
ther diffusive controlled growth of the cobdt films, are
theresponsiblestepsfor the nucleation formation and
subsequently growth of cobalt thin films. Cobalt thin
filmsweredeposited from optimized both composition
by applying-0.95V vs SCE deposition potential for
varioustime periods. Figure 2 showstheplot of films
thicknessagaingt theamount of chargerequired for the
deposition of films. It was observed that thefilm thick-
nessincreasewithincreasing the charge quantities.

It wasfound that by sel ecting the datapointsfrom
theexperimentd datasdectedinfigurelat short time,
aCottrel plotisobtained ascurrent versustherecipro-
cal squareroot of time. Thedope of cottrel plot yields
adiffusion coefficient D =5.2x10°m?2, s,

SEM characterisation

Figure 3ashows an exampleresponseof SEM im-
ages of the surface of macroporous cobalt filmsonto
gold substrate covered with templates made of 500+
20 nm diameter polystyrene spheres. Thedectrochemi-
cal deposition wascarried out at potentialsof -0.95V
vs. SCE (total charge passed 2C cm?). The SEM im-
agesshow that the sphericd voidsleftinthegoldfilms
after theremova of the polystyrene spherear arranged
inawell ordered single domain, close packed struc-
ture. Measurements of the centreto centre distances
for theporesin Figure3aand for smilarimagesof other
films confirmsthat the spherical voidswithinthecobalt
filmshavethesamediameter asthe polystyrenespheres
used to preparethetemplate. Figure 3b showsanim-
agefor amacroporous cobalt film prepared through a
template of 750 nm diameter spheres. Figure 3cindi-
cate cross-sectiona imagesof cobalt film prepared us-
ing templatesformed from 0.75um polystyrenelatex
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using 500 nm

: 2:Il:l i 4-CIZI I EIIIE I EEC I I:IICE
d(nm)
Figure5: Presentation of the measur ed coer ecivity ver -
susthediameter of polystyrene sphere

spheres. These micrographsa so demonstratethefor-
mation of three dimensiona macroporousfilms. The
spherical voidshave adiameter determined by the di-
ameter of the polystyrene latex spheres used for the
template and arearranged as part of an hexagona lat-
tice, againindicating that the polystyrenelatex particles
werearranged inthree-dimensiona hexagonal close
packed structure. Thiswasa so confirmed by scanning
electron micrographs of the templ ate themselves be-
forethe deposition of themetal.

It wasnoted that self-assembled layersof polysty-
renelatex particleisformed on gold surfacesby slow
evaporation of water from thelatex suspension can be
used astemplatesthrough electrochemical deposition
of metd films. Intheresulting metal/polystyrene com-
posite the polystyrene spheresarein contact and can
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be dissolved out of themetd toleavearegular array of
interconnected spherical voids. Theszeof thesevoids
isdetermined by the size of the polystyrene latex par-
ticlesused. Sincepolystyrenelatex particlesof tightly
controlled sizedistribution arereadily commercially
availablecontrolled. Controll over thequantity of charge
passed in the el ectrochemical deposition of thefilms
allowscontrol over thefina filmthickness. Thusthis
method representsasimpl erouteto the production of
ordered macroporousfilmsof metalswith potentia in-
teresting and useful photonic, catal ytic, magnetic, or
other properties.
M agnetic propertiesof cobalt films
Thefilmsthicknesswerecontrolled by changing the
diameter, d, of the polystyrene latex sphers, used to
form the template, and the amount of charge passed
during the el ectro-deposition process respectivel y*y,
Consequently, the grain structure and morphol ogy of
thee ectroplated cobdt films obtained from water and
fromthetemplatemixturemay besgnificantly different.
Figure4 showsthenormaizedin- planemagnetic hys-
teresisloops measured at room temperaturefor cobalt
film electrochemicaly deposited on gold substrate us-
ing 500 nm polystyrene spherediameter. It wasfound
that the hysteresisdecreasewith increasing thediam-
eter of polystyrene sphere. Figure 5 indicatethe pre-
sentation of themeasured coerecivity againgt thediam-
eter of polystyrenesphere. It isclear that the coerecivity
isproportional to theinverse of the diameter of poly-
syrenesphere. Thenano-structuring sgnificantly affects
theshagpeof magnetizationloopsand dragticaly changes
thecoercivefield Bc which found to show amaximum
with variation of spherediameter’?, M easurements of
thedependence of Bc on thethickness of the magnetic
film, tf, revealed aremarkabl e behaviour. It wasfound
that the coerciveforce changesperiodicaly with film
thickness.

CONCLUSION

Using asimple method we have successfully pro-
duced nanogtructured filmsof cobalt viae ectrochemi-
ca deposition using templ ates prepared by assembling
close packed arrays on monodisperse polystyrene
sphereswhich have different diameter (200 nm, 500
nm, 750 nm, and 1000 nm). Theresulting el ectrochemi-
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cal deposition is highly ordered three-dimensional
macroporousthinfilmsof cobalt arerobust and stable
when the templateis removed. The diameter of the
spherical voidsisdetermined by the diameter of the
polystyrenelatex spheresemployed to form the tem-
plate. Scanning € ectron microscopy confirmsthe pres-
ence of ahighly regular macroporous structure. The
thicknessof thefilmsiscontrolled by varying thecharge
passed intheir deposition.

It was noted that, the synthesising process obeys
Cotterdlian behaviour at short time. That mean that the
diffuson controlledlimiting currentisproportiona tot
1/2

M agnetic measurements showsthat the magnetic
propertiesof cobalt filmswere strongly influenced by
thediameter of polystyrene sphereand thefilmsthick-
ness. It wasfound that the hysteresisloops and coer-
civity decreasewith increasing thediameter of polysty-
rene sphere.
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