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ABSTRACT

The porousanodic alumina (PAA) film has been fabricated in oxalic acid,
phosphoric acid solutions and as a sequence in both one after other. The
photoluminescence (PL) and morphological propertieswere studied. The
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porousfilmswere formed in both oxalic acid and phosphoric acid electro-
lytesand found to be more ordered array of pores of filmformed in oxalic
acid. The PL intensity of PAA membrane prepared in oxalic acid is much
higher than that in phosphoric acid. The maxima of PL peaks reveal the
presence of different luminescent centreinfilmformed in oxalic acid and
phosphoric acid. The PL peaks were attributed to oxalic acid impurities
incorporated and F* centers in the film formed in oxalic acid. F centers
were considered for the origin of PL infilmformed in phosphoric acid.
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INTRODUCTION

Porousanodicauminafilmisavery important and
useful material in nanoscopic research™™®, The self
organised regular cylindrical poresmakeit agood tem-
platefor thefabrication of nanostructural materialssuch
as carbon nanotubes, Ni nanotubes and nanowires
arrays™9. Thelight emitting propertiesbecomeanin-
terest of investigation dueto the application in opto-
electronics studies™. Anodic oxide membrane can be
used in optod ectronic devices such asphotonicscrys-
tas, organiclight emitting dioded®*!. Thesestudieshave
importancefor both scientific & technological purposes.
The photoluminescence propertiesof AAO membrane
hel pinducidation of nature of nanosynthesized materi-
as. Anodicoxidefilmonauminiumislongrangehex-

agonal array of cells containing pores which were
formed during anodization. The depth of these pores
may be up to 90 micrometer with avery high aspect
ratio and poredensity (108 -10% pores/cm?). Itissmple
and inexpensive technology for the fabrication of
nanomaerias.

Inrecent yearslargenumbersof investigatorshave
focussed their attention to study the photol uminescence
propertiesof porousoxidefilm formedin variousan-
odiceectrolytesmainly inoxdic, sulphuricacid & phos-
phoric acid™>3, Little hasbeen published ontheAAO
produced in phosphoric acid. Generally therearetwo
opinionsabout thePL centreinorganicacid likeoxdic
acid. First centreisrelated to the oxygen in vacancies
[F, F*, F*] formed during theformation of Anodic ox-
idefilm & second PL centreisattributed to theincor-
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porated oxalic acid impurities¥. Mogt of the PL stud-
ies concluded that the luminescence centres are car-
boxyl groupsthat areembedded in the oxidefilmand
oxygen vacanciesformed during the anodi zation pro-
cess. Inthisarticlewe examinethemorphological and
PL propertiesof PAA filminoxaicand phosphoricacid
solutions.

EXPERIMENTAL

High purity (99.99%) duminiumfoilswerefirs me-
chanically polished with fine grade
(400#,600#,1000#,2000#) emery paper, degreasedin
acetoneand etched in NaOH solution (100gmvlitre) at
about 60°C for 3 minutes and thoroughly rinsed in
doubledistilled water. The sampleswereelectro pol-
ished in mixtures of perchloric acid and ethyl a cohol
(1:4) at 15V for threeminutes. By theelectro polish-
ing the sampl e achieve smooth mirror finish. After the
pre-treatment, a uminium foilswere anodized under a
condant voltageinacidicdectrolytestoformAAOfilms
(All samplesarelabelled). The sampleaand b were
anodized in oxalic acid (0.3M) and phosphoric acid
(0.3M) respectively for 1 hours where the sample c
wasfirstly anodizedin oxalic acid (0.3M) for 30 min-
utesthen anodized in phosphoric acid (0.3M) for 30
minutes. Now the anodi zation sequence was changed
and the sample d wasfirstly anodized phosphoric acid
(0.3M) and theninoxaicacid (0.3M) each for 30 min-
utes. Theanodizing voltagewas40V for al samples.
Thetemperature of the bath was maintained at 20° C.

Themorphol ogy of anodic aluminasampleswere
characterized with SEM JEOL JSM6300. The PL spec-
tral measurementswere carried out on aspectrometer
with He— Cd laser (325nm) asthelight source. The
emitted light was analyzed by HR-4000 cean Optics
USB spectrometer optimized for the UV-VISrange.
All spectrawererecorded at room temperature.

RESULT & DISCUSSION

Therecorded current density characteritic for an-
odizationinoxalicacid (Figure 1) showsthat thereis
rapid drop of current density inthe beginning indicates
the growth of barrier layer, whilethe process of step
increasein current correspondsto the porenucleation
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and formation and nearly exponentia decreasetothe
poreelongation. Inthe case of H,PO, electrolyte (Fig-
ure 2), thereissmall current density inthe process of
porenucleation and formation. In theinitiation of pore
formation and self organization thefield asssted disso-
[ution reactionresultsin spatialy irregular topearrays.
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Figurel: Current timeplot for anodization in oxalic acid
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Figure2: Current timeplot for anodization in phosphoric
acid

Figure 3- 6 showsthe surfacemorphology of AAO
films. All the samples showsregular nanoporousarray
with different shapesstructure. Figure 1 showsthe po-
rousfilmformedinoxaicacid. Thefilm showsthecylin-
drica hexagond poreswith different porediameter (30-
50 nm) and interporedistanceisabout 80 nm. Thefilm
formed in phosphoric acid givestheporousstructurebut
withirregular pores. The porediameter and interpore
distanceishigher thanthat of filmformedinoxdicacid.
Figure 3 showsthe morphology of filmformedfirstin
oxaicacidtheninphosphoricacid. Thisanodizing se-
guenceprovidestheregular array of poreswith different
shapesand decreasestheirregul aritiesdueto adjoining

of theporewall inanodization of duminiuminpurephos
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phoricacid. Theseporesarelarger than poresformedin
oxdicandin phosphoricacid. Thesampled (filmfirst
formed in phogphoricand thenin oxaic acid) showsthe
porousstructurewith porediameter andinterporediam-
eter dmost amilar tofilmformedinoxdicacid but less
cylindrical. From SEM imagesitisrevealed that film
formedinoxdicacid havemoresymmetrica poroussruc-
turethaninphosphoricacid.

Tam

Figure3: SEM image of AAO membraneanodizedin 0.3M
oxalicacid at 40V for 1 hour
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Figure4: SEM image of AAO membraneanodized in 0.3 M
phosphoricAcid at 40V for 1 hour

v Tpm
Figure5: SEM image of AAO membraneanodized first in
0.3 M oxalic acid then in phosphoric acid at 40 V for 30
minuteseach
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Photol uminescence spectraof samples(a-d) are
showninFigure?. ThePL spectraof ssmplea, candd
appearsin therange of 360-540 nm. The maximaof
peaksareat 460 nm (&), 470 nm (c) and 480 nm (d).
Thesample ‘b’ haveweak intensity band at maxima,
530 nm.

THm
Figure6: SEM image of AAO membraneanodized first in
phosphoricacid (0.3) thenin 0.3 M oxalicacid at 40V for 30
minuteseach
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Figure7: ThePL spectraof AAO (a) 0.3 M oxalicacid (b)
phosphoricacid (c) firstly in oxalic acid then in phosphoric
acid (d) firstly in phosphoric acid then in oxalic acid

Theexcitation wavel ength was 325 nm. Theresult
reveal ed that the anodizing sequencein phosphoric &
oxalicacid hasdight effect on the band maximum and
intengities. The PL spectraresultsindicatethat thePL is
dueto different type of luminescent centre present on
filmformedin oxalic acid and phosphoric acid el ectro-
lytes. The PL pesk of filmformed in phosphoricacidis
produced at higher wavelength having maximaat 530
nm. So that use of phosphoric acid in anodizing se-
quence shiftsthePL band of filmformedinoxdicacid

towardshigher wavelength. Thefilmformedinoxaic
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acid (samplea) hashighest intengty. Theintensitieswere
decreaseswhen the sampleswere anodized in sequence
of oxalic and phosphoric acid (samplecand d). The
PL band of filmformedin phosphoric acid hasvery less
intensity ascompareto others. Though there aremany
studiesconcerting theluminescencemechanismof AAO
membrane. Inthe anodi zation procedure therearetwo
opposite process—film formation & film dissolution,
oxygeniontransfer inthedectrolyte& migratethrough
barrier layer under ahigh electricfield by avacancy
mechanism. Thisindicatesthat many oxygen vacancies
existin PAAfilm. TheF centresare produced dueto
partial oxygen vacancies. Theluminescent centresexist
inporewalls& barrier layersof PAA membranes. The
bluePL of AAO membraneforminoxdicacid hasbeen
related with FI*¥ centre & F* centres®® and surface
hydroxyl group®” showing a blue PL band around
460nm*8 proposed that the band around 470 nmis
attributed to thetransition in the F* centres (oxygen
vacancieswith onedectron). Thedectrolytehasalarge
influenceinthelight emitting property of duminamem-
brane. We have attributed the blue emissionto F+ cen-
tersand oxaicionimpuritiesin caseof filmformedin
oxalic acid and F center in film formed in phosphoric
acid. Huang at d!*® explained thebandsat higher wave
length are dueto F centers. Use of phosphoricacidin
anodizing sequence shiftsthe peakstowardsat higher
wavelength. Asshown in current voltage diagram the
growth rate of pore nucleation in phosphoric acidis
lower than ascompareto oxalic acid thuslesser num-
ber of oxygen defect were created during anodization
andthereforethe PL peak of filmformed in phosphoric
acidislessintense.

CONCLUSION

Thefilmformed in oxdic acid hasmore symmetri-
cd porousstructurethanfilmformedin phosphoricacid
and sampleanodized first in oxalic acid decreasethe
irregularitiesof filmformed in phosphoricacid during
anodization. The PL measurementsshowsthereisdif-
ferent luminescent centerspresent infilmformed in ox-
alicacid and phosphoric acid solution.
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