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KEYWORDSABSTRACT

The porous anodic 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 properties were studied. The
porous films were formed in both oxalic acid and phosphoric acid electro-
lytes and found to be more ordered array of pores of film formed 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 centre in film formed 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 in film formed in phosphoric acid.
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INTRODUCTION

Porous anodic alumina film is a very important and
useful material in nanoscopic research[1-3]. The self
organised regular cylindrical pores make it a good tem-
plate for the fabrication of nanostructural materials such
as carbon nanotubes[4], Ni nanotubes and nanowires
arrays[5-6]. The light emitting properties become an in-
terest of investigation due to the application in opto-
electronics studies[7-8]. Anodic oxide membrane can be
used in optoelectronic devices such as photonics crys-
tals, organic light emitting diodes[9-11]. These studies have
importance for both scientific & technological purposes.
The photoluminescence properties of AAO membrane
help in elucidation of nature of nanosynthesized materi-
als. Anodic oxide film on aluminium is long range hex-

agonal array of cells containing pores which were
formed during anodization. The depth of these pores
may be up to 90 micrometer with a very high aspect
ratio and pore density (108 -1012 pores/cm2). It is simple
and inexpensive technology for the fabrication of
nanomaterials.

In recent years large numbers of investigators have
focussed their attention to study the photoluminescence
properties of porous oxide film formed in various an-
odic electrolytes mainly in oxalic, sulphuric acid & phos-
phoric acid[12-13]. Little has been published on the AAO
produced in phosphoric acid. Generally there are two
opinions about the PL centre in organic acid like oxalic
acid. First centre is related to the oxygen in vacancies
[F, F+, F++] formed during the formation of Anodic ox-
ide film & second PL centre is attributed to the incor-
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porated oxalic acid impurities[14]. Most of the PL stud-
ies concluded that the luminescence centres are car-
boxyl groups that are embedded in the oxide film and
oxygen vacancies formed during the anodization pro-
cess. In this article we examine the morphological and
PL properties of PAA film in oxalic and phosphoric acid
solutions.

EXPERIMENTAL

High purity (99.99%) aluminium foils were first me-
chanically polished with fine grade
(400#,600#,1000#,2000#) emery paper, degreased in
acetone and etched in NaOH solution (100gm/litre) at
about 600 C for 3 minutes and thoroughly rinsed in
double distilled water. The samples were electro pol-
ished in mixtures of perchloric acid and ethyl alcohol
(1: 4) at 15 V for three minutes. By the electro polish-
ing the sample achieve smooth mirror finish. After the
pre-treatment, aluminium foils were anodized under a
constant voltage in acidic electrolytes to form AAO films
(All samples are labelled). The sample a and b were
anodized in oxalic acid (0.3M) and phosphoric acid
(0.3M) respectively for 1 hours where the sample c
was firstly anodized in oxalic acid (0.3M) for 30 min-
utes then anodized in phosphoric acid (0.3M) for 30
minutes. Now the anodization sequence was changed
and the sample d was firstly anodized phosphoric acid
(0.3M) and then in oxalic acid (0.3M) each for 30 min-
utes. The anodizing voltage was 40V for all samples.
The temperature of the bath was maintained at 200 C.

The morphology of anodic alumina samples were
characterized with SEM JEOL JSM6300. The PL spec-
tral measurements were carried out on a spectrometer
with He � Cd laser (325nm) as the light source. The
emitted light was analyzed by HR-4000 cean Optics
USB spectrometer optimized for the UV�VIS range.
All spectra were recorded at room temperature.

RESULT & DISCUSSION

The recorded current density characteristic for an-
odization in oxalic acid (Figure 1) shows that there is
rapid drop of current density in the beginning indicates
the growth of barrier layer, while the process of step
increase in current corresponds to the pore nucleation

and formation and nearly exponential decrease to the
pore elongation. In the case of H

3
PO

4
 electrolyte (Fig-

ure 2), there is small current density in the process of
pore nucleation and formation. In the initiation of pore
formation and self organization the field assisted disso-
lution reaction results in spatially irregular tope arrays.

Figure 1 : Current time plot for anodization in oxalic acid

Figure 2 : Current time plot for anodization in phosphoric
acid

Figure 3- 6 shows the surface morphology of AAO
films. All the samples shows regular nanoporous array
with different shapes structure. Figure 1 shows the po-
rous film formed in oxalic acid. The film shows the cylin-
drical hexagonal pores with different pore diameter (30-
50 nm) and interpore distance is about 80 nm. The film
formed in phosphoric acid gives the porous structure but
with irregular pores. The pore diameter and interpore
distance is higher than that of film formed in oxalic acid.
Figure 3 shows the morphology of film formed first in
oxalic acid then in phosphoric acid. This anodizing se-
quence provides the regular array of pores with different
shapes and decreases the irregularities due to adjoining
of the pore wall in anodization of aluminium in pure phos-
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phoric acid. These pores are larger than pores formed in
oxalic and in phosphoric acid. The sample d (film first
formed in phosphoric and then in oxalic acid) shows the
porous structure with pore diameter and interpore diam-
eter almost similar to film formed in oxalic acid but less
cylindrical. From SEM images it is revealed that film
formed in oxalic acid have more symmetrical porous struc-
ture than in phosphoric acid.

Photoluminescence spectra of samples (a-d) are
shown in Figure 7. The PL spectra of sample a, c and d
appears in the range of 360-540 nm. The maxima of
peaks are at 460 nm (a), 470 nm (c) and 480 nm (d).
The sample �b� have weak intensity band at maxima,
530 nm.

Figure 3 : SEM image of AAO membrane anodized in 0.3 M
oxalic acid at 40 V for 1 hour

Figure 4 : SEM image of AAO membrane anodized in 0.3 M
phosphoric Acid at 40 V for 1 hour

Figure 5 : SEM image of AAO membrane anodized first in
0.3 M oxalic acid then in phosphoric acid at 40 V for 30
minutes each

Figure 6 : SEM image of AAO membrane anodized first in
phosphoric acid (0.3) then in 0.3 M oxalic acid at 40 V for 30
minutes each

Figure 7 : The PL spectra of AAO (a) 0.3 M oxalic acid (b)
phosphoric acid (c) firstly in oxalic acid then in phosphoric
acid (d) firstly in phosphoric acid then in oxalic acid

The excitation wavelength was 325 nm. The result
revealed that the anodizing sequence in phosphoric &
oxalic acid has slight effect on the band maximum and
intensities. The PL spectra results indicate that the PL is
due to different type of luminescent centre present on
film formed in oxalic acid and phosphoric acid electro-
lytes. The PL peak of film formed in phosphoric acid is
produced at higher wave length having maxima at 530
nm. So that use of phosphoric acid in anodizing se-
quence shifts the PL band of film formed in oxalic acid
towards higher wave length. The film formed in oxalic
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acid (sample a) has highest intensity. The intensities were
decreases when the samples were anodized in sequence
of oxalic and phosphoric acid (sample c and d). The
PL band of film formed in phosphoric acid has very less
intensity as compare to others. Though there are many
studies concerting the luminescence mechanism of AAO
membrane. In the anodization procedure there are two
opposite process � film formation & film dissolution,
oxygen ion transfer in the electrolyte & migrate through
barrier layer under a high electric field by a vacancy
mechanism. This indicates that many oxygen vacancies
exist in PAA film. The F centres are produced due to
partial oxygen vacancies. The luminescent centres exist
in pore walls & barrier layers of PAA membranes. The
blue PL of AAO membrane form in oxalic acid has been
related with F[15] centre & F+ centres[16] and surface
hydroxyl group[17] showing a blue PL band around
460nm[18] proposed that the band around 470 nm is
attributed to the transition in the F+ centres (oxygen
vacancies with one electron). The electrolyte has a large
influence in the light emitting property of alumina mem-
brane. We have attributed the blue emission to F+ cen-
ters and oxalic ion impurities in case of film formed in
oxalic acid and F center in film formed in phosphoric
acid. Huang at al[18] explained the bands at higher wave
length are due to F centers. Use of phosphoric acid in
anodizing sequence shifts the peaks towards at higher
wavelength. As shown in current voltage diagram the
growth rate of pore nucleation in phosphoric acid is
lower than as compare to oxalic acid thus lesser num-
ber of oxygen defect were created during anodization
and therefore the PL peak of film formed in phosphoric
acid is less intense.

CONCLUSION

The film formed in oxalic acid has more symmetri-
cal porous structure than film formed in phosphoric acid
and sample anodized first in oxalic acid decrease the
irregularities of film formed in phosphoric acid during
anodization. The PL measurements shows there is dif-
ferent luminescent centers present in film formed in ox-
alic acid and phosphoric acid solution.
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