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LUMINESCENT PROPERTIES OF OXIDE FILMS ALUMINUM AND
TANTALUM IN CONTACT WITH AN ELECTROLYTE

The results of the study of the photoluminescence spectra,
electroluminescence and luminescence excited ions of the electrolyte,
oxide films of aluminum and tantalum, obtained by the electrochemical
method are presented. It is shown that the emission of oxide films,
appearing in contact with the electrolyte, due to the processes occurring

on the surface of the sample.

Recently, we have showed the possibility of
storing the lightsum by oxides when they interact
with water vapor as a result of its dissociation on a
solid surface [1]. It was assumed that the emission
of a number of semiconductor materials in contact
with the electrolyte is determined by the energy
parameters of the centers formed by adsorbed on
the surface of the hydroxyl ions, acting as donors,
and the localized electrons on them. [2]

To confirm that the observed emission of a
number of semiconductor materials in contact
with the electrolyte occurs in the surface layer
of phosphorus, we studied the luminescence,
excited by the ions of the electrolyte (LEIE),
photoluminescence (PL) and electroluminescence
(EL).

In this work Al O, and Ta,O, film thickness of
50 microns, obtained by electrolytic oxidation of
aluminum and, accordingly, a tantalum foil in a
0.5% water solution of sorrel acid in 30 minutes
on an alternating voltage of 70 V. (PL), ( EL)
and (LEIE), recorded at room temperature in the
spectral range from 400 to 600 nm. The spectra
were measured for the same sample and in the
same electrolyte. To measure the EL spectra of
oxide films of aluminum and tantalum sample was
constant voltage anodic or cathodic polarization.
As a counter used a film tin dioxide applied by
pyrolytic decomposition of SnCl, on a glass
substrate. The electrolyte is a water solution of
salts of sodium chloride and manganese (pH=5,5).

Luminescence emission was focused on the
entrance slit of the monochromator. Emission
coming out of the monochromator was detected
by a photoelectronic multiplier operating in the
mode of counting single photons in the 300-850
nm spectral sensitivity. The signal from the anode
of the photoelectronic multiplier was fed to an
amplifier and then to the input of the recording
device, namely, the frequency counter. In the
case of spectra LEIE the sample was applied
alternating voltage insufficient to excite the EL.
Fig. 1 shows the curves of the spectral
distribution of the PL (1), electroluminescence
(2) and LEIE (3) aluminum oxide films in contact
with the electrolyte. As can be seen from the
figure, the spectrum LEIE has fundamental and
additional emission bands for PL and EL.
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Fig. 1. Spectral distribution of the PL (1), electro-
luminescence (2) and LEIE (3) aluminum oxide films
in contact with the electrolyte.
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Maximum of the band in the PL spectrum
are located at 560 nm. In EL spectra bands with
peaks are located by about 470 and 530 nm. In the
spectrum of LEIE bands with peaks are located
by about 410, 460, 530 and 580 nm. Obviously,
the band of 560 nm for the PL band and 530
nm for EL and LEIE are principal because their
appearance is independent of way the excitation
of luminescence.

The band at about 580 nm is observed in the
spectra LEIE matter in which the electrolyte
was measured and does not occur in the
photoluminescence and electroluminescence.
This additional band, apparently due to the centers
of «biographical» nature contained in a certain
amount in the phosphor [3], and does not appear
in the sample with other types of luminescence,
besides luminescence excited by ions of the
electrolyte.

The appearance of a band at about 410 nm
depends essentially on the nature of the electrolyte
in contact with which is film Al,O,. Accoding to
the electron theory of chemisorption and catalysis,
the appearance of such additional band can be
explained by the appearance on the film surface
chemisorption luminescence centers due to the
adsorption of ions of the electrolyte, in contact
with which LEIE is observed.

Fig. 2 shows the curves of the spectral
distribution of the PL (1), electroluminescence
(2) and LEIE (3) Ta,O,films in contact with the
electrolyte. As seen from the curves of the spectral
distribution emission of the films Ta,O,, LEIE
spectrum as well as the spectrum of the films
ALQ,, has fundamental and additional emission
bands with the spectra of PL and EL.

Bands with maxima at 430 and 540 nm in
the PL spectrum of tantalum oxide films are
observed, which is similar to the PL spectra of
aluminum oxide film. In the spectrum of the EL
tantalum oxide films bands with maxima at 430,
460 and 540 nm are also observed. In the spectral
distribution of the LEIE, bands with maxima at
430, 460, 490, 540 and 580 nm are allowed.

Obviously bands with maxima at about 430 and
540 nm can be attributed to the fundamental, as
they are observed as in the case of LEIE, as in the
case of the PL and EL. The band at about 580 nm
is observed in the spectra LEIE in any of the used
electrolytes and is not observed under light or
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Fig. 2. Spectral distribution of the PL (1), electro-
luminescence (2) and LEIE (3) Ta,O, films in contact
with the electrolyte.

field excitation. Apparently, this band is due to the
presence on the surface of the film centers «bio-
graphical» nature. Band with a maximum at 490
nm is observed only in certain electrolytes and its
position depends on the nature of the electrolyte,
in contact with which is film. Obviously, this
additional band is related to the arising on Ta,O,
film surface emission adsorption centers.

In the spectrum LEIE tantalum oxide film, as
well as in aluminum oxide film spectrum LEIE a
band at about 460 nm is observed. This additional
band, apparently, of the chemiluminescent nature
and is explained by reaction occurring at radical
recombination of H" and OH- on the surface of the
oxide film [4]. By chemiluminescent nature of this
band is meant to initiate a catalytic surface of the
film chemiluminescent reactions that may take
place near the surface of the oxide film in contact
with the electrolyte.

Oxidation of aluminum or tantalum films with
manganese or being oxide films after oxidation in
water solution of manganese results in an appear-
ance of a band at about 600 nm. Obviously, the
appearance of this band is caused by the presence
of manganese in the film. This band is observed
for the same film in different electrolytes, which
indicates that it is not related to chemiluminescent
reactions on the film surface and the surface
centers of «biographical» nature, which are
contained in the film are responsible for its origin



Change of surface modification, by treating it
before measuring spectra in different electrolytes,
changes the properties of the layer of oxide films,
and these changes occur in a layer about 10
’m. To fix such surface changes in the study of
electroluminescence and also photoluminescence
impossible. Since the electrochemical obtained of
aluminum and tantalum oxide layers are of vari-
able thickness [5], the PL spectrum is due to the
average thickness of the physical and chemical
characteristics of these films. In the case of
electroluminescence electric field is concentrated
in the electrode layers thickness of about 10 * m,
and therefore, electroluminescence spectrum is
determined by properties of the film of the same
order of thickness.

It is established, that only the spectra of LEIE,
are sensitive to the nature of the sample and the
electrolyte in contact with which it is, that is
evidence in favour of what we observed emission
1s due to the processes occurring on the surface of
the sample. This is the evidence that by the emis-
sion spectra, occuring in the contact of oxide films
of ALO, and Ta,O, with electrolyte we can judge
adout physical and chemical properties lumino-
fores surface.

UDC 535.37

REFERENCES

1.

Muxo B. B., [enucosa I. M., Tou-
kas A. B. lccrnenoBanue nroMUHECIIEH-
unu 1wienok ALO, B snexrpomute //
Xumnueckas pusuka — 1999. — T. 11,
Ne 9. — C. 1232-1234.

Micho V. V., Vilinskaya L. N., Kole-
boshin V. Ya. Phenomena arising by in-
teraction of metal oxide with water and
ammonia vapours // Workshop sensors
springtime in Odessa. — 1998. — P. 50.
Muxo B. B., benos B. T. Hcnomns3oBa-
HHE METO/Ia TEPMOBBI-CBCUMBAHUS IS
u3ydeHus aHoaHoro okcuaa Al // XKypH.
npuki.xumuu. — 1999.— T. 31—
C. 271.

L. N. Vilinskaya, G. M. Burlak. Sen-
sors on the basis of aluminium metal —
oxide films // Photoelectronics. Ne 18,
2009, P. 92-94.

Bwmnckas JI. H., Bypnak I'. M. Biusiaue
HIEPEKKCH BOAOPO/Ia HA HMHTEHCUBHOCTh
JTFOMHUHECLCHIINHU MOy IPOBOTHHKOBBIX
ieHoK // CeHCcOpHa eNIeKTpOHIKa 1 Mi-
KpocucteMHi Texnomorii. — 2008 —
Ne 4, — C. 53-56.

G. M. Burlak, L. N. Vilinskaya

LUMINESCENT PROPERTIES OF OXIDE FILMS ALUMINUM AND TANTALUM IN

CONTACT WITH AN ELECTROLYTE

Abstract

The results of the study of the photoluminescence spectra, electroluminescence and luminescence
excited ions of the electrolyte, oxide films of aluminum and tantalum, obtained by the electrochemical
method are presented. It is shown that the emission of oxide films, appearing in contact with the
electrolyte, due to the processes occurring on the surface of the sample.
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VIK 535.37
bypnax I M., Binincoxa JI. M.

JJIOMIHECHEHTHI BTACTUBOCTI OKCHJHHUX IIJIIBOK AJTFIOMIHIIO I TAHTAJTY
B KOHTAKTI 3 EJIEKTPOJIITOM

Pesrome

[TpuBeneHi pe3ynbTaTd BUBYEHHS CIHEKTPIB (POTONIOMIHECHEHI], €IEeKTPOITIOMIHECLEHI] Ta
JIOMIHECLEHIII1, sika 30y/UKy€eTbCsS 10HAMH €JIEKTPOJIITY, OKCHJIHUX IUIIBOK aJIOMIHIIO Ta TaHTAaIy,
OTPUMaHUX €NEeKTPOXIMIYHUM MeToaoM. ITokazaHo, 110 CBITIHHS OKCUIHMX IUTIBOK, SKE BUHUKAE Y
KOHTAKTI 3 €JIeKTPOJITOM, 00YMOBJIEHO MpOLecaMy, 110 BiA0YBaIOTHCS HA MOBEPXHI JOCIIIKYBaHOTO
3paska.

Kuro4oBi ci1oBa: mroMiHeCIEeHITis, OKCUHI TUTIBKH, €TIEKTPOITIT.

YIK 535.37
bypnax I M., Bununckaa JI. H.

JIOMUHECHEHTHBIE CBOMCTBA OKCUJIHBIX INIEHOK AJJFOMUHUS Y TAHTA-
JIA B KOHTAKTE C QJIEKTPOJIMTOM

Pe3rome

[TpuBeneHbl pe3yapTaThl U3yYEHHUs] CHEKTPOB (POTOTOMUHECUEHINH, 3JIEKTPOIIOMUHECIICHIINN U
JJFOMUHECLICHII U, BO36y>KI[3.CMOI>i HOHAaMHU JJICKTPOJINTA, OKCHUAHBIX IJICHOK aJIFOMHWHHA U TaHTAJia,
MOJTYYCHHBIX JJICKTPOXUMUYCCKUM MCTOA0OM. HOKaSaHO, YTO CBECUCHHUE OKCHUIHBIX IIJICHOK, BO3ZHHKA-
IOI[ee B KOHTAKTE C JJICKTPOJIMTOM, OOYCIIOBIICHO TPOIECCaMH, TPOUCXOISIIIAUMA HA ITOBEPXHOCTH
uccienyeMoro oopasiia.

KiroueBble cji0Ba: JTIOMUHECIECHITUS, OKCHIHBIC TUICHKH, JIEKTPOJIUT.
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