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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,O3 and Ta;Os 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) Al,O3; films. 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), electroluminescence (2) and LEIE (3)
A|203 films.

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,Os. 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,Os films. As seen from the curves of the
spectral distribution emission of the films Ta,Os, LEIE spectrum as well as the
spectrum of the films Al,O3, has fundamental and additional emission bands with
the spectra of PL and EL.
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Fig. 2. Spectral distribution of the PL (1), electroluminescence (2) and LEIE (3)
Ta,0s films.

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 field excitation. Apparently,
this band is due to the presence on the surface of the film centers "biographical
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;Os 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 appearance 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 films are of variable
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 is due to the processes occurring on the surface of the
sample. This is the evidence that by the emission spectra, occuring in the contact of
oxide films of Al,O3; and Ta,Os with electrolyte we can judge adout physical and

chemical properties luminofores surface.
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JIOMUHECHEHTHBIE CBOMCTBA OKCHUJHBIX IIJIEHOK
AJMIOMUHMUSA U TAHTAJIA B KOHTAKTE C QJIEKTPOJIMTOM

Pe3rome

HpI/IBeﬂeHBI pe3yanaTH I/I3yIIeHI/I$[ CHCKTpOB (1)OTOJ'IIOMI/IHCCL[6HHI/II/I,
AIEKTPOJIOMUHECIIEHIIMM W JIIOMUHECIIEHIIUHM, BO30YKIaeMoit HOHAMH
3J'ICKTpOJ'H/ITa, OKCHIHBIX IINICHOK QAQJKOMHHHA W TaHTaJla, Honyqume

AIEKTPOXUMHUYECKUM MeToJ0M. [loka3aHO, YTO CBEUEHHME OKCHIHBIX IUICHOK,
BO3HMKAIOIIEE B KOHTAKTE C JJIEKTPOJUTOM, OOYCIOBJIEHO MpOIECCaMH,
MPOUCXOSIIIIMMH HA TOBEPXHOCTU UCCIIEAYEMOT0o 00pasiia.

KiroueBble cjioBa: JTIOMUHECICHIINS, OKCUIHBIE TIIICHKH, SJIEKTPOJIUT.
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JIMOMIHECHEHTHI BJIACTUBOCTI OKCH/IHUX IIVIIBOK
AJIIOMIHIIO I TAHTAJIY B KOHTAKTI 3 EJIEKTPOJIITOM

Pe3rome

[lpuBeneni pe3yabTaTd  BUBYCHHS CHEKTpiB  (hOTOIFOMIHECIICHITIT,
AJIEKTPOJIIOMIHECLICHIIIT Ta JIIOMIHECHEHIIi, sKa 30yXIyeThCs 10HaMHU
AIIEKTPOJIITY, OKCHJHMUX TIUTIBOK aIOMIHIIO Ta TaHTaly, OTPUMAaHHUX

CICKTPOXIMIYHUM METOJIOM. JloBeeHO, IO CBITIHHS OKCHIHUX IUTIBOK, SKE
BUHHUKAE Y KOHTAKTI 3 €JIEKTPOJIITOM, 0OYMOBIICHO IIPOIIECaMH, 110 BiJOYBAIOTHCS
Ha MMOBEPXHI JOCIIKYBaHOTO 3pa3Ka.

Kuaro4oBi cjioBa: 1roMiHECIISHINIS, OKCHUIHI TITIBKH, €JISKTPOIIT.



