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Abstract

Nanostructured porous silicon is usually prepared by electrochemical anodization of monocrystalline silicon using a fluorine-rich electrolyte.
As a result of this process, the silicon atoms conserve their original crystalline location, and many of the dangling bonds appearing on the surface
of the nanostructure are saturated by hydrogen coming from the electrolyte. This work presents an IR study of the effects produced by partial
substitution of water in the electrolytic solution by deuterium oxide. The isotopic effects on the IR spectra are analyzed for the as-prepared samples
and for the samples subjected to partial thermal effusion of hydrogen and deuterium. We demonstrate that, although deuterium is chemically
indistinguishable from hydrogen, it presents a singular behaviour when used in porous silicon preparation. We found that deuterium preferentially
bonds forming Si–DH groups. A possible explanation of the phenomenon is presented, based on the different diffusivities of hydrogen and
deuterium.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Porous silicon (PS) is a nanocrystalline spongy-type material
conformed by a porous network. It presents interesting semi-
conducting as well as chemical and optical properties [1–3].
These characteristics can be tailored making the material ade-
quate for a large variety of applications in several fields [1]. PS
is generally prepared by anodic electrochemical etching of
monocrystalline silicon in an electrolytic solution containing
HF. A hydrogen rich layer covers the surface of the PS nano-
structure after the anodization. This layer results from the
saturation of superficial dangling bonds by protons present in
the solution.

The role of hydrogen within the silicon structure has been
extensively studied in hydrogenated amorphous and microcrys-
talline silicon. In these materials IR spectroscopy has been a
valuable tool to understand the way in which hydrogen is
incorporated to the network [4–7]. In some cases the results
have also been used to study the subjacent structure [7,8].
⁎ Corresponding author.
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Deuterium has been widely used in replacement of hydrogen to
clarify the vibrational properties of the Si–H group. Earlier
works [4,9] revealed two main absorption regions in the a-Si:H
IR spectrum. One of these regions is a band corresponding to
Si–H stretching modes, with contributions peaking at 2000 and
2080 cm−1. The effect of the surface is very important on this
band. In fact, in a-Si:H samples having a large void density the
2000 cm− 1 peak is almost negligible [10], and the stretching
band shifts to larger wavenumbers. The other region, corre-
sponding to the wagging vibrational modes of Si–H bonds
presents a band around 650 cm− 1. In some cases weaker
absorption bands at 850 cm− 1 and 890 cm− 1 have also been
observed, which were assigned [4,9] to bending vibrations of
Si–H bonds in SiH2 or SiH3.

The presence of hydrogen on the surface of the fresh PS
nanostructure allows to model the material as a composite
involving crystalline silicon, air, and amorphous hydrogenated
silicon (a-Si:H ) phases. This approach can be tested using the
same experimental procedure for PS as for a-Si:H in order to
study the hydrogen bonding. Deuterium has also been used as
an aid to study hydrogen bonding in PS. Different approaches
have been employed to incorporate the deuterium atoms to the
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Fig. 1. IR stretching bands of Si–D and Si–H bonds in porous silicon samples.
The wavenumber axis was split in two regions. In a) the modes corresponding to
the stretching of Si–D bonds are plotted (dotted line) together with the spectrum
for the non deuterated sample (full line). In b) the region corresponding to the
Si–H stretching modes is plotted for both samples and represented using the
same type of lines as in a). In order to compare the behaviour of the different
stretching bands, both spectra in b) were normalized to the absorbance band
peaking at 2088 cm−1, which corresponds to mono-hydride oscillators. The
absorbance of both spectra in b) was magnified by a factor of 10.
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porous silicon structure. Matsumoto and collaborators reported
the electrolytic anodization of silicon by using deuterated
reagents containing no hydrogen [11,12] to study the lumines-
cence and IR spectra of both free-standing PS samples, and PS
layers integrated to the Si substrate. Allongue et al. [13] used
SIMS spectroscopy on samples anodized in D2O and HF based
solutions to study the evolution of the pore network during the
preparation. Other authors [14] exposed the samples to atomic
deuterium or deuterated reagent in order to study hydrogen
interactions in PS using FTIR. Chen et al. [15] studied the
stability of PS with FTIR and luminescence spectroscopy on
conventionally prepared samples exposed to a deuterium plas-
ma. This work presents results of FTIR combined with in-
complete hydrogen effusion experiments. Some samples were
prepared using D2O in order to achieve partial isotopic sub-
stitution of hydrogen bonded in the inner walls of the PS
structure. All the results confirm the a-Si:H like nature of the PS
nanostructured surface. We show that, unlike the case of par-
tially deuterated a-Si:H, deuterium bonds in preferential sites in
PS. This result seems to be incompatible with the usual hy-
pothesis of chemical indistinguishability between deuterium
and hydrogen. This hypothesis led us to believe that Si–D and
Si–H would be equally distributed in deuterated and hydroge-
nated samples respectively. However the present results show
that this is not the case. We propose a possible explanation for
this fact, based on the different diffusivity of H and D.

2. Experimental procedure

Samples were prepared by electrochemical anodization of p-
type monocrystalline silicon substrates, having (100) orienta-
tion and a resistivity of 7–17 Ω cm. The anodization was
performed in a Teflon reactor with a platinum cathode and using
the sample itself as anode. The area exposed to anodization was
a 0.5 cm2 circle. A solution of HF (50%), ethanol and H2O in
proportions 1:1:1 was used as the electrolyte for standard
“hydrogenated” PS samples preparation. The reaction took
place during 20 min, at a constant current density of 20 mA/
cm2. The resulting samples were washed with ethanol and dried
in a nitrogen flow. In order to avoid photo-oxidation [16,17] the
samples were stored in the dark previous to IR characterization.
The same procedure was followed with the deuterated samples
replacing H2O by D2O in the electrolyte to achieve partial
substitution of H by D.

IR measurements were performed in the 400–4000 cm− 1

range, using a Spectrum RX-FTIR Perkin-Elmer single beam
spectrometer. A piece of non-etched substrate was used as
reference.

Hydrogen effusion was measured as described elsewhere
[18] in a vacuum chamber pumped with a turbomolecular
pump. Ultimate pressure was in the order of 10− 5 Pa. Part of the
chamber consists of a quartz tube that can be introduced in a
tubular oven. In our complete effusion experiments the tem-
perature was raised up to∼700 °C at a constant rate of 7 °C/min
[18]. For the present work the samples were heated up at the
same rate, but the temperature ramp was interrupted at 375 °C,
and after that the samples were rapidly cooled down. This
procedure results in a partial H (or D) effusion. AVeeco SPI-10
Monopole residual gas analyzer was used to track atomic
hydrogen, deuterium, and molecules resulting from their
combination (H, D, H2, D2, and DH).

3. Results and discussion

In Fig. 1 we present the IR spectra of the hydrogenated and
deuterated samples in the ranges 1400–1700 cm− 1 and 1900 –
2300 cm− 1. They resemble the features of the a-Si:H and a-Si:
DH IR spectra [9]. Two peaks and a shoulder are clearly dis-
tinguishable in the high energy region of the spectra (Fig. 1b).
These structures can be observed for the hydrogenated as well
as for the partially deuterated samples. It is well known that this
region of the spectrum corresponds to stretching vibrational
modes of the Si–Hn bonds. Depending on the network structure
surrounding the bond, the peaks may be shifted in energy. The
lower energy peak in this range is usually assigned to the mono-
hydride vibrations, followed by the di- and tri-hydride structures
[4]. Fig. 1a shows a peak in the spectrum of the deuterated
sample centred at 1528 cm− 1 which has no equivalent feature in
the spectrum of the hydrogenated sample.

It is well known that the substitution of H by D gives rise to
an isotopic shift of the IR peaks associated with hydrogen
bonded as mono-hydrides and di-hydrides. As the substitution
is partial in our samples, each peak associated with the Si–H
modes will be now split in two. One peak corresponding to Si–
H (which remains centred at about the same wavenumber as
usually observed in Si:H compounds), and the other
corresponding to Si–D (which is downshifted as a consequence
of the larger mass of D as compared to H). Furthermore, in the
deuterated sample each double oscillator (di-hydride mode)
gives rise to three peaks: one of them corresponds to Si–H2,



Fig. 3. Comparison between the IR spectra of an as-prepared hydrogenated
sample and that of the same sample after a partial hydrogen effusion process (see
the text). The complete effusion spectrum of a similar sample is plotted in the
inset. The low temperature peak of the effusion spectrum ( 375 °C) corresponds
to hydrogen effusion from di-hydride sites, whereas the high temperature one is
related to mono-hydride sites. Since the partial effusion process was let to
proceed up to 375 °C, the di-hydride sites were almost totally emptied.
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which remains at the usual wavenumber, and the other two
correspond to Si–HD and Si–D2, which are shifted to lower
wavenumbers.

The ratio between wavenumbers for the peak of Fig. 1a and
the centre of the band in Fig. 1b is 1.38. According to the elastic
oscillator model this factor should be, for stretching modes,
equal to the square root of the ratio between the Si–H and Si–D
reduced masses, if only nearest neighbours are considered. This
ratio is 1.39, in good agreement with the experimental value.
This result is also in agreement with previous reports [12].

A comparison between IR spectra for non deuterated
(hereafter referred as “hydrogenated”) and deuterated samples
in the range 400–1400 cm− 1 is presented in Fig. 2. This region
of the spectrum contains bending modes associated to Si–H
(Si–D) bonds. Some characteristics are common to both spec-
tra: the broad band centred at 650 cm− 1, normally attributed to
Si–H wagging modes in a-Si:H, and the rather sharp structure
centred around 910 cm− 1, assigned to SiH2 scissors modes in a-
Si:H. The spectrum corresponding to the deuterated sample
shows in this region the existence of at least two extra bands
coming from the isotopic substitution, one of them located at
798 cm− 1 an the other at 514 cm− 1.

The scissors mode of Si–H in SiH2 group may be interpreted
as coming from a classical oscillator composed by the two H
atoms connected by a spring. If one of the H atoms is replaced
by a D, then the spring should not modify its characteristics,
however the oscillation frequency should decrease to 0.87 of the
original value. This number corresponds, in good agreement,
with the observed value of 798/910=0.88. Likewise, following
the same reasoning the replacement of both H atoms by deu-
terium should shift the central frequency by a factor of 0.707, so
that an absorption band located at 643 cm− 1, corresponding to
the scissors mode of the SiD2 group can be expected. This peak
is not visible in our spectra because it is masked by the Si–H
Fig. 2. Spectra of the hydrogenated (full line) and deuterated (dotted line)
samples, in the low energy region. Both spectra were normalized to the height of
the band peaking at 630 cm−1. The isotopic effect becomes apparent through the
presence of an extra peak at 798 cm−1 that corresponds to the scissors mode of
Si–D bonds in Si–DH sites.
wagging band. It is worth to note that a band at 650 cm− 1

appears in fully deuterated amorphous silicon samples [4,9] as
well as in fully deuterated PS [11].

The weak band observed at 514 cm− 1 in the spectrum of the
deuterated sample can be attributed to the isotopic shift of
wagging modes, which peak between 600 and 700 cm− 1 for the
hydrogenated sample. The wavenumber ratio, which should be
also 1.39 for such isotopic change, is actually ∼650/514=1.26.
The reason for this discrepancy can be attributed [4,9] to the
interaction of the of the Si–D wagging mode with nearby
transverse optical vibrations of the Si–Si matrix, which are at
480 cm− 1. This assignation has been made previously to similar
features in a-Si:D IR spectra [4,9].

Some structures may be observed in the 660 cm− 1 band,
whose origin was clarified by a partial hydrogen effusion
experiment. Fig. 3 depicts the results of that experiment. The
plot in the inset (Fig. 3) shows the complete hydrogen effusion
spectrum in which two distinct peaks are noticeable [18]. The
low temperature (LT) peak corresponds to H effused from di-
hydrides, whereas the high temperature (HT) peak corresponds
to H effused from mono-hydrides [19]. In the partial effusion
experiment the sample was heated up at the same heating rate
used in a complete effusion experiment, but the temperature
ramp was stopped at 375 °C and the sample was rapidly cooled
down. In this way hydrogen bonded as di-hydrides was prefer-
entially effused. Fig. 3 shows a comparison between the spec-
trum of a hydrogenated sample before and after effusion. As it
can be seen, although thermal rearrangement of the hydrogen
bonding might occur during the effusion experiment, the peaks
that reduce their height after effusion correspond to modes
associated to H bonded as di-hydrides (according to the assign-
ments made for a-Si:H). This result supports the assignment
made for the 908 cm− 1 peak, because after partial hydrogen



Fig. 4. Comparison between the spectra of a deuterated porous silicon sample with
that of a deuterated a-Si:H one. The a-Si:DHspectrumhas been taken fromRef. [9].
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effusion this band almost disappears. Based on identical
reasons, the peak at 666 cm− 1 can be associated to the wagging
mode of Si–H bonds in di-hydrides, and the peak at 628 cm− 1

should be associated to the wagging mode of Si–H bonds in
mono-hydrides. These assignments will be considered later on,
as basis for a simple model constructed to study the behaviour
of the spectra.

Fig. 4 compares the IR spectrum of our PS deuterated sample
with the spectrum of a-Si:H deposited by sputtering using
hydrogen and deuterium in the gas mixture [9] (hereafter named
a-SiD:H sample). Peaks in both spectra are centred at the same
wavenumbers. On the other hand, peak assignments for IR
spectra obtained after partial substitution of H by D indicates
that: a) The band at 798 cm− 1 corresponds to scissors modes
from Si–DH bonds. b) The band at 514 cm− 1 corresponds to
wagging modes from Si–D and Si–D2 bonds.

It is worth noting that in the plot of Fig. 4 the ratio between
the areas corresponding to the scissors modes of SiH2 and SiHD
bonds for the PS deuterated sample is different from the ratio of
areas corresponding to the wagging modes. This is a rather
unexpected behaviour because hydrogen and deuterium are
chemically identical so that, in principle, the probability of
substitution of H by D should be independent of the bond type.
Based on the fact that deuterium and hydrogen are chemically
indistinguishable, this effect on PS samples can only be ex-
plained through processes controlled by the mass of participat-
ing atoms, e.g., the diffusion constant involved in the mass
transport during sample preparation.

To corroborate the validity of the previous analysis on the
area ratios, we made a computer simulation based on a simple
model which takes into account the chemical equivalence of
hydrogen and deuterium. Let us consider a hydrogenated PS
sample, with M mono-hydride and N di-hydride sites. The
simulated IR spectrum of a deuterated sample is obtained from
this ideal hydrogenated sample using the following hypotheses:

– A number of hydrogen atoms of the hydrogenated sample is
replaced by deuterium. The probability of a given hydrogen
atom to be replaced by a deuterium is p, independently of the
site.

– The oscillator strengths of the modes associated to Si–D
bonds are equal to those of the equivalent Si–H ones.

– The wagging mode of the hydrogenated sample consists of
the superposition of two contributions; one corresponding
to mono-hydrides and the other — located at a larger
wavenumber — corresponding to di-hydrides. The oscil-
lator strengths of the two kinds of oscillators are assumed
to be the same.

The parameters of the model are obtained by fitting ex-
perimental spectra. The low wavenumber region (400 to
1400 cm− 1) of the spectrum of the hydrogenated sample (full
line in Fig. 2) can be fitted by the superposition of three peak
functions. The best fit is obtained by using two Lorentzian
functions WH

F (ω) and WH2
F (ω) for the wagging modes and a

Gaussian function ScH2
F (ω) for the scissors mode.

The absorbance A(ω) can be written as:

AðxÞfKWdðMdWHðxÞ þ 2NWH2ðxÞÞ þ KSCNScH2ðxÞ ð1Þ

WhereWH (ω),WH2 (ω), and ScH2 (ω), are the corresponding
fitting functions (WH

F (ω),WH2
F (ω), and ScH2

F (ω)) normalized to
unit area. Kw and Ksc are the oscillator strengths of the wagging
and scissors modes, respectively. The oscillator strength for the
mode i is defined as

Ki ¼ 1
N osc
i

Z l

0

a
x
dxc

C
Nosc
i

Z l

0
adx

where Ni
osc is the density of oscillators for the i mode, α is the

absorption coefficient, and C is a constant.
The values of N, M and the oscillator strengths can be

obtained from the spectrum fit as follows:
Provided the WH, WH2 and ScH2 functions are normalized,

the areas under the wagging bands of the experimental spectrum
are:

AWagg:
H ¼ MKW ;

AWagg:
H2

¼ 2NKW ;

whereas the area under the scissors mode is:

ASc ¼ NKSC:

The N value can be arbitrarily taken as one, so that

KW ¼ AWagg:
H2
2 ; KSC ¼ ASc; and M ¼ 2AWagg:

H

AWagg:
H2

:

Taking into account the above mentioned hypotheses, the
density of sites for the deuterated sample are:

½D2� ¼ p2 for Si� D2;
½H2� ¼ ð1� pÞ2 for Si� H2;
½DH� ¼ 2 p ð1� pÞ for Si� DH;
½H� ¼ Mð1� pÞ for Si� H; and
½D� ¼ Mp for Si� D:



Fig. 5. Comparison between the experimental spectrum of a deuterated porous
silicon sample, and the result of the simulation obtained with Eq. (2). The main
hypothesis of the simulation is that deuterium occupies all the sites with the
same probability.

Fig. 6. Comparison between the spectrum of the a-Si:DH sample with the
simulated one. The circles show the inferred spectrum for the a-Si:H sample.
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Considering the isotopic shifts, the central frequencies of the
different bands of the spectrum for our PS deuterated sample

are xDH
Sc ¼ 798 cm�1; xD2

Sc ¼ x
H2
Sc

1:41 ¼ 643 cm�1; xD
W ¼ xH

W
1:26 ¼

499 cm�1 and xD2
W ¼ x

H2
W

1:26 ¼ 529 cm�1. We take two new nor-
malized Lorentzians, WD(ω) and WD2(ω), centred at ωW

D and
xD2

W , for the D and D2 wagging modes; and two new normalized
Gaussians, ScD2 and ScDH, for the scissors modes involving
deuterium. Therefore, the absorbance spectrum of the deuterated
sample can be written as:

ADðxÞfKW d ð½H� WHðxÞ þ 2½H2�WH2ðxÞ
þ ½DH�WH2ðxÞ þ ½DH�WD2ðxÞ þ ½D� WDðxÞ
þ 2½D2� WD2ðxÞÞ þ KSCð½H2�ScH2ðxÞ
þ ½DH�ScDHðxÞ þ ½D2� ScD2ðxÞÞ ð2Þ

where [H], [H2], [DH], [D], and [D2] are the p-dependent
concentrations.

The experimental spectrum of the deuterated PS sample is
plotted in Fig. 5, together with the outcome of the simulation
using p=0.19. As can be clearly observed in Fig. 5, the
proposed model reproduces reasonably well the spectrum of the
deuterated sample except in the region of the wagging modes
involving deuterium.

A similar analysis can be made for the spectrum of the a-Si:
DH sample taken from Ref. [9]. Since we have no spectrum of
an a-Si:H sample prepared using the same deposition system
and conditions as that of the a-Si:DH one, the corresponding a-
Si:H must be inferred. In order to derive that spectrum we
assume that the wagging and scissors peaks corresponding to
the Si–H bonds in a-Si:H are centred at the same wavenumber,
and they have the same width as those of the a-Si:DH sample. In
this case there is no structure in the Si–H wagging band, so that
it can be well fitted using a single Gaussian. Fig. 6 shows the
fitting for the a-Si:DH spectrum as well as the inferred spectrum
for the a-Si:H sample.
Unlike the PS case, when the model is applied to a-Si:DH, it
predicts the same area ratio between the wagging and scissors
modes of hydrogenated and deuterated bonds, in agreement
with the experimental result shown in Fig. 6. Considering this
fact, the behaviour shown in Fig. 5 for the PS spectrum can be
explained assuming that deuterium substitutes hydrogen
preferentially in multiple hydride sites. Otherwise, the ratio
between those wagging modes related to hydrogen, and those
related to deuterium should be the same as that observed for
scissors modes, as in the case of the a-Si:DH sample.

This interpretation is also supported by the behaviour of the
stretching band in the spectrum of the deuterated sample when
compared with that of the hydrogenated one. This can be
observed in fact in Fig. 1b, where the spectra of the deuterated
and hydrogenated samples were normalized to the intensity of
the peak located at 2088 cm− 1, corresponding to the stretching
mode of the Si–H bonds in mono-hydrides. The peak at
2110 cm− 1 and the shoulder at around 2150 cm− 1, which are
related to stretching vibration of Si–H bonds in di- and tri-
hydrides respectively, are lower in the normalized spectrum for
the deuterated sample than the corresponding features in the
spectrum for the hydrogenated sample. Since the two samples
should be chemically indistinguishable, it can be concluded that
deuterium atoms substitute H atoms at multiple bonds to silicon
in a larger proportion than at single bonds, which is a rather
unexpected result.

Since the chemical indistinguishability hypothesis is very
well supported, the reason for the observed effect should be
searched in a dependence of the p value on the site where
deuterium is bonded. Considering the difference between the
mobilities of hydrogen and deuterium atoms present in the
electrolyte, the pore size distribution of PS may produce
differences in p.

It is well known that very small pores can be present in PS,
and that more than one size scale may coexist [16,18]. The
diffusion coefficient of hydrogen is considerably larger than
that of deuterium [20]. Therefore, it is expected that during
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preparation, hydrogen could reach the inner surfaces of smaller
pores easier than deuterium. If due to size reasons the prob-
ability of multiple bonding were larger in pores having a larger
size than in smaller ones, the probability of having Si–H bonds
in small pores will be larger than that of having Si–D bonds.
This situation is equivalent to have lower isotopic substitution
probability for sites having mainly mono-hydride bonds.

4. Conclusions

Experiments of partial hydrogen effusion and isotopic sub-
stitution of H by D were performed on porous silicon samples.
A detailed analysis of the resulting IR spectra together with a
numerical simulation turned evident that, despite the chemical
indistinguishability between H and D, deuterium incorporates to
the sample preferentially in multiple hydride sites. This
behaviour can be attributed to the difference between diffusion
constants of deuterium and hydrogen in the pore network,
combined with size effects which preclude the formation of
multiple hydrides in small pores during preparation.

Acknowledgments

This work has been partially supported by UNL CAI+D
2005 PI 002-11 and CONICET PIP 5730.
References

[1] O. Bisi, S. Ossicini, L. Pavesi, Surf. Sci. Rep. 38 (2000) 1.
[2] A.G. Cullis, L.T. Canham, P.D.J. Calcott, J. Appl. Phys. 82 (1997) 909.
[3] W. Theiss, Surf. Sci. Rep. 29 (1997) 91.
[4] M.H. Brodsky, M. Cardona, J.J. Cuomo, Phys. Rev. B 16 (1977) 3556.
[5] M. Cardona, Phys. Status Solidi, B Basic Res. 118 (1983) 463.
[6] G. Lucovsky, G.N. Parsons, C. Wang, B.N. Davidson, D.V. Tsu, Sol. Cells

27 (1989) 121.
[7] D. Stryahilev, F. Diehl, B. Schrder, J. Non-Cryst. Solids 266–269 (2000) 166.
[8] H. Touir, K. Zellama, J.F. Morhange, Phys. Rev. B 59 (1999) 10076.
[9] E.C. Freeman, W. Paul, Phys. Rev. B 18 (1978) 4288.
[10] R.R. Koropecki, F. Alvarez, R. Arce, J. Appl. Phys. 69 (1991) 7805.
[11] T. Matsumoto, Y. Masumoto, S. Nakashima, N. Koshida, Thin Solid Films

297 (1997) 31.
[12] T. Matsumoto, A.I. Belogorokohov, L.I. Belogorokohova, Y. Masumoto,

E.A. Zhukov, Nanotechnology 11 (2000) 340.
[13] P. Allongue, C. Henry de Villeneve, M.C. Bernard, J.E. Péou, A. Boutry-

Forveille, C. Lévy-Clément, Thin Solid Films 297 (1997) 1.
[14] J.A. Glass Jr., E.A. Wovchko, J.T. Yates Jr., Surf. Sci. 348 (1996) 325.
[15] C.H. Chen, Y.F. Chen, An Shih, S.C. Lee, Phys. Rev. B 65 (2002) 195307.
[16] R.R. Koropecki, R.D. Arce, J.A. Schmidt, Phys. Rev. B 69 (2004) 205317.
[17] S. Aouida, M. Saadoun, K. Ben Saad, B. Bessaïs, Mater. Sci. Eng., C,

Biomim. Mater., Sens. Syst. 26 (2006) 495.
[18] R.R. Koropecki, R.D. Arce, J.A. Schmidt, J. Non-Cryst. Solids 338–340

(2004) 159.
[19] P. Gupta, V.L. Colvin, S.M. George, Phys. Rev. B 37 (1988) 8234.
[20] Y. Kamiura, M. Yoneta, F. Hashimoto, Appl. Phys. Lett. 59 (1991) 3165.


	Hydrogen isotopic substitution experiments in nanostructured porous silicon
	Introduction
	Experimental procedure
	Results and discussion
	Conclusions
	Acknowledgments
	References


