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Enhanced diffusion of molecular hydrogen
in germanosilicate fibres loaded with hydrogen at high pressures
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O.I. Medvedkov, A.A. Rybaltovskii, A.R. Malosiev, V.G. Plotnichenko, E.M. Dianov

Abstract.  Absorption spectra and spontaneous Raman
spectra of optical fibres with a germanosilicate core loaded
with molecular hydrogen at a pressure of 150—170 MPa are
studied; the variation of these spectra during the outdiffusion
of hydrogen from the fibres is also investigated. The purely
rotational transitions of molecular hydrogen in Raman
spectra of optical fibres are recorded for the first time.
The changes in the spectral parameters of fibre Bragg
gratings loaded with hydrogen are analysed. It is observed for
the first time that under such high loading pressures, the
decrease in the hydrogen concentration in the fibre core after
completion of hydrogen loading occurs in two clearly mani-
fested stages, the initial stage being characterised by a more
rapid outlet of hydrogen as compared to the dynamics of
hydrogen outdiffusing at pressures of 10—15 MPa. Baro-
diffusion of molecular hydrogen in optical fibres is considered
as the main mechanism explaining this effect. An increase in
the solubility of molecular hydrogen in germanosilicate fibres
exposed to UV radiation is observed for the first time.

Keywords: optical fibre, diffusion, barodiffusion, molecular hydro-
gen, refractive index grating.

1. Introduction

The keen interest towards the investigation of spectral
parameters of molecular hydrogen and its interaction with
high-purity silica (v-SiO,) and germanosilicate (GS)
GeO, — Si0, glass networks during the past twenty years
stems mainly from the following circumstances. First, the
loading of fibres with H, molecules into such fibres leads to
elevated optical losses in the telecommunication wavelength
range (1.0—1.7 um) due to the appearance of vibrational
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absorption bands of H, molecules and hydroxyl (OH)
groups [1, 2]. Second, this interest is stimulated by the
research in the field of photoinduced processes occurring in
glass networks involving molecular hydrogen; the presence
of hydrogen increases the photosensitivity of optical fibres
in many cases during the refractive index grating recording
in them [3, 4] (photosensitivity depends on the concen-
tration of hydrogen dissolved in the glass). A record-high
induced refractive index (An > 0.01) [5] was reported in
single-mode GS fibres loaded with hydrogen under a
pressure of 200 MPa and exposed to UV radiation from
a KrF laser. It is assumed that the a considerable increase
in the writing efficiency of refractive index gratings by UV
radiation in hydrogen-loaded GS fibres is due to the
formation of OH and Ge—H groups as well as GeE’
centres in photochemical reactions with H, molecules [6, 7].
Regions with an increased concentration of Ge—Ge bonds
and germanium nanocrystals, which are formed in the glass
network, can make a certain contribution to this process [8].

To determine the limiting solubility of hydrogen in the
silica network and the concentration dependence of the
thermochemical and photochemical reactions involving H,
molecules, it is expedient to study the properties of
molecular hydrogen dissolved in the glass network under
loading pressures exceeding 100 MPa. So far, only a few
authors [5, 9, 10] have discussed various aspects of the
spectral manifestation of the physical properties of H,
molecules in the pure silica network and GS glasses loaded
with hydrogen at such high pressures.

In this paper, we study by the methods of absorption
and Raman spectroscopy the spectral properties of molecu-
lar hydrogen dissolved in the germanosilicate glass network
at pressures of 150—170 MPa. Such studies were initiated by
the authors of [8, 10, 11] at lower loading pressures.

To obtain information about the state of molecular
hydrogen, its concentration and interaction with the glass
network, we studied the spectral position, intensity and the
width of Raman lines and the 1.24-pm absorption band of
hydrogen, during its outlet from the optical fibre. The
change in the H, concentration in the fibre core was also
controlled from the shift of the reflection peak of fibre Bragg
gratings (FBGs) [12], written preliminarily in the fibres
under investigation.

2. Investigated samples and measuring
techniques

We studied single-mode optical fibres with a GS glass core
with various concentrations of germanium. By using such
samples with a large length and a small cross section, we
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were able to load glasses with hydrogen to high concen-
trations (up to 3 x 10*' cm~?) at temperatures below 100 °C
and to observe purely rotational (the S, branch) Raman
transitions in H, molecules with a small scattering cross
section.

We investigated single-mode optical fibres with a GS
glass core, whose parameters are presented in Table 1. All
the fibres, except Corning Flexcor-1060, were prepared by
the MCVD technique at the Institute of High-Purity
Substances, Russian Academy of Sciences, Nizhnii Nov-
gorod and at the Fibre Optics Research Center,
A.M. Prokhorov General Physics Institute, Russian Acad-
emy of Sciences, Moscow.

Table 1. Parameters of investigated fibres.

Molar concent-

Core ati Loading
Fibre No. Brand diame- ration pressure/
ter /um of GeO, MPa
in the core (%)
1 88ch 2.7 19 150
Corning
2 Flexcor-1060 47 43 150
3 Gell3 32 14 150
4 SM727cf 34 13 150
5 SM921 2.5 24 170

The diameter of cladding of all fibres was 125 um. Fibres
were hydrogen-loaded in a special chamber under a pressure
of 150—170 MPa for 24 hours at a temperature of 100 °C.
Estimates using the diffusion coefficient borrowed from [1]
show that the hydrogen concentration in the core as a result
of such a treatment should be at least 99.95 % of its value in
the peripheral regions of the fibre.

Before loading with hydrogen, FBGs were written in
some fibres. In fibre sample Nos 2 and 3, FBGs were written
by using a CL-5000 excimer ArF laser (4 = 193 nm) through
a phase mask [13], while for sample Nos 4 and 5 the second
harmonic of an Ar™ laser (1 =244 nm) was used in a
scheme with a Lloyd interferometer [14]. The fibres were not
hydrogen-loaded before FBG writing. The FBG length was
5 mm and the resonance wavelength was in the region of the
emission maximum (~ 1330 nm) of the luminescence diode
used in experiments. The two types of gratings were written:
type I (in fibres with a molar concentration of GeO, lower
than 15%) and type Ila (in fibres with a molar concentration
of GeO, higher than 15 %) [15]. Before loading with hyd-
rogen, polymer coating was restored in regions where FBGs
were written.

The time interval between opening of the hydrogen
chamber and the beginning of measurements varied between
1.5 and 5 hours. Unless specially stated otherwise, all
spectral measurements were made at room temperature.
Typical length of the fibre samples being tested was 1 m.

Raman spectra were excited in the fibres by the 514.5-nm
line of an Ar laser through a microscope and were measured
in the frequency range 10— 5000 cm ™! with a T-64000 Jobin
Yvon spectrograph equipped with a CCD camera. The
spectra were normalised to the intensity of the main Raman
band of GS glasses at ~ 430 cm ™.

Parameters of the 1.24-um absorption band were
measured with a spectrum analyser simultaneously with
the recording of the spectral properties of FBGs. The
absorption band and FBG spectra were recorded with a
resolution of 2 and 0.1 nm, respectively.

3. Results of measurements and discussion

3.1 Raman spectra

Figure 1 shows the Raman spectra for fibre No. 1 before
loading with hydrogen under a pressure of 150 MPa and
5 hours after hydrogen loading (for comparison, the spectra
were normalised to the maximum of the Q; band). One can
see that the Raman spectrum of the hydrogen-loaded fibre
exhibits an almost symmetric intense band at 4141 cm™'
and a number of weaker bands in the frequency interval
300—1100 cm ™! superimposed on Raman bands belonging
to the GS glass. According to the results obtained in
[10, 11], the Raman band at 4141 em™! belongs to the Q
branch (Av =1, AJ = 0), while the bands at 337, 590, 817
and 1030 cm™' belong to the purely rotational transitions
of the S, branch (Av =0, AJ = 2) of H, molecules in the
glass network.
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Figure 1. Raman spectra of optical fibre No. 1 before (dashed curve) and
S hours after (solid curve) loading with hydrogen at a pressure of
150 MPa. The line spectrum is the Raman spectrum of molecular
hydrogen in gaseous state at a pressure of 0.2 MPa. The inset shows
the Q; band of H, molecules measured 2 hours (solid curves) and
144 hours (dashed curve) after hydrogen loading. For convenience of
comparison, the intensity of the spectrum measured after 144 hours is
magnified five times.

For comparison, Fig. 1 shows the Raman spectrum of
molecular hydrogen in gaseous state under a pressure of
about 0.2 MPa. Table 2 shows the frequencies of the
Raman bands and their classification for gaseous hydrogen
(for P =0.2 MPa and T = 300 K) and hydrogen dissolved
in the silica glass network.

Note that hydrogen loading at high pressures allowed us
to observe clearly for the first time the lines of purely
rotational S, transitions of molecular hydrogen dissolved
physically in the silica glass network. In contrast to the
pronounced lines Sy(1), S¢(2) and Sy(3), the rotational Sy(0)
transition in the Raman spectrum in a GS fibre (Fig. 1) is
manifested as an inflection on the low-frequency wing of the
main Raman band of the glass network. As in the case of
Raman spectrum of gaseous hydrogen, the component Sy(1)
belonging to ortho-H, has the highest intensity among all
the observed purely rotational bands in the Raman spectra
of optical fibres. However, even the intensity of this band is
not sufficient for quantitative intensity measurements. This
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Table 2. Frequencies of Raman bands of molecular hydrogen /cm ™.

Branch So(0) So(1) So(2) So(3) Qi(0) Qi(M) Qi(2) Qi3

H, dissolved in the glass network 337 590 817 1030 Single band at 4141 cm™!

[8, current publication]

Gascous H, [10] 354381 587.055  814.406  1034.651 4161134 4155201 4143387  4125.832

circumstance and the partial overlap of the purely rotational
bands with the Raman bands related to the glass network
vibrations (for example, at 606 and 800 cm™") prevented a
detailed study of the dynamics of their variation with the
outlet of hydrogen from the fibre.

We observed the 4141-cm™' Q, band earlier [8] at a
frequency of 4136 cm™! in GS fibres loaded with hydrogen
under a pressure of 10— 12 MPa. This band and its variation
with the outlet of hydrogen from the fibre are shown in the
inset to Fig. 1. It can be seen that as the concentration of
hydrogen decreases, the Q; band shifts to the red while its
shape changes from nearly symmetric to asymmetric with a
pronounced low-frequency component. The presence of the
asymmetric Raman band was reported earlier in [10, 11]
where the Raman spectra of hydrogen-loaded pure silica
glasses were studied.

3.2 The 1.24-pm absorption band

An increase in the concentration of hydrogen in GS fibres
loaded with hydrogen at pressures 150—170 MPa compared
to its concentration at pressures 10—20 MPa leads to a
change in the parameters of the 1.24-pm absorption band
related to the first overtone of vibrational Q; band of
molecular hydrogen [2], which is used, as a rule, for
determining the concentration of hydrogen in optical fibres
(Fig. 2). The intensity of this band after hydrogen loading
at pressures 150 —170 MPa depends on the properties of the
fibre, and was found to be equal to 8—9 dBm™' in the
samples investigated by us.

—_
(=}

5 hours

25 hours

Absorption/dB m ™'
o]
T

50 hours
75 hours

120 hours
220 hours

0
1220 1230 1240 1250 1260 1270
Wavelength /nm
Figure 2. Absorption spectra of molecular hydrogen at 1.24 pm, mea-

sured in fibre No. 4 after the indicated time intervals following hydrogen
processing at a pressure of 170 MPa.

Assuming that the concentration of hydrogen is propor-
tional to the intensity of the 1.24-pm absorption band and
using the results obtained in [1] for hydrogen-loading
pressures of ~ 0.1 MPa, we estimated the molar concen-
tration of H, molecules in our samples at about 10 % —
11 %, or ~ 3 x 10*' cm™>. Note that the intensity of the
1.24-pm band remains nearly proportional to the hydrogen

pressure in the chamber even for high loading pressures. At
the same time, a tendency towards absorption saturation is
observed. Departure from the linear dependence at a
pressure of 170 MPa is 20 % —30 %, which exceeds the
error of our measurements (5 %). This is in good agreement
with the results obtained in [5, 10], where such measure-
ments were performed at pressures up to 150-200 MPa.
Departure from the linear dependence may be due to the
fact that an increase in the hydrogen pressure in the
chamber enhances the interaction of dissolved H, molecules
with the glass network and with one another. In our
opinion, the latter circumstance must be taken into account
in spite of the fact that the average number of H, molecules
in the interstices of the network is still below unity for
concentrations ~ 3 x 10°! cm ™,

Note that a decrease in the concentration of hydrogen
dissolved in the glass is accompanied by a slight shift of the
absorption band from 1.242 pum (5 hours after loading with
hydrogen) to 1.244 pm (after 220 hours). This can be seen
clearly in Fig. 2 (dashed line). The relative shift of this band
(~0.1%) approximately corresponds to the measured
relative shift of the Q; band in the Raman spectrum (see
inset in Fig. 1).

For high loading pressures, we observed a change in the
dynamics of the outlet of molecular hydrogen from the fibre.
According to the diffusion equation describing the outlet of
hydrogen from the fibre and assuming that the diffusion
coefficient is independent of pressure, the relative variation
in hydrogen concentration along the fibre axis must be
independent of loading pressure (initial hydrogen concen-
tration). This means that the dependences of the hydrogen
outlet measured at various loading pressures must be
identical. This condition is satisfied quite well for low
loading pressures. However, it was found that the depen-
dences of the hydrogen outlet measured at high loading
pressures are no longer identical.

This fact is illustrated in Fig. 3 showing the time
dependence of the amplitude of the 1.24-pm absorption
band after hydrogen loading. These dependences were
measured for fibre No.4 at pressures of 150 and
12.5 MPa in the chamber. The dependence measured at
low pressure is multiplied by 5.3 (the absorption peak
amplitude during the first hours of the measurement was
about 0.8 dBm™") for a better matching of the two depen-
dences at time periods exceeding 50 hours. One can see from
Fig. 3 that the absorption decay curves differ significantly
from one another at the initial period of time (below 50
hours): the absorption, and hence the relative concentration,
of hydrogen along the fibre axis decreases much more
rapidly at high loading pressures than at low pressures.

In addition, the dashed curve in Fig. 3 shows the time
dependence of the hydrogen concentration along the fibre
axis calculated by solving the time-dependent diffusion
equation with a constant diffusion coefficient Dy, =
25x 107 em?s™! at a temperature of 25°C [1]. One
can see that such a calculation is in good agreement
with the measurements made at low loading pressures
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Figure 3. Amplitude of the 1.24-pm absorption band as a function of
time of hydrogen outlet from fibre No. 4 at a loading pressure of 150 and
12.5 MPa. The dashed curve is the calculation of the hydrogen outlet for
a constant diffusion coefficient.
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Figure 4. Transmission spectra of FBGs Grl and Gr2 written in fibre
No. 5, which were measured before hydrogen loading and 5 and
25 hours after its completion. For better visualisation, the spectra are
displaced by 0.25 dB relative to one another along the vertical.

(both dependences contain an initial segment with a nearly
constant concentration of hydrogen). The latter circum-
stance is due to the fact that molecular hydrogen leaves the
cladding region during the initial time interval, and hydro-
gen concentration starts decreasing in the fibre core only
after a certain interval of time depending on the diameter of
the fibre cladding and temperature. For a cladding diameter
of 125 um, a noticeable decrease in hydrogen concentration
along the fibre axis at room temperature occurs about 20—
30 hours after hydrogen loading. However, it can be seen
from Fig. 3 that for high loading pressures, the length of the
initial segment drops to 3—5 hours, thus pointing towards
an increase in the diffusion coefficient of molecular hydro-
gen or the appearance of some additional mechanism for
mass transport. Judging from the hydrogen concentration at
the instant when both curves showing the absorption decay
start coinciding, this mechanism becomes significant at
loading pressures above 50—60 MPa (500-600 atm). At
lower pressures, the hydrogen outlet is described by the
standard diffusion equation with a constant coefficient.

3.3 Change in the spectral properties of Bragg gratings

The resonance reflection wavelength Ap, of a FBG written
in the fibre core depends on the concentration of molecular
hydrogen at the fibre axis [12, 16], but at the same time is
not directly related to its vibrational spectrum. The
dissolution of molecular hydrogen in the fibre increases
the effective refractive index n.y of the fundamental mode
and, in accordance with Bragg condition g, = 2n.4A
(where A is the grating period), leads to the red shift of
the resonance wavelength [12].

Figure 4 shows the transmission spectra of two FBGs
written in fibre No. 5 at a distance of 1 cm from each other.
According to the writing dynamics, the first grating (Grl) is
type I grating, while the second grating (Gr2) was written
before the disappearance of type I grating when type Ila
grating had not appeared yet [15]. Figure 4 shows the initial
transmission spectrum for this chain of gratings, as well as
two spectra measured 5 and 25 h after hydrogen loading
(for better visualisation, the spectra are displaced relative to
each other by 0.25 dB along the vertical axis).

Note that the presence of dissolved molecular hydrogen
considerably affects the average refractive index of the

grating (resonance wavelength shift) and also leads to a
reversible variation in the refractive index modulation
amplitude. To our knowledge, this effect was observed
for the first time. Note that after the outlet of hydrogen
from the fibre, the spectrum is almost completely restored to
its initial state (before hydrogen loading) within the measu-
rement error. Hydrogen loading of both types of gratings
leads to a change in the modulation amplitude of the
refractive index. In the Grl grating, the initial modulation
amplitude of the refractive index was ~ 3 x 107, increasing
by 815l ~ 1 x 107 after hydrogen loading. In the Gr2
grating, the modulation amplitude in the first diffraction
order varied even more significantly, from nearly zero to
S92 ~ 3 x 107*. Note that the difference between the
resonance wavelengths of both gratings after hydrogen
loading increased by 0.1 nm. This corresponds to the
fact that the average value of the refractive index induced

in the Gr2 grating was higher than that in Grl by dnS:>—

S ~ 1 x 107, which is nearly the same as (dnS3—
nSth/2~1x 1074

The above estimates led to the assumption that an
increase in the modulation amplitude of refractive index
gratings is due to a higher solubility of hydrogen in the
irradiated regions of the fibre than in the unexposed regions.
Considering the total shift in the gratings corresponding to a
refractive index variation of about 6 x 10’3, it can be stated
that the solubility of hydrogen in the irradiated core regions
in a GS fibre with a GeO, molar concentration of 24 %
(sample No. 5) increases after a radiation dose D =
70 kJ cm~? at / = 244 nm (under Gr2 recording conditions)
by about 5% over the value for unexposed regions.

The following mechanism can be proposed for the
increase in the solubility of hydrogen in the glass exposed
to ultraviolet radiation. Irradiation of GS glass leads to a
rearrangement of its network, accompanied by a rupture of
bonds and formation of rings with a smaller number of links
[17]. Apparently, such a rearrangement takes place as a
result of stretching or rupture of weak bonds at the
boundaries of clusters forming the glass network. In our
opinion, this may lead to a decrease in the average size of
clusters accompanied by a simultaneous increase in their
density and in the size of regions of lower density between
clusters. The latter circumstance may be mainly responsible
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for the increase in the solubility of hydrogen in germano-
silicate glass subjected to UV irradiation. Further
investigations are required for confirming this hypothesis
and a better understanding of the observed phenomenon.

Note that the increase in the solubility of hydrogen in the
irradiated fibre regions may be manifested even in the case
of hydrogen loading at normal pressures (10— 15 MPa). In
this case, the modulation amplitude of the induced refractive
index of the gratings must vary by about 107°. This
circumstance may explain the emergence of the thermally
unstable component of the refractive index induced in
gratings recorded in the hydrogen-loaded fibres. For exam-
ple, it was mentioned in [18] that a decrease of about 10 % in
the induced refractive index occurs at room temperature
during the first two weeks after its recording (this approxi-
mately corresponds to the time of outlet of molecular
hydrogen from the fibre), after which it remained unchanged
over a period of six months.

Figure 5 shows the variation of the resonance wave-
length of the grating during the outlet of hydrogen from the
fibre, measured in fibre No. 4. A good linear dependence
observed in this case indicates that even for high concen-
trations of hydrogen, the variation in the refractive index of
silica glass is additive and is not saturated. This circum-
stance points towards the absence of a strong interaction
between the dissolved hydrogen molecules up to molar
concentrations of H, (Cy, ~ 10 %) measured in our experi-
ments. Variation in the average refractive index induced by
hydrogen loading for such concentrations at the initial
instant of time was about 4.5 x 10’3, while the shift in
the resonance wavelength of the grating was about of 4 nm.
The slope of the dependence An(Cy,) was 4.42x
107 (%), which is about 1.5 times the value obtained
in [9] for planar waveguides.
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Figure 5. Dependence of the hydrogen-induced refractive index and
resonance wavelength of the FBG on the molar concentration Cy, of
hydrogen in the glass network of fibre No. 4.

An analogous, but slightly larger (5.5 nm), shift of the
grating reflection peak was observed for fibre No. 5 (see
Fig. 4). This indicates that the solubility of hydrogen
depends on the glass composition (on the concentration
of germanium in the core) and increases with it in the case
considered here (the solubility in fibre No. 5 is about twice
as high). Note that such experimental dependences were also
obtained for the measurements of the dynamics of hydrogen

outlet from fibre Nos 2 and 3 in which FBGs were written
by pulsed radiation of a KrF excimer laser through a phase
mask.

Despite the fact that the above circumstances prevented
measurements of changes occurring in individual Raman
rotational bands due to outlet of hydrogen, we were able to
measure the integrated intensity of the Q; band. Its depen-
dence on hydrogen concentration along the fibre axis is
shown in Fig. 6. One can see that like the dependence
An(Cy,), this dependence is also linear.
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Figure 6. Dependence of integrated intensity of the Q; Raman band on
the hydrogen concentration in the fibre.

4. Discussion of experimental results

It was shown in the preceding sections that the experi-
mental dependences (amplitude of absorption band at
1.24 pm, change in the refractive index of glass, and
intensity of the Q; band in the Raman spectrum) measured
during outlet of hydrogen from fibres subjected to high-
pressure hydrogen loading are proportional to one another
and indicate that the rate of hydrogen outlet from the fibre
after hydrogen loading is much higher than at low loading
pressures. Only when the concentration of hydrogen in the
core falls to the loading level at a pressure of 50 MPa, its
further variation corresponds to diffusion with a known
constant coefficient and can be described quite well by
solving the time-dependent diffusion equation. However,
this approach cannot explain the rapid initial outlet of
hydrogen observed in our experiments at high loading
pressures. Note that we observed rapid outlet of hydrogen
in all GS fibres investigated irrespective of the concen-
tration of germanium in the core.

It was mentioned above that rapid outlet of H, can be
explained by an increase in the diffusion constant upon an
increase in the hydrogen concentration in the glass network
or by the presence of an additional mechanism of mass
transport leading to a faster decrease in hydrogen concen-
tration in the core region at the initial stage.

We believe that the rapid outlet of hydrogen immedia-
tely after completion of hydrogen loading is due to the
contribution from barodiffusion [19, 20] associated with
radial gradients of the hydrogen pressure Py, in the
fibre. In the presence of a pressure gradient, the flux density
J of diffusing particles is expressed by the relation
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J = —Dy, [grad Cy, + apgrad(ln Py,)], (1)

where Dy, is the diffusion coefficient for hydrogen
molecules and ap is the barodiffusion ratio.

At a low concentration of hydrogen molecules, they
collide mainly with the atoms of the glass network during
their motion. Hence hydrogen pressure gradients do not
affect the overall mass transport (the first term in Eqn (1)
predominates). Such a situation is realised when the average
number of H, molecules in the interstices of the glass
network is much smaller than unity. Hence we can consider
an equation containing only the first term while studying the
hydrogen diffusion processes in fibres at low pressures. It
was shown above that upon an increase in the loading
pressure to 100—200 MPa, the concentration of hydrogen
dissolved in the fibre is no longer strictly proportional to this
pressure, thus pointing towards the appearance of mutual
interaction between molecules due to an increase in their
concentration in the glass network. This means that the
average number of H, molecules in the interstices of the
network becomes comparable with unity but, according to
our estimates, does not exceed it. For such a high concen-
tration of H, molecules (~3 x 10*! cm™?), the frequency of
collisions between molecules becomes comparable with the
frequency of their collisions with atoms of the network and
the presence of a pressure gradient in any preferred direction
results in the emergence of a flow of H, molecules in a
direction opposite to this gradient. The flux described by the
second term in Eqn (1) in the case considered by us becomes
comparable with the normal diffusion flux of hydrogen
molecules.

Figure 7 shows the experimental dynamics of hydrogen
concentration in the core of fibre No. 4, measured from the
dependence of the amplitude of the 1.24-pm absorption
band. This dependence was used to optimise the dimension-
less coefficient op under the assumption that it is
proportional to a power function of hydrogen concentra-
tion, i.e., has the form ap = AC{ . Calculations were made
by using the relative hydrogen concentration C_'H2 =
Cy,(#)/Cy,(0). The best agreement between the theoretical
and experimental curves describing the hydrogen outlet was
attained for 4 = 3.5+ 0.5and B =4+ 0.5. The correspond-
ing dependence is shown by the solid curve in Fig. 7. Note
that the power function of concentration used for calculat-
ing ap leads to a very good approximation of the observed

Molar concentration Cy, (%)
[=))

0 1
10 100
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Figure 7. Decay of the molecular hydrogen concentration along the fibre 7.

axis measured experimentally (circles) and calculated by taking barodif-
fusion into account (solid curve).

experimental dependences. It should also be remarked that
the barodiffusion coefficient increases rapidly with hydrogen
concentration in the glass network.

5. Conclusions

We have studied the Raman and absorption bands for H,
molecules in single-mode GS glass fibres loaded with
hydrogen at pressures of 150—170 MPa. Loading of
fibres to such pressures made it possible to observe for
the first time purely rotational Sy-branch transitions in the
Raman spectra of molecular hydrogen dissolved in silica
glass. It was found that an increase in the concentration of
H, in glass leads to the blue shifts of the vibrational Q;
band in the Raman spectrum and the 1.24-um absorption
band.

A rapid initial stage was observed for the first time in the
dynamics of variation of spectral parameters of the absorp-
tion and Raman bands of H, molecules as well as the
characteristics of FBGs during the outlet of hydrogen from
the fibre. This effect was observed for all investigated optical
fibres and was independent of the germanium concentration
in the core. It is shown that this effect can be due to the
contribution of barodiffusion of H, molecules, associated
with the radial pressure gradient of hydrogen at its high
concentrations in the glass network.

In our opinion, we observed for the first time the effect
of molecular hydrogen dissolved in the glass network not
only on the spectral position of the resonance wavelength of
FBGs, but also on the modulation amplitude of the
refractive index. Apparently, the latter effect is due to a
higher solubility in the fibre regions exposed to UV
radiation.

Note that the effects and regularities observed in the
course of our investigations, which are associated with the
high concentration of hydrogen loaded into the fibres,
should be taken into account while analysing optical losses
in the telecommunication spectral range, and also while
recording photoinduced refractive index gratings in them,
on account of a high photosensitivity of fibres subjected to
such a treatment.
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