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ABSTRACT: The interaction of silane and water is discussed
controversially in literature: some authors suggest monosilane and
water react kinetically and sufficiently fast enough to remove water,
while others state the reaction occurs only at elevated temper-
atures. This question is of technological interest for the removal of
unavoidable water residues in Ar gases. Thermodynamic
calculations show that virtually complete removal of water is
expected with superstoichiometric silane addition. However, mass
spectrometric and infrared spectroscopic experiments give evidence
that the addition of monosilane to such an Ar gas at room
temperature is unable to remove residual water, which disagrees
with some current hypotheses in the literature. This holds even for
very high SiH4 concentrations up to 2 vol.-%. Silane reacts with
water above temperatures of 555 °C, initiated by the thermal decomposition of silane. A cold dielectric barrier discharge-plasma used
for silane and water dissociation enhances reactivity similar to elevated temperatures. Fourier-transformed infrared spectroscopy
points toward silanol generation at temperatures between 400 and 550 °C, while quadrupole mass spectrometry indicates the
creation of SiOH+, SiHOH+, SiH2OH+, and SiH3OH+. Cold plasmas generate smaller amounts of SiOH+, SiHOH+, and SiH2OH+

compared to elevated temperatures. Reaction products are hydrogen and nanoscaled particles of non-stoichiometric silicon oxides.
The silicon-oxide particles produced differ in elemental composition and shape depending on the prevailing water content during
decomposition: SiOx generated with residual water appears with relatively smooth surfaces, while the addition of water supports the
formation of significantly rougher particle surfaces. Higher initial water contents correlate with higher oxygen contents of the
particles.

1. INTRODUCTION
The main use of monosilane is as a precursor for elemental
silicon deposition within the semiconductor industry. At
temperatures beyond 300 °C, silane gets chemically unstable,
and decomposes into hydrogen and elemental silicon.1−3

Additionally, there is a second key attribute belonging to
silane: it is highly reactive with oxygen, even at room
temperature (RT).4−6 Due to this property, silane currently
finds increased attention in metal processing.7 Metal surfaces
exposed to oxygen during processing in air, even to inert gases,
usually form an oxide layer.8 These oxide layers may have a
negative effect regarding the production and processing of the
metals, for example, by affecting solderability.9 In some cases,
even a small oxide layer consisting of only a few monolayers of
oxygen may inhibit the soldering of certain surfaces
completely. Adding small amounts of silane into the processing
atmosphere (“silane doping”) can decrease the oxygen activity
inside those atmospheres way below 10−11 mbar�levels
otherwise only found in an extremely high vacuum (XHV)
in extraterrestrial space.10 The two reaction products, hydro-

gen and silicon dioxide, either have a reductive character or are
highly unreactive, thus preventing the formation of an oxide
layer. However, depending on the metal, the residual water
within the processing atmosphere will probably also have an
oxidizing effect on the surface.11,12 In literature, it is frequently
suggested that silane reacts with water at RT efficiently and
kinetically fast enough to remove residual water in processing
atmospheres.13 Unfortunately, there was no experimental
evidence provided along with the statements, making it
impossible to reproduce any experiments. The following
reaction equation is often quoted when stating that the
stoichiometric doping of the atmosphere with silane is suitable
to remove the residual water content of the atmosphere:
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+ +SiH (g) 2H O(g) SiO (s) 4H (g)4 2 2 2 (1)

A recently published work by the authors of this article
discussed the transport of pure titanium samples in silane-
doped inert gas atmospheres over an extended time in order to
prevent oxidation of the titanium surface. Contrary to
expectations following eq 1, after several hours passing, the
titanium samples showed small signs of oxidation even in
silane-doped argon with XHV-equivalent oxygen activities,
confirmed by an oxygen sensor.14

Other studies have found silane hydrolysis to be kinetically
slow at RT, with silanols as the reaction product rather than
SiO2.

15,16 Mitsui et al. determined the amount of trace water in
pure monosilane to be about 20 ppb at RT.17 While this may
appear to be a low value, it corresponds to a water partial
pressure of 2 × 10−5 mbar at an absolute pressure of 1000
mbar. This remaining amount of water suffices to oxidize
certain metal surfaces within several seconds.
Despite intense research, the authors of this article failed to

find literature of experimental nature confirming the reaction
in eq 1 for RT. Only a theoretical work by Hu et al. suggests
SiO as a product of silane hydrolysis.18 However, the authors
state the reaction to occur at elevated temperatures, not RT.
The exact temperature needed for the reaction of SiH4 and
H2O with SiO as product species remains unknown. There
exists no experimental evidence of SiO2 as a direct product of
silane or silicon monoxide hydrolysis in literature. Given the
scarcity of experimental research regarding the silane−water
gas phase behavior, this article aims to clear up some
misconceptions and answer the following questions: Is silane
suitable to remove residual water in silane-doped argon
atmospheres at RT? How does temperature influence the
reactivity and reaction products between silane and water?
What are the reaction products of the monosilane and water
reaction if they do react?

2. EXPERIMENTAL SECTION
2.1. Setup. Figure 1 shows the deployed experimental

setup and the interconnection of the two analytical tools,
quadrupole mass spectrometry (QMS) and Fourier-trans-

formed infrared spectroscopy (FTIR), respectively. Two
thermal mass flow controllers (MFC, el-flow, Bronkhorst
Deutschland Nord GmbH) controlled argon and argon−silane
gas flow during measurement. The argon used had a purity of
99.999% (5.0, Linde AG), and monosilane had a purity of
99.99%. The monosilane was a premixed gas with 2 vol.-%
silane in argon 5.0 (Linde AG). The total flow rate passing
through the setup was constant at 1000 mLn/min. Down-
stream the point of gas mixing, a tube furnace was set up,
allowing an interaction between silane and water at elevated
temperatures with a residence time of 12 s at RT and 4 s at 700
°C. The water either originates from the used pure argon
(trace amounts), desorbed water from the gas tube surfaces, or
from an argon−water saturator inserted into the argon line
behind the MFC. A gas washing bottle filled with degassed and
deionized water was used to preload the argon with larger
amounts of gaseous water, if desired. Argon with about 80%
RH was used in all of the experiments with added water. A
dielectric barrier discharge (DBD) plasma was applied to
investigate the plasma-enhanced reactivity between silane and
water. The sinusoidal plasma voltage was 12 kVPP, while the
frequency was set at 108.6 kHz. As previously stated, a reaction
between silane and oxygen, or silane and water, produces solid
SiOx, which is intended to be filtered by an absolute filter
downstream the tube furnace before the gaseous components
enter the analytical stage. SiOx particle collection was done by
sampling from the filter. In order to keep the delay between
both spectrometers at a minimum of about 2 s, the length of
the gas tubing was kept as short as possible downstream the
furnace.
2.2. Spectroscopy Methods for Gas Phase and

Particle Analysis. Gaseous components were tracked using
a quadrupole mass spectrometer (QMS, Cirrus 3, MKS
Instruments). Ions are created via electron impact ionization
by an open ion source within the QMS. The ionization energy
was at a constant 70 eV during all experiments. The chamber
pressure remained constant at 5 × 10−6 mbar inside the QMS.
For atmospheric gas composition analysis, the pressure
adjustment happens by passing the gases through a 2 m-long
capillary into a chamber evacuated by a turbomolecular pump
with a total pressure gradient of 5 × 108 mbar measured from
the entrance. According to the manufacturer, the capillary is
non-selective for molecule size and heated at a constant
temperature of 180 °C. Because monosilane and water exhibit
a distinct dipole moment, FTIR (Tensor 27, Bruker)
measurements were applicable in parallel to QMS. Trans-
mission electron microscopy (TEM, JEM-2100, Jeol) and
energy-dispersive X-ray spectroscopy (EDS, X-Max 80T,
Oxford) were used as offline analytics for SiOx particles.

3. RESULTS AND DISCUSSION
3.1. Reactivity of Monosilane with Water at Room

Temperature. In all experiments shown, the total flow rate
remained at a constant 1000 mLn/min while adding varying
amounts of silane to an argon gas flow. Most of the remaining
water likely originates from the desorption of small amounts of
H2O off surfaces like hoses and valves. Figure 2a shows the
water concentration inside the gas stream with respect to the
SiH2 concentration. The figure displays the SiH2 content
instead of SiH4 because SiH4 overlaps with O2 at mass 32 u
and monosilane mainly fragments into SiH2 at mass 30 u
without interferences originating from other masses.19,20 The
orange bars represent the SiH2 concentration in ppm, while the

Figure 1. Experimental setup: the gas mixture passes either a tube
furnace (solid line, L = 65 cm) or a DBD plasma (dashed line,
L = 10 cm) followed by an absolute filter for particle removal before
the gas enters the analytical stage (QMS and FTIR). An optional
water vapor source (gas washing bottle) can be integrated into the Ar
5.0 line before mixing occurs at RT.
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blue bars show the residual water content 10 min after
reaching the target silane concentration. In the range of 0 to
1.4 vol.-% SiH2, the remaining water content remains constant.
Figure 2b shows the coexistence between monosilane and
water in the gas phase, as the masses of both silane and water
remain in the mass spectrum.
The results suggest that doping argon with silane does not

decrease the water content significantly at RT. These findings
are in disagreement with some claims made in other scientific
articles.21 Even when the silane concentration is multiple times
higher than the water content, only small changes in the mass
spectra occur. The water content remains constant regardless
of the added amount of silane, as shown in Figure 2a. This
experiment supports the theory of other articles stating that the
silane−water reaction is kinetically slow at RT.22,23 Kondo et
al. reported that water remains adsorbed on the surfaces of
silane combustion products. Our observation supports those
made by Kondo et al. Via X-ray photoelectron spectroscopy,
we observed that even small amounts of residual water affect
the surface oxidation of pure titanium samples resulting in an
increased surface oxide layer after several hours of exposure
time, even in oxygen-free atmospheres. The remaining water in
silane-doped atmospheres could explain the oxidation of the
titanium surfaces discussed.
FTIR measurements further suggest a slow reaction between

silane and additional water at RT, as shown in Figure 3. The
blue curve refers to the FTIR response for water-loaded argon.
As argon is IR inactive, the spectra only show reflexes
belonging to water between 4000 and 3000, 2000 and 1300,
and <700 cm−1. The orange spectrum shows the resulting
FTIR reflexes of an argon−water−silane mixture instead of
water-loaded argon. The corresponding reflexes after 10 min of
constant flow through the FTIR show the characteristic silane
peaks at around 2190, and 900 cm−1 of which the former also
shows a relatively symmetrical shape.24,25 The arrows mark gas
specific reflexes present in both measurements.
The coexisting water and silane reflexes in the orange FTIR

spectrum indicate that silane and water are highly unreactive at
RT. A reaction between silane and water can be precluded
based on the shown FTIR spectra, since the water reflexes do

not decrease significantly when silane is admixed at RT.
Furthermore, the water concentration in argon−water−silane
is slightly higher in contrast to pure argon−water. The slight
water surplus could be a byproduct of the reaction between
silane and oxygen, as shown in eq 2. In contrast to the reaction
with water, the literature provides a lot more information
regarding silane and oxygen reactivity.26−30 This is because
silane is highly pyrophoric and therefore explosively reacts with
oxygen according to eqs 2 and 3, which makes it of high
interest for safety research and physical vapor deposition of
silicon-oxides.31−33

+ +SiH (g) 2O (g) SiO (s) 2H O(g)4 2 2 2 (2)

+ +SiH (g) O (g) SiO (s) 2H (g)4 2 2 2 (3)

3.2. Reactivity of Monosilane with Water at Elevated
Temperatures. The experiments shown in this section

Figure 2. (a) Change of water content (blue) inside a silane-doped argon gas stream with varying amounts of silane added (orange). The SiH2-
fragment signal in (a) represents the amount of silane added as silane mainly fragments into SiH2 during electron impact ionization. The total flow
rate was at a constant 1000 mLn/min. (b) Mass spectrum (log-plot) of an Ar−SiH4 (2 vol.-%) mixture with a flow rate of 1000 mLn/min. Data in
both graphs generated via quadrupole mass spectrometry with an ionization energy of 70 eV.

Figure 3. Exemplary FTIR spectra of an argon−water−silane mixture
at RT showing the coexistence of water and silane. The total gas flow
was constant at 1000 mLn/min during measurement of both spectra.
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discuss silane and water reactivity at higher gas temperatures
up to 700 °C. According to literature, monosilane thermally
decomposes at temperatures between 300 and 550 °C
depending on the presence of a catalytic surface, the remaining
hydrogen content inside the atmosphere, and the residence
time inside the reactor chamber.34,35 Perhaps it is possible to
force a hydrolysis between water and silicon radicals formed
during the thermal decomposition of silane, thus reducing the
water content in the gas phase. To test this hypothesis and the
temperature behavior of the silane water reactivity, silane was
passed through a quartz glass tube inside a tube furnace and
afterwards into the QMS and FTIR, respectively.
The QMS results in Figure 4a show that at about 555 °C,

the concentration of SiH2 drops below 10−4 mbar (<100 ppb),
the detection limit of the quadrupole mass analyzer. At the
same time, the hydrogen concentration increases by more than
2 orders of magnitude while the water concentration decreases
by roughly 5%. The simultaneous increase in the hydrogen

signal as well as the decrease in SiH2
+ concentration indicate

the thermal decomposition of silane. The decreasing silicon
signal may be surprising at first, as silicon is supposed to be a
direct product of silane decomposition. However, the silicon
created this way tends to nucleate at a very fast rate into
nanoscaled particles (see Section 3.5). This behavior makes it
impossible to detect them with the experimental setup used in
this work, by means of QMS and FTIR. Because of the slight
decrease in water content at the same time, some reactive
species, such as silicon radicals, probably react with water to
create solid-state SiOx. Section 3.5 discusses the EDS and
TEM results of the generated particles.
Figure 4b shows the resulting changes in gas composition

after increasing the water content to 7000 ppm, about the same
concentration as silane. Surprisingly, the water concentration
falls by about 38% after surpassing the critical temperature of
555 °C for thermal silane decomposition. It is evident that
changing the ratio between the amount of silane and water

Figure 4. Effect of temperature on gas concentration (log-plots) of (a) an argon−silane mixture with about 400 ppm residual water content and (b)
an argon−silane−water mixture of about 7000 ppm water.

Figure 5. Peak area (lin-plot) vs furnace temperature obtained by FTIR analysis: (a) argon−silane, (b) argon−water−silane. The insets show the
first derivation of the area vs temperature plot and give access to the decomposition temperature of silane.
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offered during heating can have an impact on water
elimination. The probability of a reactive silane combustion
fragment encountering a water molecule is most likely higher
in the experiment, as shown in Figure 4b compared to Figure
4a. Nevertheless, the water concentration in the gas stream
remains higher compared to the experiment with 400 ppm
residual water. Compared to the findings at RT, merely
increasing the temperature seems to be insufficient regarding
complete water elimination via silane.
The FTIR measurements shown in Figure 5a verify the

thermal decomposition of silane. As silanol complexes might
form by electron impact ionization during QMS measurements
because of fragment recombination, FTIR is advantageous here
as well. This is because QMS measurements may reflect the
occurrence of silanols, although no silanols occur within the
process. The FTIR analysis is a non-invasive technique that is
able to detect even small amounts of silanols or other water−
silane complexes that may form in the process itself. However,
as exemplarily shown in Figure 3, no silanol complexes at
distinct other wavenumbers compared to the reflexes caused by
SiH4 and H2O, respectively, appear at RT and at elevated
temperatures in the FTIR spectra for T > RT (not shown
here). Nevertheless, the evolution of the peak area of certain
silane peaks, and hence the concentration, with increasing
temperature gives comparable data that reflect the decom-
position of silane in an argon−silane mixture (see Figure 5a). A
first noticeable decrease in silane concentration becomes
visible at around 500 °C, based on the first derivation of the
red curve as an inset. Pure silane decomposes accordingly at a
temperature of 567 °C.
As stated in literature, absorption signals at 3650 cm−1 can

be attributed to Si−OH bonding.36 At this point, it is
important to mention that both dipoles, H2O and Si−OH
contribute to an absorption at 3650 cm−1 as can be confirmed
by FTIR measurements without silane. Agreeing with the
decreasing water signal in Figure 5b (QMS), the FTIR showed
an increased signal for Si−OH over temperature (see Figure
5b, blue curve) when silane starts to slowly decompose at

around 400 °C. Hence, a water−silane interaction becomes
noticeable by Si−OH detection, but only at elevated
temperatures. However, complete water removal is not
feasible. As explained above, the first derivation of the silane
area signal over temperature gives access to the decomposition
temperature that changed to lower temperatures (552 °C)
when water is apparent during heating. The interaction of
water and silane by means of Si−OH transition states might
support the thermal decomposition of silane, as depicted by a
lower decomposition temperature. Figure 6a further supports
the thesis of silanol generation as there is a noticeable increase
of the masses 45−48 u at 540 °C (orange) compared to RT
(black). These masses most likely belong to the silanols
SiOH+, SiHOH+, SiH2OH+, and SiH3OH+ in increasing mass
order.
3.3. Thermodynamic Analysis of the Gas Phase

Reactivity between Monosilane and Water. Thermody-
namic calculations were performed using the commercial
software FACTSAGE (GTT Technologies, Herzogenrath,
Germany) to identify possible reaction products between
SiH4 and H2O under the set process conditions. The
calculations are based on a database in which the free
enthalpies of formation of numerous hypothetical reaction
products that can be formed from Si, O, and/or H are filed as a
function of temperature. Input parameters are the set gas
system (initial composition of mixed Ar−SiH4−H2O) and the
given temperature and pressure (here standard atmospheric
pressure of 101,325 Pa). All reactants and reaction products
were considered in virtually all states of aggregation without
suppressing certain states. Considering the conservation of the
initial quantities of element atoms, in a numerical calculation
procedure, the quantity of each reactant and product in the gas
mixture is then adjusted so that the sum of their free enthalpies
of formation is minimal. This represents the condition for
unrestricted thermodynamic equilibrium in a multicomponent
system.
In Figure 7a, the calculated equilibrium composition of a set

argon mixture containing 1.4 vol.-% SiH4 and 400 ppm H2O is

Figure 6. (a) Effect of elevated temperature vs RT on gas concentration (log-plot). (b) Effect of a non-thermal DBD plasma on the gas
concentration (log-plot) of an argon−silane mixture with ca. 7000 ppm water. Both spectra show the generation of silanols either at higher
temperatures or in a DBD plasma. Plasma parameters: voltage: 12 kVpp, frequency: 108.6 kHz. Both spectra were measured via quadrupole mass
spectrometry with an ionization energy of 70 eV and at a constant gas flow of 400 mLn/min Ar−H2O + 600 mLn/min Ar−SiH4. The water
concentration remained constant at 7000 ppm.
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given. Only reaction products whose calculated concentrations
reach at least 10−24 mol/mol (corresponding to 10−18 ppmv in
the case of gaseous products) and thus can be present at all in a
typical reaction volume (1 m3) are considered in the bar chart.
Note that the majority of the products occur at a concentration
below 10−9 mol/mol (1 ppb) and are thus practically
undetectable. Only the main products SiO2(s) and H2(g),
which are to be expected according to eq 1, as well as Si(s)
resulting from a postulated thermal decomposition of the
excess SiH4, which is known as metastable for temperatures
<300 °C, occur with significant concentration.
Figure 7b shows the influence on the reaction equilibrium

when increasing the initial water content from 400 to
7000 ppm in the process gas. As expected, the concentration
of solid silicon is reduced due to the remaining lower excess
silane (measured by the water content) and simultaneously the
hydrogen content from the additionally converted water is
increased. The latter in turn has an influence on remaining
H2O and volatile SiHx residues, which all increase in their still
extremely low equilibrium concentration due to the higher
hydrogen supply.
In summary, the analysis of the considered gas mixtures

shows that from a purely thermodynamic point of view, a
virtually complete removal of the water with superstoichio-

metric SiH4 addition is to be expected even at moderate
temperature. Besides gaseous hydrogen, the main reaction
products are solid SiO2 and Si. The latter do not necessarily
have to arise as separate phases but can also occur as
superficially oxidized silicon particles in which both elemental
silicon and silicon oxide are present (see Section 3.5).
3.4. Interaction of Monosilane with Water in Plasma.

This section discusses whether cold DBD plasmas can enhance
the reactivity between silane and water. Figure 1 shows the
experimental setup with the DBD. The gas flow rate passed
through the reactor was 400 mLn/min argon−water and
argon−silane with a constant flow of 600 mLn/min. Figure 6b
shows the resulting changes in gas partial pressure of specific
gaseous components before and during active plasma,
measured via mass spectrometry.
After igniting the plasma, the SiH2 content drops by about

half an order of magnitude to about 2 mbar or 2000 ppm,
respectively. Si and H2O concentrations drop slightly, while
the hydrogen content increases by almost 2 orders of
magnitude. The plasma most likely breaks down silane into
atomic and molecular hydrogen, as well as silicon, silicon
hydrides, and water into atomic and molecular fragments.
Silicon partial pressure drops as well, most likely caused by the
deposition of silicon onto the plasma electrode surface. The
components SiOH+, SiHOH+, and SiH2OH+ probably cause
the gain in partial pressure of the masses 45−47 u. As the
hydrogen content rises, some of the H2

+ produced will almost
certainly contribute to the formation of the silanol species.
However, compared to elevated temperatures as shown in
Figure 6a, there is no contribution to the SiH3OH+ species at
mass 48 u. In agreement with the former experiments using
additional water during decomposition within a furnace, the
plasma in combination with silane also shows the ability to
remove water. However, no increased water reduction was
observable with the plasma parameters used in this study. In
conclusion, Si−OH species became detectable by QMS, as well
as by FTIR at 3650 cm−1 (shown in Figure 5b). The presented
DBD plasma experiments act as preliminary experiments that
need expansion by a detailed study in the future.
3.5. Evaluation of SiOx Formation under Different

Conditions. Chemical eqs 1−3 refer to the production of
solid silica (SiO2) that appears by means of nanoscaled
particles. In this regard, an absolute filter in the gas/aerosol
line protects the analytical stage in the experiments from
damage and prevents blocking by solid silica. Transfer of the
silicon oxide powder from the filter onto TEM carbon grids
took place after silane decomposition at 700 °C within the
furnace and at RT within the DBD plasma, respectively. At the
exhaust of the experimental setup, silane reacted with ambient
air, forming silica. Imaging and analysis of all four types of silica
happened via TEM and EDS. Table 1 refers to the
experimental conditions that led to silica formation. Interest-
ingly, the color of collected powder varied from brown over

Figure 7. (a) Modeled equilibrium concentrations of relevant
reactants and products for an initial composition of 1.4 vol.-%
SiH4(g) and 400 ppmv H2O(g) in argon at 200 and 700 °C and (b)
relative shift of concentrations with increase of initial H2O from 400
to 7000 ppm at 700 °C.

Table 1. TEM and EDS Analyses of Synthesized SiOx Particles: Differences in Experimental Conditions Result in Various
Nanoparticle Colors, Morphologies, and Compositions

experimental conditions powder color EDS (at.-% Si, at.-% O) comment

(a) pure SiH4 in furnace brown 97, 3% smooth particle surface
(b) SiH4 and H2O in furnace brown 75, 25% rough particle surface
(c) SiH4 and H2O in DBD yellow 81, 19% polydisperse, irregular morphology but smooth particle surface
(d) SiH4 at exhaust (ambient air) white 33, 67% fractal-like structures, highly polydisperse, smooth and rough surfaces noticeable
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yellow to the expected snow-white known from SiO2. The
correlation of the elemental composition of the produced SiOx
nanoparticles with their optical appearance explains the
different colors. While the brown powder is made of non-
stoichiometric silica (silicon overweighs), the white powder at
the exhaust of the system exhibits the expected atomic ratio of
silicon to oxygen of 1:2. The yellow color of SiOx that forms
within the DBD surprises as the amount of silicon is higher
than in SiOx formed within the furnace that exhibits a brown
color. Yellow silica may form due to the short residence time
within the DBD and the plasma streamers, respectively. DBD
plasmas, known as “cold plasmas”, however, can reach
temperatures up to hundreds of Kelvin locally in a streamer.37

Activated gas species emerging from the plasma may cause a
cold silane dissociation, hence a decomposition, induced by
ionized gas molecules. Figure 8 shows the morphology of the

four different types of amorphous SiOx. The TEM micrograph
(c) shows the SiOx from the DBD. In comparison, the
relatively small particles support the idea of extremely fast
particle formation within the DBD. The consequence might be
a yellow SiOx that represents a transition from a gaseous
precursor (monosilane) to a non-stoichiometric silicon oxide.
Furthermore, TEM and EDS analysis from Table 1 and

Figure 8 support the idea of a silane−water interaction since
different SiOx synthesis conditions led to different elemental
compositions and various particle morphologies. The high
amount of silicon and low level of oxygen in sample (a)
support the hypothesis of thermally induced silane decom-
position without any interaction of oxygen-containing
substances. An intended increase in water content during
reaction/decomposition (b) led to an increased oxygen level in
the sampled SiOx; however, there are no indications of
stoichiometric SiO2 formation. It is unclear whether pure
silicon particles form within the furnace that react with water
afterward, or if silane reacts with water forming unevenly
structured SiOx nanoparticles. FTIR measurements support
the idea that silane−water interaction results in a decreased
decomposition temperature (15 K lower) for silane. Then, the
particles shown in micrograph (b) refer to SiOx, which is
formed by a silane−water reaction. Beyond that, literature

refers to the possible thermal dissociation of solid SiO2 at
temperatures above 1400 °C, the subsequent formation of
silanols if water is apparent, and the re-nucleation of
nanoscaled SiO2, supported by mass spectrometric measure-
ments.38,39 These findings back up our hypothesis of a water−
silane interaction that resulted in SiOx nucleation with silanols
as an intermediate product of SiH4 decomposition since
silanols seem to appear as an intermediate product during SiO2
formation, independent of whether SiO2 or SiH4 is thermally
decomposed. However, our results underline again that the
expected scavenger capability of silane for water does not apply
in practice. For oxygen, nonetheless, silane scores as a highly
effective scavenger since this reaction yields stoichiometric and
white SiO2 with a large variety in morphology (d).

■ CONCLUSIONS
Results from mass spectrometry and Fourier-transform infrared
spectroscopy show that silane does not eliminate water
completely at RT as both components coexist in the gaseous
phase. These experimental results disagree with some current
theses in literature suggesting that silane can eliminate water
effectively and kinetically fast to establish water-free inert gas
atmospheres with SiO2 as a reaction byproduct. They do,
however, support the findings of other sources that report on
the formation of small amounts of silanols and non-
stoichiometric SiOx, which our data suggest as well. It is
possible that the silanols and SiOx found in the experiments are
intermediate products of a reaction pathway to SiO2 which did
not take place until completion in the experiments. In contrast,
thermodynamic analysis suggests that a virtually complete
removal of water is to be expected with superstoichiometric
silane addition with SiO2 and H2 as main products. Silane in a
mixture of 98 vol.-% argon and 2 vol.-% silane thermally
decomposes quickly between 552 and 567 °C when passing
both gases through a tube furnace and heating them up to 700
°C. There are no signs of increased residual water elimination
after the thermal decomposition of silane. However, after
increasing the water content in the gas mixture to a ratio of 1:1
to silane, a slight drop in water concentration by about 38%
beyond temperatures of 555 °C takes place. Indeed, using
FTIR, there was an observable water−silane interaction
showing the formation of small amounts of Si−OH species
contributing to the decomposition of small amounts of silane
at temperatures higher than 400 °C. First experiments on the
elimination of water by silane in a DBD plasma with the
parameters used in this study showed comparable results to
elevated temperatures in a tube furnace. Electron microscopic
analysis of the byproduct from the silane decomposition
pointed, on the one hand, at the formation of solid aerosol
nanoparticles. On the other hand, the evaluation of SiOx
nanoparticles with respect to their elemental composition
offers a chance to investigate the reaction history of a silane
molecule, since different reaction conditions led to differently
shaped and compounded silicon oxides.
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Figure 8. TEM micrographs of synthesized SiOx particles: (a) pure
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