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The reaction of silanes with oxvgen atom is very impor-
tant because of the roles in semiconductor fabrication such
as chenucal vapor deposition (CVD) processes. as well as in
the study of unstable nature under oxyvgen atnosphere
including combustion and explosion processes. However.
expenimental kinetic data for the reaction of oxvgen atom
with silanes are not well documented and are verv limited.
compare to the data for the reaction with olefins."* The
OCP) atom reactions with SiHCl; and SiHs were theoreti-
cally studied by Q. Zhang ef a/.* They calculated the rate
constants with the Arrhenius expression over a wide temper-
ature range of 200-3000 K, specifically on the hvdrogen
abstraction channel, optimizing geometrical parameters of
reactants at saddle pomt by ¢b initio method. Buchta ez «f.
reported the experimental work on the reaction of OCP) with
silanes by discharge flow method and mass spectrometry.™®
The rate constant for the reaction of OCP) with SiHCI; was
given as a function of temperature, £ = (1.41 £ 0.28) x 107"
cm’moleule's™ exp[—(13.5 £ 2.7) kJmol '/RT] in the range
of 298-773 K. however, the rate expression considered only
hvdrogen abstraction channel rather than total reaction path-
ways.”

In tlus note, we report kinetic data on the measurements of
total reaction pathwavs for reaction of OCP) with SiHCl:
and SiHi, by using discharge flow/chemiluminescence
imaging technique. The rate constants were obtained to be
(1.38 £ 0.06) x 107> em’molecule's™" for SiH. and (1.74 +
0.13) x 107" cm®molecule™'s™ for SiHCl: at 298 K. The
NO: chenmiluminescence was observed and analyzed utiliz-
ing second order rate equations, which provides apparently
much information at an initial reaction zone.>’

Experimental Section

The discharge flow/chemiluminescence imaging svstem 1s
well described in the previously reported articles.>™ The
flow velocity was controlled by the total amount of gas
mjected and the inner diameter of reaction tube. During the
experiment, the flow velocity was controlled to be 86 cms™
in borosilicate reaction tube (inmer diameter = 30 min) by

mass flow controllers (MKS. 11794A). A capacitance gauge
(MKS 626) was used to monitor the pressure in the reaction
zone. The reaction tube was replaced after a set of measure-
ments. considering a possible contammation of reaction
products on the wall.

The ground state oxygen atom. OCP), was generated by
using microwave (Opthos, MPG-4M) discharge of 1% O:
balanced in He. The concentrations of OCP) are proportional
to the mtensity of chemiluminescence from the following
reactions (1) and (2).

OCP)+NO+M —=NO-"+ M ()
NO-" — NO: + hv (2)

The chemiluminescence was monitored by a charge coupl-
ed device (CCD) camera (Princeton Instrument. CCD-763)
equipped with a personal computer for data acquisition. The
exposure time was 0.3 s for a single shot and the signals
were accumulated by 30 times.

The C-H, (Aldrich. 99%) and SiHaCl (Aldrich. 99%) were
purified by freeze-thaw method and diluted by He (Praxair
Korea. 99.9993%) to 3% and 1.4%. respectively. The gas
mixtures, Os (0.98% in He, Praxair Korea). NO (1.0% in He,
Praxair Korea). and SiHq (1.32%. Korea Research Institute
of Standards and Science) were used without any further
purification.

Results and Discussion

The following reactions were examined to obtain their rate
constants at 298 K by using the initial rate method.

SiH: + OCP) — products (3)
SiHCla + OCP) — products )

The reaction rates are determuned from the decay rate of
oxvgen atom concentration during the reaction in the
flow reaction tube. The oxygen atoms are consumed by
the reaction with silanes, as well as the wall of reaction
tube by the collision. as given in equations (3) and (6).
respectively.
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‘I
O+A —— products (&)

ku'
O+ wall ——— products (6)

where, &y is the rate constant ol bimolecular reaction; &, 1%
the first order rate constant for wall effect regarding the
consumption due to O» and also reaction products. Near the
injection point, the rate equation for the consumption of
oxygen atom is described by the equation (I) since the
reaction (3} is major process.
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By solving the equation (1) we could get the integrated rate
expression as follows
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where, a — [A]y — [Os; [4]y and [Oo are the initial concen-
trations for the sample and O(*P) atom, respectively; [4], and
[O]: represent their concentrations at specific reaction time,
t. Because [A], comes to [4]o as ¢ is close to 0, the equation
(1) is approximated to the equation (1[1).
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where, £ and [y indicate the intensities of chemilumine-
scence at specific time and 7 = 0, respectively. The initial
concentration of oxygen atom. [Oo. can be determined by
the equation (1V).
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Figure 1. The In(/ f0) versus reaction time are ploted for dillerent
concentrations of (a) SiHy and (b) SiHCl; at 298 K. The O(°P) atom
decay rates. A . Were obtained trom the slope of'this plot.
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Figure 2. The second-order decay rate coelficient. &g are
plotted versus (a) |SiHyJo-| O (b) [SiHCL:Ju-[O]o at 298 K.
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where, |(}]., represents the concentration of remaining
O(*P) when the samples are completely consumed.’

We observed the decay signal of the NO; chemilumine-
scence derived from the reactions of O('P) atom with
samples SiH;y and SiHCl;. Data from the tirst 100 pixels
(~5.34 x 1072 s) are considered as for the reaction near { — 0
and are used to plot In(/,/4y) versus reaction time as shown in
Figure 1. The slope from this correlation determines a decay
constant, Adgees, — —(Aw t A1,a). Figure 2 shows the plot of
—(kw + kiia) versus [A]o— [y at difterent concentrations of
initially injected sample in the reaction tube to determine the
bimolecular rate constant ki,;. The measured bimolecular rate
constants are sumimarized in Table 1.

In earlier work.” we have confirmed reliability of our
measuring method showing a good agreement with previ-
ously reported rate constants for the reactions of O(*P) with
C:Hy (7.3 x 107" em’molecule™s™),' CFsl (4.5 x 107"

Table 1. Bimolccular rate constants for SiHq and Sil1Cls. All data
are obtained at room temperature

rate constant. & ¢ (cm molecule™ ')

sample -
this work reported value
Sitls (1.38£0.06)~ 10 " 4.8 10
2810 "%
3510
SiHCl: (1.74+£ 013y~ 10 "} 5.94 x 10 M

“flashphotolysis with O/NO chemiluminescence detection™: *discharge-
floww method with ESP detection of O atoms .( DF-I.S R)”: “tlashphoto-
lysis resonance-luorescence  technique'™  “discharge-mass  spectro-
melry”
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em’molecule”'s™).” and CH;I (1.8 x 107" cm’molecule™
s7).° The rate constants for the reaction of OCP) with SiH.
and SiHCl; were determined to be (1.38 + 0.06) x 107'* and
(1.74 £ 0.13) x 107> em’molecule's™". respectively. For the
reaction of SiHs our rate constant is smaller than the
previously reported data (see Table 1).'™" They produce
OCP) by flash photolysis of O- and NO in metallic reaction
cell. the chemiluminescence signal 1s decaved by the
reaction of OCP) atoms as well as by the diffusion from
observing zone. In our system. OCP) concentrations are
uniform over a full reaction cell until the sample 1s mjected.
Moreover, a sufficient amount of chemiluminescence inten-
sitv provides a high signal to noise ratio (S/N) under second
order reaction condition. In contrast. under pseudo-first
order condition, the S/N of chemiluminescence is relatively
small due to the weak chemiluminescence intensities obtain-
ed from a low concentration of O(’P) atom. Obtained rate
constant for SiHCL. (1.74 £ 0.13) x 107"* ecm’molecule™'s™.
indicates total consumption of SiHCI; and shows to be larger
than reported value (£ = 5.94 x 107" cm’molecule”'s™).*
Note that their measurement was carried out using excess
OCP) concentration with moving sample injector svstem
under pseudo-first order condition.™®
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