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Photochemical Insertion Reaction of Hg in SiH/SiD,4 in Low-Temperature N, Ar, and Kr
Matrixes. Formation of Radicals in Kr
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The products of the insertion reaction of Figy) in the SiH (SiD) bond oh- or d-silane in nitrogen and rare

gas matrixes are observed by FTIR spectroscopy. This study has shown that the reaction takes place without
activation energy. Disilane molecules are formed from the dimers of parent molecules close to mercury or
from the complexes of the insertion products with the parent molecules. In this last case a weak isotopic
effect shows that the reaction probably takes place through a small barrier. In the krypton matrix the formation
of SiH, and SiH radicals is observed by a mercury-sensitized two-photon excitation. TheaSikal is
produced upon annealing. A mixed @BiH, experiment gives the ratio of the insertion rates in these two
molecules.

1. Introduction on the structure, force constants, and vibrational spectra of SiH
and the SiH, SiH,, and SiH radicals.

The VUV photolysis of silane in an argon matrix was first
achieved by Milligan and Jacdxwho observed the formation

The reactivity of metal atoms with hydrogenic molecules has
been largely studied in the past, a recent review is available in

ref 1. Perutz gave in 1985 an exhaustive review of the S e . . :
utz g . . i ) ) . of Sip, SiHp, SiH, and SiH. The assignment of some IR
photochemical reactions involving atoms isolated in matrixes. : . ) .
) . . absorption bands to the radicals ildnd SiH has been
Since that time, many experiments have been done because thes&scussed and modified by Fredin e€alThese authors have

reactions play an important role in different fields of research. studied the reaction of Si atoms with, ki the gas phase, and

A theoretical study of the mercury-sensitized reactions has been - - X .
done by Siegbahn et Awho explain that the reactivity of Hg trapped the products in argon matrixes. They assigned the lines

and silane is due to the low value (90 kcal/mol) of the-Bi observed to Sikl but found frequencies different from those
bond strength compared to that of the-B bond strength in assigned to Siklby Milligan and JacoX. They concluded that
CH.. Our aim in studying the reaction of H) with one should exchange the assignment of Milligan and JFacox

. . . . . for SiH, and SiH, without observing Siklthemselves. This
molecules isolated in matrixes is to get a better understanding . .

. . : new assignment was accepted by Abouaf-Marguin & waho
of the barrier to reaction and to trap some new species that may;

lav a role in the chemistry in aas phase as intermediates intrapped the radicals produced in a silane plasma discharge, and
Fheyreacti ons y In gas p also afterward by Jacd®. No previous data exist in krypton

) . ) matrixes.
In a previous study of the reaction of Hg with+and CH,>
we showed the formation of the insertion products Hgiid
HHgCH; and the corresponding deuterated species. In the cas
of methane, a strong Ifinetic.isotopic effect Wa.s.found_ between The experimental setup has been described previdusly.
CD4and CH,;, the reaction being much more efficient with €H - 4nists mainly of a cold cubic copper cell with a CsBr window

Thi:? means that there is a small barrier_ to the inserti_on when on one face and on the opposite face a PTFE cover with a 6
Hg is excited in the low-temperature solid at 249 nm, i.e., 825 m hole to introduce the deposition tubing. The cell is at the

e2. Experiments

cm™* higher in energy than "_@Pl) in the gas pha§e. ~ cold end of a liquid helium cryostat. The cryostat may be turned
As Breckenridgé has predicted that the insertion reaction so that the sample may be perpendicular to the deposition tubing
must be much easier in the-8il bond than in the €H bond, or to the optical axis of the FTIR Bruker IFS 120 spectrometer

we have undertaken this new series of experiments on the SiH or to the light beam for the excitation of mercury.

and SiD molecules. The initial steps of the reactions in the SiH, (Messer France ultrahigh purite 99.99%) or SiQ
solid and gas phases are not very different, and the main interes’(Cambridge Isotope Laboratory 98%), or a mixture of the
ir! Fhe solid is that some gnstable species may be §tabi|izedtWO’ premixed with nitrogen (Air Liquide 99.9999%), argon
giving a better understanding of the gas-phase reaction. (Messer France 99.9999%), or krypton (Messer France 99.99%)
The IR spectra of matrix-isolated Sjtand SiD, have been  js sent through a GranviltePhillips needle valve and then
studied in rare gases and nitrogen matrfeéthese Spectra show through a sintered steel filter (ﬂﬁ’]) Containing a drop of
that the silane molecule occupies two different sites in the mercury. We take care not to have too many mercury dimers.
matrix. Allen and Schaefférgive an important theoretical The concentration of mercury is Changed' but not measured'
paper, including an extensive review of experimental works, by adjusting the gas flow. From previous experiments we know
that the maximum mercury content is 0 The highest
* Author to whom correspondence should be addressed. concentration of mercury is achieved with the lowest flow
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Figure 1. Hg/SiHJ/Ar: 6.4 mmol deposit: SiAr: 0.9/1000 after (11 mJ) irradiation, 200 pulses (a); 11 700 pulses (b).
4000 KrF (9 mJ) pulses (a); SiHAr: 1.5/1000 after 90 min deuterium
lamp irradiation (b); Hg/Sil/N,: 1.4:1000, 6.2 mmol deposit, after
1500 KrF (11 mJ) pulses (c); Hg/SiHr: 1:1000, 6.2 mmol deposit,

Wavenumbers in cm”

TABLE 1: Wavenumbers of the Absorption of the Stable
Products in cm™! (measured after annealing)

after 2600 KrF (9mJ) pulses (d). The spectrum of radicals is shown in  Ar matrix Kr matrix N, matrix assignment
other figures. 833.56 831.6 833.7 So
833.77 833.10 836.65 $le
used: 0.15 mmole/min. The deposition temperature is 25 K,  834.6 833.85 838.4 Sl
and the spectra are recorded at 6 K, with 0. tmesolution. gi%.; %:6
] The_excnatlon of mercury atoms is p_rowded either by a 858866 860867 Sil—{j—IgH---P
euterium lamp or by a SOPRA KrF excimer laser, generally 867.80 864.36 867.84 SiHgH
unfocused, giving energy up to 16 mJ oe=& cn? joulemeter 871.42 867.41 869.26 SiHgH
placed in front of the sample at 25 cm. The intensities given 867.83 SikHHgH
for the laser are only good for relative comparison of one 938 936.9 938 SHe
experiment to another and not for absolute values.pi@rand 1743.5w¢ SINN
Tramet? found that the UV absorption of mercury atoms gg‘l"gvng g:““
trapped in a silane matrix decreased with time under the 1774.9 % SiNN
irradiation by the deuterium lamp used as a source. Itis why 1885.25 1861.92 1872 SiHgH
we have used such a lamp for some of the photochemistry 1887.22 1863.25 1873.74 SiHgH
experiments. The advantage, for one-photon processes, com- 1888.49 1865.42 1877.67 SHgH

pared to the laser excitation is that the irradiation conditions aw: weak.bm: medium.

are very reproducible; the disadvantage is that much longer

irradiation times are needed to get the same amount of insertionTABLE 2: Wavenumbers of the Absorption of the Stable
product and consequently fewer experiments can be done onPeuterated Products in cn* (measured after annealing)

the same sample. The spectra of the products are detected by Ar matrix Kr matrix N matrix assignment

FTIR spectroscopy. The spectrum before irradiation is taken 616.4 616.3 SDs
as a reference so that the spectra shown in the figures are  616.68 SiDs
difference spectra; only the products show positive absorbance.  619.38 SiDs

642.5 641.2 644 SigHgD

; ; 645.91 643.18 646.54 SiBgD

3. Results and Discussion 64704 645 02 647 10 SiBgD
3.1. Insertion Products: SiHsHgH. Mercury atoms em- 679 677.9 SHe

bedded in rare gases and nitrogen matrixes shofHgt 1) gggég igggé igﬁ-i%h S'gzggg

absorption at 249 and 246.5 nm fop,N246 nm for Ar, and 1354.70 1338.2 1344.9 SiHgD

249.5 nm for Kr'3 In the present experiments a mercury atom

is excited in the’P; state (Hg*), and it then reacts with a silane acteristic in the 18501950 cn1?! region and Hg-D in the

molecule close to it, if there is any. 1350-1420 cm ™! region. SjHs and SiDg bands are also
The spectra of the products obtain by irradiation of two6iH  observed. The frequencies of theandd-products are shown

Ar samples, one by the KrF laser (Figure 1a) and the other by respectively in Tables 1 and 2. The wavenumbers for the

the deuterium lamp (Figure 1b), show that the main products deuterated species are less accurate because the experiments

of the reaction (HgP;) + SiHs) are the same. The same have been done with mixed samples containing haland

products are also obtained in nitrogen and krypton matrixes d-compounds and consequently the lines are broader due to the

(Figure 1 c,d), however, with variable proportions of the variety of neighbors.

different species. Doubling the laser intensity increases by a factor less than
The spectrum of the products obtained for a S8H,/Hg/ two the absorption of the insertion molecule, showing that the

Ar matrix (Figure 2) shows the effect of isotopic substitution. insertion reaction needs only one laser photon. Comparing the

The new absorption bands are easily assigned to HHg&iH relative intensities of the HHgSi#Hand DHgSIR obtained on

DHgSID; by comparison with previous experiments in methane mixed samples containing half Sjtdnd half SiD (see Figure

and hydrogen where the HdH stretching frequency is char-  2), and taking into account that the intensities are proportional
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Figure 3. Spectra after KrF laser irradiation, 6.2 mmol deposit, from
730 to 820 cm* top traces amplified by 5. Hg/Si#Ar 2.6:1000, 6000
pulses (10 mJ) (a); Hg/SiSiD4/Ar 2.3:2.3:1000, 1500 pulses (11 mJ)
(b); Hg/SiDJ/Ar 2.6:1000, 3200 pulses (9 mJ) (¢).= SiHsHgH, 14 =
SiDsHgD, * = SiDs.

to the frequencies under+ D substitution, one finds the same
amount of product with the SiHand SiD, molecules, within
the experimental error limitsx{5%). This clearly means that,
contrary to the insertion of Hg* in methane, there is no potential
barrier to Hg* insertion in silane, confirming the theoretical
expectatior3

It should be noted that the insertion products in Ar matrixes
appear from the very beginning of the irradiation; with the lamp,
their concentration keeps growing for more than 1 h. At low
concentration (1/1000), it is the same under mild KrF irradiation.

At a high enough concentration (0.23%) and with the KrF
laser gently focalized (10 mJ), the maximum intensity is
obtained in a few minutes (Figure 2a). If the irradiation is

J. Phys. Chem. A, Vol. 102, No. 45, 1998761

mercury, at 249 nm, but in much smaller quantities. These
reactions are induced by the two-photon absorption.

The mechanism of thermal decomposition of silane has been
investigated in the gas phase by Neudorf et®alThey find
that the main channel is the following:

SiH,— SiH, + H, Q)
with an activation energy of 55 kcal/mol and
SiH, + SiH, — Si,H*q (2)

with almost the same activation energy: 54.8 kcal/mol. In the
gas phase, this last reaction is responsible for the formation of
disilane with a high internal energy content (49 kcal/jol
From the standard enthalpy of formation of Siahd SpHg!’

one finds

2 SiH, — Si,Hg + H, — 2.8 kcal/mol

The electronic energy content of Hg* is about 114.8 kcal/
mol, thus:

Hg* + 2 SiH, — Si,H, + H, + Hg + 112 kcal/mol (3)

The energy of the reaction is sufficient to overcome the
barriers to reactions 1 and 2, and explains the one-photon
formation of SjHe. The energy content of the reaction is even
sufficient to produce H atoms instead of, Hnolecules.
However, Chantranupong et@lpredict theoretically an activa-
tion energy of 108.25 kcal/mol for reaction 1; in this case only
H, molecules and not H atoms may be produced. As we are
not able to detect H atoms, it is impossible to say whether the
experimental or theoretical activation energy is the better one.

It should be noticed that, in the gas phase, the;StHH
channel for the decomposition of silane is a minor one compared
to reaction 11° with an interesting exception for the mercury-

continued, the amount of insertion product decreases (Figuregansitized reactiod® where Sik formation is observed. A

2b) and more $Hg is formed. We assign to complexes of $iH
HgH (SiDsHgD) with SiH4 or SiD4 the absorption observed on
the low-frequency side of the main band, lying at 8&85 cn1?!
for the SilkHgH complexes and 640645 cnt? for the SiD;-

tentative experimeftto observe HgH formation in the Hg*
SiH,4 reaction in a molecular jet has failed, showing that the
energy content of the reaction does not allow the stabilization
of the HgH molecule observed in similar conditions in the Hg

HgD complexes (Figure 2a). These bands decrease under longer, 1y, reaction. Our experiments show that in the solid phase
irradiation time (Figure 2b) and are probably partly responsible 1,4 SiH, ++ H channel is replaced by the insertion mechanism.

for the simultaneous growing of the disilane absorption. The | seems reasonable to assume that the formation of the
details observed are shown for three different matrixes:#/SiH  jisilane molecules in our experiments proceeds either by

Hg/Ar (Figure 3a), Sik/SiD4/Hg/Ar (Figure 3b), and SilHg/

Ar (Figure 3c). In the case of the mixed matrix (Figure 3b), a
flat broad absorption band between 750 and 820 cis
observed which may be due to variobs and d-disilanes.
However, we shall notice (Figure 3b, Figure 2) that, even with
a sample containing the same amount of Sihd SiD,
providing exactly the same conditions of irradiation, $igH

is more efficiently dissociated than SiBgD, and more $Hg
than SjDg is formed. This may be an indication that there is
a small barrier to the dissociation of HHgSikwhich gives
different yields under HD substitution.

In the nitrogen matrix the HHgSiHmolecule does not
dissociate under prolonged irradiation, the matrix is more rigid,
and the barrier is perhaps more difficult to overcome.

3.2. SpHe. Some lines easily assigned to,l%, are
observed. The IR spectra of disilane are kndvand SjHs
has been observed in the VUV photodissociation of sifane
have also produced $ls by UV excitation at 193 nm of highly
concentrated silane samples without mercury. In the Kr matrix,
SibHe is formed upon irradiation of SiHdimers, without

reaction 3 from the silane dimers close to mercury or through
the following reaction involving the SitHgH formed in first
neighbor of a silane molecule:

SiH, + SiH;HgH + hv,,g— Si,Hg + Hg+ H,  (4)

This reaction can explain the intensity decrease of the-SiH
SiHzHgH complex (molecules in first neighbor position) under
prolonged irradiation in the argon matrixes. As the Hg atoms
are well isolated, very few insertion products are likely to be
close to an Hg atom, so that in this reaction the moleculg-SiH
HgH is the one which absorbs the laser photon (249 nm). It
explains also why the SitigH may be dissociated by
prolonged irradiation.

We supposed that Hghinight be an intermediate in reaction
4, but we do not see the absorption of this already known
molecule-the excess of energy available probably produces the
dissociation. The dissociation energy of Hglas been
evaluated at about 69 kcal/m®l. However in the nitrogen
matrix, we observe very weak absorption at 1943 and 78%cm
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AR R s L n Al s RS IS WY AR R TABLE 3: Wavenumbers of the Absorption of the Radicals
in Kr Matrix (cm —%)

before annealing
¢ SiH: 1977.83 2004.75
SiD: 1435 1463
after annealing
SiHs: 730.01 732.45 929
SiDs: 547.2 548.9
¢ SiHy: v,: 996.34 998.53 1000.96
v, ¥1, 2v2 18tsite: 1985.4 1987.6 1991.6 1993.7 2000.3
d 2nd site: 2009.4 2013.8 2022
SiDz: Vo. 721
v, v1, 2vp 1Stsite: 1439 1447 1456.3
¢ 2 site: 1457.7 1460.4

Absorbance

to a silane molecule will be inserted, but step (iii) shows an

T T T T T e T T e © increase of the insertion products together with the appearance
540 570 600 630 690 720 1340 1440 1470 of the radicals.

1

Wavenumbers cm”™

Figure 4. Hg/SIDJKr: 2:1000, 4.7 mmol deposit, at increasing It means that there is an equilibrium between the insertion
irradiation by KrF laser (4 mJ),’ 100 pulses (a); 6007 pulses (b); 1600 reacﬂon glvllng SIH.I:gdH, ﬁlnd tr:‘]e dlssﬁglgtlon Oflthlsdmolecglle.
pulses (c); 3600 pulses (d): 6600 pulses (e), after annealing at 32 k W€ have also verified that the equilibrium value depends on

(. 1a = SiDsHgD, D = Si;Ds. the intensity of the light, even with the deuterium lamp, different
focalization gives different values of the “plateau” without
AR AL LA Ll | A LA SRR R L R LA formation of radicals. In a given sample containing both SiH
- SigHe and SiD, the production of SikHgH and SiRHgD is propor-
L SiHzHgH SiHzHgH tional to the initial concentration of the parent molecules. Itis
| sirts S‘:aH Sitz Stttz the same for the radicals, but the proportion of radicals obtained

relative to the concentration of the parents varies very much
: from one experiment to another following the KrF laser energy.
Ab.. b When the intensity of the laser is multiplied by two, going from
SiH SH 2 to 4 mJ, the intensity of the radical is multiplied by four
showing a two-photon absorption process. However, when the
: intensity is multiplied by 4, going from 4 to 16 mJ, the intensity
of the radicals is only multiplied by 6, showing a saturation of
the two-photon absorption. It should be noted that the intensity
measurements of the laser are only mean values, the intensity

Absorbance

A
q

LB LD L B e L M B L

a being far from constant from one pulse to another.
e aen bl e 3.3.1. The Silylene Radical: SiH Before annealing, two
760 800 840 960 1000 18601890 1960 2000 radicals are observed: Siknd SiH (see next section). SiH
Wavenumbers  cm”! has been observed previousilif in argon matrixes, with main

Figure 5. Hg/SiHy/Kr, 1:1000, 6.2 mmol deposit, after 2600 KrF laser  absorption bands in the 2000 and 1000 émegions (1460 and
pulses (9 mJ): before annealing (a), after 15 min annealing at 35 K 720 cnr? for SiD,). We must note that the spectra observed
(0). in the 2000 cm® region have multicomponent structures very

. . ) ) similar to those observed in the argon matri&e$,but shifted.
assigned to Hgb but this occurs only in a few experiments | agreement with Frediiwe assign the lines pertaining to

where the KrF was very powerfu-2mJ), the only experi- 4 Sji, absorption by the correlation of the line intensities in

ments where the absorption of the insertion product decreasesyq two regions. This has been done with a very large number

after prolonged irradiation. of spectra obtained in various conditions of concentration,
In the nitrogen matrix we observe also a weak sharp band attemperature, and thermal history (e.g., annealing at different

1754.8 cnt in a group of very small features that may be temperatures). The frequencies are shown in Table 3. However

assigned to Sih?? showing the presence of Si atoms. for argon matrixes, the assignments have been done by Fredin
3.3. Production of Radicals in Kr Matrixes. In the case et al®>—v, around 1000 cmt, vy, v3, and 2, at increasing

of the krypton matrixes, under experimental conditions similar frequencies in the 2000 cthregion. The IR frequencies for

to that in argon, and by KrF laser irradiation of a few mJ energy, v, and vz are so close that we do not think it is possible to

we observed less insertion product than in argon (Figure 1), propose a vibrational assignment. Two groups of 3Ends

but some radicals (SiH and SiHappear (Figures 4 and 5) that are observed, the distance of which is almost the same as that

we were never able to obtain with the deuterium lamp as a of the two groups of Sildabsorption in Kr corresponding to

source, or with the KrF laser at 0.6 mJ energy (5 to 20 times the occupation of one or two sites.

less than usual). Comparing our results in Kr matrixes with those of Milligan
To try to understand the different mechanisms involved in and Jacokand of Fredin et al.in Ar matrixes, it appears that
these reactions, we have done the following: (i) irradiation with (i) Fredin et al. observe only Si (i) Milligan and Jacox
the deuterium lamp for 50 min, during which the intensity of observe the same lines as Fredin (1967, 1974, and 1993 cm
absorption of SiBHgH reached a plateau; (i) a further together with another group of lines, as we do. We think that
irradiation for 90 min to ensure that we could not get more apart from the lines at 1955 and 1999 ¢nn Ar,® which may
product; (iii) then irradiation by KrF laser (2 mJ) 500 pulses. be assigned to SiH (see next section), the whole absorption
We expected that after steps (i) and (i) all the Hg atoms close recorded in the 2000 cm range is due to SiHin different
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sites and not to Sigl as it will be proved in the next section.
This conclusion is further supported by the comparison with

J. Phys. Chem. A, Vol. 102, No. 45, 1998763

disappears under annealing, an absorption appears as a sharp
doublet at 730 and 732.5 crhtogether with a broader band at

the spectra of the parent molecule in Ar and Kr matrixes; as 929 cn1! which corresponds to SigHabsorption well-known

mentioned previously the SiHnolecule shows two absorption
bands around 2200 crh the highest frequency one being more
intense in Kr and the lowest frequency one in Ar. It is
remarkable that the distance between the two groups of SiH

in the literature by its characteristic doublet at 721 and 727.9
cm~1in the gas phas®. The assignment of the 929 chline

in Kr matrix and the 925 cmt line in Ar8 to the v, vibration

fits well with the prediction of Allen et al. As it has been

bands in ref 8 is almost the same as the distance between theredicted by Aller, the vibrationsy; andvs are too close to
two absorption bands of silane in Ar, and the same result is those of the parent molecule to be observed here.

obtained here in Kr. It is clearly seen in the Fredin spectrum

To conclude, we think that in addition to the Sikadical,

(ref 9, Figure 1) that the second (higher frequency) site is also the absorption bands observed in the 198000 cnt* region
present, but only one weak line around 2020 is seen, it are due to SiH. One of them (1978 tH corresponds fairly
corresponds to the most intense line of the other site lying at well to a frequency assigned, in the gas phase, to this SiH

1973.3 cm®. The main difference between the two experi-
ment$? is that in the latter, the SiHmolecule is made in the

radical?”28 As for SiH,, we observe two sites for SiH which
corresponds to radicals formed from the reaction with,SiH

gas phase and then deposited in an argon matrix in contrast taits two different sites (replacing one or two Kr atoms). We
the former one where the radicals are made in situ and have aalso think that under annealing the migration of the hydrogen

different environment, the same as here in Kr.

Figure 4 clearly shows that under strong KrF laser irradiation

the intensity of the insertion product SiBgD increases (Figure

produces Sikl
It should be said that the UV photodissociation of dimethyl
mercury in argon matrixe®,gives G Hg disturbed by Hg atoms

4a,b) and then decreases (Figure 4c,d,e), whereas the SiDin various positions, and the spectrum aof ids is much more
absorption increases throughout the irradiation time and de-complicated than the one directly obtained for gHgargon

creases only upon annealing. 234 also increases under
irradiation.

3.3.2. SiH, SiH. Some of the products absorbing in the 2000
cm! region have no counterpart in the 1000 @nregion.
Furthermore, the lines observed at 1977.8 and 2004.7* cm

matrix. Therefore we assume that the spectrum of SiH and SiH
radicals may be more complicated when the radicals are formed
in situ than when prepared in gas phase and deposited afterward.

We can conclude also that a spectrum which does not show
a band in the 730 cm region cannot be assigned to $jH

before annealing are not correlated in intensity through the whole because this line is the most intense absorption of the; SiH

spectrum (from 530 to 4000 cry). Some authofs® have
assigned some lines in the 2000 Thregion to SiH. In
agreement with Allen et al.,our experiments show that it is
not the case here, because one of the;®i&hds, the doublet
around 730 cm! that has been well studied by different
methods$324 is not correlated with these bands. In our
experiments, the appearance upon annealing of thedgitiblet

at 730 cn! correlates with the decrease of th000 cnt?
bands. Furthermore, we observe that this 730 cipand
decreases upon further KrF irradiation. This shows that the SiH
radical absorbs the laser lightand dissociates in agreement
with the early theoretical work of Olbric¥, who found that
the first excited state of SiHs a Rydberg state at 41 900 cin
dissociating into Sikbl+ H.

Annealing at 32 K, instead of 35 K, gives a slightly different
silylene radical absorption, with the same overall intensity in
the v, region (720 cm?! for SiD,). In the other regioni, v3)
where SiD may be found together with Sinly the SiD lines
at 1435.5 and 1463 crh decrease at the same time as £

radical outside the absorption range of the parent molecule.

By ESR spectroscopy, Nakamura et’ahave identified Sik
and SiH as the radicals produced in Kr and Xe matrixes by
reaction of H atoms with silane, the SjHadical being an
intermediate in the formation of the silyl radical. We have not
found any line that we can assign to Siifd these experiments,
perhaps because we do not produce enough H atoms or because
they recombine into kHbefore reaching a silane molecule.

It should be noted that after irradiation of the dilute mixed
samples SidSiD4/Kr, no mixed products such as SiHD are
observed, in agreement with the fact that the silylene radical is
produced by the dissociation of a monomeric species. After
annealing, thé-andd-silylene intensities decrease, but the $SiH
and Siy absorption observed in mixdd andd-silane matrixes
have much smaller intensities than in pireor d-samples of
the same concentration, probably because of mixed H- and
D-recombination. Therefore the mixed samples, after annealing,
show too small intensities for the silyl radical and we were not
able to find the absorption lines of SiH and SiHD. As a

increasing. The corresponding lines for SiH are at 1977.8 and matter of fact, it is difficult to increase the concentration of

2004.8 cntt. These lines attributed to SiH (SiD) grow faster
at the beginning of the irradiation than those attributed to,SiH
(SiDy), and it is also a way to distinguish between them.
The appearance upon annealing ¥ 31 K) of the SiH
absorption may be due to migration of H o Bhd recombina-
tion with SiH, or SiH, respectively; this may explain the
correlated decrease of the bands in the 2000'agion. The

silane in the matrix because it increases the concentration of
aggregates, and not that of isolated molecules. The best samples
have been obtained with less than 3/1000 eath ahdd-silane.

It should be noted that, after irradiation, the hydrogen atoms
or molecule stay close to the radical produced at the same time,
therefore it is easier for them to recombine with this radical
than with other ones which are far away at this low concentra-

only lines which decrease to null absorption under annealing tion, it is the reason the mixed radicals show very small
are the SiH lines, so we think that the mechanism is probably absorption.

SiH + H, — SiHz and Sik + H, — SiH,, the H atoms
recombine probably fastest just after the dissociation.

3.3.3. ArF Laser Irradiation. ArF laser (193 nm) irradiation
of a 7/1000 SiH/Kr sample without Hg produces essentially
Si;He (833.7 and 937.4 cmi) but also some species absorbing
only at 1977.5 cm?, which disappears upon annealing at 35 K
and that can be assigned to SiH2° Furthermore, as SiH

3.4. What is the Mechanism of Formation of the Radicals,
and Why in Kr and not in Ar matrixes? A clear point is
that the formation of the radicals needs two KrF laser photons
and mercury atoms. Without mercury we observed only the
formation of disilane, except with ArF laser (193 nm) where
SiH is also obtained. Furthermore it is known from a molecular
beam experimeft that silane absorbs at 125.1 nm giving Si
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atoms and SiH radical (but no Sitér SiHs ), this wavelength In the nitrogen matrix the IR absorption of silane assigned
corresponds to exactly twice the energy of the KrF laser. to the two different sites are not well separated, and the laser is
Therefore we suppose that the SiH radical is obtained directly in good coincidence with the Hg absorption, so it would seem
from a two photon excitation of the SiHnolecule involved in a nice system to observe the two-photon absorption leading to
a van der Waals complex with Hg, Hg playing the role of the radical formation, but itis not the case! This system is effective
intermediate state to provide the two photon absorption. in only a few samples and with very high laser power where
Furthermore this same reaction which in the gas phase gives Sttiny traces of radicals may be imagined in the noise at the same
atoms and SiH radicals must also give hydrogen, which can time with HgH,, which is easier to detect by its sharp lines.
recombine in matrixes to give the Silér SiHs radicals. As However this system is complicated by the-EV transfer from
we have seen previously, the last one is destroyed by KrF laserHg* to N2* that competes with the two-photon absorption
irradiation and it is why we do not observe it, except under Mechanism, so that it is difficult to compare the nitrogen case
annealing, showing that SiHs easily formed by SiH+ H, to the rare gas matrixes.
recombination. We have searched for Si#hd SiHD without 3.5. SiH/CH4/Hg. Two experiments have been done to
success. However we have worked in diluted samples wherecompare the ratio of the insertion of Hg* in Sildnd CH, the
the H, (D,) has to migrate less to recombine with the radical insertion in methane has been studied previodsly.
coming from the same parent SiH (SiD) than to find another (1) A mixed SiH/CH4Kr 1:1:1000 sample doped with
one; furthermore the 666700 cn! region is crowded with mercury. At this low concentration the Hg atom has no more
the absorption bands of SiPSiDsHgD, and SiDg and the weak than one molecule, SiHor CH, , in the first shell; irradiated
bands of SiHD and SiHBD may be difficult to find. with the KrF laser, the insertion products are formed and the
The two-photon dissociation of SiHgH may also produce  atio of the CHHgH/SiHHgH increases with the irradiation

the Sitb radical. However we have not been able to find HgH time from zero after 500 laser pulses to 0.25 after 7700 pulses.
in the Kr matrix. Even if more species are needed in Kr This confirms that the Hg insertion is much easier in silane

matrixes to identify the Hgkimolecule than in nitrogen where thanhin metlhane. Al;t]er 170?} pglseg the.”&ilgH .absorptfiton
the lines are much sharper, this means that if this mechanism¢aches a plateau, w ereas_t Es gH Is still growing up arer
exists either it is a minor one or the H atoms escape from the 7700 laser pulses. If the irradiation was not producing any

cage so that they cannot react afterward with Hg to give the dissociation of the insertion products, the ratio of the intensity

HgH, molecule, if not produced in the first reaction. Thus the of these products should reach unity. Th|s IS not so, and to
reaction SikHgH — SiH, + HgHs does not happen, and if enhance the effect, after 7700 pulses irradiation we gently
2 2 ’

. e - focalized the laser for 3000 more pulses, giving a decrease of
tShlzsihl;'/%t'ogenS:é r—nFsF:)gr ;ol:ezc(jre Te;rvght:t?gglgﬁz, §e£1§r the absorption of 4% for SigHgH and 35% for ClHHgH. This
. - . i - shows that ChHgH is easier to dissociate than SHyH.
stable or SiH recombines with hydrogen to give Sjldrior to , . . . ;
Hg + H, — HgH, reaction. To conclude, we think that the As discussed pre_wously, .S'H’ SgHa\nc_i CH ra_d|cals have
formation of SiH directly from SiH, by the first process is likely been _observed, with growing absorption during the whole
to occur since we observe growing absorption of the radical experiment.

throughout the irradiation, although we have no proof in favor  (2) A mixed SiH/CH, 1:1 sample doped with mercury. In
or against the second possible mechanism. this experiment the mercury atoms have Sérnd CH, as first

Whv do not we observe the same radicals in the ardon neighbors and the ratio of the absorption of the insertion
t'y o W IKY Kth t'tv' b th KIFI : 24859 products SiHHgH/CHzHgH is about 100, which means that it
matrixesz We think that 1t IS because the 1r aser_( -5 hm) is approximately a hundred times easier to insert Hg* in silane

coincides much better with the absorption of Hg in krypton

than in methane.
(249.5 nm) than in argon (246 nridgiving a better chance of
a two-photon absorption. It is knowthat the spectra of silane
in argon and krypton matrixes show two main sites and we

observed that in the SiH stretching frequeney) (egion the We have studied the insertion of mercury, excited to’tRe
lowest frequency band has the largest intensity in Ar and the gtate into the SiH (SiD) bond of tHe — d.- silane molecule
smallest in Kr.  As in an argon matrix, the distance is smaller iy nitrogen, argon, and krypton matrixes. We have observed
between the atoms than in a Kr matrix; we think that thesSiH  the products of the reactions by their FTIR spectra. Two kind
molecule, which is larger than the Ar atoms, needs two of reactions have been evidenced: a one-photon process
substitutional sites in this matrix. Therefore we assigned the producing the new species SitigH and SiRHgD and disilane
higher frequency to a Sitfeplacing one atom and the lowest molecules, and, in Kr matrixes only, a two-photon process
frequency to a Siimolecule replacing two atoms (less repulsive  producing SiH and Sikiradicals. As predicted by Brecken-
forces from the atoms of the matrix giving lower frequency). ridge' and Siegbah@the insertion reaction takes place without
We cannot completely exclude that this difference in the activation energy and therefore the H and D compounds are
geometry of the sites occupied by Sildlays a role in the formed with the same vyield. The SiHgH or SiDsHgD
difference in the yield of insertion product in the two different molecules close to the parent molecules producgds®ir SbDg
matrixes. As a matter of fact it may be easier for Hg* to insert under KrF laser irradiation, and this process takes place probably
when more space is available around the SiH bond, if, as we through a small barrierthe deuterated compound dissociating
suppose, the mechanism is the same as in the-Hi% reaction less than the hydrogenated one.

where the Hg* insertion takes place in the, @eometry (Hg In the Kr matrix under high power KrF laser irradiation, we
approaching perpendicular to the-Hi bond). When the Sild observe less production of the insertion compounds than in Ar
molecule occupies a double site substitution place, more spacematrixes but an important production of SiH (SiD) and SiH
around the Sild molecule may favor the increase of the-&i (SiD,) radicals by a two-photon process. Upon annealing, these
bond length and thus the insertion of mercury, i.e., the repulsive radicals recombine with the hydrogen which migrates in the
force of the cage is smaller. matrix, and the Sikl(SiD3) radical is formed. This Sikl(SiDs)

4. Conclusion
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radical is further dissociated under KrF irradiation showing that
it is absorbing light in the 5 eV range.
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