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Preface

Our‘continuing study of the radiation chemistry of silane.

.and germane systems may} as in the past‘ be subdivided into
three types of 1nvest1gaflon as follows

"A. - Gamma- ray radlolyses of 51lanes and germanes and of mlxtures =

of these substances w1th organlc compounds, free radlcal' f
scavengers: and ion- scavengers.
B. Mass- spectrometrlc studles of the ion- molecule reactlons‘"

occurring when systems. corresoondlng to those of (A) are

subjected to 1onlzatlon by electron 1mpact.h ThlS type ofujg;”

1nvestlcatlon affords an examlnatlon and of the Durely

1onlzlng radiation.

C. Mass-spectrometric studies of the free- radlcal reactlons :QVT'" -

characterlstlc of gamma ray radlolyses of systems corresnondlng
.to those of (A) Inltlatlon of. reactlon in. these 1nvest1- N
gations 1is by photosen81tlzatlon so- that.lonlzatlon of the
systems does not occur and we may study the pertlnent free—;:

radlcal reactions independently of the'lonlc_processeshl'

This annual progress report descrlbes work done from f.=t7

June 1, 1873 to May 3l 1974 : In any program of such a nature as_'f;;].

thls, it 1is necessary to shift empha81s from tlme to tlme between

w o

chemlcal systems and between types of 1nvest1gatlon, dependlng '

~upon personnel equloment Aand dlrectlons suggested by the results

obtained. During the report year all work was done w1th volathe

81lane systems and whlle the: empha51s was almost equally o1v1ded

between A, B, and C above, most Drogress was made 1n area 'B.
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This report consists of abstraéts of the various topics‘in:
this -program studieg during the report—year;  Reprints from
the scientific literature -~that describg‘éompletgd topics.in'
this program, including earlier reprints that were nét aQéilable
at the time of the last progress feport, accompany the progress

report as a separately bound appendix.



el

Table of Cbntents,

Topic =
No. Subject Page . .
1. ~ Positive-Ion Reactions in Monosilane-Water
Mixtures: « « « « ¢ ¢ ¢ ¢ ¢ o e e e . o o 1
2. Ion-Molecule Reactions in Disilane. . + . . . y
3. Kinematics of.Hydride—Ion and Hydrogen-Atom
_ ~Transfer Reactions in Monosilane. . . . . . 6
o, Ion-Molecule Reactions in Mon031lane -Acetylene
Mlxtures. e e e e e e e e e e e e e e e s 8
5. Ion-Molecule Reactions in Methylsilane. . . . 11 -
6. Kinematics of Hydride Transfer Reactions in
Methylsilane. . . . . . . . « « « « ¢« . . . 13
7. Ion-Molecule Reactions in Monosilane-Ethylene |
MiXtur‘eS. . . . . . . . . . . o« o . . ¢ . ) 15 !
Gamma-Ray Radiolysis of Monosilane-Nitric Ox1de
Mixtures. . . « ¢« + ¢ ¢« ¢ ¢ o o s e e e e 18
9. 'Photosensifized Formation of Silyl Radicals‘,iA

20



GBS AR - -

e e S

o B

1. POSITIVE-ION REACTIONS ;N MONQSILANE?WATER MIXTURES1
| (C00~3416-9) |
A direct correspondence hés been shbwn to exist between the
ion-molecule reactions of central importance in the radiation
chemistry of gaseousvmethane and those characteristic of very

strong acid solutions of methane.z’3

It has béen known for over
50 year*su_6 that monosilane reacts with water under alkaline or L
acid conditions to yield, ultimately, hydrogen in amountsAeqﬁal
to twice that contained in the monosilane. While fhe~overall
reaction is'thoﬁght to proceed via silanol and disiloxaﬁe inter-
mediates; little is known or has been done since theApionéefing “

researches of Alfred Stock and his coliabora‘cor‘s.-u-7

However,'

the necessity of having alkaline or acidic conditions indicates

that ionic reactions are of importance, and ihdéed bne might

expect, by analogy with mefhane, that somé of the ionic processes

involved are also of central importancelin thé radiation chemistry -

of monosilane-water systems. Accordingly we have conducted a

mass spectrometric studies of the ion—moleculé reactions occurring

in this system. | |
The principal bimolecular reactions found and their rate

constants at ambient temperature are shown in the table below:

Reaction

No. Reaction ' kxlO10 cma/sec
+ . + . )
1. H,0' + SiH, =+ H 0 + SiH, - 0.7920.10
2 g.ot + sim. » ‘" siH.t + H.0 + H 1.9+0.3
2 oy Ty T o 2 nIERS
+ . . + )
3 H,0' + SiH, > SiHy" + Hy0 + H ‘2.;10.3
+ . . . +
Y H 0" + SiH, > SiH; + H,0 + H, >lfli0 2
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Reaction . R ‘ 10 3
No. Reaction kx10 cm”/sec
5 H.o'+ SiH, -~ SiH oy HO - 0.19%
3 iH, 1 5 2 | 20.19+0.03
e+ PR ¥ I '
6 Sle + H20 - H281OH + H2 ‘ 0.058+0.008

Since gaseous monosilane is a stronger base than methane, in both

the Bronsted and Lewis concep'ts,a_lO we suggest that a carry-over

to the solution phase of this relative base strength is the reason

"that monosilane is decomposed even in aqueous acids while much

stronger'acids are required to induce decompositioﬁ of methane.
On the basis of our results and by analogy with the 0lah mechanlsm
descrlblng the behavior of methane in very strong ac1ds2 3 we

propose the long-knownb'_6 acid hydrolysis of monosilane to occur

by the following mechanism:

H3o . | o
SiH, ye [SiH 1 Co (7
SiH, > SiHy + H, (8)
._H+ ’
R . + = .
SiHy" + Hy0 by [SiH,O0H, ] 2+ SiHOH (9
A +H

Further decomD081tlon proceeds via reaction of 81H30H by unknown

mechanlsms to produce disiloxane, SlllClC a01d and hydrogen, viz.

SleOH + SlH3OH > SiH3081H3 + H20_ S (10)

- SiH,0SiH

3 3+5H20 > 2H,Si0 + 8H2 o (11)’



with the net stoichiometry of the decomposition being

SiH, + 3H,0 > H,8i0, + UuH, o o oa»

With regard to gas-phase radiation chemistfy of monosilane-
water mixtures, (1)-(3) in the table will be of impqrtance in
monosilane-rich éystems.with the ionic products of tl) and (2)
reacting further principally to yield‘SiH3+ - This latter ion
will then react w1th mon0811ane to yield malnly dlSllane or
with water via (6). At sufficiently high pressures (>0 1 torr)
the intérmediate of (6), namely SlH30H2 is sfablllzed by
collision as shown in (9) In water- rlch mlxtures, reactlon _
(4)-(6) will domlnate but the major overall reactlon should be

essentially unchanged.
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2. TON-MOLECULE REACTIONS IN DISILANE

(C00-3416-12)

At the beginning of the report year, the high—pressure mass-

spectrometric studies in the single-source instrument had been

completed but detailed interpretation awaited a study of reaction
identification using tandem mass spectrometry. |

" From the point of Qiew of ionemolecule reactions, disilane
exhibits an extremely compiex behavior. All primary ions of 
disilane, namely SiH ' (X=0, 1, 2, 3) and Si,H_ (=0, 1, é,..,s),
are cf significant intensity and react with SizHé molecnles, with
over 35 exothermic reactions being unambiguously identified; jRate .
constants have been determlned for all exothermlc reactlons. In
addltlon, numerous endothermic reactlons were 1dent1f1ed The
total rate constants for depletion of Si ,:SiH+; Siﬁé+, and 81H3
are in the range of 0.5-0.8 of the Langevin‘orbiting-encounter
rate COnstant;2 the rate constants measured for depletion of
disilicon—ions are somewhat lower, probably because we were-
unable to.measure disiliconium ion products from diSiliconfion
reactants and the rate constants of any such reacticns are net'
1ncluded 1n the total reactions of each reactant ion. |

In addition to reflectlng the consequences of all the exothermac

blmolecular reactions 1dent1f1ed in the tandem mass- sDectrometrlc
studies, the single-source pressure dependence experlments, carrled
out to 0.2 torr, showed numerous tertiary and higher-order processes,
In fact, if is clear that the principal chenical result of ionizing
disilane at pressures above O.l torr is to inifiate a gasephase
ionic polymerization to higher silicon hydrides that isdcafried
mainly by Si H, , Si Hj , Si.H, .., and Si Hj ,. ions. Also

produced as by-products of this polymerization are SiHL+ and HZ}
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These results suggest that the fadiolysis of disilane would
be strongly influenced by this polymerization and formation 6f

SiHu and H,. A recent report3 of the reactions of Si2H5, SiH3 and

H with Si.H. demonstrates also that the free-~radical paths initiated

) 276
in the radiolysis lead also the H,, Sin, and higher silicon

hydrides including Si3H8 and Si Hq,- Radiolysis of disilane has

not yet been carried out.

References
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3. KINEMATICS OF HYDRIDE-ION AND HYDROGEN-ATOM TRANSFER

REACTIONS IN MONOSILANE!

(C00-3416-13)

Reactions whose overall chemistry can be described as the

transfer of a hydride-ion from a neutral molecule to an attacking

positive ion are known. to be of particular importance in the gas-

phase chemistry of ionized siIl.anesz—6 and mixtures of silanes with
simple organic molecules.7-ll However, little_br'nb detailed
knowledge of the mechanistic nature of these hydride;ioﬁ transferb'

reactions has been presented to date, and indeed, such as important

reaction as (1), viz.

. SiH2+ + SiH > siH.t o+ siH3 o (1)

<

can be described equally well as either a hydride;ioa transfer'
reaction or a hydrogen- atom transfer process.

During the report year we studied the klnematlcs of (1) and
the following reactions in monosilane in a tandem mass soectrometer
using klnetlc energy analysis of mass- separated product ions that

are scattered in the forward dlrectlon

+ : : +

,SlH3 +- SiH3 ~ SiHg ¢+ ASle E - ' t2)

sint + siH . sint o+ sim | R (3)
1 >y . i T . |

sint + siH > siH, + sim,t (1)
iH | iH, iH, iH, #)
.+ . ' A S o

si’ + SiH, ~ SiH  + SiH, » (5)

Si + SlHu > SiH + 81H3. (6)

Reactions involving net hydride-ion transfer, namely (1), (20,

(4), and (6) were found to proceed via a direct, stripping type
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i)focessl2 yielding SiH3+ products with very little kinetic energy
and also via a reaction complex that is particularly'promineht-at
lower collision energies. Direct H-atom transfer processeé are
observed in reactions (1), (3), and (5) and approach the predictions
of the spectétor stripping model at high collision energies (above
4 eV center-of-mass). | 4

For those cases in which direct mechanisms énd intermediéfe'.
cémplex mechanisms yleld the same product ion, 1t was found that :
the two types of channel proceed with nearly equal cross-sections
at low collision energles; At higher colllslon'energles the dlrect

mechanisms completely dominate the reacfion{

References
1. T. M. MéyerAahd F. W. Lampe, J. Phys. Chem. tSUBMiTTED)
2. G. G. Hess and F. W. Lampe, J. Chem. Phys. ub, 2257 (1966).
3. P. Potzinger and F. W. Lampe,iJ. Phys. Chem. 74, 587 (1970). .
4. P. ngzinger and F. W. Lampe, J. Phys. Chem. 75, 13 (1971).
5. J. M. S}‘Hénis, G. W. Stewart, M. K. Tripodi and P. P.'GASpar,
J. Chem. Phys. 57, 389 (1872). S B

6. T-Y. Yu, .T. M. H. Cheng, V. Kempter, and F. W. Lampe, J. Phys.
Chem. 76, 3321 (1972). o

7. D. P. Beggs and F. W. Lampe, J. Phys. Chem. 73, 3307 (1969).

8. D. P. Beggs and F}-W. Lampe, J. Phys. Chem. 73, 3315 (1969).

9. G. W. Stewart, J. M. S. Henls, ‘and P. P. Gaspar, J; Chem.'Phyé.
57, 1890 (1972) - , S

10. G. W. Stewart, J. M. S. Henis, and P. P. Gaspar, J. Chem. Phys.
57, 2247 (1972). S -

11. T-Y. Yu, T. M. H. Cheng, and F. W. Lampe, J. Phys. Chem. 77,
2587 (1973). : —_

12. A. Henglein, K. Lacmann, and G. Jacobs, Ber. Bunsenges. phys.
chem. 69, 279 (1965). ‘



e 4 "ol 12 H X7 -
HARRARE ;;,-‘«-.w;“:z:.m‘;i.yu.ﬁ P«?h}r{. ;}a’."“» ;? “&Ir 'ﬁ*;‘;ﬂ

4. TON-MOLECULE REACTIONS IN MONOSILANE-ACETYLENE MIXIURES1

(CO0-3416-1L4)

Several'years ago we reported rate constants for a number
of ion-molecule reactions identified in Sin C2H2 mlxtures.2 In
this study, Whlch was carried out in a single- souree mass spectrometer,
reaction identification was made principally Qn the basis of appearance
potentiai measurements of product ions and rate eohstants Qere

determined by the pulsed-source technique?

at ion-source preseures
below 0.006 torr. Since application of the same epparatue and
fechniquEs to the SiHu—CHu system has been shown by more refined

techniquesu’5

to have yielded incomplete and/or misleading resulfs,
a reinvestigation of the SiHu—CéH2 system was felt fovbe'necessary.
Accordingly during the report year we have'carried out a tandem and
high-pressure (up to 0.3 torr) investigation of the ion—moleeule”
reactions characteristic of this system. | |

The reactlons identified for the major prlmary ions in a mono-

silane~-rich mixture and the phenomenologlcal rate constants determlned

for 1.4 eV klnetlc energy (LAB) ions are shown in the table below.

3 -1

‘ Reactioﬁ ' ' - kxlOlO(dm -sec )
c.ut + sin, - sit o+ cH, + H, ' o 1.1t0.y
2t l 2ty 2 N s
> SiH' 4 CH | " 0.73%0.30
-> ey b K : Ai
siH," + C,H, o 0 mafle
" S .
> SiH,' o+ C,H, - . 10ty
~ - SiCH,' + CH, . 0.32%0.13
> sicH® + 2w, + B 0.10%0.04
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Reaction N | “kxiﬁ}p(bm3=Sédf'l'
. + .
> . SiCH," + H, + H o 0.4920.20
. + ' R
> sic,H," + H, 0.18%0.07
> Sic2H5+ + H - '0.89%0.36
si* + c.H > sic.H' + H »1 840.7
1 272 TRt _ S e
SiH® + C.H >  sic.H" + H 1.5+0.6
E 22 2 2 At
> SiCzH2+ + H _’ 1.70.7
sin.t + c.H > SiC.H' + H +‘H - 0.44+0.18
52 272 H2 2 o DeRED.
) + ﬂ
> SiC,H," + H, 0.630.26
> si,c2H3+ + H - 3.}2:1..3 ,.
+ "
SiH,' + C,H, > sic.ut + 2H 0.1+0.04.

0.26+0.10

With the exception of SiH formation and reaction which we

3
were not able to detect earlier,2 the above results are in qualitative
but not quantitative accord with the earlier study. This demonstrates

. 4,5
once again

the ihadequécy of low-pressufe,-single—éource techniqﬁés
for the detailedvstudy of ion-molecule reéctiohs in systemslcontaining
more than one neutral reactaht. |

- The high-pressure mass spectra show tﬁat_the addition of small;
amounts of acetylene has a drastic effect on the ionic chémistry df”
monosilane with the principal reaction even in monosilane-rich mixtures

being a termolecular association of SiH3+ with C,H,, followed by further

addition to this adduct of C2H2 molecules, i.e. an ionic polymerization
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of C,H

10
oHoye 6 In such monosilane-rich mixtures; all priﬁary ions Wiil _
tend to react with SiHu which, as shown by the table above and
previous reports, yield SiH3+ on the predominant ion. At the
higher pressures of the single-source study or in a radiolysis,
SiH3+ reacts mainly by termolecular association. |

It hae been'reported that in the y-ray radielysis of SiHu at
0.5 atm, the addition of acetylene results in an increase of G(H )
from 22.8 to 52.7.7 It seems apparent that thls striking effect

is associated with the drastic effect that we have found acetylene

to have on the ionic chemistry of monosilane.
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5. ION-MOLECULE REACTIONS IN METHYLSILANEl
| (C00-3416-15) |
An earlier study of ion-molecule reactions in methylsilane
was carried out in a single-source mass spectrometer and was limited
to ion-source pressures below 0.006 torr.2 In view of the possibility
that these techniques and apparatus may have lec tovan inccmplete

characterization of this system, it was felt desireable to rein-

_vestigate this system using the more refined techniques'and apparatus

now available in our laboratory. 3 Accordingly, durlng the report

year we have carried out tandem and high- pressure mass- soectrometric

-studies of thls ion-molecule reactions occurring in pure ‘methylsilane.

We have identified and measured phenomenological rate constants

for twenty-six ion-molecule reactions involving the reactant ions:
ooy + .ot .+ .+ .+ —_— oo
CH,SiH," , CHgSiH , CHgSi", CH,Si", CHSi', SiHy , SiH, ,

sit. Agreement of our results for the reactions of CH381H » which

Sif’, and

was the only reactant ion observed in ‘the earlier study, is qulte
good, but the much more complete and extensive results of the present
study obviously‘eupercede those of the earliericne.; Aslis characteris;ﬁ'
tic of silane s&étems, the predominant mcde of reactionvis hydride—‘
ion transfer from CH'-3.SiH3 to the attacking ion; with isctope—labelling
studies showing that the H transferred comes-exclusively from those

bound to silicon. A number of H-atom abstractions from CH38iH3 also

~occur and it is shown that these transferred atoms'alsd are ariginally

bound to silicon. Thus it is concluded that the methyl group in

CH SiH3 plays no active role in the ionic chemistry of the molecule.

3
The high-pressure single-source studies are in complete
accord with the bimolecular reactions identified by tandem mass

spectrometry. In addition, the high-pressure studies reveal the.
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occurrence of the following termolecular association reactions:

H.tY + CH,SiH

. + . .
CH.,SiH + 2CH.SiH > (CH3)2Sl2 5 3 3

3 2 3 3

o+ : ) ' o+ -
| (CH3)281H + 2CH381H3 -> (CH3)3812HQ, + CH381H3

. + . : ’ .+ .
(CHy)Si Hy" + 2CH;SiHy > (CHy)gSigHg  + CHySiHg

Rate constants for these termolecular reactions.as well as

for the bimolecular reactions have been determined.
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6. KINEMATICS OF HYDRIDE-TRANSTER REACTIONS IN METHYLSILANEl

(C00-3416-16)

The bimolecular ion-molecule reactions occurring in silanes
and mixtures of silanes with other molecules are dominated by

reactions whose net result is the transfer of the small particles,

H, H2—, and H.2™% However, at the beginning of the report

year essentially nothing was known about the kinematics of such

reactions. In this study we have carried out‘a kinematic ahalysis‘“'

of these hydridic transfer reactions that are observed in ionized
methylsilane using energy analysis of product ions and isotope
labelling. The chemical reactions so studied along with their

respective enthalpy changes were the following{ :

Reéction " AHO (kecal)

cH.siH.¥ + cH S;H > CH.SiH. + cCH.siH,* o 0

3oty 3°1tH3 3°1h3 321ty -

o+ - . SRR ¥ o

CH,SiH" + CH,SiH, > CHgSiH, + CHSiH, -1
siH.* + CH.SiH.. >  SiH, + 'CH S'H‘*. S -11

3 3”3 " 351, -
sin.t + CH.SiH.  » SiH ¢ CH é;H s 11

Ty 3°13 3 3ott2 T
sit + cH s‘ﬁ | > é'H + cu.sit o ~"-¥3o

1 3ot 1tg 3°t

4 . C s _ o
sit + CH.SiH » SiH + CH,SiH . +10

3 3 3 2
It was found that all reactions proceed predominantly by a
direct stripping-type process yielding product ionsAcontaining very
little kinetic. energy, which furthermore is independent of the
reactant-ion kinetic energy, and also by an intermediate complex

that is of greatest significance at low collision energies.
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These results show that in methylsilane as in monosilané,A
the principal result of radiation-chemical significance of gas—
phase ionization will be the formation of thermal energy ions of

mass (M—_l)+ where M is the molecular weight of the molecules.
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7. ION-MOLECULE REACTIONS IN MONOSILANE~-ETHYLENE MIXTURESli
| (C00-3416-17)
An earlier study of ion—mqlecule reactions in the Sin'CéHq
system was carried out at pressures below 0.005 torr in a single-
source mass spectrometer, relying principally on appéarance‘ﬁoj

tential measurements of product ions for reaction identification.2

More recent studies of ion-molecule reactions in similar syStems3’u
using mofe sophisticated apparatus suggested that theée.early results
may comprise a very incomplete picture of the ionic chemistry of

4~V Ny

conducted further studies of this system using both tandem and

the SiH, -C,H, system. Accordingly during the report year we have

high-pressure mass spectrometry.

As in the 8iH -C,H, system described earlier in thisArepoftA

m

only qualitative agreement with the eafliér study2 was obfaineq v
and we must conclude that'single-source, low-pressure ﬁass
spectrometry ié not adequate for the study of ién—moiecule
reactions in systems iﬁvolving more than4one neutrai-reactant. The

present results:thus supercede the earlier ones.
. . . . . . ' oo, +
Twenty-six exothermic reactions involving reactions of SlH3 5

+

siH,", SiH’, and si* with C,H, and C,H *, ¢ H,t, and ¢ H," with

27y 273 A

SiHL+ were identified and corresponding phenomenological rate
constants measured.. As in other silane systems'studied; the
principal reaction of pertinence to radiation chemical systems
is hydride ion transfer from SiH, to the attacking ion.

A persistent, or "sticky", complex SiCzH7+ is observed in.

. . AT S . - .
collisions of low-energy SlH3 ions with C2Hu; the cross-section
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for this process vanishes at a relative kinetic energy of 1.3 eV.
Formation of this persistent complex in a bimolecular process is

confirmed in the high-pressure single-source experiments. Further

.increases of pressure up to 0.3 torr show the successive addition

+

of two more molecules of C,H, with formation of the species SiC 11

274

4"

"~ and SiC6H15+, but the predominance of these adducts seems to be

limited to three molecules of ethylene perISiH3+;_ We believe that
these adduct ions may be of central importance to fhelradiation
chemistry of SiHu—CZHu mixtures in that they are precupsqrs'to'the
formation of ethylsilanes. A possible such reéction'scheme.is
shown in (1)-(6). This chain process has also é‘free-radigal

.

+ +

SiH," + C,H, > [SiH,C,H 1 =~ CH 4CH, SiH, | -

e H . . ‘ o o
ACH3CH281H2 + SiH, > CHyCH,SiH; + SiHy @
CH.CH.SiH.* + C.H > [CH.CH.SiH.-C.H *1 - (CH,CH y sin®

Nk 27y gtHgoliiy - Loty IR o
’ ' (3)
‘ ... F . ' N . + . :
(CH30H2)281H + siH, > (CH3CH2)281H2 + SiHy" (%)
.+ . , e
(CH3CH2)281H_ + C,H,  ~ [(CH3CH2)281H-c2Hu ] > (CH3CH2)381
‘ ' ‘ ' )
L+ ) ‘ ) ' o+ ' :
(CH3CH2)381_ + SiH, > (CH30H2)381H + SiHg" (6)

analog in which all siliconium ions are replaced by silyl radicals.

Previous studies of telomer formation in the radiolysis of

2"y

telomer comes from non-radical reactions.5 The results of the

SiHu-C H, mixtures indicated that at least part of the (02H5)28iH2
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‘present study of ion-molecule reactions is of the utmost—importance

to this radiation chemistry because we now know for the first time

thatASiH3f ions will react rapidly with C,H,.

-
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8. GAMMA-RAY RADIOLYSIS OF MONOSILANEQNITRIC OXIDE MIXTURES

At the beginning of the report year it was clear that the
major products of the radiolysis of monosilane-nitric oxide mixtures
2 N20 SlH3081H3 812H6, SlH3OSlH2

During the’ report year we have conducted y-ray 1rradiations of

were H 0SiH3, and (SiH O) SiH.

a mixture containing 20° of nitric Odee Analytical Drocedures to
obtain quantitative radioly81s data are still being developed bLt
‘the mass spectrometric procedures used to date yield the iollow1ng
approximate results for initial G-values.

molecule)

Reactant or Product . . G(_Tﬁﬁ_EV*'

SiH, o S -46

NO o uB

H2 9.7
'81236;, :§O 6
SiH OSiH3 G
) 2

N,0

" The G—values“for consumption of SiH, and NO indicéte:s'chaiu

reaction iu which‘SiHu and NO participate on a l:libasis; iThe‘
formation of SlQHS in presence of NOhwhen compered with tﬁe absence*
of such formation in the Hc photo sensitized S:I.H,1L NO reactio*ll snows
clearly that ionic processes must be involvedz'in the radiolytic fornaLiOﬂ
of?SizHS. | | | | | o

In the studies conducted we have had difficulties with thej
mass spectrometric determination of NQO since there appears”to be a.low—_

level impurity'in our initial mixtures.thatiyields m/e uh.
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9. PHOTOSENSITIZED FORMATION OF SILYL RADICALS

- At the beginning of the report year we had decided_to'use the
well known reaction,l (1), as a source of SiH3 radicals; the first
_CF3 + SlHu > CF3H f SlH3 : ' ' (;)
experiments showed conclusively that CF3 radicals from the photolysis
of CF3N NCF3

* experiments. However, most of the CF3 radicals feact’withithe;

did 1ndeed produce S:LH3 under the conditions” of our

CF jN=NCF,

to use as a source of CF; the photolysis shown by (2); since it had

leading to a low yield of SiH, radicals. we'fnen'atfemptedﬂ

‘been reported2 that CF, radicals do not reaect with this anhydride. The

3
0 . ST e S
o + hy—> 2 CFg + CO, + CO- = = (2)
_d/c-CF3

formation of CF3H showed that (2) was indeed followed by‘(l) as desired

but that SiH3 radicals were scavenged qulckly by the anhydrlde, most d -

probably through reaction with the carbonyl oxygen 3
We have now concluded that (1) should be abandoned as a source _

of SiH, radicals. Further we have found that the Hg—photosen31tlzationu

3

of D2—SiH‘1L miktures; containing a lange'excess of D2, is an acceptable

T mmeene——e—pre— T e

radical sourceu, via (3) since the D atoms react excluSiyely with

D + SiH - HD + SiH

X HD 5 &

. Sin and SiH3 radicals do not react at all efficiently with D2.
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