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Methyiation of SiH4, MeSiHJ, SizH6, GeH, and B2H6, but not of PH3 or 
AsH3, was observed during reaction (230-324°C) with GaMe,. The products 
from the SiH, and S&H6 reactions were MeSiHl, MezSiH, and Me3SiH. The 
GeH,derived products were similar, with MeaGe also being formed. The only 
methylated products from B2H6 was BMe3. The silane reactions were surface- 
catalyzed (presumabiy by surface hydroxyl groups), while those of GeH, and 
&H6 may have occurred via gas-phase free radical processes. 

Introduction 

The formation of 2-CH3B6H9 from the thermal reaction of BMe3 with B5H9 
has been reported recently [l]. Trimethylgahium was found to be a catalyst 
for this reaction [l]. In addition, when GaMes was present during the BMe3/ 
B5Hg reaction, the BMe, recovery was 120X, suggesting that GaMe3 reacted 
with BsHs to form BMe,. We report results of an investigation of GaMe, reac- 
tions with B2H6, GeH, and silicon hydrides which were suggested by the above 
observat.ion. 

Experimental 

Separations and transfers were carried out in Pyrex glass vacuum systems 
which operatedat 10-4-10-5 mmHg. The siknes [2], GeH4 [3], AsHa 131, 
PH3 [4] and BzHB [5] were prepared as described in the literature. The GaMe3 
was obtained from the Ventron Corporation or prep&ed by reaction of A12Me6 
with GaCG. 

The reactions with GaMe, were carried out in cylindrical Pyrex vessels, 25 
cm in length with a diameter of 35 mm, which were fitted with Teflon valves 
and standard taper joints for attachment to the vacuum systems. The vessels 
were heated by heating tapes which were well insulated with asbestos. Tem- 
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peratures were measured by a thermocouple inserted into a well in the bottom 
of the reaction vessel. For some reactions, the lower 15 cm of the reaction 
vessel was packed with Pyrex beads. The geometrical surface areas were about 
0.019 sq. meters and 0.187 sq. meters for the unpacked and packed reactors, 
respectively. 

The surfaces were cleaned with NaQCl (5% soln), 16 fif HNQ3 and then 
rinsed with distilled H2Q. The reaction vessels were then heated at 230°C for 
18 h under dynamic vacuum prior to each experiment. For the GeH4 experi- 
ments, a solution of 2 parts HF/9 parts HNQ3 was used to remove the germani- 
um films. 

Infrared spectra were obtained on a Perkin-Elmer model 337 spectrometer 
in 10 cm gas cells fitted with KBr windows. Mass spectra were obtained with 
a Perkin-Elmer RMU-SE spectrometer at 10 or 70 eV. Gas chromatographic 
determinations were made on a Carle Model 8004 chromatograph using a 24 
ft, 20% squalene, column. 

Product identifications were made as follows. The SiH,/Me,Ga reaction 
mixture was distilled from the reaction vessel and Toepler pumped through 
traps cooled to -196°C into a calibrated volume for quantitative measure- 
ment of the HJCH, product mixture. The relative ratio of this mixture was 
determined mass spectroscopically with the use of a standard mixture. The 
fraction condensed at -196°C then was partially separated by trap-to-trap 
distillations. The fraction passing a -160°C trap was SiH,, identified by an in- 
frared spectrum. The fraction condensed at -78°C was GaMe3, identified by 
an infirared spectrum which did not contain an Si-H stretching band (2200- 
2100 cm-‘) or absorptions of SiMe, (1240, 860 or 690 cm-‘). The fraction 
passing -78°C and condensed at -160°C was a mixture of MeSiH,, MeaSiHz 
and Me&H. The infrared and mass spectra of these mixtures consisted of the 
superposition of those for MeSiH,, MezSiHs and Me,SiH. The GLC retention 
times were those of authentic samples of the methylsilanes. The absence of 
Si2H6 was demonstrated by the nonexistence of the very strong IR absorption 
at 830 cm-‘. Sim%ar identifications were made for the MeSiHJMe3Ga reac- 
tion mixtures. For the S&H6 reaction, the quantitative analysis for MezSiHZ 
was made mass spectrometrically with standardized spectra obtained on our 
spectrometer. The germanes and BMe, were identified in the same manner 
with infrared and mass spectra. Germane analyses were obtained by GLC 
while BMe3 was isolated as the pure material. 

Resu1t.s and discussion 

The reaction of GaMe3 with various hydrides has been examined neat in 
Pyrex reaction vessels with and without Pyrex beads. The beads increased the 
surface area by a factor of ten, while the volume was decreased by a factor of 
about two. Typical results for re8ctions in the packed vesels are listed in 
Table 1, while those in the unpacked vessels are listed in Table X 

In Table 1, the experiments list.ed are those which were carried out over a 
surface which had been used previously for the same reaction but cleaned as 
described in the experimental section. The experiments listed in Table 2 (with- 
out beads) were carried out in the following manner. A new reaction vessel 



T
A

B
L

E
1 

R
E

A
C

T
IO

N
S 

O
h’

 G
ah

lq
 

IN
 A

 P
A

C
K

E
D

 
R

E
A

C
T

IO
N

 
V

E
SS

E
L

 
_-

__
...

_.
 

_.
.. 

_.
__

._
X

 _ 
_.

. 
..-

 _
...

_.
 . .

 ..-
--

 -.
- ._

.-
 --

-.
--

.-
..-

-.
_.

- 
.._

-.
.-

.._
...

--
 

_ _
_-

-.
.-

...
 

--
-.

. -
--

._
- .-
.-

.-
.._

...
__

. -.
-_

 .
._

.. --
-.

.._
_.

-_
._

_-
_-

-.
._

.-
~

~
~

--
~

 

‘IU
U

p,
 

T
im

e 
(“

C
) 

(m
ln

) 

JZ
o

ag
en

ts
 ud

de
d 

(m
m

ol
) 

__
_-

-_
__

_-
__

,_
 _.

...
.._

 _
 

SI
JI

J 
a 

31
0 

SI
R

4 
a 

29
6 

hI
cs

i1
1~

 5
 

27
0 

S
12

Iig
 ho

c 
?i

z 
G

cJ
i4

 %
d 

30
2 

B
&

j 
a 

23
0 

_ 
hy

dr
id

e 
M

qG
a 

__
_.

 _ 
. .

__
 ._

 _
__

_.
._

. 
-.

_-
._

__
 

0.
46

 
0.

41
 

0.
20

 
0.

11
 

0.
16

 
0.

18
 

0.
21

 
0.

32
 

0,
92

 
0.

91
 

0.
33

 
0.

92
 

Pr
od

uc
ts

 
an

d 
un

us
ed

 r
ca

gc
nt

s 
(n

am
ol

) 
__

._
...

- ._
__

. -_
. 

.-
 _

._
_.

 
_.

 . ..
-.

 . 
. .

 .._
.. 

..-
.. -

. 
_.

. -
 

. ..
_ -_

..-
. ._

__
__

__
_^

__
.. 

.._
__

--
__

--
--

._
__

_ 

hy
d

rid
e

 
M
c
3
G
a
 

)I
2 

C
l1

4 
M

&
I1

3 
M

c2
E

II
2 

M
c1

E
Ii

 
(R

 =
 S

i, 
C

c)
 

0.
34

 
0.

29
 

0.
08

 
0,

12
 

* 
0.

01
 

0.
06

 
0.

03
 

0.
10

 
0.

02
 

0.
01

 
0.

03
 

0.
00

3 
0,

00
4 

0.
00

4 
0.

11
 

0 
0.

05
 

O
,1

8 
- 

0.
04

 
0,

00
1 

0 
0 

0.
08

 
0.

14
 

0.
13

 
0.

05
 

0.
02

 
0
.
3
a
 

0.
24

 
O

.G
D

 
0.

31
 

0.
00

6 
0.

00
3 

0.
40

 
0 

0.
14

 
2.

01
 

0.
14

 
Ih

M
c3

 
(0

.6
2)

 

u 
Jl

ca
ge

nt
s 

co
nd

rn
se

d 
in

to
 

re
ac

tio
n 

ve
ss

cI
 a

t 
-~

‘J
G

’c
. 

* 
R

ca
ee

nt
s 

ex
pn

nd
cd

 
In

to
 b

ca
tc

d 
re

ac
tio

n 
ve

ss
el

. 
C

N
o 

Si
JJ

4 
or

 M
cS

I?
JJ

5 
ob

sc
rv

cd
, 

d 
‘J

’e
tr

nm
ct

l~
yl

yc
rm

nn
c 

(0
.0

2 
m

m
ol

) 
al

so
 J

w
cp

ar
cd

. 

T
A

R
L

E
 2

 

R
E

A
C

T
IO

N
S 

01
” 

Si
IJ

j 
W

lT
Il

 G
aM

cg
 o

 (
un

pn
cl

tc
d)

 
_-

 
-.

--
._

...
-.

_ 
- 

-.
.. 

- 
-.

._
 

--
 .

 
. .

._
. 
. 

~
.. ._

...
_.

...
__

 
. .

 . . .
._

._
 ._
.. _

 _
...

_ _ .
_.

_ _
 .

._
_ _

 ..
_ 

. 
.._

._
_.

. ~
...

_ _.
.. -_

__
 

._
_.

._
_ _.

_.
_.

 
_,

__
__

__
_.

_.
__

__
._

__
__

__
__

__
__

. 
__

__
__

__
__

__
__

__
__

__
_ 

T
em

p.
 

T
lm

c 
R

ea
ge

nt
s 

(m
m

ol
) 

Pr
od

uc
ts

 
nn

cl
 u

nu
se

d 
rc

ag
en

ts
 

(“
C

) 
(m

in
) 

_-
-p

 
_-

-.
_ 

--
--

 
.._

...
.._

.. ..
_.

 -.
._

.-
 -.

 -.
.-

-.
_ 

._
_.

...
 

-.
 -

.-
__

-_
-_

._
_.

__
._

_.
._

_-
_.

._
 

_.
.. _

_.
__

._
__

__
__

__
__

__
__

__
_ 

S&
I4

 
M

qG
a 

Si
t-

14
 

M
cl

G
n 

JJ
2 

C
l1

4 
C

2 1
16

 
M

cS
iJ

J3
 

M
qS

i1
12

 
M

e3
51

11
 

1 
32

4 
30

 
0.

20
 

0.
17

 
0.

20
 

0.
17

 
- 

- 
- 

- 

2 
33

3 
10

50
 

0.
18

 
0.

23
 

- 
0.

02
 

0.
08

 
O

,3
1 

- 
- 

0.
05

 
0.

08
 

3 
32

0 
G

il 
0.

1 
a 

0.
21

 
0.

12
 

O
.lG

 
0.

02
 

0.
04

 
- 

0.
00

5 
0.

03
 

0.
02

 
4 

32
4 

B
O

 
0.

14
 

0.
2G

 
0.

12
 

0.
17

 
0,

O
l 

0.
03

 
0.

00
2 

0.
00

2 
0.

01
 

0.
00

4 
5 

32
2 

G
O

 
0.

26
 

0.
10

 
0.

22
 

O
.O

G
 

0.
03

 
0.

05
 

0.
01

 
0.

00
6 

0.
01

 
0.

00
3 

-_
-. 

- 
_.

_.
. _-
_.

--
.-

.-
_ 

-.
. .

_.
._

. -.
 

. ..
_.

.._
 

._
. 

._
__

. -.
.-

...
--

.-
. --
--

.-
-.

--
 -.
--

..-
-.

- .
.-

 -.
--

--
..-

.. .
-.

 
.-

 
-.

 
. 

_ ,_
...

 ..-
 _

...
-.

...
.._

.. .._
. -

._
 .._

._
_ _.
_-

_-
-_

_-
__

 
0 

Jt
cn

gc
nt

s 
cx

pn
nd

ed
 

in
to

 
th

e 
he

at
ed

 
rc

uc
tio

n 
vc

ss
e1

. 



284 

(untouched by chemicals) was used for reaction 1. Reaction 2 and 3 were 
carried out in the vesse1 from reaction 1 over the surface f?om the previous 
experiment. The vessel was cleaned as described in the experimental section 
and reaction 4 was carried out. Reaction 1. was repeated in a new vessel. The 
surface was wetted with X,0 (91, dried by evacuation and treated-with G&lea. 
The &Me, (0.13 mmol) was consumed (15 min at 324°C) producing 0.19 
mmol of CH+ Reaction 5 then took place over the resulting surface, 

The reaction of MeSiH3 with GaMe3 also was examined in a reaction vessel 
without beads. PvlethylsiIane (0.14 mmol) and GaMe, (0.18 mmol) were 
allowed to react at 280°C in a new reaction vessel. After ‘75 minutes, CH4 
(0.0’7 mmol) was the only volatile product, while all the Me&H3 was recovered 
along with 0.11 mmol of GaMea. 

The result from reaction 1 (Table 2) implies that no gas-phase reaction oc- 
curs between Si3% and GsuMe, at 324°C. Thus it would appear that reactions 
-3-5 (Table 2) and the SiH, reactions listed in Table 1 were surface-“catal- 
yzed.” Since MeSiH3 did not react with GaMe, at 280% in the unpacked re- 
action vessel, it would appear that the MeSiH3 reaction listed in Table 1, in a 
packed reaction vessel, occurred on the surface. We conclude that the methyl- 
ation of silicon-hydrogen bonds by GaMe3 in our system was probably sur- 
face “catalyzed.” In an effort to determine whether the active sites tie regener- 
ated d-uring reaction, a series of five reactions between G&!e, and SiH, was carried 
out repetitively at 320°C in an unpacked reaction vessel in which a reaction oc- 
curred similar to that of reaction 2 (Table 2). The methylation yield (deter- 
mined by the quantity of silicon-carbon bonds formed) decreased with each 
run with the yield in the fifth reaction only 15% of that from the first reac- 
tion. The decrease in yield implies that the active sites were consumed as the 
reactions occurred. It is interesting to note that reactions 3-5 (Table 2) took 
place only after some gallium moiety was deposited. This result suggests that 
gallium has some effect on the active site. 

We have examined the surfaces used for the reactions listed in Table 1 in an 
attempt to gain some insight, into the surface reactions. After normal cleaning, 
the effective surface area was determined to be about 20 sq. meters by the 
BET met.hod [6] with NZ adsorption at -196°C. A typical surface also was 
allowed ti react with GaMeZ (0.31 mmol) for 10 set at 25O”C, generating 0.23 
mm01 of CH,. This reaction cannot be due to the gas-phase thermolysis IT]. 

Hydroxyl groups bound to silica react with A1,Me6 as described in eq. 1 

I I 
-_Si-OH f ALIe + -_SiOAIMez + CH, (1) 

IS]. These hydroxyl groups remain bound to silica at temperatures up to 700°C 
[S]_ It tiould appear that Gale3 reacted with our surfaces as described by eq. 
2 *. It has also been reported that surface bound hydroxyl groups react with 

* It is interestii to note that this result. coupled with the 20 sq. meter effective srtrface area determi- 
nation. yields a concentration of about 6 hydroxyl groups per 100 AZ_ T&is concentration is 
c!osetothatof hydroxylgrcups oz~siiica C81. 



+--OH + &Me, --, -+OGaMe. + CH, (2) 

SiH4 at 250°C as described in eq. 3 [9]. 

-#OH + SiH4 + -+iOsia, + HZ (3) 

It is tempting to speculate that the silicon-hydrogen methylation reactions 
. occur between a gallium-bound moiety as formed by eq. 2 and a silicon-bound 

moiety formed by eq. 3. The protons of some hydroxyl groups bound to silicon 
in SiOJAlt03 are very acidic [lo]. The presence of gallium next to a silicon- 

bound hydroxyl group may also enhance the proton acidity, which would facili- 
tate the reaction represented by eq. 3. The rupture of a silicon-oxygen bond via 
methylation has presumably been observed during the reaction of SiOz with 
A.11Me6 ]8]. 

-Si I 
20 + AlMe + - ’ iOAllMe, 

7 
+ - 

7 
iMe 

-Si 

The reactions of GaMe; with Si2H6 did not produce methyldisilanes but gener- 
ated the methylmonosilanes. In a control reactions, MeSi,H, (0.06 mmol) was 
exposed to a typical surface (packed vessel after numerous methylation reactions) 
for 60 minutes at 265°C after which time all of the MeSizHs was recovered while 
no volatile products were observed. 

The reaction of GaMea with PH3 and AsH3 also was examined under conditions 
similar to those listed in Table I. While the reagents were consumed, the only 
volatile products were Hz and CH,. The solid products from these reactions are 
of the form Me,_,GaEH,_, where E = P or As ]11,12]. 

A comparison of the results listed in Tabie 1 show that the H2 formed/CH, 
formed ratio was greatly increased for the reactions with GeHj and B,H,. This 
may be due to gas-phase free radical routes for these methylation reactions_ 
Since C&H6 was formed in a few of the silane reactions, CH3 radicals (formed in 
the gas phase or on the surface) may also be involved in the silane methylation 
reactions. 
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