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. Disilanylphosphine and Disilylphosphine

<¢ L
. By Sudarchen D. Gokhale" end Willlem L. Jolly -

Di.,ilanylphosph&ne, Sieﬂsl’ﬁ a.nd disilylphosphine, (Siﬂ ) PH, have v
_ “been prepa.red and identified by mnr spectroscopy.‘ Disnmlph%phine
has been 1solated and cha.racteriaed by determination of its infrared
SPQCtm’ its vapor pressure, a.nd the products of :Lts hy’drolysm and

PerIJ'SlS.
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Introduction

Silylphosphine, SiH.QPHQ, was first prepared by the pyrolysis of
. . o . '

. a.mlxture of silane and phosphine.g Trisilylphosphine, (SiHs) P, was

(2) G. Fritz, Z. Naturforsch., &b, 776 (1953)3 2. anorg. allsem.. chem. ,

a8y, 332 (1935). z
Loaad : ) \

prepared by the reaction between bromosilane and potassium dihydrogen

phosphidet 3

C ok

(3) B. Amberger and H. Boeters, Angew. Chem., T4, 32 (1962).

- (sm3)31’ + 2 FH. + 3KBr.

3 8iM Br + SKPH \ 3

3 2

Both gilylphosphine end a material of emplirical compoéition S:i.gl’ﬂ7
were debected in the products of the decomposition of a mixture of silane

and phosphine in a silent electric d."t.:",che!z.rge:.,4 The compound SiEPH,?

(4) J. B. Drake and W. L. Jolly, Chem. and Ind., 1470 23.962),.

intrigued us because of the possi;bilityf of the existence 01:‘: two structural

ismrs. The purpose of the present investigation was to prepare mroscopig
amounts of the material and, if possible, to identify, separate, and " .
cheracterize the isomers. _ : 4 oA

¢ v
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Experimental

A mixture of silenc e.nd phosphine in o mole rétid of 2:1‘ vies
bcirculs.ted in a» "c,lo'secl gyostem through an ozpnizer-;type élec’c‘rivc dige
charge btube ab '-78"‘_:&‘013.0'.4:'@:1 by a trap at -95° (toluene slush) until
p.rac‘ticaill.y 211 the reaction gases were cénsmnéd- ‘A‘.similwmehh:;d

- had been used earlier for the preporation of higher silénee,s"6 gemanes,7

(3) E. J. Spanier and A. G. MacDiarmid, Inorg. Chen. ,_1.;, 432 (1562).

(6) S. D. Gokhale and W. L. Jolly, UCRL Report 11073, November 1963. -
(7) J. E. Drake and W. L. Jolly, Proc. Chem. Soc., 379 (1961); J. Chem.

Soc., 2807 (1962).

and "mixed” (ternary) h;ydrides.h’s The products of the reaction were

(3) B. J. Spanier end A. G. MacDiarmid, Inorg. Chem. Jﬁ, 215 (1963). |

first svbjected to fractional condénsa?tion in o serles of trc;p_s at »63" .
(chlorofomm slush), -95° (toluene slush), -l30f (n~-pentane elush) and-
. =196 (Liguid nitrogen). The unreacted _silaﬁe_ and phosphine condensed
in the -196° trap, and disilane and silylphosphine coné{erisect in the «130°
trap. Diphosphine, trisilane end part of the 8121’&7 condensed in the -95°
t‘re.pa. The trap at -63° éonta.inéﬂ. the higher gilanes, higher ternary
hydrides, and the remainder of the SiQPk{T. The cogdéﬁgate in the -.95"
trap was alloved to stand at room tempemtuzfe for a weék,‘ during wvhich

.

i
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time the diﬁﬁosbhine decnmposed almost completel&g” Aftefvpumpihg out a‘x57ﬁf-
1little hydrogen ﬁhich had formed, the nmixture was fracfiénally condensea -
in a trap at -83° (ethyl acetate slush) followed by a trap at ?196°.
' Phosphine, trisilané, and only a trace of SigPH7 collected in the -196°
“trap. The nmr spectrum of the material collected in the -83 trap
* showed clearly the presence of Dboth (SiH ) PH and SiH 5 iﬁ.apprdkimately;
' equal amounts, as well as some trisilane. The condensate in the -63°
trép was passed through a -45° (chlorobenzene slush) in order to remove
most of the higher molecular weight éompounds from the SiePH7. The SizPH7~
rich condensates were injected into a gas chromatograp@ic column containing -
silicone o0il on fire-brick at 70°. We weie never ablé to elute disilyl-
phosphine from the column; we assume that it wasjthermally decomposed. |
on the column. The. observed presence of sﬁall amounts of phosphine
and silylphosphine in all the_elution fractibns is consiéteng‘with this
,intelyretaiion. The method of injecting the mixture in the chromato-
graphic apparatus and of collecting the different fractions was similar
ﬁo that used in the preparation of the tetrasilahes.6 It was found that
'ordinary ihjection needles became clogged in spiﬁe of all reasonable
precautions. Gas-tight syringes with Teflon-tipped plungers and 22-
or 23-gauge needles were more satisfactoryﬂ ‘When syringes with removable
needles were used, a little grease had to be used at the joints to make
them gas tight. The chromatograms showed that the retention times of

si HB and Si H were in the proportion of roughxy 1:2. The peak for

5502
SiEH5 » precede those of the tetrasilanes. It was found, that the

: SiH381H2PH was conteminated with e small amount of (312}15)20. ‘By keeping’ o
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: the contéminaﬁ‘éd product aﬁ -78° in a trap and by ptmxpirig.oﬁt the vapofs.
into é.~ trap a_t ~126°, it was possib1e to recover pure diﬂbilanylphoaphi‘né:
Starting *inth 250 mmoles of the 8iH) - Pﬂj mix’cuzfe, about 3 ‘fmnoles of
-Sizﬁsng wasd obtalned. | | | o

The nmr spectra were obtained with a Varian Associates A~6D oy .
spéc‘bmmter, and the infrarefl '.:*;_pec'cra. with Perkin-Elmer Infrééord
nspectmi‘ahotometers (NaC1 Model. 137B end KBr Model '137) +  The nmr spectrim
for SAHJS:.HCPHQ is given in Figure 1. Although (SiHE) FH was not obtained
in pure form, the relevant portions of the spectrum of a mixture contalining
(SiH,),Fil eve given in Figures 2 and 3. The infrared spectrum of disilanyles
phosphine shovs ebsorptions; £s seen in Figure 4, at the following fre-
quencies (cm )1 ésao(ij, 2156(s), 1070(sh, ), 996(w), oba(m), 9:2(m),
883(s), B77(s), 790(sh,a), TE4(s), T36(v), 728(w), T2M(x), 637(w), 628(v),
and 475 to 515(w, broad). " | o

The vapor pressure of disilanylphosphine was found to be 31 £ ‘l mm
at 0° and 81 + 1L om at 20°. ¥t was found during the f‘ractionai condensation
that the isomers (sma) oFH and Signsﬁze could, not. be separated from each
other even partially. Thus we conclude that the vola.t.ilities‘- of the two.
isoﬁzers are very similar. Gas-density molecular weights of 92.1, és. 5
and 96.G were obtained for three difi‘efen'c samples. (Caleculated for S:‘LEPHT:‘
94.2) The mass spectrum of disila’rwlphosphine showed bandé corresponding
to the fragments SL.P - Siz,m?*, Si, = 312}16"', 515" - s.{m; (uncertain
because of embiguity with SiH,"), si* - siH*, and P* - Pt

In 'severa.l experimgnts » Sizl'lsl’ﬁ2 vapor was a.lldved to remein in contact
with an excess of wa.teé vapor for several hours. Anéﬁ]_.ysis showed that the

. ‘ \
wain hydro;gqrsis products were phosphine and bisdisilan;yl oxide, and that
\ . v : ‘ i
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- jto react for 4 hours at room temperature, yielding 0.208 mmole of PH

. of SiH. SiHE?H are less shielded than those in the SiH.

5

Tor

.,very'small aﬁouﬁts of disilane and silane were formed.' The glass walis

"~ of the reactlon tubes became coated vith a very thin white dep081t. ‘Ini,j

one experiment 0.204 mmole of S1_H.FH, and O. 147 mmole of H,0 were allowed

2HsFH
3)

- 0.126 mmole of a mixture of H,0 and (Si H ) 0 (it was not possible to

. separate these two), and a trace of 81 H6 and SiH). The products were -

identified by their infrared ‘spectra.

. Traces of phosphine end disilane were formed when disilanylphosphine

- wes stored for one day at room température while exposed to ordinary room

light. When kept as the vapor in a sealed tube at either<50° or 110° for

one day, about 5% of the compound decomposed to glve phosphine and disilene.

No other products were found. When kept at 210° for one day, 32% of the

edmbound decomposed to give disilahe, silylphosphine and (by mass spectroscopy)

379
pyrolysis. A faint solid film formed on the inner wall of the container.

8i_PH and possibly 812P2H8. No phosphine or hydroéen ves found in the 210°

Discussion .
W

Mur spectra.- The chemlcal shift data are presented in Table I. When
' 9

the nmr spectrum of trisilane” is compared with that of disilenylphosphine

(9) S. D. Gokhale and W. L. Jolly, to be published.

(Figure 1), it is noticed that the relative positions of the resonances due

 to the SiH3fand SiH2 groups are reversed. The protons in the SiH2 group

2*grov.p of SiH SiH SiH
'

:

3 3_
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vecause phosphorus is nore electroncgative than silicon. For the same
reason, the protons of the 81}13 group in (SlHB) oFH are less ‘shielded
than those of ’c}ze SiHB group in SiHESiHEF:Ige Althovgh ve ca_.nnot explain
“the fact that ﬁlze SiH protong in trisilane are less shielded than ’chesé» :

~

in disilenylphosphine, this uu.tum s conolutent with the observed varm‘c: ons

of the chemical shift of the S::.Hé group in dieilanyl ha...meslu and the

(10) M. Avedini, C. H, Van Dyke, and A. G. MacDiermid, unpublished data.

higner silaness’ The proton of the PH éroup in (Si}i,‘\)mﬁi is more shielded

than the protons of the PH,. group in 8i. HBPH because s.!.licon is less

electronegative than hydrogen. ' |
The coupling conuuzm* data are presented in Table II. The SiH pro'ton

3

signal of SiH 8ill Piia is gplit into a pair of triplets by the Sﬁ’ protons

end. the phosphom atom. This pattern is not clearly observable in the
main resonance, but the 2931 satellite. resonance on the high-field éide
of the main resonance very cleariy shows this ps,ttern. vhen seen at high
gain. The oiﬁ proton alg:w,l of um35m2
each line of which is «plit into a qua.:tet » by the phosphom nucleus and.

FH, is spli t into a pair of triplets, :

the two other types of protonz in the molecule. It happens that the SiHBSiHE
coupling constant is approximetely half of the Smgﬁie couéal:i.ng constant;
the.refore there is a near-superposition of lin'es, .88 showﬁ iIn Figure 1,

' causing the zignsl to look "ozréthimg 'l:i ke g palir df octets. At lm-re"' sweep
widths, the individual lines are resolved. T‘ne 1’32 proton signal of
..;ih,u:&i ?H iz split into & pair of tcmlets by the phouphorus nucleus and

the S;!.H2 protons.
1 '
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The S..H proton slgnal of (.91!1.,) PH :L, split into a na.ir of doublets
| by the phos phoru.:. atom and thc PH proton. Thi., snectrum is shovn in ’

v I‘igurc 2, in vnich the weaker peaks a.re due to Si.,.,}l,.l’ﬂ,2 impuxrity. ‘I’he PH
o pzoton s':.gns.l of (oiH ), PH is up'l it into 8 pa.ir of se'otet«' by the phospho
| nucleu.., a.nd the gix S;HB protons.. Bccause of this nm.ltiple spl;tting of

a weah slgnal, the lines do not show up promnently..v With very high gwm,

"it is éossible to see five of.thev peaks of each septet. The high-field ‘
miltiplet is shown in Figure 3. We observe an intensity ratio of 3’.0;{'

Tl ¢ § 7.6 t 2.9, which corresponds xmch more closely to that expected - i

for the middle 4‘ive lines of & septet (., Te5 ¢ 10 t 7.5 t 3) then to that

expected for o simple quintet (1.7 6T 2 10 ¢ 647 2 1e7)e - |

..... N . The 1P pme spectrum of SiH,SiH PH, was observed to be a triplet of

3 2
- triplets, the splitting being due to the PH and SiH ‘ pro‘cons.‘“ The I_’-H'

coupling constants were, within m@ermentel error, the some as those '

-

obtainea from the proton romy spectrum

Infrared Spectra.- Thn infrared spectrum of dﬂ.zsilamrlphosphinc is
-1

presented in Figure 4. The .-,b orptions gt 2300 and 4’150 em™ can be eacily

assigned to the PH and SiH stretches, respectively. By comparing the spectrum

with that of trisilane}l ve tentatively assign the bands at 942 and 932 em™>

Ty tr

(11) E. J. Spenier and A. G. MacDisrmid Inorg. Chems, 1,-433 (1962).

‘R

. . and those at 825 and 878 cm -1 to the Si.H3 asyzmnetrical and symmetricd
N deformation modes, end the bands et 736, 728, end 724 cm -t

—— .

to S_H3 wegging
and SiH, bending modes. In thelr studies of the infrared spectra of
L _ . j :

H



8.

 diphosphine and silylphosphine, Nixon > and Linton and Nixon'> assigned

‘_-‘/

~

(12) E. R. Nixon J. Puys. Chem., 60, 1054 (1956).

(13) H. R. Linton and E. R. Nixon Spectrochim. Acta _3._5_‘, 16 (1959). .

e,

1

bands et 1081 and 1068.5 cxg" to FPHE deformation. Nixon assigned strong

bands at 633 and 792 cm"l in the apectrum of diphosphine, to PH2 wagging

1

modes, and much weaker bands at 743 and 827 cm” o PH, twisting modes.

We therefore suggest that the weak band at 1073 cm":L in the spectrum of

disilanylphosphine is due to PH‘_ defométion, while thebands at T84

1 1

and 790 em — and 637 and 628 em™ "~ are due to PH, wagging and twisting.

1

Linton and Nixon assigned the strong band at 454 em — in the spectrum of

SiH.PH_ to the Si-P stretch in SiH_PH,.. In case of SiH_SiX . FH, a weak
3z 32 300t

band is observed in the region of 515 to 475 which could be due to the

Si-P stretch.

A

Reactions- Disilanylphosphine reacts with an excess of water as

foilows:

2 SLHPH, + B0 = (81H).0 + W
_ . .
Thus the hydrolysis is strictly analogous to the hydrolysis of silylphosphine,
in vhich disiloxane and phosphiné are formed. ADisily]..phqsphine is 8o
unstable that it is completely decomposed on ab chromatographic colum at

T7G°, whereas disilenylphosphine is less than half decomposed after one

day at 210°. Perhaps the instability of dlsilylphosphine is similar in

‘cause to the presumed instability of disilylamine. 1h

H
(%) 7F. G. A. Stone, "Hydrogen Compounds of the Group IV Elements",
Prentice-Hall, Englewood Cliffs, N.J., 1962, pp. 27-33.-
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Table I

Chemical Shifts

Lover Field of TS in ppm £ O.d

(sins) JPH " siH

S,
3«70 ’ 3
-
1.25
«0e 50 )
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- Table II

Coupling Constants (cps)

SiH_FH

184,0 % 0.5

. 2-1{ .

s r 1
~SiHPH, ~SiH,PH, (sm3)2?ﬂ
182.5 £ 0.5 18.5 £ 0.2 17.5 % 0.2
IH—H
M —
(sm3)2m -SiH,PH, S:1H381H2-.-
5,1 ¢ 0,1 5.8 £ 0,1 3.0 £ 0.1

2.0 £ 0.1




Figure 1.

Figure 2.

Plgure 3.

" Figure L.

. Figure Captions

I spectmm of disllanylphosphine ab 60 Me.

Chemical shifts to Low field of external THS.
Portion of nmy spectrum of disilylphosphine at 60 Mc.
C"xemca_. Jnlft to low field of externa.l TSe

Portion of ymr spectrum of dizlilylphosphine at GQ Me.

The septet of the FH proto;x on the high-~ficld side

of external TS. “ | )

Infrared spectrum of disilenylphosphine. (10 mm

pressure in 5 cm cell)

Lover curve ab ~ ﬁ@bo em™* 15 the polystyrene calibration.

Weak bends at 825 and 838 m are due to inqmr:.ties. ,
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A. Makes any warranty -or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
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