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. ," Disilanylphosphine end. Disi~lphosphine : 

,:' ~ , ~' . 
.:; , 

been prepared and identified by nmr spectroscopy. . DisilalXYlphosphine 

'.' has been isolated and. characterized by determina.tion of its infrared 

. '.' sp¢ctrum, its va.por pressure, and! the products of its hydrolysis and . 
. . .. . ' . 

. pyrolysis • 
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(1) Permanent Addxess: Chemistry Division .. At~c Energy Establishment,;. 
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-Introduction 

Silylphosphine, SiH-:lPlI,.." '\lao first- prepared by the pyro~s1s ot 
, _ ~ c:. 

amixtu::oe of sila.."le and phosphine. 2 Trisilylphosphine" (SiR.') 7J.P, wa.s 
:;; -' 

-'. (~,) G. Fritz; z. Naturfornch., £;1>, 776 (1953)-; z. anorg. o.l.lgem. chem., 
...-

332 (3.955). 

pl"'epared by the l~eactioll betv.lcen bromosil.a.ne and potassium dihydrogen 
-:1 

phosphide:..) 

(3) E. AInbergel;- alldlI. Boeters, Angmr. Chern." 74,32 (1962). 

Both silylphos:phine and a material. or empirical composition Si2P1Lr 
,rere c1.ct;ected in the p.l.--oducts of the decomposition- of a mixture, of silane 

4 and phosphine in a silent electric discharge. The compound Si2PH7 

(4) J. E. D:s.'e.:te and i'l. L. Jolly, Chern. nne'!. Ind., 1470 (1962). 

intrigued us because of the poscihillty of the existence of't\,io structuraJ. 

, / 

isomers. The pUlL'Qoe of the pl"eac.."lt investigation was to prepare mo.croacopic 

amounts of the material and, if possible, to identify, separate, and 

characterize the isomers. 



llJrperimantal" ": ' 
.... 

A ln1xture of S:t1rul<'.! and phoa:phine in a. mole ratio of 2: 1 was 

circttlated. in a. closed syotem through M o7..onizer-type electric dis

chal'ge tube a.t _78 0 follcm'ed by a,- tral? at -95 0 (toluene slush) until 

prac'ticall:y a:u the reaction g.!l .. ses 'lere con~d. A similar method', 

h~~ be~~ twed earlier for the p;eparation of higher Silanes,5,6 ger.manes,7 
I 

, 4 8 
and "mi~~edl1 (ternary) hydrides.' The prod.ucts of the, reac,~ion 'torere 

(:3) E. J. Spanier a.."'ldA. G. MacDiarmid, InOTt?i- Chem., ~JI 215 (1963)" -
first subjected to fractional condensation in a ,series of tr~~s at _63 0 

; 

(chlorol'm:m clush), -95 0 (toluene slush), .. 130° (n-pentane slush) 'and ' 

,_1960 (liquid nitrogen). ~ae unreacteds11ane and ~tlosphine condensed 

in the -196 0 tra.p, and disiJ.a..'1c and sily'lphosphine condensed: in the -130° 

tl"ap. Dlphosphine, ~risilane a.ncl part at the Si2P1tr condensed. in the -950 

tl~ap. The trap at -63° contained. the higher s1lanes, higher ternary 

hydl-ides 1 and the rema.indel· of the Si~. The condensate :in the -95 0 

tre.p '\-taa alloued to stand at, room temperature for a. week, during which 

.I 

" 

j. 
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time the diphosphinedecomposed almost completely. After pumping out a 

little hydrogen which had formed, the mixture was fractionally condensed 

in a trap at _83° (ethyl acetate slush) followed by a trap at -196°. 

Phosphine, trisilane, and only a ~race of Si2PH
7 

collected in the -196° 

trap. The nmr spectrum of the material collected in the _83° trap 

i 

" 

shovTed clearly the presence of both (SiH
3

) 2PH and Si2H5PH2 ·in approximately." 

equal amounts, as well as some trisilane. The condensate in the .. 63° 

trap was passed through a-45° (chlorobenzene slush) in order to remove 

most of the higher molecular weight compounds from the Si2PH
7

• The S12PH
7

-

rich condensates were injected into a gas chromatographic column containing 
• 

silicone oil on fire-brick at 70°. We were never able to elute disilyl-

phosphine from the column; we assUme that it was. thermally decomposed 

on the column. The. observed presence ·of small amounts of phosphine 

and silylphosphine in all the elution fractions is consistent With this 

intel~retation. The method of injecti~ the mixture in the chromato-

graphic apparatus and of collecting the different fractions was similar 
. 6 

to that used in the preparation of the tetrasilanes. It was found that 

ordinary injection needles became clogged in spite of all reasonable 

precautions. Gas-tight syringes with Teflon-tipped p~ungers and 22-

or 23-gauge needles were more satisfactory. When syringes with removable 

needles were used, a little grease had to be used at the joints to make 

them gas tight. The chromatograms shovred that the retention times of 

Si3HS and Si2H5PH2 were in the proportion of roughly 1:2. The peak for 

Si~5PH2 precede those of the tetrasilanes. It was :f'ound that the 
. \ 

\ 

SiH
3
SiH2PH2 was contaminated \-lith a small amount of (Si2H5) 20. By keeping', 

1 
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the contaminated. product a.t _78 0 in a tra.p and by pumping out the va.pors 

into a tra.p at -196°; it Has possible to recover pure dislln.nylphonphina; 

Starting ",ith 25:) mmoles of the 8ilt, ... PH., nWcturcp about 3 mmo1es of 
Lt :> 

. Si,..,Hr::PH,..) ii1D.3 obtained • 
.:..;; <~ 

T'ne nmr SPC'=!tl"'a, \1Cj,"C obtained'!rrith a. Varian Associates A-GO.nm.r 

speC"i:~ro..l",1eter, and. the infrared. spectra. ,,11th Perldn-Elmer Infracord 

opectrophotolneJcars (HaCl !.1o'<1e1 137B end 1mr l-bdel137). The nmr spectrum 

for Sili~.,SiH-::i.P.H~) is given in Fig..ll"c 1. Although (8lH-:;),}'li 't'Ta.S not obtained 
..) ... - ..) ... 

in pure fOl"m, the relevrult portions of' the spectrum of a. mixtUi."C containulg 

(Silt.,) ,.PH are given in Figures 2 and. 3. The infrared sp~ctrum of disilanyl";' 
:; t.: 

pho::;:phine shmfS ~.bsorpt.ions, as seen in Figure 1., at the follmrlng fre ... 

. (-1) ( ) quencies em : 2300 w , 

883(s), 87"'(3), '(9'J(sh,s), 784(0), 736(,,), 728(w), 721"(ii), 637(w), 628("1), 

and 475 to 515(w, broad). 

The varJOr pressure of disila.nylphosp~ne ,vas f'oUlld to be 31. ± 1 mm 

a.t 0° and. 81 + l mm a.t 20°. It \:as i'O'Wld during the fra.ctional condensation 

t,hat the ifJomers (Sil!) 2m and Si~PH2 could not be separated from each 
, . 

other even partial.ly. Thus vre conclude tha.t the volatilities of the ttl0. 

isomers are very similax. Gaa-density molecu.larwc1ght~ of 92.1, 95.5 

and 96.0 were obtained for three different samples. (Ca.lctllated for S12m.,: 
94.2) The mass spectrum of disi1a.D¥lphosphine Sh~led bands corresponding 

to the fragments Si2P+ - 812FH7+, 812+ - Si2H6+' SiP+ - 81PH5+ (uncertain 

because of ambiguity ",i th Si,jIx +), 81+ - SUI4 +, an~' r - PH3 + .. 
\ 

In several experiments" Si:!5PH2 ve.por"ro,s all.o\';ed to remain in contact 

with an mt:cess of wa.ter vapor for seveI"a.l hours. AnalySis sho,.,ed tha.t the 

main hydrobsi~ products were phosphine and biSd.iS11~1 oxide, and that 
I , . 

I I i 
, ~ 
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. very small amounts of disilane and silane were formed. The glass walls 

of the reaction tubes became coated \,lith a very thin white deposit. In 

one experiment 0.204 mmole of Si2H5PH2 and 0.147 mmole of H20 were allowed 

... -' to react .for 4 hours at room temperature, yielding 0.20S mmole of PH
3

, 

0.126 mmole of a mixture of H20 ~d (Si2H5)20 (it· .was not possible to· " 

separate these t\'TO), and a t~ace of Si2H6 and SiH4 • , The products were 

identified by their infrared"'spectra. 

Traces of phosphine and disilane ",ere formed when dis11anylphosphine 

\'1a8 stored for one day at room temperature while exposed to ordinary room 

light. When kept as the vapor in a sealed tube at either t 500 or 110 0 for 

'AI' 

.' 

one day, ab,out 510 of the compound d~composed to give phosphine and disilane •. · 

No other products were found. When kept at 2100 for'one day, 32% of the 

compound decomposed to give disilane, silylphosphine and (by mass spectroscopy) 

Si3PH9 and possibly Si2P2HS. No phosphine ~r hydrogen was found in ~he 210 0 

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

Discussion. 
~ ....... ~ . .. 

Nmr spectra. - The chemical shift data are presented in Table Io. When 
"..... """' ...... 

the nmr spectrum of trisilane9 is compared with that of disilanylphosphine 

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

(Figure 1), it 1s noticed that the relative pOSitions, of the resonances due 

• 0' .' 

to the SiH
3

/ and SiH2 groups are reversed. The protons \ in the SiH2 ~oup. .' . 

ofSiH3SiH!H2 are less shielded than those in the SiH~~ group of SiH
3

SiH2SiH
3 

; 
I \ • 

\ 
., 

'i,' 

I '" 
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beca1ll1c phosphorus is more electronegative then silicon. For the same 

reason, the protons of the S:i1L, group in (SiHJ,.,PH are leos· shielded 
.') .') G 

than those of the SiH
3 

group in SiH::piI12P".df:" Althou,gh.,.1C cann.ot explain 

the fact that the SiR .. , proto..Yls in triG:i.l~Sle are less shield.ed than those· 
.') . . . 

in disils.nylphoBphine, this dn.ttun is consistent. vTith the observed varia.tl.ons 

of the chemical shift of the SilL group in d1s11anyl halideglO and the 
. .j 

(10) M. Abedini.l1 C. lIe Vall Dylce, and A. G.· MacDia...'1n1d, unpublished datao 

hiehcr 81113.1'108. 9 The proton of the PH group in (Sill) 2I?H is more shielded· 

thp~ the protons of the P.H2 group in Si2H5PH2 because silicon is less 

electTonceative than hydl~gen. 

The coupling constant data are presented in Table n. The SiH
3 

proton 

signal of SilL,SilI ... PH,., is split i..'1to a. pair 01' triplets by the Sill" protons 
;) i::!.:; G· 

3.ncl the phosphorus atomo This pattern i~ not clearly observable ill the 
29 . 

l1l-::tin resonance, but the 8i sa.tellite resona.'I'lce on the high-field side 

of the maill resonance VCi.";! clearly ::;hcr.l$ this pa.ttern "Then seen at high 

gain" The SiH2 :proton signal of SiH3siH~ln2 in split into a pair of triplets" 

each line of llhich i3 split into 0. Q.uru.·tet~ by the pho~horus nucleus and 

the ti10 other t:>rpes of protollS in the molecu.le.It happens that the SiH
3
SiH2 

coupl.ing constant is approximately heU of the SiH~l'H2 coupl.ing constant; 
. 

therei'ore thel'e is a neo.r-su;perposition of lilles, as sho'Vm in Figure 1, 

causing the 3ie;n8~ to 1001: som~thing l:i.ke a pt'..ir ~f octets. At lOirer S't'i1eep 

~;iclths, the indiYidual lines are resolved.. Tne P'd:;;',. :proton signal. of 

Sil:L)Silir.~~ is split into a pcdr of tl'iplets by the p,hosphorus nucleus and 
.;; t;'. J~ 

. : 
the SiR,", protons • 

.:::. 
I 
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The Sill":) proton signal of (SiH"")2P"d is split into a. pair of doublets 
~ ~ , .. " 

by the phosphorus a.tom and the PH proton.' This spectrum is shOim in 

Figure 2, in :v,'hich the "rcalter peoks are due to Siif15~ impurity. The PH·· 

, /<-. 
'/ .', 

, p~'oton signal of' (SiH
3

)oPH is cp11t'into a.' pair of sept.ets by the phosphol'"US' 
. /, Co , , .. ' , ' , ", .,', ,', 

nucleus and the oix SiH
3 

protons.,' Because of this multiple splitting of' 
, : • • I 

a. weoJr. signal, the lines ~, not shaw up promincmtly. vl1th very high gain, 

it is possible to aee five of the peaks of cacll septet_ The high-field 

muJ..tiplet is sh01m'in Figure 3. We 'observe an intensity' ra.tio of 3.0~: . ~ . 

7 ~ 4 : l() : 7. 6 ~ 209, which corresponds ~ch more closely to that expected 

for the middle five lines of a. septet (3 : 7.5 ~ 10 : 7.5 * 3) then to that 

expected for e. simple quintet (1.7 : 6.7 : 10 : 6.7 : 1.7) •. 

The 3lp mn:r spectrum of Sili
3
SiH2PH2 \m~ observed to be e. triplet of 

t:dplets, the splitting being due to the PH2, and SiH2 protonS.~' 'l'he P-H 

cO'Ilp11ng constants 'fere, ·~rithin experimental error, the Game e.s tbose . 

obtained from the proton'nmr spectrum. 
'. 1'" 

I.'1frared. Spectra.... The infrared spectrum of diGilanylphosphine is 
~ , 

presented in Figure 4. 'The ab~orpt10n3 a.t 230~ ond 2150 em -1 can be easily 

assigned to the PH and Sill stretches, respectively. By comparing the Spectrum 

'\lith that of trisilane}l ~Te tente.tive~ assign the ban~ a.t 942 and 932 cm-~ 
roT' 

(11) E. J. Spanier and A. G. l-hcDiaxmid InorGe Che:m.;" 1,· 433 (19£}2).· 

. ,.1 
'/ 

\ , 

and those at res and 878 on ... 1 to the SiH
3

a.symmetloiCa.l and symmetriCal. 

defol"m..1.tlon modes; a.nd ~he bands a.t 7:,6, 728, end. 724 em-1 t~ E;iH3 "mgging 
\ 

and SiH~, bending modes. In their studies of the'infrared spectre. of 
.::. - . \ 

I, 
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diphosphine and silylphosphine, Nixon12 and Linton, and Nixon13 assigned' .I 

(12) E. R. Nixon J. P'nys. Cham., ,60, 1054 (1956). ' 

(13) H. R. Linton ruldE. R. Nixon.Spectrochim. Acta 15, 146 (1959). 

"' . -:.~' 

, l' 
bands s.t 1081 and 1068.5 ~- to PH2 deformation. IUxon assigned strong 

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

4 8 -1, 
modes,and much 1'leoker bands at 7 3 and 27 em to PH,., twisting modes. , c: 

-1 We therefore suggest that the we~~ band at 1073 em in the spectrum of 

disi1any1phosphine is due to PH,) deformation, while the "ba.nds at 784 
~ , 

and 790 em-1 and 637 and 628 em-1 are due to ~ wagging and twisting. 

Linton and Nixon assigned the strong band at 454 cm-1 in the ,spectrum of 

SiH}'H2 to the Si-P stretch in S:i.H
3

PH2• In case of S:l1I3S?JI2~2 a weak. 

bond is obsel~ed in the region of 515 to 475. which could be due to the 

Si-P stretch. 

Reactions- Disi1anylphosphine reacts with an excess of water as _ w 

follmls: 

Thus the hydrolysis is strictly a.naJ.ogous to the hydrolysis of silylphosphine, 

in vlhich disi10xane and phosphine are formed.. Disilylphosphine is so 

unstable that it is completelY,decomposed on a chromatographic coltmh~ at 

70°, whereas disilanylphosphine is, less than half decomposed after one 

cay at 210°. Perhaps the instability of d1sily1phosphine is similar in 

'cause to the presumed instability of disilylamine. 14 

-
(14) F. G. A. Stone, "Hydrogen ComPounds of the Group 'N Elements", 

Prent:i.ce-Ha.ll, Englevlood Cllffs, N.J., 1962, pp .. 27-33. 
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Table I 
\~ 

Chemi cal Shirt G 

To LotV'eI' Field. of Tl-1S in ppm :J: 0.1 .,. :" 

(Sill,.) ,..PH 
:> c: 

Sil!3 3.70 3·19 
jf 

SiB -
3·57 .... 

2 

~ J.·25 

FH .. o.i.o 

.' 
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'Table II 

Coupling Constants (cps) 

184.0 ± 0.5 17.5 :t: 0.2 2.0 :t: 0.1 

5.1 ± 0.1 3.0 :t: 0.1 

i 
" 

, i 

. i 
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Figure, Captions 

Figure 1. lfulr o:pectl"Ulll of disila.nylphosphine at' 60 VJC. 
,-

Chemical shifts to low' field ofeXternaJ. Tl-tS. 

Figure 2. Portion of ntll'" spectrum of d1si~lphosph1ne at 60 I·le. 

Chemicru. shift to lot-' .field of externaJ. ToMS. 

Figure 3. POl'tion of nmr spectrum of (lis1ly1phosplline a.t 60 l>tc. 

T'Lle septet of th~ HI proton on the high-field side 

of external Tl·IS. 

Figure 4. l:n.A.~3.l"'ed spectrum of d1sileny1phosphine. (10 mm 

prconu.re 1.."\ 5 em cell) 

-1 " Lo-wer cw.."e a.t "" 3000 em is the polystyrene ca.lib~ation. 

vreak band.G a.t 025 and 8,38 em-1 are d\te to impurities. 

, I 
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may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method,. or process disclosed in 
this report. 

As used in the ~bove, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or coniractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contr~ct 
with the Commission, or his employment with such contractor. 
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