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A EIGH RESOLUTION PROTON MAGNETIC RESONANCE SPECTRA OF
SILYLPHOSPHINE, SILYLARSINE, GERMYLPHOSPHINE AND GERMYLARSINE

J. B, Drake and W. L. Jolly

Department of Chemistry, and Inorganic Materials Research Division
~of the Lawrence Radiation Laboratory, University of California,

Berkeley, California

ABSTRACT

The proton magnetic resonance spectra of SiH3PH2, SiH3AsH2,

GeHBPH2 and GeH3AsH2 are described and interpreted.
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INTRCDUCTION" * =% "7 oy

We have previously’ aeécribedfﬁhe'fcnneiicn?cf "mixed hydrjdes" ina

silent eiectric'dischefge.' The proton magnetic resonance spectra of four of

- these hydrides’ silylphosphine (S]H PH ), 51lylar51ne (SJH AsH ) germy]phos-

,phine‘(GeHBPHz) and germyler81ne (GeHgAsHQ), are,describednln this paper. =

- EXPERIMENTAL

The samples were. sealed under vacuum, 1n 5 mm. ext dlam. Pyrex tubes.

vThe spectra were run on a Varian Mbdel A 60 spectrcmeter, w1th & splnninp

sample, at sweep widths ranglnp frem 50—500 cps. " The spectra are presented

~in Figs. 1-4. Tetramethylsilane (T M. S ) wes used throughout as an internal

'standard khth the eiTyl compounds, J<1]ane was used as an addntwcnel 1nter-

nal reference, and w1th the perva compounds, dlpermane vas uqed The relative

emounts of T M. S. and of dlen]ane or d:permﬁne were changed but ‘the relatnve

positicns of the rescnance frequen01es never changed by more than 1%.

DESCRIPTICN. OF SFECTRA

'Specﬁrnmdof”SiHBPHg’(Fig. 15*

The: spectrum is as might be predicted.. .The -SiH, rescnance is split in-

to 'a 1:2:1 triplet-by the two nydrqgen gtoms on .the phosphorgns atem, and the

—PHQ resonance - is split into a 1:3:3:1 quartet by the three hydrogen atoms on

the silicon atom. - Because phosphorcus (P31, 100% abundant) has. a magnetic -
nucleﬂs oflspin % J'*thereﬁieﬂaddiﬁjenalmeplittlng. ~The - spllttlny of the hy-
drogen atcms on the Dthnhorous atom is large reoultinp 1n the quartet belng
split into a w1de1y.separeted palr of quartete of equal 1nten31fy (centered

at 131 ppm to, low field of T.e,M.s.S:V,‘)._Py.tkle...,JPHf_ccuph.ne The qpmtnné’ of
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the hydrogen atoms on the silicon atom.is much less resulting in a compara—v.
tively smaller splitting of the triplet into a pair of triplets (centered at

3.73 ppm to low. field of T. N.S ) by the J coupling. The most abundant sili-
28 ] e v }.1 *

-

con isotope (Sl , 92. 2% abundant) bas no magnetlc nucleus spln, but the

- 2

spectrum amplitude the atellltes caused by thls spln can be seen and there

isotope Si 29 (L. 7p abundant) has a magnetlc nucleus of spln l . At hlgh

issplitting of the 'double-triplet' -SlH resonance by the J coupllng. We

3
were unable to detect the splitting caused by the JSiH' coupling. The inten-

sity of the satellite triplets is about 4-5% that of the fmain triplets, and

the intensities of the -SiH, triplets and the -PH.' quartets'are in the ratio

3 2
of 3:2. S T

Spectrum of SiHl AsH, (Fig. 2)
‘Because arsenic (As 75, 100% abundant) has a magnetlc nucleus of spln g,
one might expect the spectrum to be s1mllar to that of S:.H3 , except that |

the ~S1H3 triplet and the -AsH quartet would undergo fourfold, rather than

twofold, splitting. waever, no spllttlng occurs due elther to J or J ASH”

coupling, probably because arsenic has a high nuclear electric guadrupole

moment (@ = 0.3 x e x 10-2)+ cmE) and the asymmetries of the electron charge -

distribution about the nucleus‘result”infline'brbadening'ratben.tnan'epiitting.
4s a result, tne ASiH3‘reSOnance is a simple iEE:l triplet andfthe'eAsHé
resbnance'is a much broadened 1:3:3:1 quartet. ‘At high spectrum amplitude -
the splitting from the Jg. . coupling ‘can be: seen; the intensity of the

'satellites' again being 4-5% of the ‘main.resonance peaks.

Ll
2

Snectra of GeH3PH and GeH AsH (Flgs. 3 and 4)

These are very 31m11ar to those of the correspondlng 51lyl comnounas,

because the more abundant 1sotopes of germanlum have no nuclear magnetlc
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moments.  There are no"eafEiiite"peake because “the only isctope to have a
nuciearxmagneticﬂSpin'(Ge73, spin = —) is only 7 8% abundant and also have a

high nuclear electric’ ouadrupole momenit (¢ = 0.2 x & x°1072
'Discusszow L

. The..values of:the various coupllng constants ‘are sumarized in Table I.

No coupllng is found between hydrogen atoms on the same atom, indicating that

-.there 1s'no.restrlctlonvto'rotatlon: That 1s, the three hydrogen atoms on

the silicon or- germanlum atoms are equlvalent to one another, as are the two
hydrogen ‘atoms :on the?phosphorus;anduarsenic'atomsc .

- For SlePHg the ~value of. the J coupling constant is 204 + 1 cps,

. A : ' o
“ which is close t0 “the value reported for the pure'silanes (Si-H6 = 199 cps)©

and the value of. the J coupllng cons»ant is 180 + 1. cps, vwhich is close to

PH

. %he:value”reported;for-phosph;ne and-dlphosphlne, ,(PéHh_;_l864cps)-.

- The similarities offthe'coqpling constants,seemsitO‘indicate that there

. is not much change in hybridization, bond'length_or bond: angle . in.either the
© .P-H or the'Si—H,bonds,,,Because.the_differences,are.so slight we may only

: tentatively;predicf'a slight-decrease in the#f - character in the.P-H bond

and -a -corresponding -increase in the. 151 character of the -5i-H bonds on -the

basis of the!slightlyulower.value for JPH' gnd higher value for JSiH'in the

“mixéd hydride - The.couplinngPH (ixe..of phosphorous with a hydrogen atom

on'anradjaCentratom)‘iéﬁslightly-greater in the case of siilylphosphine
(16.2 cps) than in germylphosphine (15.3 cps) and both are greater.than. the
value for diphosphine.1 The value Of-JHH' is sllghtly greater in the silyl
compounds than in the germyl componnds. However, at this tlme, it is not
possible to put forward any concretehexplanatlon for these dlfferences

particularly as the differences are so small.
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The relative chemical shifts of the regonance peaks (shown in Table IT)
may be explained, to a first approxiution, by differences in electroncga-
tivity. As aiphosphgrg§_atgm;replgcéé“eiphéyﬁgfﬁé;;ngjqr gg:gan;um atom
in'disilane or digermane its greater electronegativity should result in a
decrease in the shielding of thé hydrogen atoms in -S1H, end -Gel, and

- shift the resonance to lower fields. .The.shiftsiare to lower: field being

0.55 ppm on going from SiéHGZto SiH PHf,nand.Ouhécppmjonwgoingifrom‘Ge2H6

32

to'GeHsPH'.«iThe fact -that the shift iscléssxinftheygermylLcompoupd may in-
dicate that germanium has a higher _electronegativity . than.silicon, @s has
been suggested by Rochow and Allred;hl.Theaarsine-ﬂompdunds:parallel the -
phosphine compounds in.thatzthereni§1§lshift;to;ldwer fieldiqin.h5'PPm on

going from SiéH6 to. SiH AsHé,uandfof 0.36 ppna on&going;frovae2H6_tO‘GeH AsHé.‘

3 3
The fact that the shifts'aré greaterﬂfor=replaeem§nt with a phosphorous atom
than-with an arsenig'étom, agrees: with the. generally accepted view that phos- °
phorous has the higher:value of.electronegativity. : -~
if germanivm has a.highervelectronegatiVity:ﬁhan‘silicon, then the

differences‘of‘eléctronegétivity‘are greater-betﬁéenasilicogﬁand'phosphorous
or arsenic, than with germenium-and phosphotrous: or. arsenic, and so we should
expect that the H resonances would .occur to higher field in the ccases of

SiH3PHé and‘SiHSASHé”thanfin<GeH3PH'hand"GéHéAsHéyjrespegtively. This is

the case. Finallyy as the.stdte.of.-hybridizatién :in-all the.compounds dis-

cussed séems to be-theé: same, - the data:indicate.that the order of electro-

),

negativities is P >.As > Ge > Si.. ..’
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Coupling Constants. {in cps)

TABLE I

UCRL~10422

SiH,PH, 204+1 5.1+.1 180+1 16.2+.2°
SiHASH] 203+1 5.1+.1 - ‘
GeH3PHé - 4.8+.1 180+1 15.3+.2
GeHSAsH? - Cb.8+.1 -
TABLE II
Resonance Position (to low field of internal T.M.S.)
(in ppm)
-S1H, ~GeH, -PHe -ASHE
SiH3PH2 3.73 - 1.31 -
SiH3AsH2 3.67 - - 0.78
SiH_SiH .22 - - -
3513 3
GeH3PH2 - 3.67 1.41 -
. - , - 1.02
GeH3Asﬁe 3.57
GeH_GeH - .21 - -
3¢ty 3

i
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The proton magnetic resonance spectrum of

50 Mc/sec. with a sweep width of 500 cps.

[.M.S. as an internal standard.

silylphosphine (SiH_PH ) at
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The reference compound is
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2. The proton magnetic resonance spectrum of silylarsine (SiHSAsHé) at

60 Mc/sec. with a sweep width of 250 cps.

T.M.S. as an internal standard.

The reference compound is
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3. The proton magnetic resonance spectrum of germylphosphine (Geﬁ;PHé) at
9
60 Mc/sec‘ with a sweep width of 250 cps. The reference conpound is

T.M.S. as an internal standard.
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JHH’ = 4.8Cps
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4, The proton magnetic resonance spectrum of germylarsine (GeHgAsHé) at

60 Mc/sec. with a sweep wiath of 250 cps. The reference compound is

T.M.S. as an internal standard.
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