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ABSTRACT 

The proton magnetic resonance spectra of SiH
3

PH2, SiH
3
AsH2, 

GeH
3

PH2 and GeH
3

AsH2 are described and interpreted. 
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We have p~eviouslyJ- described 'the formation of i'mixe{bydr:tdes" ·in a 

silent electric discha-rge. The prot~n magnetic re:sonance · spectr~ of four or' 
, • '.., . -· - :. 'c / . ' _', , . 'J 

these hydrides: silylphoaphine (SiH-, PH
2

), silylarsine (:S:i H3AsH~),. ·germylphos-

phine (GeH
3

Pif2Y a~d. geT!ri;larsi.ne ·.(GeH3A-~H2 Y, are_ described .inithi~ paper. 

EXPERIJ.!ENT A L 

·The:s;plples.were .. sealed, under vacuum, in.5 mm. ext. diaiT!. Pyrex tubes. 

· '!'he -spectr~ wer.e run on a Varian Model A 60 spectrometer-, with a spinni)1g 

sample, at sweep widths ranging·from 50-500 cps. The spectra are-presented 

'in Figs. 1-4. Tetramethy1silane (T.M.S.) wa.s used throughout as an :Internal 
.. 

standard. With the silyl compounds, Msi lanP. was used as an '3.ddi t:i ona.l inter-
' ,. 

nal reference, and with the p:ermyJ compourds, dip.:ermane "'as used. The reJative 
.· . . .. : . . . . : ·. . . ·. . . . . ·. : . . . ( . 

amcunts of T.M.S. and of disiJ.ane or dir(ermane were changed, but the relative 

posi ticns of the resonance frequencies never changed by more than 1%., 

DES.CRI.PTI0N OF SPECTRA 

Spectrtim:ofS:iH3PH2 (Fig. 1) 

The spectrum is as might 1:e prec:l:icted •. The; -SiH3 rescmance is spli.t in­

to a 1:2:1 tr1plet··ey i;,he tw~ hy<J.r.c;gen atoms on .the phosphorous atQm, and the 

. -PHr .resonance is split. j nto a 1.:3:3:1 quartet by thA three hydrogen atoms on 

the silicon atom~ Because pho::~phorcus (:t;31, 100% abundant), has a magn~tic 
. . ] 

nucleus of spin 2, ,·there.is.adMMrnalsplitting. The splitting_ of the hy-

drogen atcmfl on the phosphorous a~om is l~rge, resultinp; in the quartet being 

split. into a wipely sepEJ.r.a:t~q pair g£: quartets of equal intensity (centered 
' ·.~,-,/- - •. ' .. ., i. . ::: :· •... . : J:·· .·· ·,;. '-•. ! .·· . . . . . - .. -. ,. . ,., 
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the hydrogen 8toms on the silicon atom is_much less resulting in a compara­

tively smaller splitting of the triplet into a pair of triplets (centered at 

3. 73 ppm to lo.,r field of T~,J'1·S~ Lb:y, the J:"PH· CO~J?ling. _T~: "~~~ abundant sili-
8 . ,. ; ·,, .. k.·:·' . 

con isotope ( Si 
2 

, 92. '2!/o l:J;~mndant) ~s no. magnet~c nucleus spin, but the l· 

isotope Si
29 (4.7% abunda~t) h~? a. magnetic;nucl,~?s~o; ~I?~i;:~ ' •. ~~-high_ 

~ . . ' . .. ' . . . . . 

spectrum amplitude the. 'satel+ites' caused by this spin cap. be seen and there 
. :. "" . . .. ~~ . _,. . ,;·!. " ! 

is splitting of the 'double-triplet' -SiH
3 

resonance by the JSiH coupling. ~-Je 

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 ina:in· triplets~ and 

the intensities of· the -SiH
3 

triplets and the· ~PH2' quartets' are· in the ratio 

of 3:2. 

···; .. 

Spectrum of SiH3AsH~ (Fig. 2) 
... 

(As 75' 
. :::·· 

-~ 3 
Because arsenic roo% abundant) has a magnetic nucleus of sp~n 2, 

one might expect t):le spectrum to be similar to that ~f SiH3PH~'. except that 

the -SiH
3 

triplet and the -AsH~ quartet wo~ld undergo fourfold, rather than 
~ --~ 

twofold, splitting. However, no splitting occurs due either to JAsH or JAsH' 

coupling, probably because arsenic bas a high nuclear electric quadrupole 

( -24 2) . ; moment Q, = 0. 3 x e x 10 em and the asymmetries of tlie ele·ctron. charge 

distribution about the nucleus result in line broadening rather than splitting. 

As a result, the ..:siH
3 

resonance is a simple 1;2:1 triplet and 'the .,.AsH~ 

resonance is a much broadened 1:3:3:1 qua'itet. ·At ·high spectrum amplitude 

the splitting from the JSiH coupling 'can be· seen, the intenf:lity of the 

'satellites' again being 4-5% ·of the 'ina:irf.iresonance peaks. 

§_pe ctra of GeH3PH~ and_ GeH~AsH~ .. (Figs.' 3 arid ''4) 

These are very similar to th~~e ·.of th~ · ~drfespcn1ding' ~:i.lyl compotinds, 

because the more abundant isotopes. of germanium have 'no nuciear'maghetic 

,) 
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,. '· ·- ,·· 
moments. There are rio 'sateilite' peaks because·the only isotope-to have a 

nucl~ar magnetic spill (Ge73' spin '= ~) is"6nly 7.8% abundant arid also have a 

' .. · . (' . . -24 2) high nuclear electric ·quadrupole moment ~c1 = -0.2 x e x 10 · em • 

DISCUSSION 
'- .. ' .. 

The .values· of ,·the :various. coupling: constants are summarized in Table I. 

No coupling··-i·s found .between hydrogen atoms on the same atom, indicating tlia.t 

'.there is no restriction· to rotation. That is, the three hydrogen atoms on 

the· silicon or·germanium atoms,are equivalent to one another, as are the two 

hydrogen atoms .on the phosphorus. and arsenic atoms •. 

For SiH3PH~ the value of. the JSiH coupling Gonstant is 204 .:::_ 1 cps, 

. 2 
· :. >·lhich is, close to -~the. value repor~eO. for .the pure silanes ( Si

2
H6 == 199 cps) 

and the value of, the JPH coupling constant· ;is 180 i: .l cps, vThich is close to 

. 3 the- value 'reported for 'phosphine and diphosphine. . (P2H4 . = 186 cps) •.. ·· · 

The similarities of the coupling constants seems. to ·indicate that there 

-is not·-much change in hybridization, bond length.o+ bond-angle- in either the 

-P-H or 'the Si-H bonds •. Because the differences. are. so slight we may only 

-. tentatively; predict a slight dec.rease in the' 's' character _in the. P-H bond 

and a· corresponding ·increase in the .. '.s '., __ character of the ·Si-H bonds on the 

basis of the. slightly lo~rer value for JPH' and higher value · for J SiH in the 

mixed hydride;" The coupling JPH (i.e. of Phosphorous with a hydrogen atom 

on·an adjacentatom)•is slightly greater in the case of si],ylphosphine 

(16.2 cps) than in germylphosphine (15.3 cps) and :both are greater-. than the 

value for diphosphine. The value of JHH, is slightly greater in the silyl 

compounds than in the germyl compounds. However, at this time, it is not 

possible to put for,rard any concrete explanation for these differences 

particularly as the differences are so small. 
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The relative .. chemical .. sJ:;!.rts o:f.t):le ,r:eq~I?-an9e pea~s ( shmm in Table II) . ·. ,, .. ~ -~ .. ~--· •'• ,. .)...•.. _._, --~~ ·-. _, 

may be expl<3.ined, to a .;fi:r;st. .. approxi:rnatiop,_ by :differenc_es in electronega-
.__ _ • ,. ~ • ·. · .. 1 I • , \ .. , , ':. ··: •: , . • -~ ·•' ! ~ , •' :. : .· · .". ·,• . ,:,. . 

tivity. As a phosphorus. atom replaces _either: .. ~ ,,sp..ico~ .or germanium atom 
. ,. • ··• . - ... · ' . . :,.~ ' ·-: .. I . ..; . .' . -~. . . . .' : ..... ,. . . : . ··.. . ' 

in disilane or digerwane its greater electronegativity should result in a 

decrease in the shielding of the·' hydr6~~ri atoms in -SiH
3 

and -GeH
3

, and 

shift the resonance to lowex fields·._ . ·The shift.s::;are._~to .lo~-1er.:field being 

0. 55 ppm ori going from Si·~H:6- to SiH
3
PH;;:·and ().46·:ppm ton :going. from Ge

2
H6 

to GeHlH~ .. The fact -that the· shH'.t is :·1ess .in ·the, germy:l, compound may in­

dicate that germanium -has. a higher -.electronegativity::.than.,.silicon, :as has 

been suggested by Rochow and Allred. 
4 . The arsine :eompo·unds ::parallel the 

phosphine compounds in that: there·· is. a ·.·shift :to ::.lower f'ield· qf o.45 ppm on 
' ~~ 

going from Si
2

H6 to SiH3AsH~, and·.o.f 0.36·ppm on going.:.from Ge2H6 to GeH3AsH~. · 
The fact that the shifts are greate·r·,for• replacement with a phosphorous atom 

than with an arsenic atom, agrees with the:.genera:J,:ly accepted v:iel.;r that phos- ' 

phorous has the higher :value of .. elec;trori~gativity~ 

If germanium has a higherelectronegativity :than silicon, then the 

differences of eiectronegativity·are greater bet>ieen silicon and phosphorous 

or arsenic, than with- germanium--and phosphorous or arsenic,· and so vre should 

expect that the H' ~resonances would .occur to higher field in __ the cases of 

SiH3PH~ and'SiH3AsH~·'than.·in GeH3PH~'and ·aeR3AsH~, ·respe.ctively. This is 

the case.· Finally, as the ,_state -of .hyb;ridization .•in:·all the compounds dis-

cussed seems to be- the same.;. the data' ip.d:);cat·~; that tl;te order of electro-

negativities is P >As·> Ge :>- Si .... · ... ': 

. · .. (.~ ... ' 

.( 
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TABLE I 

Coupling Gons~.~nts -(in cps) 

Compound JsiH ·. · Jmi, 

SiH
3
PH; 204+1 5.1.::_.1 180+1 i6.2+.2 

SiH3AsH; 203.:!:1 5·1.:!:.1 

GeH3PH~ 4.8+.1 180+1 

GeH3AsH~ 4.8+.1 

TABLE II 

Resonance Position (to low field of internal T.M.S.) 

(in ppm) 

-SiH 
3 

SiH3PH~ 3·73 

SiH3AsH~ 3·67 

SiH
3
SiH

3 
3.22 

GeH3PH~ 
GeH3AsH~ 
GeH

3
GeH

3 

-GeH 
3 

3.67 

3·57 

3.21 

-PH' 
2 

1.31 

1.41 

-AsH' 
2 

1.02 

v 

\.! 

l 
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MU-27670 

1, The proton r~gnetic resonance spectrum of silylphosphine (SiH3PH~) at 

t)o Me/sec. vi th a s~<reep width of 500 cps. The reference conr,t>ouhd is 

r.M.S. as an internal standard. 
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2. The proton magnetic resonance spectrum of silylarsine (SiH
3
AsH;) at 

60 Me/sec. Hith a sweep width of 250 cps. The reference compound is 

T.M.S. as ~n internal standard. 
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1.41 - 0.08 (ppm) 

MU -27669 

3. The proton magnetic resonance spectrum of germylphosphine (GeH3PH~) at 

60 Me/sec. Hi th a s1-1eep vridth of 250 cps. The reference corrr_pound is 

T.M.S. as an internal standard. 

~I 
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JHH' = 4.8cps 

~ 

3.57 

I 

---~J 
} 
I 

H--- 1.02 (ppm) 

MU -27668 

4. The proton magnetic. resonance spectrum of gennylarsine (GeH3AsH~) at 

60 Me/sec. -vrith a sweep width of 250 cps. The reference compound is 

T.M.S. as an internal standard • 
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