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THE CHEMISTRY OF STANNANE
John Robert Webster
Inorganic Materials Research Division, Lawrence Radiation Laboratory

Department of Chemistry, University of California,
Berkeley, California

ABSTRACT )

Stannane, Sth, reacts with HC1l, HBr, and HI at -112° to give the
monohalostannaﬁeé and hydrogen. The monohalostannanes éretcolorless,
volatile compogndsAthat decompose as solids above about -40°. They have
vbeen‘characterized by the study of their decomposition reactions (which
afforded chemical analyses) and by mass spectrometry of their vapors.

Stannane reacts slowly with strong aqueous acids below -50° to give
one mqle'of hydrogen per mole of stannane. The resulting solutions
evolve anvadditional two moles of hydrogen as they are wérmed to room
temperature. Stannane undergoes a similar, but relatively rapid, reaction
with anhydrous fluorosulfuric acid at -78°; when the resultihg solution is
warmed to room femperatufé, the solvent is redﬁced bﬁt no hydrogen is
evol&ed.l Conductivity studies oflthe'cold undecomposed fluorosulfuric
acid solutions indicate the formation of one mole of fluorosulfate ion
per mole of stannane reacted, and ll9Sn nmr spectra of such solutions show
a.1:3:3:1 quartet. These results are interpreted in terms of the solvated
stannonium ion, SnH3+.

étannane'and liquid ammonia react at -T8° to give a non-volatile
red-brown broduct which decomposes at roém temperature. Analysis.of the
decomposition products indicates that the red-brown material has the

cmpirical compobition SneNH

11° Low temperoture conductivity and nmr

studies of solutions of stannane in liquid ammonia lead us to believe that
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stannane is deprotonated in ammonia to yield the ammonium_énd sfannyl

ions; however there are serious difficulties in reconciling this

interpretation with the results of 'studies. of deuterium exchange between

!
Potassium stannyl has been prepared by the reaction

ammonia and stannane—gh.

slurries of finely divided KOH in both dimethylsulfoxide
and by the reaction of stannane with a standard solution

diglyme. The preparation of CH3SnH3 and C2H58nH3 by the

CH3I and C2HSI with these solutions verifies that KSnH3

formed. Reactions of KSnH3 solutions with several lewis

apparent decomposition of the stannyilion.

of stannane with
and monoglyme,
of KGeII3 in

reaction of

was actually

acids resulted in
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Part I. THE SYNTHESIS AND CHARACTERIZATION OF THE HALOSTANNANES
| Abstract .
 “S§annane, SnH) , reacts with-HC1, HBr,'and HI at 4;12° to givé.the
mohshﬁlostannaneé and hydrqgen.. The monohalostannanes are colorless,
volgtilé coﬁpounds that decompose as solids above abdut_QhO°. They have
been characterized by the study of their decomposition reactions (which

éfférded chemical analyses) and by mass spectrometry of their vapors.
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There have been many studies of the halogen derivatives of silane
and germane; »2 whereas thefe has been but a single brief report concefning
a halostannane, i.e..chlorostapnane.3 Indeed, very litjle of the
inorganic chemistry of stannane has been investiéated. This fact is
somewhat surprising in view of the importance of the tin-hydrogen bond,
e.g. in organic reductionsLu Although a.considerable understanding of
the tin—hydrogen bond has come from studies of organcstannancs, RnSnH(h-n)’
we decided to study reactions of unsubstituted stannane, Sth, to avoid
any poésible complications by the organic substituents and to provide

data for comparison with the analogous reactions of unsubstituted silane

and gérmane.

4
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Stannane was prepared by a published method. The hydrogen halides
(Matheson Co.) were purified by distillation at low pressure through a
-112° trép. The purity of starting materials was typically checked by

mass spectral analysis, or vapor pressure measurements, or both. Ideal

gas behavior'was assumed for vapors and gases when making stoichiometric

calculafibns ffom'PVT data.

Halostannane Preparation. - The halostannanes were synthesized in a
small (gg. 10 cc.) Pyrex tube equipped with a side arm containing a
break—seal.through which produéts could be pumped‘into the vacuum line.
Stannane and hydrogen halide were condensed into the reaction tube at -196°,
The tube Qasvsealed by glassblowing and was completely submerged in a cold
bath for 11.5 hours, during which time the bath slowly warmed from -112°
to about —75°; The reaction mixture was‘thén quenched to —l96°; the tube
was openéd,-ana the hydrogen was Toepler-pumped out énd measured. An
empty déwéf:flask which had been pre-chilled to -196° was placed around
the reactioﬁ tube, and while the system warmed slowly to room temperature
(ca. 1.5 hr.), the remaining volatile products were pumped out of the
reaction tube through -112° ané 196° traps. Considerable decomposition
of the halostannane occurred during this distiilation; as shown by
solid residues in the reaction tube and by the evolution of hydrogen.

The halostannene collected in the ~112° trap.

Halostanngne Analysis. - The halostannanes were.analyzed by determining

the decoﬁpbsition products that formed when they were‘warmed to room

temperature, i.e., Sth, H

s SnX2, and, in the case of chlorostannane, HCI.

A halostannane to be analyzed was transferred to a U-trap equipped with a-
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stopcock on each arm. The stopcocks were closed, and the trap was warmed
to and kept at room temperature for tweﬁty minutes, during which time a
solid residue formed on the walls of the trap. The trap was then cooled
to -196°, ppened, and hydrogen. was removed. The stannane was taken off
while warming to room temperature.6 Both compouhds ﬁere identified by
~ mass spéctrometny, and stannane was further characterized b& a vapor
presSure‘measurement at -112° (found: 17.L4 torr; 1iterature7: 17.5 torr).
The solid résidue in the U-trap was dissolved in slightly acidir air-free
water and analyzed for total tin content by standard iodimetric methods.8
The halide content of the residue was assumed to be twice the tin content
except in two runs in which halide was determined by the Volhard methpd
and in which the tin content was assumed to be half the halide content.

Mass Spectrometry. - The mass spectra were dbtainéd using a Granville-
Phillips Spectrascan 750 residual gas analyzer withsan EAi Quad 250‘
electronics console. This spectrometer has an m/eArange from 1 to 500.
Sampleé of thé hélbstannanes were pumped from the reaction tube directly
into the ionizafion chamber of the mass spectrometér. The best results
© were obtéined when samples wére held at ca. —h5°, however spectra were
recorded of samples at temperéture54as high as 0°. Above 0° we were unable
to see evidénce of halostannanes, presumébly.because the compounds decom-
posed too rapidly. Operating pressures were 10-7 1A;o,1l.0—6 torr, and the
energy of the lonizing electrons was 30 eV. ‘

Ingrared Spectrometry. - Solid-film infrared spectra of the halo-
stannanes were recorded in the range 670 - 4000 gm_l using a Perkin Elmer
Model 137 Infracord spectrqphétohefér. The samples were condensed onto

a liquid-nitrogen-cooled sodium chloride plate of a standard low-temperature
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inf‘rared\cell similar to that described. by Shriver.9

-
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Results end Discussion

General Considerations and thsicalvProperties. - The halostannanes
are colorless, volatile, highly unstable compoﬁnds. Altﬁqugh they show
sigﬂs of decombosition at -40°, they can be distilled short, distances in
a vécuum line Vith no more than about ten perceﬁf deéomposition. A
sample to be distilled is slowly warmed from -196° to room temperature
while continuously;pumping through a -112° trap. The haléstannane '
condenses in the -1i2” trap, and a residue of tin(TI) halide is left in
the originélvcontainer. When transfer is attemptea Without,éfficiénp
pumpiné, decomposition is generally much greater.

A Stock melting poiﬁf apparatuslo was modified éo-that the'halostannanes
couid be distilléd into it as described above. Melting point determinat%ons
were attempted, but in éach case the halostanﬁane decoﬁposed before or
during melﬁing, leaving a ring of tin(II) halide to support the plunger.

AMberger3 repsrted an eqﬁation t'or the vapor pressure Qf chloro-
stannane for‘the range -100 ﬁo -50° from which one calculates a vapor
pressure of 10 torr at -50°. - In seﬁerai experiments we found chlorostannane
to have no appreciable vapor pressure at that temperature, although prese
sures.as low.as 1 torr would'héve been easily detected. Attémpts to
- measure vepor pressures of each of the halosfannanes resulted in decémpo-
sition (around -40°) before a vapor pressure could be detected with.a
mercury manometer. Gés pressures were observed, but in each case these
could be attributed to decomposition.products. -

Infrared Spectra. - The instab;lity of the halostannanes presented
difficultiés in obtaining infrared spectra .of the'éompounds. Simple

static gas-phase spectra could not be obtained beéause the samples
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decomposed during the,méasuremgnts. Although several methods were
tried, the only gas;phase spectra observed were those of decomposition
products. - The low-temperature (-196°) solid-phase spectra showed absorb-

tions in the region of the tin-hydrogen stretch. Chlorostannane absorbs

at 196O'cm—l

em T (s), and 1905 omt (s); end iodostannane at 1910 cm_l (s). The

(s), 1940 — (s), and 1910 et (s); bromostannane at 1930

spectrum of iodostannane had a strong absorpfion at 1880 Qm_l which we
attribute to stannéne from the decomposition of iodostanﬁane during
transfer into the:cell. The spectra are presented in Fig. 1..

The Preparation and Analysis of the Halostannanes. - The halostannanes
were synthesized inlsmall vessels so that some of each reactant would be
in the liquid phase. We found that a mixture of stannane and hydrogen
chloride did Egz.react when allowed to stand 24 hours at -78° in the gas
phase.

The synthetic and analytical data are summarized in Table I. In
the runs for which the hydrogen evolved at -78° was measured, it can be
séen thgt the amount of this hydrogen was essentially equal to that of

the stannane charged (except for one SnH_I run, which may have had too

3
short a reaction time). This result indicates that stannane reacts
completely'wiph thé hydrogen halides to yield only the gggghalogenated '
stannanes. The analytical data céﬁfirm this conclusion; as shown clearly
by the empirical Sn:H:X ratios. Hydrogen halidé was found as a decompo-
sition product only in the case of chlorostannané. The tin(IV) halides and
tih metal were never found.

Mass Speclra. - Tin has ten isotopes with sbundances greater than

0.35 per cent, and both bromine and_chloriné have two isotopes with
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Solid film infrared spectra of the halostannanes.

Upper spectrum SnH,Cl, middle spectrum SnH.I,
lower spectrum SnH3Br. 3



- Table I. The analytical data for the decomposition of the halostannes.

-

Reactants Reactidn time H2 evolved at SnH3X isolated - Décompositidn,products "Emﬁiricai'formula

(mmoles) (hrs.) low temperature by distillation "~ (pmoles) . Sn : H : X

SnH; - HX ' (mmoles) (mmoles) - H SnH SnX HX : ;

L . 2 L o ,

fqr»SpH3Cl_

0.50 0.50 12 —— : 0.036 4 23 13% 10 1.00:3.05:1.00

1.48 1.6k € — 0.186 15 118 68% - 53 1.00:2.98:1.02

0.93 1.98 1C 0.97 0.373 32 237 136% 10k 1.00:2.99:1.01

for Sng3Br

1.0k 2.05 9 1.05 | 1 0.262 147 127 135b none  1.00:3.06:1.03

—— - 2 — 0.098 50 b7 50% = aone  1.00:2.98:1.03

1.02 XS 9 ‘ 1.02 0.335 171 165  170%* none 1.00:2.98:1.01

for SnH3I

_{__ C—— ) A ' Cmmm— . 0.065 .32 33 308 none 1.00:3.01:0.99

5.85 1.07 6 : 0.70 0.118 50 60 . 58° none  1.00:3.02:0.99
©2.93 1.68 11 0.95 0.106 53 5Y 522  none  1.00:3.02:0.98

(a) Based on Sn analy$is

{b) Based on halide analysis
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appreciable abundances. Thus the mass spectra of the halostannanes
consisted of clusters of closély-grouped peaks. In each spectrum the
most intense feature was the egvelope of peaks.with m/e valﬁes from

112 to 127, corresponding to San+ (n=0, 1, 2, 3). The relative
intensities of the peaks within this envelope did not differ significantly
from those in the same envelope in the spectrum of pufe stannane. Indeed,
because stannane is known to be a deéomposition product of the halo-
stannanes, the envelope may have béen lafgely due to decomposition of the

samples before entering the ionization chamber. No peak'was observed

at m/e = 128 (lghSth+) in the spectra of stannane or the halostannanes.

The second most intense feature in the spectra (usually ten to
o .
twenty per cent as intense as the San envelope) was the envelope
corresponding to ions SanX+ (n=0,1,2, 3, and X = Cl, Br, or I).

This envelope appeared at m/e = 239 to 254 for SnH, I, at m/e = 191 to

3
208 for SnHéBr, and at m/e = 147 1o 163 for SnHBCl. In the latter case,
.12k 37 At _ ‘
the parent ion SnH? Cl at m/e = 16k was not observed, although parent

ions were seen in the other two cases. We assume that these envelopes

+ +
are entirely due to the ions SnX , SnHX , SnH

+ +
2X , and SnH.X . If we also

3

assume that there are no isotope effects on fragmentétion, the relative
intensities of the peaks in any one of thesé envelopes can, in principlé,
be calculated from the relative intensities of any four peaks in the
envelopé by the solution of four Simultanéous equations.ll Bj using thg
daté for;four intense pesaks from each envelope, we galculated the
relative iqtensities of thé remaining peaks. The calculated and observed

mass spectral envelopes are shown as histograms in Figs. 2-4. The frag-

mentation patterns, Aj, Al,.A2,<A3 (where A_ is the fraction of the total

0
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Fig. 2. The calculated (A) and observed (B) mass spectral bands for
- the species ShHﬁCl; n=0, 1, 2, or 3. The fragmentation
pattern is A, = 0.328, A, = 0.176, A, = 0.496, and A, = 0.000,
and was calculated from %he intensities of peaks at %/e =
154, 155, 156, and.157.
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The calculated (A) and observed (B) mass spectral bands for

. the species SnH Br; n = 0, 1, 2, or 3. The fragmentation

pattern is A, ='0.360, A, = 0.310, A, = 0.278, and A_ = 0.051,
and was calculated from %he intensities of pesaks at %/e =

197, 199, 200, and 201.
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Fig. 4. The calculated (A) and observed (B) mass spectral bands for
the species SnH I; n =0, 1, 2, or 3. The fragmentation
pattern is A =0.300, A, = 0.330, A, = 0.067, and A, = 0.300,
and was calculated from %he intensities of pesks at %/e =
251, 252, 253, and 25k.
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ions SanX+ for which n = 0), and thé'm/e values of the peaks .from
which they were calculated are given in the figure captions. The good
agreement between the caiculatéd and observed spectra is evidence for
the correctness of thevassignments.

As the energy of the ionizing eléctrons was increased to a maximum
ot 60 ev, peaks appeared at one-half and one-third the m/e values of the
SanX+ ions. Thése peaks corrésponded to the ions SanX2+ and SanX3+,
and were about ten per cent as intense as those of the sing1y-nharged ions.

It is interesting that a very weak envelope from m/e = 186 to 196
.appeared in the spectrum of chlorostannane as the sample was warmed above
-40°. The envelope became weaker above -30° and disappeared entirely at
O°; Presumably the species which caused this envelope decomposed too
qﬁickly above 0° to be seen in thé mass spectrum. The position and
size of this envelope, and the rélative intensities of its peaks,
indicate that it was due to SanClQ+(n =0, 1, 2) from SnH,Cl,. In

2772

Fig. 5 calculated and observed spectra for SnH2012 are presented.

Envelopes corresponding to ions from SnH end SnH,I, did not appear

oBro

when similar experiments were performed with bromo- and iodostannane.

Decomposition of the Halostanpanes. - Bromo- and iodostannane (and to

a certain extent, chlorostannane) decompose to stannane, hydrqgen,‘and

the corresponding tin(II) halides according to the following equation:

2 SnH3

X —> SnH) + SnX, + H, (1)

This reaction is complete in twenty minutes at room temperature, and
may be explained by the following general mechanism.

s

f
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Fig. 5. The calculated (A) and observed (B) mass spectral bands for
the species SanCl ; n=0, 1, or 2. The fragmentation
pattern is A, = 0.90, Al = 0.00, and A, = 0.10, and was
calculated from the intensities of peaﬁs at m/e = 188, 190,
and 192.
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2 SnH X —> SnH) + SnH X, (2)

3

SnH,X, —> SnX, + H (3)

272 2
Reaction 2 is an example of a general ligand redistribution reaction
which has been observed to proceed (albeit slowly at room temperature) in

12,13

Lhe case of the monohalosilanes and monofluorogermane.lu The relative

rapidity of the SnH.X redistributian renctions oan bLe explaiied in Lerms

J
of the larger size of the tin atom and its greater abiiiﬁy to increase its
coordination number beyond four. The appearance of ions due to dichloro-
stannane in the mass spectrum of chlorostannane is fufther support for
the occurréncé of reaction 2. Dibromo- and diiodostannene probably also
form during the decomposition of SnH3Br and SnH I, but probebly the dihalo
compounds were not seen in the mass spectra because of their lower
volatilities at the temperatﬁres where théy formed as intcrmediates.ls_l7
Assuming that the volatilitiés of the diﬁalogen derivatives of stannane’
and germahé correlate with molécularVWeights, we would.expect SnH2I2 to
be non—volaﬁiie, and SnHQBrg to be at most of marginal volatili£y, al
room temperatyre. |

Thé dri#ipg force of reaction 3 is expected to be appreciable owiﬁg
to thé high boﬁd energy of molécular hydrogen, the high lattice energies
of the tin(II) halideé, and the low tin-hydrogen bond energy. Lower
stability of the divalent halides and higher M-H and M-X (M = 8i or Ge)
bond enérgies are the probable reaséns that réaction 3 has not been
obsérvéd for the silicon or germanium analogs.

Decomposition of Chlorostannane. - Decomposition of chlorostannane

yields not only stannane, hydrogen, and tin(II) chloride, but also
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hydrogen chloride. We believe that, in this case, reaction 1 is accompanied

by the following additional reaction.

3 SnH,C1 —> 2 SnH) + SnCl, + HC1 = (&)

3

The data for the decomposition products of chlorostannane in Table I are
consistent with the following relations required by the stoichiometries

of reactions 1 and k.

Byer Y By T Bgpel
2 2
2 0pep * B, = ZenH),

"The symbol n represents the number of moles of each product.

Thé forﬁation of hydrogen 'chloride suggests the intermediate formation
of frichlorostannane (which would be.expectea to be unstable toward
decomposition iﬁto tin(II) chloride and hydrogen chloride).18 Trichloro-
stannané could reasonably form by é ligand-interchange reaction between
chlorostannane and dichlorostannane. Thus we suggest that, in the case
of SnH3Cl, the following steps should be added to fhe general mechanism

(reactions 2 and 3) given above.

SnH_C1 + SnH2Cl2 —> SnHC1

3 + SnH) (5)

3

SnHC1

3 —> 8SnCl, + HC1 . . (5)

A plausiblé activated complex for reaction 5 is the following.

H X =¢l, Br, I
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As the halogen atoms, X, become both smaller and more electronegative,
the coordination of five ligands around éach of the tin atoms should bé '
favored both for étéric reasons and bécause of the development of a more
positive charge on the tin atoms. The fact that hydrogen halide was ‘
formed only in thé case of chlorostannane suggests thaf oqu in that case

~was reaction 5 fast enough to compete effectivély with regaction R.
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Appendix I
The fragmentation patterns were calculated by solving four simul-

taneous linear equations of the following form. The solutions were for

Ag» Ays Ay, and Ag.
3 lma.x f"jmax
§ : § : § : Ay Bg Cy S(agy,15k) = Tu (1)
0=0 lemin Y=Jmin

: +
Aa = the fraction of total ions SnHkX for which k = o

BB = the natural abundance of the tin isotope of atomic
mass, i, equal to B

C., = the natural abundance of the halogen isotope of
atomic mass, J, equal to Yy

I = the intensity of the peak at m/e = w, where

w=1i . +J . to3+i _+3j

min min max max

G(QBY,iJk) =1 ifa+8-'+lY=i+'j + k

0 ifa+B+y#1i+j+k
The calculations were made assuming no isotope effects in the fragmentation.'
After the fragmentation patterh was determined, the relative intensities

of the remaining twelve to fourteen lines of the spectrum were calculated

from equation 1.
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Part II. THE SnH3+ ION IN ACID SOLUTIONS
Abstract

Stannane reacfs slowly with strong aquéous acids below -50° to give
one mole of hydrogen per mole of stannané. Thé resulting solutions
evolve an additional two moles of hydrogen as they are warmed to room
temperature. Sténnane undergoes a similar, but relatively rapid,
reaction with anhydrous fluorosulfuric acid at -78%; whpn‘the resulting
solution is warmed to- room temperature, the solvent is reduced but no
hydrogen is evolved. Conductivity studies of the cold ﬁndecomposed
fluorosulfuric acid solutions indicate the formation of one mole of

fluorosulfate ion per mole of stannane reacted, and 119

Sn nmr spectra of
such solutions show a 1:3:3:1 quartet. These results are interpreted

+
in terms of the solvated stannonium ion, SnH3 .
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Introduction

Evidence for the formation of organo-tin cations was reported as
early as 1923.l Since then, many investigations of organo-tin syétems
have been made, and it is now established that ions of the type-:

2+ + . . 2
RQSn(HQO)x and R3Sn(H20)x can be prepared in aqueous solution.” The
existence of such ions, and the observation that diborane reacts with

strong agqueous acids at low temperature to give B_HQ(H20)2+,3 led us to

investigate the possibility of forming the stannonium ion, SnH3 ,h by

treating stannane with strong acids at low temperature.
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Stannane was prepared by a published method.5

Fluorosulfuric acid
(Research Organic/Inorganic Chem. Co.,.99%) vas distilled under dry
nitrogen (bp 161—16é°). Baker and Adamson reagent grade potassium sulfate
was used without further purification. Hydroiodic acid (Merck reagent
gradé) was Aistilled under diy nilrugen (bp L2°), dilutéd with distilled
water to 49%, stored in the dark, and used within bne day of purification.
Concentrated aqueoué HBr, HC1, and HClOH (Raker & Adamson reagent gradej
were diluted with distilled water to eutectic concentrations6 and used
without further purification. Ideal gas béhavior was assumed for
stannane and hydrogen when making stoichiometric calculations from PVT
data. The purity of stannane was checked by mass spectrometry and vapor
pressure measurements. Signal averaging was accomplished with a Varian
Associates Modél 1024 time—avéraging computer. Chemical shifts were
measured by satple replacement and afe accurate to * 20 ppm. Shifts to
higher field from neat tetramethylstanhane are given positive signs; the
scale was calibrated using the relation that the séparation between the |
first two side bands is twice the modulation frequency.,

Samplés were prepared in 11-mm. i.d. Pyrex tubes, and were usually

1 to 4 Min tin. Because natural tin contains about 8% llgsn, the samples

were effectively only 0.08 to 0.32 M. The purified HSO_ F was pipetted

3
into the nmr tube and outgassed at -78° on the vacuum line. Stannane was
condensed into the tube and allowed to react several hours at -78°; then

the hydrogen was removed, and the nmr tube was sealed by glassblowing.

To prevent decomposition, the sample solution was never warmed above -T78°.
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_Stannane with Acids. - A diagram of

the apparatus is giveﬂ in Fig. 1. Thé space between D and C was
evacuated, and thén twenty ml of the acid was pipetted into the buib and
outgassed by pumping. The acld was kept ét fhe reaction temperature
while stannane waé condensed at -196° into side arm A, andithen the
vessel was sealed at B by glassblowing. The apparatus was immersed in a
cold bath to a point just below the stqpcock, and the reaction mixture
was stirred magnetically. After the reaction periqd, hydrogen ana any
unreacted stannane were removed thr§ugh D; constant stirring facilitated
removal of the dissolved unreacted stannane - a processvwhich usually
required several hours. The hydrogen was identified by mass spectrometry
and measured. .Stopcock D was then closed, and the solution was warmed to
room temperature. During warming, the aqueous solutions effervesced
gently for about ten minutes. When effervescence was complete, a second
batch of hydrogen was removed, identified, and measured. The anhydrous”
fluorosulfuric acid solutions did not give more hydrogen when warmed to

room temperature, instead sulfur dioxide was evolved.

Nuclear Magnetic Resonsnce Experimepts. - The

solution formed by the reaction of stannane with fluorosulfuric acid was

19 nmr spectrum of the

obtained with a Varian Associates Model V-4311 wide-line spectrometer
operated at 8.13k MHz. Resonances were found at about 5100 gauss, and
recorded as first side-bands in the.absorption mode. The temperature
was maintained at -80° * 3° by blowing cold dry nitrogen around the
sample tube, which was placed in a vacuum-jacketed tube to protect the
nmr probe from the low temperature. The témperature was megsured to

* 0.1° with a copper-constantan thermocouple.
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Fig. 1. Apparatus for the reaction of stannane
with acids at -T8°.
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. = The conductivity of both stannane and
~potassium sulfate in fluorosulfuric acid was determined using an Eléctro
Scientific Industries (ESI) Model 860-A AC generator—deféctor and an ESI
Model 290-A impedance bridge. Cell capacitances were cancelled ouﬁvwith
a decade capacitance system. The measurements were made at -78° (dry
ice-tricﬁloroethylene slush), and thertemperéturé was checked with a
copper-constantan thermocouple. An illustration of the conductivity cell
is presented in Fig. 2. The cell constant was determinéd to be 3.2 cm—l
with 0.02 H.KCl. Fluorosulfuric acid was pipettéd ihto the céll'through
A, outgassed on thé vacuum line at room témperaturé, and then thé cell
was sealéd'by glassblowing at A. Thé cell and acid weré wéighed‘and the
amount 6f acid was detérminéd by subtracting thé previously détérmined
cell tafé weight; Stannané was condgnsed temporarily at -196° in é
small tube (B) connected to the conductivity cell by a break—éeal (D),
and a seal was madé by glassblowing at C. The cell was immersed in the

cold bath; the resistance of the pure HSO_F was measured; stannane was

3

introduced through the break—séal, and then the resistance of the solution
was followed until it was constant, The resistances of solutions of
Kesohvin HSO3F'were measured in a cell similar to that shown in Fig. 2,
except the arm containing B, C, and D was replaced by a straight tube
(closed at +the top by a glass.stopper> through which pellets of KZSOH
were added. The acid was initially outgassed as above, but the resis-
tances were measured at -78° with an atmosphére of air in the closed cell.
The specific-conductance of thé pure.acid was always bétwéen

17

3 =05 lo—h<mhos cmfl; the lowest value reported is 1.085 x 10‘* mhos cm
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Results. and Discussion

The results of thé reaction of staﬁnane with cold aqueous acids
are presented in Table I. The ratio of hydrogen evolved at room |
temperature to hydrogen evolved at low témperature was always about é:l.
This result is consistent with hydrolysis of stannane to SnH3+ at the
low temperature, followed by hydrolysis éf the SnH3f to tin(II) at

room temperature.

;780

+ +
SnH) + H --——-»SnH3 + H, | (1)
o]
SnH3+ +at 20 sn®t s H, (2)

In one run'tin(II) was determined, and the ratio of thevhydrogen evolved
upon warming tc room temperature té tin(II) was found to be 1.95, in
close agreemenf with the value expectéd from reaction 2. The fact that
.most of the hyérogen ratios in Table I afe slightly smaller than 2 can
be explainéd.by the ease with which reaétion 2 occurs. Effervescence
due to the.second reaction began long before the sampie solution reached
0°, and it is reasonable to assume that it occurred slowly even at ~-78°,
thus loweriné the ratio slightly. Although the reaction times were
several hours in every case, only a small amount of the stannane charged
reacted. When weaker acids (eutectic agueous solqtions of HBFh and
H3P0h) were treated with sfannane at low temperature, no evidence for
reaction 1 was observed. Because there seemed to be a correlation
between the rate of reaction 1 and‘the strength of the acid, we hoped to
obtain reléﬁively fast reaction (énd thus the opportunity to prepare
concentratéd solutions of SnH3+) by treating fluorosulfuric acid (a &ery

strong acid) with stannane at -78°.



Table I. Stoichiometry of =he Reazticn of Sth with Agueous Acids.

Sth chargec

heection

H

evolved at low

H

evolved at room temperature

Acid Temperature (mmoles) tire (hrs.; temp. (mmoles) volved at lov Temperature
8 M HC1 ~78° 1.22 21.6 0.026 1.96
8 M HC1 -78° 1.49 39.0 0.065 1.99
8 M HCl1 -63° 1.kk 7.0 0.096 1.92
8 M HC1 -63° 1.31 6.5 0.08k 1.94
8 M HC1 -56 % 3° 1.02 3.0 0.053 1.85
HC10) (L0%) -53 & 3° 1.5k4 9.0 0.023 1.91
HC10) - (koZ)  -52 % 3° 1.63 6.0 0.01k 1.86
HI (L9%) -65 = 3° 1.23 8.5 0.030 1.90
Har (443} 780 | 1.1k 15.5 0.137 1.87

-0¢-
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Indeed, when stannane was treated with fluorosulfuric acid at -T8°
the stannane was completely consumed and one mole of hydrogen was evolved
in a relatively short time. -In four experiments with reaction times of

4 A .

from 3 to 18 hours, 0.65, 1.56, 0.29 and 0.49 mmoles of slannane was

allowed to react at -78° with HSO_F. The aﬁounts of hydrogen evolved

3
were 0.64, 1,63, 0.30, and 0.51 mmoles, respeétively. These results

suggest the following reaction.

SnH, + HSO_F __..._.'780 SnE." + 'SO F +H “(3)
L 3 3 3 2 _

No more hydrogen was évolved on warming the solutions, which were
now very light blue, to 20°. However, sulfur dioxide could be pumped out
of the solutions. The light blue solutions showed a weak absorpﬁion at

5800 A andAa more iﬁtense one at about 2800 A. When a trace o} sulfur
was dissolved iﬁ fluorosulfuric acid, an intense blue color and‘an
absorption band at 5800 A were observed. Fluorosulfuric acid, through
which sulfur dioxide had beeh bubbled; showed a strong absorption at
about 29OC'A. Apparently the 'SnH3+ ion in fluorosulfuric acid does not
decompose by a hydrolysis reaction analogous to reactioh.Q, but rather
it reduces ﬁhe sulfur of the acid to lower oxidation states.

The 119

Sn nmr spectrum of the solutions resulting when stannane is
treated with fluorosulfuric acid at -78° is a véry widely-spaced 1:3:3:1
vquartét centered about 186 ppmto higher field from tetramethylstannane.

The tin-hydrogen spin-spin coupling constant, J » 1s about 2960 Hz

ll9Sn—H
(see Fig. 3. As the solution is warmed to room temperature, the quartet

decays and abroad singlet grows in at 1780 ppm from tetramethylstannane.

The low-temperature quartet corresponds to SnH3+; the singlet is presumably
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Fig. 3. Sn nmr spectrum of stannonium ion in fluorosulfuric acid

at -78°.
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its decomposition.prodﬁct.

The relatively high-field chemical shift observed fbr SnH3+,
although not expected from diamagnetic shielding considerations, is
nevertheless consistent with the data of Lauterbur and Burke,8 whol
generally observed higher-field resonances for species éxpected to have
more positively charged tin atoms. We believe that the‘ﬁagnitude of
the tin—hydrogen‘coﬁpling constant is entireiy reasonable for a planar

SnH3+ ion with a fairly high positive charge on the tin atom. Various.

investigators have shown that coupling constants to tin in neutral

species are proportional to the s character of the tin orbital involved

9-11

in the bond. : fHowever Grant and Litchman have pointed out that: one

cannot ignore the fact that the coupling constant is aiso proportional

. to the third power of the effective nuclear charge.12 For stannane
+
is 1933-Hz.l3 For SnH (sp2 hybridization)
3
Sn-H
we calculste J119 = 2570 Hz.on the assumption that the coupling
Sn-H :

constant is only influenced by the s character of the. tin orbital.

3. L o .
(sp” hybridization), Jll9

The fact that the observed value of J for SnH3+ (2960 Hz.) is

» ll9Sn--H
considerably larger is consistent‘with a relatively high positive
charge on the tin atom.

When fluofosulfuric acid is treated with stannane .at -78°, the resulting
solution is more highly condﬁcting than the pure solveﬁt. Bérr,'Giliespie;

and Thompson:demonstrated that electrical conductivity in most HSO_F

T

3

solutions is almost entireiy due to the SO_F ion. Thus the conductivity

3

of a potassium sulfate solution is due to the formation of two moles of

T

SUBFi per mole of potassium sulfate.

r+ -
KQSOh-+2 HSOBF — 2 K + 2 SQ3F + H2$Oh
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We measured the conductances in fluorosulfuric acid at -78° of potassium
sulfate and of thé stannonium product in the concentration range 0.075 -
0.250 molal. The results are presented graphically in Fig. 4. The molal
éonductances of the potaésium sulfate aﬁd the stannonium product taken

from the graph are in the ratio of 1.94:1, as expected for the formation

ot' one mole of SO%F ion per mole of stannane (see reaction 3).
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Fig. 4. Results of conductivity studies of stannane and potassium
sulfate in fluorosulfuric acid at -T78°. :
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Part III. REACTIONS OF SfANNANE WITH LIQUID-AMMONIA
V.Stannane and-liquid ammonia react at —78° to give a non-volatile
re@-brown producf which decomposés at room témperature. _Analysis of fhe
de;omposition products indicates that the red-brown material has the

empirical composition Sn Low temperature conductivity and nmr

oMy -
studies of solutions of stannane in liquid ammonia lead. us to believe that
stannane is deprotonated in ammonia to yield the ammonium and stannyl
ions; however there are serious difficulties in reconciling this

- interpretation with the results of studies of deuterium exchange between

ammoniea and stannane—gh.
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Introduction
‘The observation in this laboratory that stannane decomposes to tin
and hydrogen rapidly in the présenbe of liquid ammonia, and that thc .
liquid phase of th;t reaction mixture becomes yellow and then darkens to
red-brown during the decomposition; led us to investigate the low-

temperature reaction of stannane with liquid ammonia in an attempt to

delermine the composition of the unstable colored intermediate species.
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Experimental
Materials. - Stannane and stannane-gh were prepared by a publiéhed

methodl'and purifiéd By fractional condensation at -112°. 'The purity of
both compounds'wasvchecked By‘vapor préssure measurements and by mass.
spgctrometry.l’z. The isotopic purity of the stannane—gh'ﬁas 98% (fouﬂd
by pyrolysis of the stannane and determination of the deuterium content
of the hydrogen evolved). Anhydrous ammonia (Matheson) was purified by
distilling from a.solution of potassiuﬂ'or potassium amide directly into
the reaction vessel. Potassium {Baker and Adamson), potassium hydroxide,
and ammonium bromide (Mallinckrodt, analytical reagent) were used without
further purification. Monoglyme (Ansul 121) was distilled from calcium
hydride. The mass spectrometer qsed was a Consolidated Electrodynamics
Corporation Model 21-620 equipped with a Model 21-063 glasé batch inlet

system.
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llgSn nmr spectra

Nuclear Magnetic Resonance Experiments. - The
were recorded under conditions outlined in Part'II, except that the
sample temperature was kept 5 to 10 degrees warmer. Chemicéi shifts
ffom tetramethylstannane were measured‘by the sample replacement method
and are éccurate to * 40 ppm. Solutions‘in pure ammonia Wefe prepared by
condensing dry ammonia end stannane into the nmr tube at -196°, then
sealing the tube by glassblowing. Spectra were recorded immediately
after brihging'thélsaﬁple to about -T75°. Sélutions of stannane in
:potassium amide solutioné in liquid ammonia were prepared in the same
way, except that the amide was previously prepared in situ by the reaction
of ammonia with potassium using a rusty nail catalyst. The catalyst was
removed before spectra were taken. Solutions of potassium stannyl in
monoglyme weré prepared by the reaction of stannane with a slurry of
finely.powdered KOH in monoglyme at -20°.’3 This reaction mixture was
filtered into'tﬁe nmr tube in vacuo, concentrated by pumping off some
of the solvent at about -40°, and stored at -196° after'the tube was
sealed by glassblowing. Spectra were recorded at -L4o * 1°,

Proton nmr spectra were_recorded'at -70 + 5° on a Varian Associates
Model A-60 spectrometer equipped wifh é Varian Associates Model V-6040
variable temperature unit. Samplés were prepared as above'iﬂ B—ﬁm i.d.
tubes less.than 2 cm long. The short tubes were used to6 minimize thermal
decomposifion resulting from the temperature gradient over the length of
the probe cavity, and were held in the probe by placing them in a
regular 5-mm i.d. nmr tube.

Cogdgctivitx. - The resistance of a solution of stannane in liquid

ammonia was measured in a cell similar to that shown in Fig. 2, Part II.
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The low—temperatﬁre bath conéisted of a dewar flask of methanol, stirred
méchanically and céoled by & copper rod extending from a liquid-nitrogen
reservoir. Temperature was méasured to * 0.5° with an ammonia vapor-
'pr@ssufe thermometer and maintained at -70 * 1.0° with a bimetallic poil
sw&tch and a 10-watt resistance heater._'Ammonia was condensed into the
cell at -70°; its purity was checked by measuring the resistance; stannane
was let in through the bresk seal; and the resistance of thé solution was
followed until if was constant. The sbecific conductance of the pure

7

mhos cm Y. The lowest specific conductance

recorded for ammonia is 10_ll mhos cm-l.,4

ammonia was typically 10~

Deuterium Exchange Experiments. - The reaction of stannane—gJ4 with
ammonia was studied by condensing stannane and ammonia into a flask
equipped with a side arm containing a break-seal, sealing the flask by
glassblowing, and then allowing the mixture to stand at -78° for reaction.
After an appropriate reaction time the break seal was obened, and volatile
méterial was removed at -T70° by Toepler-pumping; a red-brown residue
remained in the reartion vessel. Hydrogen evelved wac collcctcd and
measured. Stannane was separated from ammonia by passing the mixture
through a trap containing gfanular magnesium perchlorate (which absorbed
the ammonia); the recovered stannane was pyrolyzed, and the hydrogen
evolved waé éollected and measured: The red-brown residue wés allowed
to decompose at room temperature; ﬁhe resulting hydrogen was collected
and measured. The deuterium content of each of the three portions of

hydrdgen was found by mass spectrometry.

The Reaction of Stannane with Potassium Amide in Liquid Ammonia. -

Potassium amide was prepared in the vessel shown in Fig. 1 by the reaction

"
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Fig. 1. Apparatus for the reaction of stannane
with potassium amide in liquid ammonisa,.
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of the ammoniated electron with aﬁmonia. Potassium mefal'aﬁd a rusty nail
catgljst were introduced th¥ough A, then the tube was connécted.to the
vacuﬁm line to remoﬁe air. Ammonia ﬁas distilled in and allowed to react
at about -50°. Whén the reaction was.comﬁlete (as judged By'the disap-
péarance ofbthe bluezéolor of the emmoniasted electron), hydfogén was

teken off ahd measured, the catalyst was removed, and the reaction vessel
ﬁas sealed by glassblowing at A. The amount of amide formed was assumed
to be twice the amount of H, evolved, according to e + NH, ——>NH5 +1/2 H,.
Stannane was condensed into the side afm, the side arm was séaled at B,

the reactidh vessel was placed in a -78° bath, and stannane was let in

through breakseal C. After reaction, volatile products were removed

through D, then water was distilled in and the residue was hydrolyzed.

sig of t idu he Reaction of St e with Ligquid
Ammonis at -78°. - Stannene and'ammonié were allowed to stand for several

hours in glass vessels which could bg.entirely submerged in a cold bath.
After reaction, volatile products were removed af sbout -70°. The red-
brown residue which remained in the reaction vessel was‘varmed to room
temperature, allowed to decompose, and the decomposition products (H2,
NH3, and Sn) were analyzed. Hydrogen aﬁd.ammonia were separated,
identified’by mass spectrometry, and measuréd directly. Tin metal was
dete;mined by measuring the hydrogen which evloved when it dissolved in

concentrated hydrochloric aéid,'or by an iodometric titration.5
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Regults.

Nuclear Msgnetic Resonance Experiments. - The ll9Sn nmr spectrum of

stannane in liquid ammonia showed initially one strong signal in the

range * 1550 ppm from neat tetremethylstannane, That signal was 750 ppm
- to higher field from tetramethylstannane and was resolved into & .1:3:3:1
quartet (see Fig. 2); " No exact splif;ing constant of the quértét ébuld
be determined, bééauée the splitting wes fquhd to increase with time. In
two experiments; the splitting was measured as a function of timé and was
found to increase rapidly at first and theq td‘approach a constant value.
At the same time the cheﬁical shift of the Quéftef moved to loﬁer field.
In both experiments the original sp}itting was around
150 Hz., and the final splitting, aftér‘twenty to thirty hours, was 600
to 700 Hz. | |

The specﬁra of the samples of stannane and potassium amide in liquid
ammonia and the potassium stannyl‘piebared from kOH in monogiyme, both
showed 1:3:3:1 quartets upfield from fetramethylstannane. The chemical
shift of the duartet in'émide sblution is 770 ppm; identibal within
experimental error to thet of stannane in pure ammonia solution. The
chemical shift of the quartet in monoglyme was nof measured with respect
to tetramethylstannane, however a comparisén was made to the quartet of
the sample of stannane in liquid ammonia. The chemical shifts of those
two samples did not differ by more than 50 ppm. Unlike the quertet
observed.for stannane in liquid aﬁmpnia, the quartets in amide solution
and in monoglyme were stablé with time. The‘splittings of the quartet
lines were 103 * 7 Hz. in monoélyme and 112 * 4 Hz.vin amide solution.

Those splittings did not change appreciably during several hours.
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Sn nmr spectrum'ofAthe product of the redction of stannane
with liquid ammonia at -75°.

|
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One othef signel was seen in the éample'of stannane and potassium
amide in liquid ammonia. It appeared 35 * 10 ppm to lower field from
tetramethylstannane and was initially less than 20 per cent as strong as
the quartet. The signal was a singlet within the limits of our resolution.
When the sample was warmed to -55° for twé hours, the low-field signal
increased appreciably at the expense of.the quartet. After two hours at
-55°, the two signals were of comparable intensity. A secoﬁa signal
was also observed in the spectrum of stannasne in liquid ammonia. It grew
in (also apparently at the expense of the quﬁrtet) to higher field from the
quartet, and was about 25 per cent of the total signal after 30 hours.

This second signal was very broad, but could not be definitelyAresolved
into a multiplet. |

The red-brown residue of the reaction of.stannane and liquid ammoniea

at -78° showed no 119

Sﬁ nmr spectrum, although it could be redissolved in
liquid ammonia (estimated 0.5 M in £in) and was shown to contain tin by
anélysis of its thermal decomposition products. The same range was

swept as for the other samples.

The staﬁility of the nﬁr samples toward decomposition varied. The
sample of stannane and potassium amide inlliquid émmonia appeared yellow
and did'not give any visible sign of decomposition on standing several
days at -78°. The solutions of stannane in liquid ammonia were initially
clear and colorless or élear~énd pink. They gradually became light
vellow at -78°, and tin mirrors plated out on the walls of the nmr tube
above the solution. On standing several days at -T78° the initially pink
solutions became deep red-brown, and the initially colorless solution

again became colorless. Both solutions deposited tin mirrors; the mirrors

in the red-brown samples were under the liquid level.
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No signals attributable to hydrogen bonded to tin were observed in
the proton;hmr speétfum of a solution of-stannane in liquid ammonis at -T70°.
The sweep was 2000 Hz. to lower field and 500 Hz.to highier field from
tetramethylsilane. The one notiCeablelfeature was the ammonis signal,
 which chahged from a‘broad singlet in pure aﬁmonia to a sharp singlet

shifted slightlyAfo lowér field in the solution of stannéne in emmonia.

Conductivity Experiments. - WhEn.gaseous stannane (0.37 mmple) was

admitted to a cqnduétivity'cell contaihingvpure ammonia (15.9 ml at -T0°)
the reéistancé of the SOiuiion”éhahéed verj'raﬁidly fér the firét‘fén
minutes, then approached & constant value. After ninety minutes without
stirring, the resistance was constant within experimental error, and did
_not change aﬁpreciably when the'sdlufion was mixed by Shaking the cell.
The final reéistance was 1300 + 30 ohms, which corresponds to a specific
conductance of 0.0024 mhos cm_l. In a separate experiment ammonium
bromide (0.37 mmole) was dissolved in ammonia (15.9 ml at -70°), and the
resistance of the solution was measured. The latter solution had a

specific conductance of 0.0019 mhns'nm_l,

A solution (clear and pale yelloWj of 0.91 mmole of potassium amide in
about 1 ﬁl of'liquid ammonia'wés treated with 0.97 mmole of gaseous
stannane at -78°; There wsas immediate effervescence and formation of é
white precipitate. The solution became bright yellow. After one day

at -78°, hydrogen was removed from the reaction vessel at —196°.(found l1.21
mmoles).. A‘small fin mirror was noticed on the walls of the reaction
vessel. All volatile materials were removed by Toepler-pumping while the

reaction vessel was brought to room temperature and the residue was flamed.
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During that pumping 0.635 mmole of hyér§gep was evolved. The cﬁndensible
volatile maferials were passed through a tfgp containing granulér magnesium
perchlorate to separate any unreacted stannane from ammonia. No stannane
was found. A black fesidue remained in the reaction vessél, and hydro-
lysis of that reéidue yielded 0.212 mmole of hydrogen. ‘

In & second experiment 4.6 mmoles of potassium amide in about 1 ml of liquid
ammonie was treated with 0,7l mmole of s#iannane as described above, except
that the reaction time was only two hours. .Hydrogeh (0.71 mmole) was
evolved at -78°. A yellow solid remained when volatile material was
removed at -78°; the solid slewly.turned plack and gave off hydrogen
(0.629 mmolé) when warmed to room temperature. Hydrolysis'of the black
residue resulted in 0.113 mmoie hydrogen and a trace of nitrogen.

Deut | Exc e eriments., Stannané;gh (0.167 mmole) was
sealed in a glass vessel with SE; 10 m1 of ammonia and allowed to stand
with occasional shaking at -T2 +'3%° for ten hours, then with occasional
shaking at -789 for five days. After five days the solution was stili
clear, colérléss, and fluid. While volétile materials were removed at
-70° by Toepler-pumping, O.llSImmole of hydrogen was evolved (mass
spectrometry showed 51% D, 89% of the hydrogen was HD). A red-brown
resldue remained in the reaction vessel. The volatile mixﬁure of stannane
and ammonis pumped off at -70° was separated by passing it through a trap
containing magnesium perchlorste. A trace of hydrogen (0.015 mmole, 58% D)
was evolved during that separatidn. The separation yielded 0.047 mmole
stannane, which when pyrolyzed gave hydrogen that was 70% D. The residue
in the original reaction vessel depomposed when it was warmed to room

temperature, evolved 0.099 mmole hydrogen (88% D) and 0.026 mmole
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amonia (70% NH2D), and left s residue presumed to be tin netal.

A secénd experimeht, in which stannaﬁe was not reclaimed; resulted
in 0.16 mmole hydrogen (57% D;»again mostly as HD) evolved during removal
of the volatiles, and 0.10 mmole hydrogen (90% D) from the decomposition
of the residue. The.starting materials had been 0.27 mmole stannane-gh
in ca. 1.5 ml of ammonia;‘and the reaction time was L hours at -78°.

The product which remains after removing'the volatiles at -78° from
the reaction of stannane with liquid ammonia, is a red-brown resinous
material., This material is very unstable and decomposes instantly at
room temperature to tin, hydrogen, and ammonia. In several experiments

that residue was decomposed and the decomposition products were analyzed.

The results are presented in Table I.

]



Table I. Analytical data for the residue from the

reaction of

stannane with liquid ammonia at -T78°.

Run

o%

5 6 7+ 8 9

Stennane charged
(mmoles)

Hydrogen evolved at
-78° (mmoles)

Pumping time at -78°
(hours)

Hydrogen evolved from
decomposition of the
residue. (mmoles)

Ammonis evolved from
decomposition of the
residue. (mmoles)

Tin remaining in the
reaction vessel .after
deccmposizion of the
residue. (mmoles)

H2/NH from trke residue

3

0.561

0.376

0.482

0.12%

0. k28"

3.85

G6.532
0.461

10

C.504

0.126

0.1493+

k.00

2.389

0.210

0.310

€.103

0.291 0.

0.105 0.

2.97

2,84 L,

.013 0.67T J.610 0.915
] T— ——— ————

19 11 1i 8

016 0.286 0.141 0.026 0.361

ool 0.091 0.03k 0.006 0.084

00 3.1k b1k .34 - k.30

¥ In these runs the condensable volatile heterials pumped off at low temperatﬁre ﬁere plofted vs., time
until the curve had a constant small slore.
removed, and that any subsejuertly evolved was from the decomposition of the residue.

t Tin determined by iodometri: titration.

This assured us that all the excess ammonia had been

*+ Tin determined by measuring the hydrogen asvolved when dissolved in concerntrated HCI.

..OS_
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Discussion

1198n nmr spectra show that stannane dissolves in liquid ammonia

. The )
to yield a species cohtaining tin’cbﬁp;ed to three magnetically equi&alent
hydrogens. Because the solvent béak i# the pfoton nmr of'sténnéne in

liquid ammonia sharpened and shifted to lower field, we infer the presence
of at léaét a low éoncentration of émmonium ion.6 The following reaction

is consistent with those results.

- + _
SnH) + NH, — SnH,” + NH, " . (1)

Reaction 1 is also consistent with tke cbnductivity resulté.’ The molal
conductances of stannane and ammonium bromide in liquid ammonia differ by
only about twenty five per cent, thﬁé it seems reasonable to believe that‘
stannane acts as a nbrﬁal ammonium salt in liquid ammonia.

The quartets in the 1198n nmr sbectra in the monoglyme and amide
solutions are certainly due to the éfannyl ion, and because the initial
chemical shift of the signal obsgrved for stannane in pure ammonia is
jdentical to those quartets in‘amide.and monoglyme, wé suppose that s
- similar speéieé»exiSts in ammonia solution. The fact that the splitting
between the lines of the quartet chgnges with time indiéates that the
signal is not due to a simple stannyl ion. A changing splitting could
arise if stannyl ion were in rapid-equilibrium with another tin species
which also gave a 1:3:3:1 qua;tet and if the rate of interconversion
froﬁ one sbecies to the other were large in comparison to both. the
difference in chemical shifts éf the two species and the magnitude of
the larger coupling conStant. Under these conditions the chemical shift

and the splitting of the observed quartet would be a weighted average of
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those of the two speéies.T The other condition necessary to explain the
increasing splitting is that the equilibrium between the two tin species
be slowly shifting from the species with the smaller couplingAconstant
to that with the larger cqupling constant.8 Reaction 1 accompsanied by

the following proposed reaction is consistent with the observations.

_ 4 fast _ + L
' (D)

In reaction 2, I represents an ion pair in which the J is larger than,

9-13

Sn-H

and the chemical shift is different from, that of the free stannyl ion.
If reaction 2 occurs, the increase in the splitting of thé quartet in the
ll9Sn nmr cen be explained bj'a mechanism that will causé reaction 2 to
shift slowly to the right, i.e. one that will cause an increase in the
ratio (SnH3_NHh+)/(SnH3—). An increase in éoncentration'would favor ion
pairing and drive reaction 2 to the‘fiéht. Thus if-the rate of reaction

1 were limited by slow diffuéion'of stannaﬁe into the gmmonia, one

might rationalize the observed épectrum as due to a slowly increasing
concentration of ions. The nmr samples were not stirred and it is
reasonable that mixing might have been slow, However conductivity
experiments (on much more dilute solutions)'under conditions which
reaction l'waé comﬁléte, after 90lminutes. An increése in the ammonium
ion concentration could also shift reaction 2 to the right. The following
hypothetical reaction provides a mechanism for increasing the ammonium

ion concentration.

- : o +
SnH~ + NH3 — SnH,"" + NH) (3)
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If reaction 3 éctually does occuf, one would exbect to see another'tin

signal gfow‘into'the nﬁr éﬁectrum,;and thét is as observed. Howeverlif
ammonia is & suffiéientiy'stroﬁé base to -deprotonate the stannyl ioh;'

amide ioﬁ shouid-deprotonateAitleven more readily. Thus one should’éxpect }
stannane to react with potassium amide in liquid ammonia to gi&e K SnH,, .

as well as KSnH A second ll9Sn nmr signal was seen in the amide

3°
solutions, but if was at a different‘chemical shift from that seen in the
ammonia solutions. It is possible that keanz would have a lower solubility
in emmonie than (NHh)zanQ and was not cbserved for that reason.’

A study of thé reaction of stannane with potassium‘amide in liquid

l9Sn nmr

ammonia gave no évidence‘for the.formation of K28nH2. The only 1
signal observed, other than that éf Shﬁ'-, had a chemical shift different
from any éignal observed ih soluﬁions of stannane in ammonia. Because
there is & large amount of hydrogen evolved wheﬁ stannane is added to
amide in ammoﬁia, we conclude that the precipitate formed éoncurrently‘
with that hydrbgen is ﬁn ammonoljsis product.(and is probably responsible
for the low fieid ll9Sn nnr signél). If the only side rééction were the

formation of K SnH23 one would not expect the evolution of hydrogen.

2
Furthermore we cannot interpret theﬁstoichiometry of the hydrogen evolved
when these reaétion mixtures ﬁre‘decomposed,_in'a way consistent with the’
formation Qf‘K2SnH2. Because the‘analogous acid-base reabtion.does not
appear tdlocéuf with amide (wﬁiéh is certainly a stronger base than
ammonisa), we ﬁust conclude'thét neither does the proposed reaétion 3
actually occur, and we are left with at best only a partial rationalization

119

of the Sn nmr spectrum'of stannane in liquid ammonia.

There is another disturbing point to be made concerning the
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explanafion of the nmmr and condﬁctivity results. Reaction 1, which we
have proposed to explain both results, would be expected to have a finite
reversibility, and through the reverse reaction provide a mechanism for
exchange of hydrogen between stannyl ion and the solvent, ammonia. The
result of allowing deuterostannane and liquid emmonia to'stand together
several days is nét phat expected of a raﬁid exchange reaction. - Ingtead
of losing all the deuterium label to‘thepammonia, stannane retains a
surprising amount of it. Of the st&nﬁane-gh charged, 28 per cent is
recovered as stannane; a result that iﬁdiéatés reaction l.is reversible.
However the label has not disappeéred, but is only iowered by 30 per cent.
During removal of volatile materials at -70 * 3°, hydrogen (gfeater
than 89% HD) corresponding to 3l per cent of the stannane chargéd is
evolved. The last portion of hydrogen.(evolved when the red-brown
residue is warmed) is even more deuterium rich, being 88% D. If reaction
1 does occur it appears to be a poor mechanism for éxchgnge.

There are three distinct parts to.this‘reaCtiop of stannane-gu with
" ammonia, two of which involve contfadictioﬁs.' First, if reaction 1 is
reversible as indicatéd by the recovery of stannane, one would expect
all the label to be lost rathef than only 30 per cent. Second, the
evolution of so much HD duxing Toepler-pumping strongly suggest that
both stannaneﬁgh and ammonia are ipvqlved in the reaction which produces
the hydrogen, i.e. that the feaction is ammonolysis. However ammpnolysis
is unlikely because only two moles of hydrogen are eﬁolved per stannane
charged; ammonolysis requires more hydrogen. Third, the appearance of
88 per cent D in the hydrogen from the residue is strong evidence that the

residue is not formed from the SnH3— ion, because exchange of the deuteron



_55-

off fhe ammonium ion would assﬁré that the label would be at moét only
75 per cent D.
The analytical data (Table I) for the red-brown residue of the reaction
éf s%anndné with lidﬁid ammonia‘gt -78°,.are alsd disturbihg,"The'rafio
~of hydrogen to.ammonia évolved when the feéidue is decomposed at room
temperature is b:1 (within experimental error) for all but tﬁfeé runs.
Run 9 giyes the hydrogen‘and anmonia evolved at -78° when the residué
was pumped dn'for several hours after uﬁreacted stanhane and ammonia
were removed. Apparently the'residge decomposes slowly even at -T78°,
and the ratio of hydrogen to ammonia evolved at that temperature (4:1
within experimental error) is fu;théf evidence tﬁat a pure compound is
formed which Eontains hydrogen and ammonia in that ratio. We conclude
that in runs 3; 4, and 6 for which H :NH

is less than U4:1, ammonia was

2773

not completely‘removed priorﬁto decomposition of‘the residue. Tin is

also present in the residue, and'is:apparént as the metal in the decomposi-
tion products. The runs for which tin was determined show that there may
be as maﬂy as three tin atoms per ammonie in the residue, The ratio of
hydrogen to emmonia requires at least tﬁd stannanes per ammonia; fewer

tin atoms cannot provide énough bonding sites to accomodate all fhe
hydrogens. The results of the hydrogen evolved at -78° and the total tin
remeining after decomposition are cénéistent with the empirical formula

Sn_NH if one assumes that all H, evolved at -78° is from decomposition

27711
of the residue. Two possible formulations of Sn2NHl

2

1 are the hemi—ammoniate

of stannane(II) or the ionic. compound(III)

SnH,,*NHy-SnH) Sn H. " NH,
II , I1I
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where Sn2H7- maylbe thought of as distannane bonded to a hydride ion.
Unfortunately néither of these species is particularly satisfying as
regards other evidence from nmr or conductivity experiments of sfannane
in liquid ammonia. |

| In summéry, the results of the exchange experiments lead us to
believe that there are three different species in solution. The fact
that two llgSn nmr signals were observed and that the red-brown residue
was shown to have né éppareﬂt signal, mekes the nmr consisﬁent'with
three species. We suggest that one species is SnHB—, eithér free or ion
paired, another is the material which evehtually becomeé the residue when
the solvent is removed, and the third is an unknown species which
presumably could ekplainrthe ll9Sn nmr. results if identified. We have

shown that the latter is a product which forms from SnH ~ (nmr signal

3
grows in as the quartet decays), it appears to higher field than SnH

3

in the nmr, and the hydrogen évolved when it decomposes in ammonia is
almost all HD. These observations as well as the changing quartet in the

1198n nmr, might all be expléined-by«assuming the unknown species to be

SnH22-, however the lack of evidence fo? such an ion in fhe reaction of
stannane with potassium amide in liquid ammonia rules it out.

In view of the interesting results of these several experiments on
stannane in liquid ammonis and,the present lack of any unifying explanation
of those results, it is appropriate to indicate some experiments which

wight lead to a resolution of the problem. A few of those are as follows -

Tin nmr with stannane enriched ten-fold in

ll9Sn would require 1/100 the number of scans to
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achiévé the signal to néisé rétio we abserVe in“'

our épectfa: 'The'Spectra'could be recorded faster, -
thué minimizing resolution prébleﬁs,due to magnetic
fieid drift and.pérhapé caﬁplications due to signal- '
évefaging. Perhaps a clue to fhe coﬁpqsitiéh of the
high—field‘speéies or a signal due to ihé red—browﬁ

residue would result.

.The’proton nmr should be investigéted'over a
larger chemical shift range. The proton nmr of the
N :
germyl ion is in the rqhge that we'studied, but
because tin is.more’électropositive than germanium
it is possible that diamagnetic shielding would
cause the proton§ on stann&l ion to bé at higher
fields.v of cbﬁrsg proton nﬁr.for p6£aésium stannyl
should be done as avreferencé for éomparison to

any signal obgerved for colutions of stannane in

ammonia.

Determination of the resistance of a solution:
of the red-brown residue redisolved in liquid ammonia,

might suggest whether that material ionizes or not.

The precipitate formed in the reaction. of
stannane with potassium amide in liquid ammonia might
be isolated and analyzed. If it is an ammonolysis

product it would be interesting in itself, if not its
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identification might help to explain the nmr

results.

There are of course many other experiments whibh might prove fruitful.
Some are obvious, some not so obvious. Those above are only a few, offered
as a possible starting point to anyone who finds the problem interesting

enough to pursue.
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3

character of the valence shell orbitals in SnH3-'to be less than sp

in the orbitals directed to hydrogehs and greater than sp3 in the

" lone pair orbital. Thus if a partial bond were to form from tin to

a8 fourth hydrogen, one would exréct a change in hybridization of tin

to increase s character in the orbitals directed to the three original

~hydrogéns.‘ It has been shown that coupling constants to tin are

proportional to the per tent s character of the tin orbital involved

11-13

in the bond to_the'coupling nuc¢leus, Thus the result of a

. : - + .
hydrogen~bonded ion pair between SnH anvaHh would be an increase

3

in JSnaH' If & hydrogen-bonded ion pair is actﬁaily responsible for

the observed change in J n-H® it is reasonable that the change would

S
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not be observed for solutions of potassium stannyl in liquid ammonia.,
because potassium ion cannot hydrogen-bond. Indeed, no such change

is obserwved.
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APart Iv. PREfARATION OF_POTASSIﬁM STANNYL IN NONAQUEOUS SOLVENTS
bstract - |
Potassium stahnyl has been‘prepared by the reaction of stannane with
.siurries of finely divided KOH in both dimethylsulfdxide and monoglyme, |
‘and by thg reaction of stahﬁane with a standard solution of KG¢H3.in

3

‘CHBI and CQHSI with these solutions verifies that KSnH3

formed. Reactions of KSnH3 solutions with seversal lewis acids resulted in

apparent decomposition of the stannyl ion.

diglyme. The preparation of CH3SnH and CQHSSHH3 by the reaction of

was actually
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tro tion
The discovery ﬁhét weak acids can be deprotonated by slurries of
KOH in noh~hydrogen;bonding solvents,l and that solptions of the germyl
iop, GeHB—, react Vith lewis acids to give complex ions,,2’3 prompted

J
interest in similar reactions with stannane. The stannyl ion, SnH

3 had

been previously prepared only in liquid a.mmonia,h and we hoped to
demonstrate that solutions of KSnH3 could be prepared in_more conveniently
handled solvento.’ It was alse thought thal such solutdons ‘'might he used
as a means to interésting tin compounds. Only the first obJective was

achieved.
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. Experimentsl &nd Results . |

Materiais and.Generg;'Pfocedgre§.>- Stannane wés p:epéred és‘ih part.
I, and monoglyme as inApart II. Diglyme ﬁas distilled at atmbébperic-
pressure from KOH (bp. iS9—l6l°); then.at reduced'pressufe from LiAlH,,
Dimethylsulfoxide (Matheson, réagent grade) was used without further
. purification. Standard sclutions of KGeH3 in diglyme were graciously
provided by Mr. Robert DreyfussQ6

Potessium Stannyl in Dimebhylsulfoxide. - Demethylsulfoxide (DMSO, 10 ml)
and powderedAKOH (5.3 gram) were pl&céd in a rouﬁd—bpttdmed flaék equipped
with a stopcock;,and.Outgassed on the vacﬁum 1ihe for five minutes at’
room temperature. While;the Slurry was sfirred magnetically,lstannahe
0.46 mmole) was expaﬁdéd intoAthe reaction vessel and allowed to react; a
tin mirror formed on the walls of the flask almost immediately. After
20 ﬁinutes, volatile products weré Toeﬁler—pumpedkout of the flask (foﬁnd
0.28 mmole_H2, no unreacted stannane), the‘stépcock was closed, and the
reactioﬁ vessel Qas removed from the vacuum line and placed in é dry;
nitrogen glove bag. The product‘solution was filtered into a second -
round-bottomed flask, then the‘filtrate (now free of KOH) was refurned to
the vacuum line and outgaséed; A solution of excess CH3I in DMSO was
added drquise while stirring,:dnd volatile products were pumped off afterl;.

3

yield based‘on'stannane)4waS‘Séparatéd from unreacted CH3I and identified

each addition. After addition.was complete, CH ShH 5 (0.17 mmole, 37%

by mass and infra-red spectra. A similar experiment in which 02H5I was

3 solution in DMSO gave CQHSSnH3 in 29% yield. All

handling of the solutions was done quickly to avold loss due to decomposi-

added to the'KSnH

tion, signs of which were apparent at room temperature.
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e. - A method similar to that outlined

above was used to prepare potassium stannyl in monoglyme except that the
reaction temperature was -20° and the reaction vessel (Fig. 1) was
designed so that filtration of the slurry could be done quickly and without

i . g
exposure to the -nitrogen atmosphere. This was necessary because the KSnH

3
decomposed more readily iﬁ monoglyme than in DMSO. Powdered KOH (0.2 gram)
and monoglyme (ca. 3 ml) ﬁéré-put'into the round bottomed flask and the
system was outgassed at -78° through A. Stannane (2.30 mmoles) was
condensed into the flaék at ~196°, then the élurry was brought to -20°
and stirred 15 minutes. A tin mirror formed on the walls of the flask
and the slurry turned yellow. The apparatﬁs was inverted,'and the slurry
was filtered through a medium porosity glass disc (B) into C which was
held at -196°. Hydrogen was Toepler—pumpea out through D (found 2.25
mmoles), then the filtrate was warmed to -40° and concentrated by pumping
off some of the solvent (estimated fihal'concéntration, 1 M). The result
was a light amber solution that showed the expected 123:3:l‘quartet in
the 119 Sn nmr spectrum.

Potassium St 1 in Dig . —AStann&ne (0.266 mmole) was condensed
| in diglyme

3
(0.247 + 0.004 mmole, the titer of this solution was determined by adding

onto 7.07 ml of a 0.035 * 0.000k M solution of KGeH

water to an aliquot, meaéuring the GeHh evolved, and titrating the KOH
formed with aqueous HC1l), the solution was brought to -L0° and allowed to
warmvto -20° over a perioquf.four hours. The reaction was mixed by
occasional sheking, Volatile prodUéts were removed at -60° (found 0.2k
mmole GeHh and a trace of H2). A small tin mirror had formed on the

wall of the flask. The clear colorless solution of KSnH3 could be stored
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Apparatus for the synthesis of
potassium stannyl by the reaction

of stannane with potassium hydroxide
‘in monoglyme.
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one hour without apparent decomposition. Addition of CH_I-(0.386 mmole)

3

at 0° gave SnH Hy (0.205 mmole after 20 minutes).

C
3
Reaction of Solutions of KSnH_ with Lewis Acids. - The solutions

WWWWNWNWW\M’
‘of KSnH.. in DMSO were treated with the lewis acids CO2, BCl35 BF_ and B2 6

3 3
Iﬁ each case addition of the acid at room temperature seemed only to
hasten the decomposition of the potassium stannyl. In general the solution
darkened to gray or black, and hydrogen was evolved. Carbon dioxide was

absorbed at -75° by a dilute solution (0.035 M) of K3uH in dlglyme with

3
" no apparent change in the solytion. As'this solution was warmed to room
temperature, it became féd—brd@n and cast down a flocculent precipitate
of the seme . color. At room temperature the solution steadily darkened,
but did nét effervesce. After six hours at 0° the solution was clear and

colorless, the precipitate had turned gray, and decomposition had occurred,

evidence of which was the large amount of hydrogen which had evolved.
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