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INTRODUCTION

The reactions of tin(II)chloride in aqueous solution
have been extensively investigated. Most of the early work was
concerned with the reactions of tin(II)chloride in dilute hydro-
chloric acid with an aromatic or aliphatic amlne, or with an
(1-5)

amino-acid in the same soclvent More recently, Davies and

co—workers(6) prepared some tin(II)chloride complexes of the
platinum metals in which the SnClé anion acts as an electron
pair donor. ’

Tin(II)chloride is also an excellent reducing agent and
as such has wilde appllication in a number of organic reactions(5o).
From an inorganic viewpoint, however, the reactions of tih(II)
chloride in non-aqueous solution have been largely neglected.
Compounds have been reported with diethyl ether(51), and
1,l4-d1oxane(52). Two recent papers have been concerned with
some novel complexes. The first(T) was on the reaction of
carbonyl -T - cyclopentadienyl complexes of iron, molybdenum,
and tungsten wlth tin(II)chloride. In the second(3l), a serles
of phthalocyano-tin complexes was prepared using tin(II)chloride
as a starting material.

There has been no systematic study, however, of the
reactions of this compound with donor molecules. The purpose

of this present study, then was twofold. First, it was desired

to determine the scope of the reactions of tin(II)chloride with
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donor spécies in a variety of non-aquecus solvents. Second,
the properties of a number of the resulting complexes were to
be studied using infra-red, x-ray powder diffraction, and con-
ductance techniques.

This work 's divided into three chapters and an appendix.
The first two chapters deal with the reactions of tin(II)chloride
with particular types of compounds: Chapter I, reactions with
alcohcols; Chapter II, reactlions with nitrogen and oxygen-con-
taining compounds. Each of the chapters includes preparation,
properties, and structural studies of the complexes, and alsoc
includes an experimental section for detailed preparations of
complexes prepared in that chapter. Chapter III is a general
experimental secection where techniques applicable to the whole
study are included. The appendix contains tables of data not
included in the main body of the thesis. Also included in the
appendix is a section on the preparation and properties cf
ammonium hexafluorostannate. and a survey of the reactions of

tin(IV) compounds with 9,10-phenanthrenequinone.



CHAPTER I

SOME ALKOXIDE COMPOUNDS OF DIVALENT TIN

The metal alkoxides constitute an Ilmportant class of
compounds containing a metal-oxygen-carbon bonding system.
Two excellent reviews of metal alkoxides have been written by
Bradley(10-11)  Pprior to the start of this work, Bradley(12)
had reported on the alkoxlides of tetravalent tin but there
was only one mention of an alkoxide compound of tin(II).
Meerwein and Geschke(13), in a study of the pyrolysis of tetra-
ethoxy tin reported the formation of tin(II)ethoxide according

to the equation

sn(0CzHg) )y —=— $n(0CzHg), + CH3CHO + CoHgOH ‘(1)
While our work was in progress, Amberger and Kula(8-9) reported

the preparation of tin(II)methoxide by the following reaction:

SnBro+2Na(0CH3) -——+ Sn(OCH3 )z 4 2NaPBr (2)
Prior to the appearance of these reports, we had attempted
unsuccessfully to prepare tin(II)methoxide using this reaction
but had decided to look for another method because large volumes
of methanol were needed to wash the sodium bromide ocut of the
methoxide. Also, the product we obtained from reaction (2) was
not the simple methoxide but a hydrolysis product.

Accordingly, 1t was decided to try the reaction

SnClp + 2(Cplg)3N + 2CH30H ~—>Sn(OCH3)2 +2(02H5)NH01 (3)

Using this reaction we were able to prepare tin(II)methoxide,

and, by substituting ethanol for the methanol, successfully



prepared tin(II)ethoxide. This eliminated the need for extensive
washing of the alkoxide since the amine hydrochloride formed
is quife soluble in a minimum amount of alcohol.

It was found that small amounts of water in the reaction
mixture resulted in the formation of a hydrolyzed product,
bis—[élkoxidetin(lli] oxide, and that an excess of water re-
sulted in the formation of tin(II)oxide.

By taking advantage of the apparent ease with which
tin(II)methoxide reacts with compounds containing a readily
replaceable hydrogen, 1t was used as a starting material to
prepare tin(II)acetate, and chelate compounds with 8-guinolinol,

&

X
N
OH

and 1ts 5,7-dibromo derivative,

r

= ~
\N / B
O

Preparation of the Compbunds

For the alkoxides, anhydrous tin(II)chloride was
dissolved in an excess of the alcohol and anhyarous triethylamine
was added dropwise with stirring until a permanent precipitate
formed. The precipitates were filtered, washed with the
appropriate alcohol until the filtrate gave a negative chloride
test, washed with ether, and dried with suction. All manipula-
tlons were carried out in a glove bag continuously flushed with

extra dry nitrogen. These compounds were analyzed immedlately

for tin content.
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The bis—[élkoxidetin(IIj]oxide compounds were prepared
in the same way except that noc special precautions were taken
to exclude all traces of molsture from the reaction mixture,
or in the case of the ethoxide, by using 95 per cent ethanol
in the reaction. Again, tin analysis was done as soon as
practical after drying.

Triethylammonium chloride was recovered from the
alcohol filtrate of the above reactions by addition of ether.
It was purified by repeated precipitation from chloroform
solution by ether. It was 1dentified by its x-ray powder
diffraction pattern and infra-red spectrum. These data are
given in Tables XII and XIII in the appendix.

A bis-[élkoxidetin(ll[]oxide compound also resulted
from the reaction of tin(II)bromide in methanol with sodium
methoxlide. Sodium bromide was washed out of the alkoxide with
a large volume of methanol and precipitated from the filtrate
by addition of ether. It was identifled by its x-ray powder
pattern given in Table XIV in the appendix.

The same compound was formed when tin(II)bromide in
methanol was reacted wlth triethylamine'in methanol., Tri-
ethylammonium bromide wa; precipitated as above and identifiled
by its infra-red spectrum and x-ray powder pattern. These
data are also given in the appendlx in Tables XII and XIII.

The reactions of tin(II)methoxide were carried out by
slurrying freshly prepared tin(II)methoxide in an appropriate
solvent and adding an estimated excess of the other reactant.
This mixture was elther stirred mechanically at room temperature

or refluxed. The resulting precipitate was filtered, washed



with an appropriate solvent, then ether, and dried. Identifi-
cation of the compound formed was by elemental analysis, infra-

red spectra, and x-ray powder diffraction.

Discusslion and Results
In view of the products formed in the reaction between
tin(II)ehloride and the alcohols in the presence of triethylamine,

it 1s felt that the following reactions occur:

. o c\
R\ /Ll \‘ /
O: + Sn\ _— /o: Sn\ (4)
H/ Ci H Ci
R cl R o
~™~0: 5.~ _— Neoisa” £ Ml (g)
T T e
R OR (2] oR
T~0: + 5n - NoiSnT (6)
wo Ci 7 N
R R
O
N L. . _OR
O S“< — Sn” + HQ (7)
a7 ooy oR
HC1 + (CpHg)sW ——»[(02H5)3NH]01 (8)

SnCl, + 2ROH + 2(02H5)3rq—-> sn(OR)2 + 2 [(02H5)3NH]01 (9)



Nelles(la) has used this reaction scheme to explain
the products formed in the reaction of titanium(IV)chloride,

alcohol, and ammonia, equation 10,

TiCly+ UROH + UNH3-—>Ti(OR)y + UNHyCI (10)

Bradley, Wardlaw and thelr co-workers have also applied
this "ammonia metnod"” to a large number of metal alkoxides
of zirconium<15), hafnium(16), cerium(l7), niobium(l8),
tantalum(l9), iron(go), uranium(gl), and plutonium(gg).

A1l metal alkoxides that have been investigated thus
far are very easily hydrolyzed. 1In most instances the alkoxides
are so sensitive even to small traces of water that special
precautions have been adopted to study them(11), Tin(II)methoxide
and tin(II)ethoxide are both very easily nydrolyzed. When no
speclal precautions are taken to exclude water from the reaction,
Intermediate products, metal oxlde alkoxides, SnoO{OR)» are
formed, When an excess of water is present, the ultimate
product is black tin(II)oxide, obtained under reflux.

Little is known concerning the mechanism of the
hydrelyels of metal alkoxidés. Bradley(ll) feels it is reason-
able to assume that the initial step involves the coordination
of a water molecule through i1ts oxygen to the metal, equation
11. One of the protons on the water molecule interacts with
the oxygen of the alkoxide group through hydrogen bonding and
following an electronic rearrangement a molecule of alcohol
is expelled, equation 12, The hydroxy-metal alkoxide formed
in 12 may further reactnto form the oxide alkoxide by either

13 or 14,



H
H
°of + M(r)y, —s N
H/ H/O-%'T'(Ok),_| (11)
(eR)
M
AN
:s M
HL—-OR ©:M(0R),_, H (12)
- OR
;’O‘H'—- — =y T- .M -—> RO-M-0-M-0R+ RoH (13)
or), ., OR
o« o M.

M\O;"_’,:'""O‘P*}M —> RO-M-0-m-0R + HoH (14)

If a large excess of water 1s present, the hydroxy-metal
alkoxide in 12 reacts with another molecule of water to form

the metal oxide, equations 15 and 106,

H cH H oH
\O: + M( S \Otfﬂ/ (15)
M7 N oR H7 NoR
H. M,,OH A
Q. v e I
"y g M (0oH),+ ROH MO +H,0 (16)

In the tin(IT)alkoxides, this scheme accounts for the forma-
tion of the intermediate SnQO(OR)Q when a limited amount of
water ls present and the formation of black tin(ITI)oxide
wihen excess water is in the reaction mixture.

Apart from procduct analysis, there has been only one
report 1in support of this mechanism(19). However, several
investigators have studied the hydrolysis of titanium(IV)

alkoxides and all report the formation of the oxide alkoxide



intermediates(go“ge). There is also some evidence to indicate

that as the extent of hydrolysis increases, the ease of
hydrolysis of the remaining hydroxyl group(s) decreases. It
is felt that this is the case in the tin(II)alkoxides since
the alkoxide oxide i1s formed quite easily while the oxide
requires an excess of water present.
One of the more striking characteristics of these
alkoxides is rapid polymerization. When freshly prepared,
the alkoxides and intermediate products are white, Wnen
allowed to stand for any length of time, even in a sealed
container in an evacuated desiccator, a pale yellow product
18 formed. This color change seemeg to be more rapid at temper-
atures higher than room temperature, Thls polymerization
causes ro significant change in tin content of the compounds.
It 1s to be expected that this polymerlization should
occur, Olsen and Rundle(gu) have reported that unlezs ster-
ically hindered; monomeric RoSn compounds tend to polymerize
quite rapidly. With the possible exception of dicyclohexyltin(25);
no monomeric R,3n alkyl'specieS have been reported., A few
aryl Rp5Sn compounds have been reported to be monomeric but
only when freshly prepared(26—28). That polymerization causes
a color change from walte to yellow has been shown by Kulvila
and Beumel(eg). Diphenyltin is known to exist in several
modifications which differ in molecular weight, solubility,
ceolor, and crystalline form, but - have similar tin content(26“29)-
It is felt that for the 3n(OR), compounds, polymerization

occures as follows:
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h R R
\\\ ‘ O\\\ﬂ //'O\\AS. //,CY\%S ///
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These alkoxides are insoluble in all common organic solvents
and are amorphous by X-ray powder diffraction, supporting
this polymerization concept.

The infra-red spectra of the alkoxides and the inter-
mediate products in the lBOOcm‘l to 400cm-1 reglon are listed

in Table I.
TABLE I

Infra-red Spectra of Tin(II)alkoxide Compounds

Sn(0CH3)» 3np0( 0CH3 ) Sn(0Col5) 8np0(0CoHg )
1025 1015 1160 1145
570 740 1150 1092
565 1092 1045
1048 960
965 880
865 T40
578 575
475 543
4re

Frequency in em~1

The infréQred spectra of metal alkoxides has been
discussed by Barraclough(32). He suggested that a comparison
of the metal alkoxide spectra with the corresponding alcohol
would permit one to mzke tentative assignhments to the metal -

oxygen and carbon-oxygen stretching frequencies,
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The infra-red spectra of methanol and ethanol in the

1100em~1 - 400em-1 region are shown in Table IT.

TABLE I1

Infra-red Spectra of Methanol and Ethanol

MeOH  1030cm-1
ELOH 1081 1050 876 802 750-600 yos

On this basis, the following metal-oxygen and carbon-oxygen

frequencies are tentatively assigned in Table III,

TABLE ITI

Metal-Oxygen and Carbon-Oxygen 3Stretching Frequencies

Compound c-0 (em-1) M-0 (em~1)
Sn(O0CH3 )o 1025 570
Snp0(OCH3 )2 1015 565 (center of
5n(0CHg ) p 1092, 1048 578  broad band)
Snp0(0Colig) o 1092. 1045 575, 548

The ethoxide C-0 and M-O assignments are in good agreement
with those of a previous examination of metal ethoxides(32)_
There appears to have been no previous report on the infra-
red spectrum of metal methoxides, but a comparison of the
methoxide spectrum with that of methanol makes the assignments
seem rgasonable. In support, Amberger and co-workers(57) give
1035em-1 for the Sn-0-C streteh in (CH3)3Sn(OCH3), and, we
have shown in thls laboratory that the major absorption for

tin(II)oxide appears between 600cm~l and 485em-1,
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Although the dominating characteristic of the metal
alkoxides 1s the ease with which they react with water, it
appears that many alkoxides wlll react with a wide variety
of other hydroxyl-containing compounds. Mehrotra and co-
workers(23) have chown that aluminum isopropoxide will react
with carboxylic acids to form alumlinum tri-soaps. Beta-
diketones, such ag acetyl acetone, will displace two or more
alkoxide groups from the metal alkoxides of titanium(IV),
zirconium(IV) and tantalum(v)(11),

In this work we have shown that tin(II)methoxide
will undergo similar reactions with liydroxyl-containing com-
pounds, The reactions appear to be quite similar to the
reaction ol the slkoxide with water, With acetic acid,
tin(II)acetate is formed. The reactiocn probably involves

he formation of a tin-oxygen bond by coordination through
the hydroxyl oxygen and a subsequent elimination of methanol,

egquation 17.

2CH3CO0H + 3n(OCH3)p—> 3n(CpH300)p + 2CH30H (17)

The infra-red spectrum of the solid product formed
in this reaction 1is that of the coordinated acetate ion<5a‘56).
It is given in Table XVI.

A similar reaction undoubtedly occurs when 8-quinolinol
or 5,7-dibromo-8-quinolinol is reacted with tin(II)methoxide,

equation 18, to give & tin(II) chelate compound.
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2CgHENOH + Sn(OCH3)p — Sn(CgHgNO)p 4 2CHZOH (18)

This chelate has been previously reported by Stevens(35).
The same chelate is formed when tin(II)chloride,
sodium methoxide, and &-quinolinol are reacted 1n methanol

solution according to the reaction:

SnClp + 2NaOCH3 + 2CgHENOH ——> Sn{CqHENO)p + 2NaCl + 2CH30H  (19)

It is not certain how this reaction occurs, but it is felt
that it can be explained by eilther of two mechanisms. Sodium
methoxidelreacts with 8~-quinolinol to form the sodium calt
and methanocl, equation 20, and the sodlum calt reacts with
tin(II)chloride forming the chelate and sodium chloride,

cquation 21,

CqHgNOH 4+ NaOCHg -—» NaCgHgNO + CHOH (20)

2(NaCgHgNO) + SnClp —= 8n(CgHENO)p + 2NaCl (21)

The other possibility which cannot be excluded is that sodium
methoxide reacts with tin(II)chloride forming tin(II)methoxide
and sodium chloride, cquation 2/, and the tin(II)methoxide
reacts with 8-guinolinol to form the chelate as before,

equation 23.



5nCly+ 2NaOCHy —> Sn(OCH3)2.+ 2Nacl (22)
Sn(OCHg)p + 2CgHENOH —» Sn(CgHENO)p + 2CH30H (23)

If the reaction between tin(II)methoxide and 8-quinolinol
is carried out in an acetone - glaclal acetic acid solvent
syatem instead of methanol, no chelate is formed, Instead,
a compound with the empirical formula Sn(OOCH3)(09H6No) is
precipitated.

It iz felt that the reactions which occur here are:
tin(II)methoxide reacts with glacial acetic to form tin(II)
acetate, equation 17. The tin(II)acetate reacts with
8-quinolinol to form Sn(OOCH3)(09H6NO), equation 24, TFanning

and Jonassen(MS) have postulated this sort of mechanlsm
~ 8n(Cplig0p),+ CgHEHOH —s Sn(CgHgNO0)(Cpliz0s) + CHRCOOH  (24)

for the reaction of Cu(CH3COz)p with 8-quinolincl and we
have shown that the reaction between tin(II)chloride and
8-quinolinol gives & product with the empirical formula

5n(CgllgNO)CL.

We were not successful in an attempt to replace both
acetate ions with C9H6NO‘ groups by digesting the Sn(09H6NO)—
(CoH30p) compound in its own filtrate. Instead, a compound
that gave a negative test for stannous tin resulted. Elemental
analveis and infra-red spectrum indicated that Sn(C9H6NO)2-
(Coll30)p was formed. '

It is not presently known how tin(II) can be oxidized

to tin(IV) in this solvent system. That an oxidation from
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tin(II) to tin(IV) can occur in various solvent systems has
been demonstrated by several workers, Wilkinson(7) has shown
that the carbonyl - 7 - cyclopentadienyl complexes of iron,
molybdenum, and tungsten contain tin(IV) though tin(II) was
the starting material, Muetterties(3o) has shown that some

SnFé salts can be oxidized to SnF> salts in aqueous hydro-

6

fiuoric acid sclution. Kroenke and Kenney(Bl) have shown
that tin(II)chloride and phthalonitrile react to give
dichloro(phthalocvano)tin(IV), C3oH1gNgSnCls.  So, even
though the mechanism of oxidatlion in this solvent system

is not known, it does not seem unreasonable to assume that
prolonged contact of a tin(II) species with warm glacial
acetic acid - acetone could result in oxidation to a tin(IV)

compound,

Experimental
Detailed preparations of the compounds are as
follows:

Tn(IT)methoxide - 6 g. (0.032 mole) of tin(II)chloride

were dissolved in 200 ml. of absolute methanol. Freshly
dried triethylamine was added untlil a permanent precipitate
formed. The white precipitate was filtered, washed with
methanol and anhydrous ether. The compound was vacuum dried
and analyzed immediately for tin content.

Anal. Caled. for Sn(OCH3)p: Sn, 65.68%

Found: Sn, 65,04, 65.57
Triethylammonium chloride was recovered from the flltrate

by the addition of a large volume of anhydrous ether. This
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compound was dissolved repeatedly in chloroform and repre-

cipitated with ether before identification.

Bis-{methoxytin(II)] oxide - This compound was formed

when a reaction similar to the one above was run except that
no special precautions were taken to exclude moisture from
the reaction mixture.
Anal. Caled. for SnpO(OCH3)p: Sn, 75.2
Found: Sn, 76.25, 75.61
Triethylammonium chloride was recovered as above.

The same compound resulted from the reaction of
triethylamine with tin(II)bromide in methanol. T im(II) bromide
was prepared by the following method. Twelve g. (0.1 mole)
of mossy tin were covered with 100 ml. of methancl. Bromine
was added dropwise until all the tin had reacted. The solu-
tion was filtered and refluxed for 48-72 hours over mossy
tin. The solution was filtered and stored over mossy tin.

Triethylamine was added to 100 ml. of this solution
until a permanent precipitate was formed. This precipitate
was filtered and washed with methanol and then ether. and
dried over calcium chloride in a vacuum desiccator. Tin
analysis was done immediately after drying.

Anal. Caled. for SnpO(OCH3)p: Sn, 75.2

Found: 75.9, 75.9
Triethylammonium bromlde was precipitated as above for

triethylammonium chloride.

Reaction of SnBrp with Na(OCH3) in methanol - To 100 ml.

of a tin(II)bromide-methanol solution was added a methanol
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solution of sodium methoxide until a permanent white precipi-
tate was formed. The whilte precipitate was filtered and

washed with large volumes of methanol until the filtrate

gave no test for bromide icon. The white precipitate gave

an infra-red spectrum that was identical to the other methoxide
compounds. Qualitative tests showed tin(II) was present.
Sodium bromide was recovered from the first filtrate by the

addition of ether.

Tin(II)ethoxide - Three g. (0.015 mole) of tin(II)

chloride were dissolved in 75 ml., of ethanol. Anhydrous triethyl-
amine was added until’a permanent precipitate was formed.

The compound was filtered, washed several times with ethanol

and then anhydrocus ether. The compound was dried with suction

and analyzed immediately for tin content.

Sn, 56.87

e
fos

final. Caled. for S5n(0CyHsg)
Found: Sn, 56.29

Triethylammonium chlcoride was recovered as above.

Bis—[éthoxytin(lll] oxide - This compound precipitates

when triethylamine is added to an ethancl solution of tin(II)
chloride. (2 g. in 100 ml. of alconol). No special precautions
were taken to exclude moisture from the reaction mixture.
The white precipitate was filtered and treated as above.
Anal. Caled. for Sny0(0Cgg)p: 8n, 69.13
Found: 068.43. 68.66
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A compound with slightly higher tin content is obtalned if
95 per cent ethanol 1s used in the reaction.

Anal. Found % Sn: T71.13. 71.18

Reaction of tin(II)methoxide with acetic acid -

Preshly prepared tin(II)methoxide was slurried in dry 2,2-
dimethoxyethane. Glacial acetic acld was added dropwise
with stirring. A fluffy whilte precipitate was filtered and
washed with acetic acid and dimethoxyethane. The compound
was dried over caicium chloride.

Anal. Caled. for Sn(CpHz0y)p: Sn, 50.10

Pound: Sn, 49.30, 49,70

The x-ray powder pattern of thls compound is glven in

Table XXIV,.

Reaction of tin(II)methoxide with 8-guinolinol in

methanol - Freshly prepared tin(II)methoxide was slurried
in 100 ml. of absclute methanol. An estimated excess of a
methanol sclution of 8-gquinolincl was‘added slowly with
stirring. This reaction mixture was refluxed for 2-3 hours
and a bright yellow precipitate formed. This compound was
filtered. washed with methanol and dried with ether and
suction. Final drying was in a 50°C, oven.

Anal. Caled. for Sn{CgHgNO)p: Sn, 29.18 N, 6.88

Found: 5n, 28.81, 29.07, 28.60; N, 6.93

The x-ray powder pattern of this chelate is gilven in Table XXV.



19

Reaction of tin(II)methoxide with 8-quinolinol in

acetone - glacilal acetlc acld - Freshly prepared tin(II)

methoxlde was slurried in anhydrous acetone and an excess
of glacial acetic acid was added dropwise with vigorous
stirring. To this solution was added 1.45 g. (0.0l mole)
of 8-quinolinol in acetone. A pale yellow precipitate
formed, was filtered and washed with acetone, and ether,

and dried at 50°C.

Anal. Calecd. for Sn(c9H6No)(02H302): Sﬁ’ 36§§65

Found: 3Sn, 36.54. 36.41. 36.88; N, 4.54
About 1 g. of this so0lid was returned to the above filtrate
and a small amount of 8-quinolinol in acetone was added.
This mixture was allowed tc digest with occasional mechan-
ical stirring for 48 hours. A yellow precipitate was filtered
and treated as above. A gualitative test for tin(II) was
negative.

Anal. Calcd. for Sn(CgHgNO)p(CoHz0p)o: Sn, 22.60;
N, 5.33

Found: 3n, 21.71. 22.25, 21.97; N, 5.51

Reaction of tin(II)chloride with sodium methoxide

and 8-quinoclinol in methancl - 1.1 g. (0.02 mole) of sodium

methoxide were dissolved in 100 ml. of absolute methanol.

To this solution 2.90 g. (0.02 mole) of 8-quinolinol were
added. The resultling sclution was pale yecllow. To this
pale yellow solution, 1.89 g. (0.0l mole) of tin(II)chloride
in 100 ml. of absolute methancl were added. An immediate,
bright yellow precipitate resulted. This precipitate was

filtered, washed with several portions of water until the
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filtrate gave a negative chloride test, then washed with
ether and dried in a 50°C. oven. This compound was identi-
flied by its infra-red spectrum and x-ray powder diffraction
pattern as Sn(C9H6NO)2.

The initisl filtrate was evaporated to dryness, the
residue dissolved in a small amount of water. filtered and
evaporated agailn to dryness. Thils final residue was identi-
fied as sodium chloride by its x-ray powder diffraction

pattern.

Reaction of tin(II)methoxide with 5,7-dibromo-~-8-

quinolinol in methanol - Freshly prepared tin(II)methoxide

was slurried in anhydrocus methancl. An estimated excess
of 5,7-dibromo-8-quinclinol in methanol was added. This
mixture was refluxed for four hours. The resulting yellow
compound was filtered, washed with methanol and ether, and
dried at 50°C.
Anal. Calcd. for Sn(CgHyNOBrp)gp: Sn, 16.42
Tound: Sn, 16.73, 16.96
The x-ray powder diffraction pattern of this chelate is

given in Table XXV.

Reaction of tin(II)methoxide with excess water -

Three g. of freshly prepared tin(II)methoxide were refluxed
with 100 ml. of distilled water. After about 45 minutes of
refluxing. a black suspension appeared. Refluxing was contin-
ued for about two hours. The black compound was filtered,
dried and identified as tin(II)oxlde by its x-ray powder

aiffraction pattern, given in Table XV,



2l

Reaction of tin(II)ethoxide with excess water -

This reaction was run as above using freshly prepared tin(II)
ethoxide and 75 ml. of distilled watenr. Tin(II)oxide was

again identified by its x-ray powder diffraction pattern.
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CHAPTER II

THE REACTIONS OF TIN(II)CHLORIDE WITH NITROGIN
AND OXYGEN-CONTAINING COMPOUNDS |

In this work it was found that tin(II)chloride will
react with a number of nitrogen and oxygen-containing com-
pounds. S3everal new compounds were prepared and characterized.

This discussion. like the previcus one, 1s divided
into sections. Iach section is concerned with a separate
phase of the work first is the general method of preparation
of the complexes; second is a dilscussion of the complexes
formed and structural studies; and last 1s the experimental
section. Detalled preparatiocns of the complexes are in-
cluded in thils experimental section. The empirical formulae,
together with the analytical data and color of the complex

compounds are given in Tables VIII., IX. X, and XI.

Preparation of the Complexes

In peneral, a non-agueous solution of tin(II)chleride
was added to a non-aguecus sclution of the complexing com-
pound, In some instances. the methoed of additicn was re-
versed. IMolar ratioé of the reactants were varied toc see
il compounds of different stcichiometry could be prepared
with the same complexing compound.

In most cases, inmediate precipitation occurred;
socme of the complexes. however, precipitated only arfter

standing at room temperature, while the sulfoxide complexes



23

formed only at dry ice temperature. In one instance. the
pyridine complex. 1t was nccessary to evaporate most of

the solvent before precipitation. In all cases, the precip-
itates were {iltered. washed with the appropriate non-aqueous
sclvent and anhydrous ecther, and finally dried either in a

50°C. oven or in a vacuum desiccator cver calcium chloride.

Results and Discussiocon

Reactions with quarternary ammonium chlorides, [ﬁqN]Cl.

When quarternary ammonium chlorides, [th]Cl, are reacted with
tin(II)ehloride. simple salts are formed according to the
reaction

[Ryrjor + sncly ——[Ryy | sncig (25)

Varying the molar ratios of the rcactants had no effect on
the product formed. This confirms recent reports that the
preferred coordination number for tin(II), in inorganic
ccmpounds, is three. The x-ray powder patterns of these

compounds are in Table XXVIII,.

% , 3 3 -
2,2-bipyridyl, CjoHgNo. 2,2 bipyridyl, reacts with

a large number of metal salts. A review of these complexes
has been given by Brandt(33). L
Tin(II)chloride reacts quite readily with 2,21bipyridy1
to give a bright yellow compound. SnClps CypgHgNo. Attempts
to preparc a hydrated compound, 5nClo+CqoHgNs e X(HQO) were
not successful. With tin(II)ehloride dihydrate as the start-
ing compound, a bright yellow precipiltate, identified by
its x-ray powder pattern as SnClpge CiQH8Np, was formed. The

powder pattern of thls compound is given in Table XXX.
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Pyridine-N-oxide. GgHgNO. The donor properties of

pyridine-N-oxide are well known(34-35). This ligand forms
two complexes with tin(II)chloride; contailning one mole and
two moles of ligand, respectively. The 1:1 complex is formed
when the reactants are mixed in a 1l:1 ratio; the 1:2 complex
is formed when the reactants are mixed in a tin(II)chloride
to ligand ratio of 1:2., FEach of these complex compounds

has a distinctive x-ray powder pattern given in Table XXXI.

Pyridine —(%IgDL Since pyridine is known to form

complexes with a very large number of metal salts(qo), it
was surprising that a complex with tin(II)chloride was so
difficult to prepare. No complex is formed when the reactants
are mixed in tetrahydrofuran, dimethoxyethane, methanocl, or
when excess pyridine is used as the sclvent. A compound with
the empirical formula SnClo, e C5H5N was formed when tin(II)
chloride was dissolved in excess pyridine, refluxed, evapor-
ated to a very small vclume and anhydrous dimethoxyethane
added. Great care must be taken to exclude all moisture
from the reaction mixture to prevent the formation of a
compound containing the pyridinium lon.

The x-ray powder pattern of SnCls e 05H5N is given

in Table XXTIX.

8-quinolinol, CgHENOH. &-quinoclinol was reacted with

tin(II)chloride under a variety of conditions in a number of
non-agueous solvents. The nature of the product formed de-

ends on temperature, cclvent, concentration. and time.
P ; :
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The compounds formed and the conditions used are given in
Table IX.

It was found that tin(II)chloride and 8-gquinolinol
reacted tc form the compIGX<i—Sn(09H6NO)Cl at very low temper-
ature and at room temperature. A{ refluxing temperature,
another fcrm of this complex. B—Sn(C9H6NO)Cl was formed.
The o ~form can be converted to the @~form by refluxing fhe
former in acetone. of-Sn(CgHgNO)CLl can be converted to the
‘chelate, Sn(C9H6NO)2, by the addition of aqueous ammonia
in ethanol(35),

If the reaction 1s carried out at room temperature
in a molar ratio of 1:2, (metal halide: ligand), using
dimethoxyethane as the solvent, a compound of variable composi-
tion precipitates, It is felt that this compound is a mixture
of Sn(09H6NO)Cl and [b9H6NHOHCl. Infra-red evidence supports
this. This mlxture can be separated and one of the products
identified as Sn(09H6NO)Cl, by washing with anhydrous methanol.
The hydrcchloride. [C9H6NHOQ]Cl, is soluble in methanol but
not in cocld dimethoxyethane.

The chelate compound, Sn(09H6NO)2, cannot be converted
to Sn(CgH6NO)Cl by the addition of hydrochloric acld in tetra-
hydrofuran.' The only identifiable product from this reaction
is the hydrochloride, [CgHgNHOH]CL.

The:%zﬂui@ forms of 35n(CgHENO)CL have the sane
infra-red spectra but very different x-ray powder patterns.

Product analysls indicates that the first reaction
is the displacement of one of the chloride anions from the
tin(II)chloride because of the reaction of the proton of

CgHENOH with the chloride to give HCl, equation 26.
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SnClp + CgHENOH —— 8n(CgHgNO)CL + HC1 (26)

If an excess of the ligand is present, the HCL formed reacts
further with 09H6NOH to form the hydrochloride, [b9H6NHOﬁ]C1,

equation 27.
HCL + C9H GO ——-——-»‘_091{ 6NHOH] Cl ( 27)

A reaction of the type in equation 26 has been shown
toc be present in the formation ol the mixed complexes
Cu(CgHEHO)CL and Cu(CqHgl0)Br(36),

On the other hand in basic solubtion (aqueous NH3 or
NaOCHB), the IiC1l formed reacts tc form NaCl cor NHyCl, and

the chelate, 3n(CgHgENO)p 1s forued.

Dimethyl- and Diphenyl-sulfoxide. The donor proper-

ties of dimethylsulfoxide have been extensively studied since
1960(58“61); and the doncr proﬁerties of diphenylsulfoxide
have been mentiloned briefly(59). Tin(II)chloride in cthanol
reacts with these two ligands ot dry ice temperature to give

a complex containing two mocles of ligiand per mole of metal
halide. Both of these complexes appear to be relatively
»stable to alr oxidation and both are non-hygroscoplc. Shifts
in the infra-red spectra indicate that coordinatiocn is through
the oxygen atom. The x-ray powder patterns of these complexes

are given in Table XXXIIT.
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1,4-d1ioxane, CyH8Oo. A number of 1,4-dioxane com-

62-67)

plexes have been made and studied( In this work a
complex with the cmpirical formula 3nClpsClHE0o was prepared
by two different reactions. The complex was formed by
dissoclving tin(II)chloride dihydrate in excess 1,4-dioxane,
refluxing, and cooling; or by grinding tin(II)chloride
dihydrate and 1,4-dioxane in a mortar.

This compound 1is susceptlble tc attack by water in
the reaction mixture and must be filtered immediately. The
x-ray powder pattern is given in Table AXXIT, SnClpeCyHgOo
has been reported previous y(52).

A compound containing ctrong water bands in the
infra-red is obtalned if the compound SnCloe CpligOs iz allowed
to digest in its own filtrate fer 48-72 hours. This compound
also gives a qualitative test for tin(II) and chloride ion.

The infra-red spectrum also indicates coordinated dioxane

33

1s present.

A compound giving a similar strong water absorption
in the Infra-red is also obtained 1f anhydrous tin(II)chloride
is reacted with excess dioxane and allcwed to stand for
several hours until a crystallization occurs. ho speecial
precautions beling taken tc exclude molsturce from the reaction
mixture.

It is felt that these ccompounds are the result of

the attack by water on prolonged standing., of the anhydrcus

complex,

These compounds were not further investigated.
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Acetylacetone. A pale pink compound was l1solated

from the reaction between acetylacetone and tin(II)chloride

by evaporating the excess acetylacetone under vacuum. Qual-
itative tests showed the presence of tin(II), chloride ion,

and the infra-red spectra chowed coordinated acetylacetone.

Elemental analysis did not establish a definite compound.

This compound wes not investigated further.

o-Quinones. Crowley and Haendler(67) have prepared

)

a large number of metal hallide - o-quinone ccomplexes and

have donc preliminery chaeracterization. In the present

work, the reaction of tin(II)chloride with four o-quinocnes
was investipated. The four o-quinones were 9,10-phenanthrene-
guinone, (I, phenqu). 1,2-chrysenequinone, (II, chryqu),

acenaphthenequinone, (III), and Z-nitrophenanthrenegquinone,

o o
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Tin(II)chloride gave covidence of reaction with
9,10-phenanthrenequinone, ciarysenedquinocne, and 2-nitrophenan-
threncguinone. When tin(II)chleoride in a small amount of
methancl was added to a bolling glacial acetlc acid solution
of the o-quinocne, an immediate color change took place. The

solution turned black or dark red but no precipitate was

formed. Impure cclids, which we were not able to purify,
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were obtalned by eveporation of the solvent. Theilr colors

are listed in Teble IV,

Colcors of the Impure Quinone Complexes

Quinone Sclution Color 301id Cclor
9, 10~-phenanqu. Black Dark brown
2-nitrophenanqu. Dark red Green
Chriaqu. Black Green

If dimethoxyethane i: used 2s the sclvent. color
changes again indicate reaction has occurraed. Here, too,
we were unable to dsolate a pure compound by soclvent evapor-
ation.

There was no evidence of reection with acenaphthene-
aguinone. This 18 not unexpeccted since Crowley(67) reported
that thio quilnone showed no evidence of reaction with metal
halides in glacial acetic acid. He attributes this to the
fact that the coordinating oxygen atoms are either too far
apart for complex formatiocn or that they are not co-planar
with the rest of the molecule and thus are not in pocsition

to coordinate.

Structural Studles

The studies of the structures of the compounds were

€23

based on infra-red and conductance measurements, Studles
in the infra-red were done tc determine the changes in the
spectra cf the donor molecules on coordination. Usling these

shifts in infra-red, it was possible to assign Sn-donor atom

stretching frequencles in a number of cases.
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Conductance measurements were run on a few of the
complexes. From these measurements. 1t was possible to show
that the coordinating ligands did not displace chloride ion

from the coordination sphere of the tin atom,

Infra-red spectral studies. The 1nfra-red spectra

of the complexes were run in the 4000cm-1 - 400cm-1 region.
Three techniques were used. mull, potassium bromide disc,
and soclution spectra. The spectra of the compounds are
discussed according to the nitrogen or oxygen-containing

compound ugsed in the preparation.

Quarternary ammonium halidec. The infra-red spectra

of these compounds are those of the quarternary ammcnium
cations, essentlially wwmmodified from thet of the parent
quarternary ammonium chloride. It has been sheown in this
laboratory that tin(II)chloride docs not absorb in the reglon
4000em~1 - 400em~l. The upectrum of one example, btetra-

methylammoniwn trichlorostannite(ll) is gilven in Table XVII.

Pyrlidine complex. The infra-red spectrum of pyridine

has been extensively investigated and unequivocal assignments
have been made for most of the observed bands(37-39) but

the Infre-red spectra of pyridine complexes have received
little systematic attention. The first such systematic

study was made by Gill(uo) and co-workers. They compared

a large number of pyridine - metal halide complexes and

pyridinium salts. with free pyridine. They alsc report that
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infra-red spectrum of coordinated pyridine can be distingulshed
readily from that of free pyrldine by the presence of a weak
band between li—ESOcm‘l and 12350m"1; by a shift in the strong
1578cm~t band to 1600em~t; and by chifts of the 60lem~* and
4o3em=t bands to 625cm™t and 420em™" , respectively.

The infra-red spectrum of the tin(II)chloride -
pyridine compound confirms the presence of coordinated
pyridine (Table XX). For purpcses of comparison, the spectra
of free pyridine is also shown in thigs table(uo).

It was not possible to assign 2 metal - nitregen
vibration for this complex. Gill(uo) feels that this vibra-
tion probably occurs below 400em™t in the pyridine - metal
complex systent.

The infra-red spectrum of a ccompound containing

36 per cent (vs. 43 per cent for a 1:1 compound) tin is
very different from thet of coordinated pyridine. A com-
parison of this spectrum with that of cother pyridinium
salts clearly shows that this compound contains the pyridinium

ion.

2,2Lbipyridyl. The infra-red spectra of a number

!
of bis- and tris-2,2-blpyridyl complexes have been studied

(Ml:ME.M3). All bands above 600em~1 can

by several workers
be assigned to the ligand(qg). Below 600em~t, new bands
appear that are not found in the spectra of the pure ligand
and these are assigned to metal - nitrogen vibratiocns. On

this basis. the new band appearing at 46Ocm”1ris assigned
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the Sn-N streteh in the SnClp*CqoHgNp complex. It must be
emphasized that this assignment is a tentatlive one and that
the spectrum cf this complex sﬂould be examined very care-
fully in the 400em=1 - 200cm—1 region. The infra-red spectrum

is given in Tablce XIX.

Pyridine-N-oxide. For this ligaend the region of

interest in the infra-red is between 125Ocm‘l and 11900m‘1.
The N-O absorpticn for the free ligand 1s said to occcur at
l?Uch“l(uu). If 1t ig ascumed thet coordinetion in the
complexes is through the oxygen atom(“5), it would be ex-
pected that the N-0 bond would be lengthened and the -0
requency shifted to lower freguency. In these two complexes,
the N-0 frequency occurs at 1208em~t and 1200em-1 in the
biz-complex and at 1195cm“l for the 1:1 compound (Table XVIIT).
It has been pointed out by Quagliano(34); that the
frequencies of the N-0 band in a number of divalent metal
complexes can be divided intc two groups, those appearing,
at lBEOcm“l, and thoese appearing at 12050m‘1. e has shown
that in thosce complexes wnich have pyridine-H-oxide ag the
only ligand in the first coordination-cf the metal ion., i.e.,
[ﬁi(C5H5NO)éIBr2, the H-0 frequency is observed at 1220cm~1.
When the -0 frequency iz observed at lEOSCm‘l the first
coordination sphere of the metal ion is mzde up of pyridine -

N-oxide and ancther ligand (H20, halide or nitrate); i.e.,

[-Zn( 051151\10.)9012] .
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Using this information, the tin(II)chloride complexes
can be formulated as [Sn(c5H5No)01Zland ]En(c5H5No)201%,

respectively.

8-hydroxyquinoline and 5,7-dibromo-8-hydroxyquinoline.

Although the infra-red spectra of a large number of metal -
09H6NOH and CQHqNOHX2 complexes have been studied, only a
few of the peaks have been characterized. Phillips and
merritt{#®) have made tentative assipnments at 3000cm™ L -
2900cem ™t (C-H), near 1600cm™t (aromatic ring frequencies),

and near 1400cm™t (C-0 or C-N stretching vibrations) for

1 1 1

some of the major bands in the 3000cm™ and 1600cm™ = - 1400cm”

regions. The band appearing at lO9Ocm-l in C9H6NOH has been
(48)

assigned to the -aryl-oxygen vibration Charles and co-
workers(u7) have measured the infra-red spectra of some 30
metal - 09H6NOH complexes and have shown that this band is
shifted to hilgher frequency by chelate formation, and is
attributed to the formation of M~O—Cf'system.

The infra-red spectra of the complexes of 8-hydroxy-
quinoline and its 5,7-dibromo-derivative are listed in
Table XXI. All show the characteristic bands of 09H6NO-
speciles,

The major differences in the spectra are as follows:
CgH gNOH has' a strong, broad band at 32000m—1 due to OH stretch,
no band at 1100c¢m~! where the Sn-0-C system absorbes. and

no band near 5100m'1, the region of Sn0O absorption, [b9H6NHO@]Cl

has a strong, broad band near 3000(3m“l - 2600cm~1 due to a
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combination of hydrogen bonded OH™ and NH*'vibrations, no
band at 1100em~l, and no band near 510cm~l. The compounds

Sn(CgHMNOBrg) Sn(C H6NO)2, Sn(cC H6NO)Cl, Sn(09H6NO)(02H302),

2’ 9 9
and Sn(C9H6NO)2(CeH302)2 all show a strong absorption near
1100em™ L o

and a weaker one near 510cm” In addition, the

1

latter two compounds show strong absorption at 1592em ~ and

670cm™l for the mono-acetate and 1600cm™t, 681lem™t and 665<:m'1
for the dliacetate. It is felt that these new bands are due
to the acetate ion,

ol - and €~Sn(09H6NO)Cl have identical infra-red
spectra. This 1s not unexpected sinceol- and.B—Cu(C9H6NO)2
have identical spectra(“S), but entirely different x-ray

powder patterns.

In addition, there are some minor differences in the
spectra of the Sn(09H6NO)Cl compounds and the chelate
Sn(CgH@NO)g, but the spectra are very similar. Again, this

1s not unexpected since the spectra of Cu(CgH6NO)2 and

8)

Cu(CgH6NO)Cl have only minor differences( The infra-red

spectra of these compounds are glven in Table XXI.

Dimethyl- and diphenylsulfoxide. Cotton(58) has

made an extensive study of the infra-red spectra of dimethyl-
sulfoxide complexes and has successfully made assignments
for every band appearing in the spectra of both the free
ligand and the complexes.

In considering the spectra of the complexes of DMSO,

chief interest liecs in the behavior of the S-0 stretching
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frequency. It would be expected that coordination of the
oxygen atom in RS0 complexes would lower the S-0 stretching
frequency. Prior to Cotton's work, it had been demonstrated
by Cotton(B8) and Sheldon(69) that in triphenylphosphineoxide
complexes, the P-0 stretching frequency was lowered by

BOcm‘1 when coordinated. It would be expected then that
gimilar shifts should occur in the S-0 stretching frequency
cf the DMSO complexes.

Cotton has also pointed out, however, that there is
the possibility that coordination in the DMSO complexes could
also occur through the sulfur atom, which has an available
lone pailr of electrons. Of the more than 30 DMSO complexes
which have been prepared, only two, PdClpo«2DMSO and PtCloe 2DMS0O
appear to be bonded through the sulfur atom.

The infra-red spectrum of SnClpe 2DMSO, Table XXII,
is very similar to thnat given for the other DMS0 cbmplexes.
The very strong band at 1055cm"1 which Cotton has assighed
to the S-0 stretch'disappears completely and a new, very
strong band appears &t 920cm“1. Because of this shift in
the S-0 stretching frequency, 1t is concluded that bonding
is through the oxygen atom in this complex,.

The S-0 stretching frequency of all of the oxygen
bonded complexes appears between 96Oc:m"1 and 910cm“l while
the S-0 stretching frequency in the sulfur bonded complexes
ocecurs between 1157cm“l and 1116em~t. The following Table V
liste the S-0 stretching frequencies for the SnCloe2DMSO
complex prepared in thils work and some of the previously

prepared complexes.
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TABLE V

Frequencies of S-0 Stretchlng Bands
in Various DMSO Complexes

Compound(58) Frequency em~1
Sulfur bonded

PAClpye 2DMS 1116

PtClp- 2DMSO 1157,1134
Oxygen bonded

SnClp e 2DMS0 940sh,920

3nCly - 2DMS 915

MnClo~ 3DMSO 980

Felp« 4DMSO 937

ZnCloe 2DMSO 952

CuBro+ 2DMSO 911

A completely analogous situation exists in the infra-
red spectrum of the DPSO complex. A comparilison of the infra-
red spectra of the complex with that of the free ligand allows
one to assign an S-0 stretching frequency for the complex.
Barnard(7o) nac shown that the S5-0 stretching frequency in
solid DPSO ocecurs at 1035em-1. In the SnCle-EDPSO complex,
there is no band at 10350m"1 and two very strong new bands
at 9750m‘l and 9500m"1. These bands are asslighed to the $5-0
frequency and clearly show that in this complex bonding is
alse through the oxygen.

The infra-red spectrum in the 1300-400em~! region

is given in Table XXII.
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1,4-dioxane. A complete analysis of the infra-red

spectrum of 1,4-dioxane has not yet been done. It is not
possible then, to make assignments for the observed bands
in the SnClg-l,M—dioxane prepared in this work. A compar-
ison of the spectra of the complex with that of the free
ligand as given by Shrene and co—workers(72) show only
slight differences in all but one band. The band at about
900em~1 is assilgned by Shrene to the six-membered hetero-
cyclic oxygen frequency. In the complex, this band is con-
siderably weaker and a strong band appears at 835cm"l which
is absent in the free ligand., This new band then could
posslbly be caused by a shift in the ring-oxygen frequency
by coordination through one of the ring oxygens., It must
be emphasized that this 1s only a tentative assignment.

The only other major difference in the spectra of
the free ligand 2nd the complex is a shift in the 1122em~t
band to 1100cm~! in the compleX. The reason for this shift
is not known.

The spectra of the free ligand and the complex in

the 1250cm~t - 800cm~! region are given in Table XXIII.

Conductance measurements., S3ears and co—workers(49)

have measured the conductances of a large number of 1:1
electrolytes in dimethylformamide, DMF. Four of the com-
plexes prepared in this work were chosen for conductance
measurements in this solvent. The results are given in

Table VI,
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TABLE VI

Conductance Measurements of Some Tin(II) Complexes

Compound /XIE Concn,
ohm-! cm 2 mol™' m.mole
Sn(CgHghl0) o 2.2 1.07
SnClp CgHgNO 22.2 1.0
SnClp* 2C5HENO 18.9 1.02
{(CH3)4NﬁSnCl3 105.0 1.31

quaglianol34) has pointed out that in DWF at 25°C.
1:1 complexes of pyridine-N-oxide exhibit conductances in
the 85 range, those of 2:1 complexes are ih the 140-170

_range, 3:1 complexes are above 200 and non-conductors below

45, It is obvious from the table that the chelate, Sn(09H6NO)2,

and the two pyridine-N-oxide complexes are non-electrolytes,

The value for the guarternary ammonlium salt is slightly

high for a 1l:1 electrolyte but could scarcely be anything
but a 1l:1 compound. 3Some of the valuez for the 1l:1 electro-
lytes given by Sears are in the 90 range.

The conductance measurements for the pyridine-N-oxide
complexes substantiate the infra-red studies which indicated
that the population of the group surrounding the tin atom
consists of pyridine-N-oxlde and hallde. The proposed formu-
1ations[Sn(c5H5No)01é]and Sn(C5H5NO)2Clé}are thus assumed

correct.
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Proposed formulations. Based on experimental evidence

from elemental analysis, infra-red, conductance, and x-ray
powder diffraction studles, the followlng formulations for the O-
and N-containing complexes are proposed. i

TABLE VII

Suggested Formulations for the Complexes

Formulation

i}CH3)uﬁ]anlB _ tetramethylammonium trichlorostannite
L(c Hg aN]unClS tetraethylammonium trichlorostannite
{06H5(CH3)3R]SnCl3 phenyltrimethylammonium trichlorostannite
SnClE‘C5H5N pyridinedichlorotin

SnClg'ClngNg 2, 2-dipyridyldichlorotin

SnClQoC5H5NO pyridine-N-oxidedichlorotin
SnClg-2C5H5NO bis—(pyridine—N—oxide)—dichlorotin
Sn(CgHgNO0)p bis-(8-quinolinoclato)-tin

Sn(C9H6NO)Cl chloro-8-guinolinclatotin
Sn{CglgNO) (CoHz0p) acetato-8-quinolinolatotin

Sn(09H6N0) anqog)z bis-acetato-bis-8-quinolinolatotin(IV)
Sn(Cq HL;NOBr bis-(5,7-dibromc-8-quinolinolato)-tin
onClg (cH %200 bis—édimethylsulfoxide)—dichlorotin
n01202(06h5)200 bis-(diphenylsulfoxide)-dichlorotin
SnClp«CyHg0p 1, 4-dioxanedichlorotin

Experimental
Detailed preparation of the complexes is as follows:

Tetramethylammonium trichlorostannite - 1.89g. (0.01

mole) of anhydrous tin(II)chloride were dissolved in approx-
imately 25 ml, of absolute methanol. To this was added 1.09 g.
(0.01 mole) of tetramethylammonium chloride dissolved in 50 ml.

cf absolute methanol, The complex salt precipltated after a
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brief vigorous stirring. Varying the molar ratio of the
reactants had no effect on the product formed. When 2.2 g.
(0.02 mole) of the ammonium salt dissolved in methanol were
added to 1.89 g. (0.01 mole) of tin(II)chloride in methanol,
the same compound is precipitated. Similarly, when 1,09 g.
(0.01 mole) of the ammonium salt is added to 3.8 g. (0.02
mole) and 7.6 g. (0.04 mole) of tin{II)chloride, respectively,

tetrametinylammonium trichlorostannite 1 precipitated.

Tetraethylammonium tricnlorostannite - This white

complex salt 1s prepared by a methed similar tc the onc used
for the preceding compound using 1.7 g. (0.01 mole) of ammonium
oy

salt and 3.3 g. (0.02 mole) of tin(II)ehloride both dissolved

in abzolute ethanol,

Phenyltrimethylammonium trichlorocstannite - This salt

was prepared as in the preceding method using 1.7 g. (0.01
mole) of ammonium salt and 3.8 g. (0.02 mole) of tin(II)

chleoride both digsolved in ethanol,

Pyridinedichlorotin(II) - 1.89 g. (0.0l mole) of

anhydrous tin(II)echlcride were dissolved in 50 ml. of care-
fully dried pyridine giving a clear soclution. This solution
was gently refluxed under nitrcgen for about one hour, The
solution slowly turned pale yellow but no precipitate was

formed on cocling. The pale yellow solution was evapcrated

in a vacuum desiccator at 50°C, to about one-fourth the
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original volume. Dry dimethoxyethane was added and a light
tan solid whilch analyzed for SnClz-C5H5N was recovered,

A compound containing less tin than a 1l:1 complex
and more tin than a 1:2 complex i1s precipitated if moisture
is not rigorously cexcluded from the above reaction. The
infra-red spectrum of this compound clearly shows the presence

of pyridinium ion. It was not further investigated.

2,2 dipyridyldichlorotin(II) - 2.5 g. (0.013 mole)

of anhydrous tin(II)echloride and 1.5 . (0.01 mole) of
2,21dipyridyl were each dissolved in 100 ml. of dry tetra-
hydrofuran. The ligand sclution was added slowly to the
tin(II)ehloride solution. The resulting solution turned
vellow but no precipitate was Tformed. Alter several minutes,
a bright vellow precipitate began to form and in about 30
ninutes precipitation seecmed tc be complete, The yellow
compound analyzed for 5nClgeCqgHgilo. The same compound 1s
formed if 2.25 g. (0.01 mole) of tin(II)chloride dihydrate

1s used instead of the anhydrous metal chloride.

Pyridine-M-oxidedichlorotin(II) - 7.6 g. (0.04 mole) -

of anhydrous tin(II)chloride dissclvedin tetrahydrofuran
were added to 3.8 g. (0.04 mole) of pyridine-N-oxide in
tetrahydrofuran. A white complex, SnClQ°C5H5NO, precipitated
immediately. This complex is stable when stored in a sealed

vial in a desiccator.
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Bis-(pyridine-N-oxide)-dichlorotin(II) - The off-

white complex, Sn012-205H5NO, precipitated immediately when
7.58 g. (0.04 mole) of tin(II)chloride in tetrahydrofuran
were added to 7.6 g. (0.08 mole) of the ligand in the same
solvent. This compound takes on a pronounced yellow cast
In a few days and turns completely brown in several weeks.,
A distinct pyridine cdor can be detected above the complex.
This decomposition appears to be caused by light and not by
molsture or atmospheric oxygen. Similar observations have

been made for cther pyridine-iN-oxide complexes(45).

< -(chloro-8-quinolinolatotin) - 1.9 g. (0.0l mole)

of anhydrous tin(II)chloride dissolved in 50 ml. of dimethoxy-
ethane was cocoled to dry ice temperature and 1.45 g. (0.01
mole) of 8-quinolinol, dissolved in dimethoxyethane were

added slowly. An immediate pale yellow preciplitate,
A-5n(Cgligh0)CL, was formed.

The same compound is formed when the above reactlon
is run at room temperature, If, however, 2.9 g. (0.02 moie)
cf ligand are used, a compound of variable composition
results. Infra-rcd:spectrum indicates the formation of some
{C9H6NHOﬁ]Cl. If this mixture is washed with anhydrous
methanol. elemental analysis, infra-red spectrum, and xX-ray
powder diffracticn show that the residue left from the wash-
ing is 0(—Sn(09H6NO)Cl. It is concluded then, that the vari-
able composition product is a mixture of [bgHGNH05101 and
c&—Sn(CgHGNO)Cl. The K~ compound is also formed in acetone

at room temperature. 1.9 g. (0.01 mole) of tin(II)chloride
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in acetone were added to 1.45 g. (0,01 mole) of 8-quinolinol.
An immediate pale yellow precipitate was Tormed and identified

by its x-ray powder pattern aSCK—Sn(C9H6NO)Cl.

ﬁ-{chloro—S-quinolinolatotin) - The @— form of this
compound is formed when reactions are carried out under
reflux conditions.

In acetone or chleorofcrm, 1.89 g. (0.0l mcle) of
tin(II)chiorido refluxed with 1.45 g. (0.01 mole) of
G-quinolinol gives a pele yellow prqcipitate of @-Sn(09H6NO)Cl.
In dimethoxyethane, 1.89 g. (0.0l mole) of tin(II)chloride
refluxed with 2.9 g. (0.02 mole) of 8-quinolinol gives the

same compound.

Conversion of the<{- form to theé- form -1lg, of
z&—Sn(09H6NO)Cl was slurried in 50 ml, of dry acetone and
refluxed for abcocut four hours. The slurry was filtered
while hot, washed with hot azcetone and dried in a 50°C,
oven., An x-ray powder photograph showed that the of- form

had been converted to the - form.

Recaction of the variable composition with adueous

ammonia - 1 g. of the mixture was slurried in 100 ml., of

95 per cent ethancl and 10 ml., of aducous ammonia was added.

3

This slurry was refluxed for about cone nour. A bright

&

yellow compound was reccvered by filtration and identified

by its x-ray powder photcgraph as the chelate Sn(C9H6NO)2.
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o Reactiocn of big-(8-quinolinolatotin) with hydrochloric

acid - Approximately 1 g. of the chelate was slurried in dry
tetrahydrofuran. As nhydrochloric acid was added dropwise,
the bright yellow chelate preclpitate was replaced by a pale
vellow compound which contained chloride ion but no tin.

An x-ray powder photograpir of this compound is identical

to the x-ray nowder photograpn of [bgHGNHOﬁ101.

Bis-(dimethylsulfoxide)-dichlorotin - 10 g, (0.053

mole) of tin(II)chloride was dissolved in 50 ml. of 100
per cent cethancl. An estimated excess of dimethylsulfoxide
was added dropwice. After standing at room temperature

for 30 minutes, the sclution was only slightly cloudy. The
solution was only slightly cloudy after heating gently over
an infra-red lamp until the ethanol was boiling. Then it
was cocled quickly in a dry ice - acetone slush bath., A
large velume of white precipitate settled out immediately.
The precipitate and solution were allowed to come slowly

tc room temperature before filtering.

Bis—(diphcnylsulfoxide)—dichlorotin - This compound

was formed when a reaction similar to the preceding one was
run using 4 g. (0.02 mole) of tin(II)chloride and 4.2 g.

(0.02 mole) of diphenylsulfoxide.

1,4-dioxane-~dichlorotin - Five g. (0.022 mole) of

tin(II)chloride dihydrate was dissolved in a small amount

of 1,4~dioxane. After a vigorocus, exothermic reaction, a
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white precipitate formed which dissolved when a small amount
of ligand was added to the reaction mixture. This solution
was refluxed for three hours and cooled in an ice bath. A
white compound, SnClo*CylizOo, separated out on ccoling.

The same compound is formed when 10 g. (0.044 mole)
of tin(II)chloride dihydrate is covered with a little
1,4-dioxane and ground with a mortar and pestle,.

<o

Reaction with acetylacetone - Two g. (0.011 mole)

of tin(II)chloride was dissoclved in a large excess of acetyl-
acetone, Thigs clear solution turned vellow after 24 hours
but no precipitate was formed. The yellow solution was
evaporated at 50°C. in a vacuum desiccator until very pale
plnk crystals were deposited. An elemental analysis of

this compound approximates that required for 3nClp-2AcAc.
Attempts to prepare an analytically pure sample were not

successfiul.

Reaction with o-quinones - 1.89 g. (0.0l mole) of

tin(II)chloride dissolved in 5 ml. of methanol were added

to 0.01 mole of the ¢uinone dissolved in 75 ml. of boiling
glaclal acetic acid. As indicated in Table IV, an immediate
darkening of the sclution occcurred. The solutions were
boiled for several minutes and then evaporated to a small
volume in a vacuum desiccator at 60°C. until precipitation
occurred., All attempts to isolate pure compounds, by add-
ing ligroin, dimethoxyethane or tetrahydrofuran to the

colored solution were not successiul,
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SRPERTMINTAL

Chemicals - Reagent grade chemicals were used with-

out further purificaticn cxcept as noted below,

Methyl alcohol - Fisher Certified Reagent (0.01% Ho0)

was refluxed with magnhesium turnings and distilled immediately
prior to use if the solvent had been cpen for some time.
Alternately, a freshly opened can of the same grade was

used without further drying.

Triethylamine - Zastman tricthylamine was dried for

several days over barium oxide and fractionally distilled

from fresh barium oxide.

Anhydrous tin(II)chloride - Reagent grade tin(II)

chlcride dihydrate was dehydrated according to the method

of Stephen(53). One mole, 226 g. of tin(II)ehloride
dehydrate was covered with two moles, 190 ml., of acetic
anhydride, After a short time a vigorous, exothermic re-
action resulted and the anhydrous salt separated cut. The
anhydrous tin(II)chloride was filtered, washed many times
with anhydrous ether until the filtrate had nc odor of acetic
acid, dried by suction, and stored in a vacuum desiccator

in a sealed container over calcium chloride. As long as

all molsture and air are excluded from the desiccator,

v

tin(;I)chloride can bevstored for several weeks.
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Pyridine - Reagent grade pyridine was dried several
days over barium oxlde, distilled, and stored over fresh

barium oxide.

Pyridince-ll-oxide - Practical grade pyridine-N-oxide

was vacuum distilled and the fraction distilling between

125 and 130°C, at Omm pressure was used.

N,N-dimethylformamide - Reagent grade DMF was vigor-

ously shaken over barium oxide for 20 hours, decanted, and
distilled under reduced vressure, That fraction that dis-

tilled at 41°C. at 10mm

Yt

r
1

D

g. was used, The speciflc conductance

cf the purified sclvent was 2x10~7 mho-cm~t,

analytical - Carbon and hydrogen analysis were per-

formed by Galbraith Laboratoriecs, Inc., Knoxville, = nessce.
Nitrogen was determined with the Coleman llodel 29 Nitrogen
Analyzer. Tin was actermined as the oxide by careful evap-
oration with ccncentrated sulfuric acid and subsequent
ignition at 800°C. Chloride was determined either gravi-
metrically ap silver chloride or volumetrically by the
Volhard liethod, ferric ammonium sulfate being used as the

indicator.

A-ray diffraction data - Powder patterns were obtalned

for all crystalline complexes preparea in this study. The

samples® were Tinely grcound and mounted in O.3mm capillaries.
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The patterns were taken with the 57.3mm Phillips camera‘
using copper and iron radiation (1.5418 K and 1.9373 Z,
respectively). The inter-planar spacings, d values, were
obtailned in either of two ways; directly from a Nies Chart,
or by determining the angle of diffraction,®€, with a film

reader and from €, the appropriate d value.

Infra-red spectra - The infra-red spectra of all

substances were taken with a Perkin-iZlmer HModel 21 Spectro-
photometer cr a Perkin-ilmer Model 337 Spectrophotometer,
Sodium chloride optics were usged with both instruments in
the 4000cm-1 - 600cm-1 and potassium bromide optics in the
600-400cm-1 repgion using the Model 337. iull spectra were
obtained using Nujol and Halocarbon mulls. A few of the
spectra were obtained by means of the potassium bromide
disk technique or in solution. Both the mull and disk
techniques were used on scme of the complexes and 1n every

case agreement was excellent.

Conductance measurements - Concuctance measurements

were made in N,M-dimethylfcrmamide solution. Those compounds
chosen for conductance studies were sulficliently soluble,
without decomposition, in DMF to give approximately /1000

solutions.



R4NX

(CH,), NC1

324
(CH3)4NC1

(CH3)4NC1

(CH3)4NCl
(C2H5)4NC1

¢ (CH4) 4NC1

*Identified by x-ray powder pattern

Table VIII

Reaction of Tin(Il)chloride with Quarternary Ammonium Chlorides

MeOH

MeOH

MeOH

MeOH

EtOH

EtOH

Ratio
Solvent R4NX:Sn012

1:1

2:1

1:2

1:4

1:2

1:2

Product
Sn

{ZCH3)4ﬁ]Snc13 39.65
RCH3)4ﬁ]Snc13 (*)

FCH:} ) QN] SnC 13 (%)

lcu3)sn]snc1y 39.65
l(caHs)4N] snC13 33.39

Eﬁ(cu3)3n]3nc13 32.83

Analysis
Theory % Found %

Cl Sn Cl
35.58 39.63 35.29

- 39.57 -

39.81

29.96 33.57 29.97
33.51 29.91
29.47 32.84 29.45
29.25

A

Me3 complex, silver-grey; others are white

6%



Temp.

-78

Room

Room
Room

Room

Room

Reflux
Reflux
Reflux

Reflux

Solvent

DME

DME

DME
DME /MeOH

Aq. NH3-
EtOH

MeoCO

Me2C0
CH3C1
MEZ CO

DME

DME = dimethoxyethane

Table IX

Reactions of Tin(II) Salts with 8~-quinolinol

Ratio of
SnClg: L

1:1

1:1

1:2

1.2

1:1
-form
1:1
1:1

1:2

O0x = CgHgNO~™ ion

Product

« =-Sn0xCl
Same

Mixture
<-Sn0xCl

Sn(0x) o

A=-SnOxCl

6-Sn0xC1
8-snoxCl
@-SnOxCl

@-SnOxCl

Analysis
Theory %
Sn C H Ccl Sn
39.79 - - 11.90 39.58
-- - - --  39.17
39.23

(identified by infrared spectrum)

39.79 36.20 2.01 11.950 38.98

Found %
C H

36.29 2.24

(identified by x~-ray powder pattern)

(identified by x-ray powder pattern)

(identified by x-ray powder pattern)

39.79 36.20 2.01 11.90 39.61

36.51 2.33

(identified by x-ray powder pattern)

(identified by x-ray powder pattern)

All complexes are yellow.

Cl

11.064
11.70

11.88

11.74

11.86

0s



Table X

Tin(Il)chloride €omplexes with Pyridine and Derivatives

Compound cC% ' H % N % Sn % Cl %

Theory Found Theory Found Theory Found Theory Found Theory Found

SnCl,: Py 22.32 21.64 1.86 2:11 5.21 4.90 44.17 43.62 -- --
43.54

SnCl,- PyNO 21.07 20.70 1.75 1.92 -- -- 41.69 41.62 24.91 24.37

Sn012~2PyNO 31.00 31.01 2.26 2.91 -- -- 31.24 31.29 -- --

SnClz-DiPy -- -- -- -- -- -- 34.31 34.45 20.51 19.89
34.04

Py complex, light tan PyNO complex, white 2PyNO complex, white DiPy complex, yellow

TG



Donor

DMSO

DPSO

Diox

AcAc

Pheng

Chrysqu

Solvent
EtOH
EtOH
Diox

AcAc

HOAc

HOAc

Table XI

Product

SnCl,- 2DMSO

SnC12-2DP§O
SnClZ-Diox

Unknown

Unknown

Unknown

Theory %

Sn

Cl

34.31 20.006

19.97 11.94

42.

71

25.

55

Reactions of Tin(II)chloride with Oxygen Donors

Analysis

Found %

C H

30.00 3.56

53.34 3.14

Sn

33.96

20.

42.
42.

29

19.
19.

22
22

24

48
71

.40
29.
30.

78
74

05
17

.73
44

Cl

19.87

11.
11

25.

12.

15

.39

74

20

[AY



APPENDIX

Tables of data

The reactions of tin(IV) compounds
with 9,10-phenanthrencquinone

The preparation and properties of
ammonium nexafluorcstannate

53
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Table XII

Infrared Spectra of Triethylammoniwn Halides

(GzHs) ,NHC1 (C,Hs) gNHBx
290U 2510
2700 2710
2500 2020
1460 2480
1400 1500
1375 1425
1170 1375
1064 1165
1030 1005

§60 1035
310 845
800

1

Frequency given in cum



Table XIII

X-ray Powder Diffraction Data for Triethylammonium Hzlides

(CoHs) 3NHC1' (C,Hg) sNHEx
dots diic dots diic
7.3 7.25 7.3 7.3
5.1 - 5.07 5.1 5.18
5.2 4.1 .2 4.23
3.0 3. 04 3.0 3.09
3.5 3.54 3.2 3.ub
3.25 3.22 2.7 3.286
2.70 2.70 2.0 2.7
2.55 2.54 2.4 2.5
2.4U 2.41 2.3 2.44
2.15 2.17 2.2 2.3y
2.0y 2.0u 2.1 2.21
2.00 2.0 2.11
l.-v 1.55 2.0+
1.78 1.63 2.03
1.7 1.90
1.84%
1.83
1.7v
1.78



Table XIV

X-ray Powder Data for Sodium Halides

NaBr NaCl
dobs diic dovs diit
3.4 3.44 3.3 3.2
2.9 2.36 2.85 2.62
2.1 2.11 2.00 1.2y
1.8 1.80 1.70 1.70
1.7 1.72 1l.o4 1.02
1.5 1.4y 1.42 1.41
1.3 1.37 1.30 1.2
1.22 1.22 1.20 1.20
1.13 1.15 1l.1v 1.15
1.03 1.05 1.0y 1.08
1.00 1

.01



Table XV

X-ray Powder Data for Tin(II)oxide

dors dyjc
4.8 4.85
2.9 2.98
2.6 2.08
2.40 2.41
2.0 2.03y
1.20 1,901
1.7 1.757
1.0 1.004
1.49% 1.4v4
1.38 1.484
1.34 1.362
1.22 1.344
1.21% 1.225
1.17 1.20y
1.1v 1.202
1.15 1.174
1.10 1.16Y
1.07 1.152
1.102
1.070

*Very broad line



Table XVI

Infrared Spectrum of Tin(Il)acetate

Frequency . Incensity
3000 w
2950
2410 w
1750 ; w
1715 W
1025 Vs
1.0u
1540 Vs
1410 ' vs
1380 Vs
1345 Vs
1327 vs
1100 w
1140
1020 m

930 w
()70 N
060 1

Frequency given in cm L

w weak
m medium
vs very strong



Tatle XVII
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Infrared Spectrum of Tetramethylammoniumtrichlorostannite(II)

Frequency* Intensicy
3000 w
1500 s
1420 w
1260 W
900 vs

Tabtle XVILIL

Infrared Spectra of Pyridine-N-Oxide Cowmplexes

SnCl, 2C5HsNO

SnC1,*CsHgNO
1235 w 1245
1155 s 1205
1185 s 1210
1170 s 1170
1160 sh 11v0
1090 w 1050
1070 w 1008
1020 1020
520 w 500
825 s &30
815 vs 820
705 vs 705
670 s 670

nw ®n s

AL
s

*Frequency in loth tatles given in e~ L,



Table XIX

Infrared Spectra of Bipyridyl and Tin(II)
Complex in the 1600 - 000 em™ L Region

1583 1005
1560 1505
1421 1500
1252 1495
1140 1440
1050 1320
1085 1243
1041 1210
992 1175

892 1105

755 1057

739 1040

652 1015

1007

910

880

778

765

732

049

*Reference 42



Table XX

Infrared Spectra of Pyridine and SnClj.CsHs5N
in the 1600 - 1400cm-1 Region

Pyridine SnClys C5HgN
1627 1610
1593
1578
1570 1480
1478 1450
1436
1372
1350 1248
1217 1220
1145 1150
1067 1070
1031 1040

991 1020
942 1015
747 760
700 680
650 640
601 430

403



Infrared Spectra

Table XXI

of 8-quinolinol and the 8-quinolinol Complexes

Compound

3200
CoHgNOH 3195 to
Lcoemon] c1 3100  to
Sn(CoHgNO) 2 --

‘(}‘-Sn(cg}iGNO)m | --
Sn(CqgHgNO) (CoH307) -~

Sn(C9H6NO)2(C2H302)2 --

“%run with sodium chloride windows

3000

3000 (br)

2500 (v br)

3050

3050,3020

3000,2910

3000,2900

Region (cm-1)

1700-1550

1580

1610,1580

1600,1572

1600,1580

1610,1592,1570

1660,1610,1580

1100

1090

1090

1100

1109

1100

1110

675

070

081,665

510

510

510

515

*

¢9



Table XXII

Infrared Spectra of the Sulfoxide Complexes

SnClZ°2DMSO SnC12'2DPSO
1315 w 1310 w
1295 w 1165 w
1030 s 1155 w

995 8 bx 1085 s
940 sh 1020 w
920 vs br 970 vs
715 m 950 vs
678 w 840 w
755 sh
748 vs
740 sh
695 sh
685 vs
1

Frequency in cm”

Table XXIII

Infrared Spectra of 1,4-Dioxane

and 1,4-Dioxane Complex

1,4-Dioxane SnClz'C4H802

1257 vs 1250 s
1142 vs
1122 vs 1100 s
1048 s 1060 s
1017 s 1030 m
887 vs 890 m
874 vs
870 vs

325 vs

Frequency in cm™ L
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Table XXIV

X-ray Powder Data for Tin(Il)acetate

7
mwmeVWWSSWWWWWWWWWWmWW

vvs

=

NOFNIVDODODONMSNNON
516/45618654308765322009977

876654433333322222222211_I_l



CyH,NOHBr 2

Sn(CgH4NOBr2) 2

Table XXV

X-ray Powder Data for Chelate Compounds
CyH6NOH

Sn(CgHgNO)

O\ 1N ™M O
0139,042087/05/._,/.»_31

/4876/4/4/4/433333333

wwswwmmw

s

vw

wnneo3EBRF2F033HEE

72570542087643219875
77655444/433333332222

=

2.15
2.08
2.00

Eeglegnegeci®B8aelagnzs

n o N

X
97655/4/4/4333322

*line cut by punch

Fa A
155958/43986298765
222

2.40



Table XXVI

X-ray Powder Date for Sn(CpH302) (CgHgNO)
and Sn(CzH302)2(09H6NO)2

Sn(CoH307) (CgHENO) Sn(C9H302) 7 (CgHgNO) 2
d I d I
8.0 m 2.4 m
7.5 m 7.5 s
0.3 s 6.5 m
5.8 8 .0 s
5.3 w 5.9 S
4.0 s 4.8 s
3.7 VW 4.2 m
3.5 3.9 w
3.4 vs 3.7 vs
3.2 w 3.6 vs
3.1 w 3.3 w
2.9 vw 3.1 vw
2.8 m 2.9 \
2.55 m 2.8 W
.48 s 2.55 w
2.23 m 2.45 m
2.10 % 2.30 m
2.00 VW 2.15 m
1.97 vvw 2.05 m
- 1.95 AATAT

66
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Table XXVII

X-ray Powder Data ford - and@- Sn(09H6N0)Cl

$-sSn(CgHgNO)C1

o ~Sn(CyH NO)C1

@ w3 2 3
mswwwvmmu.vwwwmwwwmwwmvwwvw
DNVONINOOND O
5686294298,0/4138005/._.422110
NOINININTFTFTNNANANNNNN NN NN N N

wmnEER € a @ o

558/4.9
005000.0/4.31000320 70/4.31
98765/44/4/433333222222

1.97
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Table XXVIII

X-ray Powder Data for Quarternary Ammonium Compounds

[(cH3) 4N] snCl14 [(coH5) 4N] SnCl3 [p(cH3) 3N] sncls
d I d 1 d I
6.5 s 8.3 m 8.4 s
5.3 w 7.9 m 7.4 s
4.5 vs 6.3 VW 6.0 w
3.2 w 5.8 m 5.7 VW
3.18 m 5.3 s 5.2 s
2.85 m 4.7 vs 4.7 vVw
2.60 w 4.2 w 4.5 vs
2.27 m 3.9 vw 4.2 w
2.15 w 3.7 m 4.0 w
2.05 m 3.6 vw 3.8 m
2.01 m 3.35 W 3.6 m
1.92 vVw 3.2 s 3.4 s
1.75 VW 3.1 s 3.15 m
2.9 m 3.05 m
2.68 m 2.98 W
2.55 m 2.81 m
2.35 W 2.61 w
2.24 W 2.50 m
2.08 w 2.35 w
1.95 vVw 2.15 w
1.85 vw . 2.10 m
1.83 vw - 2.05 VW
1.74 w

1.71 vw
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Table XXIX

X-ray Powder Data for SnClj-CsHsN

[}

o



Table XXX

X-ray Powder Data for SnCl,y¢CjQHgN)

d 1
7.8 s
7.0 vs
0.2 8
5.3 W
4.8 W
4.6 4
4.2 m
4.1 m
3.9 m
3.4 m
3.3 W
3.2 vs
3.1 vw
2.9 w
2.8 w
2.62 8
2.38 s
2.24 m
2.10 w
2.08 vw
2.05 vw
1.98 vw
1.88 vvw
1.84 VW
1.75 vVw

70
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Table XXXI

X-ray Powder Data for Pyridine-N-Oxide Complexes

SnC 12‘ ZCSHSNO

SnClp+ C5HgNO

W
w
W

Y] w0
OemEpPULBD>DONLNIZTD>DENDZIIIEI LIS

/) 3
v‘ss smeWmmmvm

vw
W

E3 P33 33Ew3EE

OO OoONMNINO VO
078587531)876 O T ANNAD AN
754&.333332222222222111111



Table XXXII

X-ray Powder Data for SnCl,*1,4-Dioxane

o,
—

HERERHERERERRERERERRRBNNNMNNNNMNROMNONNNNNOLWSE POV
- N
O

g g3g8g8gaggege€egg3E8Egd5dgdwsE3E80w0
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Table XXXIII

X-ray Powder for Sulfoxide Complexes

SnClz'ZDMSO SnC12‘2DPSO
d I d 1
* w 10 "
7.8 w 9.5 w
6.5 8 8.5 m
5.5 s 6.3 s
5.0 m - 5.5 m
4.4 m 5.0 8
4.1 s 4.6 W
3.9 s 4.4 %
3.5 w 4.2 m
3.3 w 4.0 w
3.1 vvw 3.8 w
3.0 s 3.6 w
*%k 3.3 m
2.2 m 3.2 m
2.1 m 3.0 m
2.05 w 2.9 w
1.95 vVwW 2.75 w
2.05 w
2.50 m
2.32 m

* line cut by punch
*%* geveral very weak lines in this region

73
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SURVEY OF THE REACTIONS OF ORGANO-TIN
COMPOUNDS WITH o-QUINONLS

Introduction. Haendler and Crowley(67) have shown

that tin(IV)bromide forms complexes with 9,10-phenanthrene-
quincne and chrysenequinocne, It was decided to make a brief,
preliminary survey tc see if other tin(IV) compocunds would
react witih one of these quinones. Table XXXIV gives the
results of this survey. X-ray powder patterns for the

isolated compounds are given in Table XXXV.

Ixperimental, 0.01 mole of tin compound was dissolved

in a minimum amount of methanol and added to 0.0l mole of
the quinone in 75 ml. of hot glacial acetic acid. The solu-
tion was evaporated until crystallization occurred, filtered
while hot and washed with ligroin., Tin was determined as
the oxide as before. X-ray techniques were previcusly
described. IFurther work is being done in this laboratory

on these compounds.



Table XXXIV
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Reactions of Tin(IV) Compouﬁds with 9,10-Phenanthrenequinone

Tin
Compound

Snly4

BuSnCl3

Bu2SnC1l2

¢sncly

SnCl4
BuZSn(OCH3)2
(CH3)ZSnC12

ézSnClz

Product

Snly- Phq

BuSnCls- 2Phgq

Bu2SnC12+ 2Phq

8nClq- Phq
(p8nCly

Reaction

No evidence of reaction
No evidence of reaction

No evidence of reaction

Color

Brown

Green

Black

Black

Brown

Elemental

Analysis 7%Sn

Theory

14.22

16.97
16.48

23.25

Found

14.67
14.48

16.04
16.02

22.91
22.53
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Table XXXV

X-ray Data for Tin(IV) Quinone Complexes

BuSnCl3-2Pq

Bu,SnClye 2Pq

SnIAqu

n W
Emanz2TonzEEE>>ER

05/420058/0/41963_1900
0076655/44/4./._.333322

W EBB3BB3BE®NOZ W

00/4362/02005

7,05/._./43322

£ Saxz
Ewgwbegegsseaebopbbeseess
N oY QO O NN
523050720875321)77643

870655444333333222222
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THIEE PREPARATION AND PROP=RTIES O AMMONIUM HEXAFLUOROSTANNATE

Intrcduction, Several ammonium fluorometallates of

the transition and post-transition metals have been prepared
in this labbratory by the reaction of ammonium fluoride in
methanol with a metal bromide in the same solvent(73“752
Ammonium hexafluorcstannate, (HH)y)o8nFg, was prepared using
this method.

This complex fluoride hes been known for some time.
Prior to 1900, J.C.G. de Marignac(76) had prepared it by
treating ammonium stannate with hydrofluoric acid. Mellor(77)
prepared it by the action of ammonium flucride or sulfate
on silver or lcad fluorostannate. Recently Kriegsman and
Kessler(78-79-80) have studied the infra-red spectra of a
number of complex fluorocstannates, including (NHM)QSnF6.

It has also been shown in this laboratory(81-82)
that anhydrous metal fluorides can be prepared from ammonium
fluorometallates by thermal decomposition according to the

reaction

~“TT. han A @ ¥
(L-]'H[T. )xl'll"y —p f{(lﬂ'IL{F) T l'm(y—X)

Our interest in (MNHy)oSnFg was stimulated by the
possibility of using it as the starting compound in the
preparation of anhydrous tin(IV)fluoride by thermal decompo-
sition and also by the lack of any recent data on the

structure of this compound.
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The Preparation of Ammonium Hexafluorostannate
The complex was preparced using the method of Johnscn
and Haendler(7“). The purity was verified by elemental

analysis and by x-ray powder diffraction.

TABLL HXXVI

ilemental Analysis

Calcd, Found
Per cent S8n 44,16 43.86, 44.68
o g 42,43 42.68, 42.75
" A MHYy 13.41 13.28, 13.18

Structural Studies

X-ray powder diffraction. X-ray ﬁowdcr diffraction

data are listed in Table XXG&GVII. The powder data were
successfully indexed on the basis of a hexagonal unlt cell,

with paraméters acsand ¢y equal to 5,980 3 and 4.769 R,
respectively. (iHy)p8nFg is probably isomorphous with its
rubidium a2nalog, RbpoinFG, which has been shown by Muetterties(83)
to be hexagonal, with a, and c¢g equal to 6,038 and 4.324,

w

respectively.

Infra-red spectrun. The infra-red spectrum of
¥

(MHy)oSnPg is relatively simple. The major bands are gilven

in Table XXXVIII. The bands in the regicn above 600cm=1
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are due to the NHgFion; those below 600cm—1 are due to Sn-F
bond(79). The infru-red spectrum indicated no hydrogen bond-
ing 1s present in the complex. The x-ray powder diffraction
data substantiate thio.

Waddington(88) nas . uggerted the use of infra-red
spectra in conjunction with »-ray powder data to show the
presence or absence of hydrogen bonding in mummonium com-
pounds., Cox and dharpe(89) nave used this technique to show
the absence of hydrogen beonding in ammonium hexaflucoroferrate
(1I11). Crocket(82) zlzo used it in discusoing nydrogen
bonding and lsomorphism in the ammonium, potassium, and
rubidium fluorometallates of copper(II) and Baker(84) 1in
digcuseging the ammonium end potassium fluorometallates of
uranium and the Group V metals., The criterion uced is the
free rotation of the ammonium ion which would nct be possible
il the ion were hydrogen bonded. If the ammconium compound
is isomorphous with the correzsponding potassium and rubldium
compounds, a& shown from x-ray powder patfterns, the ammonium
ion would be free to rotate and thus there could be no hydrogen
bonding. As was previously stated, (Why),snFg is probably
iscomorphous with RbQSnFG. Potamsium hexafluo:ostannate has
been prepared by Hoppe(9o), but no powder data are available
for comparicon,

It has also been gshown by Baker(8“), that in hydrogen
bonded asmmonium fluorocmetallate complexes, the infra-red
spectrum shows strong splitting in the 3000em-1 and 1400cm-1

regions and a band at 1700ecm-l., The infra-red spectrum of

(NHy)oBnFg shows none of these characteristics.



hkl

100
001
101
110
111
201
102
210
112
211
202
300
301
003
103
212
220
310
221
113
302

Table XXXVII
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X-ray Powder Data for Ammonium Hexafluorostannate

100
25
100
30
35
90
30
10
40
80
85
10

15

10
50
30
10

dobs

5.179
4.789
.535
.011
.559
.298
194
979
.888
.832
777
.748
.643
. 609
.541
.534
.513
456
1.445
1.425
1.418

HERRMREERERERERRRNDDNDNDOW

o
c = 4.789 A

dealc Qobs

5.245 0.0373
4.841 .0437
3.557 .0800
3.028 .1102
2.567 .1527
2.305 .1892
2.197 .2075
1.982 .2549
1.890 .2804
1.834 .2976
1.778 .3164
1.748 .3270
1.644 .3700
1.613 . 3846
1.542 4201
1.533 4247
1.514 .4356
1.454 4717
1.444 4783
1.424 .4920
1.417 4974

Qealce

0.0363
. 0426
.0790
.1091
.1518
.1881
.2070
<2545
.2797
.2972
.3160
.3272
.3699
.3839
.4204
.4252
4363
4726
4789
.4930
.4978



81

TABLE XXXVIII

Infra-red Spectrum of Ammonium Hexafluorostannate

Frequency(cm-1) Intensity Assignment
.+
3270 V3 NHy
1430 VS(Broad) NHy*
565 VS(Broad) Sn-F

The fluorine atoms are undoubté&iy in an occtahedral
arrangement around the tin atom slnce the Sn-F absorption

is in the region for octahedral Sn-F absorption(78-85).

Thermal analysis. Two techniques were employed in

in the thermal analysis of (NHq)gSan, thermogravimetric

analysis, TGA, and differential thermal analysis, DTA,

Thermogravimetric analysis., Thermogravimetric

analyslis was carried out on a balance constructed by
Kingston(86). The thermograph showed a welght loss which
began at 2500C. and continued until the loss in weight
corresponded to one mole of ammonium fluoride at 3250C,

At this temperature there was a slight pause in welght loss,
then an extremely rapid weight 1loss that continued €0 approx-
imately 5000C, It is felt that this rapild weight loss i1s
due to a general decomposition of the product remaining
after the loss of one mole of NHyF. The sample continued
to lose welght after the total calculated weight loss for
two moles of ammonium fluoride had been reached. The filnal
product was a black, crusty fluoride containing sclid that

we were not able to identify.
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The decomposition after 325°C, is often violent;
on several occasions most of the sample was blown out of
the sample holder. On one occaslion we were able to remove
the sample after a welght loss ocrresponding to approximately
one mole of ammonium fluoride., The x-ray powder pattern of
the material is given in Table XXXIX. The appearance of a
new phase is Indicated by a large number of lines that are

not in the pattern of (illy),SnFg.

Differential thermal snalysis, Differential thermal

analysis was carried out on an apparatus described by Shinn(87)
using a slight suctlion to remove the volatile products.

The results are chown in Fipure 1, The curve shows a small
[

transformation beginning at 300°C. At 330°C. the differentlal

temperature rises sharply to 390°C. and then falls off quite
rapidly. During the sharp temperature risce the evolving
gasses become quite dense and large amounts of sample are
blown out of the sample holder. The final procduct is a hard,
black, unidentifiable solid, very similar in appearance to
the final product of the TGA.

Both TGA and DTA repults indicate that the thermal

decomposition of (NHM)QSnF6 goes according to the reaction:

. 250°C TGA |,. . a . Unknown
(NHq)QonF6 > [deM)Ean;]x violent ~ Product
300~C DTA decomposition

Further work on this decomposition is now belng carried out

in this laboratory.
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Experimental

Preparation of the SnBry-methanol solution., 12 g.

(0.1 mole) of finely divided tin was covered with 100 ml,
of absolute methanol (0,01 per cent water). A slight
excess of bromine was added drepwise. It was necessary
to warm the solution to initlate the reaction, but once
started,»the reaction 1s exothermic and vigorous. When
all the metal appeared to have reacted, the solution was

filtered and stored until needed.

Preparation ol the complex. “The [lltered methanol

soluticn of the metal bromide was added Slowly to a2 rapidly
stirred saturated solution of ammonium fluoride in methanol,
The product was filtered, washed several times with dilute
ammoniuwn fluoride in methanol, then pure methanol until

the filtrate gave a negative tect f'or bromide ion, and
Tinally with anhydrous ether. The complex was oven dried
at 110°C. Regrinding of the complex and digestion in a
dilute alcohol solution of ammonium fluoride improved the

elemental analysis and the quality of the x-ray powder pattern,

Analytical. Fluorine was determined by distillation
of fluorosilicic acid from sulfuric acid solution and then
titration with thorium nitrate uszing the method of Grant
and Haendler(93),

ammonial90) was determined by distillation from

strongly alkaline solution into cold 2% boric acid solution
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followed by titration with standard hydrochloric acid, using
methyl purple indicator.

Tin was determined gravimetrically as the oxide by
slow evaporation to dryness with concentrated nitric acid

in platinum crucibles and igniting at 800°C.

Y-ray powder diffraction studies. The samples were

mounted in O0.3mm glass capillaries. Powder diffraction
patterns were taken using the 57.3mm and 114.56mm Phillips
cameras. The powder patterns from the latter were used
for accurate structural determinations. Iron radiation
with a wave length of 1.937BR was used. Intensities for
the lines were estimated visually.

The diffraction angle of each line on the powder
pattern was recad and the interplanar cpacings of the sets
of planes responsible for the observed lines were thus
obtained. Using these obgerved values, values for ¢ obs.,
($in260bs )4 were obtained for each a value.

A

Using the method of Henry, Lipson and Wooster(91)
preliminary values were obtained for the lattice parameters
a and c¢. I'rom these parameters, values for @ calc.,SinQ{}
calec., and d calc, were calculated using a program developed
for the IBM 1620 computer by Haendler and Cooney(92). The
calculated valuecs were compared with the observed values,
and, a and c¢ were adjusted and the calculations repeated
until the best agreement between the observed and calculated
values were obtained. In thic way all the lines in the

pattern were successfully indexed.
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Infra-red spectrum. The infra-red spectrum in the

4000em~1 to 600em—1 region was run with a Perkin-Elmer 21
using NaCl optics, and in the 600em~! to 400ecm~1 region
with a Perkin-Elmer 337 using KBr optica., Halocarbon and

Nujol mulls were employed.

Thermal deccmpositlion., Thermogravimetric analysis

was carried out on an apparatus deccribed and constructed
by Kingston(SG). The decompositions were performed with
the generous help of Kingston, Differential thermal analysls

N R ~
was carried out on an apparatus described by Shlnn(07).

Acknowledgement. The authcr wishes to thank bMiss

Sandra Roscoe and kMlss Blanca Hazendler for thelr ascistance

in programming the data for the IBM 1620 Computer celculations.



First Decomposition Product of (NH, ) ,SnFg

Table XXXIX

R R R REEERERENDNNMNNNNODRWROLWO R0 o

91
.51
.59
.40
.18
.84
.93
.ol
.53
.40
.23
.00
.84

.30
.20
.03
.97
.89
.83
77
.69
.64
.54
.51
.46
.43
4l
.37

86
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Figure 1
Differential Thermal Analysis
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