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SUMMARY

Sulphito-groups may act as monodentate or polydentate ligands. Bonding
may take place through sulphur, sulphur and oxygen or oxygen. The aim of part
of this study was to determine the possiblé mode of bonding in a number of
sﬁlphites of the type MA(SOB)b.nHZO and a number of ammonium complexes of the
first row transition metals, These were prepared free of sulphate ions and
examined by diffuse reflectance, infrared, and far infrered methods.

The solubility of the compounds was determined qualitatively, in water and
agueous sulphur dioxide solution and an effort made to relate th?ir general
insolubility in water and solubility in aqueous sulphur dioxide solution to
their structures,

Results of spectroscopic studies suggest that for, (a) Ni(OH)2.3N1803~12Hé0
the metel is octahedrally co-ordinated probably by the oxygens of water and the

sulphito-groups; (b) ZnSO 2.5H,0, MnS0,3H,0, 008033H20 and (NHL)ZNiB(SOB)h.IBHZO

3 3
the metal is octahedrally co-ordinated,or in the case of ginc possibly
tetrahedrally co-ordinated,mainly through oxygen, the sulphito-groups having
low symmetry; (c) (NHA)ZM(SOB)Z.nHZO (¥ = Mn, Co, Ni, Zn) and basic ammonium
chromium sulphite the metal is octahedrally co-ordinated by oxygens of sulphito-
groups and the C3v symmetry of the free ion is maintainedy (&)
(Nﬁu)7Cu(803)4.5H20, the sulphite groups may be present as discrete ions.
Results of solubility studies suggest three dimensional or polymeric structures
for all the compounds except (N34)7Cu(303)#.5H20.

In thermal decomposition studies of transition metal sulphites, in a
variety of atmospheres, the final products have been reported variously to
include the metals, oxides, sulphides, and sulphates, Thermal gravimetric

analyses have been cerried out to clarify this situation for all the compounds



mentioned previously in this summary, end for Cu28036u8032H20 and NHuCuSOB.

With the exception of NI%CuSO3 the final decomposition products are oxides

with possibly minor amounts of sulphide and/or sulphate.
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CHAPTER 1

INTRODUCTION



Many transition metal sulphites have been reported over a period extending
from the early 19th century. Unlike most other oxy-anion complexes, little work
has been carried out to systematise and correlate their properties, and there is
much conflicting data. For example CoSOB.6H201 is reported to precipitate on
the loss of sulphur dioxide from its aqueous sulphur dioxide solution, but

other reports refer only to CoSOB.H 0, CoSO'.5H20 and CoSO}.}HZO.2

2 3

Some efforts have been made to clarify the situation in individual cases
where it was suspected that the sulphite was not a true compound. The
formulation of the red complex, CuZSOBCuSO3 2H20 for example, has been
confirmed, whereas the yellow-green complex, referred to as Cu28030u803 5H20,2
has a variable composition.3 Also the formulation of white Cu2803 .0 5H O has
been confirmed but the red material formulated the same, has been shown to be
an approximately equimolar mixture of Cu28030u803.2H20 and metallic copper.ZF

An interesting feature of transition metal sulphites is their general
insolubility in water.2 There is little discussion of this aspect in the
1literature.. The insolubility is possibly due to polymeric structures, in which
the sulphito-groups are acting as ligands to two or more transition metal ions.

Alternatively, it may arise from extensive hydrogen bonding, for example,

between oxygens of the sulphito-groups and hydrogens of the water molecules in

. 5
N1303.6H20.
At the outset of this work only the crystal structures of CoSOB.6H20,1
1,6,7 8 9
£50. S0_CuS0_ ,2H_0 S0 .
N:LSO3 6H,0, Cu, 3Cu 03, 0 and NHLCu 3 had been reported. All were

reported2 as being insoluble in water, which is consistent with their three
dimensional polymeric structures. The structure of NiSOB.6H20 consisted of
distorted [Ni(H20)6]2+ octahedra and 8032- jons, linked three dimensionally by
hydrogen bonds.5 2SO3CuSO3 2H20 consists of tetrahedral CuIOBS units and
CuII distorted (& + 2) octahedra formed by two oxygen atoms from water
motecules and four oxygens from different sulphito-groups. The units are

. . 8
linked together into a three dimensional network (Fig.1l.1).

e APR 2972

s 4B



The orystal structure of N, CuSO, consists of S0, pyremids and Cu0,S
tetrahedra, the tetrahedral co-ordination around the copper being three oxygen
atoms and one sulphur atom of four 803 trigonal pyramids. The CuOBS tetrahedra
and SO3 pyramids form double layers which are held together by ammonium ions
(Fig.1.2).9’lo

The solubility of transition metal sulphites in aqueous sulphur dioxide
solution, is in general greater than that in water.2 Especially soluble are
the sulphites of the types Ma(SOB)b.nHZO and Maxb(s%)c.nnzo (X = OH, 0).
Some sulphites however react with the sulphur dioxide solution. For example,
AgZSO3 forms silver metal on standing,2 and Cu2803.0°5H20 on prolonged
digestion gives a mixture of copper metal and Cu2803Cu803.2H20.4 In contrast,
ZnSO3.2-5H20 and NazHg(303)2 are reported to be sparingly soluble.2

The equilibria in aqueous sulphuf dioxide solutions may be represented as:
802 + xH20 = SOz.xHZO

<L
[SOZ.xH20 = H2803 K 1]

- +
S0 -XH20 é H303 (aq) + H,0" + (x - 2)H20

2 3

and the first acid dissociation constant

-1t
: [HSO3 1[H"] "
I& = - 2. =13 x 10
[Total dissolved SOZ] - [HSO3 ] - [SO3 ]
. .11 - . . .
According to Golding,” HS0, in solution occurs in the following

3

tautomeric forms at low concentrations (ca. 3 x 10-3M).

H\\\ /9 0
0—8 &= H—S—0
0
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At higher concentrations (ca.10 M) these interact by hydrogen bonding

and are in equilibrium with the pyrosulphite ion.

o, 0—H 07 0
>s\/ ;o = >s——s<—o + H0
0 “H—5—0 0 0~
\\O—

On this basis, the solubility of NiSOB.6H20 can be explained by conversion
2=~ -
of SO3 on the surface of the crystal to HSO3 , thus reducing the hydrogen
bonding, followed by possible conversion to the other species at higher

concentrations. However it is difficult to account for the reported solubility

of Cu,S0,CuS0 .2H202 in agueous sulphur dioxide solution or the effect of sulphur

23 3
dioxide on NHI‘_CuSO3 to produce metallic copper and Cu2$03(1u803.2H20.lF

Structural determinations have shown that both these sulphites are also

polymerice
2 e
The bond order of the S-0 bond in SO3 has been calculated from Raman

o

spectral data for the ion in solution and in solid Ng2303 to be 1-3312 and many
other workers have suggested a bond order greater than one. X-ray crystal
determinations give a S-0 bond length of 1-SOX for Na2803’13 compared to the
normally accepted single bond distance of 1'643, and a S=0 bond distance of
about 1-402.1“ Thus apart from o bonding there must also be n bonding due to
overlap of p orbitals of the oxygen atoms with unfilled d orbitals of the
sulphur atom, |

In transition metal chemistry the sulphito-group forms ﬁany complexes in
which it apparently acts as a monodentate or polydentate ligand and since there
are possible alternative modes of bonding through sulphur or through oxygen

this has been the subject of many structural studies pa}ticularly using infra-

red spectroscopy. The information obtained has been based upon the shift in

the S-0 stretching frequencies.
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In one'study%5 the shifts in strefching frequencies were used to classify
the compounds studied as (a) double sulphites; (b) complexes with monodentate
sulphito-groups bonded through sulphur or oxygen; (c) complexes with bidentate
sulphito-groups. An attempt was made to distinguish between chelating and
bridging sulphito-groups. Some étructural conclusions made on the basis of i.r.
spectroscopy have been confirmed later by X-ray crystallographic studies. For
example, for PdSOB(NHB)3 a monodentate sulphito-group, bonded to the metal
through sulphur was predicted by i.r. studies and later confirmed by a crystal
structure determination.16 NﬂhCuSOB9’10 a 'so called' double sulphite shows
tetrahedral co-ordination around CuI of three oxygens and one sulphur atom.
Each sulphito-group bonds to four metals through the three oxygens and the
sulphur atom. |

The thermal decomposition of sulphites of the types M;(SOBJb.nHZO,
Maxb(SOB)c.nHZO and Meamb(s%)c.nﬁzo (Me = NH *, Na*, K'; M = transition metal;
X = OH, 0) have been extensively studied2 in a vaeriety of atmospheres with much
conflicting information on the products. Much of this work was complicated by
serial oxidation. More recent work under nitrogen,argon or in vécuum,also show
conflicting results, For example, the decomposition of Zn803.2‘5H20 is
reported to lead to ZDSZOB’ ZnSOh and 302 when heated in vacuum,17 whereas
when heated in argon, ZnQO is the primary product with traces of ZnS and ZnSO4 18
Oxides, sulphides, sulphates, and in the cases of silver and mercury sulphlte
complexes, the free metal, are all reported decomposition products of sulphites,
but no pattern in the decompositions is apparent and much confusion still
exists.about the nature of these products.

Much industrial interest has centred on the sulphltes of the type
Ma(SOB)b'nHZO especially those of zinc and coppers ZnSOB.Z-SHZO has been used
in copper fungicidal compositions,l9yits formation, from Zn0, occurring in the

y 2 . ot .
recovery of sulphur dioxide from waste gases 0 and in the purification of gases



- containing sulphur dioxide.21 The extraction of zinc from zinc muds or sludges
containing CdS22 has . involved the use of sulphur dioxide to form Zn(HSOB)2
solution and the conversion by heat of this solution to substantially pure Zn0Q,
CuZSOB.CuSOB.ZHZO is used in molluscididal and fungicidal preparations and
is formed at a stage in the extraction of copper metal from its ores.23 Copper
metal: can also be obtained from aqueous solution of its salts by treatment with

sulphur dioxide.zh The formation of the complex (NHA)B[Rh(SOB)}’]% has been

used to prepare spectroscopically pure rhodium and the complexing of ruthenium

3 3

products, the complexing rendering it insoluble in organic solvents,

by SO or HSO ~ has been used to separate it from thorium and uranium fission
The purpose of this work was to attempt, in a limited number of cases, to
rationalise the data reported in the literature over many years, to shed light
on the conflicting data, to obtain information on the bonding modes of the
sulphito-group and to use modern techniques to achieve these ends.
Most of the research work reported in this thesis was undertaken in a
school laboratory where limited apparatus was available. It was found necessary

to undertake the filtration and washing-drying operations in an atmosphere of

nitrogen and to de-aerate the materials used in these operations.



CHAPTER 2

FEVIEW OF TRANSITION METAL SULPHITES




I

1. Introduction

In this chapter the transition metal suiphite comblexes are reviewed. The
various features of their chemistry are treated separately, and comparisons and
contrasts are made between complexes of different metels., Conflicting claims
have been made for some sulphite complexes 6 and where directly relevant to the
present work are discussed in detail.

Transition metal sulphites have been known since the late 18th century,
and much of the early work was concerned with preparatory aspects and reactions
with acids, aif, water and ammonia etc. A large number of sulphite containing
compounds have been reported, often with elaborate formulations, and many
require further study especially using modern techniques. This review is
consequently restricted’because of the sheer mass of available date ,jto the
underlying principles established for the transition metal sulphites,with
particular reference to preparative methods, structures and thermal
decomposition reported in the more recent literature (from ca.1930). These

aspects are of direct relevance to the research described in Chapter 3.

2 Preparation of Transition Metel Sulphites

(a) Sulphites of the type M;(§03)b.gﬂzo

Sulphites-of this type have been prepared by analogous routes to those
for the salts of other oxy-acids, namely:
(i) the metal and the acid,
(ii) the metal oxide or hydroxide, and the acid,
(iii) the metal carbonate and the acid,
(iv) metathesis,
and also by the following routes:
(v) from a soluble compound of the metel with the acid or alkali
hydrogen sulphite,

(vi) from the metal sulphide and the acid,
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(vii) by wet reduction of a chromate with sulphur dioxide,
(viii) by the action of an alkali carbonate followed by acid on a
| sulphito-complex of the type Mea[Mb(So3)2]’
(ix) by the action of tetramethylammonium pyrosulphite on the

anhydrous iodide of the metal.

(i) From metal and acid

This method has been little used, owing to the risk of formation of

the thiosulphate from the sulphite,ze.é.

2Fe + 3302 —_— FeSO3 + Fe8203

In this instance the sulphite is deposited from the solution before the thio-
sulphate. Sulphur and jron(II) sulphide are formed also, thus rendering the
method unsatisfactory.

Cadmium sulphide is formed as well as the sulphite when cadmium dissolves in

sulphurous acid.

(ii) From the metal oxide or hydroxide, and acid

This popular method usually involves the passage of sulphur dioxide
into a suspension of the oxide or hydroxide in water, followed, after
dissolution, by the removel of sulphur dioxide. The solution on losing sulphur

dioxide precipitates the sulphite e.g.

27

2Zn0 + 2502 + 5Hé0 —> 2ZnS0 .2°5H20

3
Mellor2 refers frequently to this method. It has been used in manufacturing
2

processes for the extraction of metals 8 and the manufacture of metal

R

sulphites.29 In the production of copper sulphate from copper oxide ore by the
action of sulphur dioxide and air,30 the precipitation of Cu803.2H20 is
prevented by the presence of iron salts together with small amounts of other

31

heavy metal ions, As might be expected MnOé does not give the sulphite”™ and

this appears true of other higher oxides.
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(iii) From the metal carbonate and acid

2
This popular route was used by Klasens et al.1 to prepare

. 32 .
MgSOB.éHZO, CoSOB.6H20 and N1803.6H20, and by Cadoret” to prepare N1803.6H20
and Bugli33 00803.2-5H20
(iv) By metathesis
Formally:
A 80 _—_ .
uA 4 Me ( 3)b + nH,0 Mx(SOB)b nH0 + Mesz

'Migy is a soluble salt of the transition metal concerned and Mez(SOB)b is an
alkali metal sulphite or ammonium sulphite, more usually the former. To avoid
complex formation the ratio of M to 8032- is usually x:b.

Bugli34 used this method recently for the preparation of Fe803.3H20 and it

has been used also in the manufacture of sulphites.35

36

Pavlyuchencho et al.”  have reacted A52304 and NaZSO in the solid phase by

3

grinding or pressing of the resction mixture at room temperature.

(v) From a soluble compound of the metal with the acid or alkali

hydrogen sulghite
+ -
A 20HS0,” + ni,0 — Mx(SOB)Z.nHzo + 280, + zH0

This method is essentially similar to the previous method in that the low
‘sdlubility of the metal sulphite causes its precipitation ieaving other ions in

solution.

- 2
Its mein use has been in the preparation of Cu23030u803.2H20 »2h and

) 2
through it the recover,y37 and extraction 5 of copper, and in the preparation of

Ag2303.2’38

(vi) From the metal sulphide and the acid

The primary action of sulphurous acid upon the sulphides of iron,
39

zinc and manganese is according to the following equation:
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Cege MS + 802 + HZO — MSO3 + HZS

A corresponding quantity of thiosulphate results from oxidation involving the
liberated hydrogen sulphide. There is also the additional: problem"of the
conversion of the sulphite formed into other products such as tetrathionate and
~pentathionate.ho’hl

(vii) By wet reduction of a chromate with sulphur dioxide

On adding aqueous(ZﬁbQSO to Ag20r0 storing in the dark and
shaking occasionally over seventy five days the resultant precipitate consisted
wholly of Ag2803.42

(viii) By the action of an alkali carbonate followed by acid on a .

sulphito-complex of the type Me [Mb(_p ) ]

H52803°Hg303 H,0 has been prepared in this way from Ne, [Hg(SO ) ]

(ix) By the action of tetramethylammoniumpyrosulphite on the anhydrous

iodide of the metal

CoSO3 is reported to be prepared in this way from CoIz, using

te trame thylammoniumpyrosulphite in acetone.

(b) Sulphites of the type [MLa]L_§o3)b._qH2o

These are prepared in the following ways:

(i) By using the components Ma(§03)b and a neutral ligend

2 2
The monoamines of zinc™ and cadmium and the compounds of the

L5

.nH_0 i .
formula Ma(NZHL)b(SOB)c nH, have been prepared by this method

(ii) By replacement of certain ligends in a complex, by other ligands

at the same time producing a sulphite

[Co(NH}) o] (SOB) 0 is prepared from [Co(co )(NH )401] or
[Co(NHB) cl’ u51ng en ammoniacal solution of (NH )2803 and [Pt( 3)4]803 from

(NH#) 2[Ptc13(Hso§)] by warming with ammonia.



(iii) By replacing counter ions of a complex by sulphite ions. e.g.

z

‘[bo(NH3)6]ClSO from [Co(NH3)61013 by passing sulphur dioxide into a hot

3

solution in dilute ammonia.

Sulphites of the type X .
(c) Sulphites of the type MeaMb(§03)c nH,0

These have been prepared as follows:

(i) By mixing solutions containing the component ions, or ions which
give component ions on reduction with 802
Mélloézrefers frequently to this method, Hahn etaai.hs used the
metal chloride or acetate with an alkali sulphite or hydrogen sulphite to
prepare compounds of the type M°2M(S°3)2 (Me = NH +; M = 2Zn, Cd, Fe, Mn, Co, Ni;

whereas when Me = Na, K; M = Co, Mn). Na3[Co(SOB)3] was obtained using the

nitrate. \

The effect of tempeérature, acidity and molar ratios of the components on

the formation of this type of complex has been investigated.#7’h8’49

(ii) By replacement of anionic ligands by sulphito-groups

This method has not been as extensively used as the previous
method. Naé[Pt(SOB)a].2H205O and (NHA)B[Rh(SO ). e 2H 0*t were synthesised by
the reactions of Na,S0, with KZ[PtClh] and (NH ) so3 with H [m1016]
respectively, whilst the production of [Hg(803)2 is involved in estimations

of atmospheric sulphur dioxide by colorimetric methods.5
2= 2w - +
[HgClh] + 250, + 28,0 — [Hg(80,),]° + 4017 + 4H

(iii) By replacement of both anionic and neutral ligands in a complex

2
This method has been 1little used, but Lebedinskii et al. 2

have prepared (NHA)B[ Rh(803)3] from [Rh(NHB) c1 ] using (NH, ), 50, in their

route to spectroscopically pure rhodium metal

1111(1\1113)3013 + 3(NH ) so — (NH ) [Rh(SO )3] + 3NH, CL + 3NH,



i M( S0 . .
(d) Sulphites of types Mea[ ( 3)ch]_p.Hzo, !M(SOB)aLb]_gﬂzo and
IM(§03)aLb]Xc.gH2Q_
These three types of sulphites may be prepared by the same routes

which are classified as follows:

(i) The replecement of neutral 1igands by sulphite ions
53

Lyubimova”  used this method for the preparation of
[Pt{(NHz)zcs}3803] and Naz[Pt{(NHz)zcsiz(Soj)z] from [Pt{(NHz)zcs;h]c12 using

(ii) The replacement of enionic ligands by sulphite ions
Syrtsova et a1, prepared Na3[00(303)2(mg)2] (mgH = methyl-

glyoxime) from Na[Co(NOz)z(mg)z] and Na280 using molecular ratios of 1:2,

55

3

Cobalt, 'rhodium56 and platinum57 complexes have also been prepared by this
route.

* (4ii) The replacement of sulphito-groups by anionic ligands

Sulphito-groups in cobalt complexes were replaced by chloride ions
using a dry solution of hydrogen chloride in absolute alcohol at room

temperature.58

(iv) The replacement of sulphito-groups by neutral ligands

29
Kiement”” prepared Na[(SOB)ZCO(NHj)Z]'ZHzo from NaB[C0(803)3]
dissolved in an agueous (NH4)2803 solution,
(v) The replacement of neutral ligends by stronger neutral ligands

Syrtsova and Kbrletyanu6o used this method for the preparation
of a nuﬁber of [Co(SOB)(dmg)zamine]_ complexes from [Co(SOB)(dmg)2H20]-
(dmgH = diméthylglyoxime). Cobalt complexes containing 1,10-phenanthroline
have been prepared by Palade.61 Many other workers have used this method in

58,59,62

6
connection with other cobalt and palladium 3 complexes,

(vi) The replacement of neutral ligands by anionic ligands

6
Within the last ten years a number of cobalt complexes 4365

have

been prepared by this method, e.g. [c°x(303)(NH3)h] (X = NO , NCS or CN) by
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treating finely ground [Co(SOB)(NH3)5]Cl with an excess of concentrated aqueous
solutions of NaNOZ, NaNCS and KCN resPectively;65

(vii) The replacement of anionic ligands by neutral ligands

NHL[Pt(SOB)Z(NH3)2].4H20 was prepared from Pt012(803)2 in cold
ammonia solu.tion.50
(viii) By metathesis
' : ; . .1\93
[Pt(NH3)2803] was prepared from [Pt(2?3)2012] using Na2803 (1:1);
[IrC1(50,)en, ] from cis-[IrCl,en,]Cl using Na,SO. (1:3), and PdSOB(Héo)B
from Pd012 and A52303 when ground together in Wa.ter.63

(ix) From the component ions, or ions which give the component ions on

oxidation with air
This was a most widely used method of early workers% and examples

67,68

are the preparations of Ks[CostB(CN)lo], (NHA)Z[Fe(SO3)20H] and

47 1z.ch g 5L "
(NH#)[Fe(SOB)z(NHB)(HZO)], ang Ks[Rh(Nﬂj)B(SOB)BIB 5H,0. The composition
of the rhodium complex formed depends critically on the molar quantities of
reactants used.50’64 Cis and trans isomers differ in the course of their

reactions owing to the strong trans effect of the sulphito-group.

‘The preparation of hydrogen sulphites
Iﬁ'compariSOn with the sulphites a far smaller number of hydrogen sulphites
have been reported but they can be classified in a similar waye.

(a) Hydrogen sulphites of the type MA(§§03)b.g§20

No transition metal hydrogen sulphites of this type are known in the
solid state,tﬁough solutions of the corresponding sulphites in sulphur dioxide
solution are presumed to contain these compounds.2 Evaporation to concentrate
the solution causes loss of sulphur dioxide and probably upsets the equilibria

in the solution i.e.

- A\ 2-
2HSO3 — 80, + H0 + SO3 -



14,

Even though the equilibrium lies well to the left in sulphur dioxide solution,
precipitation of the sparingly soluble metel sulphite will displace the
équilibrium to the right and reduce the:possibility of forming hydrogensulphito-

complexes, Alternatively the equilibrium

- + 2-
HS0,” + H,0 = H0" 4+ 50

is displaced to the right through the insolubility of the metal sulphite,

(b) Hydrogen sulphites of the type ML(HSOB)Z.Q_HZO
Few are known, but MNzHu(HSO3)2'nH2045 (M = Co, Mn, Cd, Zn) were
prepared from the components, the metal sulphite Zf’c agueous 802 solution in the
presence of hydrazine., Recently Dugf69 prepared ML(HSOB)2 (L = 1’2_C6HL(NH2)2’
M = Zn, Cu, Ni or Co) by suspending ML X, (X = halide, N03‘ or 010#‘; n=1, 2
or 5), in sulphur dioxide solution.

6
45,69 may or may not contain hydrosulphito ligands but

These examples
2
Mellor has described thenpreparation of [Pt(NH3)2(H803)Cl] by the action of

sulphur dioxide on a solution of [PtClZ(NH3)2] or PtCIZ(NHB)A'

1phi HSO S0_) .nH O
(c) Hydrogen sulphites of the type MeaMb(- 3)0(_ 3)d__ 5
2
The early workers prepared these compounds using the components €.ge
Cu(HSO S0 was prepared from K{{u(HSO S0_)].2°5H.0 using excess
K [Cu(HS0,) (80,)] was prep Klu(H50,),,(50,) 1.2 58, g
KHSO3 or from K.2CO3 and basic copper(II) carbonate by saturation with sulphur
dioxide while cooled in ice. Treatment of Kt[Pt(SO3)4]H20 with dilute

sulphuric acid gave Kiﬁpt(SOB)Z(HSOB)Z] and its tetrahydrate.7o

(d) Hydrogen sulphites of the type Me_a[MDS_H_S_OB)ch] __ggg_[_Ma(H_SOB)ch]Xd
. Early workers2 used the action of sulphur dioxide solution on a chloro
complex of the metal e.ge (NHL)Z[PtC13(HSO3)] was prepared from (NHA)ZPt01# and
warm concentrated sulphur dioxide solution. .
Mineral acids have been used on complexes containing sulphito--groupssg'.’79"73

e.g. the action of excess concentrated hydrochloric acid on Ks[Pt(803)41H20

produced Ks[Pt01ZSO3(HSO3)].7O



In soﬁe cases?l the anion of the acid also replaces one sulphito-group of a
disulphito~complex, the other one being converted to a hydrosulphito-group, or
alternatively, neutral ligands such as water are, in a monosulpﬁito complex,
replaced by the anion of the acid.56 Dilute nitric or perchloric acids are
reported to convert [Co(SOB)ZQSf) ] " %o [Co(SOBH)(Df)2H20] by hydrolysis72 and
hydrochloric acid to converg(d:ﬁ;drosulphito.complex (NHL)[CO(SO3H)2(mg)2]t°
NHA[CO(SOBH)Cl(mg)Z]j3 (where HDf = benzildioxime aﬁd mgH =Imethylglyoxime).

To conclude, hydrogen sulphites have been prepared in acid conditions
using alkali metal hydrogen sulphites, through the reaction of sulphur dioxide
with suitable compounds such'as halide complex.es,69 or by the reactions of

mineral acids on suitable sulphito or hydrosulphito complexes, The identity of

the acid and its concentration influence the complex formed.

The preparation of basic sulphites

As with basic compounds of other salts and complexes,the methods of
preparation are as for the normal salts?but with the additional route of the
action of heat on a normal sulphite. If the normal sulphite can be prepared,
then the conditions used for the basic sulphites are those more likely to lead
to hydrolysis,i.e. the conditions are less acidice.

For compounds of the type Maxb(SOB)c°nH20 (X = OH,0) the methods most
often referred to by Mellor2 are methods (ii), (iv) and (v) for the normal

sulphites.

Where it is possible to form a normal sulphite of the metal, the most
usual method has been method (iv), occasionally modified to aid hydrolysis
- 2MnSO3 Mn(OH) «2H,0 was prepared by slowly mixing a large excess of
Ne 2303 or K12803 with a boiling 20 to 25% aqueous solution of MnSOl+

Basic sulphites may be the product of a reaction which for other metal
systems would produce a normal sulphite, For example F6202(303)6H202 has been

obtained by dissolving Fe(OH)3 in ice cold sulphur dioxide solution, The same
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conditions apply for the preparation of other basic sulphites, e.ge.

3)2H20 is prepared by passing sulphur dioxide into a suspension of

Pt02, until a clear solution results, followed by treatment with K2$03 and

K2Pt0( SO

K2003 solutions., Hydrolysis of KHgClSO3 with moist Agzo or with KOH gave

KéO.ngO.}SOz.
Studies of the formation conditions of basic sulphites have included the

effect of concentrations on the sulphites formed in the reaction between

Th

boiling Na230 solution and chromium sulphate,’  and the eutonic point where

3
ZZnSOB.5ZnO.3H 0 coexists with Zn303.2~5H20, in the system zinc hydroxide-

water-sulphur dioxide at 20o &
That there may be other novel methods of preparing basic sulphites has
6
been shown by Simon et:-;al.7 who obtained 1-5ZnO.SO3 by heating together equi-

molecular mixtures of Zn0 and ZnSO4.

The existence and stability of complex ions in solutions

A number of potentiometric, conductometric and solubility studies have been
carried out, to determine the existence and nature of complex ions in solutions

containing suitablg components, in a wide variety of systems.77_8u

77,18, 79

Simple complexes, and some mixed complexes of mercury,

82
silver,80’81’83 copper,80 iridium, and lanthenumah have been established or

suggestéd, some of which have been isolated in the solid form, and in some

cases79’8o’8l the dissociation constants have been determined.
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3 General Properties

(a) Physical Properties

There is extensive reference to qualitative solubility in water in
the litefature but little quantitative work has been carried out. In general
terms the fast majority of sulphites are slightly, sparingly or insoluble in
water. However Mellor refors to some compounds of the type MaMb(SOB)c.nHZO
(i = Pt, Au, Cu, Os) and some mixed complexes of cobalt as soluble. A few

3

quantitative studies are referred to e.g. 100 cm” of water at 20° dissolve

5.37 g. of Naz[Pt(NHB)(SOB)Z].

More recently the solubility of Hg+SO3--,85 hg,)S0, 8 una
Cu23030u303.2H2087 have been determined.
In an interesting study88 L13[00(803)3] which appeared to be moderately

soluble in water was shown to be only slightly soluble by conductivity
measurements and use of an ultramicroscope.

Extensive reférence to solubility in organic solvents shows that sulphites
are as expected generally less soluble than in water, and one instance of its
use has been in the separation of a ruthenium sulphite complex from thorium
and uranium fission products.2

Densities have been determined generally in cases where crystal structures
have been under investigation but a few are referred to by M’ellor2 and more
recently Wéige189 showed, by density determination, that polymorphs of
NiSOB.6H20 exist, |

Equivalent énd molecular conductivities, and depression of freezing point
determinations have been carried out to determine the number of ions present

2 .
in the solution of complexes both by early workers and more recently.90’60

b Chemicel Reactions
With water

The effect of water on sulphites was extensively reported by early

2
workers® in a qualitative way and almost all reports refer to decomposition
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to a variety of products such as the metal, the hydroxide or oxigde. The extent
of decomposition even in boiling water depends on the nature of the metal
sulphite and in some casesis slight. For example, [00(803)3]3— is only slowly

decomposed by boiling water whereas Cu0.2CuSO .nH20 completely decomposes in a

3
few minutes, '

With strong alkalis and alkali metal carbonates

2
Early reports suggest that compounds of the type Ma(soj)b'nHZO tend to
hydrolyse-easily whilst complexes of the type MaMb(SOB)c.nHZO, (M = Pt, Pd, Rh)
are resistant to hydrolysis., The simple sulphites of mercury of the type

Hga(SO nH O are interesting in that they produce Ké[Hg(SOB)z] and Hg 0 with

3)b' 2
an aqueous solution of KOH,

In one recent study72 K[CoSOB(Df)zHZO] (Df = anion of o-benzildioxime) was
prepared by treatment of [Co(SOBH)(Df)ZHzo] with K’2003 solution,

. With acids

The effect of sulphur dioxide solution has been confined to early studies.
Mellor2 refers mainly to sulphites of the types ME(SOB)b°nH20 and
MaXb(SO3)c.nH20, where X is OH or O, and these sulphites are almost without
exception soluble, presumably forming the hydrogen sulphite. Silver and
mercury sulphites have been reported as giving the metal.

The action of mineral acids on sulphites has been extensively investigated?
In generel with hydrochloric écid)sulphur dioxide is liberated and the
chloride(s) of the metal(s) are formed, or in the case of mixed complexes the
chloro-mixed complexX.

However, as noted in the preparation of hydrosulphito complexes,it has been
possible to convert the sulphito-ligand to the hydrosulphito-ligand,,’_%using
hydrochloric acid. At the same time a second hydrosulphito- or sulphito-group
in the same complex is replaced by the chloride ion.56’70’71’73 Also by using
the theoretical quantity of concentrated hydrochioric acid,

S0,
2
[CO(NH3)5803]2 H,0 can be converted to [Co(NH3)5SOE]Cl.
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With nitric and sulphuric acids their oxidizing properties and the fact
that they are oxy-acids influence the products formed. The mercury sulphites
are remarkeble in that the dilute acids do not rea.ct.2 The action of dilute
sulphuric acid on Kg[Pt(SOB)#] gives KL[Pt(SOB)Z(SOBH); 70 4nd that of dilute
nitric or perchloric acid on [Co(SOB)Z(Df)2]3—, (Df = anion of benzildioxime)
causes hydrolysis to form [Co(SO3H)(Df)2H20}.72 The rate of decomposition of
Zn803.2°5H20 by sulphuric acid has been mea.sured.91 |

The action of the weak acids oxalic and malonic on [C°L4(S°3)2]- complexes,
(L = NH3, %en, or propylenediamine), causes liberation of the free sulphurous
acid which then.reduces the trivalent cobalt.92 Acetic and oxalic acids

cause the partial decomposition of Na3Au(SOB)2.1'5H20.2

Se Oxidation and Reduction

Many references have been made to oxidation in air2 mainly in connection
with sulphites of the types Mé(sos)ﬁ.nHzo,,MaMb(SOB)c.nHZO and
Maxb(SOB)c.nHZO (X = OH or 0). Their stability to oxygen varies from remarks
Such as 'stable in air' to' 'readily oxidised in air'.

There is a singular lack of reference in the case of complexes of
platinum and cobalt(III) in which the sulphito-group is known to be bonded to
the metal through sulphur.

Hahn et a1.,46 said that the compounds Mea[M(SOB)z]nHZO (Me = NH *

M = Zn, Cd, Fe, Mn, Co, Ni and when Me = Na*, K'; M = Co, Mn) which they
obtained were so coarsely crystalline that the salts which were normally
easily oxidized haa good stability in air.

A few rate studie& have been carried out}9’87’93 In the oxidation of
FeSO3.3H20 in dry air, the sulphite conteht fe}%:regularly and continuously.
The purer and drier the original sample, the more. slowly it decomposed.

The rate of oxidation of ZnSO3 in fungicidal preparations is decreased by the

addition of A1203 or iron oxide,l9 and the rate of oxidation of Cu2SOBCuSOB.2H20
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in contact with its solution, increases with the oxygen content of the gas
passed through and with the CuSO4 coptent of the solu.tion.87

Other stronger oxidizing agents, other than acids are reported2 to
oxidize all types of sulphites., -The reagents used include solutions of KMnOA

and the halogens, However Feigl9h reports that even Mn0 ~ fails to oxidize

4
2_ .
[Hg(SOB)z] except at a very slow rate. An unusual oxidation of anhydrous
CoSO3 and NiSOBkhas been reported,95 involving the use of liquid sulphur
dioxide and dimethyl sulphoxide to produce MSZO7.6M3280.

The auto-reduction of silver complexes has been investigated. Steigmann96

showed that NaAgSO3

traces of copper, with or without excess of sulphite. More recently a

was auto-reduced, the reaction being strongly catalysed by

comprehensive study97 has shown that the rate of decomposition decreases with
increasing concentrations of sulphite ion and is 2nd order with respect to it.
The products, and dependence of total rate of decomposition on the
concentration of the various complexes present are also reported.

The internal oxidation and reduction of jgggg-[Co(en)23030H2]+ in a range

98

of HC10, media up to 7M have been investigated”,” the complex diSprOportionating

4L

according to the reaction,

[Co(en) 80,08, 1" + 38" — Go(aq)** + HS0, + 2en"

The HSO3 radical gives dithionic acid. The reaction is acid catalysed, and
protonation is complete above 1M HClOA.

In a reduction of fso cglled' ZnSO3 solution by magnesium the products
include sulphur dioxide, Zn0O, ZnS and ZnSOh2 whilst reduction of ZnSO3 using
zine amalgam99 under'the.action of carbon dioxide proceeds according to the

equation,

2ZnSO3 + 2H2C03 + Zn — Zn8204 + 2ZnCO3 + 2H20.
Polarographic réduction of various cobalt complexes has been

investigated.loo’lol’lo2
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e

Maki et al100 found that most of the Co(III) complex ions of the bisethylene
diemmine series were reduced irreversibly in two steps at the dropping mercury
electrode., The first diffusion current corresponded to the reduction Co(III) =

Coln)and the second Co(II) = Co(0).

The complexing ability of the sulphito-group has been compared using
polarographic techniques with a wide range of other anionic groups, pﬁrticularly
-carboxylic acid groups in a series of chromium complexes. Two separate studies
conflict markedly in their_conclusions of the relative donor strength of the

sulphito-group.105’104

6. The Effects of Radiation

It has long been known that silver salts in general are decomposed by
ultra violet and visible radiation. A number of studies of this phenomenén

105,106,107 These have shown that it

have centred on or included AgZSO3'
fluoresces at liquid air temperature when irradiated with radiation below a
wavelength of 36503 and that this radiatién causes blackening at room
temperature. The presence of excess of the anion makes the salt su30eptib1e to
silver deposition.lo7 It is supposed that defects in the lattice of Ag2303
play an important role. In a study of the effects of impurities on its
stability to ultraviolet radiation an increase in stability was noted on the
addition of 5% Cd'', and a decrease on the addition of 5% Pof". The results
of irradiation -agree well with those of thermal decomposition. The mechanism
of the effect of additions is identical with that of heterovalent impurities

" on the thermal decomposition of ionic salts, namely, that there is an increase
in the probability of interstitial Ag+ occupying lattice positions in the
sulphite, because of the additional vacanciesog;eéhe introduction of ca*t.
The introduction of POAB— also results in an increase in the concentration of

anion vacancies and also an increase in the rate of photolysis,

Scharz and Tedel09 investigated the photochemical decomposition of

/
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compounds of the type [Co(NHB)hxz]Y in solution and found that hydrolysis gives
Co(OH)B, NHL;, NHAY and NH3. The relative stebility of the complex is a
function of the acid ligand X and not of the light absorption,
7. Trans effect

The sulphite group exhibits a strong irans-effect. For example, the

action of Na2SO on ggg-[PthZCIZ], where Py is pyridine, gives Na6[Pt(SOB)hJ’

3
whilst its action on the trans-isomer produces trans—Naz[Pth2(803)2]57

trans-Nah[PtCIZ(SOB)Z]-with cold NH OH gives colourless trans-

1
Na2[Pt(SOB)2(NH3)2].LHQO. The lebilisation of the two Cl1 groups indicates a
strong trans-effgct.so Analogous conclusions have been made for sulphito-

cobalt(III) complexes,  When aqueous solutions of [CoSO3(dmg)2amine]+ are
heated the amine is displaced indicating e strong irans-influence of ths

. 60
"sulphito-group. Syrtsova9o has placed the sulphito-group according to the

following series, in order of increasing trans-effect: NOZ_ < 8CN ¢ 8032- =

CN™, by studying the reactions of [CoX(SOB)(dmg)z] (X = SCN™, NOZ- or CN ;

dmgH = dimethylglyoxime, In complexes of the type trans-
0.~

X=9CN",CN7, S
.,[CO(><‘ )zmg)z]onHzo’ ( = g-, ,l‘-ﬂ., 3 3+’ 3 3+; mgH =

methylglyoxime) the trans-effect has the same order of decreasing strength as

54

in analogous dimethylglyoxime complexes.

8. Kinetic studies of the reactions of sulphito-end hydrosulphite-complexes

or their formation reactions

1

Many reactions of cobalt, and to a lesser extent iron and chromium
complexes have been investigated recently in an effort to obtain information
on the trans-effect of the sulphito-and hydrosulphito-groups. Many suggestions
concerning mechanisms have been concerned with the aquation of complexes. Holly
Ho Chen et al.,llo investigated the complexes [Co(CN)4(303)2]5- and
[CO(CN)S(SO3)]AF, and found that the rate of aquation of the first sulphito-
ligend idi [Co(CN)4(303)2]5- is very much greater then that in
[CO(CN)A(SOB)OHZ]B- or [Co(CN)B(SOB)}#-, strongly suggesting a large trans-

activation of the sulphito-ligand. Infra-red and
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Raman spectra Support a trans-configuration for [CO(CN)A(SO3)2]5-' Halpern et

111
al., found that the kinetics of the reaction:

A
where X = NHS 2- or SCN ; X = OH ; Y= NH3 or CN~ and

X=8CN;Y-= NHj, agree with a limiting SNl mechanism through a common

intermediate [00A4303]+, the reactions reflecting the marked trans-lebilising

influence of a sulphur bonded sulphito-ligand. Tewari et al.,112 carried out
3

SO(X) + Y — so_(Y
CoAAOS()+ CoA 3()+x

15 - -
;Y-_- NH,OH,CN’NO

the displacement of water in [Co(CN)h(SO3)0H2] " by CN at 25° in the presence
of a large excess of CN~, Each experiment gave pseudo first order kinetics and
a limiting SNl mechanism. It is also suggested that this labilisation of
trans-ligand to the sulphito-group is not connected with strong metal to
ligand 7 bonding. . Syrtsova and Sui Luong have investigated the kinetics of the

115 and NHL[ CoCl(SOBH)(MH)zl & in water and

aquation of Na [0001(503H)(DH)21
aqueous organic media, and found that the exchange of H20 for Cl shows first
order kinetics and that the rate of aquetion of [CoClX(DH)z]— is inversely
proportional to the trans-effects of X, where X = HSOE’ NO2 or C1. The
aquation of NHL[COCI(HSOB)(mg)Z] is practicelly irreversible and proceeds by an
associative mechanism. In a study of hydrolysis of several ferrocyanide

complexesllh it was found that the reaction:

2~

5- 3-
H0 + [FeSOB(CN)sl —_ [FeHZO(CN)sl + 80,

did not go to completion, The reaction was first order with respect to the

115 have shown that the rates of

complex and most rapid at low pH. Murray et al.,
substitution reactions of a number of cobalt(III) sulphito-complexes is fast, and
suggest that weakening of the ligand bond trans- to a sulphur bonded sulphito
ligand is the prime cause of the strong labilising effect of this ligand. Above
pH 12 the substitution reaction. of trans- co(en)2(303)or1 ] ﬁth 3032‘ to form
[Co(en)Z(SOB)z]- is reversible and the mechaniém is a reversible two step

limiting SNl mechanism, OH ion being at least fifty times more reactive than
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2=
S0 ion towards the intermediate [Co(en)2303]+.116 At pH 8.1, substitution of

3
o

trans-{ Co(en)28030H2]+ by 80, is virtually complete and hes a limiting §1

mechanism.

Carlyle and Kingll? have found that Cr(III) in aqueous acidic sodium sulphite
solution forms a sulphite complex ion [Cr0802]+ rapidly and reversibly,
suggesting that it forms without breaking the Cr-0 bond in the Cr(H20)63+ ion.

The rates of several ligand substitution reactions of Cr(III) ions in the
preéence of sulphite-~ions are firét order with respect to sulphite ions. They
also suggest that the oxygen donating sulphito-ligand exerts leés trans-
influence than a sulphur donating sulphito-ligand. Ca.rlyle118 from a study of
the reaction represented by:

3+
PFe 3 3

+ HSO,” —> TPeso,’ + H'

finds that the kinetic evidence agrees with a sulphur bonded Fe803+ species.,
The reaction of sulphite ions with [Pd(Ethdien)Brz]Br,ll9 (Ethdien =
EtZNCHQCHZNHCH20H2NEt2)’ follows a first qrder path as found previously for
other ligands with this substrate. Hague and Halpern120 have reported
meaéurements for a number of anation reactions of jgggg-[Co(dmg)z(NOZ)Oﬂz] and

trans-[Co(dez(I)OHz]. The reactions exhibited second order kinetics,

consistent with SNl or SN2 mechanisms,

e Thermal and Thermodynamic properties

Heats of formation of sulphites of the type ME(SO3)b have been determined.

Those of silver 121 and cadmiumlzz’123

have been determined experimentally,
and Erdoslm+ calculated a large number using an equation which reproduces heats
of formation of sulphates with an average deviation of + 1.5 kcal/mole.
Entropies and heat capacities have been calculated in a similar manner}
and thermodynamic values for a number of simple sulphites d@scussed.126

The thermal decomposition of sulphites, meinly simple sulphites, have been

2
studied extensively in a variety of atmospheres. The solid products are
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oxides, sulphides and sulphates but there appears to be no simple pattern.

At 100° Agst gives sulphur dioxide, silver and silver sulphate, but at or

3
above red heat, silver, oxygen and sulphur dioxide are detected.2 AgZSO3 did

not decompose in hydrogen to silver and sulphur trioxide up to 1000, but the
2
sulphur dioxide produced caused apto-accele_ration.1 ! At 100° and under

128
nitrogen, the reaction is firstly:

hgyS0; —> 2hg + (0) + 80,

The oxygen then oxidizes more Ag S0_ to Ag. SO, giving the overall equation:
2 3 2 4

ZAgZSO —_— 2Ag+SO +Ag

3 #

The mechanism is thought to involve the formation of SO3 radicals followed by

the reaction:

Bg,S0; + 80, —> Ag,S0, + 80,

and the rate of decomposition to depend upon lattice defects.129’130’131

Addition of Pb2 and VO Jowers the activation energy of the decomposition

3 ’
process but the rate is reduced also.131 Savelev et al have suggested that

0 132

AgZS 0, is formed between 100-150 and that the formation of a new

276
modification is complete at 151-5 .133 The effects of applied electric fields

end the addition of various semi conductors on the decomposition process have

13k

been studied.
Early work’ suggested that Zn303.2'5H20 at 100° lost all its water, and at
200° sulphur dioxide was evolved and the residue was Zn0O together with some

ZnSOA. Industrially the production of ZnSO3 is important, so its thermal

decomposition in air has been the subject of a number of studies with an

20 21, 22
1ndustr1a1 blas. 13 It is generally suggested that the final product is Zn0O,
18,
A number of workers 136,157 have carried out more detailed studies in air. The

135

decomposition is considered by Okabe et al.. to occur according to:
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(o] ) [o] 0
Z050,..2+ 56,0 220 5 Z0S0,.H,0 200 230, 2195 20

but the following alternative schéme has been suggested:137

‘ (o] . (o]
2050, + 2+ 5H,,0 0-110 2080,.0°5H,0 —> mixture (2nS0, + 2n0) —22—

3 3

[}
780, y2n0 Sk 22080, +Zn0 and Zn0

18
Increase in the oxygen content of the atmosphere (21% to 100%) increased the

amount of ZnSO4 (4,03 to 6,91% at 5000, 2:04 to 4.52 at 3000). Similar increases

were obtained by addition of 10% by weight of Cr203 or Fe203.

18’138

Under argon the decomposition route:

(o} . 0 0
4208042+ 5,0 26100, 42150 28,0 A3l 4205080 189-210,

o o o -
32080, 400 ~283-300 , 2(2080,,20) 27182 700

;results in the generation of . steam and sulphur dioxide. Above 350O traces of

ZnS and ZnSO, decreased as the temperature increased. Decomposition under

4
nitrogen139 (up to 600°) gave the oxide, sulphur dioxide, and traces of sulphide

and sulphate. Under vacuum (200-340°) ZS,0;, Z0S0) and sulpbur dioxide, were

products.17 Between 200 and 260° the following reaction occurred:

2

‘ 1
ZZnSO3 + 302 g ZZnSO4 + 55

but became progressively slower due to the production of ZnSOh. A mixture of
ZnSO3 and MgSO

work}

3 (10:1) decomposed in an analogous manner to ZnSOB. This

39,1718 ~ - : 27
has been reviewed by Margulis and Grishankina ' who suggested the

following decomposition stages under argon or dry eir:
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(1) at temperatures) IOOﬂ

. -6H, 0 .
3(2n80,.2°56,0) —== 3ZnS0,.1+5H,0 22, 200,28n80,,1+5H,0
(ii) at temperatures ) 2200,
. -1.5H20 ' . -302
3ZnSO3.1-5H20 —— BZI.KSO3 ——— ZnO.2ZnSO§
ZnO.ZZnSOB.l-5H20 _— ZnO.ZZnSO3 + 1'5H20
| 3ZnSO3 — ZnO.ZZnSO3 + 802

(iii) at temperatures ) 320°!

ZnO.ZZnSO3 - 3Zn0 + 2802

The concentration of sulphate sulphur did not exceed 5% of the total
_sulphur content in thé decomposition products in dry air, The decomposition of
ZnSO3 was examined kineticallylho at constant temperature between 270--300o and
found to be first order with an activation energy of 26,7 kca%!mole.

Pechkoyskii and Kbtov136 have reported that CdSO3 decomposes in argon at
h67-5810 according to:

. caso; — :Cd0 + S0,

2 —_ S
SO2 + CdSO3 ZCdSOA +

2Ca0 + 38 —> 2CdS + 802

and at 765-837° and 871-904°

3caso4 + Cd8 —> 4Cd0 + 4S50,

whilst Cola and Tarantin0139 found that up to 600° aissociation takes place to
* give the oxide and sulphur dioxide with the formation of only minor quantities
of sulphide and sulphate. More i‘ecently,141 in results of decomposition under

argon, the thermograms indicate dehydration at 1750,

40&863 —> cas + 30380, at 27°,
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30280, — 20d0.0ds0, + 280, at 415°,

and total decomposition of CdSO3 at 517o presumably to the oxide. These
reactions also occur in air but are paralleled by oxidation of the CdSOB.

Aefial_pxidation also complicated earlier work.z
B : 2,136 2’48
Thermal decompositios of MnSO3 and CuZSOECuSOB.ZHZO, in a variety of

atmospheres, have been studied. The thermal decomposition products of MnSO3

are reported to be sulphur dioxide, MnS and MnSOA up to 3000.139 At higher

temperatures (ca. h20°) large amounts of Mn304 are formed.

The thermal decompositions of a number of cobalt(III) complexes have been
studiech"65 and it has been shown that [CO(SOS)(NH3)5]C1 decomposes at 150°,
with initial loss of ANﬁB followed by NHLCI. At 360o the residgue is CoSO5

with a very small quantity of NH Cl. Thermogravimetric curves are reported

L
for the decomposition of NgB[Co(SOB)Z(mg)szzo, NaB[Co(SOB)ZGmg)2]12H20,

(NH4)3[CO(SOB)2(m5)2]5-5H20 and (NHh)B[Co(SOB)Z(dmg)2]2H20.

5l

10, Structural Properties

The structural properties of sulphites have been investigated in a variety
of .ways depending upon the structural problem to be solved.

(a) Spectroscopic properties

Several infrared spectral studies have been ﬁndertaken mainly in an
effort to determine the symmetry of the sulphite group in individual sulphito-
complexes and through this the mode of bonding to the metal. The sulphite-
group may be monodentate, bidentate or polydentate and may bond through
sulphur or oxygen or both.

The sulphite-ion has d3V symme try giying rise to four infrared and Reman
active modeslhz’lAB gl(symmetric ;tretch), 970 cm-l, v3(asymmetric stretch),
930 cm_l, l@(symmetric bend), 630 cm_l,xzh(asymmetric bend), 480 om T
(Fig.2.l). For dimethylsulphoxide complexes bonded through sulphur the S-0

stretching frequency is expected to increase due to an increase in pr =2 dw

bonding from oxygen to sulphur and conversely if bonded through oxygen.
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If bonded through sulphur the sulphite group will maintain its C3V symmetry and
there will be no splitting of v3 (asymme tric stretch). On the other hand if

bonded through oxygen the symmetry would be Jowered to Cs and three stretching

vibrations would then be expected, two due to removal of the degeneracy of v3.15

145

On this basis and the possible structures proposed by Sidgwick for

I .
bidentate groups, Newman and Powell15 classified the sulphito-complexes in the

following groups: (a) double sulphites, (b) complexes with monodentate
sulphito-groups, (c) complexes with bidentate sulphito-groups. They found that
in the monodentate sulphito-complexes of HgII, PdII, PtII, CoIII and RhIII

such as [PdSO (NH ) ] and [Co(NH3)5803]Cl two strong peaks are observed, one

near 960 cm 1 which they assigned to V4 and a broad peak (1050—1150 cm )

assigned to v,. They concluded that the move of v3 to higher frequenoies

’ 146
indicated M-S bonding. A number of other studies -9 of unidentate sulphito-

I I II
II, PtII, Co 1 and Rh I have shown similar changes in

complexes of Ir
stretching frequencies and the same conclusions have been drawn, Only for
le[Cu(303)21,132 in which three peaks have been noted for the 5-0 stretching
vibrations, two of which are at lower frequencies than for 8032— is it
suggested that co-ordination takes place through oxygen.

Because there was no shift in the fundamental frequencies for compounds of
the type (NH ) M(SO )2'nH2° (M = Mg, 2Zn, Cd, Fe, Mn, Co, Ni) and NHACuSOB
compared with Na2803, and only four fundamental vibrations were found, Newman
et al., concluded that these sulphites were double salts. The orystal structure
of NHA_CuSO;’lo has recently been determined and shpws that CuI is tetrahedrally
co-ordinated by one sulphur and three oxygen atoms of four different sulphite
groups., Thus the sulphur and three oxygen atoms of each sulphite group are
co-ordinated to metals and their symmetry is little changed from that of the
sulfhite ion, All complexes classed as double sulphites may consequently be

considered as containing similarly co-ordinated sulphite groups.



Complexes containing apparently bidentate sulphito-groups such as

NaB[Co(SO3)3]4H20 and Kj[Rh(SdB)s]ZﬁZO show four absorptions (Vl and V3)15’150

one of which is probably an overtone,15 indicating a reduction in symmetry of
the sulphite group from 63V 1:0”(2‘-.s as stated previously. From a consideration of
the structures proposed for bidentate grou.ps_s:m'5 and bridging groups (Fig.2.2)’
Newman et al. doubted whether infrared spectroscopy could differentmte between
structures (I), (III) and (IV), structure (II) being sterically improbable.

The compounds Kj[Rh(SdB)BJ»and (Nﬂﬁ)B[Rh(Sd3)3] show three complex absorption
bands of about the same intensity in the region expected for Vl and V}, which
suggest a reduction in symmetry from d3V to CB and.bidentate or bridging
sulphito-groups.149 The infrared spectra cannot distinguish between these two

151

possibilities. However the same workers report that the infrared spectra

of the compounds Na3[Co(SOB)3]4H20, Ks[Rh(SO3)3] and (NH1+)3Rh(803)3 support a

bridging structure, since there is no reduction of stretching frequencies

!
compared with the sulphite ion and thus structures (I) and (II) are not
possible, Examples of each of the three fypes of spectra, taken from the work
of Newman and Pov_vell15 are given in Tables 2.1, 2.2 and 2.3.

‘The infrared spectra of a number of sulphites of the type Mg(SOB)b.nHZO
have been determined142?15? and it is suggested that the sulphite groups have
C3v symmetry. The infrared spectra of individual sulphites of this kind have
also been reported136’137’l53’4 in various detail associated with the
identification of products in thermal decomposition136’137 and the formulation
of particular species, e.g. to show that the red compound previously reported

as CuSO .0.5H202 was in fact a mixture of CuZSO CuS0 .2H20 and metallic

3 3773

cOppers

More recently the spectrum of EEE'NH4[C°(SO3)2en2] has been repOrted,154

and the spectra of Pa(dien) 503, Pd(Etudien) 50, (Etudien = Et2NCHZCH2NHCH2_CH2NEt2)
and Pd(H20)2803119 interpreted as showing that the compounds contain mono-

66 .
dentate sulphur bonded sulphito-groups. Baranovskii et al have determined
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Fig.2.1 Normal modes of vibration of the sulphite ion
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Fiz.2.2 Possible structures for bidentate sulphito-groups
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the spectra of a number of new cis-diethylene diamine complexes of iridium,
The splitting of the v(SO) stretching vibrations in bis-sulphito-compounds is
reported to be due to the cis-positions of the sulphito-groups.

Visible and ultra violet_speétra have also been studied in an effort to-
determine structure. An early study of cobalt(III) complexes was that of Kiss
and Czeglédy.155 Visible and ultra violet spectra of the brown dihydrate of
Na[CO(NH3)4(Sd3)2] and_fhe yellow tetrahydrate of its isomer.indicate that the
sulphite group is co-ordingtéd to the.cobalt by the sulphur lone pair of
electrons and that the brown and yellow forms are the irans- and cis- forms
respectively.156 For complexes of the type [COAAXZ] the trans-isomer has a
large € ax if X has more hyperchromic and trans-pairing effects than A. This
is the case with Na[CO(NﬁB)h(SdB)Z] where for the first band of the trans- and

cycles
cis-isomers respectively, V= 66.6 x 1013<sec-1 and 65.9 x 10 sec™t

57

and log €

- 2.32 and 2.26.%

The spectrochémical . series for cobalt(III) complexes has been redetermined

by Shimura and Tsuchidal58 who determined the visible and ultra violet

absorption of eighty six complexes including sulphito-complexes. Visible and

ultre violet spectra have been determinéd in a number of other studies to - assess

‘the ligand properties of the sulphito-group.65’119’150
Absorption spectra in other regions of the eléctromagnetic spectrum have

159 and the X-ray

been studied e.g. the microwave spectrum of Cr2(803)3

absorption spectra ofé(NHh_) ! Pt(SOB)z] H,0, (NHLP)Z[ Pt013(H303)] and
160

(NHA)Z[ Pt(NHL'_SO3) 4] .

(v) Miscellaneous Structural Studies

A variety of structural problems have been investigated by studying
63

chemical and/or physical properties, Earwicker ~ on examining sulphito- and
sulphite-ammine complexes of palladium found that they showed strong
similarities in their chemical properties to known thiosulphato, but little to

sulphato-complexes, and concluded that they probably all contain sulphur to
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metal bonds. He also tentatively suggested that the anions of the disulphito-
palladates are polymeric, When [Pt(de)z(Nﬁj)Z]Z- was treated with ethylene-
diamine, [Pt(SdB)éen]z_ was formed indiceting a cis-configuration for
EPt(S°3)2(N33)2]2—'53 As a result of oxidation-reduction between the cqmpound

reported by Ray67_3SngC°2($°3)(CN)10 and ammoniacal silver salts, Cambi and

Paglia concluded that the complex corresponds to K% (CN)BCOIIISIIOZCOIH(CN)5 .68
The reaction of Na2803_with_transf[COanCIZJCl (pn = propylenediamine) gives
25 as shown

[ Copn2303]+, in which the sulphito-group acts as a bidentate group,
by the fact that its rotatory dispersion curve is similar to that of cis-
[Coen2303]+ and that [Coe32803]+ could be dehydrated without change in colour

or loss of opticél activity. In a consideration of the reactions:
' HC1
is-NH, [Co(NH, ), (80 285 ¢is-NH [Coen(NH,), (S0 === [
_g_:l._s.NHh.[ o 3)l+( 3)2] 9_:5§_NH4[ oen( 3)2( 3)2] ccen(NH3)201;c1

it is believed that aqueous hydrochloric acid gives green trans- Coen(NH3)2012 C1

since [Coen(NHB)Z(SOB)zl when treated with hydrogen chloride in absolute alcohol

gives nearly pure violetvgig-[Cpen(NH3)2012]Cl.lel

Studies of the reaction between Na2305 and a chromium{III) salt in aqueous
solution162’165 using conductometric titrations, light absorption measurements
and determination of particle size by dialysis have led to the elucidation of
the structures of sulphitqechromium(III) 6omplexes and their mechanism of

condensation to polynuclear complexes. The following is suggested:

[ c'> o
Lo 0-5-0_ 2H303°
., A &

5+ ‘ e e —
2[Cr(0H2)6] + 580, —> | 0,80 Gr —— OH --- Or— 050, +

HO ~ OH
27 “HO 2 10H,0




-magnetlc moments of the compounds [NI(N H )

35

]SO .nH. 0 have all been determined

2

as-have the magnetic properties of decacyano dlcobaltate(III) compl<-mesl66

.containing the complex ion [{(CN)5Co}2802]6-

_ . ¢
.[{(GN)5Co;2503] .

(c¢) Crystallographic Studies

previously thought to be

The external features of crystals of a few sulphites were investigated

2
-by early workers,

have been determined as atb:c

microscopi

.ions-with,[Co(NH3)61013

For exsmple, the axial ratios of NHh[Co(NHB)h(SOB)ZJ

The

0.859:1:0,534 and B = 111° 23",

¢ observation of the'crystalline product of the reaction of sulphite

[Co(NH ) 01]c1 [Co(NH3)5H201013, [Co(NH3)6](N03)3

and [Co(NH3)4003]2804 has been investigated;67.for use in the detection of

Then

i ; .
o >
0 -Hy! ~ OH, 0
N, //// \\\\ / -
5| . 8«0-Cr --- OH — Cr-0-S + 4OH
o/ \ // \O
HZO OH(/ OH2
- ]
a 0 0 2
| L
H O OH, H.O
A \\\ %//// //// / - 2-
/S—O-Cr ---— OH Cr -—— OH— Cr-O-S\\ + 2HSO3 + 4503
0 H.0 OH T\\ /H N /' OH 0
2 OH, 2 \OH 2 N OH/ 2

The- absolute configuration Qf_Nﬁé,C°(1'Pn)(NH3)2(303)2] has been investigated;6h
by determination of circular dichroism and the absorption spectrum. Magnetic
:'pp0perties;havé also been used in efforts to determine structures e.g. the

165
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sulphite ion, Polymorphs have béen found,33’89 €4 8o N18056H20 aystellises in
the hexagonal and_tetragonél systems wkth densities 2.027 and 1.825/cm3
respectively. Cadoreth_has studied the gfowth of crystals of NiSOB.6H20 in
supersaturated solutions., The trigonal prisms formed at high supersaturation
are considered to resulfﬁf;qmwan interaction with the solvent. Photo-

48

micrographs have been obtained of crystals of some copper sulphites., More

33,34,48,49

commonly X-ray diffraction patterns have been obtained in the
identification of sulphites or in the determination of crystal structures,

The crystal structures of a number of sulphites have beén fully
determined by X-ray diffrggﬁioﬁ.methpgs, An early determination was that of
Klasens et al},who'found that the hexahydrates of nickel and cobalt consisted of
units of octahedral_[M.6HZO]n+ groups at the corners of rhombohedrons with SO3
groups at the centres, _

Interest in fhe.shqu of the sulphito-group and its mode of bonding to
the metal in complexes and in simple sulphites was stimulated by the
determination and discussion of infrared spectra in the early 1960's. A number
of calculations of force constants, bond order and bond lengths of the sulphite
i0n12’168’169 and co-ordinated §ulphité group,170 and a study of the
dependence of the force constants on the interatomic distance of the S-0 bond

have also been reported;171‘”

Grand-Jean et a16’7_founa that the asymmetric structure of [Ni(H20)6] 50,
is due to hydrogen bonding between 8652- and the water molecules of
[ Ni(H20)6]2+. The principal interatomic distances are -0, 1.45 & 0.03;
Ni-(HZO)I 2,05 + 0.02; Nif(HQO)II 2.11 + 0.02, The 0-S-0 valence angles were
determined as 95° 26'., Two types of water molecule are found. One is 2.54
or 2.89K from sulphite oxygen and the other distance is always 2.5&3. A re-
investigation oflthisvstructure5 has shown the 5-0 bond length to be 1.536 +
0.0073 and the 0-S-0 angle to be 103.6 # 0.60, markedly different from the

previous determination.é’7 The orystal structure can be considered to be
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composed of two separate crystallographic entities, namely the sulphite ion
which has C3" symmetry and the [Ni(H20)6]2+ complex ion in which the
co-ordination round the Ni2+>is that of a deformed octahedron which has three
equivalent Ni-0 bonds of length 2,043 % 0,008k and three of length 2.076 4
0.00BX in general agreement with the previous determination, There is three
dimensional linking of these ions by hydrogen bonds.5

The crystal structure of the sulphites of copper, Cu2$03CuSOB.2H208 and
NH40u5039’10 have been investigated. In CuZSOBCuSOB.ZHZO the co-ordination
around the copper(I) atoms is distorted tetrahedral, formed by three oxygen
atoms and one sulphur atom with Cu(I)-0(S) distances of 2,11-2,148. The
arrangement round the copper(II) atoms is the distorted (4 + 2) octahedral one
formed by two "water" oxygen atoms, with Cu—O(HZO) lengths 1.923 and four
sulphito-oxygens at distances 2.033 and 2.472. The dimensions of the sulphito-
group, the distorted copper(II) octahedron, the copper(I) tetrahedron and
Cu~SO. arrangement are shown in Fig.2.3, 2.4, 2.5 and 2.6 respectively.

3
The structure of NH CuSO 9,10 can be described in terms of SO3 trigonal

L3
pyramids and CuO3S.tetrahedra. The tetrahedral co-ordination around copper
is provided by three oxygen atoms and one sulphur atom of four sulphlto groups.

The Cu0,S tetrahedra and SO pyramids form double layers which are held

3 3
together by the ammonium ions. The distances and angles are nearly the same as
those found in CUQSO Cuso3 «2H,0 for Cu(I)O S tetrahedra and so3 pyramids.

The structure of Ag280338 also consists of pyramidal SO3 groups each
of which is bonded to one silver atom. The co-ordination around one of the two
nonequivalent silver atoms is tetrahedral,'consisting of three oxygen atoms
from different SdBZ-Igroupsvand one sulphur atom. The other silver atom is
surrounded by a very distorted tetrahedron comprising four oxygen atoms each
from a different sulphite group. The sulphite groups are all crystallo-

graphically equivalent, The Ag-S distance (2,465 + 0,0084) shows that -



2,03
76,6° I
5 1.924 (" %

/
91, 90o 1.92#

2.034
Gy 10349 247

Fig. 2.k

Fig.2,

Fig.2.6

The dimensions of the sulphito-group, the distorted copper(II) octahedron,

the copper(I) tetrahedron and Cu-S0; arrangement in Cu,50,CuS0,.2H,0

38,
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bonding between Ag and S may exist as the bond length is O.IOX shorter than the
sum of Pauling's covalent radii.

The crystal structure of Pd(NH3)380 6 shows square planar co-ordination

1
3
around the Pd atom, the sulphite group being bonded through sulphur and
keeping the shape of a trigonal pyramid. The Pd-S5 distance is 2.25£fi 0.006&,
suggesting a stropg Pd-S bond with 7 character, and, in agreement with the
infrared spectrum, the S~0 bonds in the complexed sulphite group are stronger
than in the sulphite ion. It is possible that 0-H-N hydrogen bonds are present.
172

Investlgatlon of the crystal structure of [Co(en)280 NCS]2H 0 has

indicated the general molecular shape shown in Fig.2,7. The difference of the
0-S-0 bond angle from that in the sulphite jon is due largely to the effect of
non-bonded repulsions, There is no evidence of a structurel trans-effect.
The molecules are held together by hydrogen bonds involving the water
molecules and by hydrogen bonds between sulphur atoms of the SCN group and an
semmine group of another molecule, j.e. there is a three dimensional bonding
network which accounts for the low solubility in non—pblar solvents,

The latest determination is that of the dark brown form of
3)4J (Fig.2_.8).l73 The differences in Co-N distances are said
to be due to the igggg—effect of the sulphite group.

NHA_[ 00(303) ,(MH

Baggio and Becka5 nave listed the S-0 distances and 0-5-0 angles for
these

sulphites in compounds investigated up to 1969,anqzwith those of Na2803,13
Ag.50. 8 [c(so)(NH)]Ho3 - ; 2

&5 3 and NH,L Co 3 are listed in Teble 2.4. The non-
transition metal sulphites are included for comparison, Average bond lengths
and angles are quoted. In sulphite groups bonded to the metal only through
sulphur the 5-0 bond would be expected to shorten and the 0-S-0 angle widen
due to lessening of non-bonded repulsions, This appears to be the case,

When bonding to the metel is through both sulphur and oxygen there appears to

be little change in dimensions from that of the free ion.



The angles at the cobalt
atom are close to 90°

Fig.2.7
The general molecular arrangement of [Cogen)ZSOBNCSIZHZO omitting the

water molecules,

Fig,2,8
Geheral arrangement of atoms around Co and dimensions of co~ordinated sulphito-

eroups in [Co(S0,). (NH ) -



Table 2ol

Crystallographic Deta for Sulphites

Compound (5-0) ) 0-8-0

N1803.6H20 1.536(7) 103.6(6)
174
(NH#)2$03H20 1.524(6) 104.8(4)
Ag2803 1.516(24) 104,6(1.3)
Cu2803Cu803.2H20 1,509(16) 106.9(8)
NHACuSOB 1.506(12) 105.3(7)
Na,,S0; 1.504(3) 105.69(17)
PdSOE(NHB)B 1.50 (2) 108,6(1.1)
Pa(S0,),, () ;e 61,0 5 1.4,78(16)  108.6(9)
Co(en)ZSOBNcs.zﬂzo 11.485(12) 110.3(7)
109.5

NHA[Co(SOB)Z(NHB)h]EHZO 1.45




CHAPTER 3

EXPERIMENTAL WORK




Introduction
The. preparations and measurements recorded in this chapter are those for

the following transition metal sulphites: Ni(OH)ZNiSOB.ngHZO, Ni803,6H20,
J3H 50,4 ‘ . .2 ;

Mnso3 3H,0, Co o3 3H,0, Cu28030u803 2H2Q, Znso5 2.5H,0, (NH#)2N13(803)4

(NHA)ZNi(SOB)z, (NH4)2Mn(303)2, (NHL)ZZn(SOB)z, NHACuSOB,(NHA)7Cu(SOB)h.5H20

.18H,0,

- énd materials containing ammonjum, chromium and sulphite ions of variable
composition.

All the sulphites of the type Ma(SOB)b.nHZO, apart from Mn305o3H20, were
preparea by the acid and carbonate method after preliminary investigations
showed mixed materials were obtained by metathetical routes to 00803.3H20 and
QuZSOBCuSO32H20. Mn803.3H20 was prepared by metathesis, as the product on
analysis was found to agree with the above formulation, and because the method
was rapid. The carbonate and acid method was used also but found to have no
advantage over metathesis, In general the compounds (NH4)2M(803)2.nH20 were
prepared by the addition of an aqueous solution of NH}_FHSO3 to an aqueous 802
solution of the metal salt,

InApreliminary investigations, in which the compounds were prepared in
air,‘some‘oxidation to sulphate was found, This was prevented by washing and
drying the compounds under nitrogen, using de-aerated distilled water, de-
serated alcohol and de-aserated ether,

A number of measurements recorded here have been published previously,
but as there is some doubt in the literature as to composition, bonding, and

thermal decomposition of these sulphites, these measurements were repeated

alohg with new studies in an attempt to clarify the situation.

4, Experimental

(a) Starting materials
The metsl salts used were A.R. grade or prepared from A.R. grade

materials e.g,~cobalt carbonate was precipitated by adding A.R. sodium hydrogen
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carbonate solution to A.R. cobalt(II) nitrate solution and the precipitate was
well washed with distilled water. The ammonium hydrogen sulphite and ammonium
sulphite solutions used were prepared using A.R. grade concentrated ammonia
solution and B,D.H, liquified sulphur dioxide, 'White spot' nitrogen was used
in both the drying operations and as the inert atmosphere in the thermal

gravimetric analyses.

(b) Spectra

Infra;red spectra in the range 4000-4CO cm-1 were recorded using a
Grubb-Parson spectromaster, Far infra-red spectra in the range 400-200 cm-'l
were recorded using a Grubb-Parson DM2 or Perkin-Elmer 457, Diffuse
reflectance spectra in the region 1000 my - 370 my were recorded on a Unicam
SP500, Mass spectra and infra-red spectra of the decomposition products of
(NH4)2Mn(SOB)2 and (NHA)2C0(SOB)2H20 were recorded using an A,E.I. MS9
instrument and Perkin-Elmer 157.

(¢) Thermal gravimetric analyses

These were carried out using either a Stanton thermobalance or a
Stanton recording balance, both with the modifications for passage of nitrogen

around the heated crucible(s).

(d) X-ray diffraction photographs
These were recorded usiné a Debye-Scherrer powder camera with a
Phillips X-ray generator, Cu radiation was used with a nickel filter,
(e) Analyses
All analyses were carried out using standard methods, Procedures
adopted for the following elements and groups were those described by Vogel
with modifications where necessary: 5032-, III, 118 p.354; NH4+, III, 18 p.247,
- the direct method was employed, using a suitable weight of the ammonium
compound, which was added directly to a flask before addition of sodium
‘hydroxide solution; Ni, IV, 12 p.417; Mn, IV, 35 p.468; Co, IV, 33D p.hél end

463 - the cobalt sulphite was oxidised to sulphate using hydrogen peroxide,



the excess of which was decomposed by boiling; Cr, III, 70 p.297; Cu, III, 105
p.343 with the included modification of dissolution of the copper compounds in
dilute nitric acid by boiling; Zn, III, 145 p.379, the zinc compounds being

' dissolved in dilute sulphuric acid (approximately 1M) and the solutions boiled

for 10-15 minutes to remove any sulphur dioxide.present.

B, Preparations

(1) Preparation of sulphites of the type Ma(§93)b.§£20

(a) Preparation of N1503.§£20

Nickel carbonate (4 g.) was suspended in distilled water (40-50 ml.)

and sulphur dioxide passed through until solution was effected, Any remaining
solid material was removed by filtration from the green solution. Removal of
excess sulphur dioxide, at ambient temperature, using a stream of nitrogen,
produced green crystals of Ni503.6H20 which varied in shade according to their
size, fhe mixture was then filtered, washed with de-aerated distilled water
(50 ml.), de-aerated ethanol (25 ml.,) and de-aerated ether (200 ml.) under
nitrogen and dried by rapid passage of nitrogen under suction for 15-20 minutes,
The crjstals were immediately checked for sulphate content by the BaCl2 test,
In all cases this proved negative. The crystals were stored before use under
nitrogen, ’

All the other simple sulphites with the exception of 1‘411503.3H20 were
preparéd in a similar manner, uéing the same weights and volumes, with the

following modifications for the individual sulphites.

(b) Preparation of Cu2§93.93§93.§ﬁ2QL

The green solution, formed by passage of sulphur dioxide into an
aqueous suspension of basic copper carbonate, was warmed gently to 400 when
rapid precipitation took place., This was essential,as passage of nitrogen
through the solution precipitated a mixture of yellow and red species,and the

precipitate formed on allowing the solution to stand at room temperature
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exposed to air, always contained sulphate which could not be removed by washing.

(c) Preparation of CoS0;.3H,0

Precipitation of this cobalt complex was effected from the resultant

red solution by heating almost to boiling whilst nitrogen was passed through.

Precipitation of 00503.3H20 was not obtained over a long period of time (1 day)

at ambient temperatures.

(d) Prepgration of ZnSOB.2-5H20

The method of preparation was identical to that for NiSOB.6H20.

(e) Preparation of MnSOB.éﬁao

Na2503.7H20 (2460 g., 0¢0l mole) in de-aerated distilled water (20

ml.), was added slowly with stirring to MnCla.hHao (1.98 g., 0+0L mole) in de-

aerated distilled water (20 ml,), at room temperature. The white crystalline
precipitate formed was immediately washed aﬁ& dried in the same way as
NiSOB.GHEO. It was not poésible to obtain this compound free of sulphate.,
However the samples used only contain traces of sulphate as detected b& the

Ba.Cl2 test,

(2) Preparation of sulphites of the type (NH&)2M£§O3)2.§EZO (M = Mn, Co, Ni, Zn)

(a) Preparation of (NH4)2NE£§93)2.5320

The green solution,formed by dissolving NiClZ.6H20 (2¢38 g., 0s0L mole)
in distilled water (15~20 ml,), was saturated with sulphur dioxide and added to
yellow NHb(HSO3 solution,prepared by saturating a solution of concentrated
ammonia (20 ml,) in distilled water (10 ml,), with sulphur dioxide, The yellow
solution formed was evaporated, under reduced pressure at 56°C, until crystals
started to separate, The mixture was then allowed to stand for 24 hours to
allow more crystals to‘form. The crystals were washed and dried in the same
wayAas the gimple sulphites Ma(SO3)b.nH20, and tested for the presence of
chloride and sulphate ions by the usual simplé.tests. Samples were stored

before use under nitrogen,



(b) Preparation of (NH,),Mn(SO;),

This preparation was carried out in the same way as the corresponding
nickel compound except that evaporation was continued until an appreciable
quantity of crystals (1-2 g.) had formed.

(¢) Preparation of (NHu)2C25§p3)2‘H20

The method used was similar to that for the corresponding nickel
éompound,except that,as with the manganese compound , evaporation was continued
until an appreciable quantity of crystals had forméd. C§(N03)2.6H20 was used
in place of the chloride,as the Analar reagent grade of the chloride was not
“available. Thus the simple test for the presence of nitrate ions was carried out
on the final product. It was noted that on mixing the reactants the red colour
of the combined solution was similar to that of the original Co(N03)2.6H20
solution,

(d4) Preparation of (NH4)222£§p3)2

Zine carbonate (1:5 g.) was suspended in distilled water (25 ml.) and
the suspension saturated with sulphur dioxide. The solution was then
filtered td remove any undissolved solid, and sulphur dioxide again passed
through the solution to saturate it, before addition to NH4H503 solution, The
method was then as for the corresponding cobalt and manganese compounds, Only

the simple test for sulphate ions was used to test the purity of the product.

(3) Preparation of (NH4)2N13(§93)4.1§H20

(NH4)2503 was prepared by passing sulphur dioxidé into aqueous ammonia
solution (5 ml, of ammonia solution of S.G.-880 and 5 ml, of distilled water)
until saturated. Then small amounts of ammonia solution (S.G.-880) were
added until the solution was approximately neutral. This solution was then
added to NiSO3.6H20 in aqueous SO2 solution, prepared from basic nickel‘

carbonate (8 g.). The mixture was swirled for a few minutes before the green

solution deposited light green crystals. A colourless supernatant liquid

remained,’
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(4) Preparation of (NHA)7CE£§93)4=§§20 and NH, CuS0,

(a) Preparation of (NHA)7CE$§93)4.2320

Concentrated ammonium sulphite solution was érepared by taking a
known volume of ammonia solution (S.G.-880) and adding one half its volume of
distilled water, and then passing into this sulphur dioxide until saturated.

A volume, equal to the original volume, of ammonia solution (S.G,-880), vas
fhen added.,

| Cu(N03)23120 (240 g.) in distilled water (25 ml,) was added to ammonium
sulphite solution (60 ml,) prepared as above, diluted with distilled water
(40 ml,) and the whole was left to stand for 24 hours; Large, colourless,
transparent, needle shaped crystals were obtained from the colourless solution,
These were washed and dried in the same way as the other sulphites except that
only 10 ml, of de-aerated water was used for washing because of the solubility
of this compound in water.,

(b) Preparation of NH4CE§Q

3
Cu(NOB)ZJHZO solution,of the same strength as in the preparation of

(NH4)7Cu(SOB)4.5H20,was added slowly with stirring to hot (NH4)2503 solution
(20 ml.)‘prepared as described previously. The colourless needle shaped
crystals which were first formed were dissolved by addition of more
Cu(N03)25H20, and the solution became deep reddish-brown in colour before
shining colourless platelets were formed. The resultant solution became almost

colourless. The crystals were washed and dried in the same way as NiSOB.6H20.
(5) -Preparation of Ni(OH)23E;§03.:l£H2g

NiCl,.4d,0 (2.38 g., 0.01 mole) in boiled distilled water (10-15 ml.) was
added to Na2303 (2460 g., 0-01 mole) in boiled distilled water (20-25 ml.).
The light green precipitate formed was washed and dried in a similar way to

NiSO .6H20.

3



(6) Preparation of basic ammonium chromium sulphite

NHLﬁSOB solution in twice the quantity used for the preparation of

(NH4)2N1(303)2 (see section 2a) was added to Cr013.6H20 (2,7 g.). The procedure

was then the same as for the preparation of (NHA)ZCO(Soj)Z'HZO'

(7) Preparation of NiS0,. 2H,0

NiSO .6H20 was heated under vacuum at 56o for about 6 hours,

3

™~
\
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C. General Properties
(a) Colour and Solubility
Table 3,01
o Solubility in
Compound Colour and s?lUblllty sulphur dioxide
State in water .
solution
. Ni(OH) e 3NiSO3. 12H,0 Light green slightly soluble
powder soluble
NiSOB.6H20 Apple green sparingly soluble
_crystals soluble
Mn803.2H20 White slightly soluble
crystals soluble
CoSO3.3H20 Rose pink sparingly soluble
' crystals soluble
CuZSOB.CuSOB.2H20 Red=brown sparingly insoluble
crystals soluble
Zn803.2°5H20 White crystals| sparingly soluble
soluble
(NHA)ZNiB(SOB)h'lsHQO Light green sparingly soluble
crystals soluble
(v, ) ,N3(80 ), Yellow sparingly soluble
5 crystals soluble
(1, ) 2Mn(803)2 White sparingly soluble
crystals sqluble
(NHA) 200(503) o+H,0 Pink crystals | sparingly soluble
soluble
(NHL)ZZn(SO )2 White sparingly soluble
5 crystals soluble
NH, CuS0 White sparingly reacts to form
b 5 crystals soluble red-brown solid
(Nﬂh) Cu(SOB)h'5H20 White very soluble | very soluble
7 crystals giving yellow
solution
ammonium chromium Green slightly Not
powder soluble investigated

sulphite
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(b) Oxidation
All the sulphite complexes are slowly oxidised in air. The rate of
oxidation appears to depend on the size of the particles (crystals),and dryness
of the sample. The larger the crystals, and the dryer the sample, the more
slowly does oxidation to sulphate take place.

(¢c) Reactions with dilute acids

All the compounds investigated evolved sulphur dioxide on shaking with
| dilute hydrochloric acid (2M), and complete solution was obtained,if necessary
by heating. The copper compounds first gave a white precipitate with hydro-

chloric acid)possibly copper(I) chloride before complete solution was obtained.
With dilute nitric and sulphuric acids an accompanying red precipitate‘possibly

copper metal, was obtained. In the case of nitric acid,this dissolved on

bOilingo
D. Analyses
Table 3,02
Found Theoretical
Compound 2w 2—
% 80, %M | %80 Al
Ni(OH)2.3NiSO . 12H20 3342 32.5 33.1 3244
5 33,6 32.8
3308 32,)4.
. 3346 32,6
NiSO .6H20 33,2 23,6 32,4 23,8
5 32.5 23,5
M¥nSO, . 2H 0% 46,0 32.8 46,8 32,2
3 4643 33.1
" MnSO .3H20* 41,2 28.8 42,3 29.1
5 41.0 28.6
COSO 03H20 20-2.0 30.0 li‘ll5 3003
5 42.1 29.9
. .2H o .0 493
Cu2303 cuso3 ,0 _ 22.9 9
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Table 3,02 contd,

Found Theoretical
Compound o P
%S0 Al %07 |
3 3
2080, 2 58,0 42,2 | 34,2 42,2 | 343
42,0 | 34.0
42,3 el
42,1 | 34.2
Compound %8032— %'NH4+ M | %SO 2- am*t | M
3 A
(NH, ) Ni_(50.) 5HO | 3749 | 43 |20.2 | 374 | 4e2 | 2046
W2 359 | oud | 200
364 L1 | 20,6
3544 20,6
FNH#)ZNi(SOB)z 60.2 | 13,5 | 22,1 | 62,8 | 4.1 | 23.1
[(vm ) Ni(s0,) H 0] | 61k 22,3 | 58,7 | 13.2 | 21.5
eyt e 61k 22,1, :
| 62,5
(NHA)ZMn(SO3)2 63.3 | 14e2 | 22,0 | 63.7 | 143 | 219
[(Nﬁu)ZMn(SOB)ZHZOJ 2?:3 13.7 | 2.7 | 59.5 | 13.4 | 20.4
6142
59.7
B 6042
(NHL;ZCO(SOB)ZH 59.1 | 13,4 | 21,8 | 62,9 | k1 [ 23.0
(NHz+ 2CO(SOB)2 ,0 59.9 ig:g 21.8 58,9 | 13.2 | 21.6
(NH, ) _Zn(S0.) 60,2 25,2 | 6l.2 25.0_—
k2mmste 6044 2544
(NH, )_Cu(S0,), +5H 0 10,6 10.6
4’7 347772 10.4
10,7
NH, CuS0 39.2 39.3
%3 39.3
basic ‘emmonium 47.7 5.0 23,1
chromium sulphite 45.8 | 4.8 21,0
‘ 48.1

% The two fvery different sets of data,obtained for the manganese(II) sulphite,
were obtained on the same sample. The set which correspond to MnS0 .3H20
being obtained after further washing to remove possible traces of célorlde.

R gy
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The data,for the ammonium chromium sulphite cbmplex)are all from the same
sample, and correspond approximately to (NH4)3Cr5(803)6(0H)6.10H20|but other

analytical data showed widely different compositions for this-material.

E, Spectra

(a) Diffuse reflectance spectra recorded in the region 28,500-10,000 omt

Table 20 0 2
Compound Absorption peaks(cnfu
Ni(OH)ZBNiSOB. 12H,0 | 24,4505 14140sh; 13160
Ni803.6H20 24,810; 13790;
24, 270; 13,330

NiSOB. 2H,0 23,920; 13,020
MnSOB.3H20 colourless
Cu28030u803.2H20
CoSOB.BHZO 18,590; 18,900
ZnSO3.2.5H20 colourless
(NHA)ZNi3(803)4.18H20 25,000; 13,890
(g, ), Ni(S0,) 23,360; 12,900

L A 23,360; 12,720
(NHh)ZMn(Soﬁ)2 colourless
(NH4)200(303)2H20 18,730
(NHL)ZZn(SOB)z colourless

(NHh)7Cu(803)4.5H20 colourless
NHI'_CuSO5 colourless
N, OrS0, 7 22,470; 16,370

22,570; 16,450
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(¢) Far infra-red spectra recorded in the region 400~250 or 200 cn
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Table 3,06
. "Limit of
Compound Absorption peaks measurements (cm-l)

Ni(OH) . 3N480,.12H,0 | No peaks From 400-250 e 250
Ni803.6H20 224 200

332, 236 200

387m, 291sh, 281s, 265sh, 258sh 250
NiS05. 2H,0 No peaks from 400-200 cm 200
Mn503.2H20 382, 322, 222 200

£

350 250
CoSOB.BHZO 376, 236 200

389, 240 200

358sh, 300s, 286s 250
Zn303.2-5H20 . 265 200

34, 300, 285sh 250

i . 2 200

(NH4)2N13(303)4 18H,0. 360, 214

362m, 306s, 288sh 250
(NHA)ZNi(SOB)Z 376, 255 200
(NHA)ZMn(SOB)Z 211 200
(NH4)200(803)2H20 209 200
(NH, ) ,%0(80,),, 234 200

236 200 £

+5H 82, 212 200

(NH4)7Cu(SOB)4 S5H0 | 382, 21

354vw, 338vw 250

298sh, 22l1sbr 200 £
NHACuSOB 316sh, 270sh, 261sh 250

no peaks from 400~200 on™t 200

| vasic ammonium

chromium sulphite
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There is some doubt about those results in the region 400~200 cm-l(except
those marked £} as these were carried out on the Grubb-Parson DMZ, Other

workers have since observed erroneous spectra with this instrument,
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% losses in wei
decomposition stages

MWA in recognisable

corrected for buoyancy)

Compound :
1st 2nd 3rd Lth 5th Total
stage| stage | stage | stage | stage | weight loss
Ni(OH) muszou A2H0 I | 23.3 | 33.0 56.3
II | 23.8 | 33.6 57 4
szou.mmwo : I (1.7 | 27.0 68.7
I | 42.0 | 20,0 7.6 69 .6
IIT | 42
. II | 30,6 | 32.6 | (2.7) 63.2
oomouumwo I |26,2 | 32.7 58.9
IT | 26.1 | 32,7 58.8
ocmmouosmou.mmmo I |35.2 6.3 1.5
IT | 35.3 6o 41.7 !
Numou.msmmmo I |22.9 9.3 | 2.0 56.2
| IT |20.6 8.3 | 26.0 54 .9
Azmwvmz»uhmouvkuummwo I |48.6 | 2uu | 73.0
IT | 47.2 | 24,7 | 71.9
Azurvmz»Amouvm I |46.8 | 11.7 |10.4 1.6 70.5
_ IT [46.2 | 104 |12.4 2.1 71.1 — | ]
AzmrvmguﬁmouVm I |47.2 | 17.7 4.8 69.7
IT | 45.7 | 148 8,7 69.2
A2ﬂrvmooAmouvmmmo | I |48.2 | 12,2 | 1,8 62,5
~ IT |50.9 | 11.7 1.8 1.8 66,9
III |50,0 | 12,7 5.0 2.5 70.2
AzxrvasAmouvm I [25.7 | 18,1 |14.2 3.8 61.8

Highest Approximate
Temperature | heating rate Completeness Contents of final Colour of final
o o of decomposition | product other than oxide product
c C/min A
630 3.3 Not complete slight trace of 52~ Very dark green
710 1.7 Appeared complete | very slight trace of 2~ Very dark green
640 5.2 " trace of moPmn Black
800 2.4 " - Dark olive green
260 1.8 Not complete Not tested ' Black
870 5.2 Appeared complete | trace of g2~ : Dark brown
870 5.2 " - Dark brown
850 2, % " - Dark grey
870 5.2 " - Dark grey
700 . H.ﬂ " - Dark red
750 1.7 " - Dark red
trace of S°~
650 1.7 Appeared complete ) White
trace of mo# ;
580 3ok Appeared complete | °F° than trace S o Yellow
more than trace moP
580 1.5 " mwt Dark grey
650 4.0 " mmn , Dark grey
650 1.5 wwmmwwmwwm 2" Dark grey
[ 700 1.4 w mml m Dark grey
720 1.5 Appeared complete | No mml , Brown
Trace of mo#ml
N No wml :
740 1.6 Appeared complete o Brown
Trace of moP=
640 1.5 Not complete mwwmwmwbm agent wwmmmud Very dark brown
iberated chlorine)
720 1.7 Not complete " Very dark brown
. 800 1.4 Appeared complete - . Green
650 Lok Not complete Not tested ; R mewos




Table 3,07 contd. I|

% Hommmm in weight in recognisable Hi 3
est A
decomposition stages (corrected for buoyancy) emswwwwacHo EMMMMMPBWMMQ
Compound & Completeness Contents of final Colour of final
1st 2nd 3rd 4th 5th Total o o of decomposition |product other than oxide product
stage | stage | stage | stage | stage [ weight loss ¢ C/min
NH, ) _Cu(S0_), .5H_0 1|83.8 | 4.7F
A #vq ( uv# 5 > 3 ﬂ+ 8845 650 1.5 Appeared complete - Red brown
II| 85.3 2,8 88.1 820 6.0 n _ "

NH, CuS0 I| %6, 1.6 2.2 *

#. u W W rv . mOoN N@O WON 1 - wmﬁ.

. IT mb.oN Nou. NoO mmow mmo mom " —— Red

* Total % weight loss calculated from weight of residue when cold = 5847

+ Three minor decompositions in each case

The contents of the final products were detected by simple tests,
In the case of the nickel coEbocbmm.ﬁwmmm were heated rapidly under
nitrogen and the X-ray powder diffraction patterns of the final . M
.mmmo_msm Ni(OH) ,3Ni50,.12H,0 were found

3 3 2
to be identified with that of B.D.H. zworswwwm¢ those of

decomposition products of NiSO

AszVMZHuAmouvP.Hmmmo and AzmrvaPAmo were identified with those of

uvm
mixtures of B.D.H., NiO/NiS,in proportions in the range 4:1 to 9:1,which

had been heated in a similar manner,
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A, General Features
Attempts were first made to prepare the compounds of the type
15

(NH4)2M(303)2'nH20,by~the methods used by Newman and Powell; ” however it was

found that the methods gave considerable quantities of the sulphates in the final
products. It is to be noted that these methods afe not those of Hahn et al.,as
who prepared the compounds from the metal chloride or acetate. The method
finally employed in this work was generally that of Hahn et al. The hydrated
binary sulphites, except Ni(OH)z.sNi303.~1zﬁzo, have all been prepared before by
the methods used in this work or by similar methods. The preparation of
Ni(OH)2.3N1803.~12H20 resulted from an attempt to prepare NiSO3.6H20.
Unsuccessful attempts to obtain an X-ray powder diffraction photograph showed
the material to be amorphous. A basic sulphite of the composition

Ni(OH)Z.ZNiSO .6H20, was reported to be prepared by a similar method.2 Thus the

3
method used was not suitable for the preparation of the normal sulphite.

As reported in Chapter 3, the dry materials oxidise only slowly in air and
oxidation appears to depend upon the surface moisture content of the sample., It
was noted in the preliminary investigations that material could not be washed
free of sulphate if the compound was washed with de-aerated distilled water in
air, but that in general this was possible under nitrogen. It is concluded
thet oxidation takes place on the surface of the crystals or particles when
moist and that the process is rapid.

The poor solubility in water of the compounds (Table 3.01), suggests three
dimensional structures which arise from hydrogen bonding and/or to polymeric
structures. It is known that Ni803.6H20 consists of the distorted octahedra
[Ei(HZO)é]++ and 3032' jons held together three dimensionally by hydrogen
bonding5’6’7 and that Cu2$030u503.23208 and NH40u8039’10 are polymeric

structures due to co-ordination to the metal atoms of the sulphur and the three

oxygen atoms of the sulphito-group.
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The solubility of all the compounds, except Cu SOBCuSO3 2H 0 and

NH, CuSO,, in aqueous sulphur dioxide solution may be due to reaction of H30+ at

L3

the surface of the orystals with the sulphite groups to form HSO, , thus

3 L
reducing hydrogen bonding and enbancing its solubility. This mey occur in the

case of NiSO .6H20, but (Nﬁh)70u(803)h.5H20 which is very soluble in both water

3
and aqueous sulphur dioxide solution may contain discrete ions with little or

- no three dimensional bonding.

The analyses obtained were satisfactory and suggest the formulations given
in Table 3,02, The variability in sulphite analyses in the ammonium compounds
was checked against the gravimetric method involving oxidation of the sulphite to
sulphate and its precipitation as BaSOu. The two methods showed satisfactory
agreement, Thus it is suggested that for the ammonium complexes of nickel,
manganese and cobalt, of the type (NHL)2M(SO ) .10, different preparations
gave compounds with differing amounts of water. The compound (NHL)zNi(SO})Z is

reported by Hahn et al.,hs and Newman and P’owell15

“has also been reported without waterl76 although their analyses suggest a

to be the dihydrate; however it

{formula (NHL)2N1(803)2.~0.5H20.‘ The corresponding zinc, magnesium, ocadmium,
ifon and manganese compounds are reported by Hahn et al., to be anhydrous but
of these, three, the zinc, magnesium and iron compounds are reported by Newman
end Powell as mono- or - dihydrates.

The two analyses presented for manganese(II) sulphite indicate that on
washing the same precipitate with additional guantities of water it becomes more
hydrated and corresponds to the formulationAMnSOB.jHZO. This increase in
hydration has been noted previously.2

Hydrated cobalt(II) sulphite has been formulated as 00303320, 00303. 5H,0,

2
«3H. 0 S0,.
CoSO3 3 o and Co 3

violet red 00803.3H20 and red CoSOB.2o5H20, have been reported in the same

preparation. Since the analysis of the material prepared in this study

6Hé01 and recen1:1y§3 three species, orange red 00303-3H20,
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corresponds to CoSOS.BHZO, from the colour it is possible that the meterial is
the violet'red form.
In an attempt to prepare ammonium chromium(III) sulphite, material which

was formulated approximately as (NHL)30r5(SOB)G(OH)6'10H20 could be obtained

only on one occasion although material containing NH +, CrIII and sulphite ion

was always obtained. No normal chromium sulphite has been reported by early
2 :

workers and so it is probable that no ammonium chromium sulphite can be

prepared in aqueous media.

The material whose sulphite content (45.0) corresponded to NiSOB.“QHZO vas

obtained in an attempt to prepare NiSOB.AHZO reported previously.2 The thermal
gravimetric analysis curve (Fig.}.l) shows that all the water is lost from

Ni803.6H20 in one stage and the crystal structure5’6’7 shows that there are two

types of water co-ordinated to the nickel in equal numbers. Thus Ni803.~2H20

is probably not a definite species.

B. Spectroscopic Properties

The nickel compounds Ni(OH) 3N1803 ~12H,0, N1$036H 0 and (NH ) Ni (803)4181{20

have diffuse reflectance spectra (Table 3,03) which correspond closely to that of
[Ni(H O) ]2+ 7 witn absorptions at 25,000-24,350 cm.-1 end 14,140-13,160 cm-l,
jndicating octahedral co-ordination of oxygen eround the nickel. Ni8036H20 is
known to contain [Ni(H20)6]2* ions.1’5’6’7 The positions of the absorption
peaks for (NH#)2N1(303)2.~0.5H20 (23,360 and ~12,800 cm‘l) are little changed

from those of NiS0,.6H,0 (25,000 and ~1k4,000 om’l) and again indicate

3
- octahedral co-ordination of nickel(II). The ligand field effects in the former
complex are observed to be less than generated by six water molecules and may be
consistent with Ni-S bonding in addition to bonding oxygen atoms of other
sulphito-groups. This may also be true for the material N1803~2H20 since it

shows peaks at 23,920 and 13,020 o,



66,

The cobalt(II) compounds CoSO 3H,0 and (NHA)ZCO(SO H,0 have absorption

177

3 3)2
peaks in almost the same position as [Co(H20)6]2+ ~18,500 —

so that here
again co-ordination of oxygen around the metal is likely although co-ordination
also through sulphur cannot be ruled out. The abso;ption bands for the basic
 ammonium chromium sulphite at ~22,500 and 16,400 cm'-l are slightly lower than
for [Cr(Hzo)éz]3+ Y7 (24,700 and 17,400 cn™>). As for (WE, JN3(50,),, 0.5H,0 this
may be consistent with Cr-S bonding in addition to bonding to oxygen atoms of
other sulphito-groups, hydroxo-groups and water molecules,

Owing to the insolubility, in water and other noﬁ-destructive solvents, of
the sulphites, all the infrared spectra (Tables 3,0k, 3.05) were measured in the
solid state. Most of the peaks recorded were broad, so that it may be that
individual sbsorptions are not being observed. Prolonged grinding had no effect
on the spectra except that sulphate ions were introduced by aerial oxidation.

For the compounds of the type M;(Sos)b.nHéo and Ni(OH)2.3N1805VI2H20 the
peaks in the region 3200-3400 om L are assigned toVv (OH)., They are generally
lower than that of water and so there is the possibility of stronger hydrogen
bonding. This is particularly true of Mn803.3H20. The shoulders at 3257 on > in
the spectrum of NiSOBGHQO and at similar wave numbers in other hydrates are
probably due to 26(H20) (2 x 1630 cm-l). In the Nujol spectra of the ammonium
compounds; absorptions assigned to W(0H) occur at 3401 cm-1 for
(1, ) i 5 (30,), 18H,0, 3390 en™ for (1, ) ,00(80,) 1,0 and 3521 en? for
(NH4)7Cu(503)h.5H20. Absorptions in the region of 1640 onL are assigned to
8(H20) in all the compounds except (NHA)Zzn(SOS)Z and (NH4)2Mn(S°3)2 where they
are absent, in agreement with the analytical data which indicate anhydrous
materials, In the V(NH) stretching region two absorptions are noted for all
complexes except (NH4)2N13(303)4’18H20 and basic ammonium chromium sulphite. In
NH, CuSO, a complex band is noted in this region in the KBr disc spectra. In the

43
region of S(Nth) two absorptions are observed except for (NH4)7Cu(SO3)4.5H20 and



67.

basic ammonium chromium sulphite. This splitting may be due to, hydrogen
bonding of some N-H bonds and not others, the asymmetry of the NH4+ ion in the
crystal or possibly to solid state effects,

The potassium bromide disc spectra show sbsorptions, which are absent in
" Nujol mull spectra, in the region of 1,100-1,200 cm-l, though in copper
compounds this extends to 1270 cm-l. These absorptions are assigned to sulphate
asymmetric stretching frequencies, though it is possible that other sulphur
oxy-anions are involved especially in the copper combounds. It is also noted
that when absorptions appear in this region absorptions also appear at 620 cm_l.
These are assigned to v4 (the degenerate bend) of the sulphate ion. ?hus it is
concluded that the grinding and pressing involved in the making of the disc
causes. aerial oxidation of the sulphite which in turn causes erroneous
absorptioﬁs in the spectra of these compounds. Occasionally weak absorptions
appear, in the spectfa in Nujol mull, in the same regions,presumably due to
slight oxidation ofAsulphite on grinding., Duplicate spectra have been included
in Tabie 3,05 to show that the spectra obtained in Nujol mull and potassium

bromide disc were consistent, allowing for oxidation of sulphite on grinding and

pressing.

The compounds investigated can be classified into groups according to the
number of absorption peaks and positions of those peaks in the S5-0 stretching
frequency region.

Group A: show one peak at about the symmetric stretching frequency of the
free ion (1&) with a shoulder at a much lower frequency €.g. NiSOB.6H20 (972 and |
| 891 cm-l). Group B: show a more complicated series of peaks generally three or
more spread over 850-1000 cm-l. Group C: generally show a shoulder between
950-1000 c:m-1 and e strong broad absorption at ca. 900 cm-l. Group D: show one
strong ebsorption peak in the region of Y for the free ion i.e. ca. 970 cm"1 and

another at about vy for the free ion i.e. £2.930 om T,
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Group A i Absorptions lom™ ]
Ni(OH)2.3N1805~H20 968svbr, (871sh)
N1803.6H20 972svbr, (891sh)

Group B
Cu,S0,CuS0,. 2H,0 1013s, 975s, (926sh), 902s, (857sh)
¥n30,. 3H,0 (989sh), 967s (923sh), 899s
00803.3H20 1017s, 964s 889sbr
Zn303.2'5H20 1016m, 987s, 95s, 917s
(NHL)ZNiB(SOB)h.IBHZO 955s, 9358, 8958

Group C
NHhCuSO3 i 'A;f' 966sbr
(NHh)zNi(SOB)Q (960sh) - 887s -

(NHA) Hn(80,), (961sh) 9Lhs

(NH4)200(803)2H20 (950sh) 903sbr
(NH, ) ,Zn(80,),, (954sh) 909sbr
Ammonium chromium sulphite (994sh) 912svbr

Group D
(NH4)7Cu(305)4.5H20 987sbr 933s

In group A, the symmetry of the sulphite ion in NiSO3.6H20 is known to be

03v5 with all the sulphite-oxygen atoms hydrogen bonded to [Ni(H20)6]2+ ions,
thus the absorptions at 972svbr, 891lsh, 662mvbr and 487vw can be assigned to
LY v3, Vo and Vh respectively, of the sulphite ion. There is no splitting of

v, and Yy, which agrees with C}v symmetry, Also Ni(OH)23N1803~12H20 which has a

3
very similar spectrum possibly contains sulphite groups with the same symme try,

and on this evidence alone it may be suggested that it too contains the free ion
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hydrogen bonded to co-ordinated water molecules, Hydrogen bbnding should have
the efféct of weakening the S-0 bond as compared with the sulphite ion and it
is known that in NiSOB6H205 the S-0 bond is 1.536& as compared with 1.5042 in
Na280313 consistent with a lowering of the frequency for the pickel compound.
There appears to be little or no lowering of vl,but V3 is lowered by ca.40 cm'l

for NiSO .6H20)and by ©a30-60 cm-l for Ni(OH)z.BNiSO ~12H,0. However the

3 3 2
diffuse reflectance spectrum suggests octahedral co-ordination around the
nickel in the latter complex and the co-ordination could not be satisfied by
water and OH groups alone., Bridging water groups are unlikely, thus some
bonding of the sulphite ion to the metal is expected, although this cannot be
detected by‘the i.r. spectral data.

In group B the crystal structure of Cu23030u803.2H20 has been determineda
(Fig.l.l) and shows that the symmetry of the sulphito-~group is vef& low as shown

in I,

0

o

M

~
MII

.

-

5
PV
et

Thus splitting of v, for the sulphite ion would be expected on co-ordination.

3
The sbsorption peaks, in the region of Vl and V3 for the copper sulphite, are
1013s, 975s, 926sh, 902s and 857sh. Not all of these can be ascribed to
removal of the degeneracy of V3 arising from a lowering of the symmetry of the
sulphito-group, and may be ascribed to solid state effects i.e. the coupling of

the vibrations of sulphito-groups in the crystal.
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Based on the known structure of Cu28030u8052H20,and the similarity of

infrared spectra it is reasonable to ascribe CuZSOBCusoszHZO type sulphito-groups

to Zn803.2.5H20, Mn8035H20 and CoSOB.}HZO, i.e. the symmetry of the sulphito-
group in these compounds is very low. However MnSO5.3H20 could alternatively
1

be placed with NiSO .6H20 since the absorptions at 989 cm = and 923 cm"l are only

3
weak shoulders, but the general shape of the absorption band suggests it is
better placed with group B.

Group C complexes are characterised by one strong absorption in the 880-
970 cm-'l region, but may be subdivided into a group consisting of MI derivatives
for which the strong absorption occurs 0a§70 on (NHIa_CuSO3 is the only member
of this subgroup), and a group consisting of MII derivatives for which the
absorption occurs at ¢a.900 cm-l. The shoulder on the high side of the latter
peaks may be due to an overtone (2 x ca.480 cm-l). No splittingof v5 or v, for
the sulphite.ion is observed, indicating that on co-ordination the.symmetny of
.the sulphite ion is not changed.

Tetrahedral co-ordination of the copper in NH#CuSO5'can be achieved only if
all the atoms of the sulphito-group bond to copper atoms. The local symmetry
determined by X-ray crystallographic studies (shown in Fig.1.2 and II) is the same

as that of the sulphite ion. There is little difference in the bond length of the

II

sulphito-grovp in NH, CuSO, (1.5064)%210 onparea with tist in Na, S0, (1.5043).13



Thué little shift in stretching frequencies is expected,and this is found to be
the case in practice.

.Since ‘the si;lphito-group is the only group in the complexes [(NHI..)ZM(SOB)Z]
capable of co-ordinating to the metals, each sulphito-group must bond to metal
atoms through three lone pairs of electrons, since fhe'diffuse reflectance
spectra in the visible region indicate octahedral co-ordination for nickel,
cobalt, chromium and possibly mangaﬁese. If the symmetry of the sulphito-group
is to be the same as that of the sulphite ion,as indicated by the single
absorptioﬁ at ca. 900 cm-% then co-ordination must be through the three oxygen

atoms as shown in III, Other possibilities would either alter the symmetry or

A

S
o/ \o
/ 0 T~y
¥/
M
III

provide a surplus of co-ordinating groups. LFCo-ordiqation is unlikely to occur
for the'Zﬁ ion in (NHL)ZZD(SOB)Z according to the i.r,iépeétrum. The ij.
symmetry of the sulphite ion is reteined in the complex and eliminates the
possibility of bidentate attachment. Thus the Zn ions in common with the Cr,
Ni, Co, and Mn ions appear to*be octahedrally co-ordinated.’_This uncommon
co-ordination to Zn has also been detected for [Zn(H20)6]2+”.’and
[Zn(NHB) ¢ 2+ 177 | |

Co-ordination of the sulphito-groups through three oxygen atoms would lead
to a "draining back of electrons” to the oxygens and reduce the 7m-bonding between
the sulphﬁr and the oxygens; lowering the bond order, increasing the bond length

and lowering the stretching frequency. For NHLQuSOB’ bonding through sulphur
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occurs in addition to bonding through the three oxygen atoms, and will £end to
oppose the "draining back" effect. In addition, the presence of a mono-cation
rather than a di-cation will reduce the overall tendency for the lowering of the
5-0 bond order on co-ordination through oxygen, and hence the stretching
frequencies are expected to occur at higher frequencies than those observed

for (NEA)ZM(SO3)2 complexes, This is in good agreement with the frequencies
observed.

For group D the only compound with absorption peaks in the positions
expgcted for v, and vy for the sulphite ion is (NHA).?Cu(SO})L. 5H,0. Coupled with
its high solubility in water,this suggests that most sulphite groups are
essentially in the state of the free ion with, as previously suggested; little
or no three dimensional bonding., The v(OH) abovefghoo on™t elso suggests less
hydrogen bonding than in all the hydrates except perhaps Zn805.2-5H20.

The absorptions of all the compounds between 676-633 cm-1 are assigned to

.\ﬁz (the symmetric bending frequency) of the sulphite group, and those at about

1

530 -480 cm — to Yy (the asymmetric bending frequency) of the,.sulphite group.

Splitting of v, is observed for 00503.3H20 (528 and 524 cm-l) and

-1
.2 . SO_CuS0..2H
an03 5H,0 (513 and 505 em )., For Mmso3 u, 3Cu o3 0 no

splitting is observed but the shsorptions are very broad-and may consist of two

.3H20 and C

absorptions,in agreement with the low symmetry of the sulphito-groups
(préviouslyfpmpqsed for group B) which maey cause splitting of the doubly
degeneratel)h mode.,

The infra-red spectra of the compounds of the type (NHA)ZM(SO3)2.nH20 and

NHL'_CuSO3 were investigated by Newman and Powelll? and the results obtained
here are in good agreement (Table 2.1). Of the compounds of the type

. 4 137
Ma(s%)b.nﬁzo, the infrared spectra of Cu,S0,0uS05.2H0," ZnS0,2.5H,07"" end

CoS0 2.5H204h have been reported as:

3
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Cu,,S0.Cuso .2H20 1025m 980m 915m 860w 6325 L487s

273 3
ZnSO32.5H20 1021.5vs 957s 913.5s 862w
008032.5H20 1150w 1020w 965s 899m 848sh 720s 6L45s 600sh

515m 450w

5 = sfrong; m = medium; W = weak; v = very; sh = shoulder

in agreement with the number of peaks observed in the S-0 stretching region in
this work. It is noted that in the case of Zn8032.5H20 the reported band was
much broader than that observed in these results, '

The far infrared data (Table 3.06) may be divided into two groups, (i) the
data obtained using a Perkin Elmer 457, (ii) the data obtained using a Grubb
Parson DM2, Toward the end of this study it became clear that the Grubb Parson
DM2 was giving erroneous spectra and consequently some data in Table 3.06 may
be unreliable. Thus discussion of the far infrared data will be restricted to
those spectra obtained with the EE457 instrument.

The hydrates all show an absorption peak in the region 387-344 cm-1 and
other absorptions from about 300-200 cm-l. Hydrated first row transition
metal(II) ions are reported to have V(M-OHZ) from 310-405 cm-l, commonly about
m_} 178 -1 179

380 ¢ : and MO, bending modes from about 300-100 cm ~, Thus all the

2
observed bands may be interpreted as due to co-ordinated water, and to oxygen
co-ordinated sulphito-groups, Limited V(M-S) data for first row transition

metal derivétives are available for dithiocarbamate and xanthate derivatives

(350-383 cnb), 10

region associated with v(M-0) frequencies includes that associated with (M-8)

and v(M-so5) may well occur in a similar region. Thus the

frequencies, hence based on the limited data aveilable it is not possible to
assign the high energy absorption to v(M-0) or V(M-S). Indeed for those
complexes known to have both metal-sulphur and metal-oxygen bonds, only one

absorption occurs in the 300-400 om region.
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C. Thermal decomposition studies

From thermal gravimetric analyses curves of simple sulphites and

Ni(OH) . 3NiS0, 12H,0 (Fig.3.1), it cen be seen that thermel stability increases

3

in the following order Ni(OH),. 3N1803~12H20 < Niso3 3

3.3H20'v CuZSOBCuSOB.ZHZO. The first decomposition stages of

NiS0,6H,0, CoSO;3H;0, UnSO,3H,0 and ZnSO

the loss of all the water.

.6H20-v ZnS0 2.5H20 <

<
Mn803.3H20 CoS0O

32.5H20 correspond reasonably well to

For N18036H20 decomposition II (Table 3,07) may have taken place along a

route similar to the following:
at ~70-240°,

N18036H20 — NiS0

3
at ~240-550°,

3NiSO3 — NiSO32NiO

at ~640-750",
NiSO2N0 — 310

The -theoretical percentage loss in weight due to loss of water is h}.qland the
theoretical percentage loss in weight of 3NiSO3 to N18032N10 is 17.3 The final
product would appear to be NiO,as simple tests for sulphate and sulphide ions
were negative, the final percentage weight loss (69.6) corresponds almost
exactly'to the theoretical for this change (69.7) and the X-ray powder
photogr%éh of the products of rapid decomposition under nitrogen were identical
with that of NiO, The repeat thermal gravimetric study of Ni3036H20 differed in
the absence of the final decomposition stage although the total percentage loss
in weights are very similar. The difference may reasongbly be ascribed to the
slower heating in the duplicate study (Table 3.07).

Ni(OH)2.3N1805~12H20 appears to lose approximately the equivalent of 9.5
water molecules in the first stage, but the shape of the thermal gravimetric

curve indicates that water is lost in the stream of nitrogen from the time the
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sample is placed in the balaence. This loss of water also accounts for the low
total weight losses (5643 and 57.+)compa.red with a theoretical loss of 58.8%
assuming the final product is NiO), The X-ray powder photographs of NiO and the
decomposition products of rapid heating were identical indicating the material
to be essentially NiO, Traces of NiS were detected by chemical tests, but
sulphate ions were absent.

In the case of MnSOB. 3H20 the actual percéntage loss (62.9 average) as
compared with the theoretical percentage loss to MnO (62,4) suggests that the
final product is MnO., No sulphate ions were detected and only in the
decomposition product of one éxperi.ment (Table 3.07, I) was there a slight trace
of sulphide suggesting that the decomposn.tlon is essentially to the :.oxide,

The d:x.f‘ferences in the final products cannot be explained in terms of heatlng

rates, as these were the same for both experiments. The decomposition corresponds

approximately to the following scheme:

y 0

at ~90-140",
Mn3033H20 —_— MnSO3 Theoretical percentage loss = 28,6
Actual percentage loss = 30.7

at ~350-460°,
MnSO3 _— Mn304 Theoretical percentage loss = 31.0
Actual percentage loss = 29,4

- at ~460-580°,
Mn301+ —> Mn0O Theoretical percentage 1loss = 2.8
Actual percentage loss = 2.8

For CoSOB3H20 it is difficult to decide as to the nature of the final

decomposition products. No sulphide nor sulphate ions were detected by the usual
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simple tests., The material‘however did not dissolve in dilute hydrochloric
acid to any appreciable extent, even on boiling, The material dissolved in
concentrated hydrochloric.acid on boiling and no sulphide or sulphate ions were
detecteds However it is doubtful if small amounts of hydrogen sulphide would
effect the lead acetate paper, when large quantities of hydrogen chloride are
present as these would give white insoluble PbCL, ,probably using up all the Pb™
present, Attempts were made to reduce the final decomposition product using
zinc metal and dilute hydrochloric acid but still no hydrogen sulphide was
detecteds The thermal gravimetric analysis curve (Fig;j.l) suggests that loss
of sulphur dioxide starts before all the water is lost. A suggested

decomposition scheme is:

Temperature~ 150~250",
CoSOB5H20 _— CoSO3 Theoretical percentage loss = 28,0
Actual percentage loss = 26,2

~ 250-600°
CoSO3 — 00304 Theoretical percentage loss = 30.4
Actual percentage loss = 32,7

The total percentage loss in weight of C0803.5H20 (58.9, 58.8) agrees closely
with the theoretical percentege loss calculated for 00301+ as the final product,

(58.4) and the dark grey-black colour is also consistent with 00304.

The decomposition of Cu23030u803.2H20 cannot be interpreted in terms of any
simple decomposition scheme, The final products do not contain sulphide or
sulphate ions and may consist of copper metal and Cu0 or a mixture of Cu20 and
Cu0. No red material was noted as being insoluble in dilute hydrochloric acid
and it is tentatively suggested that the final product is a mixture of Cu20 and
Cu0, The decomposition to equal guantities of Cu20 and Cu0 would involve a
percentage loss of 42.4 compared with that actually found of 41.6 (average).

An unususl feature is the gain weight observed between decomposition stages one

and two of the thermal gravimetric analysis curve (Fig.}.l). This occurred in
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both’decompositions I and II (Table 3.07) and cannot be explained completely
in terms of buoyancy. |

Zn5032.5H20 shows a complicated thermal graviﬁetric analysis curve in which
one stage overlaps another until the final products are reached. A very

tentelive scheme of decomposition for I is:

at ~50-160°,

ZnS0 2.5H20 -—> Zn30

3 Theoretical percentage loss = 23.6

3
Actual percentage loss = 22.9

at ~160-275°,

11,2
93

BZnSO3 —_— 22n803.Zn0 Theoretical percentage loss

Actual percentage loss
)
at ~275-400",

ZZnSOB.ZnO > 3Zn0

However traces of sulphide and sulphate ions were found in the final products
and decomposition II showed an increase in the amounts of sulphide and sulphate
ions formed. This may be due to the increase in the heating rate in
decomposition II (Table 3.07). Disproportionation may be taking place in a
minor way possibly in the second stage according to:

4ZnS0, = ZnS + 3ZnS0

3 L

This kind 'of reaction has been reported as the main reaction in the thermal

decomposition of T12803, SrSO3 and BaSOA}}1 and also in the thermal
decomposition of potassium and lithium sulphites.181

The thermal decomposition of MnSO3 under nitrogen has been reported
recently to produce substantial amounts of Mh30# at temperatures above 4200,139

and that of CoSO 2.5H20 to produce cobalt oxide progressively when heated to

3
850°.h4 The solid products of thermal decomposition of Zn3052.5320 have been
18
reported variously as Zn0 with minor amounts of ZnS and ZnSO#, »159 Zn0 and a

trace of ZnSOz‘_,27 and ZnS203 with Zn304.17 In general these results agree with

the work presented here except in the latter two cases where traces of ZnS and
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ZnSOl+ were found along with Zn0, Early worker32 reported the decomposition of

Cu28030u803.2H20 to give water, sulphur dioxide, Cu20 and CuSOA on heating to
red heat and out of contact with air)in conflict with these results. They also
report the decomposition of Mn8053H20 out of contact with air to produce
sulphur dioxide and & mixture of manganese oxide, sulphate, and sulphide which
are also in.conflict with the results presented here,

From thermal gravimetric analyses curves of the ammonium complexes (Figs.
3.2, 3,3) it can be seen that for those complexes containing appreciable
quantities of wate;’the thermal stability is much lower than for the other
ammonium complexes. These complexes are all of about equal thermal stability,
decomposition commencing at about 130—15000. For all the ammonium complexes
the loss in the first decomposition stage corresponds to loss of (NHL)ZSO3
together with all the water that may be present. The decomposition products in
the firsthstage were investigated by carrying out the decomposition in vacuum
at 200°C for (NHA)ZCO(SOB)ZEZO and (NHh)zMn(SOB)2 and collecting the gaseous
and solid decomposition products formed. The infrared and mass spectra of these
products showed that (NHA)2803’ 802, NH3, and water were present, suggesting
that (NH4)2803 and H,0 are the main decomposition' products in the first stage.

In the decomposition of (NHA)2N1(303)2’the first stagg ( 150-290°) .
corresponds approximately to the loss of (NH4)2803 and water (% loss based on
(NHL)zNi(SOB)Z = 45.6 based on (NH4)2N1(803)2H20 = 49.1%, Actual loss = 46.5%

average), Further decomposition may take place according to:

(1) at 290-390"

2NiSO3 —_— NiSOz.NiO + 802

(1) st 390-540°

NiSOBNiO —> 2Ni0 + 802

with the disproportionation,

-  3NiSO, + NiS

LNiSO L

3
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taking place at the same time as either of these two stages but to a small

extent, From 550-650o it is possible that the NiSO4 decomposes as follows,

— i S 0
2N1504 2Ni0 + 2 03 +0,

However it is to be noted that the 1att§r stages do not agree with those of the
proposed decomposition scheme for NiSOB.6H201and that each decomposition stage
overlaps the next. The above scheme is consistent with the final decomfosition
products being mixtures of NiO and NiS. The sulphide was detected both by
simple tests,and by comparison of the X-ray powder photographs of the final
products of rapid decomposition;with those of mixtures of Ni0O and NiS in various
proportionsi It is probable that the ratios of Ni0/NiS, in the product of rapid
* decomposition, are between about L4:l and 9:1, since for these mixtures the
X-ray powder photographs most closely corresponded in line intensity and spacing
to thé product mixture, Thus both analyses and totel thermal decomposition
(70.9% average% suggest thét in.fhis compound water is present’but in such
quentities as to suggest a formula (NHA)2N1(303)20-1H20° The decomposition of

(NH4)2N1(803)2 to NiO’would involve a theoretical percentage loss in ﬁeight of

70. 7%, and (NH4)2N1(803)2H20 to NiO, a loss of 72.6%.
For (NHA)ZMn(Soj)Z the following decomposition scheme is suggested for
decomposition I (Table 3.07, Fig.3.2):"

at ~140-320°

(NHA)Zmn(SOB)Z —> MnSO Theoretical % loss = 46.2

3
Actual % loss = 47.2
at ~320-510° UnS0; ——> Mn0, Theoretical % loss = 19.1
Actual % loss = 17.7
at ~510-630 .
¥n0, — MnBOl+ Theoretical % loss = 4.2
Actual % loss = L.8

However this may be oversimplified,as decomposition II (Table 3.07), although
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showing the same general curve and verj nearly the same percentage loss in
weight, shows significant differences in weight losses in the second and third
stages. It is also to be noted that, whereas Mn8033H20 appears to give MnO

as its final decomposition product at about 6200, the ammonium salt appears to
give En304 at almost the same temperature. The nature of the final product
has been based upon the total weight loss on decomposition,and the product
referred to as Mn OA may alternatively be substantially MnO with small amounts

3

of MnSO, present. Traces of sulphate ions were detected though no sulphide ions

A

were found,

For (NHI‘_)zco(SOB)zﬁzo it is interesting to note that in decompositions I

and II (Table 3,07) in which the decompcsition was not taken to completion, the
residue was almost black, and was an oxidizing agent liberating chlorine from
dilute hydrochloric acid'suggesting a higher oxide of cobalt, No sulphide ions
or sulphate ions were detected in any of the decompositions, The final product
of decomposition III (Table 3.07, Fig.3.2) was green suggesting Co0O, However
decomposition of (Nﬂh)zCo(Soj)ZHZO to Co0 would involve a total percentage loss
in weight of 72.5% In fact the loss is 70.2% which corresponds closely with the
decomposition of (NH4)200(803)2 to Co0 (70.6). Not all the final product is
soluble in dilute hydrochloric acid even on boiling. The material left is
darker in colour and thus may be cobalt sulphide or C0304. The decomposition of
(NH4)200(803)2H20 to 00304 would involve a percentage weight loss of 70.6.
Owing to this uncertainty and the fact that stage one overlaps stage two to
quite an appreciable extent it is not poésible to suggest a decomposition scheme.
From the evidence given'all that.can be concluded)is that the final product is
principally if not completely oxidg(s) of cobelt, since the decomposition of
(NHL)ZCo(soj)ZHZO to CoS would involve & total weight loss of only 66.7% .

For (31114)'22:1(803)2 the first two stages of decomposition I (Table 3.07)

correspond fairly closely to loss of (NHL)ZSOB' In decomposition II (Table 3.07,



Fig.}.Z)Athe percentage weight loss in the first stage differs from the
theoretical percentage loss to (NHA)ZSOB by about 7%. However stage one

overlaps stage two considerably and it is worth notihg that the first thfee stages
of decomposition I correspond approximately in % weight loss to the first two
'stages of decomposition II (58.0, 59.1 respectively). These differences may be
attributed to the difference in heating rate in the two decompositions. As only
a trace of sulphate ion was found in the final product of decompositiop II, the

following decomposition scheme is tentatively suggested:

at ~140-330,

(v )2Zn(853)2 — S0

L 3

followed by and overlapping,

ZnSO3 — Zn8032Zn0 Theoretical % loss = 60.9
Actual % loss = 59.1

at ~470-850°
8.2
8ol

ZnSO3.2ZnO —> 3Zn0 Theoretical % loss
Actual % loss

However there are three decomposition stages, on the thermal gravimetric analysis
curve (Fig.3.2), (with % losses in weight 4.7, 2.0, 1.7 respectively) which
correspond to the suggested simple change in decomposition II of Zn803.22n0 -
3Zn0., Thus the decomposition is probably much more complicated than the above

scheme suggests.

?or NHACuSOS’decoméositions I and II (Teble 3.07, Fig.3.2) show similar
curves. For decomposition I the actual total percentage weight loss recorded
(60.2) by the T.G.A. balance is incorrect due to abnormal buoyancy effects,
since using an analytical balance the weight of the final decomposition product
corresponded to a total percentage weight loss of 58.7. The percentage weight

loss in the first stage (54.2) is slightly less than the theoretical loss of

(NHA)ZSOB and S0, according to:
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_._) (
2NHl._CuSOB (NHI‘_) S0, + 80, + Cu,0

The formation of Cu20 at the end of this stage however would not explain the two
minor decompositions which follow, nor can the final decomposition products be
explained by supposing this to take place. Simple chemical tests on the final
decomposition product showed that no sulphate or sulphide ion was present. Not
all the red material would dissolve in dilut¢ or concentrated hydrochloric acid
on boiling, a red residue being left. This residue was soluble in concentrated
nitric acid suggesting that it is metallic copper. Since the final product is
red, the part soluble in dilute or concentrated hydrochloric acid is almost
certainly Cu20. These suggestions are also supported by the theoretical
percentage losses in weight to Cu20 of 55.7, and to metallic copper of 60.7

and the actual loss of 58,3%

For (1\11&4)21\113(303)1+
first decomposition stage (48.6, 47.2) is less than the theoretical % weight loss

.18H,0 (Teble 3.07, Fig.3.3), the % weight loss in the

of water and (NH ) SO3 to form 3N180 (51.4). It is however fairly certain that
these are products in this stage as the rapid decomposition under nitrogen in a
hard glass combustion tube produces a white sublimate and drops of a colourless
liquid. Simple tests on the final decomposition product showed that sulphide
ion was present but not sulphate. The sulphide may be formed in the first stage.
The percentage weight loss in the second stage (24.k, 24,7) is greater than
the theoretical % weight loss (22.4), but as the first stage overlaps the
second stage it is possible that the major decomposition takes place according to:

(1) at~50-290°,

(NHI‘_)ZNiB(SO ),180,0 — 3N180; + (v )zso + 18H,0
(i1) at ~290-540°,

N:i.SO3 —> Ni0
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With (NHA)7Cu(803)#.5H20has for other ammonium compounds,the first stage
percentage weight loss (83.8, decomposition I, Table 3.07, Fig.3.3) corresponds
approximately with the theoretical percentage loss in weight for the total loss
of (NHA)ZSOB and water (82.7). The percentage loss in weight in stage two (4.7)
corresponds with the loss of sulphur dioxide to form Cu20 (5.3). Thus a

possible decomposition scheme is:

(1) at ~50-250°

(NHI‘_)7Cu(SOB) e —_— Cu2303
(1) at ~250-450°

Cu2803 -_— 2O

However decomposition II (Table 3,07) shows percentage weight losses of 85.3
and 2.8; thus the decomposition may be more complicated than the above scheme
suggests. The final decomposition product contained no sulphide or suiphate iony
and no residue was noted on heating with concentrated hydrochloric, thus it is
suggested that the final decomposition product is Cu20.

0f those compounds, NHACuSO3 has been reported;az aé giving partly the
metal and partly products such as sulphate, oxide and sulphide, depending on the
atmosphere used which was never an inert one. The partial production of copper
is in agreement with the decompositions discussed previously. (NHA)ZMn(S%)2
has been reportedz'as decomposing to give final products of a mixture of
mahganese oxide and sulphide conflicting with the results presented.

Occurrence of sulphide in the final decomposition does not point to
bonding between the metal and sulphur in the original compound as it has been

81 and for those

roted previously that for sulphites of potassium and lithium1
of thallium, strontium and barium111 the main reaction is that of dispro-
portionation to sulphate and sulphide.

In general the thermal decompositiorsof the ammonium compounds appear more



complicated than for the simple ones. There are more stages of decomposition
which frequently overlap, and sometimes minor stages occur within the stages
noted (Table 3,07). The products of decomposition for all the compounds also
eppear to depend to a varying extent on the heating rate. The material used
always consisted of small crystals of about the same size. Thus it can be
reasonably assumed that paffical size played little or no part in producing
the differences noted in decompositions carried out on the same compound,
Finally it can be concluded)that in general the thermal decompositionsof the
sulphites investigated take place with the loss of sulphur dioxide, and water
where the compound is hydrated, and with the loss of ammonium sulphite from
the ammonium compounds. The final products consist substantially of the metal
oxide with, in some cases, smell amoumts of sulphide and/or sulphate,

The work presented here suggests that, in general, in the compounds
investigated,the sulphite group is co-ordinated to the metal probably mainly
through oxygen, and is polydentate. However in NiSOB.GHZO the sulphite group is
present as the jon’ and this is possibly the case with (NHL)7CU(SOB)4'5H20°
It was hoped at the outset of this work to resolve the exact nature of bonding
using methods, the results of which are presented in this thesis, This has
not proved possiblq due at least in part to the hydration of the compounds which
probably causes some of the observed broadening of the absorptions of the S5-0
stretching frequencies in the infrared Spectra'making interpretation difficult.
Also in the far infrared sPectra)metal-water vibrations cover the same region
as those of other metal-oxygen vibrations and also the region in which v(M-S)
for sulphites is likely to occur. Very recently anhydrous sulphites of the
type Ma(SOB)b have been prepared,and investigations of infrared and far infra-
red spectra of these compounds may lead to a better understanding of the
bonding mode of the sulphito-group. The interpretation of the data presented
has been aided considerably by the crystal structures which have been

determined recently, some since this work was started, and which have been

reviewed in Chapter 2.
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The thermal decomposition studies have established that in general the main
products of decomposition are oxides, together with small amounts of sulphides
and/or sulphates, The decompositions are qot simple and need further
examination under a variety of different conditions to gain a greatér under-
standing of the factors responsible for the formation of the minor products,

It is also to be noted that only a small number of first row transition
metal sulphites have been studied from a very iarge field of inorganic chemistry.
The methods used in the present study,although they have provided additional
information on the systems studied, have not been definitive in nature because of
the complex chemistry involved. X-ray crystallography has provided the
greatest insight into the nature of the interaction of sulphite groups with
transition metals,vand the greétest contribution to this area of chemistry in
the immediate future is again most likely to be provided by X-ray

crystallography.
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