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ABSTRACT

The results of investigations related to fluoro, mixed-
- fluoro and acetylacetonato complexes of cobalt(II) and copper(II),
; as well as those related to peroxo-copper(II) complexes form
- the basis of the present thesis. The new results have been
prefaced. with a 'brief general introduction and the contents

of the thesis have been distributed over six Chapters.

Chapter 1 presents a brief introduction pertaining to
-  the work embodied in the thesis. The importance of and the
7interest in the studies of fluoro and mixed-fluoro compounds
of metals, in general, and those of cobalt(II) and copper(II),
in particular, have been highlighted. The problems encountered
in the reported methods of synthesis of acetylacetonato com-

pounds of cobalt(II) and copper(II) are also emphasised therein.

Apart from this, attention has also been drawn to the
significance and contemporary interest in the study of peroxo-

transition metal compounds, especially peroxo-copper(II)




{ 4&.]

complexes. This Chapter also projects the scope of work on

the chosen aspects of cobalt and copper chemistry.

Chapter 2 gives the details of the methods of elemental
analyses and the instruments/equipment used for charécterisa—
tion and structural assessment of the newly synthesised com-

poundé.

Chapter 3 of the thesis deals with a direct synthesis of
alkali trifluorocobaltate(II) monohydrates, A[C0F3].HZO(A=Na,K
or NH4), and the first synthesis and structural assessment of
mixed-ligand fluoro—compléxes of cobalt(IIl), [Co(NH3)4F2],
A[COF (S0,)H,0),1(h=Na, K or NH,), [CoF,(N,H,) }2H,0, |
fCo(dmpz)Fz(HZO)z].ZHZO (dmpz=3,5-dimethylpyrazole, 05H8N2) and
[LH][COF4L].nH,0 (L=1,10-phenanthroline (phen)n=8; L=2,2'-bipy-

ridine(bipy)n=6).

Syntheses of the complexes were accomplished by the

following methods:

i) The pink microcrystalline A[C0F3].H20(A=Na,K, O NH4)
have been synthesised from the reaction of Co(OH)2
with AF in 40% HF at pH<3 followed by precipitation
with ethanol. While a higher pH(5-6), maintained by
the addition of AOH, contaminates the product for
A=Na or K, a molecular complex [Co(NH3)4F2] is formed
in the case where aqueous ammonia is used to raise

_the pH.

ii)The synthesis of mixed-fluorocobaltates(II) of the
type A[CoF(SO4)(H20)2] (A=Na, K or NH4) has been
achieved from the reaction of Co(OH), with AF and
A5S04, in -the ratio of 1:2:1, in the presence of
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a very small amount of 40% HF at a steam-bath tem-

perature.

iii) Difluorobis(hydrazine)cobalt(II) dihydrate,
[COFZ(N2H4)2].2HZO, and diaqua(3,5-dimethylpyrazole)
difluorocobalt(II) dihydrate, [Co(dmpz)F, (H,0),].2H,

were prepared from the reaction of Co(OH)2 with a

o,

minimum amount of 40% HF, and hydrazine hydrate and
an ethanolic solution of 3,5-dimethylpyrazole, res-
pectively, in the ratio of Co:L(L=N2H4 or dmpz) as
1:2. The syntheses were carried out in an ice-cold

condition.

iv) [LH][COF3L].nH20 (L=phen, n=8; L=bipy, n=6) was syn-
thesised from the reaction of Co(OH)2 with a minimum
amount of 40% HF and ethanolic solution of the cor-
responding 1ligand, maintaihing the molar ratio of
Co:L(L=phen or bipy) at 1:2.

The compounds were found to be stable for a prolong period.
They have been characterised from the results of elemental
analyses, pyrolysis at 120°C, magnetic susceptibility measure-
ments, 1i.r., laser Raman(LR), and electronic spectroscopic
studies. The results suggest that each of the complexes des-
cribed herein has a distorted octahedral structure. Whereas
the binary fluoro-complexes of cobalt(II) have low magnetic
moments, the mixed-fluoro complexes of the metal generally
exhibit normal magnetic moments expected for high-spin d7
octahedral or distorted octahedral complexes of cobalt(II).
This, therefore, demonstrates that a large antiferromagnetic
interaction operative in the binary fluoro-complexes of cobalt(II)
is controlled in the corresponding mixed-ligand fluoro-complexes

of the metal.
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While the interaction of [Con(N2H4)2].2H20 with acetyl-
acetone afforded Co(dmpz') (dmpz'=dmpz-H), the reaction of
bis(acetylacetonato)cobalt(II) dihydrate, Co(C5H702)2.2H20 with
N H,.H,0 and aqueous hydrofluoric acid produced [Cohhqm)qubO)z].
2H20. These results suggest that the coligand dmpz can also
be synthesised on a metal starting from the corresponding

acetyiacetonato compound Dbesides providing an alternative

route to the mixed-fluoro cobalt(II) species as obtained.

Chatper 4 of the thesis describes a new direct route to
the synthesis of pure potassium trifluorocuprate(II), KCuF3, as
well as the synthesis and structural assessment of new mixed-
ligand fluorocuprates(II), A[CuF(SO4)].nH20 (A=Na, n=2; A=K

or NH4, n=3).

White crystalline potassium trifluorocuprates(II), KCuF3,
has been synthesised directly from the reaction of Cu(OH)2 with
a small amount of 40%.HF and potassium hydrogenfluoride, KHF2,
maintaining the molar ratio of Cu:KHF2 as 1:2 at pH<4. Similar
reactions at pH>4 resulted in contamination of the product

suggesting thereby that high concentrations of both B* and

F~ are necessary to afford pure KCuF ;.

The synthesis of Dblue fluoro(sulphato)cuprates(II}),
A[CuF(SO4)].nH20 (A=Na, n=2; A=K or NH4, n=3), has been accom-
plished by reacting Cu(OH)2 with AF and AZSO4 (A=Na, K or
NH4), in the molér ratio of Cu:F : Sbi— as 1:1:1, in the pre-

sence of a small amount of 40% HF at pH¢4. The reactions were




conducted at a steam-bath temperature. Attempted synthesis of
the above complex species by alternative methods involving re-
actions‘among Cu(OH),, F, and SCN and H,0,, or Soz(g) and
HZOZ' gave mainly CuSCN and Cu(II)[Cu(I)SO3]2.2H20, respectively,
instead of the desired product. The compounds have been chara-
cterised on the basis of the results of chemical analyses,
chemical determination of oxidation state of the metal, magnetic
éusceptibility and ESR measurements, i.r., laser Raman(LR)
and electfonic spectroscopic studies. The results of physical
studies provide evidence for a distorted octahedral environment
of Cu(II) in the complex [CuF(SO4)]_ species with a polymeric
structure containing both F~ and soi' as bridging ligands. Further,
strong antiferromagnetism operative in the binary fluorocuprate(II),
KCuF3, has been observed to be considerably controlled in
the mixed-fluoro(sulphato)cuprates(II), A[CuF(SO4)].nH20, as a
o

result of partial replacement of two F~ ligands by one SO4 in

going from Cqu to [CuF(SO4)]—.

Reported in Chapter 5 are a new general method of syn-

, 79292
2H20, and bis(acetylacetonato)copper(II) dihydrate, Cu(C5H702)2.

thesis of bis(acetylacetonato)cobalt(II) dihydrate, Co(CSH

2H20, and an interpretative account of the results of electron-
ionisation mass spectrometric studies of the two compounds,
Besides these, a comparative study of EI-induced mass spectra
of acetylacetonatesof first-row (3d) transition metals has been

made.

The new general method for the synthesis of Cu(C5H702)22H20




[ vi ]

éed Cu(C5H702).2H20 haS'ShOWn that the compounds are

;gpable -of Dbeing synthesised in Very' high yields directly
};om the reaction of the corresponding metal hydroxide, M(OH2)2
{M=Co or Cu), with acetylacetone. The pH of the reaction solu-
éion was recorded, immediately after formation of the compounds

e be Ca.5. The method does not require any buffer or alkali.

The electron-ionisation mass spectra of Co(C5H702)2 and
{;(C5H702)2 suggest that each of the two compounds exists as
;ﬁ,monomer in the gaseous state and does not undergo any asso-
'&iation. From the results of mass spectrometric investigations
:QP CO(C5H702)2 and Cu(C5H702)2 and a comparison of the results
éiith,rthose of acetylacetonato compounds of manganese(II),
i:on(II), and nickel(II), it has been inferred that mass spectro-
“ﬂetrically, bis(acetylacetonato)metal(II) compounds, M(C5H702)2,
fnay be classified into two groups with M=Mn, Fe or Co forming
~one, and M=Ni or Cu the other. Hydrogen atom migration from
'the ligand to the metal centre, as observed in the cases of
lei(C5H702)2 ané Cu(C5H702)2, is significant.' An alternative

fexplanation for the hydrogen atom transfer has been provided.

Chapter 6, indeed the concluding Chapter of the thesis,
:preSents the details of synthesis, characterisation, structural
'Tassessment, and some reactivity of peroxo-copper(II)complexes,
'[Cuz(OH)(OZ;(HZO)Z]F and [Cuz(OH)(Oz)(HZO)Z]ZSO4. This chapter

also gives an account of alternative routes to the synthesis of
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Chevreul's salt, Cu€ZI)[Cu(I)803]2.2H20, that were developed
._as a sequel to the study of reactivity of the peroxoc-copper(II)

~ complex cation [Cuz(OH)(OZ)(H20)2]+.

Novel binuclear copper(II)-peroxo complexes,
jICuz(OH)(Oz)(HZO)Z]F and [CuZ(OH)(Oz)(H20)2]2804, hav. beeﬁ syn-
i thesised from the reaction of Cu(OH)2 with minimum amounts
i of 40% HF and concentrated H2804 rgspectively, and 3202 at pH
8-9 maintained by the addition of agueous ammonia. These stoi-
chiometric peroxo-compounds have been obtained for the first
time in the solid state from the direét intraction of copper(II)
with HZOZ' The compounds have been characterised from the results
f of elemental analyses, red-ox titrations, magnetic susceptibi-
lity and ESR measurements, i.r. and laser Raman(LR) spectroscopy.
r The complex [CuZ(OH)(OZ)(HZO)Z]+ ion contains two Cu(II) atoms
held together by a peroxide and a hydroxide groups, with the
éontiguous binuclear complex species being bonded to each other
through bridging aqua groups, enabling each metal centre to be
four coordinated, in the crystal lattice. The gesults of initial
studies also show that the complex is a potential oxidant. The
reaction of {Cuz(OH)(Oz)(HZO)ZlF in acetonitrile with SOz(g)
affords an unusual red compound, in addition to hydrated

copper (II)sulphate. The results of chemical and physico-chemical
studies define thé red compouna to be Cu(II)[Cu(I)SO3]2.2H20,
the Chevreul's salt. As a sequel to this, two new straight
forward methods for the synthesis of Chevreul's salt,

Cu(II)[Cu(I)SO3]2.2H20, have been developed. The chosen synthetic
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in a pure form as an intermediate product. Yellow Etard's

2SO3.%H20, and red Chevreul's salt, Cu(II)[Cu{(I)SO

galt, Cu
rﬁ;;é‘béen—obtained, at successive stages, from the reaction of
ffuprﬁkacetate orrrfféshiy prepared Cu(OH)z, with SOz(g) in
ién aqueous medium. Characterisation of the compounds havé been
rfmade ffom the results of chemical analyses, i.r. spectral

- and magnetic susceptibility measurements, and chemical reac-

pEions.

The work described in Chapter 4 and 5 and some parts
”:gﬁkthoéé ihcorporation in Chapters 3 and 6 have been published,

- while the rest is now under communication.
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strategies also enabled Etard's salt, Cu2503.%H20, to be obtained

3]2.2H20,



