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ABSTRACT

The present thesis deals with the results of studies on synthesis,
assessmenﬁ of structure, and reactivity of some peroxo, fluoro-
peroxé, and fluoro compounds of phosphorous as well as synthesis
and structural aésessment of some hetero-liigand peroxo complexes
of zirconium and uranium. The content of the thesis has been

distributed over six Chapters.

Chagter 1 presents a brief introduction pertaining the
work embodied in the thesis. The interest in and the importance
of the chemistry of dioxygen, in general, and peroxo and hetero-
ligand peroxo compounds of phosphorous, zirconium, and uranium,
in particular, are highlighted. Also emphasised in this Chapter

is the lack of information concerning non-metal peroxo compounds.

Apart from the importance of studies of peroxo-chemistry,
attention has also béen drawn to the study of fluorophosphates,
In addition, this Chapter projects the scope of work on the

chosen aspects of phosphorous, zirconium and uranium chemistry.
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Chapter 2 describes the details of the methods of elemental
analyses, and instruments/equipment used for characterisation and

structural assessment of the newly synthesised compounds.

Synthesis; characterisation and structural assessment, and
reactivity of peroxo- and fluoroperoxophosphates constitute the
basis of Chapter 3, Heretofore unreported ammonium and sodium
monQperOXOphosphéte trihydrates, AB ZFPOB(Oz)_7.3H20 (A= Na; or
NH4), have been synthesised from the resaction of A2HPO4 (A= F=
or NH4) with 30% H,0, at pH 9.5 held by the addition of the
corresponding alkali. The compounds have been characterised from

the results of chemical analyses, determination of molar conduc-

tances in water, IR and laser Raman (1R) spectroscopic studies,

D
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tc the phosphorous centre in an end-on fashion. The compounds are

IR and laser Raman spectroscopy suggests that the O is bonded

stable for several hours. The pH values of 0.01M solutions of

N, [Po3 (02)_7.3}{20 and (NH,), /PO, (0,)_/+3H,0 have been found

to be 8.9 and 7.9, respectively. The efficacy of the newly
synthesised compounds have been explored especially in terms of

a viable substitute for the basic-H202 reagent., As a representative
example, the sodium salt, Na, éfPOs(Oz)_7.3H20, has been found to
oxidise chalkones to chalkone epoxides, salicyldehyde to catechol,

benzonitrile to benzamide, and benzil to benzoic acid in good

yields. Further it has been shown that the compound in presence of
an acid is capable of oxidising primary and secondary alcohols

to the cofresponding carbonyl compounds, and anthracene to

anthraguinone,
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Also included in this Chapter are the first chemical synthe-
sis of a fluorinated peroxophosphate, ammonium mono (fluoro)peroxo-
phosphate dihydrate, (H,), é”poz(oz)F_7.2H20, along with its
characterisation, structural asseésment, and the results of
stulies of some reactivity. The compound (NH,), éfPOz(Oz)F_7.2H20

has been synthesised from the reaction of (NH4)H2PO with 48% HF

4
and 30% H202 at pH 10-11, maintained by the addition of agueous
ammonia, at an ice=bath temperature. The compound has been charac=-
terised by chemical analyses, IR and laser Raman spectroscopic
studies. The IR and Raman spectra of the compounds indicate the
2—)

presence of peroxide, P-F, and P=0 vibrations. Peroxide (02

has been shown to be bonded in an end-on manner.

Some properties of the compound are also reported herein.
It is of interest that this compound, in the presence of an acid,
is capable of oxidising hydrocarbon, alcohols, and olefins. Thus,
in stoichiometric reactions it oxidises anthracene to anthra-
quinone, 2-propanol to acetone, n-butanol to butaldehyde, n=-pro-
panol to propionaldehyde, cyclohexene to 1,2-cyclo=-hexanediol,
and styrene to l-phenylethyleneglycol, generally in ca.40% yield.
Equally interesting is the phosphorous product isolated after
working up of the oxidation product in each of the above reactionse.
This has been identified as the monofluorophosphate, POSFZ",
a species important because of its use as an additive in denti-

frice formulations. In the absence of air, the peroxo compound in
(4

water reacts with SO, to produce sulphate.
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The results hitherto obtained with Na, / PO, (0,)_7/.3H,0
and (NH,) £~P02(02)F_7.2H20 are very satisfactory and suggest
the new reagents as valuable addition to the existing oxidising
égénté. \

Chapter 4 of the thesis describes a new direct general
method for the synthesis of crystalline fluorophosphates, viz.
(NH ), ZfPO3F_7.H20 and K, ZfPO3F;7. The synthesis is based on
the reaction of H,PO, with AHF, (a = NH, or K) followed by
precipitation with ethanol, The identity of the compounds has
been established from the results of elemental analyses, molar
conductance measurements, IR, and laser Raman spectroscopic

studies. Advantages of the new method are also highlighted,

Reported in Chapter 5 are the results of investigation
on complex peroxozirconates, Synthesis and structural assessment
of oxomonoperoxodifluorozirconate (IV) complexes, A, ZFZrO(Oz)F2;7
(A = Na, K or NH4) and oxodiperoxomonofluorozirconate (IV)
compounds, Aq 7 ZrO(Oz)ZF_'/'.znzca (A = Na or NH4), and isolation
of decafluoro- h-oxo-dizirconates (IV), a, ZPFSZr-O-ZrF5_7

(A = Na, K or NH4), en _route to oxoperoxofluorozirconates (IV)

constitutes the subject matter of this Chapter,

Novel complex oxomonoperoxodifluorozirconates (IV),
A2 éfzro(oz)F2_7 (A = Na, K or NH4), and oxodiperoxomonofluoro-
zirconates (IV), A, éerO(02)2347.2H20 (A = Na or NH,), the first
diperoxozirconates to be obtained in the solid state, have been

synthesised from the reaction of hydrated zirconium oxide,



()
2r0,.nH,0, with 30% hydrogen peroxide and 48% hydrofluoric acid
in the concentration ratio éf Zr:HzOzzHF as 1:33:6 at pH 6 and
12-14, respectively, held by the addition of the corresponding
alkali hydroxide solutions or agueous ammonia. Under the given
experimental conditions, no peroxozirconate could be obtained
until pH 6. A [l-oxo-species AfFSZr-O—ZrF5_74° has been isolated
as its alkali-metal or NH4+ salt by conducting a similar reaction
at pH 5. Isolation of this complex species at pH_ =5 < 6 causes
us to state that such a complex might be the precursor for the
oxomonoperoxozirconates (IV), however, the chances of formation .
of a peroxozirconate(IV) at pH ca 5, which might have decomposed

to the rL—oxo complex either in the solution or in the process

of isolation, should not be discounted.

The compounds have been characterised by elementél analyses,
magnetic susceptibility and EPR measurements, and IR and léser
Raman spectroscopic studies. The results of vibrational spectral
studies provide evidence for the presence of triangularly (sz)
bonded peroxide (022-) and terminally bonded fluoride in each of

the complexes. An internal comparison of these results with those

of titanium have also been made.

Chapter 6, indeed the concluding Chapter of the thesis,
deals with the results of studies on complex peroxouranates.
The main features of the content of this Chapter are the synthesis
and assessment of structures of alkali-metal and ammonium dioxo=

peroxo(oxalato)uranate (VI) hydrates, A, Z_UOZ(Oz)C204_/.H20
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(A = Nﬁé, Na or K), and a molecular mixed~ligand peroxo complex

ZPUOZ(Oz)EDTAJ7 (EDTA = Ethylenediaminetetra-acetic acid}.

The complex peroxo(oxalato)uranates (VI) have been synthe-
sised from the reaction of the product obtained by treating en
- agueous solution of UOZ(N03)296H20 with alkali-metal or ammonium
hydroxide, AOH, with 30% Hzozland oxalic acid solution, in the

concentration ratio of U:H202:CZO4 as 1:111:1 at pH 6, The pH

value has been maintained by the addition of the corresponding

alkali-metal or ammonium hydroxide. Precipitation of the

compounds was completed by the addition of ethanol. The compounds
have been characterised by elemental analyses, magnetic suscep-
tibility measurements, and IR and laser Raman spectroscopic
studies. Reference has been made to the corresponding peroxo-
(sulphato)uranate (VI) complex, éfU02(02)804(H20)_72“, in order to
comment, on a comparative basis, on the modes of bonding of
peroxide (022”) and the co-ligands 8042- and C2642- in the respec-
tive cases. The IR and Raman spectra suggest that the.Ozz- and

8042- in éﬁﬁ02(02)504(H20)_72’ are bonded to the U022+ centre in a

bridging and in a monodentate manner, respectively, while both

22- and 02042- ligands in APU02(02)6204472’ bind the uranyl

centre in a bidentate chelated fashion. The a, é”uozfoz)czﬁém/eHzﬁ

the O

compounds are comparatively less stable than the

: — % : — B ' T 3 T G % 3 25
A, £~U02(02)504(H20)_/ specles. Whereas H,O in A, £ 602(02)C2Q4M/¢M2(
occurs as a water of crystallisation, it is coordinated to the

2+ ; : : X 2 ;
U02 centre in the corresponding peroxo-sulphato co pounds. The







