SOME CONTRIBUTIONS
TO :
THE CHEMISTRY OF OXOFLUORO AND HETEROLIGAND PEROXO COMPOUNDS OF
VANADIUM (V) AND (1V)
AND
SYNTHESIS AND STRUCTURAL ASSESSMENT OF BIS (ACETYLACETONATO)-

FLUOROVANADATE (Ill) AND A NOVEL SYNTHESIS OF TRIS (ACETYLACETONATO)-
J2ON (1)

Abstract

!baﬂ Lantn sty -
Ty e i e - .

“‘- h’ S ane G8E. 030
.

n ~ oom 0"
SOUMITRA KUMAR GHOSH o g WY ="
anp WL w
DEPARTMENT OF CHEMISTRY FPOPes}] ot gues |
SCHOOL OF PHYSICAL SCIENCES N B
A THESIS

SUBMITTED IN FULFILMENT OF THE REQUIREMENT OF THE DEGREE OF
DOCTOR OF PHILOSOPHY

= MENT=

NORTIZ-EASTERIN HILL UNIVERSLITTY
SHILLONG 793001
INDIA

JANUARY, 1984



R TR R T

North Eastern Hill University

sh 8y
S

N
DEPARTMENT OF CHEMISTRY §
Laltumkhrah SHILLONG- 793003 (Meghalaya)

Dr. Mihir Xanti Chaudhuri
Raadax iﬂ Ch@mistgg

‘ T eertifg that the thesis entitled “some
contributions to the Chemistry of axaflagra aﬂé
ﬁetaraiigand Persws Compounds of vanaéium{V) and (Iv)

and ﬁyathaais and Structural %ssassment 9£ Bis(acetyl=

aeetanata)fluaravanaﬁata{sz) and a Novel Synthesis
of Txis{a&atylaa&aaaaﬁa)iron(IXI)“ submitted by

Mr, Soumitra Kumay Chosh for the Degree of Doctor of
?hilaaaphy of the North-Basternm Hill ﬁniversity,»~

Shillang. embodies the record of original inv@&ti@&ti@n?
carried out by him under my supervision., He has heea”“

duly registered and the thesis presented. is wsxthy af
being considered £or the Award of ph.n. Degrea, “dff‘n
This work has not been submitted for any Degrée of .
any other Universityv.

\
”1

F O T e / s / 5 _ \
il afgﬁiéﬂf zml? gﬁ(?éwi’hpj
Place: sShillong / Q* ‘ O =

Signature of the aupervissr

Phone: 26593
Grams : NEHU

s



(1)

Abstract

Chapter 1 of the thesis describes the synthesis,
characterization and structural assessment of alkali-

metal and ammonium oxostetrafluorovanadates(v), A 17V0F4_7

(A = K, Rb, Cs or NH4). I.R. and 19F Ne.mM.Tr. Spectroscopy,

molar conductance, maghetic moments and chemical analyses
show that R;Z"vbééjf are the principal products of the

reactions of V205 with 40% HF and alkali=metal and

ammonium bifluorides AHF, in presence of a small

2

amount 2f ethanol at steam-bath temperature. While the i.r.

spectra suggest square pyramidal C

av
; — 19
gaidd A / VOF4_7 compounds, the F Ne.m.r, spectrum shows

structures for the

stereochemical non-rigidity owing to rapid fluorine

rearrangement between C and the trigonal bipyramidal

4w
Coy stereochemistry of the Z—VOF4_7 T ion inﬁ;plutian.
Synthesis and spectroscopic studics of a néw
onfluaravanadateiiv) c omplex, 1FVOF3;7a, c¢onstitute
the subject matter of Chapter 2. Blue crystalline
hydrazonium oxotrifluorovanadate(IV), N Hg AfVOF3_7, has
been synthesised by the reaction of V205 with an excess
of 99% hydrazine hydrate in the presence of 40% HF. The
alkali-metal and ammonium salts, of the complex anion,
A éfVOF3;7 (A = Na, K or NH4), have been prepiared by

metatheses between N, H /PVOF3_/ and an excess 2f AF
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(ii)
in an aqueous medium. Characterization of the compounds
was made from the results of chemical anal yses, chemical
determination of the oxidation state of wanadium, molar
conductance and magnetic susceptibility measurcmcnts,
infrared, electronic and esr spectroscopic studics. The
molar conductance values >f the hydrazonium, and
alkali=metal 3nd ammonium salts of 4?VOF3_7 T ion suggest
2 1:1 electrolytic nature >f each of them, and their
i,re spectra show the multiple nature of the V=0 bond
and the absence of water. The magnetic moments of the
compounds lie betwecen 1.51 and 1.53 B.M. The s>lution
electronic spectrum of N2H5 éfVOF3u7 shows absorptions at
11,950 and 16,000 cmvl, without exhibiting any notable
change with the acddition of an excess of F ions, owing to
the two d-=ad transitions characteristic of an oxovanadium(IV)
species. The esr spectra of N, He ZfVOF3;7 in an aqueous
solution at 100K indicate that the complex species,
éfVOF3_7 ~, has a distorted octahedral structurc in
solutions, through the coordination of two HZO molecules
to the oxovanadium(IV) centre in addition to the three
coordinated fluoride ions. In the sslid state, the complex
isn, _/__'VOFB_7'= may have a polymeric structure through

weak v=0...V and V=F...V intcractions.



(iii)

Chapter 3 describes the results of studies on
alkali-metal and ammonium oxodiperoxofluorovanadates(Vv),
A, é_vo(oz)zF;7 (A = Na, X, Rb, €5 or NH,). It has been
shown that the reaction of wvanadium pentoxicde, VZOS’ with
hydrogen peroxide in an alkaline medium in the presence of
alkaiinmetal and ammonium fluorides, AF (A = Na, K, Rb, Cs
or NH4) gives alkali-metal and ammonium oOxXoperoxofluonro=
vanadates(v), a, Z—Vo(02)2F47, in very high vields.
Characterization of the c ompounds was made from the results
off chemical analyses, magnetic susceptibility me asurements
and infrared spectroscopic studies. IR spectrometry showed
the peroxo ligands to be bonded t5 the vanadium(V) centre
in a triangular bidentate(CzV) manner. The complex species
Z_VO(O2)2F_7 ;may be a hexacoordinated monomer, or it may
have a palymeric structure through a weak Ve0...V or a

weak V=F...V bridging.

The studies involving alkali-mctal an® ammonium

triperorosfluorovanadates(Vv), A, é—v(02)35;7 (A =N3, K or

NH@) form the subject matter of Chapter 4. Blue alkali-
4’, ‘
metal and ammonium triperoxofluorovanadates(v),

A2£TV(02)3F;7 (A = Na, K or NH;) have been synthesised by

reacting Véo5 with fluoride AF and hydrogen peroxide in a
highly alkaline medium (much higher than that used for the

synthesis of L”VO(OZ)ZR_72" complex). The compounds have



(iv)

been characterised by elemental anal yses, magnetic
susceptibility measurements, and IR spectroscopic studies.
The compounds do not permit molar conductance measurements.
The IR spectra of the compounds suggest the presence of
triangularly bonded chelated peroxo ligands. The complex
species ZTV(02)3E;72= may be a seven=coordinated monomer,
or it may have a polymeric structure through a wcak V=F...V
bridging. The basicity of peroxo ligands incrcases with the
increase in the number of peroxo groups coordinated to the

vanadium(Vv) centre,

Synthesis, and assessment of structures »f the first
chloroperoxovamdate(Vv) compounds, and cvidence f£or

diperoxovanadate(V)

triperomovamdate(V) interconversion
constitute the basis of Chapter 5. Alkali=metal and

ammonium salts of yellow oxodiperoxochlorovanadates(v),
AQZ~VO(02)2C1_7, and blue triperoxochlorovanadates(Vv),

A, A—V(02)3C1_7 {x = Na, K o NH4), have been synthesiéed,
for the first time, by reacting VZOS with alkali chloride,
ACl, and hydrogen peroxide in varying concentrations of
alkaline media. The three salts of the anion zMVO(O2)2Cl;72”
are comparatively more stable than those of the complex
anion va(02)3C1_72m. Characterization of the campaunds

have been mxde from the results of elemental analyses,



(v)

magnetic susceptibility measurements and infrared
spectroscopic studies. The IR spectra suggest that the
PELrOX0 groups are bonded to vanadium(v) in a triangular
bidenta£e manner, and that the 0-0 bond order of DPEroxD
ligands decreases with the increase in the number of peroxo
groups coordinated to the metal centre. The conwrsion of
Zuv0(02)2cl;72” o va(02)3cl“72m, and the reverse

provide good evidence for the facile diperoxovanadate(V)

triperoxovanadate (V) interconversion. The complex

=

species APVO(02)2C1_72° may be a hexacoordinated monomer
or it may as well be a polymer through a weak V=0~V ar =z
weak V=Cl-V bridging. Similarly the complex species
é—V(02)3Cl;72“ may be a heptacoordinated monomer or it may

have a polymeric structure through a weak v=Cl=v interaction.

Chapter 6 of the thesis reports the synthesis,
characterization and structural assessment of 3lkali-metal
and ammonium diaquofluoro-oxoperoxovanadate(IV) complexes,
A Z_VQ(OZ)F(H20)2;7 (A = K; Rby €5 or NH4). Thesg compounds
are the first peroxovanadate(w) compounds to berdbtained
in the solid state. Orange-red alkali-metal and ammonium
diaquofluarooxoperoxavan3dates(IV)) A éfVO(OZ)F(H20)2_7,
have been synthesised by the reaction of alkali-metal

and ammonium tetrafluorooxovanadate(V), A ZfVOFA;7



(vi)

(A = X, Rb, Cs or NH, ) with H,0, in the molar ratio 1:12
£ollowed by precipitation with ethanol. Characterization
of the compounds was made from the results of chemical
analyses, chemic3al determination of oxidation state of
vanadium, i.r. and electronic spectroscopic studies and
magnetic susceptibility measurements. T.r. spectra suggest

that the peroxo-ligand is bonded to the V4+

centre in a
triangular bidentate fashion. The complex species
éfvo(oz)F(H20)2;7 ~ may have a polymeric structure through
V=F=V bridging; however, the possibility of a wcak V-0-V

interaction can not be ruled out completely.

Chapter 7 describes the synthesis and assessment of
structure of bis(acetylacetonato) fluorovanadate(III),
VF(acac)Z, 3 novel neutral compound of vanadium(III). It has
becn shown that vanadium pentoxide, V205, undergoes a
ready reaction with an excess of hydrazine hvdrate in{the
presence of 40% HF to give NH /FVOF 7/, which on being

reated with acetylacetone affords blue—green crvstalline

0,,)

bis(acetylacetonato) fluorovanadate(III), VF(C5 0505
in a very high yield. The compound VF(CSH702)2 has been
characterized on the basis of the results of chemical

analyses, chemical determination of oxidation state of

vanadium, magnetic susceptibility measurement, infrared



(vii)
and mass spectrometric studies. BRI induced mass sSpectrometry
showed the compound to be monomeric in the vapour state:
however, the compound may have a hexacoordinated oolymeric
structure, through a weak V=F...V interaction, in the

solid state,

A novel synthesis of tris(acetylacetonato) iron(IIL),
Fe(acac)B, and its mass spectrometric studies constitute
the subject matter of Chapter 8. The reaction or iron(ITII)
hydroxide with acetylacetone, in the absence of any buffer,
readily gives highly crystalline tris(acetylacetonato)
iEsn(EER) Fe(acac)3, in a very high yield. The pH of the
solution recorded immediately after the formation of the
compound was found to be ca. 5. Its mass spectrum provides

evidence for rearrangement to give Fe=CH, swecies.

3

The work described in Chapters 1, 3, 4 and & have

been published, while those of Chapters 5, 6 and 7 are

in press.,

Chapter 1

Synth. React. Inorg. Met.=-Org. Chem., 63, 12, -1882.

Chapter 3

Polyhedron, 553, 1, 1982,
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