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ABSTRACT 



Synthesis and Jbysico-Jbemical Studies 

Heteroligand-Peroxymnadate(V) c:.nd Fluoronickolate{II) Complexes 

And 

Direct Synthesis of Bis(acetylacetonato) nickol(II) Dihydrate 

as well as 

the Isolation of oC, o( , lr: ~ j3 -· ·retra-acetylothane as the Oxidation 

Product of Acetylacetono 

Abstract 

'lbe above mentioned thesis is htsed on the results of studios which 

involved the syntheses and assessment of structures of some heterolignnd 

diperoxyvanadate(V) and hetoroligand triperoxyv"anadate(V) complexes of 

the type ~vo(o2 )2co3_7J-, ~vo(o2 )2en_7- (en~ ethylenediamine), and 

~V( o2 )3
coy.J3-, and syntheses and physico-chemical studies of alkali 

tetra.fluoronickelates(II), A2 £'NiF4-7r and alkali trifluoronickelate(II) 

monohydrates, ~NiF3 .H20 (A = alkalj_ metal or NH~+). Further, the thesis 

describes the direct synthe:_ c of bis(acetylacetonP.to) nickel{II) dihydrate, 

Ni(C_sH
7
o2 )2 • 2H20, as well as the isolation of c{. ,a(;, (3• (!> -tetra.­

acetylethane as· t~10 oxidation product of acetylacetone, as obtained from 

the reaction of nlckel(Iii) 1d·ch c
5
H8o2 (aec.1.cH). '!'he subject matter 

of the thesis has been distributed over eight C:r1aptcrs. 

Chapter_)._ presen·cs a b1:-J.ef introcuctio.1 pe:r-taining to the work 

embodied in tho -t.hesic. It hie'nJ.igh·;,;s ( i) t;!'·w im:;:>ortanco of and the 

interest in the studies of peroxy-v:-tna0.i'..1IIl chemi:3t:ry in general and 
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heteroligand peroxy-vantt.dium compounds in particular , and (ii) the 

problems associated with the reported methods of syntheses of fluoro 

compounds of nickel and of bis(acetylacetolli~to) nickel(II) dihydrate, 

Ni(cSH
7
o2)2.2H20. Another piece of a problem, as emphasised in this 

Chapter, is the lack of a firm evidence regarding the oxidation product 

of acetylacetone which is formed in its reaction with a higher-valent 

transition metal species. 'Ibis Chapter also projects the scope of work 

on the afore-mentioned ~spects. 

Details of the methods of elemen~~l analyses, and the instruments/ 

equipment used for characterization and structural assessment of the 

newly synthesized compounds constitute the basis of Chapter 2. 

~§:Eter 2 of the thesis describes the first synthesis and 

structural assessment of alkali oxodiperoxymonocarbomtovn.nadate(V) 

trihydrates, ~ ["vo(o2)2co
3
_7.3H20 (A = Na or K). The synthesis of 

~ ~vo(o2 )2co3_7.3H2o has been achieved by reacting va~~dium pentoxide, 

v2o5' with alkali carbonate, A2co
3 

(A: Na or K), m.c.1.intaining V : co3
2

-

ratio of 1 : 1.5, and an excess of 30% H2o2 at pH ~ ·7· Compounds were 

precipitated with ethanol. A3~vo(o2 )2co~.3H20 compounds were 
0 

diaJDagnetic, and the molar conductances, recorded at 7 C, were found 

t~~ fl-1 2 -1) to be in order ~ 370 ..:. L. em mol • The occurrence of terminc>.l V = o, 

and the presence of triangular bidentate peroxide (o2 
2-), and chelated 

bidentate carbo~1.te, co
3
2-, ligands in the complex ~vo(o2 )2co~3- ion 

have been ascertained from infrr>.red and IA.ssr Raman spectroscopic 

studies. Alkali diperoxymonocr:.rborm.tovanad;-,;:e (") trihydrates are s~'lble 

at room temperature, however, they sttt.rt dccor:rpos:tng tt.t 3l. 100°C. 
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Chapter 4 dee1ls with the Gynthesis and physico-chemicc:tl studies of 

a new series of heteroligand peroxyvan~date(V) compounds, alkali monokis-

(ethylenediamine)oxodiperoxyvanadate(V), A ~vo(o2 )2 (en)_7 (A = Na, K or 

NH4 ; en = ethylenediamine). It has been shown that vanadium pentoxide 

reacts with aqueous hydrogen peroxide and ethylenediamine at pH 9, 

adjusted by the addition of alk~li hydroxide or aqueous ammonia, to afford 

the lemon-yellow coloured, diama.gnetic A ["vo(o2)2(en)J (A= Na, K or NH4) 

compound in a very high yield. The corresponding 2,2- bipyridyl (bipy) 

and 1,10-phenanthroline (o-phen) complexes requires the maintenance of 

pH 4-5 for their successful syntheses. The new compounds have been 

characterized on the basis of the results ~f chemical analyses, molar 

conductance and magnetic susceptibility measurements, and infrared and 

Laser Raman spectroscopic studies. The A ~vo(o2 )2 (on)_7 compounds 

dissolve in water without decomposition, and arc comparatively more stable 

than the corresponding ~ ~vo(o2 )2x_7 (X = F- or Cl-) compounds. An 

analysis of the results of spectroscopic (IR and Raman) studies suggests 

the presence of a terminally bonded V = 0 group. The results also provide 

unequivocal evidences for the occurrence of triangularly bonded perox~de 

(0? 2J groups and a. chelated ethylenediamine ligr:md. The complex species 

[vo(o
2

)2(en)J- most prooo.bly has a pentagonal bipyramidal structure 

as often .encountered in the peroxy-metal chemistry. 

Chapter 5 of the thesis contains the results of studies involving 

the synthesis,characterization and assessment of structure of alkali 

triperoxymonocarbonatovanadate(V) trihydrates, ~ ~v(o2 )3co~.JH20 
(A = Na or K). The blue ~ ~v(o2 )3co~.JH2o compounds have been 

synthesized from the reaction of v2o
5 

with alka.li carbonate, ~co3 , and 
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JO%hydrogen peroxide in the molar ratio of v
2
o
5

: A2co
3

: H2o2 as 

1 : 3 ~ 49~ followed by the addition of alkali hydroxide~ AOH (A ,. Na or K: 

at an ice-water temperature, until a deep blue colouration was developed; 

the compounds were precipitated, from the reactior. solution, by adding 

ethanol. The ~ f:v(o2)
3

co
3
J. Jri2o compounds, H'hich decolilpose in water at 

ambient temperatures precluding molar conductance measurements, are all 

diamagnetic. The results of infrared and Lttser Rc-::.man (LR) spectroscopic 

studies of the c:ompounds confirmed the complete absence of V= 0. IR and 

LR spectral results also showed that the peroxide groups are bonded to the 

vanadium(V) centre in a triangular bidentate (c2v) manner, and the 

carbonate (co3
2-) ligand binds the metal centre in a chelated (c2v) 

fashion. The basic difference between the methods of syntheses of 

diperoxyvanadate (V) and triperoxyvanada te (V) complexes has been discussed. 

Two direct nnd new methods of syntheses of bis(acetylacetonato)-

nickel(II) dihydrate, Ni(CSH
7
o2)2.2H20, as well as the isolation of 

c( ,r:X.', p , (3 ~tetra-acetylethane as the cxidation product of acetylacetOlle 

( CSH8o2 ~ Haca.c) from one of the two reactior1s provide the subject matter 

of Chapter 6. In viel'r of the difficulties encountered in the synthesis 

of Ni(cSH7o2 )2 .?~2o using the literature reported method, two direct 

procedures have been developed for the synthesis of Ni(c5H7o2)2.2H20. 

~fuile one of the methods involve a straight reaction betwee~ Ni(OH)2 

and acetylacetone, the other is based on the electron-transfer reaction 

between nickel(III) compoundi NiO(OH), and acetylacetone conducted in 

the presence of an excess of acetylncetone. No buffer is required in 

either of the n9w methods, and a very high yield of the desired product 

is obtained in each case. The isolntion of ,./ /- 1> t''> -tetrn.-acetyl-
""" 1 f}\.. ' f.J , .J 

I I 
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ethane as the oxidation product of acetylacetonc from the Teaction of 

NiO(OH) with Hacac, which has been acheived for the first time from 

such a reaction, provides a very important piece of information 

regarding the afore-mentioned reaction. In order to generalise the 

contention, electron-transfer rea8tions bet1.oreen manganese(VII) and Hacac, 

and also between chromium(VI) and H.:~,cac were conducted, and o( , o(.. , (3, 

j.3 -tetra-acetyl ethane was isolated, in addition to Mn ( ac£w )3 and 

Cr(acac)3 in the respective re0ction~, in each case. Electron-impact 

induced mass spectrometric studies of bis(acetyl~cetonato)nickel(II) 

have been done, and an interpretative account of the mass speetrometric 

results has been presented. 

A novel method of synthesis of tetrafluoronickelate(II) complexeE, 

~ ~NiF~ (A ~ K, Rb or NH4), their characterisation, and also the 

scope of the new method as a paradigm for other such syntheses have been 

reported in Chapter 1· The complexes A2 ['"NiF4] (A = K, Rb or NH4) 

have been synthesised from the reaction of bis(acetylacetonato)nickel(II) 

dihydrate, Ni(c5H
7
o2)2 .2H

2
0, with 40% hydrofluoric acid and alkali 

fluoride, AF, in very high yields. The compounds have been characterised 

by elemental analyses, magnetic susceptibility measurements, and infrar~d 

spectroscopic studies. The specific a.dvantCJ.ges of the method have been 

discussed. To demonstrate the scope of the new synthetic procedure, 

similar reactions involving ~VO(C~R7o2 )2_7, ~Cr(cSH7o2 )~, or 

[Mn(c~7o2 )3J with NH4F and 40% hydrofluoric acid w-rere carried out 

and the products obtained were identified as (NH4)2 ~VOF~, 

(NH4)2 ~CrF5(H2o)_7, and (NH4 )2 ['"MnF~ respectively; this supports 
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the contention that the method can be used as a ~~adigm for other 

such syntheses, and a host of fluorometalates can be easily accessible. 

Chapter~, indeed the last Chapter of the thesis, provides a 

detailed i':1,ccount of the first reported syntheses and .characterisation 

of alkali trifluoronickelate(II) monohydrates, ANiF
3

.H20 (A = Na, K or NH4). 

It has been shown that bis(acetylacetonato)nickel(II) dihydrate, 

Ni(c~7o2 )2 .2H2o, and alkali fluoride, AF (A : Na, K or NH1-I), react with 

an excess of 40% hydrofluoric acid on a steam-bath, and the product upon 

treatment with water gives light green crystalline alkali trifluoronickelate(IT} 

monohydrate, ANiF3.H2o, in a high yield. The compounds were characterised, 

and their identity was established from the results of chemical analyses, 

pyrolysis at 120°C, infrared spectroscopic and cryomagnetic (300 - 80K) 

studies. Although IR spectra suggest the occurrence of uncoordinated water, 

the H20 molecule is not lost even on prolonged heating of the ANiF
3

.H20 

compounds at ~ 120°C suggesting thereby that the water molecule is 

tightly held in the crystal lattice. The results of cryomagnetic studies 

show that NH4NiF
3

• H2o behaves as a normal octahedral nickel(!!) compound, 

whereas NaNiF3.H2o is ferromagnetic with its CUrie point being 145K. 

'!he KNiF 
3 

.H20 compound, however, behaves antiferromagnetically; its Neel 

point is 230K. 

'Ihe results of studies described in Chapters 6 and 7 have been 

published, and those described in Chapters ~ and 8 are now i~~~· 

while the work described in Chapters 4 and 5 have been communicated 

for publication. 



vii 

Chapter 3 

J. Chern. Soc. Dalton Tr.ans., in press (DAL-5/576). 

Chapter 6 

.f:_~~oc. Da1t£_n~~~!' 2561, 1983. 

Chapter J_ 

J. Cllem. Soc. Dalton Trans., 1763, 1984. 

Chapter 8 

~ition Metal Cll~., oooog .~..0 .• 1985. 



SYNTHESIS AND PHYSICO-CH~MICAL STUDIES 
OF 

HETEROLIGAND-PEROXYVANADATE(V) AND FLUORONICKELATE(Il) COMPLEXES 
AND 

DIRECT SYNTHESIS OF BIS(ACETYLACETONATO)NICKEL(II) DIHYDRATE 
AS WELL AS 

THE ISOLATION OF "'·"'-/3,/3-TETRA-ACETYLETHANE AS THE 

OXIDATION PRODUCT OF ACETYLACETONE 

ZAVEI HIESE 
DEPARTMENT OF CHEMISTRY 

SCHOOL OF PHYSICAL SCIENCES 
NEHU 

A THESIS 

SUBMITTED 

IN 

FULFILMENT OF THE REQUIREMENT OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

To 

THE NO:R.TH.EASTERN HILL uNIVERSITY 

SHILLONG 

INDIA 

NOVEMBER 198.5 



To 
Ny Parents 



]). s 
5 ~~ 7' r~ 

f-11£ 



Yor /rom rJfim and through rJfim and to rJCim 

are all th·ings. 

f7o rJCim be the glor}J forever f 

Romans 11:36 



I 

Pnnrt. I Z 6 59 3 
Grams I NEHU 

North-Eastern Hill University 
Bijni Complex 

Bhagyakul, Sbillong-793003 ( Megbalaya ) 

0 epartment ot . ... qt:~n:~~ ~!'X .. . 

Dr. Mihir K. Cha udhur i 

Reade r in Che mis t r y 

I certif y tha t the the s i s Pnti tloc' " ElN'lliJ:-j.JS AND 

HIYSI CO-CHEl\ITCAL STUDIES OF Hl~TI·: HOLIGAND PEJOXYVANADATE(V ) AND 

FLUO~ONICKELATE (II) UOMPLE~S AND :a 1:~:cT SYN'TILSI S OF BI S (ACJi]TYLACETONATO )­

NICKEL(II) lJ lliYDJATJ.:: !S WSLL AS 'I'It',· I SOLATION OF ~, ~ , (3 , (3 - TETRA­

ACETYLETHA:Nr.:; AS THE OXIDATION Pt10DUr.T 0'<' ACETYLA8ETONE" 1 s ubmi ttec~ by 

Mr . Zavr-' i Hics c f or the Degree of Doct or of l hil osonhy of the Nor t h -

Fast ern Hill University, Shill ong , cmb d i~s t ho roc0TI1 of or i gi Thkl 

inves tiga tion cc?.rri cd out by him unc cr my s upe r vis i on . H . ha G bE·c n duly 

regis t e r E- d 1 a nJ tho the s i s pres e ntee' i s wor thy of be i ng conc; i der ecl f or 

the aware~ of the Ph .D. Degree . 1hi s 1vor k ha s n ·t bee n s ubmitt6C1 f or 

a ny Degree; of a ny othe r Uni vorsi ty. 

;Plas~ .. : Shillong 



.,Mne I 
Grams 1 NEI:iU 

North-Eastern Hill University 
Bijni Complex 

Bhagyakul, Shillong-793003 ( Meghalaya ) 

0 epartment of . .. ... __ .. .... _ . . . 

'Ihis i s t o certify tha t 111.r . Zavei Hiesc has 

satisfactorily compl et ed tho f ollowing Pre-Ph. D. courses , 

as prescribed by this University: 

CHEM 612 

CHEM 6)0 

CHEM 631 

Nuclear and Rnc i ochomi s try 

Bi ogcnosis of Nat ural Pr od uct s 

Med ici Thcl Chemi s t r y 

HEAD 

DEPARTME NT OF CHEMISTRY 

NORTH- EASTERN HILL UNIVERS ITY 

SHILLONG Z2J.OOl. 



CONTENTS 

Page No. 

Acknowledgement 

Abstract ..... . .... i -vii 

Chapter 1 

Introc1uction ..... . .... 1 

Chapter 2 

Methods of Elemental Analyses and Particulars of 

Instruments/Equipment Usee for Characterisation 

and Structural Assessment of Compounus 28 

Chapter 3 

First Synthesis and Structural Assessment of 

Alkali Oxodiperoxymonocarbonatovanacate(V) 

Trihyc1rates, ¥vo(o2)2co_r7.JH2o (A = Na or K) J6 

Chapter 4 

Monokis ( cthy le nerJ iamine ) oxod iperoxyvana(] a. to ( V) 

Complexes, £"'iO(o2 )
2
enJ -.Synthesis and 

Assessment of Structure of ~vo(o2 )2en_] 
(A • Na, K or NH4) Compounds 48 



Chapter 5 

New H~terolign.ncl Pcroxyva.mdatos(v). Synthesis 

and Ihysico-Chemica.l Studies of Alkcdi 

Triperoxymonocarbonatovanadate(V) Trihydratos, 

~v(o2 )3co~.JH2o (A • Na or K) ..... 

Chapter 6 

Direct Syntheses of Bis(acctylacotonnto)nickel(II) 

Dihydrate, Ni(c~7o2 )2 .2H2o, and Isolation of 

o<, c<,j3 ,j3-Tetra-acctylethane as the Oxidation 

Proc1uct of Acetyl~cctone ..... 

Chapter 7 

Synthesis of Tctrafluoronickclatc(II) Complexes, 

r . . 7 2-L Nl.F4-J : A Novel Route to Fluorometalates 

and tho Scope of the Now Method ..... 

Chapter 8 

The First fleportec Synthesis anc Characterisation 

of Alkali Trifluoronickelato (II) !VJonohydrates, 

A NiF
3

.H20 (A = Na, K or NH4) ..... 

Appeneix 

List of Publications 

Page No. 

60 

72 

86 

109 



It is with great pleasur(; that I wish to express my deepest 

gratitude t<- Dr. f1i.hir K. Chaudhuri, Reader, Department of Chemistry, 

N.E.H.U., for guiding and supervising me throughout the Ph.D. programme. 

I thank him especially for his constant patience and encouragement, 

without which this work would not have been possible. I wish to 

acknowledge my sincere gratitude to the Vice-Chancellor, North-Eastern 

Hill University, tho Dean of tho School of Physical Sciences, the 

Head of the Department of Chemistry, ~nd tho Head of R.S.I.C., N.E.H.U., 

for allowing me to uso all the research facilities av~ilable in 

the University. 

I am very grateful to Profsssor Alois Haas of Rurh University, 

Bochum, \~est Germany, and Dr. A. 1. Verma, Department of Physics, 

N.E.H.U., for their kindness in allowing me to make use of some of 

the facilities ava.ilable in their laboratories. I also thank all the 

faculty members of Chemistry Department, N.E.H.U., for their help 

and encouragement. 

I am indebted to my pa,ronts for their keen interest and 

encouragement in my work. I am priviledged to thank all my fellow 

colleagues of our laboratory and ~y friends for their cooperation 

and encouragement over all these years. 

I am grateful to the Council of Scientific and Industrial 

Research, Govt. of India, Nen Delhi, for awarding me a Junior Research 



Fellowship and subsequently a Sunior Research FelloHshi:p, which 

enabled me to carry out the research work for the Ph.D. degree. 

I acknowledge my sincE:rc thanks to Mr. Sadhu for typing 

the thesis. 

Dated: Shillong, the )bf_ · Na-v. 19 g 5. 
~ 

(ZAVEI HIESE) 



CHAPTER 1 



Introduction 

VANADIUM the element 23, '1 d-block transition mot,'l.l of periodic group VB, 

has the configuratiom of its outermost olectron shells : 3d34s
2

• Penta.valent 

state is the highest oxidation sw.tc of the mcb.l, and in this state it 

forms two oxo-species, viz., vo3• and vo2 ~i"' neither of which dispro:por­

tio~'l.tes because of their being bettor oxid~nts. The vo3+ unit occurs in 

the oxyhalides vox
3 

(X: F, Cl or Br) in which the V---- 0 stretching 

frequencies occur at 1058, 1035 and 1025 cm-l respectively. In n.ddition, 

a number of complexes of the types VOC1
3

.L ~nd VOc13.21, in which L can 

be either an oxygen-<lonor or a nitrogen-donor lig'l.nd, have been 

characterized. 1
'
2 The complexes appear to be either five or six coordinc.ted 

monomers. Vanadium oxychloride has been shovm also to rcact1 with ligands 

containing replaceable hydrogen ato~s to give substitution products 

e.g. VO( OMe) 3, VOC12 ( Ol'ie) , VOC12 ( OEi-) , VOCl ( OEt-) 
2

, VOC1
2 

( acac) anc1 

VOCl(a~~c)2 (Hacac = acetylacetone). Very little structUX?.l information 

is available for these types of complexes except for the alkoxide V0(0~~) 3 
which has been shown to bo a linear polymer molecule, with a dimeric 

repeat unit and alkoxide bridging.3 The oxo-species vo3+ is very commonly 

encounte:red in the peroxy-vanadium chemistry~ and there· arc some X-rn.y 

crystallographic evidences for the occurrence: V=O in the peroxyvana.date(V) 

compounds, viz., (NH4 ) ~vo(o2 )2 (bipy)_7.4H2o5 , ~vo(o2 )2c2o~3-

(Ref. 5), (NH4) f:vo(o2)(c4H5o4N)f . The other example cf complexes 
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cont.:dning VOJ+ include VOC14 and VOF1+- (Ref. 7-9), e1,nd LVOF3(H2o)J­

(Ref. 10). 

The second oxov~n~dium(V) species, tho vo2~ ion, is not very 

much characterized, but it is believed to occur discretely in the 

complexes vo
2

(No
3
), vo

2
F, <1nd vo

2
(sbF

6
), nnd a):;.'}. cis-vo

2 
unit in the 

complexes
11 

K3 Cvo2F4-7 and Ky{"vo2 (c2o1~)2J. 
'lbe most characteristic feature of the infr~rod s;;ectm of 

oxovanadium complexes is the 
+ -1 very strong :'l.nd shar::_-- b:.,_,nc at 980 50 em • 

'Ihis band is assignecl. to tho V=O stretching frequency12•13 and as 

expected it lies near the ur:per frequency limit for those complexes 

which are known, from X-ray work, to have the shortest V--- 0 bonds. 

It has been known for over a century that characteristic colour 

reactions mn.y take place when hyrirogon peroxide is added to solutions 

of transition metal derivatives,14•15 and some peroxy transiticn metal 

compounds have been isolated in the solid s~~te. Peroxy compounds of 

. metals, besides having an intrinsic interest of their own,16-37 are of 

considerable and growing importance particularly in relation to the 

catalysis of oxidation38 involving H?o
2

39 itself, and the storage and 

t rt f . b' 1 . 1 40,41 ranspo o oxygen 1n 10 og1ca systems. 

!~though the term molecular oxygen refers to the free uncombined 

o
2 

molecule with the ground state 32:.::- , the term dioxygen has been 
g 

used as a generic desig~~tion for the o2 moiety in any of its several 

f d f t 0 • . th fr b' d t ' L~z F arms, an can re er o 2 1n e1. er a cc ::>r a com 1.ne s Cl.-ce. or 

use of this term, it is essential that a covalent bond has to exist 

between the oxygen atoms. Thus, a metal-dioxygen complex refers to a 
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metc1.l contc1.ining o2 grcup coordinated to the metA-l centre, c.nd no 

distinction is made between neutral dioxygen or dioxygen in any of its 

reduced forms. Accordingly, a metal-peroxide complex is one in which the 

coordinated dioxygen resembles a peroxide (o2
2-) anion.40 The incorporation 

of 02 into a me'tt"'..l complex to form n. metal-dioxygen compound is called 

oxygenation, and the reverse is known as deoxygenation. 

Simple :peroxy compounds of transition metals are the ones which 

contain peroxides, hydroperoxides, nnd water molecules, whereas 

heteroligand peroxy complexes are mixed ligancl complexes containing one 

to three coordinated pcroxy groups, and one or more monodentate or 

polydentate ligands. Heteroligands rc.nge frc·m mcnc:dentate halide ions 

. 41 ( - - 2-to bulky por:phyr1n F, Cl , NH
3

, c2o4 ... , NTA, EDTA, ••• di:py, o-phen, 

oxine ••• , porphyrin, ••• , pyridine - 2, 6- dicarboxylA.te ••• etc.). 

The stability of pevoxy complexes is generally enhanced by specific 

heteroligand combinations. Thus, many simple transition metal :peroxides 

often explode spontaneously; scmc are sensitive to sh~ck cr decompose 

above 0°C, and several do not exist at all as stoichiometric com:pounds. 14 

Many heteroligand peroxy complexes, on the other hand, survive recrysta-

llization from boiling aqueous solutionS, heating in V?..cuo, and many 

remain unchanged for prolonged periods6 ,37,43-4S in closed containers. 

The biochemical significance of peroxy metal complexes has been 

emphasized in the literature~1 • 37,40 •41 •49-52 TI1e reactivity of 

peroxides,53-60 and the lability of metal-oxygen bonds in special 

heteroligand environments in solutions are of particular interest in 

biochemistry, but arc not en.sy to measure rlirectly. 
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A comparison between the poroxo ~nQ unrnduccd dioxygen heteroligand 

complexes reveals that the chemistry of the two is very different owing 

* to the presence of two extra electrons in the antibonding O-p1T orbitals 

2- . of the peroxide ion. The electron rich o2 10n therefore preferably 

forms complexes with metal ions of low dn electron configuration, while 

the neutral dioxygen molecule favours higher dn metal acceptors. However, 

there are at le~st two things that these two oxygen species have in 

common : (i) both are stabilized by specific heteroligand spheres, and 

(ii) both are of importance in biochemistry. 

The importance of neutral dioxygen complexes in biochemistry is 

well known, 61 but the bioche~ical connection of the metal peroA~ complexes 

with biological processes is not very well understood. The metals, Se, Ti, 

V, Cr, Y, Zr, Nb, Mo, La, Hf, Ta, w, 41 and u62 form stable heteroligand 

peroxy complexes, and there is increasing evidence that vanadium has a 

significant biological roie.63-66 It is reasonable to assume that the 

participation of vanadium will depend upon rarameters such as pH, and 

the availability of inorganic or organic species that can act as 

heteroligands. 

Molecular oxygen is a pa.ramagnetic molecule having a triplet 

3~~ ground state. A molecular orbital description of 3 :L~ level is 

* 1 * 1 ( 2p 1T ) ( 2p T( ) g g 

where KK term indicates that the K shells of two oxygen atonf; c.re 

filled. '!he two unpaired electrons in the 3 Z- ground state !'lre found g . 

* in the two degenerate antibonding 2p 1T orbitals (Fig. 1), leaving 
g 
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o2 with a formal bond order of two. 

,___ .. - . -, 
I . 

I * \ 
/ 2R 0'-l \ 

__ {S)v' ___ / \ ________ f11\ 
. / \ I ~ 
- \ I 

\ 
\ ," 

\ ·~ / 
\---·~ ,1'-;------_/ 

"-.., 

2sSg 

Fig. 1 

'Ihe MO description of o2 (3L.~) shows a vncancy for thn addition 

of a single electron in both of 2p T:'g orbitals. The ~ddition of one 

or two electrons to a neutral 00 results in formation of the superoxide 
l .. 

(o2-) and peroxide (o2
2-) species, respectively, leaving o2- with a 

bond order of 1.5, and the peroxide 0-0 link with a nor~~l bond order 

2-of one. Some of the salient features for o2, o2- and o2 are 

summarized in Table 1. 
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02 

02 

-
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0 - 1 2-Table 1. Some Properties of o2, 2 anc 02 

Bond Compound o-o 0 
Bond Enerf 

Order (Kca1/mol distance (A) 

2 02 1.20767 117.2 

1.5 K02 1.28 

2- 1 N:l2°2 1.4968 48.8 

.V(o- o) 
-1 em 

1554.f9 

114570 

84271 

'!he way in which a peroxo group is expecteC. to coordinate to 

metals 
41 

(Fig. 2) c.1.n range from a symmetric<l.l bidentate to a terminal 

monodentate position, including all the possible angles in between. 

0 

OM----- _____ n 
\.._j 

0 

Fig. 2 
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'lhe bridging )..1..-peroxo could VC':ry from cis-plc1.nar and trans-planar 
/ ~- --

to trans-nonplanar configurations. 1m unusual symmetrical double 

bridging was also found. 72 Deviations from t,te ideal symmetry are not 

uncommon. In the case of heteroligand fields they are cue to the inherent 

* symmetry of different donor ntoms. Additional p lT electron delocttli-

zation to the metal ion is anticipated uhich •wuld therefore favour a 

d0 or a low dn metal ion configuration. 

The stereochemical polyhedra in heteroligand peroxy complexes are 

fairly predictable. For the second roH elements Nb and Mo, coordination 

number 8 with a dodeoohedml (D2d) symmetry has invariably been observed 

in the absence of oxo groups. In oxoperoxy-heteroligand surroundings 

the pentagonal bipyramidal arrangement is the most common,5•6 usually 

with two coordin.'-lted peroxy groups in the cis positions and one oxo 

group in an axial position. There is also an interesting non-octahedral 

example of coordination number 6 for a peroxy-van~dium complex.73 

Infrared spectroscopic studies are essential, ani R~man 

spectroscopic studies are very important for the characterisation 

74-81 of peroxy metal complexes. 'lhe reroxy--mot0J. complexes involving 

a metal-triangular bidentate peroxide ( o2 
2-) would be expected 82 to 

give rise to three vibrations of symmetry species (2 A1 + B2), and 

these may be desigm.ted as 1..\ (A1 ; C - 0 stretching), ·\)
2
(,_ ; 

symmetric metal-peroxide stretch), -"l.nd "J)
3

(B2 ; asymmetric metal-peroxide 

stretch) •• Ul three modes should be active in both the infrared as well 

as Raman, but the A1 modes should be polarized and the B2 mode 

depolarized in Raman. The \/)(0-0) band is the most sensitive and intense 
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one, and characteristically occurs between 800 and 900 cm-1 . The frequency 

of this band remains fairly independent of the heteroligand environment, 

but is sometimes affected by ~-he mass of the metal centre indicating 

coupli~...g of the v(o-o) with metal·- 02 vibrations. This most 

familiar way of bonding of o2
2- groups, in a triangular bidentate 

fashion, is similar to that proposed by Griffith83 fur the bonding of 

o2 in oxyhemoglobin. TI1e dimeric peroxy complex is sometimes more stable 

than the monomeric comp1ex, and c..re generally formed unless its 

for~~tion is inhibited (e.g.~ [-(NH
3

)
5
co- o2 - Co(NH3)~). These 

complexes are diamn.gne·tic with the oxygen being viewed ns "peroxide-like" 

with a concomitant oxidation of the metal centres to low-spin d6 (Coiii). 

The 't)(o-o) for such complexes span a mnge of 790-844 cm-l with an 

average value of 810 cm-l (cf. ,'v -poroxo), 40 
,. 

Heteroligr.md complexes of niobium and tan~alum a:::-e rather easily 

formed, Structural analysis of some such niobium complexes show that 

the coordimtion polyhed:::-on j_s doo.ocq..""lcdral. 84 }'1.nacUum, however, presents. 

a different s~or~. Althou&1 some peroxy- and oxoperoxy- vc.~~dium(V) 

species occur~ 14 only a fm-1 heterolig:> .. nd complexes are known. 6Al '73, 85 

Unlike Nb and Ta, '~~~dium has ~ strong tendency to form oxoperoxy 

species. 

The reaction of concentrated alkali hydroxide with a concentrated 

solution cf -.-an•:t:li'i..:.m :pentoxide (v
2
o
5

) in aqueous hydrogen peroxide at 

low temperat~res (0° or below C°C) gives a deep blue solution owing 

to the forma·~ior. •>f tetraperoxyva~~date(V) species,14 f:v(o2 )~3-. 
'ftle salts of tt:.o c0Ll:pJ_c:: L v( o2) L.,J3- ion >wre o·btained by the addition 
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of ethanol to such a solution. The s~lts are stable only at low 

temperatures, and their stability decren.ses with increns~ng cation size.14 

The potassium snlt, KJ ~v(o2)~, which is isomorphous with 
86 

K3 f:er(o2)J , presurrt:.bly having '1 dodecMcdral structure, has a 

~:.gnetic moment of 0.6 BM, consistent with the presence of va~:.dium(V). 

'lbe IR spectra of the (NH4)
3 

l:v(o
2

)4-] and K
3 

[-v(o2)J cont<1-ins lnnds 

8 -1 '• ( ) in the region 00-900 em that htwe boon assigned to v 0-0 modes 

of peroxy groups. 87 It was suggested that slight excess of a base cnuses 

the destruction of the tetraperoxy species lo~ding to the for~:.tion of 

the anion t:vo(o2)~3-, 

which is stable at room temperature. 

The yellow colour produced by the addition of aqueous hydrogen 

peroxide to a dilute solution of ~ metava~:.date has been shown to be due 

to a diperoxy anion Qy cryascopy88 as well ns by thermochemical studies. 89 

There is, however, some controversy as to how the anion should be 

formulated, although the results of cryoscopic and spectrophotometric 

studies have been interpretatod in terms of the <mion ['"vo(o2)2J -. 

The addition of aqueous H2o2 to (i) v2o59°, (ii) an acid solution 

of a metavan~date, 91 (iii) a vanadi1rm(v) salt in a weakly acid solution,92 

(iv) or a decava~:.date93 produces in each case a red colour believed to 

be due to the formation of a monomeric monoperoxyvan:;.date(V) cation 

vo(o2) .... The red colour thus obtained is stc1.ble in moderately acid 

media. In an excess of H202 the red cation is converted to the yellow 
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oxodiperoxyvanadate(V) anion92 ' 9J f:vo(o
2

)
2
_7 -

from the results of' w.rious s··~udios that, 

14 
It W:'!,S concluded 

(i) ·Ghe nw:tbe:c of pero;:y groups per vom1.dium 2tom increases 

with alkalinity, 

(ii) increasing acidity increases polym0risation and decreases the 

number of peroxy gToups :rx~r van;'l.d.ium C'..tom; 

(iii) increasing concentration of' H2o
2 

decreases the degree· 

of polymerisation, 

Studies involving vanadium peroxo complexes are of speciA.l 

interest because the actUc1.1 function of vanadium in living cell is 

unknown. 64 From biochemi~1.l point of view, the most interesting aspect 

of peroxy-vaD~ditm chemistry remains the experimental approach to 

measuring the reactivit.y of the coordinated peroxo groll.p in an environ-

ment of various hetoroligand fields. The reactivity of coordinated 

peroxo groups means essentially the caso of electron-transfer to ar.d 

from the dio;-:ygen ( o
2 
z-) nnion. ~Jhereas most of the recent reports on 

, . h . t ..l 1 .• th th . . d . . 1 t. 50, 51 , 94-98 peroxyV<:'.Ik'1.0.:.ur c .emJ.s ry L:Oa~ W.L c. s-vu 1es 1n so. u 1ons, 

only scant attention. 

The synth0s;.s of well defined heteroligc.nd peroxyv~marlate (V) 

complexes, and the s·[;udy of their properties provide a heurist5.c app:.·ofi.C~i 

to an uncl.erstandine of the role of vnn:1.dium in the catalytic reaction'3. 

The chemistry of r'.otoroiigand peroxyvanadates(V) thus embraces a 

fascinatir:g, reKm:ding, and worthwhi1c area of investig~tion. 
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Chapters J -~of the present thesis 0escribc the syntheses, 

characterisation, structur~1 assessment, anc some properties of new 

heteroligand peroxyvnna.dates(V), viz., AJ [;ru(J;)2c:c
3
J.JH2o, 

A ["vo(o2 )2enJ (en = ethylen0diamins) 1.nd t-3 [v(o2)
3

coy.?.JH2o 

(A :: N:1., K or NH4 ). 

Comr1exes with 1 ,J-diketones, ]ylrticub.rly involving acetylacetone, 

have been reported for almost ali of the non-rad.io,'"'.cti vc met<:tllic or 

metalloid elements in the periodic t~ble.99 Since fJ ~ketoenol complexes 

have been a very commonly used co,nmodi ty in chemistry laboratories, and 

many of such compounds can be purchased comJn0rcinlly, many text and 

reference books provide information roganling them. However, interests 

in their syntheses, and chemiec.l.l and physico-chemical studies of these 

t f d t ,....~ l' . . h. 100-114 B' ( t 1 t t ) ypes o com1)oun s never seem o v::: ,. lml.m.s •l.ng, l.S ace y ace ona o 

nickel(II) dihydra.te, Ni(<:tc.:;.c)
2

.2H20, a typica.l E>Xam:;?1·~ of metal 

/J -diketonate, has drawn a lot attention of me-my Horkers •107-114 
' 

'Ihis compound, in the presence of reducing ::1.gonts, etcts "'l.S a well :recognisecl. 

catalyst for very important organic reactions such as, for instance, 

oligomerisation, polymerisation, hydrogenation, ~nd isomerisation of 

olefins, hydrosilylation of alkynes, nnd coupling of o-.:-ganic hnlides.106 

Ni(a~~c)2 .2H20 is obtainGd from aqueous solutions of nickel(II) salts in 

the presence of acetylacetone ~nd a weak h~se such as sodium acc~1.te; 

the compound is readily dehydrated to the green anhydrous compound at 

50°C in vacuo. 115 In the crystalline state the molecule is trimeric with 

a slightly distorted octahedral coordination ?bout the nickel atoms in 

. 116 117 the tr1mer. ' In the vo,pour sto.to, hm-wvcr, the molecule is most 

probably monomeric, and in solution (l0-2M) in chloroform the electronic 
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spectrum indicates it to be plRn"lr.99 The method, used in practice, for 

the synthesis of bis (C'..cetylacetom.to )nickel (II) clihy(1ra te, 

Ni(c~7o2 )2 .ZH20 requires the addition of a large amount of sodium 

nceta te (buffer). ll5 'I'he chances of contamino., tion of the clesired product 

118 owing to the use of such a large amount of bu.ffer cELnnot bt:: ruled out, 

Moreover, it is evident from various reports that under the appropriate 

conditions acetylacetone (Hacac) is capable of acting both as a 

reducing agent as well as a chelating agent.lOJ,l04,ll9-l2l However, the 

m.ture of the oxidation product of acotylncetone ~>Ihen it acted ns a 

reducing agent has not been e8tablished. 

It is therefore highly necessary to develo?e direct method(s) 

for the synthesis of Ni(acac )2 .2Hl;, without 1Tl2,king use of any buffer. 

Moreover, the question of isolation nnd identification of the oxidation 

product of acetylacetone (Hacac), formed in the r'3action bet1-reen 

higher valent me~-:tls r:.nd H<J.c'J.c ( C _Sig02) , cnlls for ::1.n immediate 

attention of the workers engn.gcd in the study of metal acetylacetonates. 

'lhe details of two new methods of syntheses of bis(acetylacetona.to)­

nickel(II) dihydrate, Ni(cSI
7
o2 )2 .2H20, and thP. isoln.tion of ol: ,iX.,f3, 

1~ -tet~~cetylet~1.ne as the oxidation product of acetylacctone 

(Hacac), as achieved from the re:J.ction of nickel(III) with Hncnc, 

constitute the subject ~"ltter of Chanter 6 of the thesis. The two 

new methods of syntheses do not require any buffe~. 

Interest in the field of chemistry involving fluoro-containing 

t • ti t 1 '1. • . hi 120-132 rans1 on me a compounds seem to be never ... 1m1n1s ng. 

Peculiarities of such compounds in respect of their magnetic and 
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and structural behaviours probc1.bly l'!t:.ke them r8li:.tivcly more interesting 

than the compound.s cont.-::lining other halicies b0nr'er to a metc:~l centre. 

Some of the fundamental properties of fluorine, e.g., its high electro-

negativity and s~1.ll ionic size render it suitable for stabilising 

higher oxidation states of metals, and knowledge of fluoro·-compounds 

of the transition metals has been increasing considerably, ms.inly 

because fluorine itself has ceased to be a laboratory curiosity as a 

result of simrlification of its rror~~tion and purification. New 

t i 1 . d t h • h , . h t" thod 120,121, rna er a s and ~mprove oc n~ques ave P.k'1Ce nc,.rer syn-c e ~c me s 

l33-l37 very effective, but it is certainly true th,.t a surprising amount 

of new work in this field has to be done. 

Coming to the case of compl~xes of nickEl(II), it is evident 

that coordination compounds of nickel(II) are exceedingly numerous.l3B,l39 

'lhe maximum coo:rcUnation number shown is six anr:1 whilst oct:J.heorc.l or 

distorted octahedral complexes are tho most US~'11, divalent nickel also 

forms many 5-coordinate (square pyramidal and trigonal bipyramidal), and 

4-coordinate (tetrahedral and square planar) complexes. One of the most 

re~'1rkable facts, about the stereochemistry of nickel(II) complexes is 

that equilibria between the different structural types often exist in 

solution and these equilibria are frequently temperature dependent and 

often concentration dependent. It must, however, be noted that there are 

also many nickel(II) compounds th<'..t exist :prn.ctically completely in 

one stereochemical form. 139 

'lhe electronic spectral and magnetic pl·opc,rties of nickel(II) 

1 . t h t . t• 1 .~- , 139-141 Th N" 2+ comp exes are qu~ e c arac er~s l.C n.nrl ~rcl unr1ers vooe. e ~ 
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ion has the 3d
8 

outer electron con.figurn.tion which gives rise to the 

triplet and singlet terms (in order of increo.s in[" energy) J F, 1n, Jp, 1G, 

1 S. '!he simple crystal field dingrn.m.':; for this ion in tetrahedral, 

octahedral and tetragonal fields ~r0 shovm in Fig.::;. It Ci1.n be readily 

seen from these C.iagrc.ms in octahedral r:,nd slightly te+.:r.-ngonally distorted 

octahedral fields, two unpaired electrons are present; the grotur1 state 

~ikes no orbi~~l contribution to the mag~etic moment, so that these 

moments arc expected to be not greatly different from thB "s:r>in-only" 

moment (2.83 BH). In tetrahedral fields, ag'lin, t'ro unpaired electrons 

are present, but there is now orbital contribution to the magnetic moment 

through the equivalence and cegoncracy of the incompletely filled t 2 

orbitals; ma.gnetic momemts are thus expectoc~ to oo well in c::;ccesc. of the 

spin-only value, :1.nd ty:pic'llly lie in the r:tngc 3.2 - 4.0 Hi. ln strong 

tetragonal and sqU::"l.re crystal fiolds the electrons 11r·:dr and the complexes 

become diamagnetic. \<Ie shall not elaborate our discussion on the magnetic 

and spectral properties of nickel(II) complexes, '1S several excellent 

reviews on this subject a~ avnilablo.140•141 

Like other transition metals, nickel(II) also forms fluoro­

nickelate(II) complexes. 'Ihuc;, yellow tetr<:.fluoronickelr.tcs(II) are 

prepared by fusion of nickel(II) fluoride with stoichiometric amount of an 

alkali mct~l or ~lkaline earth met~l fluoride in v~~. or in an atmosphere 

of hydrogen fluoride. 142 The tetrafluoronickel~tes(II) contain octahedrally 

coordinated nickel(II); the potassium, rubic1ium, c:.mmonium and thallium(!) 

salts are tctrago~"1, 143 LiNiF4 is cubic,144 2nd B"NiF4 is orthorhombic.
145 

While the lithium snl t has n magnetic moment or 3. 8 B~1, the o ~~1cr 

compounds arc antiferromagnctic shmfing room tomr)er2.ture moments around 
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2 0 BM Th fl t t f' N'"' N' '" K N' F • 1 • e re ec n.nce srec rn. o __ I ,,2 ... 1r4, 2 1 '+' 
. l'+J been ass1gned on q

1 
symmetry. · 

The trifluoronickelates(II) are obtrdnd when nick8l(II) fluoride 

d l T•-1' l fl 'd t d • b '1' t 121 
mh ll an a .r..u 1 meta uor1 ~; are roac o · 1n 01 J..ng vra er. - J.·uey a 

contain octahcdrr:lly coordin:1.tcd nickel. The r0t~)3siurn salt KNiF 
3 

hns 

0 
the percvskite-type structure with the Ni -·- F r1is-Grmcc of 2.01A , vrhile 

the sodium and rubidiu.m salts occur in two Different .::1odi fic-1.tionc 

(Na salt, cubic and orthorhombic, .1.n·: i.1b salt, cubic an':: hoxagcrnl). 1'-~2 

mh t 'fl . k l t ( ) t'f t' 146,147 J.ue r1 uoron1c e a os II arc a.n 1 errom.agne 1c. 

It is also reported that n. hex<1fluoronickelate(II), B:...,_2NiF6 , has 

been obtained ns a yullow solid by fusing n 2 : 1 mixture of bariu:."l 

fluoride and nickcl(II) fluorice at 1200° •14B,l49 The NiF 6'}- octnhedra are 

tetragolk'llly alongate~. with Ni -· F rlistances being 2.03 and 1.97 A
0

• 

This compound has a room temperature mn.gnotic mo'1J.ont of 3· 76 BM, ancl 

becomes antiferro~1.gnetic at low tcmrcratures. 

Another series of fluoronickelates(II), n1.moly alkali metal 

trifluoronickelate(II) monchydr.:1.tes, ANiF
3

.H20 (A:- Na, K orNH4) has 

been reported in the li terr~turc .147 Tne com1'ounc~s r_,re very simple, yet 

show very interesting properties. For example, thr> mero chango of the 

counter cation in ANiF
3

.H20 brings ~bout very dr~stic ~nd significant 

chnnges of !llr::tgnetic pror0rties. 147 A1 though M:.,_,chin Ftnd Nyholm147 reported 

the a~1.lyticnl dat~ and magnetic properties of ANiF
3

.H20 compounds about 

twenty years ago, there is no report until date on their syntheses. 

It is evident from the above (~iscuG~:icn on fluorcnickeln.tes(II) 

chemistry that while no reported metho~ is available in the literature 
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for the synthesis of al:!mli trifluoronickolnt·J (II) monohyc1r~-h:<c~, 

ANiF3.H20 (A = alkali metal or ammonium), tho rec':)mmcm"!.cd methor's for 

the synthesis of tetrnfluoronickclatc(II), ["NiF~2-, employ fusion 

of NiF
2 

with stoichiometric nmount of alkali metal fluoridPS either 

in vacuo or in an atmosphere of dry HF. Such ~ethods require not only 

NiF 2 but also anhydrous HF which is difficult to handle. 

'Ihus it is imperD,tive and necessary to imrroviso suitable methods 

for the synthesis of al&~li trifluoronickelate(II) monohydrates, 

ANiF
3

.H20, and to develope new ani much simpler routes to alkali 

tetrafluoronickelates(II),~ ~NiF~. Studies in tho afore-mentioned 

directions are therefore warranted. 

Cllapter 7 of the present thesis :"escribos about a novel route 

to alkali totrafluoronickelate(II), A2 [-NiF~ (A ~ K, Hb or :NH4), 

as well as the scope of the neH method. 

Chapter 8, indeerl the ln.st Chapter of the thesis, presents tho 

details concerning the first reportec synthesis ann characterisation of 

alkali trifluoronickelate(II) monohydrates, ANiF
3

.H
2

0 (A= Na, K or NH4). 

Chapters ) to ~ report interpre~~tive accounts of the results of 

studies on heteroligand-peroxyvanadates(v), bis(acetylacetonato)nickel(II) 

dihydrate, and fluoronickelates(II). Each of these Chapters has been 

so designed as to make it a self-contained one with a brief introduction, 

sections on experimental, and results and r.:'iscussion, followed by 

relevant bibliography. Some of the noH resul tf' h-:',Ye been published, some 

more are now in press, while the rest arc U11kr col'Ullunication. 
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CHAPTER 2 



-------·· 
Methods of Elemental Analyses and ~.rticulars of Instruments/ 

Equipment Used for Ch0.racterisC'.tion and Structural Assessment 

of Compounds 

------·-··----------
The methods employed for the quantitative determination of various 

constituents, and the relevant particulars of the instruments/ 

equipment used for characterisation and structur0l assessment of 

the newly synthesised compounds are given in this Chapter. 

~emental Analyses 

Vanadium1 

Vanadium was estimated volumetrically by titrntion with 

standard potassium permanganate solution. A near boiling solution of 

an accurately weighed amount of the V<}.nadium(V) compound, after 

removing peroxide, was treated with a stren.m of sulphur dioxide for 

~ 10 min, and then with a stream of carbon dioxide to expel any 

excess of sulphur dioxide. The vanc.,.dium(IV) solution thus obtained was 

cooled to ~ 80°C, and finally titrated with a standard potassium 

pe~~nganate solution1 • 



An accurately weighed nmount of tho pcroxyv~nadete(V) compound 

was dissolved in 7(N) sulphuric acid contct.ining .2Q:_ 4- g of boric acid 

(boric acid is used to prevent any loss of ~ctive oxygen through the 

formation of peroxyboric acid). The solution was thon titrated with 

a standard potassium perwt~~t.tc solution. 

'Ihis method is sui t.?.blc for dctc,rni~-:tion of peroxide contents 

in peroxy~v;oJ.n;:,dium(V)cornpounds. 

In a froshly prepared ?.(N) sulphuric ~.cid solution, contc'l.ining 

an appropri.:J.te amount of potassiU:'ll iodide, wc.s nddcd .'l..n accurPtely 

weighed amount of the peroxyvnnad;:,to(V) compound with stirring. 

'Ihe solution was kept under an atmosphere of CO..,. After about 7 min, ,_ 

liberated iodine was ti tr3.tcd with a standard sodiu!ll thiosulphfl.tA 

solution. 

This method gives the tot:tl .!].mount of peroxide plus van.1.dium 

present in the compound. On deduction of the contribution of 

va.nadium(V) from the totr,.l amount of iodine liberated, the net 

peroxide content of the compound is evaluated. 
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(iii) Determination of Peroxide (o?2-) by Titr~tion with a 

4+- 4 .- .. ----------·------~---=--~~-
Ce Solution 

An n.ccurntely weighed ccmount of th..; peroxywm:.date (V) 

compound was dissolved in 2. 2 (N) sulphuric <.cin. solution in the 

presence of P,n excess of boric ,.-,,cid. PProxide l'T:">,S then determinPd by 

titrating with a stn.ndard Ce 4~ solution. Vann,dium(V) docs not interfere 

in this method . 

Nickel was estimated ~vimetrically n,s nickel dimethyl-
• 

glyoxioote.5 

In a typic0,l procedure, c-m n-ccurn tcly weighed amount of the 

nickel compound 1ms dissolved in 0, hot (70-80°C) dilute solution of 

hydrochloric e,cid (1 : 40). To it 1-1e.,s added the requisite nmount of 

1% solution of dimethylglyoxime reagent in ethanol followed by the 

dropwise [l,ddi tion of aqueous ctmmoniC'., until the solution wns f::tintly 

alk[lline whereupon nickel dimethyl glyoxi~<.te was precipitated. 

The whole w::1s hen.ted on a boiling w:::ter-b.."lth for .9.£. )0 min, and the 

precipitate W<:',s 2-llowed to settl0 for ?f. 2h, vrhilr: cooling at the 

same time. ~.ntitative precipi~"ltion of nickel di~cthylglyoximate 

was checked by adding a feH drops of tho dimethylglyoxime rec.gent 

solution. The precipitate was filterGd on a weighed sintered Gooch 

crucible (G-4), washed several times Nith cold wn,ter until the washing 

was free from chloride. ~e crucible along with the precipitate \'las 

dried, to constant weight, at 110-120°C. The precipitate was weighed 

as nickel dimethylglyoximate. 
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Fluoridc6 

A '~eighed amount of the fluoronickclate (II) compound was dissolved 

in water, and the solution was treated vdth alkali (e.g. potassiuin 

hydroxide solution) in order to (1ocomposo th"' compound, and t.o separate 

nickel as Ni(OH)2• Tho solution wcs filtered, the residue was washed 

thoroughly with water, and the filtrate and washings were collected for 

the esti~~tion of fluoride. 

From the above solution, fluoride was precipitated quc.ntitatively 

as lead chloride fluoride, PbClF. The PbClF precipitatn was filtered on 

a·weighed sintered crucible (G-4), wr1.shed 4-5 times with a saturated 

solution of lead chloride fluoride, and finally dried to constant weight 

following the recommended procedurc6 • The precipitate was weighed as 

PbClF from which the fluoride content rtTas found · out. 

Zinc7 

Zinc, in fluorozincate(II) complexes, was estil'Jlc'lted gravimetrically 

as zincammoniumphosphate. 

In a representative procedure, an ~ccuratcly weighed amount of the 

zinc compound was dissolved in water, from which zinc was precipitated 

out as zinc hydroxide by the addition of dilute sodium hydroxide solution. 

'lbe precipi't-'lted zinc hydroxide W8,s separ1.ted by filtration, washed 

several times with water to ~~ke it free from alkali, and then dissolved 

in 5(N) hydrochloric acid. The clear solution thus obtained was neutra-

lised with dilute ammonia solution (4(N) ) using methyl red as the 

indicator. 'Ihe neutrctlised solution Nets heated to boiling, and then 10 % 
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diammonium hydrogen phosph;::.te rG:-:.gcnt 11n-s 8-ddod with stirring until 

white precipit<1te ceaso0 to appcn.r. Tho ~-thole •ms hcr,ted on 01. ste~,m-ooth 

for .9i!:. 1 h followed by cooling 'l..t room tcmper:::.turc for 2nother period 

of about 45 min. The procipitt.tc F<tS filtered on ·1. T,Teighcd sintered 

glass crucible (G-4), 1>Tashed first Hith l;to solution of dinmmonium 

hydrogen phosphate and then with ethanol, and finnlly dried to constant 

weight by heating at 100-105°C. The precipitate was weighed ae ZnNH4J>o
4

• 

Sodium and Potassium 

Sodium and potassium contents were determined by flame photometry. 

The salts were first dissolved in deioni:~od water and then acidified 

with hydrochloric acid. The 2,ciclifien solution thus obtn.incd was used 

for flame photometry. 

Rubidium and CesiumS 

Hubidium and ccsiun1 contents in tho respocti ve salts were 

estimted gravimetrically C'..S their porchlor.::ctes. The precipitate vrns 

obtained by following the stanGard procedures, and weighed as AClo4 

(A = Rb or Cs). 

Carbon, Hydro~n, and Ni.!:,rogo_ll 

Carbon, hydrogen and nitrogen were estilll:1.ted by microan.-1.lytical 

methods. The results of analyses wore obtained from Amdel Australian 

Microa~t.lytical Service, Port Melbourne, Victoria 3207, Australia, and 

also Microanalytical h1.boratories, HSIC - NEHU, Shillong 793003. 
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Particulars of Instrumen.ts/lglui£._~nt _jJ~d:.. 

The pH of the reaction solutions, whenever required, were measured 

by using a Systronics Type 335 digital pH meter. 

Molar Conductance 

Molar conductance measurements wero made using a Philips PR 9500 

conductivity bridge. 

f~gneti? Susceptibili~ 

The Gouy method was used to measure the ~~gnetic ensceptibility of 

the complexes. 'Ihe Hg L Co ( NCS) ~ compound was used as tho standard 

for calibration. 

Electronic spectral measurements of solutions were made on a 

Beckman model UV-26 spectrophotometer. 

Reflectance spectra of solids were recorded against r1g0 using 

Carl Zeiss Jenk VSU 2-P instrument. 

Infrared S£8 ctra 

Infrared spectra were recorded on the following spectro~otometers. 

(a) Perkin-Flmer Model 297. 

(b) Perkin-Elmer Model 125 

and (c) Perkin-Elmer Model 983 
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Laser &~man Spectra 

laser .Raiilc'ln (L.rl) spectra Hero recorded on a SPEX fu.ma.log Model 
0 

1403 Raman Spectrometer. 'Ihe q-880 A J .. llser line from Spectra-Physics 

Model 165 Argon laser was used .n.G the cxcit?...tion source. 'Ihe SC<~ttered 

light at 90° was detected with the help of a cooled RCA 31034 photomulti-

plier tube, followed by photon-count processing system. 

'Ihe sctmple was held either in a quttrtz capillary or in the form 

of a pressed pellet. In some ec1.ses solution spectrn were also recorded. 

'Ihe recording was done t:'.t ambient tempcr::1.tures. 

The ~~ss spectra were recorded~ on a Varian I1AT CH-5 spectrometer. 

A direct insertion probe l-ms used to introducee the samples directly into 

the ion source without any prior he0.ting. The opere:. ting conditions were : 

electron energy 70eV (leV = l.6 x 10-l9J); source temperatures 50°, 100° 

and 150°C; resolution 10,000; accelerating voltage BkV. The Illc1.SS spectro-

metric observations were I11c1.de with tho ionising beam current held constant 

to obtain reproducible ion intensities. 

'Ihe mass spectra wero recorded with the ion source temperature 

being maintained at either 50°, 100° or 150°C, and the samples were 

introduced in the spectrometer, ~sing a direct insertion probe, without 

any prior heating to avoid any pyrolytic effects prior to the compounds 

coming in contact with the ionising electron beam. 
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Chapter 3 

First Synthesis and Structural Assessment of Alkali Oxodiperoxy­

monocarbona.tovana.date (V) Trihydrntes AJ L-vo(o
2 

)2coyJ.JH20 (A: Na. or K) * 

-~--,-·------~-------------

The importance of peroxyvanadium chemistry has been emphasised in 

Chapter 1. It is evident from the contemporary chemistry literature 

that studies of peroxyvana.dium chemistry have genernted considerable 

current interestl-9 probably owing to the special biochemical signi­

fioance10-12 of peroxy-transition metal compounds, and their i~olvement 

in the activation and transfer of molecular oxygen to organic substrates. 8:13 

Whereas most of the recent reports on peroxyvanc .. dium chemistry deal with 

the studies in solutions, 2-7 the synthesis ~nd structural assessment of 

such compounds have received only scant attention. Moreover, only a 

limited number of heteroligand peroxy complexes of vanadium are known, 

in contrast to many such reported examples for other transition 

metals.12 •14-16 'Ihe syntheeis of well-defined peroxy-vana.dium compounds 

and the study of their properties provide a heuristic approach to 

the understanding of peroxy-vanadium chemistry. 

Although a few peroxyvanadates(V) corrt.aj.ning coordim.ted 

N~eterocyclic ligands have been well characterised,l,5 compiex 

peroxyvanadates(V) with oxygen containing lig::mds are scanty. 

* The work described in this Chapter has been accepted for publication. 

J. (hem. Soc. D:1.lton 'l'ransp 1985, in press. 
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The ["vo(o2 )2c2o~3- and ["vo(o?.)(c4H5No4)~]- (c4H
5

No4
2-:: the anion 

of iminodiacetic acid, c1+H
7

No
4

) ionsl,5,l7 a.re thG only e:xttmples reported 

to.. our knowledge. Recent attempts to bring about coordination of so1/­

with vanadium(V) in the presence of peroxide ligand (o
2

2-) were 

unsuccessful, 18 however, the coordin:::,tion of C?,rbonate (co
3 

2-) and o
2

2-, 

in the presence of each other, with vanadium(V) appeared to be possible 

under an appropriate condition. 

Accordingly, the above ·considerations prompted the synthesis, 

characterisation, and assessment of structure and properties of alkali 

oxodiperoxymonocarbonatovanadate(V) trihydrates, A
3 

[-vo(o2 )2coy]·3H
2

o 

(A : Na or K). The present Chapter reports the details of the results of 

studies on the title compounds. 

Experimental 

The chemic-'1ls used were all reagent gr~.de products (B .D .H., 

E. Merck, S.D's and IDPL). 

Synthesis of ,\lkali O:xodiperoxymono~'1rbonatovanadate(V) 

------~---------~--·---~--------------------------

Since the method of synthesis of alkali oxodiperoxymonOQ'1rbonato-

vanadates(V) trihydrates is a general one, only a re~resentative 

procedure is described belol<f. 

In a typical synthesis a mixture of lg (5.5 mmol) of van.."'.dium 

pentoxide, v2o
5

, nnd alkrdi carbona.te, ~co3 (A=-Nc!. or K; 16.5 mmol), 

maintaining V : co
3 

2- ratio of 1 : 1.5, wgs dissolved in 15 cm3 (132.4 mmol) 
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of J~~ hydrogen peroxide to obtain a clear yellow solution. The solution 

was filtered and the filtrqte cooled in an ice-water b~th for ~ 15 min. 

An excess of pre-cooled ethanol was added to the above solution with 

stirring until the yellow microcrystalline alkali oxodiperoxymono­

carbomtovanEt.date(V) trihydrato, AJ LVO(o2 )?cc~;7.JH20 (A :Na or K) 

was completely precipitated. The stirring and cooling (at an ice-water 

bath temperature) was continued for c.:, further period of 30 min. The 

compound thus obtained was separated by filtration, washed four times 

with ethanol, and finally dried }_ll.~cuc:, over concentrated sulphuric acid. 

The yields of 

~LJ ~V0(02 )2CO~.JH20 was Jg (87%) 

and of JS ~vo(o2 )2coyJ.JH2o was J.2g (80%). 

Elemental ~~~e~ 

Vanadium, peroxide, ~"rbon, sodium, and po~Lssium contents were 

determined by the methods described in Chapter 2. 

The results of elemental i:1nEtlyses are st~mmttriscd in Table 1, 

while the molar conductance values, n.nd structuraily significant 

infrared and Ra!!k1.n band positions along 1,ri th their assignments c\PJ 

reported in Table 2. 
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Table 1. An."'..lytical Ihta of A3 ["vo(o2)2co3-_7.3H2o (A :-Nn or K) 

-·---
Compound Found % ( Cc:.lcd. %) 

-~----

A v oa c 

Na3~vo(o2 )2coJ-7·3H2o 23.21 16.7 20.65 3.86 
(21.97) (16.22) (20.38) (3.82) 

--
K:3 [""vo(o2)2co3"].JH2o 32.62 14._51} 18.2 J.J5 

(J2.J8) (14.06) (1? .66) (J.J2) 

~erox;y-o~en 

Results and Discussion 

The recwtions of vnm.dium with hydrogen peroxide are highly pH 

dependent, and a s~~ll variation of pH of the reaction solutions leads 

to the for~~tion of peroxy-vanadium complexes of different compositions. 

The importance of pH, for the successful synthesis of peroxy-me~~l 

. 4 12 14 compounds, has been emphas1sed, ' ' and it wn.s shown very recently 

that ~ relatively higher pH was favourable for the coordination of 

peroxide (o2
2-) with a VOJ+ centre.4

r
14 Indeed, in the present ~~se 

pH ? 6 was considered conducive also in order to prevent carbOTh"'..te (co
3
2
-) 

annihilation through co
3 
2-_,. 2Ht ___, co2 ..;. H20 re.~,.c~ion. Accordingly the 

reactions among van:tdium pentoxide, ~tlk'lli cn.rbonate, AzCOJ (A=· N<l or K), 

arrl 30% hydrogen peroxide wero CruTied out at variou..s pH (between 2 and 8), 

arrl ~it was ascertC'.ined from the results th:~.t pH CC1;_ 7 ¥Tc>,s suitable for 

the synthesis of the title compounds. It is imperative to mention that 
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the products isol-:tted o:t pH 4 or 5 ci thor do not show the presence of 

carbonate (co
3
2-) Rt nll, or do ton very SI!li•.ll extent indicating that 

the co
3

2- ligand might have just started coordinating with the vanadium 

centre. This observation therefore suggest that ncidic conditions arc 

not conducive to the desired synthesis. Thus, tho reaction of v
2
o
5 

with H2o2 and AzC0
3 

at pH 7 followed by tho addition of ethanol 

(vide Experimental) afforded alkali oxodiperoxymonoC?"rbo~~tovalk,date(V) 

trihydra.tos, A:3 LVO(o2)2coy.J.3H2o (A:::Na or K), in very high yields. 

The reaction was monitored by isolating a s~-:tll amount of the product 

and recording its IR spectra. Appearance of a strong band at Q-:t 860 cm-l 

due to the \l(o-o) mode of coordinated peroxide (o2
2-), and the b1.nds 

due to the occurrence of coordi~"'..tod carbonr.te19 indicn.tes the for~1.tion 

of the complex species. The role of ethanol in the present synthesis 

was to facilitate precipitation of the compounds. Attempts to 

synthesise the ammonium salt of the complex ~VO(o2 )2co~3- ion have 

have not been successful. However, the corresponding Rb + and Cs + 

salts could be synthesised following the method ~~-:tlogous to that used 

for tho synthesis of the Na+ and K •-salts. 

Characterisation and Assessment of StructEF£· Alkali 

oxodiperoxymonocarbonatovanadatc(V) trihydratos, A
3 
LV0(0?)2co~.3H20 

(A= N-:1 or K), are yellow microcrystalline products, and can be stored 

for a prolonged period in sealed containers. Their stc·:tbility was 

ascertained from the results of chemicc.l determinations of peroxide 

(o2
2-), vanadium, and carbon contents periodically. The comppunds are 

soluble in water at ambient tcmpcr~turos, but the dissolution is 

accompamied by simultaneous decomposition, '"l.nd their molar conductance 
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measurements at room temperature Here thus precluded. While thP room 

temperature molar conduc~~nces of AJ ~·vo(o2 )2co3_7.3H20 were higher 

than the expected v;<:>,lues, the figure obtained by recording the molar 

0 ~-1 ? -1 conductance at 7 C was found to be .£'.!. 370 ..:> L cm-·mol , in very good 

agreement with the formula. This leads us to believe that tho complex 

peroxycarbon1.tovan1.dates(v) arE' stable in solutions only at lm'l 

temperatures. 

In an attempt to find out the possibility of dehydr~ation of 

~ ~-vo(o2 )2 co3_7.3H2o compounds, pyrolysis of the compounds were 

carried out at 100°C. U~ortunatoly tho compounds s~1.rted undergoing 

decomposition involving the simul~~neous loss of both peroxide (o2
2-) 

and H2o, thus e.. genuine dehydration we.s not possible. 

The AJ ~vo(o2 )2co3_]. )H2o compounds were dia~1.gnetic in nature, 

as evidenced from the results of magnetic susceptibility measurements, in 

conformity with the occurrence of vanadium(V) in each of them. The 

chemical determination of peroxide contents of such compounds are to "be 

2-) considered very crucial in order to fix the number of peroxide (o2 

groups bound to the metal centre. The peroxide estimations were 

accomplished by red-ox titrations separately involving s~~ndard 

potassium permanganate and Ce4+ solutions by following the procedures 

described in Chapter 2. The re~ults obtained thereof conspicuously 

suggest the presence of two peroxides per vanadium(V) centre in each 

of the newly synthesised compounds. 

The infrared and L:1.ser Raman spectra of alkali oxodiperoxymono-
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are in order and quite characteristic. The significt1,nt features of IR 

spectra of the compounds are tho abGorptions due to tJ(v == 0), 

coordinated peroxides, n,nd coordin;J,ted carbonate 

4 -1 strong OOnd at C<• · 9 0 em has been <lSSigned to 

( co32-) ligands • '!he 

,)(V= 0) arising 

from the terminally bonded V == 0 group. The bands n,t 865s, ca 620s 

-1 and at ~ 525s em owe their origin to the coorcinated peroxides. 

While the oo.nd at 865s cm-l is n.ssigned to 1)(0 __;_ 0), v
1

, those at 

~. 620s and ~ 525s em -l have been .<J.ssigned to the ·i...-~ ancl .J
2 

modes 

respectively of J(v -- 0 ) vibrations. '!he frequencies observed at 2 

S!:. 1585s, .£.E!:. 1340s, 9~. 1050s, ~ 71+0m, pn 695w, and .£;1:. 395m em -l have 

been attributed to lJ(c-o), J(c-o) + S (o-c-o), ,)(c-o), ring 
'\ 

defor!lk1-tion + V(V-0), 6(o~c-o) + •..J(V-0), e1nd ' 19 ?...'(V-0) modes 

respectively arising from the presence of coordinated cnrbon~te (co
3
2
-) 

ligand. '!he appearance of -)1 (A1 ) and ~~(B?) modes of ec1.rbonate at 

~ 1585s and ~ 1340s em -l respectively with rm 2~ppreciable sepamtion 

between the two bands provides a very good evidence for the occurence 

of a chelated carbon."".te (c
2 

) ligand. '!he two additional oonds at 
-V 

3::.. 1640s and .£.~ 3455m em -l in EJ0,ch of the sodium and rota,ssium salts 

resemble in their shP.pes and positions those commonly observed for the 

. 20 21 C' ( ) uncoord1Th1.ted water, ' and h~ve been assigned to c H-0-H and 

~)(o-H) modes. Further it was emphnsised in the liter?.ture22 that the 

LJ(o-H) h1.nd at 3455 cm-l is r~ther typic~l of lattice water. These 

and the loss of water at 100°C from AJ ~vo(o2 )2co~.3H26 lead us to 

infer that the lrater molecules are not coordinator. to the vanadium(V) 

centre. 
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Table 2. Molar Conductance Values, n,nd Structurally Significant 

Compounds 

IR Rnd Laser Rn.!IL'ln (1::1) b<,.nds of AJ rvo(o2 )2coy.7.JH20 

(A = Na or K) 

-----~---·-·-·-·------

Molar 
Conduc- IR u~sor 
t.1.nce -1 Bmrnn Assignments em 
Sl.-1cm2mol-1 -1 

(temp.L? . ....;;cJ...)_, ______ _:.~ --------

370 
(7) 

375 
(7) 

940s 940 
865s 870 
620s 600 

52.5s 5:30 
1580s 1580 
1340s 

1045s 
750m 

690H 
400m 

J450m 
1640s 

·-~-----

945s 940 
865s 865 
625s 600 
520s 530 

1585s 1580 

1335s 

1050s 
740m 

69.5w 
395m 

3455m 
1640s 

v(v = o) 
-J(o - o), v1 
-J(v-o2), v

3 
1..J(v-o

2
), .;

2 
-J( C-0), ,)1 ,~ 

J ( C-0) -t- $ ( 0-C-0) .. 

05,B2 
'!)(C-Ol 

·,.J(V-0) + ring 
deformation 

" 6(o-c-o) + J(v-o) 

·\)(v-o) 

J(o-H) 

6(H-O-H) 

~(v :2 o) 

v(o-o), -J1 
V(V-02), JJ 
J(v-o

2
), v2 

-J(c-o), '·\ ,~ 
)(c-o) + ~(o-c-o) 

1)5 ,B2 

J(c-o) 
v(v-o) + ring 

deformation 

Jce-c-o) + J(v-o) 
0(v-o) 

V(O-H) 

$(H-G-H) 



The Laser Raman (LR) spectr~ of alkali oxodiperoxymonocarbonato-

vanadate(V) trihydrates, ~ ["vo(o2 )2coy.J.JH2o (A = N<J. t.~r K), were 

recorded only on solids, as -~he compounds decompose~ at room temperature, 

in water. 'Ihe Ln spectra augment the results of IR spectral studies. 

-1 
'Ihe characteristic features of LR spectra 1.re the :peak at 940 em 

assigned to 
- -1 

-.)(V=O), and the b:1.nds at-~ 8(0, c~:t 600 1lnd ~ 530 em 

attributed to the!J(o- o, ;)1 ), )(v-o
2

, l.-)
3

) and·l·1(v-o
2

, .J2 ) modes2J•24 

respectively of co-ordin1.ted peroxide (o
2 

2-) ligands. 'Ihe Ln pea.ks at 

~ 1580 em -l has been assigned to the 1.J(c-o, vl'A
1

) mode of the 

2-cuordinated co
3 

group. It ~1.y bo noted that thG observed pcsitions of 

·d(o-o) and >)(v-o2 ) modes aro the ones which one would expect to 

observe for a triangularly bonded o2
2-. Considering c

2
v being the local 

symmetry of coordin1.ted o2 
2- ligand, three (t.wo A

1 
and one B

2
) are 

expected to be IR and Raman active, of which the two A1 modes ( ~)1 ,v(O-O) 
stretching and l)2 , >\V-02 ) symmetric stretching) arc polarised, 

while the B2 mode ( ··-\• }(v-o2 ) assymmetric stretching) depolarised 

in the Raman. 23• 24 'Ih~ distinction bohreon the l)
2 

rmd ,_:.
3 

modes in the 

present c..-,se has been m.::tde on the basis of sharpness and intensity of 

the observed LR signals. 'Ihus the peroxide liganns are bonded to the 

vanadium(V) centre in a triangular bidentato ~1.nner. 

It may be inferred that peroxycarbonatovanadatcs(V) of the 

A; ~vo(o2 )2co~.JH20 can be synthesised directly from the reaction of 

v2o
5 

with ~co3 and hydrcgen peroxide at pH 7. The typic..1.l p2.ttern of the 

IR as well as the LR spectra due to the coordin1.ted peroxides (o
2

2-), 

and due to the coordinated co
3

2- ligand csracially the appreciable 

separation between ·-,)
1 

(A
1

) n.nd 1J
5

(B
2

) modr;s (T1.blc 2) and c:>.lso the 
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appearance of Raman peak at ..£?:_ 1580 em -l due to 'l) (c-o), 1..\, A:t render 

it certain that both peroxide (o2 
2-) a.s well as carbonate (co

3 
2-) 

ligands are bonded to the vanadium(V) centre in a bidentate chelated 

(c2v) fashion. The complex ~vo(o2 )2co3~J- ion may have a pentagonal 

bipyramidal structure like that of ~vo(o2 )2 c2o4 ~3- ion (Ref. 5). 
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CHAPTER 4 



---~---·-----,---.~~-----~-·-·--·-----

Monokis(ethylenediamine)oxodipe:roxyvanadato(V) Complexes, 

~vo(o2 )2en_7.- Synthesis and Assossmcnt of Structure of 

A ["vo(o2 )2enJ (A = Na., K or NH4) Compounds 

1 2 Peroxy-vanadium compounds arc knol-.rn to act as catalyst;:::, ' and have 

been proposed as one of tho model systems for the biochemistry of 

vanadium3. Although vanadium has been rcc0ntly recognised as an 

essential clement for 1l1'tm'llals4 , its actual function remains unknown5'~ 
3 It has been reported in a very recent comrnunict1.tion thAt nome 

hetcroligand peroxyvanadate(V) compounds have shown "antitumor 

activity''. Also it has been emphasised that the biological activity of 

such compounds strongly depends upon the het8roligand3. Thus a sy~tematic 

study involving heteroligand poroxyvanadium(V) complexes is extremely 

important. :rtecently some hctcroligand peroxyvan.1.datc(v) complexes were 

synthesised 7 in the laborotocy ~There the present work was Cc"lrried out, 

however, their limitation tias that the hetcroligand nas a highly 

electronegative one viz., F-or Cl-, and tho r0sultaDt complexes were 

unstable in solutions. It was expected that a suitable chelating 

heteroli~nd should be able to impart stability to poroxyvanadato(V) 

systems rendering them st.-1.blo not only in the solid state but ?.lso 

in solutions. It is pertinent to mention that a few hctoroligand 

peroxyvanadate(V) containing bidontatc heteroligand have been 

reported .J' 8• 9 



In a continuation of the >vork on peroxyvanadates(V) described i~~ 

Chapter 3, it was decidcc'1 to invc;stigcttc such CO'llplexcs containing 

bidenta.te arnine li~.nrls, to find out general '!lethons for their 

syntheses, mode of coordination of both peroxide as v-rell as the 

heteroligand, the stability, and finct.lly the reactivity of coordinated 

peroxides. 

The present Chapter provides an account of the hitherto 

unreported compounds, alkali monokis ( ethylr:mr.diamino )oxodiperoxy-

vanc1.dates(v), A [vo(o2)2en_7 (A =- Na, K or NH4 ), in terms of their 

method of syntheGis, the mode of coordination of tho ligands, and also 

tho effect of the bidentate ligand 'on' (en : ethylenediamine) on the 

stabilities of tho peroxyvanadate(V) co'Tlplexcs in going from L-vo(o? ),XJ2-
~ t:.. 

(X= F- or Cl-) to ~vo(o2 )2en~. Also reported in this Chapter is 

the importance of pH ~s the vi~1.l factor for the successful synthesis 

of heteroligand peroxyv?.nad~te(V) cornulexes of tho gcner~al formula 

LVO(o2)2(L-L)J- (L- L:: ethylenedhminc (en), 2,2 - bipyridyl (b:i.:py), 

or 1,10- phenanthroline (o-phen) ). 

Experimental 

Reagent grade chemicals WJrG used for the !",ynthesos. 

Synthesis of Alkc1.li .Monokis ( e;thylcnediarni.ne )oxoc'1iperoxyv-nnr'lr1at--·, {V), 
----------------· ~--~---·---··· ---

As the methods of synthesis of the afore-mentioned compounds are 

similar, only a typical procedure is described below-. 
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An amount of 0.5g (2.75 mmol) of v~~~dium pentoxide was dissolved 

in 10 cm3 (88.2 mmol) of 30% hydrogen :peroxide. The solution w::~.s filtered 

and cooled in n.n ice-water b'lth for ~ 1.5 min. Pre-cooled ethylenediamine 

(J.Og, 49.9 mmol) was slowly ~dded to the above solution dropwise with 

constant stirring followed by the slow addition of alkali hydroxide, 

AOH (A = Na or K), or aqueous a~moni'l until tho pH of the solution was 

raised to 9. While sodium· or po~~ssium hydroxide was added in the form 

of a 20% aqueous solution, aqueous ammonia was added as its concentrated 

solution (sp.gr. 0.9). The reaction container was allowed to cool in an 

ice-water bath for~ 25 min, and an excess of ethanol was added with 

slow stirring until the lemon-yellow microcrystalline A ~vo(o2 )2 (en)~ 
ceased to appear. The compound was allowed to settle, and then isolated 

by centrifugation. The product thus obtained was wr~shed J-4 times with 

ethanol and dried in vacuo over concentrated sulphuric acid. 

The specific gram amounts of reagents used and the yields of 

A ~vo(o2 )2 en_l compounds obtained are reported in Table 1. 



51 

Table 1. Amounts of Reagents Used ::-md the Yiolds of A [vo(o2 )2 enJ 
(A ::- Ntt, K or NH4) 

Compound 

NH4 £"vo(o2)2en_] 

Yield in 
g (%) 

i 
(87) 

0.9 
(76) 

1.1 
(87) 

Elemental Analyses 

Amount of 
v
2
o
5 

in g 

(m:nol) 

0.5 
(?. 75) 

0.5 
(2.7.5) 

0.5 
(:e. 75) 

Amount of 
3~16 H~02 
in em-' 
(mmol) 

10 
(88.2) 

10 
(88.2) 

10 
(88.2) 

Amount of 
ethylenediamine 
in g (mmol_) 

3 
(49.9) 

3 
(49.9) 

'!he details of the methods of :tnalyses vTcre gi von in Ch~ptor 2. 

The rcsul ts of e1emEJnta.1 nm..lyses nrc gi von in T:J. blo 2. 

F~% (C'1.1Cdr %) 

A or .l~ v 0[1, c 
NH4 ~vo(o2 )2cn_7 20.2 24.12 30.9 11.57 

(20.1) (24.36) (30.61) (11.49 ) 

Na ~vo(o2 )2en_7 10.21 23.35 30.8 11.61 
(10. 74) (23.8) (29.9) (11.22) 

K ~V0(02 )2 en_7 16.4 22.72 28.2 10.28 
(17) (22.13) (27.81) (10.44) 

a Peroxy oxygen. 



'!he mol:::l.r conductance values and structurc:lly imporlc.".nt infrared 

and I.e..ser lhman (LR) bands 1.long with their assignments are summarised 

in Te.ble J. 

Results <1.nd Dh:.cussion 

The role of pH in the synthes&s of hGtcroligand pcroxyv~nadate(V) 

has been emphasised in the previous Chapter (Chapter J). Albeit some 

peroxyvann.date (V) complexes contc:ining cheln.ted aromatic di,.._mine 

ligands viz., 2,2 -bipyridyl (bipy) ~nd 1,10-phenanthroline (o-phcn) 

were reported in the literature, 8•9 no such complexes with aliphatic 

diamine heteroligands are known to date. A search for the suitable 

synthetic route for such compounds ~.s therefore required. Attempts 

were made by the present Horker to synthesise peroxyva~Ldates(V) 

containing coordinated aliph~tic diamine h8teroligp.nd like ethylene-

diamine (en), under the conditioTh~ an<1logous to those ~1.intained for 

the syntheses of the corresponding complexes containing aromatic 

dic.mines, 8•9 but the attempts were in v:-.in. In view of this and <! 

consideration of the fact that ethylen0db.mino (en) is more basic than 

2,2 - bipyridyl or 1,10-phcnanthrolinc it was expected that a comparatively 

higher pH of tho reaction medium would be more conducive to the 

desired synthesis. Since no mention was made, in regard to tho 

suitable pH for the successful syntheses of oxodiperoxyvanadato(V) 

complexes with coordin~ted ~ro~1.tic diamine hcteroligands, in the 

earlier reports8•9, the ~vo(o2 )2 bipy_7 -and ~vo(o2 )2 o-phen~ 
complexes were synthesised independently and it has been ascer~Lined 
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th:1.t pH 4-5 is rather appropriate for the :purpose. 1~lhereas :pH 4-5 is 

suitable for the synthesis of ~vo(o2 ) 2 bipy_7- or ~vo(o2 )2 0-phen_l,­

pH 9 has been found to be ~ppropri~tc for the purpose of synthesis of 

the corresponding ethylenediamine (en) complex. Accordingly the reaction 

of vanadium pentoxido, v2o
5

, hydrogen peroxide, ~nd ethylenediamine 

at pH 9, !Tk1.inttdned by the addition of :1lkt:1li hydroxide, AOH (A = N::t or K), 

or aqueous ammonia (vide Experimental), led to the successful synthesis 

of the hitherto unknown alkali monokis(othylenediamino)oxodipcroxy­

vanadates(V), A LVO(o2 )2 enJ (A =- Na, K or NH4 ) , in high yields. 

'Ihe function of ethanol in the present synthesis was to bring A.bout and 

facilitate precipitation of the desired products. Another important 

point that deserves a conLment at this st2.ge is the necessity of very slow 

addition of the requisite amount of ethylenediamine (en). A rapid 

addition generates heat ca.using a rapid decomposition of hydrogen 

peroxide, Cl.nd this is considered detrimental to the synthesis. The 

progrf'SS of the ree"ction is monitored by infr~red spectroscopy • lbe 

appearance of a strong band at ca 870 em -l cue to ..J (o-o), and the b:1.nds 

due to coordi~1.ted ethylenodinmine16•11in the IR spectrum of the compound 

isolated from a small fraction of the reaction solution indicated the 

formation of the desired complex species. The method described (vide 

Experimental) can be sc-,lE:d up, and higher u.mounts of the compounds can 

as well be ob~1.ined by following the present procedu~o. 

Characterisation and Assessment of Structure. /ukali monokis(ethylene­

diamine)oxodiperoxyvamdates(V), A £"vo(o?..)
2
enJ (A = Na, K or NH4), arB 

a11 lemon-yellow coloured products, and st:tbl0 for :t prolonged period. 

'lbeir stability is ascert-1-inod by chemical estim"..tions of ve.na.dium and 
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peroxide contents periodically. ThE 1\ [" VO ( o2) 2onJ compounds, unlike the 

Az LVO(o2 )2xJ (X = F- or Cl-) 7, ::tre stable :1.lso in solutions from which 

they can be recrystallised. The observed increase of stability in going 

from f:vo(o2)2xJ2- to £"vo(o2)2en.J is ascribed to the "chelate effect" 

~ught about by tho presence of chelating ethylenediamine ligand. The 

enhanced stability of the newly synthesised compounds has been ascer~~ined 

from the results of molar conductance measurements. Whereas the 

Az f:vo(o2 )2~ (X~ F- or Cl-) compounds do not permit molar conductance 

measurements, the values obtained for tho A ["vo(o2)2onJ (A ~ Na, K or 

-1 2 -1 NH4) complexes have been found to lie in the rrmgc 115 125 JL em mol 

(at 22°C in w~ter) strongly supDorting their 1 : 1 electrolytic nature 

in solutions in complete agreement with the formub .. 

Alkali monokis(ethylenediamine)oxodirercxyvanc..date(V) complexes 

are all diamagnetic in conformity with the occurrence of va~~dium(V) in 

each of them. In order to detormino the number of peroxy groups (o2
2-), 

present in the compound, coordinated to tho vanadium(V) centre, chemical 

determination of the peroxide content must be considered to be important. 

The peroxide estimation was accomplished by rod-ox titrations separately 

involving a standard po~~ssi~~ per~~ngr"ThLte solution and also a standard 

Ce 4+ solution. In each case boric acid w.il)S used to avoid any loss of 

active oxygen. The results of re~licate determinations of peroxide as well 

as those of vanadium contents conspicuously suggested the occurrence of 

V: o2
2- as 1 : 2 in each of the newly synthesised compounds. This lends 

credence to the contention that tho complex anion is a dipcroxy species, 
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Table J. Molar Conductance Values, and Structurally Important Infrared 

and laser Raman (LR) Bc1.nds of A ["vo(o
2

)
2
cmJ (A : Na, K or NH4 ) 

--
Molar IR Compound conductance -1 
n -1 2 -1 

em 
em mol 

NH4 ~vo(o2 )2en_7 125 9_50s 

875s 

61.5s 

525s 

15953 

1490w .; ... 
1J40m j 

105.5s 

Na f:vo(o2)2en.J 115 950s 

870s 

620s 

525s 

1590s 

1490w ., 
1345m j 

1050s 

120 955s 

870s 

620s 

520s 

1595s 

1495w \ 
1340m ( 

1055s 

·--------- ----

LR 
-1 em 

950 

880 

600 

530 

Assignment 

'l> (V= o) 

.V(o-o) .,;
1 

-.J(v-o2)iJ3 

t_) (V-02) ,)2 

c) (NH
2

) 

c}(CH2) 

,_)(skeletal) 

945 -::.J(v= o) 

88o ,)( o-o) v1 

61o 1.J(v-o2) v
3 

520 V(V-02) 1)2 

~ c-~(NH2) 

r.~(CH2) 

·,)(skeletal) 

950 ·)(v= o) 

880 . ._;(e-c) ).) 
1 

600 ·J(v-u ) ~.) 
2 .3 

530 ) :(v-o ) . 
2 :_.,2 

;£(NH2) 

c\(CH2) 

-,) ( skc letal) 



'!he infrar8d spectra of the A [-vo(c
2

)
2
cnJ compounds bear a very 

strong resemblance with each other (TCLble J), and show <:J..b.c:orptions at~ 

6 -1 . ) 950s, 3!:. 870s, and '.S!:. 20s anc ~ 525s em rcprosenta ti ve of '-) i_ V:::: 0 

owing to the presence of a terminal V = 0 grou.l?, of 1) (0-0, .,)1 ), and 

v (v-o
2

, -J
2 

and -J
3

) modes 7 •12- 14 respectively. :\nether typical feature 

of the spectra is the absorptions, due to the occurrence of coordinated 

ethylenediamine (en). The frequencies nt 3.::. l595s, .£9:_ l495w and 1340m, 

d lo55s -l 11 .:J t ·} . ·'-h •t•t .j. lO,ll d d an £!:. em arc 1r¥e proccuE::n ec J.n .., e . 1 Cl.'rl • ..,ure, regn.r e as 

quite characteristic of· chelated ethylenediamine, and assigned to ~(NH2 ), 

~ (CH
2

), ttnd -J (skeletal) modes of bicentnte ethy::ionedicunine (en) ligand. 

The observed pattern, originc1.ting fro.!! cl:hylt.:nodi:1minc, advocates for the 

presence of a chelated en ligand,10•11 and .(\oos n:')t im;::ly the occurrence 

of a trans-bridging ethylenediamine group. 15 It is pcrti.nent to add that 

IR spectral pattern nrising from n bridging ethylenedi.1.minc ligand should 

be much simpler
1

5 than what has boon observed in tho present cc.se, 

Moreover, the solubility property of the compounds docs not su;rpo:!:'t the 

idea of a trans-linked ethylenediamine ligand (sol·llbility of a compound 

containing a trans-bric).gcd en grour is very low). It is, therefore, very 

reasonable to argue that both peroxide as W8ll CLS ethylenediamine ligands 

are bonded to the van-1.dium(V) centre in a ch0lated biclentate manner, and 

the coordin:"ltion polyhedron of VV centro lTlc'1..Y bo pentagorv1.l bipyramif1al 

with a structure similar to that encountered in the cn.Gc of tho 

corresponding ~vo(o2 )2bipy_7- complex as reported in 1983.9 

'!he laser Raman (LR) spectr2. of u.1Tc;:1li m,·mokis ( ethylenedi~mine )oxo­

diperoxyvanadates (V) shoH· a very close simil::>.ri ty -Go each other suggestir.g 

that the compounds arc structurally simila'Y'. 'T"nr: IJrt spectra of the compound::: 
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recorded both in the solil" for'Tl as Hell ,,.,_s :.n aqueous solutions, did not 

exhibit any notable ch~nge in their rattern or in the positions of the 

signals indicating thereby that the complex [""vo(o
2

)
2
enJ - ion does not 

probably undergo any detectable structural change in solutions. The Laser 

Raman signals at ~ 950, .£f!. 880, £. 600 and ~ 530 em -l have been <3:&Signed 

t ~ t ( 0) - I (0 0 ~ I ) _ J ( 0 _ } ) d . 1 c~r ~ _ I ) OO 12-14 
0 v V= , v - , vl , v v- 2' v3 , an v v-U2' "2 m es 

respectively. It is owing to the b.rge polarisabili ty changes involved 

in the V- 0 bond that the -J(v = o) appears as a strong signal at 

~ 950 cm-l supporting the view that a terminttlly bonded V= 0 group is 

present in the complex. Considering sharpness and intensity of the LR 

signals, and the results of Raman depob.risation experiments, the LR peak 

at~ 600 cm-l is assigned to the ~3 , while the peak ~t ~ 530 cm-l has 

been attributed to the 1)2 (as this is foun:: to be poln.risecn mode of 

V (v-o
2

) vibrations. The number and positions of the pe:1ks arising from the 

( 2-) . coordinated peroxide o2 lend support to the content1on that the 

peroxide groups, in the complex ~vo(o2 )2en_7 -, are bonded to the 

metal centre in a triangular bidentate. (c2,
1

) manner. 

It mc~y be concluded that the hitherto unknown alkali 

monokis(ethylenediamine)oxodiperoxyva~~dates(V), 

can be synthesised from the reaction of v2o
5

, 30%hydrogen peroxide, and 

AOH at pH 9, while the suitable pH for the syntheses of the corresponding 

A f:vo(o
2

)
2
L-LJ (L-L = bipy or o-phen) h1.s ooen :found to be 4-5. The 

A f:vo(o
2

)
2

en_7 compounds are comparatively r.ore s~able than the 

~ f:vo(o
2

)
2
x_7 (X ~ F- or Cl-) compounisf 0.nd they n.o not decompose 



in water. The com:plox £"vu(o2 )2cnJ - ion mvst prob-"\.bly hB-s ::t pcntn.gonal 

bipyramidal structure with tho o2 
2- groups b::ing bonded to tho vanc1.c~ium(V) 

centre in a triangular bidentatc (c2v) manner, and the en group 

occurring as a chelated ligand. 
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CHAPTER 5 



--- ·-----·· ~ "·-·---- -- ----·--~ 
New Heteroligu.nd Peroxyvn.nadates (V). SynthesiG and Physico-Chemicn.l 

Studies of Alkali Triporoxymonocarbona. tovrm:1dn.te (v) 'I'rihydra tes, 

The importance of and the interests in peroxy transition metal compounds, 

which rendered them the focus of one of the activo areas of contemporary 

1-7 research, have been emphasised in tho literature- and highlighted in 

Chapter 1. funy transition met?,ls, of which vanadium is not an exception, 

give colour reactions w'i th hy'drogcn peroxide owing to the formation of 

complex peroxy-metal species in solutions. Unfortun~toly not many of them 

were obtained in the solid state probably because of their instability as 

solids or might as well Jre 0ue to the lack of sui ta.ble synthetic methods. 

Interestingly the introduction of specific heteroligr.nds in the coordination 

sphere of metals seem to increase the stability1 ' 2 '7 of such compounds and 

permit their isolation in the solid form to provide sccpes for making 

structural assessments and studying their involvement in activation and 

transport of oxygen. 2•3,5,6 Synthesis of well-defined peroxy-metal 

compounds is thus ~n important prerequisite. Within tte context of the 

chemistry of peroxyvanadates(V), it is evident tha.t heteroligand triperoxy­

vanadates (V) are scanty. B, 9 The only cxampl8s of the :,fcra said types of 

r ( ) J ( - - )lLJ. compounds are A2 L V o2 3
x A ,., Ntt, K or NH4 ; X ., F or Gl 

recently synthesised in this laboratory, but there is still a l~ck of 

information regarding triperoxyvanadnte(V) complexes containing bidentate 
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heteroligandR coordinc,ted to th::; met:->,1 centre. It may n•Jt be out of pl<tce 

to mention th:.t heterolig:md triperoxyv3-m,dates (V) have been long 

searched for. 11 

In view of this ~s well ~s the intrinsic importance of peroxy-metal 

compounds, l-7 it was imperative to develope suitc"lblo methods for tho 

synthesis of triperoxyvanadate(V) containing a coordinated bident~te 

heteroligand in the coordination polyhedron of thG metal centre, to 

characterise the compounds, eval~"lto the modes of bonding of the ligands 

with the met.'ll. 

The present Chapter deals with the first synthesis, characterisation, 

and assessment of structure involving infrared and laser Raman (LR) 

spectroscopy, of alkali triperoxymonocarbon"ltovanadate(V) trihydrates, 

Experimental 

All chemicals used were of reagent grade. 

Synthesis of Alkali Triperoxymonocarbonatovanadate(V) Trihydrates, 

A general method has been developed for the syntheBis of 

~ f:v(o2)
3
coy.J.JH2o compounds. A typical procedure is described below. 

In a representative procedure, an inti~"ltely mixed powder of 

v2o5 (0.5g, 2. 7 mmol) and alkali carbonate, ~co3 (A = Ih or K), was 

dissolved in 15 cm3 (1J2.L~ mmol ) of JO% hydrogen peroxide with constant 



6? 

stirring with mn..intcn-1.nce of molar ratio of v
2
_o

5 
: A

2
co

3 
: H

2
o2 as 

1 : 3 : 49. 'lb€ solution was filte:re.-cl to rcm,wc any traces of undissolved 

material, and then cooled in an icc-N-:tter h1.th. Corrosr;onding alkali 

hydroxide (15;:; aqueous solution) was added dropwise 1-d th stirring until 

a permanent deep blue colouration was developed. Addition of an excess of 

pre-cooled ethanol (twice that of tho original volume) to the above 

solution with occassional stirring afforded blue microcrys~1.lline alk~li 

triperoxymonocarbonatoVRnadate(V) trihydratcs in very high yoilds. 

The reaction container was cooled in ~ freezer for ca 20 min. The 

~ ~v(o2 )3co~.3H2o compounds were separated by centrifugation and the 

isolated products were Hashed four times with ethanol, and fin:.1.lly (tried 

!!!, vacuo over concentrated sulrhuric rcd 'i . 

.. 
1he specific G.mounts of reagent used fnr the synthosis, and the 

Table 1. .!\mounts of Ro2.gents User] for the Synth.c:siE, and the Yields 

of A
3 
~v(o2 )3co~.3H2o (A ~ Na or K) 

Compound 

Na
3 
~v(o2 )3co3_7.3H2o 

--
Yield 

f 4) 
g~7.:. 

1.6 
(89) 

1.8 
(85) 

Amount of 

v
2
o
5 

in g 

(mmol) 

0.5 
(2.7) 

0.5 
(2. 7) 

Amount of 

AzC0
3 

in g 

(mmol) 

0.9 
(8.5) 

1.2 
(8. 7) 

Amount of 

30% H
2 

o2 in cm3 

(mmol) 

15 
(132.4) 

15 
(132.4) 
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The details of the methods of olernent£:.1 anctlyses h:we been given 

in Chapter 2. The results of element~l analyses ~rc summarised in 

Table 2. 

Found '~ (Calcd, %) 
Compound 

A v a 0 c 

----·-· 
Na3 ~v(o2 )3co~.3H2o 20.7 15.48 29.7 3.62 

(20.9) (15.44) (29.1) (3.64) 

·-~---~ 

K3 ~v(o2 )3co3~.3H2o 31.3 13.51 25.9 3.12 
(31.0) (lJ.47) (25.38) (3.17) 

~eroxy oxygen 

Structurally significant infrare~ and laser R<tman (LR) b1.nd 

positions along with their assignments are presented in Table J, 

Results and Discussion 

It is well known that v~Th1.dium(V) produces a characteristic 

colour with hydrogen ]Jeroxic1.e solution, and it serves as a very good test 

reaction for the detection of the met:cl. 8 Re~ctions of va.nadium(V) with 

H202 are, however, complicated and different t1res of complex peroxy-
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vanadate species are formed with a small variation of acidity/alkalinity 

of the reaction media. The present interest is to synthesise well-defined 

heteroligand triperoxyvanadate(v) complexes. Since morA than two peroxide 

(o2
2-) groups can not be introduced into the coordination sphere of 

vanadium(V) till pH 7, 8 oxo-oxygen of vo3+ is not knocked off either in 

acidic or in neutral solutions, and triperoxyvanadates(V) have not been 

found in acidic solutions,12 it is certain that the synthesis of hetero­

ligand triperoxyvanadates(V) should be sought only in an alkaline medium. 

The results of a very recent study have shown that the parent complex 

triperoxyvanadate(V), ~v(o2)~ -, has to be synthes~sed only from a 

very highly alkaline solution.1J ~lith a very high alkaline condition being 

conducive to the synthesis of triperoxyvanadate(V) complex ~v(o2)~ -, 

it was apprehended that the heteroligand complexes of va~~dium (v) 

containing three peroxide groups (o2
2-) and a bidontatc amine (e.g., 

1,10-phenanthroline or 2,2-bipyridyl), as looked for, 11 might not be 

feasible because a diamine ligand nould bo unstable under such a condition. 

Therefore a bidentate ligand like sulphate (so4
2-) or carbonate (co

3
2-) 

was considered to be suitable. However, the ligand selection here did not 

2-go in favour of so4 , as a preformed sulphate generally does not 

coordinate with vanadium(V) in the presence of peroxide (o2
2-) ligands.14 

Thus, the reaction of vanadium(V) with alkc:.li carbonate, AzCOJ (A = N:t or 

K), and hydrogen peroxide was ctLrried out in a highly alkaline medium 

(vide Experimental), and blue alkali triperoxymonocarbonatovanadate(V) 

trihydrates, ~ ~v(o2 )3co~.JH2o, were successfully synthesised. The 

compounds were isol~ted from the reaction solutions by the addition of 

ethanol which facilitated procip5.tation. The appearance of a steady blue 
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colour of the rc[l.ction solution, :tnd com:rlctc 1.bsence of the 1)(V=0) 

-1 86 -1 h.1.nd nt ££_ 950 em and c'.ppeetr"..ncc of a strong b1.nd <Lt £:. 0 em due to 

~(o-o) plus the frequencies oHing to the coord.in'lted carbomte (co
3 

2-)l5 

in the infr~.red spectrum of the product isolated from tho solution 

indicate complc;tion of tho reaction. 'I'hE: fact the1.t a, very high concentrntion 

of the alkaline medium leads to tho form.:,,tion of the complex species 

f:v(o2 )3coyJ3- while the relatively lm-ler conc(mtr:-~.tion of the <>.lkttline 

medium produces ~vo(o2 )2co~3- ( as described in Chapter J) suggests 

that a very high alkaline medium probably helps replacement of the last 

oxo-oxygen from the f:vo(o2)2co;..J3- species by a o
2 
2- group, thereby 

favouring the form.'ltion of f:v(o2 )
3
coy.J3-, or thnt the oxo-oxygen of 

the ~vo(o2 )2co~3- species is converted to the thircl peroxy ligand Py 

abstracting an oxygen of hydrogen reroxide. It is cifficult to say, in 

the absence of <1ny direct evicJence, uhich of the two mechv,nisms is more 

promble. HOl-Tev-er, the fact th-1.t oxygen exch~cnge on v'l..nHdium(V) is very 

slow16 and the strength of the V- 0 multi])le bond is high, <LS evident 

1?,18 from the IR spectroscopic studies on oxo~nadi~~(v) complexes, 

indicates that the latter mechanism ~~y be more likely. It is evident, 

therefore, that under the appropriate conditions, the heteroligand-

triper"xyvamdate(V) compounds of the type ~ J:v(o2 )3
coy.J.JH20 can be 

synthesised and that a much higher ~l~1.line medium is requiren for the 

successful synthesis of the complex ~v(o2 )3coy.J3- ion as opposed to 

a lower pH ( ...... 7) necessary for the synthesis of the d).peroxyct:.rbonato 

species ['"vo(o2 )2co
3
JJ- (vide Ch1-pter J). 
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Cha:mcterisntion :->.nd Asnessment of Structure. Tho blue ::1lko.li - --... ------- -·....... - ~-~-· ... - -·-----· 
triperoxymonocn.rbon~.tov::m'ld:!te (v) trihyrlrr.tcs, A-~ ['"v(o? )

3
coyJ. )H

2
0 

(A = Nn. or K), 1.re db:n1.gnctic in confor!'lity with thE> occurrence of 

vamdium(V) in en.ch of them. 'lbc AJ L'v(o2 )
3

coy.J.3H2o cn.n be stored for 

a prolonged period in scaled contEdners, however, they decompose in wn.ter 

thus precluding molc.r conducwnco mo.:1.surements. Tho freshly synthesised 

compounds start losing water on hc!'\.ting 1.t ~ 120°C, but the clehy<'lrntion 

process is accompo.ned by the simultn.noous lor;s of poroxide thereby 

precluding a genuine dehydr~tion. 

The results of chemicn.l detnr~in1.tion of rcroxice contents, as 

accomplished by red-ox titr<.Ltions sep:'.r1.tcly involving ,':'_. standaro 

potassium pernr ... ng"Lmto solution ~nd 1. st.1.nchrd Co 4+ solution, conspicuously 

suggested the occurrence of three peroxide (o2
2-) groups rcr ~~'ldium(V) 

in each of the newly synthesised comnoun~s in 1.groo~cnt with their formula • 

The infrn.red ~.nd L'lsor 11-".m'J.n (LR) spcctr?. of tho compouncl.s ::lrc 

very infor~'ltive ~nd chnrn.cteri~ic. The significant features in the 

spectra of A
3 
~V(o2 )3co~.JH20 involve the h:.nds of coordin:.ted 

peroxide ligand, cn.rbom.te ( co
3 

2"') frcquoncies, 0-H strctchings :.nd H-0-H 

bendings. The infrnred spoctrct of tho compounds exhi bi tod ths 't) ( 0-0) and 

.J (v - o2) strctchings of the coordin'l tod :;>oroxide 

at .S:. 860s ( tJ1), and n.t ~ 620s ( .,)
3

) rmd ~ 530s 

(o 2-)10,19,20 occurring 
2 

(i.J'2.) cm-1 . The other 

structumlly significant OO.nds are those lvhich ow0 their origin to the 

presence of coordim ted c-'lrbonn. to ligr'.nd ( co
3 

2-), l5 Tho ros i ti ons of the 

lnnds and the p:-'1ttern of the spectr:_-,. 1-1hich origin:>.tc from. coorr:linn.ted 

Cc'lrbonn.te ligand C1.ro essentio..lly simib.r to thof3c cbsorvcc~ previously for 
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Table .2.· Structurally Signific"l.nt Infrr>"recl. and L:1scr ~1~man B..:.nds of 

Li 
Compound -1 

em 

Na
3 
~v(o2 )3co~.JH2o 857s 

619s 

530s 

1,566s 

1350m 

1040s 

750m 

6901'1" 

390m 

3450m 

1640s 

K
3 
~v(o2 )3co~.JH2o 864s 

625s 

535s 

1565s 

1350m 

1050s 

740m 

692w 

390m 

31+55m 

1640s 

·-·--· 
Raman 

-1 em Assignment 

----···-·~· 

855 
615 

530 

1570 

850 

610 

530 

1570 

~(c-o), -~-\, ~ 1 
t.>(c-o) ,. See-c-o), -L-~,B2 I 
1.-:( c-o) \ 

t co 2-

.ring doform:1.tion -+- )(v-o) 3 modes 
\' 

c) ( 0-C-0) -+- ·) (V-0) 

'I 
~-· (v-o) 

·~..:· (0-H) 

S(H-0-H) 

·J(o-o), I 
... 1 

v(v-o
2

), -JJ 

,)(v-o ) , ' ~. ' 
2 "2 

'tJ(c-o), ) 
'"'1, ~ 

.J(c-o) + 2-~ ( o-c-o), v
5

, B2 

:)( C-0) 2-
co 

.ring deformation + \...>(v-o) m~es 

Sea-c-o) + .. J(v-o) 
l( . v V-0) 

1.J(O-H) 

\ o(H-0-H) 
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Cllapter 3 m~king .1, further cletailccl r1iscusf'.ion, fn:~ the :pre!"lr:nt cases, 

.J1 (A1) and "\,j(B
2

) modes at .9£1 1565 '1..nrl 1350 em -l respectively. An 

appreciable sepn.l:l'.tion between the two afore s<d·:: b:..n,~s provides a very 

strong evidence in favour of 11 chcb.to'1 mrbon~,tc ligand. It i::: o1-ring to 

their instability in water, tho.t their L:tser Raman s~--<;ctra h.1.d to be 

recorded only in the solid. stc1.te. 'Ihe laser R:un<1n (LR) spectrc. strongly 

augment the IR s:pectr::tl observl'..tions. Th.G s:-.lient fen.tures of the LR 

spectra n.re the signals ~t £2. 855 em -l duo to "\)(0-l\\, -j1 , and 5?!":.. 610 

-1 
and ~ 530 em ctttributcd to the -~..!3 anc~ .,)

2 
mo...1es rc.:spectivoly of the 

V(v-o2 ) vibrntions. 'lhe (listinction between the ~)2 and v
3 

mo:.1es of 

.J(v-o2) was made on the blsis of sh:>.rpness anc, intensity of the bro b:mds. 

Since the ~2 mode is 

-1 signnl at E_ 530 em 

polarised, the comparatively more sharp and intense 

- \ -1 hc.s been .... ssignoc: to ......-
2

. The peak at 1570 em 

has been n.ttributcd to the ·j(C-0), I.-]_(A1 ), 11ode of coordim.ted 

C.'1.rbonate. It is important to note thn.t no sign1.l rr~s observed n.t ca 

950 em -l, in the IR c:ts well as in the Iuser R:tiik"tn spectre., r.. position 

typical for the V=O group. 'Ibis ronrJers it ccrt2.in that the complex 

ion does not have any V=O group. Thu.s, it is very clet'l.r ·;tmt both 

'd 10•20 d b t 15 1' ~ ~· t " t th di (V) peron e an cnr ona e 1gn.nr's n.re cooJ:.-...1!k1. or_. o e vaJk;, urn 

center in a triangular bidentc1.to fashion. 

A common feature of tho IR spectrn. of A
3 

Cv(o
2 
)3co,;J.~n2o 

(A = Na or K) compounds is the occurrence of two '1.d.r" 5 tional ~Xcnds Cl.t ca 

1640s and E£'::_ 3455m em -1 which :resemble in their sh~pe and 'Position , 

those typically observed for the :presence of uncoordillc.;.ted w:t.ter. 
21 •

22 



This ."1,S well n.s the loss of W't·~-r C't .s:_ 120°C suggr:~.t that the Fct0r 

molecules in the title compounds ~re rresr:nt only 'I.S l:~tticc W\tcr. 

Studies of recctivity of coo::r..Y~im.ter-1 peroxiclc c-mstituto rt pr,rt 

of a geneml rrogr::tm involving tho? ch(·:mir: try of pProxy-metc'"l.l comround2. 

'Ihe results of' prelimim.ry oxreriments on oxidn,tions, •1f' some inorgf!.nic 

species (e.g., 302 ) <1..nd organic substntes (e:.g., [l,lcohols, rolycyclic 

hydrocarbons etc.) using AJ ["v(o?.)3co3J.JH2o, ::1re: rromisillf'. Studies 

on reactivities of these compounds as well as of the other peroxy-metal 

compounds synthesised in our laboratory are in progress. The comprehensive 

results of such studies 1-rill constitute the subject matter of futuro 

reports. 

Thus it is evident from th<; results of stu("1ie!:. described in the 

present Chnptcr that the hitherto unknoNn hPteroligrwd triperoxymono-

can be synthesised from the rel,ction of v
2
o
5 

with aqueous H202 i1,nd 

A2co3 (A= Na or K) in the presence of a highly alkaline medium (AOH). 

'lhe compounds can be storEJd in sc".led cont .. 1.iners, hal-rever, tt.cy ntart 

losing water and peroxide on hr·ating n.t .s;. 120°C. Th0 A:3 ["v(o2 ) 3co;J .JH20 

compounds show very characteristic infrared and R!,m?n spectra. The 

salient features of the spectra are tho bands/peaks due to coordinnted 

peroxide ( 02 
2
-) '"l.nd coordina. ted c:.:.rbona te ( co

3 
2-) lig::tnds, <\nd the 

frequencies due to uncoordim.tc0 1{
2

0 molecuJ..r-3. p-:·:·l .. imary resultFl of 

oxidn.tion reactions (r•<.ctivity of coordinated peroxide) involving 

A:3 [v(o2)3coyJ.JH2o are vory :promising, P.nd further work on the studies 

of rea.cti vi ties of coordioa. ted peroxide iB noH und crr..ray. 
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CHAPTER 6 



qha.pter 6 

-------------------------------------------------------------
Direct Syntheses of Bis(acetylaceton.ato)nickel(II) Dihydrate, 

Ni ( C _51
7

0
2 

)2 • 2H
2 

0, and Isolation of -1 , .._:{ , 

* as the Oxidation Product of Acetylacetcne 

1 
~ , {;' -Tetra-acetylethane 

I 

---------------------------------------------------------

The general interest in the studies involving acetylacetom.to complexes 

of metals has been highlighted in ChaptGr 1. Bis(acetylacetonato)nickel(II) 

dihydrate, Ni(aca.c)
2

.2H
2

0, a reprosentc.tive exa.'l!ple of such types of 

d h . h 1-8 compoun s, as engaged the attent1on of many researc groups. 

Particul~rly notable is its catalytic activity in very impo~~nt organic 

reactions such as, for inst2.nce, oligomErisn.tion, polymcrisation, 

hydrogenation, and isomorisation of olcfins, hydrosilyb.tion of alkynos, 

and coupling organic halidcs.9 Ni(a~~c)2 .2H20 is synthesised from 

aqueous solutions of nick8l(II) s;:~.lts in the: presence of acctylC~.cctone 

and an excess of a weak b1.sc such as :=;odium <weta.te (buffer).
10 

The 

compound is readily dehydrated to green anhydrous compound r>.t 50°C 

in vacuo. The method currently used in practice for the synthcsie of 

bis(acetylacetonato) nickel(II):dihydrato requires the addition of a 

large amount of sodium D.cotD.te [!.S a buffcr.10 The chances of contamim.tion 

of the desired product, Ni(acac)
2

.2H
2
0, owing to the uso of such a large 

amount of buffer c~nnot bo ruled out.11 Thus, it is required that direct 

methods of synthesis of Ni(acn.c)
2

.2H
2
0, without making use of !'lny buffer, 

n.re developed. 

* The results dcscribc:l in th:.s C!l:;phr h"VO ben publiFhfld. 

J. Chem. Soc. Dalton Trqns. 198), 2561. 
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Further, it h0,R bcon shown thnt ncetyl1.cetone (H<tcnc) c:tn be used 

as a reducing agent 'lS well. 12 And b::tsoc on this concept the compounds 

like vo(acac)2 lJ, Mn(acac)J 14 and '.X(2-cn..c)3 l5 have been synthesised 

from v~a~1.dium(v), ~!.ngansse(VII), and chromium(VI) respectively. It is 

important to note that no evidence in regn.rd to the oxidation product 

of acetylacotone, when it 'l.Cted as 2.. reducing C1.gent in such reClctions, 

has any reported existence in the literature. It was therefore necessary 

to isolate, and to identify and characterise the oxidation product 

of acetylacetone from such reactions. 

It is Chnpter 6 of the present thesis which reports two direct 

methods for tho synthesis of bis (Dcetylnceton:->to )nickel(II) dihydrnte, 

Ni(a~!.c)2 .2H20. Also reported in this Chapter is the isolation of 

oC 1 c(, p, (3 -tetrn.-acetylethane as tho oxidation product of acetyl?.cetone 

(c5H8o2 , Hacac), for the first time, from a reaction between acetylacetone 

and a higher valent metal species. 

Experimental 

---------------------------
'!he chemicals used for the rc0.ctions were all reagent 

grndo products. 

~thod I 

Synthesis of Bis(acetylaceto~!.to)nickcl(II) Dihydrate, Ni(a~!.c)2 .2H20. 
from Ni(OH)~. 

An amount of 20.0 mmol of freshly prepared alka.li free Ni(CH)2 

was taken in the form of an aqueous suspension (in 25 cm3 water). To this 
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was added an amount of 80 mmol of distilled acetylacetone (Cjffg02) with 

stirring. Vigorous stirring was continued for a further period of ~ 

JO min whereupon the green Ni(OH)2 was converted into a blue-green 

shiny product. The reaction container was sot aside for about 20 min 

in order to all01.v tho product to settle. The compound was separated by 

filtration, washed first with 1 : 1 acotylacetone-water mixture (J-4 times) 

and then with ethanol ( 2 times), and finally dried in vacuo over 

concentrated sulphuric acid. 

The direct pror1uct wr:.s rocryst.'"'.llised from boiling acetone by the 

addition of light petroleum (b.p. 40-60°C) and subsequent cooling at ca 

0°C to obtain blue-green shiny platelet compound. The yield of 

Method II 

Sznthesis of Bis (acetyl."'coton.'l.to )nickel(!!) Dihyd.rate from the 

Reaction of NiO( CH) and Acetylacetono, and Isolation of ;;( 1 o( 1 /3, t3 -
> 

tetra-acetylethane as the Oxidation Product of Acetylacetone 

The Method II requires NiO(OH) as one of the st.-'lrting mc.1.terials 

which needs an extr~a preparation step. 

Preparation of NiO(OH) 

An aqueous solution of nickel(II) chloride hexahydrate, NiC12.6H20, 

was treated with an excess of sodium hydroxide solution and a precipitate 

of Ni(OH)2 was obtained. The Ni(OH)2 was separ'"'.ted by filtration and 

purified by repeated washing with w~ter until the washing was found free 

from chloride. Nickel(II) hydroxide \<rn,s then oxidised to NiO(CH), a 
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nickel(III) species , by treating an alkaline suspension of it with 

bromine. The black NiO(CH) thus obtained was separated by centrifugation, 

washed with water until free from alkali, ~nd finally dried in vacuo 

over phosphorus pentoxide. 

'lbe NiO(OH) thus obtained W?..S used for the preparation of 

Ni (acac )2• 2R2 0. 

Reaction of NiO(CH) with Acetylacetone (cSH8o2, Hacac) 

Acetylacetone (ll.Og, 110.0 mmol) was added to a suspension 

of NiO(OH), (2.0g, 21.8 mmol) in water (ca 6 c~) with constant 

stirring. An exothermic reaction occurred almost immediately. The 

reaction mixture was stirred mechanically until the black NiO(OH) was 

converted completely to a blue-green product (££ 15 min). The mixture 

was filtered, and the product washed with acetone until a blue-green 

filtrate had just begun to appear. 'Ihe combined filtrate and washing(!) 

was retained for the isolation of the oxidation product of acetylacetone • 

The compound on the filter wa~ then recrystallised from boiling 

acetone by the addition of light pertoleum (b.p. 40-60°C) and subsequent 

cooling at ca 0°C to obtain the blue-green shiny platelet compound. 

Isolation of the Oxidation Product, ·:;( 1 c( , /3, /3 -Tetra-acetyl-
r I 

ethane from the Combined Filtrate and Washing (A) 

The combined filtrate and wa.shing (.!) was concentrated by 

removing the solvent on a rotary evaporator, and colourless cubic 

crystals were obtained. The crystals were removed and washed three times 



76 

with benzene and finally Qried on a filter paper. 

The product v{ , -:( , j3, /~ -tetraacetylcthane, 

(rn
3
co)2CH- CH (COCQ:

3
)2, melts c.t 190°C (1it. 16 , 191°C). The yield 

was 1.85g (85.6%, on the br.sis of an electron-transfer reaction between 

III ) Ni and Hacac • 

Elemental Analyses 

The details of the methods of an~lyses have been given in 

Chttpter 2. 

~ytical Dnta--~Ni(CSH7o2 )2 .2H2~ 

Found:(%) C, 40.8; H, 6.3; Ni, 20.2. 

~~led (%) for C1QH18Nic6 : C, 41.0; H, 6.15; Ni, 20.05. 

Found : M (mass sprometrica1ly), 198; C, 60.49%; H, 7.19% 

Calcd. for ~QH14o4 : M, 198; c, 60.58%; H, 7-lJ%. 

The infrared spectrnl data of Ni(acac)2 .2H20 have been reported 

in Table 1, while its mass spectral data have been presented in Table 2. 

Results and Discussion 

The problems encountered in the synthesis of bis(acetylaceto~~to)­

nickel(II) dihydrr.te, Ni(acac)
2 

.2H20, have been already mentioned in the 

opening section of the present Chapter. In order to circumvent the 

existing diff~culties two new and direct methods of syntheses of 
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Ni(acac)2 .2H20 have now been developed. 

The two new methods are based on two different philosophies. 

While the f13thod I is based on a simple acid-base reaction, the Method II 

relies on an electron-transfer reaction between a nickel(!!!) species and 

acetylacetone. A common but significant feature of the two methods is that 

neither of them requires any buffer. According to the Method I Ni(CH)2 

is allowed to directly react with Hacac (c5H8o2 ) to produce bis(acetylace­

tonato)nickel(II) djhydrate, Ni(acac)2 .2H2~in a very high yield. The pH 

of the reaction, recorded immediately after the reaction took place, was 

fount to be ~ 5, a pH suitable for the purpose of successful synthesis of 

Ni(acac)2 ._2H20. Thus, unlike the liternture method10, no buffer is 

required in the present synthesis. The method is fast and can be scaled · 

up, if desired. 

Our specific interest in the Method II was two folds: First, to 

develop another direct method for the synthesis of Ni(acac)2 .2H2o, again 

without making use of any buffer, from the electron-transfer reaction of 

nickel(III) with acetylacetone (Hacac). Second, to isolate, characterise 

and identify the oxidation product of acetylacetone from a reaction in 

which it acted as a ~educing agent as well. The potential of Hacac as a 

reducing agent has bee-.1 emphasised in som~ recent reports •12-l5 Accordingly, 

a nickel(!!!) species, NiO(OH), was reacted with Hacac (c5H8o2). The 

reaction was ve~Jr facile and gave bis(acetylacotoTh~to)nickel(II) dihydrate, 

Ni(acac)2.2H20, in a very high yield. One of our main concern was to 

identifY the oxidation product of Hacac. Work up of the mother liquor, 

after separating Ni(acac)2 .2H20, afford a highly crystalline organic 



compound. 'Ihe compound was found to be very spc1.ringly soluble in water, 

benzene, and ether, and its various physical and chemi~1.l properties 

viz., colour, m.p., ·solubility, reaction l'lith FeC1.3' and the mass 

spectrum compare very well with those of a specimen prepared by the 

action of iodine upon sodium acetylacctonate .16 'Ihe organic compound 

thus obtained has been identified as ~·, o(, , !J 1 f.> -t<::tra-acetylethane, 
I : 

In an atternf!t to gonc3rJ.lir.:;; tho contention that electron-transfer 

reactions between higher-valent t~<1nsition ~e~l ions and acetylacetone 

leading to the corresponding P.cetylacetontttes give (CH
3
co)2CH -- CH(COCH

3
)2 

as the oxidation product, the ren.ctions of Hacac 1dth manganes<(vrr) and 

Chromium(VI) were performed following the procedures developed in this 

laboratory •
14

•15 Isolation of c(, q , /;:., /S -tetra--acetylethane, 

(CH3co)2rn - CH(CoCH
3

)2 , as tho oxidation product from each of the 

reactions, after separation of the corresponding M(acac)
3 

complex, was 

successful again owing to the oxidation of acetylacetone. It is therefore 

concluded that in the electron-transfer reactions of the types discussed 

above, acetylacetone is oxidised to .:;( , 0\. , j3 , j3 -tetra-a.cetylethane, 

(CH3co)2CH --- CH(CoCH
3

)2• 

'!he Iii of the rec.ction solution, recorded immediately after the 

fornntion of Ni(acac)
2

.2H
2

0 was 1'ound to be ~ 5, a situation conducive 

to the formation of metal - acac complexes, and concurs with that 

maintained by Charles and Powlikowski10 by the addition of a large 

amount of sodium acetate (buffer). In view of the products isolated from 

the reaction of Niiii, MnVII or CrVI with acetylacetone (e.g. see below), 
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and observed pH of the reaction medium, it is believed that ~cetylacetone 

first undergoes ionisation giving (CH
3

co)2CH- (r.cac-) and H+ (cf. the 

observed pH) followed by the oxidation of (CH~CO)~CH- ion to 
-' "-

the (CH
3

co)
2
ar radical (with corresponding reduction of the metal), which 

dimerises to yield (CH
3

co)
2
CH- CH(CoCH

3
)
2

• It appears that this route 

to o( , G(, ;:3 , !3 - tetra-acotylethane is relatively si!llJller than methods 
( I 

described in the literature16 for the purpose. 

Beet1.use of the higher yield of product, considerably shorter 

reaction time, and redundancy of any buffer, the rresently described 

methods of synthesis of Ni(aeac)2 .2H20 offers advantages over the 

procedure described in the literaturc.16 

The blue-green crystalline Ni(ac~c)2 .2H20 is soluble in many 

organic solvents, and also to some extent in w2,tor. It is ec1.pable of 

being stored for a long period. The molar conductance of the compound 

,..-,-1 2 -1 0 • •t ti was found to be 10 ..) (. em mol at 21 C support~ng ~ s formula on, 

purity and stability. Tne infrared SPf;ctra of Ni(acac)2.2H20 is similar 

to that reported, for the compound, in the literature17 ~nd conforms 

to the occurrence of chelated acetylacetonate ligands. Moreover, the 

room temperature .m..1.gnetic moment value of J.l? Bf1 (1 BM~0.927 x l0-23Am2) 

as observed in the present et1.se is in complete accord with the value 

18 reported by Cotton and Fackler. 
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The impo~~nce of direct insertion technique, for the m~ss 

spectrometry of metal-r~.cetylaccton-::ttes, ht\s been emphasised in some 

recent reports on mc;ss spectrometric studies.1 ' 2 •19 A similar technique 

was adopted in the present studies in order to introduce the samples 

straight into the ion-source without Qny prior hoating. This technique 

was also necess~ry for (CH
3
co)2CH --- CH(CoCH

3
)2 to overc~me the 

difficulty apprehended due to the possible for~~tion of 2,5-dimethyl-3, 

4-diacetylfuran through elimin-"ltion of one molecule of water prior 

to electron-impact. 

The II1:1.SS spectra of Ni(a~ac)2 .z.tt2o wn.s recorded ~'lith the ion­

source temperature being !llc.1..intained at 50°, 160 ° and 150°C. However, 

the ion-source temperature of 160°C wn.s found to be suitable for the 

purpose, since the spectra recorded at 50°C were rather weak while 

those run at 150°C exhibited some pyrolysis effect. The mass spectra of 

Ni(acac)2 .2H20 (Table 2) showed the molecular ion signal u.t m/z 2.56 

suggesting that the molecule exists o-B a 'l!onomer in the vapour state 

and does not unr'lere;o any association. The molecular ion peak was followed 

by a strong signal (96% intensity) at m/z 241 owing to the loss of an odd 

electron fragment CHj with the major fragmentation pathway beingr 

The above pattern is strongly supported by the appearance of met~stable 

ion peaks and the results agree with those reported independently by 
. 20 21 

other workers • ' 
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Table 1. Infrared ~nd Positions (n.nd Their ASsignments) of 

-- -- . --------..,.~----------- . ..----
Assignment (r1odes )17 IR 

-1 em 
_..=..;::.--------------~----·---

1595 

1515} 
1450 
1395 

1370 

1260 

1210 

1020 

935 

760 

665 

450 

C = C str. ( -.. ) 8) 

.,. C= 0 str. ( .,J
1

) 

C= 0 str. + CH bend ( -0
9

) 

CH
3 

clef. 

C:rlJ sym. dcf. 

C - C str + C - CH
3 

str. ( -J 
2

) 

c - H in - plane bend ( "~·\e) 

CHJ rock 

C - CH
3 

str. + CO str. ( ..J
3

) 
;. C - CH

3 
str. ( '\)

11
) 

CH out-of-plane bend 

Rin~ def + Ni- 0 str. (~J4 ) 

Ni - C str. ( .,J
5

) 
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Table 2. r.tlss Spectral D<t'l'1 for Ni(.<l,C<1c)
2 

(a) Major Peaks 

Assignment 

Ni(C_?
7
o2)2 + 

Ni(CSH702)(C4H402)+ 

Ni(CSH702)(JCCH2)+ 

Ni ( CSH702 )H+ 

Ni(C_1l7o2 t 
Ni(c4H4o2 t 
Ni(C4H

3
o
2
t 

Ni(c
3
H4D)+ 

Ni(OCCH
2

)+ 

Ni(co)+ -, 

or ~ 
Ni ( c

2
H4 )'+· j 

Ni+ 

(b) Met.:1.stable trn.nsitions 
mLz* 

... 

... 

... 

... 

... 

... 

obs~rved calcUlated 

226.8 .... 226.88 

102.2 .... 102.28 

128.4 128.43 

91.5 ..... 91.52 

70.J 70.42 

64.8 6'+.88 

39.1 .... 39.12 

. .. 

. .. 

m/Z 

241 

199 

158 

157 

142 

141 

114 

100 

86 

Process 

265 - ):. 

241 ~ 

157- ~ 

142 

ll~2 ) 

111+ - ') 

86 )' 

. .. 

. .. 

. .. 

... 

. .. 

241 

157 

142 

114 

100 

86 

5~ 

Intensity (%) 

100 

96 

3 

40 

91 

30 

23 

5 

56 

70 

16 

~"r;mnnt lost 

CH3 

CL(I4G2 

CH3 

co 

CzHzC 
Cu or c2H4 
c;tr4 or CC 
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A significant fe0..turc of the SJIE.ctr0.. of Ni(.<:'.cac)2.2H20 is the 

presence of a met0..stable trnnsition SUF["\Ortect signP.l at m/z 158 which has 

been assigned to Ni(cSH
7
o2 )H+. This owes its origin to tho hydrogcn(H) 

transfer reaction, taking pl2..ce under tho mass s:;ectrometric connitions, 

from a methyl group to nickel. 1Uthough it was previously proposed22 

that H from the methyl carbon of one acac~ li~and to an oxygen atom of 

·the other took place, to us, hovrever, it D.:ppears as a more likely alter-

native that H shift from carbon to nickel h2.B taken place, because (i) H 

transfer reactions appear to be r?.ther co~mon for nickel complexes which 

may also be relaten to the catalytic activity of nickel in hydrogen 

transfer reactions, moreover, (ii) if H tr2..nsfer to oxygen of the other 

acetylacetonate ligand were involved it would have been a common feature 

of most of the metal-acetylacetonates, if not of all. 

The mass spectra, of ,..l _r /i. /;.,· • tetra-acetylethane was "'1..-rli'..rt_,.,/__,. 

recorded at 20°C, showed the molec~ar ion sign~l at m/z 198 (96% intensity) 
... 

due to <1_<f114o4 , in conformity with the calculated molecular weight of 

the compound, followed by strong signals at m/z 180 c,nd 165 a.ssignecl to 

c1aH12o
3

+ and c9H
9
o
3

+ ions respectively. The most dominant signal in the 

spectrum was the one apPeared -1.t m/z 165 (due to c9H
9
o
3 

+-),however, the 

signal at m/z 43 owing to the fra.gment ion COCHj ~J..lso appen.red as a very 

strong signal (intensity 97%). 

To conclude the discussion, it may be s~~ted that the compound 

Ni(acac)2 .2H2o can be directly synthesised, without involving any buffer, 

either from the reaction of Ni(GH)2 with Hacac or from the reaction of 

NiO(CH) with Haoac. Both the methods give very high yields. Further, it 
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may be st~ted th~t in the eloctron-tr~nsfer reactions between higher-valent 
~.,.,J 

metal ionsJHacac, ,.,cetylncctono is oxidisec\ to (CH
3
co)2CH ·- CH(COCH

3
)2 • 
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CHAPTER 7 



~"}_pter 7 _______ . ____ , ________ _ 
Synthesis of Tetrnfluoronickelatc (II) Complexes [ .. NiFJ?.-: 

* A Novel Route to Fluoromet'1btns an~1 tho Scope of the Now r1-:1thoc1 

une of the min reasons for n. limitec: access to fluoromctalntcs, of 

which tetrafluoronickelatc(II), ~NiF1~-, is no cxce,tion, is the 

lack of suitable easy methods for their synthesis. As the case in 

point, for exam~lc, the synthesis of tetrafluoronickelate(II), ~NiF~-, 

involves1 •2 fusion of anhy~rous nickcl(II) fluoride, NiF2 , with a 

stoichiometric 1.mount of alimli fluorir1es or alkA,linl". -earth metal 

fluorides either ~n vac~ or in an ~tmosphcro of nry hydrogen fluoride. 

Such methods therefore re-quire not only anhydrous NiF 2 which itself 

is difficult to obt.1.in, but also c1ry hyclrogcn fluori1e th:tt is difficult 

to handle thereby restricting the study of their chemistry. More 

direct and simpler routes to such compounds ~re thus looked for. 

Recently some success has boon I!k"ldc in this direction, in the labor-:J.tory 

where the present doctoral research >Ins cn.rried out, and compn.ratively 

easier mothods have been developer~, for instance, for the syntheses of 

f:MnFy?-, f:MnF~, L-r1n.F
3
(c

2
c4).:/-, £"erF

5
(H2,j)_f--, f:ero

3
FJ, 

LVOF~ -, £:voFy.J -, a.ne f:VF(C:f
7
o2y comrlexos. 3-10 

However, the 

search for a new and moro general method has been continued. Simple 

* 'Ihe work described in this ChC'.:rter h:~p, been published. 

J. Chem. Soc. Dalton Trnns., 1981+, 1763. 
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. 11 12 methods of syntheses of :tccty1r,c~~tom.t.~·r:; of chrcm~um , m~ngano::;c 

ironlJ, n,nd nickel (vide ChaptPr 6) hA.VO <.'.lSO been r1 8V810JIOC1_ in this 

laborntory, and as n. part of a r-ro{!ramme :time:d u.t utilising such 

compounds :J.S :rrecursors, it 1-1n.s cnvis~gc(.::' that they wou1r1 react with 

aqueous hydrofluoric ncid an(t .!.lke.li I'l<:t·1.l fluorides to rrovidc an easy 

~ccess to alkali metal salts of fluoro'!lct:tlato comrloxes. 

The mtdn theme of the ~_,resent C'h2.nter is the synthesis of 

tetrafluoronickelato(II), LNiFJ2-, complexes 0iroctly from 

bis(acetylacf;tano)nickf;l(II) dihyc1rate, Ni(Cfl
7
o

2
)
2

.2H
2
o, and also the 

scope of the new method as a pn.rar,,igm for other such syntheses. In order 

to demonstrt'l.te tho scor.e of the mcthor1, tctrafluorozincate(II) complexes 

f:znF~2-, 1.nd also l'. few more fluorometc1.lu.tes of some other metals 

have been synthesised from their rr-sroctivc acr.tylacetonr,tfls. 

Experimental 

Re,..t.eent grarlo chemicn.ls uero user'! throughout Ni(ac-1.c)
2

.2H
2

0 

(acac :: acetyb.cctom.tc) was prepared by the methods describer; in the 

14 
previous Chapter (Ch'tpter 6). Zn(n.c!>..c )2 .H20 o.nd 

prepctred by the literature mcthor1s. Cr(acac )
3
11 

and 

prepared by methods dcvelor.el in this ln. bora tory. 

v~.::(a0<-1.c )
2
15 were 

12 
Mn(::1.cac )

3 
were 

Synthesis of Tot~fluoronickcln.t0s(II), A2 LNiF~ (A = K, Rb 

or NH4). A TypicC~.l Procul_uro 

Freshly prepared bis (~.cctyl::.cetom.to )nickel (II) Aih~rate, 

Ni(acac)2 .2H20 w~s <1dde8 to rm excess of 40;~ hydrofluoric ~.cid (15 cm3 g -l) 
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followed by the addition of alkc"'tli met.1.l fluoride, AF (A = K, Rb or NH4), 

with the molar ratio of nickel acetylacetoTh~tc and AF being maintained 

at 1 : 4. '!he mixture was then he.::Lted over a steam-l:nth ~rith stirring 

until the metal acetylacetonate dissolved completely (~ 40 min). 

'Ibe reaction solution was fil tercd, and. the filtrate con centra ted over 

a steam-roth until microcrystalline yollow alkali tetrafluoronickelato(II), 

Az f:NiF~, startod to appear. 'Ihe rc0.ction container was cooled to 

room temperature for ~ 2 h, and Az £:'NiF~ was separated by contri­

fug::ttion, dried on filter pe.por and fina.lly dried in vacuo over 

phosphorous pGntoxide. 

'!he gra.m amounts of reagents used and tho yields of alkali 

tetrafiuoronickeb.tt:s(II) are reported in Table 1. 

Table 1. Amou_~ts of R0agents Usod and Yields of A2 ~NiF~ 

(A ~ K, Rb or NHL,_) 

Compound Yield 
in g 
(%~ 

0.5 
(86) 

0.6 
(82) 

0.9 
(87) 

Amount of 
Ni (~Cc'l.C ):? • 
2H 0 -
in2g (mmol) 

1.0 
~-'+1) 

1.0 
(J .41) 

1.0 
(3.41) 

Amount of 
alkali fluo­
ride, AF in 
g (mm::>l) 

0.51 
(1J.77) 

0.8 
(13. 77) 

1.43 
(13.69) 

Amount of 
40% HF in cmJ 

(mmol) 

15 
(300) 

15 
(300 ) 

15 
(300) 



Synthesis of ;Uknli Tetr0.fluorozincates (II), 1'2 ['"znFJ (A -= K, 

Rb, OS, or NH4) • A Rep res enta ti ve Procedure 

Freshly prepared Zn(acac)2.H20 wns added to an excess of 4<Y~ 

hydrofluoric acid. To it was added alkali metn.l fluoride, AF (A = K, Rb, 

Cs or NH4 ), with ~~intenance of molar ratio of Zn(acac)2 .H2o and AF 

as 1 : 4. The mixture was then heated on a steam-bath with stirring 

until the metal acetylacetO!lt1.to dissolved complc::·toly ~ 35 min). '!he 

solution was filt€rod ~nd the filtrate concentrated over a steam-bath 

until white microcrystalline alkali tetrafluorozincate(II) began to 

appear. Heating was discontinued and tho reaction container was allowed 

to cool to room tempore.ture for ~ 2h. '!he Az J:znFJ thus formed was 

separated by centrifugation, dried on a filter paper, and finally dried 

in vacuo over P4o10• 

The amounts of reagents used and the yields of alkali tetrafluoro-

zincates(II) are s~krised in T~ble 2. 

Table 2. Amounts of Reagents Used and Yields of .t"'z [ .. ZnF~ 

(A ~ K, Rb, Cs or NH4) 

Yield Amount of Amount of Amount of 
Compound in g Zn(acac)2• l>$' in g 40% HF in cmJ 

(%) H20 in g (mmol) (mmol) 
(mmol) 

(m4)2 CznFJ 0.5 1.0 0.53 12 
(79) (3.6) (14.40) (240) 

Kz LZnF~ 0.7 1.0 0.84 12 
(89) (3.6) (14.40) (240) 

Rhz f'ZnF~ 0.96 1.0 1.5 12 
(81) (3.6) (14.40) (240) 

es2 f:ZnF~ 1.2 1.0 2.2 12 
(83 ) (3.6) (14.40) (240) 
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Reaction of [M(r1cac )rr-J (M ~ Cr or Mn, n = 3; M = VO, n : 2) 

'Ihe roa.ction of r1(<1-cruc)
3 

(M = Cr or ~1n) or VO(aca.c)
2 

was performed 

in a manner analogous to those described for the synthesis of Az ~NiF~ 
or~ ~ZnF~. The products obtained were blue (NH4)2 ~VOF~, 

green (NH4 )2 f:CrF 
5

(H2o)J, and pink (NH4)
2 

f:MnF y1 from VO(acac)2, 

f:er(acac)yJ, and {'"I"'n(acac)}-J ruspcctively, with yields lying between 

85 and 90%. 

Elemental Analyses 

'!he methods of elemental an<">..lyses have been described in 

Chapter 2. '!he results of elemental an.:t.lyses ::u-o given in T3.ble J. 



91 

Table 3 Analytirol Data of ,~ {Ni}?1.r7 (A :: K, Rb or NH4), and 

A2 LZnF1~ ('~ ~ K, Rb, Cs or NH4 ) 

·----·-----------·-- ---------·--
Compound 

Found :;~ ( Calcd. %) 

A or N 

16.7 
(16.4) 

-----··---·-·----------
36.12 

(36. 73) 

--·---·---
F 

44.81 
(44.49) 

)5.2 
(35. 7) 

------------------------------------------------------

l5.2'.i 
(15. 79 ) 

35.11 
(35.61) 

b 37.21 b 
(36.86) 

b 
20.23 b 

(20.93) 

b 16.76 b 
(l6.o6) 

25.17 
(24.87) 

42.34 
(42.82) 

34.21 
(34.61) 

24.85 
(24.33) 

18.22 
(18.66) 

!'1.1.gnetic moment values and infrctred spectral ba.no positions 

along with their assignments are presented in Table 4. 
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Results and Discussion 

------------------------·-----
It is owing to thG lack of a suit~ble Rnd easier method of 

synthesis of tetrafluoronickclatc (II) com~Jlcxr:s th.,,t 'I-TC thought it 

worthwhile to imp:r.ovisr: a simple ,.ncl direct mothoc1 for the synthesis 

of the title complexes. As a part of our progra~mc of studios of 

rec>.ctivities of mctill acetylacetonates, the ree1ction of bis(acetylace-

tonato):nickel(II) dihydTI'.t~::, Ni(ac~:tc)2 .2H20, with hot :-:!.qu0ous hydro-

fluoric ncid '-'nd ::>.lkali mcte.l fluori(~O, A.r"', H~.s c2.rried out. It has been 

observed thc..t Ni(aco.c)2 .2H2o undergoes t1 r:1thor facile reaction with 

hot 40% HF n.nd alkali fluoride to 1.fford yelloH coloured microcryBtalline 

alkali tetrafluoronickeb.tes(II), A2 {"NiF~, in vory high yields. 

Subsequently, on CLChieving succ~)SS in tho afore-sn.id re::ction, a similar 

reaction was mrriod out Hith bis(:lcetylacetonato)zincctte(II) monohydrate, 

Zn(acac)2 .H2o, instertd of Ni(v.cac)2 .2H2o, and ,~lkqli tetrafluorozincate(II), 

Az ['"znFJ, wa.s obtained in a very high yield with £:.n equal eMe. It 

nny be mentioned that the rocormncnri.e~. methods
16 

involve similn.r 

difficulties as c:mcounterecl in the cP.se of corref:\ponrJing nickol(II) 

complexes. 'lbe methods ( vid8 Experimental) <:'l o not rt"quire dry hydrogen 

fluoride or €lemont<Ll fluorim:- (F2 ); they do not !ll:"kc use of ::tny such 

starting m::ttorials as :1re difficult to :prepare n.nd handle. 'lbc strategy 

for the novel method was that aquco~s hydrofluoric acid would react with 

metal acctylacetonates to rupture the metal-oxygen bonds in them with 

the simultaneous coordin~tion of F- ligands arising, in thG rcQction 

medium, from aqueous HF and alk.:1.li fluoride, AF, giving rise to the 

fo~~tion of the corresponding fluorometQl~tes. The role of al~~li 
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fluoride is not only to enhance r.- ion concentration but also to 

provide counter cations A~ to cnablo isolation of tho complex 

fluorometalate anions as their 2Tkr1.li metal salts. The strategy 

seems to have worked accordingly. The method is simple, and has been 

used to synthesise a series of salts of ~NiF~2-and ~ZnF~2-
complexes leaving little doubt that the synthetic procedure can be 

used as a paradigm for other such syntheses. 

In an attempt to explore the scope of the synthetic procec.ure, 

similar reactions involving f:vo( nc<',c)2J, ["er(acac)y.l, or 

~Mn(acac)~ with NH4F and 40%hydrofluoric acid were carried out, 

and the products obtained were identified as (NH4)2 ~VOF~
17, 

(m4)
2 

£"erF
5

(H
2
o).:f, and (NH4)2 ["MnF ;73 respectively, thereby 

supporting the contention that the method can be used as a paradigm 

for other such syntheses. It is hoped that the method will find a wide 

application in the syntheses of fluorometalate complexes. 

The alkali tetrafluoronickel~tes(II), ~ ~NiF~, and the 

alkali tetrafluorozinc<ttes(II), A
2 
~znFqJ, compounds nre very 

sensitive to moisture, ,.,_nd in the presence of water they attnck glass 

rather readily. However, the compounds can be stored undecomposed for a 

prolonged period in sealed polyethylene envelopes, and their stability 

can be ascertained from the rosults of metal anl fluorine estimations 

periodically. The results of room temper~c.ture ~1.gnetic susceptibility 

measurements showed that while the ~~etic moments of ~ ~NlF~ 

lie in the range 1.9 - 2.2 BM in conformity with the values reported 

in the literature, 
18 

the corresponding zinc compounds, ~ LZnF J, were 
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Table lt, Magnetic Moments and Infrared Bands fvr Az ~NiF~ 
(A ~ K, Hb or NH4) and ~ £"znFtrl (A = K, Rb, Cs or NH4) 

--
M::tgnetic Moment IR 

Compound f'eff/Br1 -1 Assignment em 
(295K) 

(NH4)2 f:NiF~ 2.0 455 -)(Ni-F) 

Kz LNiFtr7 1.9 455 u(Ni-F) 

Rb2 LNiF~ 2.2 460 -J(Ni-F) 

(NH4)2 £"znFJ Diamagnetic 440 "\)(zn-F) 

Kz LZnF~ Diamagnetic 445 v(zn-F) 

Rb2 f: ZnF t.rJ Diamagnetic 445 v(zn-F) 

Cs2 LZnF~ Diamagnetic 440 ,)(zn-F) 

1 BM = 9.27 x 10-23 Am2 
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diamagnetic, as expected. The n.nalyticn.l data .1,nd magnetic moment values 

suggest that the compounds are the same which have been prepared by 

other methods characterised structurally.18•19 The infrared spectra 

of the newly synthesised Az {"NiF~ and A2 £:znF~ (TI'I.ble 4) also 

support this view. The IR spectral rr1ttern is very simrle. The u(Ni-F) 

mode appears at ~ 455 em -l while the '1)(zn-F) b'lnc.1 has been o'OOerVec1 

-1 to fall at £!. 445 em • '!he spectra. ·-=.o not show any evic1ence for the 
20-22 

presence of alkali meta.l difluoridos, A ["HF 2J, thus ruling out the 

possibility of contimination of the enn. pror'Jucts by J, LHF2J. 

It is thus evident from tho results of st~lies described·in the 

present Chapter that tetrafluoronickelate(II) complexes can be synthesised 

rather easily, directly from bis(acetylacetonato)nickel(II) dihydrate, 

Ni(acac)2 .2H20. A similar procedure can also be user. for the direct 

synthesis of tetrafluorozincate(II) complexes. Further, it is evident 

that metal acetylacetonates can serve as useful precusors for the 

straight synthesis of fluorometalate complexes, and the method developed 

can serve as a parndigm for other sucb syntheses. 
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CHAPTER 8 



Cbapter 8 

The First Reported Synthesis and Characterisatiun of Alkali 

* Trifluoronickelate(II) Monohydrates, ANiF
3

.H2o (A :: Na, K ur NH4) 

The alkali trifluoronickelate(II) monohydrates, ANiF3.H20 (A = Na, K 

or NH4), a series of very simple compounds of nickel, exhibit very 

interesting properties. For example, the mere change of the counter 

cation in ANiF
3

.H20 brings about very drastic and significant changes 

of their magnetic properties •1 'Ihus1 , while the sodium trifluoro­

nickelate(II ) monohydrate, NaNiF
3

.HrO, behaves ferromagnetically, 
<:: 

the corresponding potassium salt KNiF 
3 

.H2 0 shows antiferromagnetic 

behaviour, and the amm .. >nium salt NH4N1F
3

.H20 behaves like a normal 

paramagnetic nickel(II) compound without showing any strong magnetic 

interaction. It is quite unfortunate that although Machin and Nyholm 

reported1 the analytical data and magnetic pr0perties of ANiF
3

,H20 

compounds about twenty years ago, there is no report to date on their 

synthesis. The synthesis of alkali trifluoronickelate(II) monohyd~.tes, 

ANiF
3

.H2o, should therefore be especially important, but seldom has 

this been realised. 

Our interest in the field of fluoronickelates(II) has been 

emphasised in Chapter 7 (and also in Chapter 1). In a continuation to our 

* . This work has been accepted for publ1cation. 

Transition Metal Chern., 1985 in £r~. 
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effort in tho field of fluoronickclate chemistry we thought it is 

imperative to develope a general method of synthesis of n.lkali 

trifluoronickelate(II) monohydrates, ANiF3.H20 (A: Na, K or NH4). 

The present Chapter, indeed the concluding Chapter of the 

thesis reports the details of tho method of synthesis of the title 

compounds, and their characterisation by spectroscopic and cryomagnctic 

studies. 

Experimental 

The chomic~ls used were all reagent grade products. Bis(acetylace­

tonato)nickel(II) dihydrate, Ni(acac)2.2H20, wns prepared by the methods 

described in Chapter 6. 

Synthesis of Alkali Trifluoronickelate (II) r1onohydrates, 

ANiF3.H20 (A : Not, K or NH4) 

Since the methods of syntheses of alkali trifluoronickelate(II) 

monohydrates, ANiF
3

.H2o (A ~ N~, K or NH4), only a reprcscn~~tive 

procedure is described. Polyethylene apparatus was used for the reactions. 

In a typical procedure a suspension of bis(acotylacetonato)­

nickel(II) dihydrate, Ni(acac)2.2H2o, in 40% hydrofluoric acid was 

heated on a steam-roth. Alka.li metal fluoride, AF (A = Not, K or :m4), 

was added to the hot stirred solution whereupon Ni(acac)2 .2H20 dissolved 

completely in ~ JO min. The solution was then filtered quickly, and 

concentrated over a steam-b-tth almost to dryness vThereupon a yellow 

microcrys~~llino deposit formed. This was treated directly with a s~~ll 
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amount of water, and then concentrated as abovo to give the light 

green alkali trifluoronickelatP(II) monohydrate, ANiF
3

.H2o. The 

product thus ob~~ined was separated by filtration, washed thrice 

with water, and fimlly dried in vn...s!!£ over P4o10• 

'!he amounts of reagents used and yields of alka,li trifluoro­

nickelate(II) monohydrates prepared in this way arc given in Table 1. 

Table 1. Amounts of Reagents Used for the Synthesis, and Yields of 

ANiF
3

.H20 (A: Na, K or NH4 ) 

Amount of Amount of Amount of 
Yield Ni(acac)2 • AF in g 40% HF in cm3 
in g 2H20 in g (mmol) ( mmol) 
(%) 

(mmol) 

NH4NiFJ .H20 0.4 1.0 0._51 15 
(77) (3.41) (13. 77) (300) 

-----
NaNiF

3
• H20 0.5 1.0 0.58 15 

(92) (J.lH) (lJ.8l) (300) 

----
KNiF

3
.H20 0.5 1.0 0.8 15 

(85) (J.41) (1J.77) (300) 

~lemental Analyse~ 

The de~~ils of elemen~~l a~~lyses have been described in 

Chapter 2. The results of elemental an'llyscs are reported in Table 2. 



-----------------------
Found (%) C~lcd (%) 

Compound ----·--~----~-~--·-·-~·-· --------
A or N Ni F 

·--------~-~----· 

__ . __ __,_.__. _____ _ 
J8.9 

08.7) 
12.7 

(12.5) 

----------------~---· ---·----------·-
14.4 

(14.7) 

22.J 
(22.6) 

J7.9 
(37 .5) 

J).6 
(J4.o) 

12.4 
(12.1) 

11.25 
(11.0) 

-----------·- --
Magnetic moment values, Curie or Neel temperatures, and the 

infrared l:nnd positions are summ.1.riseO. in Table ). 

Results and Discussion 

-------------
Very recently direct methocs of syntheses of me~1.l acetylacetonates 

have been developcd. 2-5 In the course of our studies involving the 

reactions of such compounds, it was observed that mctal-ac1.c bonds 

may be easily cleaved by the interaction of metal acetylacetonates with 

aqueous hydrofluoric aicd. Consequent upon this, reactions of a number 

of metal acetylaceto~tes with aqueous hydrofluoric acid in the presence 

of alkali metal fluorides were Q1.rried out an~ the corrcsronding 

fluorometc.1.late complexes were easily obtained in very high yielns (as 

described in Chapt€r 7). A general method for the synthesis of fluorometalate 

complexes was thus improvised. 
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It may be recalled that emphasis was put on the synthesis of 

alkali tetrafluoronickehttes(II), A2 [ .. NiF~, in Che1ptor 7. It was 

observed, while working up the reaction, carried out for the purpose 

of ob~~ining tetrafluoronickelates(II), that the yellow ~l~~li 

tetrafluoronickolates(II), A2 ~NiF~, wore very sensitive to moisture, 

and they readily reacted with water to produce light green coloured 

microcrystalline proo.ucts. It was believed that the products must be 

different from ~ /:NiF~, and expected that they might as well be 

Rlkali trifl uoro:nickel~ te (II) monohydra.tes, A NiF ~rH2 0, a class of 

compounds for which the method of synthesis does not seem to have any 

reported existence. Accordingly, bis(acetylacetonato)nickel(II) dihydrate, 

Ni(acac)2.2H20, was allowed to react with aqueous hydrofluoric acid 

and alkali metr1.l fluoride, AF (A ::- N:l., K or NH4), fir.>.t to obtain an 

yellow product (c.f. ~NiF4 , described in Chapter 7) which, without 

isoL"J..tion, on being tre.~ted ,,rith Hat~r led to tho successful synthesis 

of light green alkD.li trifluoronickolato(II) monohydratos, ANiF
3

.H20, 

in very high yields. '!he methods has been used for tho synthesis of a 

series o~ compounds of the type ANiF
3

.H20 suggesting that similar 

methods ca.n be used for the syntheses of an-1.logous compounds of other 

transition metals. Indeed further investigation in this direction 

showed that al~~li trifluoromanga~~te(II) monohydrates, AMnF
3

.H20, 

could be synthesised from ~~m(acac)2 .2H20 by adaptation of the method 

similar to that used for the synthesis of ANiF
3

.H20. This, therefore, 

provides enough hints regarding the scope of the method. 
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Characterisation of the Compounds 
_ .............. 

'Ihe alk:1.li trifluoronickcla.te(II) monohydr::ttes, ANiF
3

.H20, are all 

light green stable products, and arc co.pablc of being stored for a 
.... 

.t>• 

prolonged pe.riod. 'Ihc compounds, however, attack glass slowly. Qw:>ntitative 

esti~1.tions of alkali metal or nitrogen content, and nickel and fluoride 

contents gave consistent results in excellent agreement with the formulae 

containing one molecule of water per formula weight of each compound. 

Moreover, prolonged heating of tho compounds at 120°C did not remove the 

water, as evidenced qy their unaltered weight and infrared spectra 

recorded before and after pyrolysis, suggesting thereqy that the water 

molecule is rather strongly held in the crystal lattice. 

'Ihe infrared spectra of ANiF3.H20 (A = N:t, K or NH4) resemble 

ee~,ch other very eloscly, shol'ring ab.";orptions in the three characteristic 

:regions, viz., at £.~ 3455, .§.. 1640, and at ~ 450 cm-l (fuble 3) which 

have been assigned to 1) (0-H), cS (H-0-H), and .J (Ni-F) vibmtions 

respectively. Although the water could not be removed by heating at 120°C, 

the IR suggest, in J ine with the earlier obserm tion.o:;, 1 tha.t the water 

molecule in ANiF
3

.H20 is most pro~bly not coordinc,tod to the nickel 

centre. This argument is supported further qy the occurrence of v (0-H) 

-1 6 
at ~ 3455 em charc.cteristic of the presence of l~ttice water. The 

three extra vibrations at )160m, 3040s, and 1400s cm-1 , in the spectrum 

of NH4NiF
3

.H20 are assigned to "l-1
3

, .,_j1 and 1..~ modes of NH4"" ion. 

The occurrence of t..) (Ni -- F) modes at ca 450 em -l is in order and 

compares very well with those observed else1'l'here7 for similar systems. 
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Table J. ~netic Moments, CUrie or Neo1 Temperature and Structur~lly 

Signific0nt IR ~,nds of ANiF
3

.H20 (A = N~, K or NH4) 

Compound J-Leff/BN G'uri%ct or IR /lf:3signment 
(JOOK) N0c1 (em -l) 

tomp(,raturc 
(K) 

NH4NiF J .H20 3•2 450m 'i.J(Ni-F) 

16JOm 
(\ 

~ (H-0-H) 

J460s ·J(O-H) 

NaNiF
3

.H20 2.9 14? 450m v(Ni-F) 

1640m $ (B-0-H) 

3450s :j(O-H) 

2.4 445m 1J (Ni-F) 

1640m J; (H-0-H) 

J455s LJ(o-H) 



The newly synthesised nlk~li trifluoronickelate(II) monohydrates, 

ANiF
3

.H20, displny interesting m:1.gne_tic properties t-Tith their relc:ttive 

behaviour being very important. Tho room temperature magnetic moments of 

NH4NiF
3

.H2o, &1.NiF
3

.H20, and KNiF
3

.H2o were found to be ).2, 2.9, and 

2.4 BM respectively (Table J) in agreement with the values observed 

previously b,y Machin and Nyholm.1 In an attempt to assess the identity 

of the compounds, magnetic susceptibilities of ~1.NiF3 .H20 and KNiF3.H20 

were measured in the )00 - 80 K range (T~bles 4 and 5). The results are 

consistent with those observed previously1 lending strong credence to 

the contention that the newly synthesised compounds are the same as those 

described b,y M.1.chin and Nyhol!ll. 1 'lhus, nhilc the N:.1.NiF) .H2o behaves 

ferromagneti~1.lly with the CUrie temperatures of 145K, the l{NiF3.H20 is 

antiferromagnetic with the Neel temperature being 2)0K. The antiferro-

magnetism in KNiF
3

.H20 most probc:tbly owes its origin to super-exchange 

interaction through a -- Ni - F --·- · Ni - F- chain in the crystal 

lattice operative in~ manner analogous to that in KNiF) (perovskite). 

It may be concluded from the results of studies described in the 

present Chapter, that alkali trifluoronickelate(II) monohydrates, 

ANiF3.H20 (A ~ Na, K or NH4), can be synthesised in very high yields 

from the reaction of Ni(acac )2 .2H20 with 40% HF a.nd AF at a steam-ooth 

temperature followed by treating tho product obtained thereof with w~ter. 

The results of elemen~1.l analyses, infrared spectral, and cryomagnetic 

studies confirm that tho compounds are s~me as thoeo described by 

~chin and Nyhol!11. 1 
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Table 4. Cryomagnetic .ll:!.ta (at 6300 oersted) of Na.NiF
3

.H20 

Temp. (K) 6 
10 X.Ni 

300 3,500 

280 3,600 

270 3,690 

250 3,800 

230 3,910 

220 4,000 

200 4,450 

180 4,890 

160 5,000 

150 6,000 

144 14,000 

142 19,000 

14o 21,000 

135 35,000 

130 35,500 

.110 40,_500 

80 48,000 

--------------------·~··-~------



Table 5. Cryomagnetic Data (at 6300 uersted) of KNiF
3

.H20 

Temp. (K) 10
6-x, 

Ni 

300 2,520 

290 2,530 

275 2,545 

265 2,550 

250 2,5.55 

240 2,560 

225 2,550 

215 2,545 

200 2,530 

190 2,500 

175 2,440 

155 2,360 

130 2,275 

85 2,125 
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Direct Synthesis of Bis{acetylacetonato)nickel{u) Dihydrate and 
Isolation of «X,«X,~,~-Tetra-acetylethane as the Oxidation Product of 
Acetyl acetone 

Manabendra N. Bhattacharjee, Mihir K. Chaudhuri.* Soumitra K. Ghosh, Zavei Hiese, and 
Nirmalendu Roy 
Department of Chemistry, North-Eastern Hill University, Shillong 793 003, India 

NiO(OH) undergoes a facile reaction with acetylacetone affording a very high yield of 
bis(acetylacetonato)nickel(u) dihydrate, [Ni(acacb]·2H 2 0, and giving 0(,0(,13,13-tetra-acetylethane as the 
oxidation product of acetylacetone. 

Our interest in the area of acetylacetonates of transition 
metals extended to the development of new synthetic routes 
to such compounds t-J has led to an investigation of the reac­
tion of NiO(OH) with acetylacetone (Hacac). In our previous 
papers 1

•
2 we emphasised the role of Hacac as a reducing 

agent in the direct synthesis of [Mn(acach] and [Cr(acach]. 
We now wish to report the reaction between Ni0(0H) and 
Hacac leading to the direct synthesis of bis(acetylacetonato)­
nickel(u) dihydrate in a very high yield, in the absence of any 
buffer {unlike the synthesis of [Ni(acach]·2Hl0 by Charles 
and Pawlikowski 4

}, and also enabling the isolation of 0(,0(,13,13-
tetra-acetylethane as the oxidation product of Hacac, for the 
first time, from such a reaction. 

Experimental 
The chemicals used for the reactions were all reagent grade 
products. Infrared spectra were recorded on a Perkin-Elmer 
modell25 spectrophotometer. The mass spectra were recorded 
on a Varian MAT CH-5 mass spectrometer using a direct 
insertion probe (Table). 

Preparation ofNiO(OH).-An aqueous solution ofnickel(u) 
chloride hexahydrate was treated with an excess of sodium 
hydroxide and a precipitate of Ni(OH)2 was obtained. The 
Ni(OHh was separated by filtration and purified by repeated 
washing with water until free from chloride. Nickel(u) 
hydroxide was then oxidised to NiO(OH) by treating an 
alkaline suspension of it with bromine. The black NiO(OH) 
thus obtained was separated by centrifugation, washed with 
water until free from alkali, and finally dried in vacuo over 
phosphorus pentoxide. 

Reaction of NiO(OH) with Acety/acetone.-Acetylacetone 
(11.0 g, 110.0 mmol) was added to a suspension of NiO(OH), 
(2.0 g, 21.8 mmol) in water (ca. 6 cm3

) with constant stirring. 
An exothermic reaction occurred almost immediately. The 
reaction mixture was stirred mechanically until the black 
NiO(OH) was converted completely to a blue-green product 
(ca. 15 min). The mixture was filtered and the product washed 
with acetone until a green-blue filtrate had just begun to 
appear. The combined filtrate and washing (A) was retained 
for the isolation of the oxidation product of Hacac. 

The compound on the filter was then recrystallised from 
boiling acetone by the addition of light petroleum (b.p. 40-
60 oq and subsequent cooling at ca. 0 oc to obtain the blue­
green shiny platelet compound. The yield of [Ni(acac)2]·2H20 
was 5.3 g (82.3%) (Found: C, 40.8; H, 6.3; Ni, 20.2. Calc. 
for CwH18Ni06 : C, 41.0; H, 6.15; Ni, 20.05%). The com­
pound was characterized by its i.r. spectrum, magnetic sus­
ccptibility,5 and molar conductance. 

Table. Mass spectral data for [Ni(acac)2 ] 

(a) Major peaks 
Assignment 

[Ni(C5H70 2),] + 
[Ni(C5H70 2)(C4H40 2)] + 

[Ni(C5H,O,)(OCCH2)]+ 
[Ni(C5H,O,)H] + 
[Ni(C5H,02)] + 
[Ni(C.H40 2)] + 

[Ni(C.H,O,J]+ 
[Ni(C3H.O)J+ 
[Ni(OCCH2)]+ 

[Ni(COW } 
or 

[Ni(C,H.W 
Ni+ 

(b) Metastable transitions 

m/ z * 
~-------A------~ 
Observed 

226.8 
102.2 
128.4 
91.5 
70.3 
64.8 
39.1 

Calculated 
226.88 
102.28 
128.43 
91.52 
70.42 
64.88 
39.12 

m(z 

256 
241 
199 
158 
157 
142 
141 
114 
100 

86 

58 

Process 
256 __...,. 241 
241 __...,. 157 
157 __...,. 142 
142 __...,. 114 
142 __...,. 100 
114 __...,. 86 
86 __...,.58 

Intensity (%) 

100 
96 

3 
40 
91 
30 
23 

5 
56 

70 

16 

Fragment lost 
CH, 
c.H.o, 
CH3 

co 
C2H20 
CO or C2H4 

C,H. or CO 

Isolation of the Oxidation Product, O(,:x,13,13-Tetra-acetyl­
ethane from the Combined Filtrate and Washing (A).-The 
combined filtrate and washing (A) was concentrated by re­
moving the solvent on a rotary vacuum evaporator, and 
colourless cubic crystals were obtained. The crystals were 
removed and washed three times with benzene and finally 
dried on a filter paper. 

The (CH3C0)2CH-CH(COCH3)2 melts at 190 "C (lit.,6 

191 oq and the yield was 1.85 g (85.6%, on the basis of an 
electron-transfer reaction between N i 111 and Hacac). The com­
pound is very sparingly soluble in water, benzene, and ether, 
and its various physical and chemical properties (colour, m.p., 
solubility, reaction with FeCl3, and mass and n.m.r. spectra) 
compare very well with those of a specimen prepared by the 
action of iodine upon sodium acetylacetonate.6 

Results and Discussion 
It is evident from various reports that under the appropriate 
conditions Hacac is capable of acting both as a reducing agent 
and a chelating agent.1·2

•
7

•
8 However, the nature of the oxid-
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ation product of acetylacetone when it acts as a reducing 
agent has not been established until now. We have carried out 
the reaction of NiO(OH) with acetylacetone leading to the 
direct synthesis of [Ni(acac)2]·2H20 with oxidation of acetyl­
acetone. One of our main concerns was to identify the oxid­
ation product. Work up of the mother-liquor obtained after 
separating [Ni(acac)2]·2H20 afforded a crystalline organic 
compound which has been identified as (CH3C0)2CH­
CH(COCHJh. 

In an attempt to generalise the contention that electron­
transfer reactions between higher-valent transition metal ions 
and acetylacetone leading to the corresponding acetylaceton­
ates give (CH3C0)2CH-CH(COCH 3)z as the oxidation pro­
duct, we performed the reactions of Hacac with Mn7+ and 
Cr6 + following the procedures described in our previous 
papers.I.2 Isolation of(CHJC0)2CH-CH(COCH3)z from each 
of the reactions, after separation of the corresponding 
[M(acach] complex, was successful again owing to the oxid­
ation of acetylacetone; we therefore conclude that in the elec­
tron-transfer reactions of the types discussed above, acetyl­
acetone is oxidised to (CHJC0)2CH-CH(COCHJ)2. 

The pH of the solution, recorded immediately after the 
formation of [Ni(acac)2]·2H20 was found to be ca. 5, a situ­
ation conducive to the formation of metal-acac complexes, 
and concurs with that maintained by Charles and Powlikow­
ski 4 by the addition of a large amount of sodium acetate. The 
chances of contamination of the product owing to the use of 
such a large amount of buffer can not be ruled out.• In view of 
the products isolated from the reaction of NiH, Mn7 +, or 
Cr6 + with acetylacetone (e.g. see below), and the pH of the 
reaction medium, we feel that acetylacetone first undergoes 

[Ni 1110(0H)] + 3 Hacac-
[Ni(acac)2] t- ± (' acac-acac ') + 2 H 20 

J. CHEM. SOC. DALTON TRANS. 1983 

ionization g1vmg (CH3C0)2CH- (acac-) and H+ (cf. the 
observed pH) followed by the oxidation of (CHJCO)zCH­
ion to the (CH3CO)zCH' radical (with corresponding reduc­
tion of the metal), which dimerises to yield (CH3C0)2CH­
CH(COCH3)2. It appears that this route to tx,e>:,j3,j3-tetra­
acetylethane is relatively simpler than methods described in 
the literature.6 Because of the higher yield of product, con­
siderably shorter reaction time, and redundancy of any buffer, 
this method of synthesis of [Ni(acac)2]·2Hz0 offers advantages 
over the procedure described in the literature.4 
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Synthesis of Tetrafluoronickelate(u) and Tetrafluorozincate(u) 
Complexes from Aqueous Media: A Novel Route to Fluorometalates 

Mihir K. Chaudhuri, * Soumitra K. Ghosh, and Zavei Hiese 
Department of Chemistry, North-Eastern Hill University, Shillong 793003, India 

The complexes A 2 [NiF4 ] (A= NH 4 +, K+, or Rb+) and A2 [ZnF4 ] (A= NH 4 +, K+, Rb+, orCs+) have 
been synthesised, from the corresponding metal acetylacetonates (acac) with 40% HF and AF, in very 
high yields. The new method also allows the preparation of [VOF5 ]2-, [MnF5 ]2-, and [CrF5 (H 2 0)]2-
from [VO(acach], [Mn(acac)J], and [Cr(acac)J] respectively. 

Recommended methods 1- 3 for the synthesis of [NiF4] 2 - or 
[ZnF4]

2
- complexes employ fusion of NiF2 or ZnF2 with 

stoicheiometric amounts of alkali-metal or alkaline-earth­
metal fluorides in vacuo or in an atmosphere of dry HF. Such 
methods require not only MF2 (M = Ni or Zn) but also 
anhydrous HF which is difficult to handle. Very recently, we 
described simple syntheses of acetylacetonates of nickel, 4 

manganese,5 chromium,6 and iron,7 and as part of a pro­
gramme aimed at utilising such compounds as precursors, it 
was envisaged that they would react with aqueous HF and 
alkali-metal fluorides to provide an easy access to alkali-metal 
salts of fluorometalates. In this paper we report the synthesis 
of [NiF4] 2 - and [ZnF4]2- complexes directly from their res­
pective acetylacetonates, and also the scope of the method 
as a paradigm for other such syntheses. 

Experimental 
Reagent-grade chemicals were used throughout. [Zn(acac)z]' 
H 20 8 (acac = acetylacetonate) and [VO(acac)2] 

9 were pre­
pared by the literature methods. [Ni(acac)z(H 20)z],4 [Mn­
(acac)3],5 and [Cr(acac)3] 6 were prepared by methods de­
veloped in these laboratories. Infrared spectra were recorded 
on a Perkin-Elmer model 125 spectrophotometer. Magnetic 
susceptibility measurements were made by the Guoy method 
using Hg[Co(NCS)4] as calibrant. 

Synthesis of Az[NiF4] (A = NH4 +, K +, or Rb +) and 
A2[ZnF.] (A·~ NH4 +, K+, Rb+, or Cs+).-A typical pro­
cedure. Freshly prepared [Ni(acach(H20)z] or [Zn(acac)2]· 

H 20 was added to an excess of 40% HF (I 5 cm3 g- 1
) followed 

by the addition of AF, with the molar ratio of metal acetyl­
acetonate and AF being maintained at 1 : 4. The mixture was 
then heated over a steam-bath with stirring until the metal 
acetylacetonate dissolved completely (ca. 40 min). The 
solution was filtered, and the filtrate concentrated over a 
steam-bath until microcrystalline yellow A2[NiF4] or white 
Az[ZnF.] started to appear. The reaction container was cooled 
to room temperature for ca. 2 h, and A2[NiF4 ] or A2[ZnF4 ] 

was separated by centrifugation, dried on a filter paper, and 
finally dried in vacuo over phosphorus pentoxide. Yields 
varied between 80 and 90%. Analytical data, magnetic mo­
ments, and structurally significant i.r. band positions are 
summarised in the Table. 

Reaction of [M(acac).] (M = Cr or Mn, n = 3; M ~~ VO, 
n = 2) with N H.F and 40% H F.-The reaction was performed 
in a manner analogous to that described above. The products 
obtained were blue [NH4h[VOF5], green [NH.h[CrF5(H20)], 
and pink [NH.]J[MnF5] from [VO(acac)2], [Cr(acach], and 
[Mn(acach] respectively, with yields lying between 85 and 
90%. 

Table. Analytical data, magnetic moments, and i.r. bands for A,[NiF.] (A = NH. +, K +, or Rb+) and A,[ZnF.] (A = NH. +, K +, Rb+, 
orCs+) 

Analysis •;% 

Compound ll<fr. "/B.M. A Ni or Zn F l.r./cm· 1 Assignment 

[NH4h[NiF4] 2.0 16.7 c 33.90 44.80 455 VNt-F 

(16.4)c (34.35) (44.50) 
K2[NiF4 ] 1.9 36.10 27.85 35.2 455 VNt-F 

(36. 75) (27.60) (35. 7) 
Rb2[NiF.] 2.2 19.55 25.15 460 VNI-F 

(19.20) (24.85) 
[NH.h[ZnF4 ] Diamagnetic 15.25 c 37.20 42.35 440 Vzn-F 

(15.80) c (36.85) (42.80) 
K2[ZnF4] Diamagnetic 35.10 30.15 34.20 445 Vzn-F 

(35.60) (29.80) (34.60) 
Rb2[ZnF4] Diamagnetic 20.25 24.85 445 Vzn-F 

(20.95) (24.35) 
Cs2[ZnF4 ] Diamagnetic 16.75 18.20 440 Vzn-F 

(16.05) ( 18.65) 

'T = 295 K; I B.M. = 9.27 X 10-23 A m1 • b Calculated values in parentheses. c Analysis for N. 
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Results and Discussion 
[Ni(acacMH10)z] or [Zn(acac)z]'H20 undergo a rather 

facile reaction with hot aqueous HF and alkali-metal fluor­
ides (AF) to afford yellow A2[NiF4] (A = NH4 +, K +, or 
Rb+) or white A2[ZnF4] (A = NH4 +, K +, Rb+, orCs+) in a 
very high yield. The method does not require anhydrous HF 
or any starting material which is difficult to prepare. The role 
of AF was not only to increase the F- ion concentration in the 
medium but also to provide counter cations, A+, to enable 
isolation of the fluorometalates as their alkali-metal salts. In 
an attempt to explore the scope of the synthetic procedure, 
similar reactions involving [VO(acac)z], [Cr(acach], or [Mn­
(acach] with NH4F and 40% HF were carried out and the 
products obtained were identified as [NH4h[VOF5],9 [NH4h­
[CrF5(H20)],10 and [NH4]z[MnF5] 11 respectively, thereby 
supporting our contention that the method can be used as a 
paradigm for other such syntheses. 

The room-temperature magnetic susceptibility measure­
ments show that while the A2[ZnF4 ] compounds are all 
diamagnetic, as expected, the magnetic moments of the 
A2[NiF4 ] compounds lie between 1.9 and 2.2 B.M. in con­
formity with those reported in the literature. 12 The analytical 
data and magnetic moments suggest that the compounds are 
the same as those which have been prepared by other methods 
and characterized structurally. 13

•
14 The i.r. spectra of A2(NiF4 ] 

and A2(ZnF4 ] (Table) also support this view. The spectra do 
not show any evidence for the presence of alkali-metal di­
fluorides, A(HF2],'5- 17 thus ruling out the possibility of con­
tamination of the end products by A[HFz]. 
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The First Reported Syntheses and Characterisation of Alkaii );leta! 
Trj fluoronickelate(II) Ivlonohvdrates. 'tviNiF 1 · I-J.,Q (l'v[ NF-L ,]'Ja _or A-@ - . - - ' - __/ 

:\lihir K Chaudhul'i*, Soumitra K. Ghosh and Z::JYCi !Iiese 

Department of Chemistry. \'orth-Eastern Hill Uni\·crsity. Shiilong ;9:;003. India 

Summary 

\fi(acac)~ · (H,0)1 (1 moll and alkali metal fluorides 
'(..\ moisJ. \-IF (\1 = \fHJ. \fa or K). react with Jn exc::ss of 
..\OC·i: HF on a steam-bath. The product upon trcJtment with 
water \!ives li~r.ht green crvstailine ;:llbli metal trif1uoronick­
e!atei II) mon~hyd~ate. \-1Nif: · J.i20 in a high yield. Chemic::ti 
analyses. pyrolysis at 120 °(. i.r. spectroscopic, and cry· 
omagnetic (300-80 K) data have been used to characterise. 
and establish the identity of the compounds. While NH,\fiF; · 
H:O behaves as a normal octahedral nickei(Il) compound. 
NaNiF; · H~O is ferromagnetic with Curie point 145 K. K\fiF: 
· H,O behaves antiferromagneticaliy: its Nee! point is ~30 K. 

Introduction 

The alkali metal tritluoronickclatc( IIi monohvdratcs. 
\1;--./if: · H~O (M = \TI-L. \fa or K). arc simple. yet show 
intcrcstn~ pro~crtics. The mere change of the counter c;Hion 
in \l;iiF3 · H~O brings about very drastic and signific:wt 
changes of magnetic properties 111

. r\ !though :\·!achin Jnd 
~,·holm reponed111 the :malytic:JI data and magnetic proper­
tics or" \'!!'liF3 · H:O about twenty years ago. there is no rc.pon 
to date on their syntheses .. ;.l.s part of a programme involving 
studies on fluoromctallaterY2.!.JJ.. ,,.e h::1ve developed a gcn· 
era! svntheses of \INiF3 · H20. described here. 

Experimental 

Re:~gcnt grade chemicals were used. ~i(acac)~ · (H,Ol: was 
prepared by the method dc1·eloped in this laboratory1J1

. l.r. 
sp:.:ctra were recorded on a Perkin-Elmer model 125 spec­
trophotometer. \lagnetic susceptibility measurements were 
made bv the Gouv method in the 300-SO K r::1ngc using 
Hg[Co(NCS)~J as c~librant. 

Alkaii Tnfluoronickelare(l/) .V!onohwlmtes, .HNiF, · H,O 
(M = .VH~. Na or K). 

A respresentative procedure is described. Polyethylene 
apparatus was used for the reactions. 

1. 2. 3. Korrektur 
6. r1 RZ. 1985 

von Verlag _____ _ 



A suspension of Ni(ac:1c)1 • (Hc0)2 in 4000 HF was hcJtcJ 
on a steam-b.1th. Alkali metal fluoride. \-!F (i'v! = NHJ, Na or 
K), was added to the hot stirred solution whereupon Ni(acac:lc 
· (I-!20)2 dissolved completely in ca. _30 min. TI1c solution was 
then filtered quickly, ancJ concentrated over a steam-bath 
almost to dryness whereupon a yellow microcrystalline deposit 
formed. ThiS was treated directly with a small Jmount of 1-!~0 
and then concentrated as above to gi\'e the light green alkali 
trifluoronickelate(ri) monohydrate. \1NiF; · H~O. TI1is prod­
uct was separated by filtrJtion. washed thrice with H20. and 
finallv dried in \'aC!lO over PJ0 10 . 

Th~ Jmounts of reagents used. and yields of alkali trifluorn­
nickelate(II) monohydrates prepared in this wa\' are given in 
Table l. 

E!t'mcntal analysis 

Nickel and tluori,Pe \:ere estimated gravimetrically as nic­
kel dimethylglyoximate 101 and lead chlorofluoridc 1 ~ 1 • respcc­
tivc!v. So~iunv.potassium and nitrol!en were estimated bv the 
method dcscnbcd in our c.1rlicr papcrs1-'l. · 

Hc5tli!s and Discussion 

:d J~ 

Vay recently ne_(er methocJ have been developed for the ;· ..;:. 
syntheses of metal acetylacetonates1

;
1

. In the course of our 
studies it was observed that the metal-oxygen bonds could be 
easily cleaved with aqueous hydrofluoric acid. which suggested 
that an excess of F- ions would lc::~cl to fluorometallatc com- / ·..:. 
plexes. Accordingly, Ni(acac"l: · (H20): was allowed to react 

1 
~· 1_ 

with -.:Or:'c HF and.e MF (M = :"'H,. :"'a or K) and led to the 
syntheses of alk:lli metal tritluoronickclate([I) monohydratcs. 
~·!~iF; · H,O. in very high yield. It is belic\·ed that similar 
procedures coulcJ be used to synthesise analogous compound 
of other tr:111sition met::~ls. fndecd. ;dkali met:JI trifluoroma:J-
ganate( II) rnonohydr:J.tcs. :V!~!nF, H:O. can be c::siJ:· pn:-
p:trcd by an:;Jogous mclhods. 

Clwracrcrisarion of the compowzd> 

The ::~lkali metal trifluoronickclatc!Il) monoh\·drates arc :111 
light green stable products. Analyses arc in excellent agree­
ment with formulae containing one molecule of water per for­
rnuia weight of each compound. :'v!orco\·cr. prolonged heating 
of the compounds :lt 120cC did not remove the water. 

The i.r. spectra of :V1NiF; · H,O (:'v1 = :JI·L. ~a or !-:) 
closely resemble each other. showing absorptions at ca. J-l55. 
ca. 1640, ancJ ca. 450 cm- 1 which arc :lSSil!ned to v(O-H). 
1')(11-qf!) :Jnd v(Ni-F) modes. respectively~ The i.r. spectra 
also suggest. in line with the earlier obscrvations111 • that the 
water molecule is most probably not co-ordinated to the nickel 
centre. an argument which is supported further by the occurr­
ence of v(O-H) at ca. 3455 em -I characteristic of the presence 
of lattice waterl'1• The three extra vibrations at 3160m. 30-lOs. 
and l400scm-t, in the spectrum of :"'-Il-L · ~iF, · H20. are 
assigned to the v3, v1 and v, moues or" NH;. The v(~i-F) mode 
at ca. 450 cm- 1 compares very well with that obsennl cbc· 
whcrel91 . 

The room temperature (300 K) magnetic moments of 
NH~01iF, · H20. ~aNiF3 • H20 and KNiF3 · H20 were found 
to be 3.2. 1.9 and 2.4 BM respectively in agreement with \·al­
ues observed previously by Machin and ~yholm 111 • In Jn 
:lttempt to assess the identity of the compounds. magnetic 
susceptibilities of NaNiF3 • H,O and KNiF3 · H~O were mc~\­
sured in the 300-80 K range. The results arc consistent with 
those observed previously01 . Thus. while ~aNiF3 · H20 
behaves ferromagnctically KNiF3 • H20 is antifcrromagnctic. 
The antifcrromagnctism in K · NiF3 • H20 is most probablv 
due to super-exchange intcr::~ction through a -Ni-F-Ni-F­
chain in the crystal lattice in a manner analogous to th:Jt in 
KNiF3 (pcrovskite). 
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Table I. Reag~nts used 10 prepare '.!~iF, H:O 1'.1 ~ \'1-l,. :\a or K1 

(Llmpound YiciJ.'g "'i(acacl · (1-!.QJ. ~ \If g J()'(- HF :m 
('r) (mmol)'.z:[ - -- tmmoll lmmoll 

:"I! ,:--;if .. H:O 1) . .) 1.0 0.51 !.:: 

(77) ,. (3 . .!1) (lJ ~7) t3(JIJ1 

:-:a:--:1F, H:O 1).5 1.0 0.5S 15 

b.. ., 
T'- _--. 

(92) (3.-11) (13SI) 1300) r 
K\'iL · H:O 0.5 1.0 1ry----- ~. r 

(SSi (3.-ll) r.:oo1 --;> L(./J. ·n-) 

Table 2 • . -\nal\'tlcal data. magnetic moments. Curie or \'eel tcmpcr:Jil:rc Jllll str:IC:llr:Jil\· ~1::n:lic:m: 1.1 :':lfll'< •:1 .\1\'ii'. ll:U 1 \! ~ Nil,. 
~a 1H K1. 

(,Jmpnund ~(,If B'. I"' Curie" or \'eel" Fuund ( C:llcti. I ,.( 

tcmp.K \1 'i' . I 

\'I·! ,\'iF, H:O ' .., 9 ''" :s. 'I J._ ·' 
(9 :1'' !3S -1 

:--:a\'iF, H:O 2.9 I-15"' lJ j :7 <) 
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First Synthesis and Structural Assessment of Alkali-motal 
Ca rbonatod ioxoperoxouranate (v1) M on ohyd rates, A 2 [ U 0 2 ( 0 2 ) (CO 3 ) I· H :.0. ancJ 
Ca rbonato-oxod iperoxovanndnte(v) Tri hyd ratos, A 3 [VO ( 0 =~) 2 (CO 1 )) ·l H :zo 
Jayanta K. E3asumatary. Mihir K. Chaudhuri, • Ranendrn N. Dutta Purknyasthn. nncl Za•.toi Hiosn 
Deparrment of Chemistry, North-Eastern Hill Universitv. Shillong 7 93003. India 

Tho complexes A 2[U0 2(02)(C0 3)]·H 20 (A= Na or K) have been synthesised from tho reilctio:-, of 
the product obtained by treating U0 2 (N0

3
)

2
·6H 20 with AOH and AHC0 3 (ratio U: CO,'- ,., 1 i\ ', 

with an excess of 30% H2 0 2 at pH 7-8, and A 3 [V0(0 2 ) 2 (C0 3)]·3H 20 (A= Na or K) hClve borr· 
synthesised by treating V2 0 8 with A 2 C0 3 (ratio V: C0, 2

- = 1:1 .5) and an excess of 30% H2C\ nt 
pH ca. 7. They were precipitated with ethanol. The occurrence of trans O=U=O nnd terminal VccO in 
the [U0 2 (0 2)(C03 )]'- and [V0(0 2 ) 2 (C0

3
)]

3
- ions respectively, and tho presence of trianauin, 

bidontate 0/- and chelated bidontate co,- groups, have been ascertained from i.r nnd li:lsr:r 
Raman spectra. The complexes A 2 [U0 2 (0 2 ) (C0 3)]·H,O can be dehydrated at ca. 100 'C. v 
temperature at which A3 [V0(0 2 ) 2 )]·3Hl0 starts to decompose. 

The complexity involved in the field of pcroxouranates is 
an acknowledged problem. l.l Few examples of peroxouranntes 
have been reported [NH 4 ] 2[U0 2(0 2)(C0 3)}2H 1 0 3 being the 
only one for which the synthesis is available. In cor.trast, 
relatively more is known about complex pero)tovanndates,4

·
1 

and some peroxovanadntes containing co-ordinated N-hctero­
cyclic ligands have been very well characterised.) However, 
[V0(0 1) 1C 10,] 3

- is to our knowledge the only peroxo­
vanadate having an oxygen-containing ligand.l· 6 Attempts to 
co-ordinate so.l- with yv in the presence o,'- were unsuc­
cessful.' however, the simultaneous co-ordination of C0 3

1 -

and 0 2
2 - to yv appeared to be possible under appropriate 

conditions. 

Ex peri men tal 
The chemicals used 'were all reagent-grade producls. Magnetic 
susceptibilities and the pH of the reaction solutions were 
measured as described earlier."· 8 Molar conductances were 
measured using a Philips PR 9500 conductivity bridge. Lr. 
spectra were recorded on a Perkin-Elmer model983 instrument. 
The laser Raman spectra were recorded at ambient temper­
atures on a SPEX Ramalog 1403 spectrometer using the line at 
4 880 A from a Spectra Physics model 165 argon laser as the 
excitation source. The sample was held either in a quartz 
capillary or in the form of a pressed pellet. 

Synthesis of Alkali-metal Carbonatodioxopcroxouranate(vl) 
Monohydratcs, A2[U01(0 2)(C0 3)}H 20 (A = Na or K).­
Powdered U0 1(N0 3) 2·6H 20 (! g,l.99 mmol) was dissolved in 
hot water (20 cm 3

) and a 20% solution of AOH (A = Na or K) 
was added slowly with stirring until a yellow product ceased to 
appear. The solution was filtered while hot and the yellow 
product washed free from alkali. To a stirred water suspension 
of the product, AHC0 3 (8 mmol; ratio U: CO/- = I: 4) was 
added and stirring continued for ca. 20 min. An excess of 30/'; 
H 20 2 (30 cm 3, 264.7 mmol) was added until a clear yellow 
solution was obtained. The pH of the solution was found to be 
7--8. The solution was filtered al}d then cooled in an ice-bath 
for ca. 30 min. Addition of pre-cooled ethanol (ca.' 50 cm 3) led 
to the precipitation of a yellow microcrystalline solid which was 
filtered ofT, washed 3-4 times with ethanol. and then dried in 
vacuo over concentrated H 2S04 • The yields of NaJU0 2(0 2)-

(C:O~}H~b-and K.;(UCY;(6;\(C<)~Jj.l! ,0 were o 7 (:m ar,.l 
0.8;: (88%) rcspecrivcly. 

Synthcsi.r of A !ka/i-mcral Corbnnr.t:,·o.\·odipcro.H't'nnudor,.. 
(v) Trihydrates, AJ[V0(0 2)2(C0 3)}3l! 10 (A = Na or K) -· 

In a typical synthesis n mixture of V 1 0 ·' ( l g. 5.5 mmoi) a:Hi 
A1C0 3 (16.5 mmol; ratio V:CO/- ,.., I !.5) was dissolved :n 
30~< 1! 20 1 (15 cm 3

, 132.4 mrnol) givin~ :1 ::kar )'l'.liow 'olutic:L 
The solution was filtered and tk filtrate cet1o!cd i:1 an icc·b;:t'' 
for ca. 15 min. An excess of pre-cooled <:!hanoi wa> added with 
stirring until the yellow microcrystnllrnc ,.\,[V0:0;) 1(CO,lj· 
3H 20 (A = Na or K) was cor;.plctely prccipita:cd. The sr::­
ring and cooling were continued for ar;nthcr .>0 min. TLc 
compounds were isolated, purified, and dried siii,ilarly to ti·,c 
peroxouranates. The yields ofNa,[V0(0 1 1J(CO~)}~!f/J a:;J 
K 3[V0(0 1) 2(C0 3)}3ll 10 were:; fS7) ;1ncl 3.2;: ,qo~s) rnp<:c 
tivcly. 

Elemen.tal Xna/\•:ris~-~i'nc-dctcrrnin~ttc;ns ofur~ni.unl,R ann ~'r 
vanadium, peroxide, carbon, s0dium, ~nd rotassium,' wcr,· ;1< 

described c<1rlicr. The clc!71cntal <~nalysc>. r"o!ar •:Oihiucl;lrKc "· 
and structurally significant i r. and R::r;:an b::nds arc s::r:'­
marised in the Tnble 

Results and Discussion 
The importance of the pH for the succcs•:[ul synthc,is of pc.ro:~o· 
mctnl compounds has been emphasised,'· 9

·
10 and it was 5ho·.; ~~ 

very recently that a relatively high pH favoured co-ordinnticn 
of 0 1

2 - with UO/+ (ref. 8) and VO; '.'·' 0 In tlw pres(rlt 
case, pH > 6 was considered conducive in crder to prevent tl;~ 
reaction C0 3 

2 - + 2H' _____, C0 2 + I! 20. Thus pH ca. 7 w:ts 
found to be suital·lc for the syntb::ses. lt is it:>pcrative that the 
products isolated at pH •I or 5 either di:~ not shO\'>' the presence 
ofCOJl- at nil or did to a very sm~il extent, inclic:~ting that CU· 

ordination of the C0 3 l- Jigand might hJI'C just COillrrl~nc~d. 
However, the rcnctio:1 of U0 2

2 ' with hydr,,scn peroxick and 
AHCOl (A = Na or K) at pH 7--R, and tint of V 20 1 \' !! 1

; 

1-! 20 2 and A2C0 3 at pH 7, rollowcd by thr additio11 of nknl;,-,1 
with facilitated prccipiLHion, afforcied A)[U0 1(0 1)(U!,)]­
H20 and A3[V0(0 2) 1(C0l)}.1H 1 0 :·~·'Fcctiv~ly rn very hi;:!: 
yields. Attempts to synthesise the ammon:um s:1i:s of the ,-,;r:J· 
pl.cx.ion.<u·:c.re...tJOt succc:.sful. Corrcsj·.·c-,n:!i::;: >nits of Rb' and 
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Table. AMiytical data, molar conductnnccs structurally significant i.r. nnd laser Rnman hands 0r !'l;[\1() 0(0 1 i(CO,)}Il,O ud 
A3(V0(0 2) 2(C0 3)}3H 20 (A - Na or K) 

Molar con- Analysis 1/(",-~) 1-R.<cr 

ductancc 'I I r. Ram~n 
Compound n-' em' mol-' A U or V 0' c (ern-') (ern-') t\SsJgnrnC':n/ 

Na,[U0 1(0 2)(C0 3)}H 20 225(20) 10.45 56.2 7.8 2.85 1 5ROs 1 ~ 70 \'(C-0) v, A, 
(10.8) (55.85) (7.5) (2.8) l 325m \!C-0) + <1(0-·C-O,: 

·.·,. B; 
920s -)30 -il)~u~OJ 

890s ?80 \'(O-O)v 1 
615m 6CJO -.'(U-0 2) v,. 
550s 550 I'(U-0 2)v 1 

K 2[U0 2(0 2)(COJ)}H 1 0 245(20) 17.3 52.25 7.2 2.6 I 570s I 570 \(C-0) v,. A I 
(17 !) (51.94) (7.0) (2.6) I 330m •·1C-O) + .~(0-C-Ol 

'.' I• /J l 
925s 930 \:o~u~D. 
885s 885 .(0-0) v, 
li10m GOO ,·iU-0 2)v, 
550s 540 "t J .. o, 1 "· 

Na 3 l \'0(0 2) 2(C0 3)}3H 1 0 370(7) 23.2 16.7 20.o5 3.85 I 5~0s I SSO ·-1C-O)v 1 • .-1 1 
(21.95) (16.2) (20.4) (3 8) 1 3·10s ·:(C-O) + ~(0 C- ()) 

\' ~' [l ~ 
'HO< ~<!() ,[\'·-0) 
81i5s R70 '.(0-0) v, 
6/0s irYJ .·(\'-0 ;) \\ 
525, 530 .. (V-0 2) v, 

K 3[VO(O,),(C0 3)}3H 20 375(7) 32.6 14.55 18.2 3.35 1 5R5s 1 .s~o <C-O)v 1 .A 1 
(32.4) (14.05) (17 65) (J.J) 1 335s I'(C-0) + .'-{0--C-0) 

v ,. 112 
9·15s 9-10 ,·(V~) 

R65s ?6~ v(0-0) v1 

625; (,(Y,) \'(\'-0,) \' l 

520> 5.>0 ''{'.'-0;)\·,· 

• Tempera lure ("C) in parentheses. 1 Calculated vnlues are in parentheses.' Pcroxo-oxygcn. 

cs· could be obtained by-ihc"mcthod analogoU:~tOihat uscd-(or 
Na • and K •. Strong desiccation of the compounds over con­
centrated H 2S04 did not remove the water of crystallisation. 
Pyrolysis of A1[U0 2(0 2)(C0 3)}H 1 0 at 100 •c expelled the 
water molecule without changing the composition of the 
complex ion, while at the same temperature the A 3[V0(0 1h(C-
03)}3H 20 started to decompose through the loss of both 0 1

2 -

and H 20. 
The molar conductances of A 2[U0 2(0 2)(C0 3)}H 20, lying 

in the range 240-255 n-1 cm1 mol- 1 at room temperature, arc 
as expected and attest to the stability of the complexes. The 
room-temperature molar conductances of A 3[V0(0 2h(C0 3)} 
3H 2 0 were higher than the expected values, indicating rapid 
decomposition. The values obtained at ca. 7 •c ca. 370 n-1 

cm 2 mol- 1 were, however, as expected, suggesting that the com­
plex peroxovanadates are stable in solution only at low 
tern per at ures. 

The complexes A2[U0 2(0 2)(C0 3)}H 20 and A3[V0(0 1) 1• 

(C0 3)}3H 20 tend to absorb moisture slowly. The compounds 
arc diamagnetic, in conformity with the occurrence of Uv1 and 
yv respectively. The results of the peroxide estimations, by 
redox tit rations 4 .uo involving separate standard potassium 
permanganate and cerium(rv) solutions, suggest the presence of 
one peroxide per uv1 and two peroxides per yv in the corres-

ponding comple~~s: . _ ... _ _ .... .. .. . . ___ ···- ...... . 
The i.r. spectra of A2[U0 2(0 1)(C0 3)}H 1 0 shows bands 

at ca. 920s, ca. 890s, and ca .• 610m and ca. 550s cm-1 due 
to v(O=U=O, trans), 8

•
11 v(0-0), and v(U-0 1 ) modes 8 ·

10
·
12 

respectively, at ca. I 580s, ca. I 330m, ca. I 050s, ra. 750m, en. 
675m, and ca. 415 cm-1 due to v(C-0), v(C-0) + 8(0-C-0). 
v(C-0), ring deformation + v(U-0), 8(0-C-0) + v(U-0). 
and v(U-0) respectively originating frvm the co-ordinated 
bidentate carbonate, 13 and at ca. 3 455m, and ca. I 630s cm- 1 

-------------~----· -------- ------------

due to \•(O_:il)aildS((!_:-0-H)n"w,T~~-ni :ll:cn-:(;r~r~~;;:<.d w::lcr 

The laser Raman spectra, recorded in th·· ,oJid s!<:ic bcc:nllc of 
low solubility, exhibited peaks nt co. 9~0 cr.1- 1 as:.ignd to 
v(O=U=0), 8

·
11 at 880, ca. 600, and ca. 55,·1 em-' due to v(0-0. 

v1), v(U-0 2• v 3), and v(U-0 1, 1' 2 ) rcspcctivcly, 12 and at<(: 
I 570 em-' due to v(C-0) (v 1, A,) of cn-nrd in:l!cd CO 3

1 - The 
distinction between the v1 and v3 modes r>f v(U-0 2) W<tS m::dc 
on the basis of the sharpness nnd intensity of the peaks, that ill 

ca. 550 cm- 1 being the sharpest and most in:~nsc. The i.r. spectra 
of A 3[V'J(0 1h(C0 3)}3H 10 show v(\'"0, tcrmin;ll) at ca.<).\(),; 
cm- 1, v(0-0, v 1) at 865s em- 1, and the two v(Y-0 2, v1, and v3) 
mod~S at ca. 525s and ca. 62Qs cm-l dt'C to CO·Ort:ir.atcd 0 2

2 -

groups. The bands at ca. I 585s, ca. I 340s, ca. 1 050s, ca. 74Cm, 
ca. 695w, and ca. 395m cm- 1 have !Jccn altributd to v(C-0), 
v(C-0) + o(O-C-0), v(C-O),ring rkfomation + v(V-0), 
8(0-C-0) + v(V-0), and v(V-0) modn 13 respectively, while 
those at ca. I 640s and ca. 3 450m cm- 1 have been assigned to 
&(H-0--H) and v(O-H) modes of unco-0rdinatcd water. 14 The 
laser Raman spectra of A3(V0(0 2MC0 3)}3H 20 exhibit a 
strong peak at 940cm- 1 assigned to v(V~O), peaks at ca. 870, co. 
600, and ca. 530 em- 1 attributed to this v(0-0, v1 ), v(V-0 1 • v3 ), 

and v(V-0 2, v1) modes 11 respectively of the co-ordinated 
0 1

1
-, and a peak at ca. I 58() cm- 1 nssii;'1cd to the v(C-0. -.· 1. 

A 1) mode of co-ordinated CO 3 
2 -. The facile Jo.cs of water at 

100 oc and the resemblance of the peak ~hapcs and pos:tions of 
8(H-O-H) and v(O-H) with tho~:e of unco-ordinated 
water 14 ·1l suggest that the water molecules arc not co­
ordinated. The typic:~! pattern of :~bsorptions d:1c to the co­
ordinated 0/- ;u· 12 and those due tu co-ordin:; led COl J ··, 

1 
J 

esrceially the a pprccia ble separation b·:: ween v 1 ( ,f , ) and v, (IJ:) 
modes (Table I) and also the arpcarancc c,f a Ran an peak at ca. 
I 575 cm- 1 due to v(C-0, v 1, A1). 1C11dcr it ccr:ain that f)(lih 
the peroxide (0 2

2 -) as well a.> the ca1:"~nnatc (CO/-) ligaDds 

11-01-65 15-55 DAL497-0L-0004-TMRO'-YE 
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arcooiiaca-tc)--t!1c-mei'al'ccntres in a b1dentate chcGTeC!"{C1J 
manner. 
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