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Synthesis and Physico-chemigal Studies
of
Heteroligand-Peroxyianadate (V) znd Fluoronickelate(II) Complexes
And
Direct Synthesis of Bis(acetylacetonato) nickel(II) Dihydrate
as well as
the Isolation of of, o ,fgw,/B - Tetra-acetylcthane as the Oxidation

Product of Acetylacetone

Abstract

The above mentioned thesis is based on the results of studies which
involved the syntheses and assessment of structures of some heteroligand
diperoxyvanadate(V) and heteroligand triperoxyvanadate(V) complexes of
the type ZTVO(02)2003_7 -, [TVO(OZ)Zeq;7 ~ (en = ethylenediamine), and
ZTV(02)3003_73—, and syntheses and physico-chemical studies of alkali
tetrafluoronickelates(II), A, / NiF,_/, and alkali trifluoronickelate(II)
monohydrates, ANMiF.H,0 (4 = alkali metal or NHL:). Further, the thesis
describes the direct synthe. s of bis/{acetylacetonato) nickel(II) dihydrate,
Ni(05H702)2. 2H,0, as well as the isolation of «,(, 3 5 -tetra-
acetylethane as iuc oxidation product of acetylacetone, as obtained from
the reaction of nickel(IiI) with CeHgO, (acaci). The subject matter
of the thesis has teen distributed over eight Chapters.
Chapter 1 presents a brief introduction pertaining to the work
embodied in the thesis. It highlights (1) the importance of and the

interest in the studies of peroxy-vanadium chemistry in generzl and
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heteroligand peroxy-vanadium compounds in particular , and (ii) the
problems associated with the reported methods of syntheses of fluoro
compounds of nickel and of bis(acetylacetonato) nickel(II) dihydrate,
Ni(C5H702)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. This Chapter also projects the scope of work

on the afore-mentioned aspects.

Details of the methods of elemental analyses, and the instruments/
equipment used for characterization and structural assessment of the

newly synthesized compounds constitute the basis of Chapter 2.

Chapter 3 of the thesis describes the first synthesis and
structural assessment of alkali oxodiperoxymonocarbonatovanadate (V)
trihydrates, A [ 'vo(02)2003_7.3H20 (A = Mo or K). The synthesis of
A3 [TVO(02)2003_7}3H20 has been achieved by reacting vanndium pentoxide,
. . 2~
v,0 55 with alkali carbonate, A2003 (A =« Ma or K), maintaining V : Co,

ratio of 1 : 1.5, and an excess of 30% H20 at pH ca 7. Compounds wWere

2
precipitated with ethanol. ABZTVO(OZ)ZCO};7.3HZO compounds Were
diamagnetic, and the molar conductances, recorded at 7°C, were found

to be in order (gg_B?O-fzflcmZmol_l). The occurrence of terminal V=0,
and the presence of triangular bidentate peroxide (022-), and chelated
bidentate carbonate, 0032-, ligands in the complex ZTVO(02)2003_78- ion
have been ascertained from infrnred and Iaser Raman spectroscopic

studies. Alkali diperoxymonocarbonatovanadate (V) irihydrates are stable

at room temperature, however, they start decomposing at gg_lOOOC.
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Chapter 4 deals with the synthesis and physico-chemical studies of
a new series of heteroligand peroxyvanadate(V) compounds, alkali monokis-
(ethylenediamine Joxodiperoxyvanadate(V), A ZTVO(OZ)Z(enXJ7 (A = Na, K or
NHu ; en = ethylenediamine). It has been shown that vanadium pentoxide
reacts with aqueous hydrogen peroxide and ethylenediamine at pH 9,
ad justed by the addition of alkali hydroxide or aqueous ammonia, to afford
the lemon~yellow coloured, diamagnetic A ["VO(OZ)Z(en);7 (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 of chemical analyses, molar
conductance and magnetic susceptibility measurements, and infrared and
Laser Raman spectroscopic studies. The A ZTVO(OZ)Z(en)_7 compounds
dissolve in water without decomposition, and arec comparatively more stable
than the corresponding 4, ZTVO(OZ)ZXJ7 (X = F~ or C17) 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 peroxide
(O?z) groups and a chelated ethylenediamine ligand. The complex species
ZTVO(OZ)Z(en);7 ~ most probably has a pcentagonal bipyramidal structure

as often .ecncountered 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, Ay [TV(02)3003_7.3H20
(A = Na or K). The blue Ay ["v(02)3003;7.3H20 compounds have been

synthesized from the reaction of V2O5 with alkali carbonate, AZCOB’ and
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30% hydrogen peroxide in the molar ratio of V205 : A2003 : HZOZ 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 A3 ZTV(02)300347. 3HZO compounds, which decompose in water at
ambient temperatures precluding molar conductance measurements, are all
diamagnetic. The results of infrared and Laser Raman (LR) spectroscopic
studies of the compounds 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 (sz) manner, and the
carbonate (0032-) ligand binds the metal centre in a chelated (CZV)
fashion. The basic difference between the methods of syntheses of

diperoxyvanadate(V) and triperoxyvanadate(V) complexes has been discussed.

Two direct and new methods of syntheses of bis(acetylacetonato)-
nickel (II) dihydrate, Ni(CSH702)2.2H20, as well as the isolation of
ol o, /3, /3 -tetra-acetylethane as the cxidation product of acetylacetone
(C5H802, Hacac) from one of the two reactions provide the subject matter
of Chapter 6. Ip view of the difficulties encountcred in the synthesis
of Ni(05H702)2.2H20 using the literature reported method, two direct
procedures have been developed for the synthesis of Ni(CﬁH?OZ)Z'ZHZO'
While one of the methods involve a straight reaction between Ni(OH)2
and acetylacetone, the other is based on the electron-transfer reaction
between nickel(IIT) compound, NiO(OH), and acetylacetone conducted in
the presence of an excess of acetylacetone. No tuffer is required in
either of the new methods, and a very high yield of the desired product

is obtained in each case. The isolation of «, X, A, /2 ~tetra-acetyl-
/ ¢



ethane as the oxidation product of acetylacetone from the w—eaction 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 reactions between manganese(VII) and Hacac,
and also between chromium(VI) and Hacac were conducted, and « , ol , /3,
/3-tetra-acetylethane was isolated, in addition to Mn(acac)3 and
Cr(acac)3 in the respective reactions, in each case. Electron-impact
induced - spectrometric studies of bis(acetylncetonato)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) complexes,
A, [TN&F4;7 (A = X, Rb or NHU)' their characterisation, and also the
scope of the new method as a paradigm for other such syntheses have been
reported in Chapter 7. The complexes A, [_N1F4J7 (A = K, Rb or NHQ)
have been synthesised from the reaction of bis(acetylacetonato)nickel(II)
dihydrate, N1(05H702)2.2H2

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

0, with 40% hydrofluoric acid and alkali

by elemental analyses, magnetic susceptibility measurements, and infrared
spectroscopic studies. The apecific advantages of the method have been
discussed. To demonstrate the scope of the new synthetic procedure,
similar reactions involving ZTVO(C5H702)2J7, ZTCr(C5H702)3_72 or
[TMn(CSH702)3;7 with NHQF and 407 hydrofluoric acid were carried out

and the products obtained were identified as (NHq)g ["VOF5;7,

(NH4)2 [TCrF5(H20);7, and (NHq)g ZTMnF5_7'respectively; this supports
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the contention that the method can be used as a paradigm for other

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

Chapter 8, indeed the last Chapter of the thesis, provides a
detailed account of the first reported syntheses and .characterisation
of alkali trifluoronickelate(II) monchydrates, AN:'LFB.HZO (A = Na, K or NHu).
It has been shown that bis(acetylacetonato)nickel(II) dihydrate,
Ni(Cfﬂ702)2.2H20, and alkali fluoride, AF (A = Ma, K or NHM)' 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, ANiFB.HZO, 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 HZO molecule is not lost even on prolonged heating of the ANiEB.HZO
compounds at ca 120°¢ suggesting thereby that the water molecule is
tightly held in the crystal lattice. The results of cryomagnetic studies
. H_O behaves as a normal octahedral nickel(II) compound,

3" "2
whereas NaNiFB.HZO is ferromagnetic with its Curie point being 145K.

show that NHquF

The KNiF O compound, however, behaves antiferromagnetically; its Neel

3.H2
point is 230K. .

The results of studies described in Chapters 6 and 7 have been

published, and those described in Chapters 3 and 8 are now in press,

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

for publication.
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Chapter 1

Introduction

VANADIUM the element 23, a d-block transition mctnl of periodic group VB,
has the configuratiorsof its outermost clectron shells 3d3462. Pentavalent
state is the highest oxidation state of the mctal, and in this state it
forms two oxo-species, viz., VO3+ anc V021+, neither of which dispropor-

tionates because of their being better oxidants. The VO3+ unit occurs in

the oxyhalides VOXy (X = F, C1 or Br) in which the V 0 stretching
frequencies occur at 1058, 1035 and 1025 cm.l respectively. In addition,

a number of complexes of the types VOClB.L anG VOC13.2L, in which L can

be either an oxygen-=donor or a nitrogen-donor ligand, have been
characterized.l’2 The complexes appear to be either five or six coordinated
monomers. Vanadium oxychloride has been shown also to reactl with ligands
containing replaceable hydrogen atoms to give substitution products

€.8. VO(OMe)B, voc1, (OMe), Vocl,(0bt), voc1(ozae)2, VOC1,(acac) and
VOCl(acac)2 (Hacac = acetylacetone). Very little structural information

is available for these types of complexes except for the alkoxide V'O(OMe)3
which has been shown to be a linear polymer molecule, with a dimeric

3

repeat unit and alkoxide bridging.” The oxo-species VOB* is very commonly
encountered in the peroxy~vanadium chcmistrf% and there are some X-ray
crystallographic evidences for the occurrence V==0 in the percxyvanadate(V)
compounds, viz., (NH4)'Z—VO(OZ)Z(bipyl;7.4H205, ZTVO(02)2C204;73-

(Ref. 5), (M) [TVO(OZ)(CQH504N)_76 . The other example cf complexes



containing VOO© include vocy, and VOF,~ (Ref. 7-9), and [ VOF3(H20)J B
(Ref. 10).

The second oxovanadium(V) species, the VOZ+ ion, is not very
much characterized, btut it is believed to cccur discrctely in the

complexes VOZ(NO3), VO F, and VOZ(SbFé), and as a cis-VO, unit in the

2 2

11
complexes™™ Ky [ VOZFL,J and K3[ vez(cgob()zj.

The most characteristic feature of the infrared spectra of

-1
oxovanadium complexes is the very strong and sharr band at 980 he 50 cm &

12,13 and

This band is assigned to the V==0 stretching frequency as

expected it lies near the upper frequency limit for those complexes

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

It has been known for over a century that characteristic colour

reactions may take place when hyirogen peroxide is added to solutions

14,15

of transition metal derivatives, and some peroxy transiticn metal

ccmpounds have been isolated in the so0lid state. Peroxy compcounds of

6-37

~metals, besides having an intrinsic interest of their own,1 are of

considerable and growing importance particularly in relation to the

e}
38 invcelving H?O?”9 itself, and the storage and

40,41

catalysis of oxidation

transport of oxygen in biological systems.

Although the term molecular oxygen refers to the frec uncombined

0y

used as a generic designation for the O? moiety in any of its several
1

forms, and can refer to O2 in either a free or a combined state.lz For

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

molecule with the ground state 3}:& , the term dioxygen has been

between the oxygen atoms. Thus, a metal-dioxygen complex refers to a



metal containing O2 grcup coordinated to the metal centre, and 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 peroxice (022°) anion.LFo The incorporation

of O2 into a metal complex to form a metal-dioxygen compound is called
oxygenation, and the reverse is kncwn as dgoxygenation.

Simple peroxy compounds of transition metals are the ones which
contain peroxides, hydroperoxides, and water molecules, whereas
heteroligand peroxy complexes are mixed ligani complexes contalning one
to three coordinated peroxy groups, and one or more monodentate or
polydentate ligands. Hetercligands renge from mcncdentate halide ions
to bulky porphyrinul (F7, 17, Mis, 02042-... , NTA, EDTA,... dipy, o-phen,
oxine ... , porphyrin, ... , pyridine - 2, 6~ dicarboxylate ... etc.).
The stability of pevoxy complexes is generally enhanced by specific
hetercligand combinations. Thus, many simple transition metal peroxides
often explcde spontaneously; scme are sensitive to shéck cr decompose
above OOC, and several do not exist at all as stoichiometric compounds.lu
Many heteroligand peroxy complexes, on the cther hand, survive recrysta-
1lization from boiling aqueous solutions, heating in vacuo, and many

6,37,43-48

remzin unchanged for prolonged periods in closed containers.

The biochemical significance of peroxy metal complexes has been
emphasized in the literaturegl’ 37,40,41,49-52 The reactivity of
peroxides,53-6O and the lability of metal-oxygen bonds in special
heteroligand environments in solutions are of particular interest in

biochemistry, but arc not easy to measure directly.



A‘comparison betwcen the peroxo an? unreduced dloxygen heteroligand
complexes reveals that the chemistry of the two is very different owing
to the presence of two extra electrons in the antibonding O-p 7T * orbitals
of the peroxide ion. The electron rich 022_ ion therefore preferably
forms complexes with metal ions of low a® electron configuration, while
the neutral dioxygen molecule favours higher a® metal acceptors. However,
there are at least two things that these two oxygen species have in
common : (i) both are stabilized by specific heteroligand spheres, and
(i1) both are of importance in biochemistry.

The importance of neutral dioxygen complexes in biochemistry is

61

well known, — but the biochemical connection of the metal peroxy complexes

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

ual 6

v, Cr, Y, Zr, Nb, Mo, 1a, Hf, Ta, W,  and U 2 form stable heteroligand

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

63-66

significant biological role. It is reasonable to assume that the
participation of vanadium will depend upon parameters such as pH, and
the availability of inorganic or organic species that can act as

heteroligands.

Molecular oxygen is a paramagnetic molecule having a triplet

3§Zé ground state. A molecular corbital description of BZfé level is

2 %12 ) 4 *\1 *\1
0, KK(2s 6.)° (28 &) (2p 7.)" (2p 1) (2p7,) (2p 17,)

where KK term indicates that the K shells of two oxygen atons are

filled. The two unpaired electrons in the BAE:é ground state are found

*
in the two degenerate antibonding 2p TTg orbitals (Fig. 1), leaving



Oé with a formal bond order of two.
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The MO description of 0, (BZEé) shows a vacancy for the addition
of a single electron in both of 2p Tg orbitals. The addition of one
or two electrons to 2o neutral 02 results in formation of the superoxide
(02-) and peroxide (022-) species, respectively, leaving 02— with a
bond order of 1.5, and the peroxide 0-0 link with a normal bond order

6.” and 0.2 are

of one. Some of the salient features for 02, > >

summarized in Table 1.



0, and O 2-

Table 1. Some Properties of 02, > b

e cmowt 00 o Y VO
0, 2 0, 1.207%7 117.2 | 1554759
0,” 1.5 KO, 1.28 - 114570
0,2 1 b0,  1.49% 48.8 g2

The way in which a peroxo group is expected to coordinate to
m.e't:ablsu1 (Fig. 2) can range from a symmetrical bidentate to a terminal

monodentate position, including all the possible angles in between,

0
0] 0—0
/\ ,/-“- < \ /’A\‘, /
k M/; M/ 0 { m~
J { \\., \\_,/'
(/’\\
CM/OWO\M ) N
\/\
M ';'
0 M -
~ 2 N
M-eweteee - M 0
./ i
0 C
\%’/_



The bridging /4-peroxo could very from cis-planar and trans-planar

to trans-nonplanar configurations. An unusual symmetrical double

72

bridging was also found.'™ Deviations from tue ideal symmetry are not

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

symmetry of different donor atoms, Additional p 4t electron delocali-

zation to the metal ion is anticipated which would therefore favour a

d° or a low d" metal ion configuration.

The stereochemical polyhedra in heteroligand peroxy complexes are
fairly predictable. For the second row elements Nb and Mo, coordination

number 8 with a dodecahedral (D symmetry has invariably been observed

2a)
in the absence of oxo groups. In oxoperoxy=-heteroligand surroundings

5,6

the pentagonal bipyramidal arrangement is the most common, usually

with two coordinated peroxy groups in the cis positions and one oxo

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

73

example of coordination number 6 for a peroxy-vanadium complex.

Infrared spectroscopic studies are essential, and Raman

spectroscopic studies are very important for the characterisation

74-81

of peroxy metal complexes. The peroxy-metz] complexes involving

a metal-trizangular bidentate peroxide (0?2—) would be expected82 to

give rise to three vibrations of symmetry species (2 A; + BZ), and

these may be designated as 1) (4 3 C 0 stretching), V(4

symmetric metal-peroxide stretch), and "“3(32 ;s asymmetric metal-peroxide
stretch). All three modes should be active in both the infrared as well

as Raman, but the A, modes should be polarized and the B, mode

1 2

depolarized in Raman. The °/(0-0) bend is the most sensitive and intense



one, and characteristically occurs between 800 and 900 cm-l. The frequency
of this band remains fajirly independent of the heteroligand environment,
but is sometimesaffected by “he mass of the metal centre indicating
coupling of the 1/(0-0) with metal —— O, vibrations. This most
familiar way of bonding of 022° groups, in a triangular bidentate

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

O2 in oxyhemoglobin. The dimeric peroxy complex is sometimes more stable
than the monomeric complex, and are generally formed unless its

formation is inhibited (e.g., ['(NHB)5CO ~ 0, - Co(MiB)j_]m). These
complexes are diamagnetic with the oxygen being viewed as “"peroxide-like"

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

1

The ./(0-0) for such complexes span a range of 790-844 cm ~ with an

40

average value of 810 emt (ef. At -poroxo).

Heteroligand complexes of niobium and tantalum are rather easily
formed., Structural analysis of some such niobium complexes show that
the coordination polyhedron is dodecahedral.B4 Vanadium, however, presents

a different story. Although some peroxy~ and oxoperoxy- vanadium(V)
6.41,73,85

species occur,.lLF only a few heteroligand complexes are known.
Unlike Nb and Ta, vanadium has a strong tendency to form oxoperoxy

species.

The reaction of concentrated alkali hydroxide with a concentrated
solution cf ‘anaditm nentoxide (Vé05) in aqueous hydrogen peroxide at
low temperatures (G° or below ¢°C) gives a deep blue solution owing
to the formation of tetraperoxyvanadate(V) species,lq ZTV(02)4_73*.

The salts of the couplex ZTV(OZ)Q_73- ion were ob%ained by the addition



of ethanol to such a solution. The salts are stable only at low
temperatures, and their stability decreases with increasing cation size.lu
The potassium gglt, K ZfV(02)4;7, which is isomorphous with

K3 [ftz(02)4;7 , Dresumably having a dodecnhedral structure, has a
magnetic moment of 0.6 BM, consistent with the presence of vanadium(V).
The IR spectra of the (NI-I,+)3 [V(OZ)LI»] and Ky ['V(QZ)L’J contains bands
in the region 800-900 cn™L that have been assigned to 1}(0-0) modes

87

of peroxy groups. ' It was suggested that slight excess of a base causes

the destruction of the tetraperoxy species lending to the formation of

the anion [/ vo(02)3]3'.
LV T+ o7 === [V0(0,)y 777 + 0y~

which is stable at room temperature.

The yellow colour produced by the addition of aqueous hydrogen
peroxide to a dilute solution of a metavanadate has becn shown to be due
to a diperoxy anion by cryescopy88 as well as 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 interpretated in terms of the anion /V0(0,), 7/ .

The addition of aqueous H,0, to (1) V2059O, (i) an acid solution

of a metavanadate,91 (iii) 2 vanadium(V) salt in a weakly acid solution,

93

92

(iv) or a decavanadate’” produces in each case a red colour believed to
be due to the formation of a monomeric monoperoxyvanadate(V) cation
vo(oz)". The red colour thus obtained is stable in moderately acid

media. In an excess of HéO2 the red cation is converted to the yellow
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oxodiperoxyvanadate (V) anion92’9"3 [TVU(OZ)?_7'_. It was concluded14
from the results of various svwudies that,
(1) the number of peroxy groups per vamadium atom increases
with alkalinity;
(ii) increasing acidity increases polymerisation and decreases the
number of peroxy groups per vanadiium atom;
(iii) increasing concentration of HZOZ decreases the degree-

of polymerisation,

Studies involving vanadium peroxo complexes are of special
interest because the actual function of vanadium in living cell is
unknown.64 From biochemical point of view, the most interesting aspect
of peroxy-varadium chemistry remains the experimental approach to
measuring the reactivity of the coordinated perovxo grovp in an environ-
ment of various hetecroligand fields. The reactivity of coordinated
peroxo groups means essentially the ease cf clectron-transfer to ard
from the dioxygen (022") anion. Whereas most of the recent reports on
peroxyvanadiur chemistry deal with the studies in solutions,50’51'9u"98

the synthesis and structural assessment of such compounds have received

only scant attention.

The synthesis of well definad heteroligend peroxyvanadate(v)
complexes, and the study of their propertics provide a heuristic appiroacii
to an understanding of the role of vanadium in the catalytic reactions.
The chemistry of heteroiigand peroxyvanadates(V) thus embraces a

fascinating, rewaxding, and worthwhile area of investigntion.
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Chapters 3 -~ 5 of the present thesis describe the syntheses,

characterisation, structural assessment, and some properties of new
heteroligand peroxyvanadates(V), viz., Ag [TVU(QZ)ZCCB~7.3HZO,
A [TVO(OZ)Zeq;7 (en = ethylencdisamine) and foy [fV(OZ)BCO};7.3H20

(4 = No, K or Miy).

Complexes with 1,3-diketones, particularly involving acetylacetone,

have been reported for almost all of the non-radioactive metallic or

99 ¢

metalloid elements in the periodic tz=ble.”” Since /? -ketoenol complexes
have been a very commonly used commodity in chemistry laboratories, and
many of such compounds can be purchased commercinily, many text and
reference books provide information regnrding them. However, intecrests
in their syntheses, and chemical and physico~chemical studies of these

100-114

types of compounds never seem to be diminishing. Bis(acetylacetonate)

nickel(II) dihydrate, Ni(acac)z.ZHZO, a typical example of metal

ﬂ;-diketonate, has drawn a lot attention of many workers.lo7-114

This compound, in the presence of reducing agents, acts as a well recognised
catalyst for very important organic reactions such as, for instance,
oligomerisation, polymerisation, hydrogenation, and isomerisation of

106

olefins, hydrosilylation of alkynes, and coupling of organic halides.

Ni(acac)z.ZH 0 is obtained from aqucous solutions of nickel(II) salts in

2
the presence of acetylacetone and a weak base such as sodium acetate;

the compound is readily dehydrated to the green anhydrous compound at
50°C in va,cuo.115 In the crystalline state the molecule is trimeric with
a slightly distorted octahedral coordination =bout the nickel atoms in

116,117 In the v

the trimer. apour state, however, the molecule is most

probably monomeric, and in solution (10’2M) in chloroform the electronic
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spectrum indicates it to be planar.99 The method, used in practice, for
the synthesis of bis(acetylacetonato)nickel(II) dihydrate,
Ni(05H702)2.2H20 requires the addition of a large amount of sodium
acetate (buffer).l15 The chances of contamination of the desired product
owing to the use of such a large amount of buffer cannot be ruled out.118
Moreover, it is evident from various reports that under the appropriate
conditions acetylacetone (Hacac) is capable of acting both as a

103,104,119-121 However, the

reducing agent as well as a chelating agent.
nature of the oxidation product of acetylacetone when it acted as a

reducing agent has not been established.

It is therefore highly necessary tc develope direct method(s)
for the synthesis of Ni(acac)Z.EHZO, without meaking use of any buffer.
Moreover, the question of isolation and identification of the oxidation

" product of acetylacetone (Hacac), formed in the reaction between
higher valent metals and Hacac (CSHBOZ)’ calls for an immediate

attention of the workers engnged in the study of metal acetylacetonates.

The details of two new methods of syntheses of tis(acetylacetonato)-

nickel(II) dihydrate, Ni(05ﬂ702)2.2ﬁ 0, and the isolation of ol ,o¢,f3,

2
/3 -tetraacetylethane as the oxidation product of acetylacetone
(Hacac), as achieved from the reaction of nickel(IIT) with Hacac,
constitute the subject matter of Chapter 6 of the thesis. The two
new methods of syntheses do not require any buffer.
Interest in the field of chemistry involving fluoro-containing
120-132

transition metal compounds seem to be never diminishing.

Peculiarities of such compounds in respect of their magnetic and



and structural behaviours probably mnke them relatively more interesting
than the compounds containing other halides bunded to a metal centre.
Some of the fundamental properties of fluorine, e.g., its high electro-
negativity and small ionic size render it suitable for stabilising
higher oxidation states of metals, and knowledge of fluoro--compounds

of the transition metals has been increasing consicerably, mainly
because fluorine itself has cecased to be a laboratory curiosity as a
result of simplification of its preoparation and purification. New

materials and improved techniques have made ncwer synthetic methodslzo’IZI'

133-137 yery offective, tut it is certainly true thot 2 surprising amount
of new work in this field has to be done.

Coming to the case of complexes of nickel(II), it is evident
that coordimation compounds of nickel(II) are cxceedingly numerous.138’139
The maximum coordination number shown is six and whilst octahedral or
distorted octahedral complexes are the most usual, divalent nickel also
forms many 5-coordinate (square pyramidal and trigonal bipyramidal), and
4-coordinate (tetrahedral and square planar) complexes. One of the most
remarkable 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 that exist practically completely in

139

one stereochemical form.

The electronic spectral and magnctic properties of nickel(II)

139-141 2+

complexes are quite characteristic and well unlerstood. The Ni
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ion has the 3d8 outer electron configuration which gives rise to the

triplet and singlet terms (in order of increasing energy) 3F, lD, BP, 1G,

18. The simple crystal field diagrams for this ion in tetrahedral,
octahedral and tetragonal fields are shown in Fig.?. It can be readily
seen from these diagrams in octahedral and slightly tetragenally distorted
octahedral fields, two unpaired electrons are present; the groumd state
makes no orbital contribution to the magnetic moment, so that these
moments are expected to be not greatly different from the "spin-only"
moment (2.83 BM). In tetrahedral fields, again, %wo unpaired clectrons
are present, but there is now orbital contribution to the magnetic moment
through the equivalence and cdegcneracy of the incompletely filled t2
orbitals; magnetic momemts are thus expected to be well in cxcess of the
spin-only value, and typically lie in the range 3.2 ~ 4.0 BM, 1n strong
tetragonal and square crystsl fields the electrons pair and the complexes
become diamagnetic. We shall not elaborate our discussion on the magnetic
and spectral properties of nickel(II) complexes, 25 several excellent

1
reviews on this subject are available.luo’lu“

Like other transiticn metals, nickel(II) alsc forms fluoro-
nickelate(II) complexes. Thus, yellow tetrafluoronickelates(II) are
prepared by fusion of nickel(II) fluoride with stoichiometric amount of an
alkali metal or alkalinc earth metal flueride in vacuo, or in an atmosphere

14

of hydrogen fluoride. 2 The tetrafluoronickelates(II) contain octahedrally

coordinated nickel(II); the potassium, rubidium, ammonium and thallium(I)
4
salts are te‘t.ragonal,lb'3 LiNin is cubic,qu and BaN'iF‘4 is orthorhombic.lu’

While the lithium salt has a magnetic moment of 3.8 BM, the other

compounds are antiferromagnetic showing room temperature moments around
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2.0 BM. The reflectance stectra of NazNin, KZNiFM’ anc Hb2N1F4 have

. 143
been assigned on Oh symmetry.

The trifluoronickelates(II) are obtaincd when nickel (II) fluoride
and alkali metal fluoride are reacted in boiling Water.123 They all
contain octahedrally coordinatcd nickel., The potsssium salt KN'iF3 has
the percvskite-type structure with the Ni —-— P distance of 2.01A°, while
the sodium and rubidium salts occur in two cdifferecnt nodifieations
(Na salt, cubic and orthorhombic, an? b salt, cubic and hoxagcnal).luz

The trifluoronickelates(II) are antiferromagnetic.lus’14?

It is also reported that = hexafluoronickelate (II), Ba,NiF,, has
been abtained as a yellow solid by fusing ~ 2 : 1 mixture of tariun
fluoride and nickel(II) fluoride at 12000, 148,149 1y, NiFéa' octzhedra are
tetragonally alongated with Ni ——- F “istances being 2.03 an? 1.97 A°.
This compound has a room temperature magnetic moment of 3.76 BM, and

becomes antiferromagnetic at low temreratures.

Another series of fluoronickelates(II), mnely alkali metal
trifluoronickelate(II) monchydrates, ANiFB.HZO (A= N, K or'Nﬁu) has
been reported in the 1iterature.lu7 Tne compounds are very simple, yet
show very interesting propcrties. For example, the merc change of the
counter cation in ANiFB.HZO brings about very drastic and significant

147

changes of magnetic properties.147Although ¥nchin and Nyholm reported
the analytical data and magnetic properties of AN1F3.H20 compounds about

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

It is evident from the above discussicn on fluoronickelates(II)

chemistry that while no reported method is available in the literature
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for the synthesis of alkali trifluoronickelate(II) monohydrates,
ANiF4.H,0 (A = 2lkali metal or ammonium), the recommended metho’s for
the synthesis of tetrafluoronickelate(II), ZrNin_72-, employ fusion
of Nin with stoichiometric amount of alkali metal fluorides either
in vacuo or in an atmosphere of dry HF. Such methods require not only

Nin but also anhydrous HF which is difficult to handle.

Thus it is imperative and nccessary to improvise suitable methods
for the synthesis of alkali trifluoronickelate(II) monohydrates,
ANiFB.HZO, and to develope new and much simpler routes to alkali
tetrafluoronickelates(II),A2 ZfNiF4;7. Stulies in the afore-mentioned

directions are therefore warranted.

Chapter 7 of the present thesis “escribes about a novel route
to alkali tetraflucronickelate(II), A, / NiF, 7 (4 = K, Rb or M),

as well as the scope of the new method.

Chapter 8, indee? the 1last Chapter cof the thesis, presents the
details concerning the first reported synthesis and characterisation of

alkali trifluoronickelate(II) monchydrates, ANiFS.HZO (A = Ba, K or NHM)'

Chapters 3 to 8 report interpretative accounts of the results of

studies on heteroligand-peroxyvanadates(V), bis(acetylacetonato)nickel(II)
dihydrate, and fluoronickelates(II). Bach 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 discussion, followed by

relevant bibliography. Some of the ncw resulte hove been published, some

more are now in press, while the rest are unler communication.
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Chapter 2

Methods of Elemental Analyses and Particulars of Instruments/
Equipment Used for Characterisction and Structural Assessment

of Compounds

The methods employed for the gquantitative determination of various
constituents, and the relevant particulars of the instruments/
equipment used for characterisation and structural assessment of

the newly synthesised compounds are given in this Chapter.

Elemental Analyses

Vanadiuml

Vanadium vwas estimated volumetrically by titration with
standard potassium permanganate solution. A near boiling solution of
an accurately weighed amount of the vanadium(v) compound, after
removing peroxide, was treated with a stream of sulphur dioxide for
ca 10 min, and then with a stream of carbon dioxide to expel any
excess of sulphur dioxide. The vanndium(IV) solution thus obtained was
cooled to ca 80°C, and finally titrated with a standard potassium

permanganate solutionl.



Active Oxygen (Feroxy nygcnﬁ)/‘-LL

(i) Permanganometry”

An accurately weighed amount of the peroxyvanadate (V) compound
was dissolved in 7(N) sulphuric acid containing ca 4 g of boric acid
(boric acid is used to prevent any loss of active oxygen through the
formation of peroxyboric acid). The solution was then titrated with

a standard potassium permanganate solution.
1 o’ N K0, solution = 0.01701 g of H,0,

This method is suitable for dcterminntion of peroxide contents
in peroxy-vanndium(V)compounds.

(ii) Iodometry’

In a freshly prepared 2(N) sulphuric ncid solution, containing
an approprinte amount of potassium iodide, was added an accurately
weighed amount of the peroxyvanadate(V) compound with stirring.

The solution was kept under an atmospherc of COZ' After about 7 min,
liberated iodine was titratcd with a2 standard sodium thiosulphate

solution.

This method gives the total amount of peroxide plus vanadium
present in the compound. On deduction of the contribution of
vanadium(V) from the totnl amount of iodine liberated, the net

peroxide content of the compouni is evaluated.
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(1i1) Determimtion of Peroxide (0,°7) by Titration with a

e

ce* Solution”

An accurately weighed amount of the peroxyvanndate (V)
compound was dissolved in a 2(N) sulphuric ~cid solution in the
presence of ~n excess of boric ncid. Peroxicde wns then determined by
titrating with a standard ce**solution. Vanndium(V) docs not interfere

in this method.
Nickel’

Nickel was estimated grav%metric&lly as nickel dimethyl-

5

glyoximate.,

In a typical procedure, an nccuratcly weighed amount of the
nickel compound was dissolved in o hot (70—8000) dilute solution of
hydrochloric acid (1 : 40). To it was added the requisite amount of
1% solution of dimethylglyoxime reagent in ethanol followed by the
dropwise addition of aqueous ammoniec, until the solution was faintly
alksline whereupon nickel dimethyl glyoximate was precipitated.

The whole was hented on a boiling wnter-bath for ca 30 min, and the
precipitate wos allowed to settle for ce 2h, while cooling at the

same time. Quantitative precipitation of nickel dimethylglyoximate

was checked by adding a few drops of thc dimethylglyoxime reagent
solution. The precipitate was filtercd on a weighed sintered Gooch
crucible (G-4), washed several times with cold water until the washing
was free from chloride. The crucible along with thc precipitate was
dried, to constant weight, at 110-120°C. The precipitate was weighed

as nickel dimethylglyoximate.



31

Fluoride6

A weighed amount of the fluoronickelate(II) compound was dissolved
in water, and the solution was treated with alkali (c.g. potassium
hydroxide solution) in order to decompose the compound, and to separate
nickel as Ni(OH)Z. The solution was filtered, the residue was washed

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

the estimation of fluoride.

From the above solution, fluoride was prccipitated quantitatively
as lead chloride fluoride, PbClF. The PbCIF precipitate was filtered on
a weighed sintered érucible (G-4), washed 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 was found- out.

_Zinc7

Zinc, in fluorozincate(II) complexes, was estimated gravimetrically

as zincammoniumphosphate.

In a representative procedure, an accurately weighed amount of the
zinc compound was dissolved in water, from which zinc was precipitated
out as zinc hydroxide by the addition of dilutc sodium hydroxide solution.
The precipitated zinc hydroxide was separated by filtration, washed
several times with water to make it frce 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. The neutralised solution was heated to boiling, and then 10 %
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diammonium hydrogen phosphate rengent was added with stirring until
white precipitate ceased to appenr. The whole was heated on a steam-bath
for ca 1 h followed by cooling at room tempernturc for znother period

of about 45 min. The precipitate was filtered on ~ weighed sintered
glass crucible (G-4), washed first with 1% solution of diammonium
hydrogen phosphate and then with ethanol, and finally dried to constant

weight by heating at 100-10500. The precipitate was weighed as ZnNHapoq,

Sodium and Potassium

Sodium and potassium contents were determined by flame photometry.
The salts were first dissolved in deionised water and then acidified
with hydrochloric acid. The ncidified solution thus obtained was used
for flame photometry.

Rubidium and Ccsium8

Rubidium and cesium contents in the respective salts were
estimated gravimetrically as their perchlorates. The precipitate was
obtained by following the standard procodureB, and weighed as AClO,_F

(A = Rbor Cs).

Carbon, Hydrogen, and Nitrogen

Carbon, hydrogen and nitrogen were estimated by microanalytical
methods. The results of analyses were obtained from Amdel Australian
Microanalytical Service, Port Melbourne, Victoria 3207, Australia, and

also Microanalytical Laboratories, RSIC - NEHU, Shillong 793003.
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Particulars of Instruments/Equipment Used

pH Measurement

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

by using a Systronics Type 335 digital pH meter.

Molar Conductance

Molar conductance measurements were made using a Philips PR 9500

conductivity bridge.

Magnetic Susceptibility

The Gouy method was used to measure the magnetic smsceptibility of
the complexes. The Hg ZTCO(NCS)447 compound was used as the standard

for calibration.

Electronic Spectra

Electronic spectral measurements of solutions were made on a
Beckman model UV-26 spectrophotometer.
Reflectance spectra of solids were recorded against MgO using

Carl Zeiss Jena VSU 2-P instrument.

Infrared Spectra

Infrared spectra were recorded on the following spectrophotometers.
(a) Perkin-Flmer Model 297.

(b) Perkin-Elmer Model 125

)
g

(c) Perkin-Elmer Mcdel 983
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Laser Raman Spectra

Laser Raman (LR) spectra were recorded on a SPEX Ramalog Model
1403 Raman Spectrometer. The 4880 Z Inser line from Spectra-Physics
Model 165 Argon laser was used .as the cxcitation source. The scattered
light at 90O was detected with the help of a cooled RCA 31034 photomulti-

plier tube, followed by photon-count processing system.

The sample was held eithcr in a quartz capillary or in the form
of a pressed pellet. In some cases solution spectrs were also recorded.
The recording was done ~t ambient temperntures.

Mass Spectfag’lo

The mass spectra were recorded~ on a Varian MAT CH-5 spectrometer.
A direct insertion probe was used to introducee the samples directly into
the ion source without any prior henting. The operating conditions were :
electron energy 70eV (leV = 1.6 x 107395 ); source temperatures 50°, 100°
and 150°C; resolution 10,000; accelerating voltage 8kV. The mass spectro-

metric observations were made with the ionksing beam current held constant

to obtain reproducible ion intensities.

The mass spectra were recorded with the ion source temperature
being maintained at either 500, 100° or 15000, and the samples were
introduced in the spectrometer, using a direct insertion probe, without
any prior heating to avoid any pyrolytic cffects 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-

- *
monocarbonatovanadate (V) Trihydrates Aq / vo(oz)zcojj «3H,0 (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 peroxyvanadium chemistry have generated considerable
current interest!™? probably owing to the special biochemical signi-

10-12

ficance of peroxy-transition metal compounds, and their involvement

in the activation and transfer of molecular oxygen to organic subs*l;ra't,es.B’]3
Whereas most of the recent reports on peroxyvanadium chemistry deal with
the studies in solutions,z"7 the synthesis and 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

netals, 12»14-16

The synthesis of well-defined peroxy-vanadium compounds
and the study of their properties provide a heuristic approach to
the understanding of peroxy-vanadium chemistry.
Although a few peroxyvanadates(V) containing coordinmated
5

- 1
N-heterocyclic ligands have been well characterised,”’~ compiex

peroxyvanadates(V) with oxygen containing ligands are scanty.

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

J. Chem. Soc. Dalton Trans, 1985, in press.
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The [fvo(02)20204_73‘ and Zfﬁo(og)(04H5N041;7 - (04H5N042- = the anion
1,5,17

are the only examples reported
2_

of iminodiacetic acid, Cuﬂ7N04) ions
to. our knowledge. Recent attempts to bring about coordination of S0,
with vanadium(V) in the presence of peroxide ligand (022') were

unsuccessful,18 however, the coordinstion of carbonate (COBZ-) and 022-,
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
oxodiperoxymonocarbonatovanndate (V) trihydrates, Ay [ vo(o, )ZCO}]°3H20
(A = Na or K). The present Chapter reports the details of the rcsults of

studies on the title compounds.

Experimental

The chemicals used were all reagent grnde products (B.D.H.;

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

Synthesis of Alkall Oxodiperoxymonocarbonatovanadate (V)

Trihydrates, A, [fVo(oz)ZcQ}J7.3H20 (A = Na or X)

Since the mecthod of synthesis of alkali oxodiperoxymonocarbonato-
vanadates (V) trihydrates is a general one, only a representative
procedure is described below,

In a typical synthesis a mixture of lg (5.5 mmol) of vanadium
pentoxide, V205, and alkall carbonate, A2C03 (A=N or X; 16.5 mmol),

mintaining V : 0032‘ ratio of 1 : 1.5, was dissolved in 15 cm® (132.4 mmol)
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of 307 hydrogen peroxide to obtain a clear yellow solution. The solution
was filtered and the filtrate cooled in an ice-water bath for ca 15 min,
An excess of pre-cooled ethanol was added to the above solution with
siirring until the yellow microcrystalline alkali oxodiperoxymono-
carbomatovanadate(V) trihydrate, Ay VA vo(o, )Zco}j. 34,0 (A=Na or K)

was completely precipitatced. The stirring and cooling (at an ice-water
bath temperature) was continued for s further period of 30 min. The
compound thus obtained was separated by filtration, washed four times

with ethanol, and finally dried in vacuo over concentrated sulphuric acid.

The yields of

Mg [ vo(og)zco}].zﬁzo was 3g (87%)

and of Ky [ vo(oz)zco}].mzo was 3.2g (80%).

Elemental Annlyses

Vanadium, peroxide, carbon, sodium, and potassium contents were

determined by the methods described in Chapter 2.

The results of elemental annlyses are summarised in Table 1,
while the molar conductance values, and structurally significant
infrared and Raman band positions along with their assignments arc

reported in Table 2.
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Tzble 1. Amalytical Dnta of 4, [7VO(02)2003ﬁ7:3H20 (A =Na or K)

oA -~ 9
Compound Found % (Caled. %)

A v o? c

Na,/ V0(0,),C0, /.3H,0 23.21 16.7 20.65 3.86
3 2273 TR (2l.97)  (16.22)  (20.38)  (3.82)

/[ vo(0,),co, 7.3H,0 32,62 14.54 18.2 3.35
E 27273472 (32.38) (14.06) (17.66)  (3.32)

aPeroxy-oxygen

Results and Discussion

The renctions of vanadium with hydrogen peroxide are highly pH
dependent, and a small variation of pH of the reaction solutions leads
to the formation of peroxy-vanadium complexes of different compositions.

The importance of pH, for the successful synthesis of peroxy-metal

4,12,14

compounds, has been emphasised, and it was shown very recently

that o relatively higher pH was favourable for the coordination of

4,14

peroxide (022") with a VO°© centre. Indeed, in thc present case

pH > 6 was considered conducive also in ordexr to prevent carbonate (0032-)
annihilation through coBZ‘T 2H'—> 00, + Hy0 renciion. Accordingly the
reactions among vanadium pentoxide, nlkali carbonate, A2003 (A=N, or K),
and 30% hydrogen peroxide werc carried out at various pH (botween 2 and 8),

and it was ascertained from the results that pH cn 7 was suitable for

the synthesis of the title compounds. It is imperative to mention that
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the products isolated a%t pH 4 or 5 either do not show the presence of
carbonate (COBZ-) at all, or do to a very smrll extent indicating that
the COBZ- ligand might have Jjust started coordinating with the vanadium
centre. This observation therefore suggest that acidic conditions are
not conducive to the desired synthosis. Thus, the reaction of V205
with HZOZ and A2003 at pH 7 followed by the addition of ethanol

(vide Experimental) afforded alkali oxodiperoxymonocarbonatovancdate(V)
trihydrates, A VA vo(oz)zco}7.3ﬂzo (A=Ma or K), in very high yields.
The reaction was monitored by isolating a small amount of the product
and recording its IR spectra. Appenrance of a strong band at ca 860 cru"1
due to the (0-0) mode of coordinated peroxide (022-), and the bands
19

due to the occurrence of coordinated carbonnte™” indicates the formation
of the complex species. The role of cthanol in the present synthesis
was to facilitate precipitation of the compounds. Attempts to

. . J= .
synthesise the ammonium salt of the complex ZTVO(O?)ZCO};7 ion have
have not been successful. However, the corresponding Rb¥ and cs*

salts could be synthesised following thc method n~nalogous to that used

for the synthesis of the Ma™ and K “salts.

Characterisation and Assessment of Structure. Alkali

oxodiperoxymonocarbonatovanadate (V) trihydrates, A.3 ZTVO(02)2003_7.3H20
(A::Na or K), are yellow microcrystalline products, and can be stored
for a prolonged period in sealed containers. Their stability was
ascertained from the results of chemical determinations of peroxide
(022-), vanadium, and carbon contents periodically. The comppunds are
soluble in water at ambient tempernturcs, but the dissolution is

accompakied by simultancous decomposition, and their molar conductance



41

measurements at room temperature were thus preccluded. While the room
temperature molar conductances of A3 ZTVO(02)2003”7l3H20 were higher
than the expected values, the figure obtaincd by recording the molar
conductance at 7OC was found to be ca 370-51—lcm2mol-1, in very good
agreement with the formula. This leads us to believc that the complex
peroxycarbonatovanadates(V) are stable in solutions only at low

temperatures.

In an attempt to find out the possibility of dehydration of
A3 ZTVO(02)2003_7.3H20 compounds, pyrolysis of the compounds were
carried out at 100°C. Unfortunately the compounds started undergoing
decomposition involving the simultaneous loss of both peroxide (022-)

and HZO’ thus = genuine dehydration was not possible,

The As [mVO(02)2003m7; 3H,0 compounds were diamagnetic in mature,
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
considered very crucial in order to fix the number of peroxide (022-)
groups bound to the metal centre. The peroxide estimations werc
accomplished by red-ox titrations separately involving standard
potassium permanganate and CeLM solutions by following the procedures
described in Chapter 2. The results obtained thereof conspicuously
suggest the presence of two peroxides per vanadium(V) centre in each

of the newly synthesised compounds.

The infrared and laser Raman spectra of alkali oxodiperoxymono-

carbonatovanadate(V) trihydrates, Ay [ vo(02)2003__7.3H20 (A = Ma or K),



are in order and quite characteristic. The significant features of IR
spectra of the compounds are thc absorptions due to /(V == 0),
coordinated peroxides, and coordinmated carbonate (COBZ—) lignnds. The
strong band at co. 940 en™! has been assigned to 1/ (V=0) arising
from the terminally bonded V == 0O group. The bands at 865s, ca 620s
and at ca 525s cm“:L owe their origin to the coordinated peroxides.
While the band at 865s en™t is assigned to 1/(0 —— 0), V)., those at
ca 620s and ca 525 en™t have been assigned to the '.‘)3

respectively of 1L(V -— 02) vibrations. The frequencies observed at

and \)? modes

ca 1585s, ca 1340s, cn 1050s, ca 740m, ca 695w, and ca 395m em™! have
been attributed to 2/(c-0), V(C-0) + fﬁ(o—c-o), \)(Ct~0), ring
deformation + 1/(V-0), S)(O-—C-O) + V(v-0), and 2/(V-0) modest?
respectively arising from the prescnce of coordinnted carbonate (COBZ_)
ligand. The appearance of "l(Al) and LE(B?) modes of carbonate at
ca 1585s and ca 1340s cm-]‘ respectively with an appreciable separation
between the two bands provides a very good evidence for the occurence
of a chelated carbonnte (CZV) ligeand. The two additional bands at

1

ca 1640s and ca 3455m cm — in ench of the sodium and potassium salts

resemble in their shepes and positions those commonly observed for the

20,21 .na have been assigned to %(H-O-H) and

2

uncoordinated water,
27(0-H) modes. Further it was emphasised in the literature® that the
V(0-H) band at 3455 en™} is rnther typical of lattice water. These

and the loss of water at 100°C from A, [0(0,),C04 734,06 lead us to
infer that the water molccules are not coordinated to the vanadium(V)

centre.
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Table 2. Molar Conductance Values, and Structurally Significant

IR and Laser Raman (LR) bends of Ay [TVO(02)2003“7:3H20

(A = Na or K)
Molar
Conduc- IR Leser
Compounds tance -1 Raman Assignments
D o -1
(temp./°C) en
Nay [ vo(oz)zcoaj. 3H,0 370 9l0s 940 J(V=0)
(7) €655 870 V(0 - 0), V)
620s 600 V(V-0,), vy
5255 530 V(V-0,), V,
1580s 1580 V(c-0), 1,)1,A1
13408 J(c-0) + &(0-C-0).
Vs B,
1045s 1Y(c-0)
750m J(V-0) + ring
R deformation
690w 3(0-0=0) + J(V=0)
400m V(v-0)
3450m V(0-H)
1640s S(H-0-H)
Ky [7V0(0,),005 7.3H,0 375 Mss  HO  W(V=0)
| (7) 85 865 V(0-0), v,
625s 600 U(v-oz), Vs
5208 530 V(v-0,), VJ,
15855 1580 N(C-0), pihy
13355 J(c-0) + &(0-C-0)
V1B,
1050s J(c-0)
740m 1)(V—0) + ring
deformation
695w &(0-C=0) + V(V-0)
295m V) (v-0)
3455m V(0-H)
1640s §(H-0-H)




The Laser Raman (LR) spectra of alkali oxodiperoxymonocarbonato-
vanadate(V) trihydrates, Ay ZTVO(02)2C03d7.3H20 (A = Na ur K), were
recorded only on solids, as *“he compounds decompose, at room temperature,
in water. The LR spectra augment the results of IR spectral studies.

The characteristic features of LR spectra are the peak at 940 cm-l

assigned to u/(V==0), and the bands at ca 870, ca 600 and ca 530 on

attributed to the(0 — O, ‘91), vf(V-OZ, 1)3) and}(V—Oz, 1)2) modeszB'24

respectively of co-ordinated peroxide (022-) ligands. The LR peaks at

ca 1580 cm-'1 has been assigned to the 11(0-0,'vi,A1) mode of the

coordinated COBZ- group. It may bc noted that the observed pcsitions of
2/(0~0) and 1)(V~02) modes arc the ones which one would expect to

observe for a triangularly bonded 022-. Considering C,, boing the local

symmetry of coordinated 022- ligand, three (two A, and one BZ) are

expected to be IR and Raman active, of which the two A modes (~Jl;ﬁ(0—0)

stretching and 1)2, >»}(V-02) symmetric stretching) arc polarised,

vhile the B, mode ( L%, ~)(V—02) assymmetric stretching) depolarised

23,24

1J2 and w;B modes in the

Present case has been made on the basis of sharpness and intensity of

in the Raman. The distinction betwszen the
the observed LR signals. Thus the peroxide ligands are bonded to the

vanadium(v) centre in a triangular bidentatec manner.

It may be inferred that peroxycarbonatovanmadates(V) of the
Ay A vo(oz)zco}7.3ﬁzo can be synthesised directly from the reaction of
VéO5 with A2003 and hydrcgen peroxide at pH 7. The typical pattern of the
IR as Well as the LR spectra due to the coordinated peroxides (022-),
and due to the coordirated CO 7= ligand espccially the appreciable

3
separation between "pﬁ(Al) and 3)3(32) modns (Table 2) and also the
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appearance of Raman peak at ca 1580 et due to V' (¢c-0), le, A, render
it certain that both peroxide (022-) as well as carbonate (0032-)
ligands are bonded to the vanadium(V) centre in a bidentate chelated
(CZV) fashion. The complex ZTVO(OZ)ZCOB~7B- ion may have a pentagonzl

bipyramidal structure like that of [TVO(02)2C204 _76° ion (Ref. 5).
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Monokis(ethylenediamine Joxodiperoxyvanadate(V) Complexes,
[V0(0,),en /.” Synthesis and Asscssment of Structure of

A [-VO(OZ)ZeQ;7 (A = Na, K or M, ) Compounds

Peroxy-vanadium compounds arc known to act as catalysts,1'2 and have
been proposed as one of thc model systems for the biochemistry of
vanadiumB. Although vanadium has been recently recognised as an
essential clement for nammalsa, its actual function rcmains unknownj'é

It has been reported in a very recent communication 3 that some
heteroligand peroxyvanadate(V) compounds have shown *antitumor
activity”. Also it has been emphasised that the biological activity of
such compounds strongly depends upon the heteroligandB. Thus a systematic
study involving heteroligand peroxyvanadium(V) complexes is extremely
important. Recently some heteroligand peroxyvanadatc(V) complexes werc
synthesised7 in the laboratory wherc thc present work was carried out,
however, their limitation was that thc hetecroligand was a highly
electronegative one viz., F~ or €17, and the resultamt complexes were
unstable in solutions. It was exﬁected that a suitable chelating
heteroligand should be able to impart stability to peroxyvanadatc(V)
systems rendering them stable not only in the solid statc but also

in solutions. It is pertinent to mention that a few heteroligand
peroxyvanadate(V) containing bidentate heteroligand have been

reported .3’8'9



In a continuation of the work on peroxyvanadates(V) described in
Chapter 3, it was decided to investigntc such complexes containing
bidentate amine liganls, to find out general methods for their
syntheses, mode of coordination of both peroxide as well as the
heteroligand, the stability, and finally the reactivity of coordinated

peroxides.

The present Chapter provides an account of the hitherto

unreported compounds, alkali monokis(ethylencdiamine )oxodiperoxy-
vanadates(V), A ZTVO(OZ)zen;7 (A = Na, K or NHQ), in terms of their
method of synthesis, the mode of coordination of the ligands, and also
the effect of the bidentate ligand 'en' (en = ethylencdiamine) on the

cqsas . . - 2-
stabilities of the peroxyvanadate(V) complexes in going from Z'VO(O?)ZX;7
(X = F or C17) to ["VO(OZ)Zen;7~. Also reported in this Chapter is
the importance of pH as the vital factor for the successful synthesis
of heteroligand peroxyvanadnte(V) commlexes of the general formula
A VO(OZ)Z(L-L)J " (L - L = ethylenedianine (cn), 2,2 ~ bipyridyl (birpy),

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

Experimental

Reagent grade chemicals ware used for the syntheses.

Synthesis of Alkali Monokis(cthylcnediamine )oxodiperoxyvanadate:(V),

A [TVO(OZ)ZeQJ7 (A=DNa, Kor N, ) T ’

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

similar, only a typical procedurc is described below.
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An amount of 0.5g (2.75 mmol) of vanadium pentoxide was dissolved
in 10 cm3 (88.2 mmol) of 30% hydrogen peroxide. The solution was filtered
and cooled in an ice-water bath for ca 15 min. Prec-cooled ethylenediamine
(3.0g, 49.9 mmol) was slowly ~dded to the above solution dropwise with
constant stirring followed by the slow addition of alkali hydroxide,

ACH (A = Na or K), or agqucous ammonia until the pH of the solution was
raised to 9. While sodium or potassium hydroxide was added in the form
of a 20% aqueous solution, aguecous ammonia was added as its concentrated
solution (sp.gr. 0.9). The reaction container was allowed to cool in an
ice-water tath for ca 25 min, and an excess of ethanol was added with
slow stirring until the lemon-yellow microcrystalline A [TVO(OZ)Z(en);7
ceased to appear. The compound was allowed to settle, and then isolated
by centrifugation. The product thus obtained was wnshed 3-4 times with

ethanol and dried in vacuo over concentrated sulphuric acid.

The specific gram amounts of reagents used and the yields of

A ["VO(OZ)2 en_7 compounds obtained are reported in Table 1.



Table 1.

t—————

(A =N, X or NHu)

Amounts of Reagents Used and the Yields of A /. vo(0,), en_/

Yield in Amount of Amount of Amount of
Compound g (%) v205 in g 30% H,0, cthylenediamine
in cm§ in g (mmol)
(mmol) (mmo1)
M, /Vo(0,).en/ 1 0.5 10 3
“ 272 87) (2.75) (88.2) (45.9)
Na /[ v0(0,)en / 0.9 0.5 10 3
22 (76) (2.75) (88.2) (43.9)
K [vo(0,), en [ 1.1 0.5 10 3
2’2 (87) (2.75) (88.2) (%9.9)

Elemental Analyses

The details of the methods of analyses were given in Chapter 2,

The results of elemental analyses are given in Table 2.

Table 2., Analytical Data of A ZfVO(OZ)Zen_7'(A = N, K or NHQ)

Found % (Calcd, %)

o

A or i v 0~ C

M, /Vv0(0,),en / 20.2 24,12 30.9 11.57
ALY (20.1) (24.36) (30.61) (11.h9 )

Na /Vv0(0,)en /  10.21 23.35 30.8 11.61
2’2 (10.74) (23.8) (29.9) (11.22)

K /Vvo(0,), en/ 16,4 22,72 28.2 10.28
272 (17) (22.13) (27.81) (10.4444)

a
Peroxy oxygen.
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The molar conductance values and structurally important infrared
and Laser fmaman (LR) bands along with their assignments are summarised

in Table 3.

Results and Discussion

The role of pH in the syntheses of heteroligand peroxyvanadate (V)
has been emphasised in the previous Chapter (Chapter 3). Albeit some
peroxyvanadate (V) complexes containing chelnted aromatic dimmine
ligands viz., 2,2 -bipyridyl (bipy) ~nd 1,10-phenanthroline (c-phcn)

8,9

were reported in the literature, no such complexes with aliphatic
diamine heteroligands are known to date. A search for the éuitable
synthetic route for such compounds wns therefore required. Attempts
were made by the present worker to synthesise peroxyvamdates(V)
containing coordinated aliphatic diamine heteroligand like ethylene-
diamine (en), under the conditions analogous to those maintained for
the syntheses of the corresponding complexss containing aromatic
diamines,8’9 but the attempts were in voin. In view of this and 2
consideration of the fact that ethylencdiamine (en) is more basic than
2,2 = bipyridyl or 1,10-phenanthroline it was expected that a comparatively
higher pH of the reaction medium would be more conducive to the
desired synthesis. Since no mention was made, in regard to the
suitable pH for the successful syntheses of oxodiperoxyvanadate (V)
complexes with coordinated aromatic diamine ﬂcteroligands, in the
earlier reportsB’g, the /7 VO(02)2 bipy 7 " and /[ VO(OZ)2 o-phen_/

complexes were synthesised independently and it has been ascertained



that pH 4-5 is rather appropriate for the purpose. Whereas pH 4-5 is
suitable for the synthesis of [-VO(OZ)2 bipy / ~ or ZTVO(OZ)Z O-phen_/,”
pH 9 has been found to be appropriate for the purpose of synthesis of

the corresponding ethylenediamine (en) complex. Accordingly the reaction
of vanadium pentoxide, VZOS’ hydrogen peroxide, and ethylenediamine

at pH 9, maintained by the addition of alkali hydroxide, ACH (A = Na or K),
or aqueous ammonia (vide Experimental), lcd to the successful synthesis
of the hitherto unknown alkali monokis(ethylenediaminc Joxodiperoxy-
vanadates(V), A‘Z_VO(OZ)2 en/ (A =M, X or M), ), in high yields.

The function of cthanol in the present synthesis was to bring about and
facilitate precipitation of the desired products., Another important

point that deserves a comment at this stage is the necessity of very slow
addition of the requisite amount of ethylencdiamine (en). A rapid
addition generates heat causing a rapid decomposition of hydrogen
peroxide, and this is considered detrimental to the synthesis. The
progress of the reaction is monitored by infrared spectroscopy. The
appearance of a strong band at ca 870 cm_1 due to (O-O), and the bands

16’llin the IR spectrum of the compound

due to coordinated ethylenediamine
isolated from a small fraction of the reaction solution indicated the
formation of the desired complex species. The method described (vide

Experimental) can bescaled up, and higher amounts of the compcunds can

as well be obtained by following the present procedure.

Characterisation and Assessment of Structure. Alkali monokis(ethylene-

t

diamine Joxodiperoxyvanadates(V), A.ZTVO(O?)Qen;7 (A = Na, K or NHq), are
all lemon-yellow coloured products, and stable for a prolonged period.

Their stability is ascertained by chemical estimntions of vanadium and
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peroxide contents periodically. The A ZfVO(Oz)Zeq;7 compounds, unlike the
A [TVO(OZ)ZK;7 (X = F or Cl_)7, are stable also in solutions from which
they can be recrystallised. The observed increase of stability in going

2- '3 P 2 i

from /V0(0,) X /7" to [V0(C,),en / is ascribed to the "chelate effect"
brought about by the presence of chelating ethylenediamine ligand. The
enhanced stability of the newly synthesised compounds has been ascertained
from the results of molar conductance measurements. Whereas the
A, [V0(0,),X 7 (X = F~ or C17) compounds do not permit molar conductance
meaéurements, the values obtained for the A.[TVO(02)2e347 (A = Ma, K or

125 Ilflcmzmol-l

Nﬂh) complexes have been found to lie in the range 115
(at 22°C in water) strongly supporting their 1 : 1 electrolytic nature

in solutions in complete agreement with the formuln.

Alkali monokis (ethylenediamine Joxodipercxyvanadate(V) complexes
are all diamagnetic in conformity with the occurrence of vanadium(V) in
each of them. In order to determinc the number of peroxy groups (022~),
present in the compound, coordinated to the vanndium(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 potassium permanganate solution and also a standard
Ceq+ solution. In each case boric acid was used to avoid any loss of
active oxygen. The results of replicate determinations of peroxide as well
as those of vanadium contents conspicuously suggested the occurrence of
V: 022-

credence to the contention that the complex anion is a diperoxy species,

LV0(0y)en 7 "

as 1 ¢ 2 in each of the newly synthesised compounds. This lends
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Table 3. Molar Conductance Values, and Structurally Important Infrared

and laser Raman (LR) Bands of A [VO(OZ)?enJ (A = Na, X or NH,, )

Compound fg}zgictance IP‘_l LR-I Assignment
Q -lcmzmol-l " .

M, /V0(0,).en_ 7 125 950s 950 1) (V=0)
875s 880 +J(0-0) N
615s 600 u(v--oz)y3
525s 530 J(v-0,) 1,

15055 S (1,)
13i0n §emy)
1055s 2 (skelctal)

Na /¥0(0,),en 7 115 950s oh5 (Vv =0)

870s 880 W(o-0) v,
620s 610 v(v-oz) ‘JB
5255 520 ¢ v-0,) 1)2
1590s (N, )
1490w D (cat,)
1345m
1050s ~Y(skeletal)
K [v0(0,)en J 120 9555 956 ~J(V==0)
870s 880 v (G~0) \)1
€20s 600 V(V-0,) "“?3
5208 530 2(V=0,) =y
15955 S,
st S(aiy)

10558 “J(skeletal)
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The infrared spectra of thc A A“VO(CZ)gcn_7 compounds bear a very
strong resemblance with each other (Table 3), and show absorptions at ca
950s, ca 870s, and -ca 620s and ca 525s en™t representative of J(V=0)
owing to the presence of a terminal V= (C group, of /(0-0, 1)1), and

7,12-14 respectively. Another typical feature

x)(V—OZ, 1)2 and 113) modes
of the spectra is the absorptions, due to the occurrence of coordinated
ethylenediamine (en). The frcquencies at ca 1595s, ca 1495+ and 1340m,

10,11

and ca 1055s cm-1 arc well precedented in the literature, regarded as

quite characteristic of' chelated ethylencdiamine, and assigned to é(NHZ),
<§ (CHz), and ~J (skeletal) modes of bidentate ethyicnediamine (en) iigand.
The observed pattern, originating frca ethylenecdlamine, advocates for the

.
presence of a chelated en ligand,lo’l*

and «oes not imrly the occurrence
of a trans~bridging ethylenediamine group.15 It is perﬁinent to add that
IR spectral pattern arising from a bridging ethylenediamine ligand should
be much simpler15 than what has been observed in the present case.
Moreover, the solubility property of the compounds does not support the
idea of a trans-linked ethylenediamine ligand (solubility of a compound
containing a trans-bridged en grour is verv low). It is, thereforc,very
reasonable to argue that both peroxide as well as ethylenediamine ligands
are bonded to the vanmadium(V) centre in a chelated bidentate manner, and
the coordination polyhedron of VV centre may be pentagonal bipyramidal
with a structure similar to that encountered in the case of the

corresponding ZTVO(OZ)gbiPMJ7 ~ complex as reported in 1983.9

The laser Raman (LR) spectrm of alkali monokis(ethylenediamine )oxo-
diperoxyvanadates(V) show a very close similarity to cach other suggesting

that the compounds are structurally similax». The LR spectra of the compounds
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recorded both in the solid form as well as iIn aquecus solutions, did not
exhibit any notable change in their pattern or in the positions of the
signals indicating thereby that the compléx [ VO(Oz)zenJ ~ jon does not
probably undergo any detectable structural change in solutions. The Laser
Raman signals at ca 950, ca 880, ca 600 and ca 530 en™t have been assigned
to ¥ (v=0), (0-0, 1)1), QJ(V-OZ, 1)3), and «J(V—-Oz,dz) modeslz_lu’
respectively. It is owing to the large polarisability changes involved

in the V — 0 bond that the =J(V==0) appears as a strong signal at

ca 950 cm"1 supporting the view that a terminally bonded V=0 group is
present in the complex. Considering sharpness and intensity of the LR
signals, and the results of Raman depoclarisation experiments, the LR peak
at ca 600 em Y is assigned to the UB, while the peak at ca 530 en™t has
been attributed to the 1)2 (as this is founl to be polarised) mode of
'\)(V-Oz) vibrations. The number and positions of the peaks arising from the
coordinated peroxide (022_) lend support to the contention that the
peroxide groups, in the complex / VO(OZ)ZenJ ~, are bonded to the

metal centre in a triangular bidentate (02") manner.

It may be concluded that the hitherto unknown alkali
monokis (ethylenediamine joxodiperoxyvanadates(V),
A [VO(O?)ZenJ (A = Na, K or M)
can be synthesised from the reaction of VZO 50 30% hydrogen peroxide, and
ACH at pH 9, while the suitable pH for the synthescs of the corresponding
A [70(0,),L-L 7 (L-L = bipy or o-phen) has been found to be 4-5. The
A [ VO(O2 )ZenJ compounds are comparatively nore stable than the

A, [VO(OZ)ZXJ (X =« F or C17) compounis, and they dc not decompose



in water. The complex / VU(OZ)zenJ " ion most probably has = pentagonal
bipyramidal structure with the 022" groups being bonded to the vanadium(V)
centre in a triangular bidentate (CZV) manncr, and the en group

occurring as a chelated ligand.
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New Heteroligand Peroxyvanadates(V). Synthesis and Physico-Chemical

Studies of Alkali Tripcroxymonocarbomrtovrnadate(V) Trihydrates,

Ay a2 V(02)3003_7.3H20 (A = Na or K)

The importance of and the interests in peroxy transiticn metal compounds,
which rendered them the focus of one of the active areas of oontemporary
research, have been emphasised in the literature1—7 and highlighted in
Chapter 1. Many transition metals, of which vanadium is not an exception,
give colour reactions with hydrogen peroxide owing to the formation of
complex peroxy-metal species in solutions. Unfortunately not many of them
were obtained in the solid state probably because of their instability as
solids or might as well ke due to the lack of suitable synthetic methods.
Interestingly the introduction of specific heteroligands in the coordination

sphere of metals seem to increase the stabilityl’2'7

of such compournds 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 an important prerequisite. Within the context of the
chemistry of peroxyvanadates(V), it is evident that heteroligand triperoxy-
vanadates (V) are scanty.8’9 The only examples of the ufers said types of
compounds are A, ZTV(OZ)BXJ7 (A = Na, K or M, 5 X = F or G1° )lt'L

recently synthesised in this laboratory, but there is still a lack of

information regarding triperoxyvanadate(V) complexes containing bidentate



- 61

heteroligands coordinnted to thz metrl centre. It may not be out of place
to mention that heteroligand triperoxyvanadates(V) have been long

searched for.11

In view of this as well as the intrinsic importance of peroxy-metal
compounds,l-7 it was imperative to develope suitable metliods for the
synthesis of triperoxyvanadate(V) containing a coordinated bidentate
heteroligand in the coordination polyhedron of the metal centre, to
characterise the compounds, evaluate the modes of bonding of the ligands

with the metal.

The present Chapter deals with the first synthesis, characterisation,
and assessment of structure involving infrared and laser Raman (LR)

spectroscopy, of alkali triperoxymonocarbomtovanadate(V) trihydrates,

Ay [v(02)3003].3ngo (A = N or K).

Experimental

All chemicals uscd were of reagent grade.

Synthesis of Alkali Triperoxymonocarbonatovanadate(V) Trihydrates,
Aq [ v(02)3003].3H20 (A = Na or K)

A general method has been developed for the synthesis cf

A3 ZTV(02)3003;7.3H20 compounds. A typical procedure is describecd below,

In a representative procedure, an intimately mixed powder of
V205 (0.5g, 2.7 mmol) and alkali carbonate, A2C03 (A = ¥ or K), was

dissolved in 15 cn’ (132.4 mmol ) of 30% hydrogen peroxide with constant
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stirring with mnintenance of molar ratio of V205 ! A2C03 : HZOZ as

1 : 3 : 49, The solution was filtered to remove any traces of undissolved
material, and then cooled in an ice-water bath., Corresponding alkali
hydroxide (15% aqueous solution) was added dronwise with stirring until
a permanent deep blue colouration was developed., Addition of an excess of
pre-cooled ethanol (twice that of the original volume) to the above
.solution with occassional stirring afforded blue microcrystalline alkali
triperoxymonocarbonatovanadate(V) trihydrates in very high yeilds.

The reaction container was cocled in o freezer for ca 20 min. The

A3 ZTV(OZ)BCQ};7.3HZO compounds wcre separnted by centrifugation and the
isolated products were washed four times with ethanol, and finally dried

in vacuo over concentrated sulphuric acid.
- . . ’ >
The specific amounts of rcagent used for the synthesis, and the

yields of A3 ZTV(OZ)3C03“7.3H20 are renorted in Table 1.

Table 1. Amounts of Reagents Used for the Synthesis, and the Yields

of Aq [V(OZ)BCO}].BHZO (A = Na or K)

Yield  Amount of Amount of Amount of
Compound g(3) V0. ing AC0 ing 30%H,Gin cn’
(mmo1) (mmol ) (mmol)
Na, /[ V(0,),C0, 7.3H 0 1.6 0.5 0.9 15
3 27373720 (89)  (2.7) (8.5) (132.4)
[ v(0,),C0, /.30 1.8 0.5 1.2 15
SETRLEE wy e (8.7) (132.4)
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Elemental Analyses

The details of the methods of elementa] analyses have been glven
in Chapter 2. The results of elementel analyses arc summarised in

Table 2,

Table 2. Analytical Data of Ag [ 'v(oz)Bco}]JHZo (A = Na or K)

Found % (Calcd. %)

Compound
A v o® C
Nay £ V(0,),C0, /.3H,0 20.7 15.48 29.7 3.62
3 2)3005 /-y (20.9) (15.44) (29.1)  (3.64)
K, [V(0,),C0, 7.3H,0  31.3 13.51 25.9 3.12
35 BT T (3L (13.57) (25.38)  (3.17)

aPeroxy oxygen

Structurally significant infrorc? and laser Raman (LR) band

positions along with their assignmemts are presented in Table 3,

Results and Discussion

It is well known that vanadium(V) produces a characteristic
colour with hydrogen peroxide solution, and it serves as a very good test
reaction for the detection of the metal.8 Reactions of vanadium(V) with

H 02 are, however, complicated and different tynes of complex peroxy-

2
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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 more than two peroxide
(022-) groups can not be introduced into the coordination sphere of

3+

vanadium(V) till pH 7,8 oxo-oxygen of VO° is not knocked off either in

acidic or in neutral solutions, and triperoxyvanadates(V) have not been

found in acidic solutions,” ™ it is certain that the synthesis of hetero-
ligand triperoxyvanadates(V) should he sought only in an alkaline medium.
The results of a very recent study have shown that the parent complex
triperoxyvanadate(V), [fV(02)3;7 ~, has to be synthesised only from a

3 ¥ith a very high alkaline condition being

very highly alkaline solution.
corducive to the synthesis of triperoxyvanadate(V) complex ZTV(02)3;7 -,
it was apprehended that the heteroligand complexes of vanadium (V)
containing three peroxide groups (022-) and a bidentate amine (e.g.,

. pieht not be

1,10-phenanthroline or 2,2-bipyridyl), as locked for,
feasible because a diamine ligand would be unstablé under such a condition.
Therefore a bidentate ligand like sulphate (8042-) or carbomatc (0032-)
was considered to be suitable. However, the ligand selection here did not
go in favour of SOQ?-, as a preformed sulphate generally does not
coordinate with vanadium(V) in the presence of peroxide (022-) ligan.ds.14
Thus, the reaction of vanadium(V) with alkali carbonate, A2003 (A= M or
K), and hydrogen peroxide was carried out in a highly alkaline medium
(vide Experimental), and blue alkali triperoxymonocarbonatovanadate (V)
trihydrates, AB‘Z-V(02)3C0347'3H20' were successfully synthesised. The

compounds were isolated from the reaction solutions by the addition of

ethanol which facilitated precipitation. The appearance of a stcady blue
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colour of the reaction solution, and complete absence of the 1)(V==0)
band at ca 950 c.rn_1 and appearnnce of a strong band at ca 860 cm-l due to
2/(0-0) plus the frequencies owing to the coordinated carbonate (0032“)15
in the infrared spectrum of the product isolated from the solution

indicate completion of the reaction. The fact that a very high concentration
of the alkaline medium leads to the formation of the complex species
[-V(02)3003_7B~ while the relatively lower concentration of the ~lkaline
medium produces ZTVO(02)2003_73- ( as described in Chapter 3) suggests

that a very high alkaline medium probably helps replacement of the last
oxo-oxygen from the [TVO(02)2003_73- srecies by a 022- group, thereby
favouring the formation of ZfV(02)3003_78', or that the oxo-oxygen of

the /7 vo(oz)zco}_73‘ species is converted to the third peroxy ligand by
abstracting an oxygen of hydrogen peroxide. It is cdifficult to say, in

the absence of any direct evidence, which of the two mechanisms is more
probable. However, the fact that oxygen exchange on vanadium(V) is very
slow16 and the strength of the V -—— 0 multirle bond is high, as evident
from the IR spectroscopic studies on oxovnnadium(v) complexes,l7’18
indicates that the latter mechanism may be morec likely. It is evident,
therefore, that under the appropriate conditions, the heteroligand-
triperoxyvanadate (V) compounds of the tyre A3 [TV(OZ)BCO}J7.3H20 can be
synthesised and that a much highcer alkaline medium is required for the
successful synthesis of the complex ZTV(02)3C03J73— ion as opposed to

a lower pH ( ~ 7) necessary for the synthesis of the diperoxycarbonato

species [TVO(02)2003_73— (vide Cnapter 3).
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Characterisation nnd Assessment of Structurc. The bluc alkali

triperoxymonocarbonstovamdate (V) trihylrtes, A [TV(OR)BCO}J7.3HZO

(A = Na or K), are dizmgnetic in conformity with the occurrence of
vanadium(V) in each of them. The Ag [TV(02)3003;7.3H20 can be stored for
a prolonged period in secaled containers, however, they decompose in water
thus precluding molar conductuance meassurements. The freshly synthesised
compounds start losing water on heating at ca IZOOC, but the dehydration
process is accompamied by the simultaneous loss of peroxide thereby
precluding a genuine dehydration.

The results of chemical determination of peroxide contents, as
accomplished by red-ox titrnations seprratecly involving n standard
potassium perminganate soluticn and a standard Ceq+ solution, conspicuously
suggested the occurrence of threc peroxide (022-) groups per vamdium(V)

in each of the newly synthesiscd compounds in agreememt with their formula .

The infrared -nd Inser Reman (LR) spectrs of the compounds are
very informrtive and characteristic. The significant features in the
spectra of Aq [—V(02)3003;7.3H20 involve the bands of coordinnted
peroxide ligand, carbonate (0032") frequencies, O~H stretchings ~nd H-O-H
bendings. The infrared spectra of thc compounds exhibited the +7(0-0) and
J@ - 0,) 2-10,19,20

at ea 860s (1)), and at ca 6208 (/) amd ca 5305 (3/,) en™l. The other

stretchings of the coordimtod neroxide (O2 occurring

structurally significant bands are those which owe their origin to the
presence of coordinnted carbonate lignnd (0032_),15 The tositions of the
bands and the pattern of the spectrn which originnte from coordinated

carbonate ligand are essentinlly similar to thosc observe! previously for

the diperoxycarbonntovamdates(V), Ay ZTVO(OZ)?CO3_7} described in
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Table 3. Structurally Significant Infrared and Laser 3aman Bands of

Aq [v(02)3c0}7.3}{20 (A = N2 or K)

I3 Raman
Compound cm-l cm—l Assignment
Nay VA V(02)3003_7.3H20 857s 855 v(0-0), +}

619s 615 (1-0,), s

530s 530 \)(v-oz), . }2

1566s 1570 U(C=0), Vi A M
1350m J(6-0) +S(0-C-0), N

1040s v/(0-0) P

: . ) Y03

750m ring deformition + v(V=0) { 2 o
690w Qz(o-c-o) e (v=0)

390m 2 (V-0) )
3450m v (0-H)
1640s & (H~0-H)

Ky [ v(02)3co}_/.3H20 86Us 850 J(0-0), 4

625s 610 V(v-0,), ‘,)3

535 530 M(V-0,),
15655 1570 (e-0), )y, A )
1350m V(C-0) + Ex(o-c-o), \)5,132
1050s i ( c-0) -

>C0,”

740m ring deformation +~/(V-0) nodes
692w S(o-c—o) + V(V-0)

390m V(V=0} B
3455m 1(0-H)
1640s é‘}(H-onH)
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Chapter 3 mrking a further detailed discussion, for the present cases,
redundant. The only scint to b caphrsised h-» in the appearance of the
1)1(A1) and m-\s(Bz) modes at cn 1565 an? 1350 ent rocspectively. An
appreciable sepiration between the two afore sail ban's provides a very
strong evidence in favour of a checlated carbomite ligand. It iz owing to
their instability in water, that their Laser Raman sycctra had to be
recorded only in the solid state. The Laser Raman (LR) spectra strongly
augment the IR spectrnl observations. The solient fentures of the LR
spectra are the sigmals at ca 855 en™ duc to L (0-0), 1{1, and ca 610
and ca 530 cm-l attributed to the nJB and 132 modes rcspectively of the
1)(V-02) vibrations. The distinction betwecn the :fé and 1%3 moles of
1)(V-02) was made on the basis of sharpness and intensity of the two bands.
Since the 1J2 mode is polarised, the comparatively more sharp and intense
sigml at ca 530 en™T has been ~ssigned to 1)2. The peak at 1570 —
has been attributed to the ~/{C-C), ~4(A;), mode of coordimted
carbomte. It is important to note thnt no signal wns observed nt ca
950 cm-l, in the IR as well as in the Iaser Raman spectra, - position
typical for the V=0 group. This renders it certzin that the complex
ion does not have any V=0 group. Thus, it is very clear —hat both

10,20

peroxide and c&rbonatel5 ligands are coordimatc’ to the vanadium(V)

center in a triangular bidentatc fashion,

A common feature of the IR spectra of Aj Lo, )3003_7 <0
(A = W™ or K) compounds is the occurrence of two adcitionmal xnds at ca
1640s and ca 3455m cm-l, which resemble in their shape and position

those typically observed for the presence of uncoordinated w-:tter.Zl'22



This ns well ns the loss of wntoer nt cn 120°¢ suggnst that the vter

molecules in the title compounds are presont only as lrttice water.

Studies of re~ctivity of cooxlinnted peroxide constitute a part
of a general program involving the chemistry of peroxy-metal compounds,
The results of preliminary experiments on oxidations, of somc inorganic
species (e.g., SOZ) and organic substrates (¢.g., alcohols, polycyclic
hydroecarbons etc.) using As Zﬁv(02)5003_7.3H20, arc Tromising. Stulies
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 will constitute the subject matter of futurc

reports.

Thus it is evident from the results of studies described in the
present Chapter that the hitherto unknown heteroligand triperoxymono-
carbonatovanadates (V)

A, [V(OZ)BCO}].BHZO (A = Na or K)
can be synthesised from the reaction of V205 with aqucous HZOZ and
A2003 (A = Na or K) in the presence of a highly alkaline medium (AOH).
The compounds can be stored in scnled containers, however, theoy start
losing water and peroxide on heating at gg_lZOOC. The Aq [TV(02)3003;7.3H20
compounds show very characteristic infrared and Raman spectra. The
salient features of the spectra are the bands/peaks due to coordinated
peroxide (022-) and coordimated carbonate (0032-) ligands, and the
frequencies due to uncoordinated 1,0 molacules, Tr:limary results of
oxidation reactions (rcactivity of coordinated peroxide) involving
A3 [—V(02)3003_7.3H20 are very promising, »nd further work on the studies

of reactivities of coordimated peroxide is now underway.
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Chapter 6

Direct Syntheses of Bis(acetylacetonato)nickel(II) Dihydrate,

Ni(05H702)2.2H20, and Isolation of +, ./, S /3 -Tetra-acetylethane

as the Oxidation Product of Acetylacetcne*

o

The general interest in the studies invelving acetylacetonato complexes

of metals has been highlighted in Chapter 1. Bis(acetylacetomato)nickel(II)
dihydrate, Ni(acac)z.ZHZO, a reprosentotive example of such types of
compounds, has engaged the attention of many research groups.l"8
Particularly notable is its catalytic activity in very important organic
reactions such as, for instance, oligomerisation, polymcrisation,
hydrogenation, and isomerisation of olefins, hydrosilylation of alkynes,
and coupling organic halides.” Ni(acac)Z.ZHZO is synthesised from

aqueous solutions of nickel(II) salts in the presence of acetylacetone

10 The

and an excess of a weak basc such as sodium acetate (buffer).
compound is readily dehydrated to green anhydrous compound ot 50°C

in vacuo. The method currently used in practice for the synthesis of
bis (acetylacetonato) nickel(II)2dihydrate rcquires the addition of a

large amount of sodium acctate as 2 buffor.lo The chances of contaminotion

0, owing to the use of such a large
11

of the desired product, Ni(acac)z.ZHz

amount of buffer camnot be ruled out.”™ Thus, it is required that direct
methods of synthesis of Ni(ncac)o.ZHZO, without making use of any buffer,

are developed.

¥
The results described in this Chapter have be~n publiched.

J. Chem. Soc. Dalton Trans. 1983, 2561.
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Further, it has beon shown that acetyl-cetone (Hacac) can be used
as a rcducing agent as we11.12 And based on this concept the compounds
like VO(acac)2 13, Mh(acac)3 % nd ﬂr(acac)B 5 nave been synthesised
from vanadiun(V), mangancse(VII), and chromium(VI) respectively. It is
important to note that no evidence in regard to the oxidation product
of acetylacctone, when it acted as 2 rcducing agent in such reactions,
has any reported existence in the literature. It was thercfore necessary

to isolate, and to identify and characterise the oxidation product

of acetylacetone from such reactions.

It is Chapter 6 of the present thesis which reports two direct
methods for the synthesis of bis(acetylacetonnto)nickel(II) dihydrate,

Mi(acac),.2H,0. Also reported in this Chapter is the isolation of

2
oy Ay ﬁ?, %ﬁ ~tetra-acetylethane as the oxidation product of acetylacetone
(C5H802, Hacac), for the first time, from a recaction between acetylacetone

and a higher valent metal species.

Experimental

The chemicals used for the reactions werc all reagent
grade products.
Method I

Synthesis of Bis(acetylacetonnto)nickel(II) Dihydrate, Ni(acac)2.2H20~

from Ni(CH),.

An amount of 20.0 mmol of freshly prepared alkali free N.’L(OH)2

s I3 L3 q K]
was taken in the form of an aqueous suspension (in 25 cm” water). To this
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was added an amount of 80 mmol of distilled acetylacetone (C5H802) with
stirring. Vigorous stirring was continued for a further period of ca

30 min whereupon the green Ni(OH)2 was converted into a blue~green

shiny product. The reaction container was sct aside for about 20 min

in order to allow the product to scttle. The compound was separated by
filtration, washed first with 1 : 1 acetylacetone-water mixture (3-4 times)
and then with ethanol ( 2 times), and finally dried in vacuo over

concentrated sulphuric acid.

The direct product was recrystnllised from boiling acetone by the
addition of light petroleum (b.p. 40-60°C) and subsequent cooling at ca
0°C to obtain blue~grecen shiny platelet compound. The yield of

Ni(acac)z.ZH 0 was 88%.

2

Method II

Synthesis of Bis(acetylrcetonnto)nickel(II) Dihydrate from the

Reaction of NiO((H) and Acetylacetonc, and Isolation of X,K, 3, B =
oyt

tetra-acetylethane as the Oxidation Product of Acetylacetone

The Method II requires NiO(CH) as one of the starting materials

which needs an extra preparation step.

Preparation of NiC(CH)

An aqueous solution of nickel(IT) chloride hexahydrate, N1012.6H20,
was treated with an excess of sodium hydroxide solution and a precipitate
of Ni(OH)2 was obtained. The Ni(OH)2 was separated by filtration and
purified by repeated washing with water until the washing was found free

from chloride. Nickel(II) hydroxide was then oxidised to NiO(C(H), a



nickel(III) species , by treating an alkalinc suspension of it with
bromine. The black NiO((H) thus obtained was separated by centrifugation,
washed with water until free from alkali, and finally dried in vacuo

over phosphorus pentoxide.

The NiO(CH) thus obtained was used for the preparation of

Ni(acac)Z.ZHZO.

Reaction of NiO(CH) with Acetylacetone (Q5H802, Hacac)

Acetylacetone (11.0g, 110.0 mmol) was added to a suspension
of NiO(CH), (2.0g, 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 blue-green
filtrate had Just begun to appear. The combined filtrate and washing(é)

was retained for the isolation of the oxidation product of acetylacetone .

The compound on the filter was 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.

The yield of Ni(acac)z.ZHZO was 5.3g (82.3%).

Isolation of the Oxidation Product, L, X, .3, /3 ~Tetra-acetyl-
7 I4

ethane from the Combined Filtrate and Washing (A)

The combined filtrate and washing (A) was concentrated by
removing the solvent on a rotary evaporator, and colourless cubic

crystals were obtained. The crystals werec removed and washed three times
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with benzene and finally caried on a filtcer paper.

The product «, «, /3, /6 =tetraacetylethane,

16

(a{BCo)ch — CH (COCH 3)2, melts ot 190°C (1it.”°, 191°C). The yield

was 1.85g (85.6%, on the besis of an electron-transfer reaction between
111

N~ and Hacac).

Elemental Analyses

The details of the methods of amnlyses have been given in
Chapter 2.

Analytical Data of Ni(C5H702)0.2H?0

Found ;:(%) C,40.8 H, 6.3; Ni, 20.2.

Caled {%) for ¢ ofl gMilg ¢ G, 41.0; H, 6.15; Ni, 20.05.

Analytical Datn of (mjco)zcm — CH (COCH3)2

Found : M (mass sprometrically), 198; C, 60.49%; H, 7.19%

Glcd. for Cy oty Oy £ Mo 198; ¢, 60.58%; H, 7.13%.

The infrared spectral data of Ni(acac)z.ZHZO have been reported

in Table 1, while its mass spectral data have been presented in Table 2.

Results and Discussion

e

The problems encountered in the synthesis of bis (acetylacetonato)-

nickel(II) dihydrate, Ni(a,cac)Z.ZH 0, have been alrecady mentioned in the

2
opening section of the present Chapter. In order to circumvent the

existing difficulties two new and direct methods of syntheses of
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Ni(acac)z.ZH 0 have now been developed.

2
The two new methods are based on two different philosophies.
While the Method I is based on a simple acid~base reaction, the Method II
relies on an electron~transfer reaction between a nickel(III) species and
acetylacetoné. A common but significant feature of the two methods is that
neither of them requires any buffer. According to the Method I N’i(CH)2
is allowed to directly react with Hacac (CSHBOZ) to produce bis(acetylace-
tonato )nickel(II) dihydrate, Ni(acac)z.ZHZO,in a very high yield. The pH
of the reaction, recorded immediately after the reaction took place, was
fount to be ca 5, a PH suitable for the purpose of successful synthesis of
Ni(acac)z.ZHzo. Thus, unlike the literature methodlo, 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 énother direct method for the synthesis of Ni(acac)Z.ZHZO, again
without making use of any buffer, from the electron-transfer reactlion of
nickel(III) with acetylacetone (Hacac). Second, to isolate, characterise
and ldentify 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 bee1 emphasised in some recent repor't:s.lz"15 Accordingly,
a nickel(III) species, NiO(CH), was reacted with Hacac (C5H802). The
reaction was very facile and gave bis(acetylacetonato)nickel(II) dihydrate,
Ni(acac)z.ZHZO, 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)z.ZH 0, afford a highly crystalline organic

2
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compound. The compound was found to be very sparingly soluble in water,
benzene, and ether, and its various physical and chemical properties
viz., colour, m.p., solubility, reaction with FECIB, and the mass
spectrum compare very well with those of a specimen prepared by the
action of iodine upon sodium acetylacctonate.16 The organic compound
thus obtained has been identified as o, £, &, /3 -tetra-acetylethane,
(GHBCO)ZGH - (COCHB)Z. |

In an attenpt to gencralis: the contention that electron-transfer
reactions between higher-valent transition metal ions and acetylacetone
leading to the corresponding acetylacetonates give (CHBCD)ZGH - GH(COCH3)2
as the oxidation product, the reactions of Hacac with manganesqVIT) and
chromjum(VI) were performed following the procedures developed in this

laboratory, 1¥+15

Isolation of o(,%, /> /3 ~tetra-acetylethane,
(CH3CO)2°H —_— CH(COCHB)Z, as the 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 o, X ,/6 ,/6 ~tetra-acetylethane,
(cn3co)2m -— cn(cocmB)Z.

The pH of the reaction solution, recorded immediately after the

formation of Ni(acac)z.ZH 0 was tound to bs ca 5, a situation conducive

2
to the formation of metal - acac complexes,‘and concurs with that

maintained by Charles and Powlikowskilo

by the acddition of a large
amount of sodium acetate (buffer). In view of the products isolated from

the reaction of NiIII, MhVII or CrVI with acetylacetone (e.g. see below),
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and observed pH of the reaction medium, it is believed that acetylacetone
first undergoes ionisation giving (CHBCO)2CH_ (rcac™) and HY (cf. the

observed pH) followed by the oxidation of (CHQCG)ZCH" jon to

mlo(cn) « 3(CHg0,) —> NL(CH,G,), + 3 (QHC0), 0 — GH(COCH,), + 2H,0

the (GHBCO)ZCH'radical (with corresponding reduction of the metal), which

dimerises to yield (GHBCC)ZGH —--CH(COCH3)2. It appears that this route

to C(.,C(,1j3, /2 = tetra-acetylethane is relatively simpler than methods
/

described in the literature16 for the purposc.

Because of the higher yicld of product, considerably shorter
reaction time, and redundancy of any buffer, the presently described

methods of synthesis of Ni(acac)z.ZH 0 offcrs advantages over the

16

2
procedure described in the literature.
The blue-green crystalline Ni(acac)Z.ZHZO is soluble in many
organic solvents, and also to some extent in water. It is capable of
being stored for a long period. The molar conductance of the compound

L 2t 21°C supporting its formulation,

was found to be 10 St lemPmol”
purity and stability. The infrared spcctra of Ni(acac)z.ZHZO is similar

to that reborted, for the compound, in the literature17 and conforms

to the occurrence of chelated acetylacetonate ligands. Moreover, the

room temperature magnetic moment value of 3.17 BM (1 BM = 0.927 x 10-23Am2)

as observed in the present case is in complete accord with the value

reported by Cotton and Fackler.lo
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Mass Spectrometric Studies

The importance of cdirect insertion technique, for the mass
spectrometry of metal-ncetylacctonates, has been emphasised in some

. . 1,2,1
recent reports on mass spectrometric studies.”™”™’ 9

A similar technique
was adopted in the present studies in order to introduce the samples
straight into the ion-source without any prior heating. This technique
was also necessary for (GHBCO)ZCH --—--—-CH(COCHB)2 to overcéme the
difficulty apprehended due to the possible formation of 2,5-dimethyl-3,

L4-dincetylfuran through elimination of one molecule of water prior

to electron~impact.

The mass spectra of Ni(aéac)z.ZH 0 was recorded with the ion-

2
source temperature being maintained 2t 500, 160<)and 150°C. However,

the ion~source temperature of 166°C was found to be suitable for the
purpose, since the spectra recorded at SOOC were rather weak while

those run at 15OOC exhibited some pyrolysis effect. The mass spectra of
Ni(acac)z.ZHzO (Table 2) showed the molecular ion signal at mfz 256
suggesting that the molecule exists as 2 monomer in the vapour state

and does not undergo any association. The molecular ion pezak was followed

by a strong signal (96% intensity) at m/z 241 owing to the loss of an odd

electron fragment CHé with the major fragmentation pathway being:

Ni(CH,0, ), —> Ni(c5}{702)(cuﬁuoz)"-——> Ni(C 51{702)}1*--;

Ni(CyH,,0,) " — Ni(CBH40)+ —> Ni(CH,)" or N (o) —> m*

The above pattern is strongly supported by the appearance of metastable

jon peaks and the results agree with those reported independently by

other workers.zo’z1



A K uv YITWNNIAVM

008t

00SI
I

oHz- NANON_._@E

JONVLLINSNVYL

(a1@2s AJeayique)




81

Table 1. Infrared Bmnd Positions (2nd Their Assignments) of

Ni(c5ﬂ702)2.2}120
If_{l Assignment (Moles )17
cm .
1595 C=0C str. (-»58)
+ C=0 str, ()
1515 —_— | ]
2450 C==0 str. + CH bend (\/9)
1395 CH def.
1370 CH,% sym. cef,
1260 C - Cstr + C - Gy str. (\)2)
1210 ¢ - H in - plane bend (1)16)
1020 CH3 rock
935 C - Gy str. + CU str. (\)3)
+ C - CE-I3 str. (1)11)
760 CH out-of-plane bend
665 Ring def « Ni - O str. (")4)

450 | Ni -~ ¢ str. (1)5)




Table 2. Mass Spectral Data for Ni(nenc),

(2) Major Peaks

Assignment

Ni(CSI-I702)2+

N (CH,0, )(C\H,0,)
Ni(C 5H702) (vocH, )

M (CH,0, H*

Ni(C 514702)

+

Ni(C,H,0, »

+*
M (04}{302 )

N1(03349)+
N1 (0CGH, y*

M(co)t D

or

+ |

+

+*

Ni
(b) Metastable transitions
m/Z*

observed calculated

226.8 226.88

102.2 102.28
128.4 128.43
0.5  veunn 91.52
70.3 70.42
64.8 64.88
39.1 39.12

.20

n/7
256
241
199
158
157
142
141

114

100 cee

Process

. 265 ———3> 241

> 157

. 157 ———> 142
o 242 ——— 114
. W2 ———> 100
11— 86

86 ———> 58

Intensity (%)

100

96

3

40

9l

30

23

5

%

70

16

Progment lost
Hy
Cuﬁqu
s
Co
CZHZC

G0 or CZHL"

Cgﬂq or CC
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A significant feature of the spectra of Ni(acac)z.ZHZO is the
presence of a metastable transition supported sign-1 at m/z 158 which has
been assigned fo Ni(CSH702)H+, This owes its origin to the hydrogen(H)
transfer reaction, taking place unier thc mass spectrometric conditions,
from a methyl group to nickel. Although it was previously proposedzz
that H from the methyl carbon of one acac 1ligand to an oxygen atom of
sthe other took place, to us, however, it appears as a more likely alter-~
native that H shift from carbon 1o nickel has taken place, because (i) H
transfer reactions appear to be rather common for nickel complexes which
may also be related to the éatalytic activity of nickel in hydrogen
transfer reactions, moreover, (ii) if H transfer to oxygen of the other
acetylacetonate ligand were involved it would have been o common feature

of most of the metal-acetylacetonates, if not of all.

The mass spectra, of =, oL 2 ,/5 - tetra-acetylethane was
recorded at 20°C, showed the molecular ion signal at m/z 198 (96% intensity)
+ . . N R .
due to ClOH1404 , in conformity with the calculated molecular weight of
the compound, followed by strong signals at m/z 180 and 165 assigned to
+ T . - . .
C10H1203 and C9H903 ions respectively. The most dominant signal in the
spectrum was the one appeared at m/z 165 (due to C9Hq03+),however, the
signal at m/z 43 owing to the fragment ion CCCHY nlso appeared as a very

strong signal (intensity 97%).

To conclude the discussion, it may be stated that the compound
Ni(acac)z.ZHzo can be directly synthesised, without involving any buffer,
either from the reaction of Ni(OH)2 with Hacac or from the reaction of

NiO((H) with Hacac. Both the methods give very high yields. Further, it



may be stated that in the elcctron-transfer reactions between higher-valenf

and

metal ions/Hacac, ~cetylacetone is oxidised to (CHBCO)ZCH-

cm(cocuj)z.

L ————
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CHAPTER 7



Chapter 7

.y J,
Synthesis of Tetrafluoronickelatc(II) Complexes ['NiF” }“ :

*
A Novel Route to Fluorometnlates an® the Scope of the New Method

———t——

une of the main rcasons for a limited nccess to fluoromectalates, of
which tetrafluoronickelatc(II), ZTNiFuu72_, is no excention, is the

lack of suitable easy mcthods for their synthesis. As the case in

point, for example, the synthesis of tetrafluoronickelate(II), [—N1F4'72-,
involvesl’2 fusion of anhydrous nickel(II) fluoride, NiF,, with a
stoichiometric amount of alkali fluorides or alkalins-carth metal
fluorides either in vacuo or in an atmosphere of dry hydrogen fluoride.
Such methods thercfore require not only anhydrous Nin which itself

is difficult to obtain, but also dry hydrogen fluoride that is Aifficult
to handle thereby restricting the study of their chemistry. More

direct and simpler routes to such compounds are thus looked for.
Recently some success has been made in this direction, in the laboratory
where the present doctoral rescarch was carried out, an¢ comparatively
easier methods have been developed, for instance, for the syntheses of
[ mr«'5]2', [wF, [, ["IMFB(Cch)f—, [ CrFS(qu)f_, VA CrGBFI,
[TVOE447 -, ZTVOF};7 -, and ZTVF<C5H702;;7 complexes.3-lo However, the

search for a new and more general mcthod has been continued. Simple

*The work described in this Chepter hns been published.

J. Chem. Soc. Dalton Trans., 1984, 1763.
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.. 11 12
methods of syntheses of acetylecotonates of chremium™, manganese™ ,
<13 . . \ . .
iron -, and nickel (vide Chapter 6) have nlso been “eveloped in this
laboratory, and as a part of o programme ~imcd at utilising such
compounds as precursors, it was cnvisage? that they would react with
aqueous hydrofluoric acid and nlkeli metnl fluorides to provide an easy

access to alkali metal salts of fluorcmctalate complexes.

The main themc of the ;resent Chanter is the synthesis of
tetrafluoronickelate(11), ZTNith7e-, complexes directly from
bis (acetylacetano)nickel (II) dihytrate, Ni(CjH702)2.2H20, ani also the
scope of the new method as a para’igm for other such syntheses. In order
to demonstrate the scope of the method, tcetraflucrozincate(II) complexes
ZTZth_?Q-, and also o few more fluorometalates of some other metals

have been synthesiscd from their respective acetylacetonntes.

Experimental

Reagent gradc chemicals were used throughout Ni(acac)?.ZH?O
(acac = acetylacetonnte) was preparcd by the methods described in the

previous Chapter (Chapter 6). Zn(acac)Z.Hzolu and Vo(acac)215 were
prepared by the literature mcthods., Cr(acac)Bll and Mn(a.cac),312 were

prepared by mcthods developel in this laboratory.

Synthesis of Tetrafluoronickelates(II), A, ZTN1F4;7 (A =X, Bb

or NHQ). A Typical Procedurc

Freshly prepared bis(acetylocetonato)nickel(II) Aihydrate,

Ni(acac)Z.ZHZO was added to an excess of 40% hydrofluoric acid (15 cm g-l)
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followed by the addition of alkali metal fluoride, AF (A = K, Rb or NHQ)’
with the molar ratio of nickel acetylacetonate and AF being maintained

at 1 : 4. The mixture was then heated over a steam=-bath with stirring
until the metal acetylacetonate dissolved completely (35_40 min).

The reaction solution was filtered, and the filtrate concentrated over

a steam-bath until microcrystallinc yellow alkali tetrafluoronickelate (1I),
Az [TN1F4;7, started to appear. The reaction container was cooled to

room temperaturec for ca 2 h, and A2 ZTN1F4_7'was separated by centri-
fugation, dried on filter paper and finally dried in vacuo over

phosphorous pentoxide.
The gram amounts of reagents used and the yields of alkali

tetrafluoronickelates(II) are reported in Table 1.

Table 1. Amounts of Reagents Used and Yijelds of A2 ZTN1F4_7

(A = K, Rb or NHu)

Am?unt 3f Amount of 3m;pnt of 3
. Ni(acac).,. alkali fluo- 0% HF in cm
Compound i;eld M0 7 ride, AF in (mmol)
g < 2
(%) in“g (mmol) g (mmol)

(M), [ NiF 0.5 1.0 0.51 15

Wy L1 T (86) G.m) (13.77) (300)

[ MiF 0.6 1.0 0.8 15
2 -/ (82) (3.41) (13.77) (300 )
Rb, [ NiF 0.9 1.0 1.43 15

2 L0 (87) (3.41) (13.69) (300)
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Synthesis of Alkali Tetrafluorozincates(II), A, [/ ZnF, [ (4 = K,

Rb, Cs, or NHL"). A Representative Frocedure

Freshly prepared Zn(acac)Z.HZO was added to an excess of 40%
hydrofluoric acid. To it was added alkali metal fluoride, AF (A = K, Rb,
Cs or NHQ), with maintenance of molar ratio of Zn(acac)Z.HZO and AF
as 1 : 4. The mixture was then heated on a steam-bath with stirring
until the metal acetylacetonate dissolved completely (22 35 min). The
solution was filtered and the filtrate concentrated over a steam-bath
until white microcrystalline alkali tetrafluorozincate(II) began to
appear. Heating was discontinucd and the reaction container was allowed
to cool to room temperature for ca 2h. The A, [TZnF4_7'thus formed was
separated by centrifugation, dried on a filter papcr, and finally dried

in vacuo over P4010'
The amounts of reagents used and the yields of alkali tetrafluoro-

zincates(II) are summarised in Table 2.

Table 2. Amounts of Reagents Used and Yields of A2 ZTZnF4_7

(A =K, Rb, Cs or NHLI)

Yield Amount of Amount of Amount of 3
Compound in g Zn(acac)z. AF in g 40% HF in cm
(%) H,0 in g (mmol) (mmol)
(fimol)
(M), [ znF 0.5 1.0 0.53 12
42 W/ (79) (3.6) 14.50) (240)
. [ ZnF 0.7 1.0 0.84 12
o Loy ] (89) (3.6) (14.40) (240)
R ZnF 0.96 1.0 1.5 12
Y L2 (81) (3.6) (14-40) (240)

Cs ZnF 1.2 1.0 2.2 12
2 L7 ] &)  (3.6) (14.40) (240)
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H

Reaction of [M('lcac)n__7 (M=CrorMy, n=3; M=V0, n=2)

with NHD(F and 40% HF

The recaction of I'I(m:-:-uc)3 (M = Cr or ¥n) or VO(acac), was performed
in a manner analogous to those described for the synthesis of A, [rlﬁFh;7
or A, [TZnF4;7. The products obtained were blue (NH4)2 [TVOE5J7,
green (M), ), VA CrF5(H20)_7, and pink (1\11{4)2 8 MnF5_7 from VO(acac)z,
[—Cr(acac)3;7, and [an(acac)3;7 ruspectively, with yields lying between
85 and 90%.

Elemental Amalyses

The methods of clemental an~lyses have becen described in

Chapter 2. The results of elementzl analyses are given in Table 3.



Table 3  Anmalytical Data of A, /NiF, 7 (A4 = K, Rb or M), and

A, [ZnF,J (» = X, Rb, Cs or MH,, )

Pound {5 (Caled. %) .

Compound —_—
Aor N M* or in® F
e L0075 B )
o L1 B &Sy (35.7)
o L1007 ) Ay (2h-87)
(wp [0, 7 asm. ZEn =
o fond B &R &8
e L] - G
o=, Lm, ] - Bre 8%

Magnetic moment values and infrared spectral band positions

along with their assignments are presented in Table 4.
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Results and Discussion

It is owing to the lack of a suitable and easier method of
synthesis of tetrafluoronickelate (II) comslexes thnt we thought it
worthwhile to improvise a simple and direct method for the synthesis
of the title complexes. 4s a part of our programme of studies of
reactivities of metal acetylacetonates, the reaction of bis(acetylace-
tonato ) nickel(II) dihydrate, Ni(acac)Z.ZHzo, with hot ~queous hydro-
fluoric acid »nd 2l1keli motal fluoride, AF, was carried out. It has been
observed that Ni(acac)Z.ZHZO undergoes a rather facile rcaction with
hot 40% HF ond alkali fluoride to nfford yellow coloured microcrystalline
alkali tetrafluoronickelates(II), Ay ZfNiF4;7, in very high yields.
Subsequently, on achieving succoss in the afore-said reaction, a similar
reaction was carried out with bis(acetylacetonato)zincate(II) monohydrate,
Zn(acac),.H,0, instend of Wi(ncac),.2H,0, and alkali tetrafluorozincate(II),
A2 [TZnF4;7, was obtained in o very high yield with on equal ease. It
my be mentioned thét the rccommended method316 involve similar
difficulties as cncountered in the crse of corresponding nickel(II)
complexes. The methods (vide Experimcntal) do not require dry hydrogen
fluoride or elemental fluorine (FZ); they do not mnke use of any such
starting miterials as are difficult to prepare and handle. The strategy
for the novel method was that agueous hydrofluoric acid would react with
metal acetylacetonates to rupture the metal-oxygen bonds in them with
the simultaneous coordination of F 1ligands arising, in the reaction
medium, from aqueous HF and alknli fluoride, AF, giving rise to the

formation of the corresponding fluorometalates. The rolc of alkali
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fluoride is not only to enhance I~ ion concentration but also to
provide counter cations AT to cnable isolation of the complex
fluorometalate anions as their ~lkali metal salts. The strategy
seems to have worked accordingly. The method 1is simple, and has been
used to synthesise a serics of salts of [NiFLljz-and [ZnFL‘_Jz-
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 procedure,
similar reactions involving / VO( 'acac)ZJ, [ cr(acac )3_7 , Or
[ Mn(acac)jj with NH,F and 40% hydrofluoric acid were carried out,
and the products obtained were identified as (Miy), /- V0F5_717,
(m4)2 [GrF5(H20)_76, and (M{4)2 Z-IVInF5_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 tetraflucronickelates(II), A, [ NiF,_7, and the
alkalil tetrafluorozincates(II), A, [ ZnFL’J , compounds are very
sensitive to moisture, nnd in the presence of water they attack glass
rather readily. However, the compounds can be stored undecomposed for a
prolonged period in sealed polyethylene envelopes, and thelr stability
can be ascertained from the recsults of metal and fluoride estimations
periodically. The results of room temperature magnetic susceptibility
measurements showed that while the magnetic moments of A2 [ NiFuJ

lie in the range 1.9 - 2.2 BM in conformity with the values reported

in the litemture,18 the correspending zinc compounds, A, /[ ZHFQJ Were
’
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Table 4 Magnetic Moments and Infrared Bands fur A, [ NiFuJ

(A = K, Rb or Mi)) and A, [ZnFL'_7 (4 = X, Rb, Cs or i)

Magnetic Moment IR
Compound Mg f/BM on~? Assignment
(295K)
(), [ WF, 7 2.0 455 V(Ni-F)
K, [MF, 7 1.9 455 J(Ni-F)
Rb, [ NiF, 7 2.2 460 J(Mi-F)
(), [ 20F), 7 Diamagnetic 440 ~J(Zn-F)
K, /[ ZnF,+_7 Diamagnetic 45 V) (zn-F)
mb, [ ZnF) [ Diamagnetic 4ys (Zn-F)
cs, [ 708, 7 Diamagnetic Mo (Zn-F)

1 BM = 9.27 x 10723 an?
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diamagnetic, as expected. The analyticel data and magnetic moment values
suggest that the compounds are the same which have been prepared by

18,19 The infrared spectra

other methods chéractcrised structurally.
of the newly synthesised A, ZTN1F4_7 and A, [_Zth_7'(Table 4) also
support this view. The IR spectral pattern is very simple. The J(Ni-F)
mode appears at ca 455 cm-1 while the 1)(Zn-F) bond has been observed

to fall at ca 445 en™t. The spectra <o not show any evidence for the
presence of alkali metal difluorides, A ZTHF2;7,20-22 thus ruling out the

possibility of contimination of the end products by A thF2_7.

It 1s thus evident from the results of stulies described tn the
present Chapter that tetrafluoronickelate(II) complexes can be synthesised
rather easily, directly from bis(acetylacetonato)nickel(II) dihydrate,

Ni(acac)z.ZH 0. A similar procedure can also be used for the direct

2
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 paradigm for other such syntheses.
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CHAPTER 8



Chapter 8

The First Reported Synthesis and Characterisatiun of Alkali

Trifluoronickelate (II) Monohydrates, ANiF 0 (A= MNa, Kour NHU)*

3.H2

The alkali trifluoronickelate(II) monchydrates, ANiFB.HZO (A =Na, K

or NH4), a series of very simple compounds of nickel, exhibit very
interesting properties. For example, thc mere change of the counter

cation in ANiFB.HZO brings about very drastic and significant changes

of their magnetic properties.1 Thusl, while the sodium trifluoro-

nickelate(II ) monohydrate, NaNiF3.H?O, behaves ferromagnetically,

the curresponding potassium salt KN'iFB.H2

behaviour, and the ammonium salt NHQNIFB.HZO behaves like a normal

paramagnetic nickel(II) compound without showing any strong magnetic

0 shows antiferromagnetic

interaction. It is quite unfortunate that although Machin and Nyholm
reported1 the analytical data and magnetic pruperties of ANiFg.HZO
compounds about twenty years ago, there is no report to date on their
synthesis. The synthesis of alkali trifluoronickelate(II) monohydrates,
ANiFB.HZO, should therefore be especially important, but seldom has
this been realised.

Our interest in thc 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 publication.

Transition Metal Chem., 1985 in press.




effort in the ficld of fluoronickelate chemistry we thought it is
imperative to develope a general method of synthesis of alkali

trifluoronickelate(II) monohydrates, ANiFB.HZO (A = M, K or NHu).

The present Chapter, indeed the concluding Chapter of the
thesis reports the details of the mecthod of synthesis of the title
compounds, and their characterisation by spectroscopic and cryomagnetic

studies,

Experimental

The chemicals used were all reagent grade products. Bis(acetylace-
tonato)nickel(II) dihydrate, Ni(acac)z.ZHZO, was prepared by the methods

described in Chapter 6.

2

Synthesis of Alkali Trifluoronickelate(II) Monohydrates,

ANiF.H,0 (A = Ma, K or M)

Since the methods of syntheses of alkali trifluoronickelate (II)
monohydrates, ANiFB.HZO (A = Ma, K or NHq), only a representative

procedure is described. Folyethylenc apparatus was used for the rcactions.

In a typical procedure a suspension of bis(acetylacetonato)u
nickel(II) dihydrate, Ni(acac)Z.ZHZO, in 407% hydrofluoric acid was
heated on a steam-toth. Alkali metal fluoridec, AF (A = Ma, K or NHQ),
was added to the hot stirred solution whereupon Ni(acac)Z.ZHzo dissolved
completely in ca 30 min. The solution was then filtered quickly, and
concentrated over a stcam-bath almost to dryness whereupon a yellow

microcrystallinc deposit formed. This was treated directly with a small
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amount of water, and then concentrated as above to give the light
green alkali trifluoronickelate(II) monohydrate, ANiF,.H,0. The
product thus obtained was separated by filtration, washed thrice

with water, and finally dried in vacuo over Pholo'

The amounts of reagents used and yields of alkall 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,.H,O (A = Ma, K or NH), )

3°°2
Amount of Amount of Amount of 3
Yield Ni(acac)z. AF in g 40% HF in cm
ig g 2H,0 in & (mmol) ( mmol)
%) (mmol)
N1, NAF .H, 0 0.4 1.0 0. 51 15
(77) (3.41) (13.77) (300)
NaNiFB. HZO 0.5 1.0 0.58 15
‘ (92) (3.41) (13.81) (300)
KNiFB'HZO 0.5 1.0 0.8 15
(85) (3.41) (13.77) (300)

Elemental Analyses

The details of elemental analyses have been described in

Chapter 2. The results of clemental annrlyses are reported in Table 2.
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Table 2 Amalytical Data of ANIF;.H,0 (RYMGEGPR or Mi, )

Found (%) Caled (%)

Compound e
Aor N Ni 13
NH), NiFB. HZO 9.4 38.9 12.7
(9.2) (38.7) (12.5)
Na Nin. H,0 1.4 37.9 12.4
(14.7) (37.5) (12.1)
KNiF,.H,0 22.3 33.6 11.25
3 (22.6) (34.0) (11.0)

Magnetic moment values, Curie or Neel temperatures, and the

infrared band positions are summarised in Table 3.

Results and Discussion

Very recently direct methods of syntheses of metal_acetylacetonates
have been c'iew,'eloped.z-5 In the course of our studies involving the
reactions of such compounds, it was obscrved that mctal-acac bonds
may be easily cleaved by the interaction of metal acetylacetonates with
agqueous hydrofluoric aicd. Consequent upon this, reactions of a number
of metal acetylacetonates with aguecous hydrofluoric acid in the presence
of alkall metal fluorides were carried out an? the corresponding
fluorometalate complexes were easily obtained in very high yields (as
described in Chapter 7). A general method for the synthesis of fluorometalate

complexes was thus improvised.



102

It may be recalled that emphasis was put on the synthesis of
alkali tetrafluoronickelates(II), A, ZTN1F4;7, in Chapter 7. It was
observed, while working up the reaction, carried out for the purpose
of obtaining tctrafluoronickelates(II), that the yellow alkali
tetrafluoronickelates(II), A, ZTN1F4;7, were very sensitive to moisture,
and they readily reacted with water to produce light green coloured
microcrystalline products. It was believed that the products must be
different from A, Z—N1F4_7, and expected that they might as well be
alkali trifluoro]nickelate(II) monohydrates, A NiF,.H, 0, a class of

32
compounds for which the method of synthesls does not scem to have any

reported existence. Accordingly, bis(acetylacetonato)nickel(II) dihydrate,

Ni(acac)Z.ZH 0, was allowed to rcact with aqueous hydrofluoric acid

2
and alkali metal fluoride, AF (A = Ma, K or NHQ), first to obtain an

yellow product (c.f. A,NiF,, described in Chapter 7) which, without
isolation, on being treated with water led to the successful synthesis
of light green alkali trifluoronickelate(II) monohydrates, ANiFB.HZO,
in very high yields. The methods has been used for the synthesis of a
series of compounds of the type ANiFB.HZO suggesting that similar
methods can be used for the syntheses of analogous compounds of other
transition metals. Indeed further investigation in this direction

showed that alkali trifluoromanganate(II) monohydrates, AMnF,.H,O,

32
0 by adaptation of the method

could be synthesised from Mn(acac)z.ZHz

similar to that used for the synthesis of ANiF 0. This, therefore,

3.H2
provides enough hints regarding the scope of the method.
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Characterisation of the Compounds

- it N - ke

'HZO' are all

The alkali trifluoronickelate(II) monchydrates, AMIF,
light grcen stable products, and are copable of being stored for a
prolonged pe?iéd. The compounds, however, attack glass slowly. Quantitative
estimations of alkali metal or nitrogen content, and nickel and fluoride
contents gave consiséent results in excellent agrcement with the formulae
containing one molecule of water per formula weight of each compound.
Moreover, prolonged heating of thc compounds at 120°C did not remove the
water, as evidenced by their unaltered weight and infrared spectra

recorded before and after pyrolysis, suggesting thereby that the water

molecule is rather strongly held in the crystal lattice.

The infrared spectra of ANiFB.HZO (A = Ma, X or NHu) resemble
each other very elosely, showing absorptions in the three characteristic
regions, viz., at ca 3455, ca 1640, and at ca 450 em™t (Table 3) which
have been assigned to 1 (0-H), & (H-0-H), and +J(Ni-F) vibrations
respectively. Although the water could not be removed by heating at 120°C,
the IR suggest, in }ine with the earlier observations,l that the water
molecule in ANiFB.HZO is most protably not coordinated to the nickel
centre. This argument is supported further by the occurrence of ) (0-H)
at ca 3455 en™! characteristic of the presence of lattice water.6 The

three extra vibrations at 3160m, 3040s, and 1400s em™Y, in the spectrum

1 3 ol : *
of NH4N1F3.H20 are assigned to 1)3, 4 and 'Lﬂ'modes of M, ion.
The occurrence of +/(Ni —— F) modes at ca 450 en™t is in order and

7

compares very well with those observed elsewhere’ for similar systems,
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Table 3. Mignetic Moments, Curie or Necl Temperature and Structurally

Significant IR Bands of ANiF

3.}{20 (A = N2, Kor NHLP)

L . s O
Compound - of£/Bit g}gi oF = -1 hfssignment
(300K) temperature (en ™)
(K)

MiuNiFB.HZO 3.2 - 450m A2 (Ni-F)
1630m & (H-0-H)
3460s V(0-H)

NaNiF, . H,0 2.9 145" 450m 2 (Ni-F)
1640m $ (8-0-4)
3450s ++(0-H)

KNiF.,.H,0 2.4 230° 14 5m 2) (Ni-F)

372

1640m S (H-0H)
34555 U(0-H)
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The newly synthesised alkali trifluoronickelate(II) monohydrates,
ANiFB.HZO, display interesting magnetic properties with their relative
behaviour being very important. The room temperature magnetic moments of
NH4NiF5'H20' NaNiFB.HZO, and KNiFB.HZO werc found to be 3.2, 2.9, and
2.4 BM respectively (Table 3) in agrcement with the values observed
previously by Machin and N’yholm.1 In an attempt to assess the identity
of the compounds, magnetic susceptibilities of NaNiFB.HZO and KNiFB.HZO
were measured in the 300 - 80 K range (Tables 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 by Machin and N’yholm.1 Thus, vhile the NaNiFB.HZO behaves
ferromagnetically with the Curie temperatures of 145K, the KNiF3.H20 is
antiferromagnetic with the Neel temperature being 230K. The antiferro-
.magnetism in KNiFB.HZO most probably owes its origin to super-exchange
interaction through 3 ~~— Ni — F «=--- Ni —~ F— chain in the crystal

lattice operative in a manner analogous to that in KN'iF3 (perovskite).

It may be concluded from the results of studies described in the
present Chapter, that alkali trifluoronickelate(II) monohydrates,
ANiF4.H,0 (A = Na, K or NHQ), can be synthesised in very high yields
from the reaction of Ni(acac)z.ZHZO with 40% HF and AF at a steam-bath
temperature followed by treating the product obtained thereof with water.
The results of elemental analyses, infrared spectral, and cryomagnetic
studies confirm that the compounds are same as thosc described by

Machin and N’yholm.1
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Table 4. Cryomagnetic Data (at 6300 ocersted) of NaNiFB.HZO

Temp. (K) 106)(Ni
300 3,500
280 3,600
270 3,690
250 3,800
230 3,910
220 k4,000
200 I, 450
180 4,890
160 5,000
150 6,000
144 14,000
142 19,000
140 21,000
135 35,000
130 35,500

" 110 40, 500

80 48,000
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Table 5. Cryomagnetic Data (at 6300 versted) of KNiFy.H,0

Temp. (K) 107y,

Ni
300 2,520
290 | 2,530
275 2,545
265 2,550
250 2,555
240 2,560
225 2,550
215 2, K5
200 2,530
190 2,500
175 2,440
155 2,360
130 24275

85 2,125
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Direct Synthesis of Bis(acetylacetonato)nickel(il) Dihydrate and
Isolation of «,«,8,B-Tetra-acetylethane as the Oxidation Product of

Acetylacetone

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(n) dihydrate, [Ni(acac),]-2H,0, and giving «,«,B,B-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 '™ has led to an investigation of the reac-
tion of NiO(OH) with acetylacetone (Hacac). In our previous
papers '? we emphasised the role of Hacac as a reducing
agent in the direct synthesis of [Mn(acac);) and [Cr(acac);].
We now wish to report the reaction between NiO(OH) and
Hacac leading to the direct synthesis of bis(acetylacetonato)-
nickel(1t) dihydrate in a very high yield, in the absence of any
buffer {unlike the synthesis of [Ni(acac),]'2H,O by Charles
and Powlikowski *}, and also enabling the isolation of «,a,,p-
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
model 125 spectrophotometer. The mass spectra were recorded
on a Varian MAT CH-5 mass spectrometer using a direct
insertion probe (Table).

Preparation of NiO(OH).—An aqueous solution of nickel(1r)
chloride hexahydrate was treated with an excess of sodium
hydroxide and a precipitate of Ni(OH), was obtained. The
Ni(OH), was separated by filtration and purified by repeated
washing with water until free from chloride. Nickel(ir)
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 NiIO(OH) with Acetylacetone.—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 °C) and subsequent cooling at ca. 0 °C to obtain the blue-
green shiny platelet compound. The yield of [Ni(acac),]'2H,0
was 5.3 g (82.3%) (Found: C, 40.8; H, 6.3; Ni, 20.2. Calc.
for CyoH;3NiOg: C, 41.0; H, 6.15; Ni, 20.05%,). The com-
pound was characterized by its i.r. spectrum, magnetic sus-
ceptibility,® and molar conductance.

Table. Mass spectral data for [Ni(acac),]

(a) Major peaks

Assignment mfz Intensity (%)
[Ni(CsH,0,).]* 256 100
[Ni{CsH, 0, )(CsH05)] 241 96
[Ni(CsH,0,)(OCCH,)]* 199 3
[Ni(CsH;0,)H]* 158 40
[Ni(CsH,0,)]* 157 91
[Ni(C,H,0,)]* 142 30
[Ni(C4H30,)]* 141 23
[Ni(C;H,0)]* 114 5
[Ni(OCCHp)]* 100 56
[Ni(Co)]*

or } 86 70
[Ni(C;H)1*
Ni+ 58 16
(b) Metastable transitions
mjz*
Observed Calculated Process Fragment lost
226.8 226.88 256 — 241 CH,
102.2 102.28 241 — 157 C,H,0,
128.4 128.43 157 — 142 CH,
91.5 91.52 142 — 114 CO
70.3 70.42 142 — 100 C,H,0
64.8 64.88 114 — 86 CO or C,H,
39.1 39.12 86 — 58 C,H, or CO

Isolation of the Oxidation Product, =,x,3,B-Tetra-aceryl-
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 (CH,CO),CH-CH(COCH;), melts at 190 °C (lit.,°
191 °C) and the yield was 1.85 g (85.6%, on the basis of an
electron-transfer reaction between Ni''" 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 FeCl;, and mass and n.m.r. spectra)
compare very well with those of a specimen prepared by the
action of iodine upon sodium acetylacetonate.®

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.**7® 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),)'2H,O 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),]'2H,0 afforded a crystalline organic
compound which has been identified as (CH;CO),CH-
CH(COCH,),.

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 (CH;CO),CH-CH(COCHs), as the oxidation pro-
duct, we performed the reactions of Hacac with Mn’* and
Cr** following the procedures described in our previous
papers.!'? Isolation of (CH;CO),CH-CH(COCHj,), from each
of the reactions, after separation of the corresponding
[M(acac),] 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 (CH;CO),CH-CH(COCH,),.

The pH of the solution, recorded immediately after the
formation of [Ni(acac),]-:2H,0 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 # 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 Ni**, Mn’*, or
Cr®* with acetylacetone (e.g. see below), and the pH of the
reaction medium, we feel that acetylacetone first undergoes

[Ni'"""O(OH)] + 3 Hacac —»
[Ni(acac);] -+ ¥ (‘ acac-acac’) + 2 H;O

J. CHEM. SOC. DALTON TRANS. 1983

ionization giving (CH,CO),CH~ (acac™) and H* (¢f. the
observed pH) followed by the oxidation of (CH,CO),CH~
ion to the (CH,CO),CH" radical (with corresponding reduc-
tion of the metal), which dimerises to yield (CH;CO),CH-
CH(COCH,),. It appears that this route to o,x,3,p-tetra-
acetylethane is relatively simpler than methods described in
the literature.® Because of the higher yield of product, con-
siderably shorter reaction time, and redundancy of any buffer,
this method of synthesis of [Ni(acac),]*2H,O offers advantages
over the procedure described in the literature.*
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Synthesis of Tetrafluoronickelate(n) and Tetrafluorozincate(i)

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 [NiF,] (A = NH;*, K*, or Rb*) and A,[ZnF,] (A = NH,*, K*, Rb*, or Cs*) 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-, [MnFg]2-, and [CrF5(H,0)]2~

from [VO(acac),], [Mn(acac)s], and [Cr(acac);] respectively.

Recommended methods '3 for the synthesis of [NiF;}*~ or Synthesis of A;[NiF,] (A = NH;*, K*, or Rb*) and

[ZnF,]*~ complexes employ fusion of NiF, or ZnF, 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 MF, (M = Ni or Zn) but also
anhydrous HF which is difficult to handle. Very recently, we
described simple syntheses of acetylacetonates of nickel,*
manganese,® chromium,® and iron,” 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 [NiF,}*~ and [ZnF,J*~ 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),]
H,0 ? (acac = acetylacetonate) and [VO(acac),] ® were pre-
pared by the literature methods. [Ni(acac),(H,0),),* [Mn-
(acac);),® and [Cr(acac);)® 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),] as calibrant.

A,[ZnF,] (A = NH,*, K*, Rb*, or Cs*).—A rypical pro-
cedure. Freshly prepared [Ni(acac),(H;0),} or [Zn(acac),]
H,0 was added to an excess of 40%, HF (15 cm? g™!) 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 A,[NiF,] or white
A,[ZnF,] started to appear. The reaction container was cooled
to room temperature for ca. 2 h, and A,[NiF,) or A,[ZnF,}
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),J (M = Cror Mn, n = 3; M = VO,
n = 2) with NH,F and 40%, HF.—The reaction was performed
in a manner analogous to that described above. The products
obtained were blue [NH,},IVOF;], green [NH,],[CrFs(H,0)],
and pink [NH,];[MnF;] from [VO(acac),], [Cr(acac),;], and
[Mn(acac);] 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*,

or Cs*)
Analysis /%,
Compound Heer. “/B.M. A Ni or Zn F Lr.jem! Assignment
[NH,),[NiF,] 2.0 16,7 ¢ 33.90 44.80 455 VNI-F
(16.4) c (34.35) (44.50)
K,[NiF,] 1.9 36.10 27.85 35.2 455 VNI-F
(36.75) (27.60) (35.7)
Rb,[NiF,] 2.2 19.55 25.15 460 VNI-F
(19.20) (24.85)
[NH.,):[ZnF,)] Diamagnetic 15.25 ¢ 37.20 42,35 440 Vot
(15.80) ¢ (36.85) (42.80)
K,[ZnF,) Diamagnetic 35.10 30.15 34.20 445 Vzn-F
(35.60) (29.80) (34.60)
Rb,[ZnF,] Diamagnetic 20.25 24,85 445 VzaoF
(20.95) (24.35)
Cs,{ZnF,] Diamagnetic 16.75 18.20 440 VZooF
(16.05) (18.65)

‘T=295K;1BM. =927 x 10 A m?, * Calculated values in parentheses. © Analysis for N.
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Results and Discussion

[Ni(acac),(H,;0),] or [Zn(acac),]’H,O undergo a rather
facile reaction with hot aqueous HF and alkali-metal fluor-
ides (AF) to afford yellow A,[NiF,] (A = NH,*, K*, or
Rb*) or white A;[ZnF,} (A = NH,*, 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),], [Cr(acac),], or [Mn-
(acac);] with NH,F and 40% HF were carried out and the
products obtained were identified as [NH,],{VOF;),° [NH,),-
[CrFs(H,0),'® and [NH,].[MnF;] ' 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 A,{ZnF,] compounds are all
diamagnetic, as expected, the magnetic moments of the
A,[NiF,] compounds lie between 1.9 and 2.2 B.M. in con-
formity with those reported in the literature.!? 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.!*!* The i.r. spectra of A,{NiF,]
and A,[ZnF,] (Table) also support this view. The spectra do
not show any evidence for the presence of alkali-metal di-
fluorides, A[HF,],'*""" thus ruling out the possibility of con-
tamination of the end products by A[HF,].
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Summary

Ni(acac)y - (H-O)s (1 mol) and alkali metal fluorides
Y4 mols). MF (M = NH,;, Na or K). react with an excess of
406z HF on a steam-bath. The product upon treatment with
water gives light green crystalline alkali metal trifluoronick- ;o -
elate(]1) monohvdrate. MNiF: - J,0 in a high vield. Chemical R
analvses. pyrolvsis at 120°C. i.r. spectroscopic, and cry-
omagnetic (300-80K) data have been used to characterise.
and establish the identity of the compounds. While NH,NiF; -
H-O behaves as a normal octahedrai nickel(II}) compound.
NaNiF; « H.O is ferromagnetic with Curie point 145 K. KNiF;
- H,O behaves antiferromagnetically: its Neel point is 230 K.

Introduction

The alkali meral tnfluoronickelate(I) monohvdrates.
MNIF; - H,O (M = NH,, Na or K). are simple. yet show
interesing progerties. The mere change of the counter cation
in MAiF, - H,O brings about very drastic and significant
changes of magnetic properties'". Although Machin and .
Nvhotm reported'" the analvtical data and magnetic proper-
tics of MNiF; - H,O about twenty vears ago. there is no report
to date on their syntheses. As part of a programme involving fo 3
studies on fluorometallate§”32 31, we have developed a gen- gt
eral svntheses of MNiF; - H,O. described here.

,\/ R

E&[)crimcnlal

Reagent ¢rade chemicals were used. Nifacac), - (H,O), was
prepared by the method developed in this laboratory'™. [.r.
spectra were recorded on a Perkin-Elmer model 125 spee-
trophotometer. Magnetic susceptibility measurements were
made by the Gouy method in the 300-SOK range using

He[Co(NCS),] as calibrant.
Alkali Trifluoronickelate(11) Monohyvdrates, MNIF: - H,0
(M = NH, Naor K).

A respresentative procedure is described. Polvethviene
apparatus was used for the reactions.

1. 2. 3. Korrektur
: 6. MRZ. 1985
von Yeriag




A suspension of Ni(acac), - (H.0), in 40% HF was heated
on a steam-bath. Alkali metal fluoride. MF (M = NH,, Naor
K), was added to the hot stirred solution whereupon Ni{acac),

- (H,0), dissolved completely in ca. 30 min. The solution was
then filtered quickly, and concentrated over a steam-bath
almost to dryness wheretpon a yellow microcrystalline deposit
formed. This was treated directly with a small amount of H,0
and then concentrated as above to give the light green alkali
trifluoronickelate(IT) monohvdrate. MNIF; - H,O. This prod-
uct was scparatcd by filtration. washed thrice with H,0. and
finally dried in vacuo over P,Oy,.

The amounts of reagents used and vields of alkan triftuoro-
nickelate(I) monoh_\drntc.s prepared in this wav are given in
Table 1.

Elemental analvsis

Nickel and ﬂuon}le were estimated gravimetncally as nic-
kcl dimethylglyoximate™ and lead chlorofiuoride!®. respec-
tively, Somum’potassxum and nitrogen were estimated by the

mcthod described in our carlier papz.rst 9

Results and Discussion

Very recently neyer method have been developed for the
S\nthcses of meral acetylacetonates'”. 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™ jons would lead to fluorometaliate com-
plexes. Accordingly, Ni(acac), - (H,O)» was allowed to react
with 0% HF andé¢ MF (M = NH,. Na or K) and led to the
svntheses of alkali metal trifluoronickelate({II) monohvdrates.
MNIF; + H,O. in very high vield. It is believed that similar
procedures could be used to synthesise analogous compound
ol other transition metals. Indeed. alkalt metal trifluoroman-
ganate( 1) monohvdrates. MMnF: - H-O. can be eusily pre-
pared by analogous methods.

Characrerisajon of the compounds

The alkali metal trifluoronickelate(IT) monohyvdrates are all
light green stable products. Analyses are in excetlent agree-
ment with formulae containing one molecule of water per for-
muia weight of each compound. Morcover. prolonged heating
ol the compounds at 120°C did not remove the water.

The i.r. spectra of MNiF; - H,O (M = NH,, Na or K)
closely resemble cach other, shomng absorptions at ca. 34 55
ca. 1640, and ca. 450 cm™" which are assigned to v(O-}
O(H- OAH and v(Ni-F) modes. respectively. The f.r. spu,lm
also sumvcst in line with the carlier observations!, that the
water mol;cule is most probably not co-ordinated to the nickei
centre, an argument which is supportcd further by the occurr-
ence of v(O-H) at ca. 3433 cm™! characteristic of the presence
of lattice water'¥. The three extra vibrations at 3160m. 3040s.
and 1400sem™, in the spectrum of NH, - NiF; - H,0. are
assigned to the v;, v and vy modes of NH7. The v(Ni-F) mode
at ca. 450 cm™' compares very well with that observed clse-
where!.

The room temperature (300K) magnetic moments of
NH NiF; - H,O: NaNiF; - H,O and KNiF; - H,0 were found
to be 3.2. 2.9 and 2.4 BM respectively in agreement with val-
ues observed previously by Machin and Nyholm'). In an
attempt to assess the identity of the compounds. magnetic
susceptibilities of NaNiF; - H,O and KNiF, - H,0 were mca-
sured in the 300-80 K range. The results are consistent with
those observed previously'. Thus. while NaNiF; - H,0
behaves ferromagnetically KNiF; - H,O is antiferromagnetic.
The antiferromagnetism i K - NiFy < H,O is most probably
due to super-exchange interaction through a -Ni-F-Ni-F-
chain in the crystal lattice in a manner analogous to that in
KNiF, (perovskite).
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Table 1. Reagents used to prepare MNIF: - H-O (M = NH,. Naor K

Compound  Yieldle Ni(acacl, (H:Ov-¢ MFg  40% HF om’ LN dene
(C7) (mmoh)y~ (mmol)  (mmol)

NHNIF - HO 04 L0 ‘ 051 s
D) (B (1377 (300)

NaNiF, M0 05 10 038 13
92)  (3.41) (13.81) 1300)

KNiF.- HO 05 10 13 [T o7
(851 (3.41) (300 [—> L(’/z. »3)

Table 2. Analvucal data. magnetic moments. Curie or Neel temperature and structuraily significant . bands o MNIF. H.0 (M = N,
Naor Ky,

Compound Wep BNMY Curie™ or Neel!' Found (caled.) ¢ Lroiom ™) Assiainent
temp.. K M Ni ¥ Assignment

NH \NiF. - H.O 3.2 - L9 384 i S30m ViNI=FY
(9.2 (387 (12 Fasim o H-0-1h

iy vt O-1HD

NaNiF. - H.0 2.9 1457 44 Y] 12,1 ERST VIN-§
(147 (37.5% (rzn 1640m Of -t

BRERIN viO-H

KNiF, - H.O 2.4 220° 225 330 11,22 S43m VN F)
(22.6) [RENES (1hh 1Gadinm SH-O-1G

. V-1

Y Measured at J00K: ™ Curie Temperature: < Neel Temp.: ' Analvsis for N

Date 85/03/05 Lange 720 mm
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Note

First Synthesis and Structural Assessment of Alkali-metal
Carbonatodioxoperoxouranate(vi) Monohydrates, A,[UO,(0,)(CO,)1-H,0. and
Carbonato-oxodiperoxovanadate(v) Trihydrates, A,[VO{0,),(C0O,)]-3H.D

Jayanta K. Basumatary, Mihir K. Chaudhuri,” Ranendra N. Dutta Purkayastha, and Zavei Hieso
Department of Chemistry, North-Eastern Hill University, Shillong 793003, India

The complexes A,{UQ,(0,)(CO,)]-H,0 (A = Na or K) have bgen synthesised from tho reaction of
the product obtained by treating UO,(NO,)»6H,0 with AQH and AHCO, (ratic U:CO ™ = 1:4;
with an excess of 30% H,0, at pH 7—8, and A,[V0(0,),(C0,)]:3H,0 (A = Na or K) have beer
synthesised by treating V,0, with A,CO, (ratio V:CO,*~ = 1:1.5) and an excess of 30% H,0, at

22 ¢

pH ca. 7. They were precipitated with ethanol. The occurrence of trans O=U=0 and terminal V=0 in
the [U0,(0,)(CO,)]*™ and [VO(0,),(CO,))*" ions respsctivaly, and the presence of trianguias
bidentate O,*~ and chelated bidontate CO,?™ groups, have been ascertained from i.r. and laser
Raman spectra. The complexes A,[U0,(0,)(C0,)]-H,0 can be dehydrated at ¢ca. 100 °C, &
temperature at which A,[VO(0,),)]-3H,0 starts to decompose.

The complexity involved in the field of peroxouranates is
an acknowledged problem.!? Few examples of peroxouranates
have been reported [NH,],[UO,(0,)(C0O,)]-2H,0 * being the
only one for which the synthesis is available. In cortrast,
relatively more is known aboutl complex peroxovanadates,*:*
and some peroxovanadates containing co-ordinated N-hetero-
cyclic tigands have been very well characterised.® However,
[VO(0,),C,0,1*" is to our knowledge the only peroxo-
vanadate having an oxygen-containing ligand.>¢ Attempts to
co-ordinate SO,?” with VY in the presence 0,2~ were unsuc-
cessful,” however, the simultancous co-ordination of CQ,?"
and 0,7 to VY appeared to be possible under appropriate
conditions.

Experimental

The chemicals used ‘were all reagent-grade products, Magnetic
susceptibilities and the pH of the reaction solutions were
measured as described carlier*® Molar conductances were
mcasured using a Philips PR 9500 conductivity bridge. IL.r.
spectra were recorded on a Perkin-Elmer model 983 instrument.
The laser Raman spectra were recorded at ambient temper-
atures on a SPEX Ramalog 1403 spectrometer using the line at
4880 A from a Spectra Physics model 165 argon laser as the
excitation source. The sample was held cither in a quartz
capillary or in the form of a pressed pellet.

Synthesis of Alkali-metal Carbonatodioxoperoxouranate(vi)
Monohydrates, A,[UO,(0,X(C0O;)}'H,0 (A = Na or K).—
Powdered UO,(NO;),6H,0 (1 g, 1.99 mmol) was dissolved in
hot water (20 cm?) and & 20% solution of AOH (A = Naor K)
was added slowly with stirring until a yellow product ceased to
appear. The solution was filtered while hot and the yellow
product washed frec from alkali. To a stirred water suspension
of the product, AHCO; (8 mmol; ratio U:CO,?" = 1:4) was
added and stirring continued for ca. 20 min. An excess of 30%;
H,0, (30 cm?, 264.7 mmol) was added unlil a clear yellow
solution was obtained. The pH of the solution was found to be
7—38. The solution was filtered and then cooled in an ice-bath
for ca. 30 min. Addition of pre-cooled ethanol (ca.” SO cmy?) led
to the precipitation of a yellow microcrystalline solid which was
filiered off, wached 3—4 times with ethanol, and then dried in
vacieo over concentrated H,80,. The yields of Na,[UO,(0,)-

(CONTHLO and KL{UOL,{ONCON O were 0.7 (82 and
0.8 7 (88%) respectively,

Synthesis of Alkali-metal Carboncio-oxodiperoxovanadate-
(V) Trihydrates, A \{VO(0,),{C0O,4))-31,0 (A = Na or K).—
In a typical synthesis a mixture of V O (1 g 5.5 mmoi) and
A;CO, (16.5 mmol; ratio V:CO,? ™ = 1:1.5) was dissoived :n
30% H,0, (15em?, 132.4 mmol) giving a clear yeliow solution,
The solution was filtered and the filtrate cooled 1 an ice-bath
for ca. 15 min. An cxcess of pre-cooled ethanol was added with
stiyring until the yellow microcrystafline A,{VO{0,),(CO O}
3H,0 (A = Na or K) was completely precipitaied. The stir-
ring and cooling were continued for another 10 min. The
compounds were isolated, purificd, and dried similarly to tie
peroxouranates. The yiclds of Na,[VO{O;),(C0O,)]-3H,0 and
K,{VO(O,),(CO)I3H,0 were 3 (87) and 3.2 2 (80%) respec:
tively.

Elemental Analysis—-The determinaticons of uranium,® anda of
vanadium, peroxide, carbon, sodium, and potassium,* were as
described carlier. The clemental analyses, molar conductances,
and structurally significant ir. and Raman bands are sum-
marised in the Table.

Results and Discussion

The importance of the pH for the successiul synthesis of peroxo-
metal compounds has been emphasised,?!% and it was shown
very recently that a relatively high pH favoured co-ordinaticn
of 0, with UO,** (ref. 8) and V(P19 In the present
case, pH > 6 was considered conducive in erder to prevent the
reaction CO4? ™ 4 2H ' == CO, + H,0. Thus pH ca. 7 was
found {o be suitable for the syntheses, Tt is imperative that the
products isolated at pH 4 or 5 either dicd not show the presence
of CO,?~ at all or did to a very smail extent, indicating that co-
ordination of the CO,?™ ligand might have just commenced,
However, the reaction of UQ,* with hydrogen peroxide and
AHCO, (A = Na or K) at pH 7—8, and that of V,0, with
H,0, and A,CO; at pH 7, followed by the addition of alcahol
with (acilitated precipitation, afforded A,[UQO,(O,)(CO M)
H,0 and A,[VO(0Q,),(CO4)]-3H,0 respectively in very high
yields. Attempts to synthesise the ammonium saits of the com-
piex fons.were pot successful. Corresponding salts of Rb?' and

11.01.85 15.56 DAl 487.QL.0001 -TP-ARO\‘."E
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Table. Analytical data, molar conductances structurally significant

A3[VO(0,),(C0O,))3H,0 (A = NaorK)

ir. and Jaser Raman bands of A;[UO(O;(CON}H,0 ard

Molar con- Analysis */(%) Laser
ductance*/ A -~ Ir. Raman
Compound r!'cm? mol-! A UorV (o} C (em™) (em™) Assigament
Na,(U0,(0,)C0O;)]:H,0 225(20) 10.45 56.2 7.8 2.85 1 5805 1570 V(=) v, A,
. (10.8) (55.85) (1.5 (2.8) 1325m W C=-0) + HO-C-C;
v By
920s 930 (O0=U=0])
890s #80 W{0O-0) v,
615m 600 {U-0,) v,
. 550s 550 W(U-0,) v,
K,[UO(0,)CO )] H,0 245(20) 173 5225 7.2 2.6 1 570s 1570 H{C=0) vy, A,
(17.9 (51.94) (1.0) (2.6) 1330m HC-0) + H{O-C-0)
vy By
925s 230 v O0=U=0;}
885s 885 WO-0) v,
610m 600 vilJ=0y) vy
5505 540 NI NI
Na,[V0O(Q,),(COH)]IH,0 370(7) 232 16.7 20.65 3.85 1 S80s 1 $80 HC-O) vy, M,
(21.95) (16.2) (20.4) 3.8 1 340s VC-O) KO -C-
.\,“ [I
940s 940 w'vi-.O)7
865s 870 H{O-0) v,
620s 600 V-0 v,
5255 530 W{V=0,) v,
K,{V0(0,),(C0O,))-3H,0 3T5(T) 326 14,55 18.2 338 1 583s {520 vIC-0) vy, A,
(32.4) (14.05) (1765  (3.3) 1335s WC-0) + MO-C-0)
vy, B,
9455 540 V(V=0)
8653 865 V(O-0) v,
6255 600 WV=-0,) v,
5205 530 viV-O; 0,

* Temperature (°C) in parentheses. * Calculated values are in parentheses. ¢ Peroxo-oxygen.

'Cs* could be obtained by the method analogous to that used far
Na* and K*. Strong desiccation of the compounds over con-
centrated H,SO, did not remove the water of crystallisation,
Pyrolysis of A,{UO,(0,;X(C0O,4)]-H,0 at 100°C expelled the
water molecule without changing the composition of the
complex ion, while at the same temperature the A,[VO(O,),(C-
0,)]-3H,0 started o decompose through the loss of both O,%~
and H,0.

The molar conductances of A,{UO,(0,)(C0O,)]-H,0, lying
in the range 240—255 ! cm? mol~! at room temperature, are
as expected and attest to the stability of the complexes. The
room-temperature molar conductances of A,{VO(0,),(CO,)]
3H,0 were higher than the expected values, indicating rapid
decomposition. The values obtained at ca. 7°C ca. 370 O
cm? mol™! were, however, as expected, suggesting that the com-
plex peroxovanadates are stable in solution only at low
{emperatures.

The complexes A,{UO,(0,)(CO4)]-H,0 and A,[VO(O,),-
(C0,)])-3H,0 tend to absorb moisture slowly. The compounds
are diamagnetic, in conformity with the occurrence of UY! and
VY respectively. The results of the peroxide estimations, by
redox titrations**!% involving separate standard potassium
permanganate and cerium(rv) solutions, suggest the presence of
one peroxide per UY! and two peroxides per VY in the corres-
ponding complexes.

The ir. spectra of A,[U0,(0,)(CO3)J'H,0 shows bands

at ca. 920s, ca. 890s, and ca.-610m and ca. 550s cm~! due
to v(0=U=0, trans),*'! y(0-0), and v(U-O,) modes® 10!
respectively, at ca. 1 580s, ca. 1 330m, ca. 1 050s, va. 750m, ca.
675m, and ca. 415 cm=! due to v(C-0), v(C-0) + §(0-C-0),
v(C-0), ring deformation 4+ v(U-0), §(0-C-0) + v(U-0O),
and v(U-O) respectively originating (rom the co-ordinated
bidentate carbonate,'® and at ca. 3 455m, and ca. 1 630s cm™!

due to v(O-H) and §(I1-O~H) modes of unco-ord nated water
The laser Raman spectra, recorded in the solid staic because of
low solubility, exhibited peaks at ca. 930 cm™' assigned to
v(O=U=0),*'} at 880, ca. 600, and ca. 550 cm= due 10 v{O-0),
vi), v(U~Oy, vy), and v(U-Q,, v,) respectively,'? and at ca.
1 570 em™! due to v(C-O) (v, 4,) of co-ordinated CO,P " The
distinction between the v, and vy modes of v(U~0,) was made
on the basis of the sharpness and intensity of the peaks, that al
ca. 550 cm™! being the sharpest and most intense. The Lr. spectra
of ATV D(0,),(C0O,)1:3H,0 show v(V=0, terminal) at ca, 405
em™!, v(0O-0, v,) at 865s cm™!, and the two v(V=0O,, vy, and v;)
modes at ca. 525s and ca. 620s cm™! duc to co-ordinated 0,17
groups. The bands at ca. t 585s, ca. | 3405, ca. | 050s, ca. 740m,
ca. 695w, and ca. 395m cm™* have been attributed to v(C-0),
v(C-0) + 6(0-C-0), v(C-O)ring deformation + v(V-0),
§(0-C-0) + v(V-0), and v(V-0O) modes ' respectively, while
those at ca. 1 640s and ca. 3 450m cm™! have been assigned (o
§(H-O-H) and v(O-H) modes of unco-crdinated water.'* The
laser Raman spectra of A,{VO(0,),(CO;)J-3H,0 exhibit a
strong peak at 940 cm™! assigned to v(V=0), peaks at ca. 870, ca.
600, and ca. 530 em~! attributed to this v(O-0, v, ), W(V-0,, vy),
and v(V-0O,, v;) modes'? respectively of the co-ordinated
0,27, and a peak at ca. | 580 cm™! assigned to the wW(C-0, v,
A,) mode of co-ordinated CO,?~. The facile loss of water at
100 °C and the resemblance of the peak shapes and positions of
S(H-O-H) and v(O-H) with those of unco-ordinated
water '*'* suggest that the water molecules are not co-
ordinated. The typical pattern of absorptions duc to the co-
ordinated O,?7,##12 qnd those duc to co-ordinated CO4? 712
especially the appreciable separation between v, (A Y and vi(8,)
modes (Table 1) and also the appearance of a Raman peak at ca.
1575 ecm™ due to v(C-0, v,, 4,), render it ceriain that both
the peroxide (Q,77) as well as the carbonate (CO,?7) ligands

11.01-86 15.55 OAL497-QL-0004-TMROWE

CH 16456



DALTON—$/576(NOTE)  30/10
J. CHEM. SOC. DALTON TRANS. 1986

“are bonded to the metal centres in a bidentate chelated (C,,)
manner.
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