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ABSTRACT



(1)

Synthesis and Structural Assessment
of
Hetero~Ligand~Peroxo, Acetato, and Acetylacetonato Complexes
of Uranium (VI)
and

Oxalato and Mixed-Ligand-Fluoro Complexes of Manganese (III)

Abstract

The present thesis deals with the results of studies involving
the syntheses and assessment of structures of some hetero-
ligand-peroxo, acetato and acetylacetonato complexes of

uranium (VI), and the synthesis and physico—-chemical studies

of oxalato and mixed-ligand~fluoro complexes of manganese (III).
The thesis comprises of a total of eight Chapters. The results
described in Chapters 3-8 have been grouped into two, namely,
Part A and Part B, While Part A, consisting of Chapters 3-5,
deals with the studies on the above~mentioned aspects of
uranium chemistry, Part B, which includes Chapters 6-8, contains

the results of studies on manganese (III) chemistry.

Chapter 1 presents a brief introductiocn pertaining to
the work embodied in the thesis. The importance of and the
interest in the studies of peroxo-metal chemistry in general,

and heteroligand peroxouranate (VI) compounds in particular, and

the problems associated with the reported methods of syntheses
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of acetato, and acetylacetonato complexes of uranium are
highlighted in this Chapter, Another piece of a problem, as
emphasized in this Chapter, is the lack of evidence regarding
the mass spectrometric studies of bis (acetylacetonato)dioxo-

uraniuvm (VI) dihydrate, UO2(C5H 0,) ,e2H,0. Apart from uranium,

77272 2
the difficulties encountered in stabilizing manganese (III)
in an agueous medium, and the importance of F~ ligand in
stabilizing this particular oxidation state of the metal both
in solution as well as in solid state have been accentuated
in this Chapter. Peculiarities encountered with structural
and magnetic properties of some fluoro and mixed-fluoro
complexes of manganese (III) are highlighted. This Chapter

also projects the scope of work on the chosen aspects of

uranium and manganese chemistrye.

Chapter 2 describes the details of the methods of
elemental analyses, and the instrumentyequipment used for
characterization and structural assessment of the newly

synthesised compounds.,
PART A

Synthesis and structural assessment of alkali-metal and
ammonium difluorodioxoperoxouranates (VI), A, [—UOZ(Oz)F2_7

a = NH, or Cs) and alkali-metal difluorodioxoperoxo-
uranate (VI) monohydrates, A, / o, (02)F2_7.H20 (A = K or Rb),

constitute the subject matter of Chapter 3.



(1i1)

The synthesis of A ZTUOZ(OZ)F2_7 (& = NH, or Cs) and

2 4

~ ™ 7 = = a 1 +
A, LU0, (0,)F, /,H,0O (A& = K or Rb), were achieved from the
reaction of the product obtained by treating an agqueous solution

of UOZ(NO3)2.6H O with NH,OH or KOH, with AF (A = NH,, Rb or Cs)

2
or KF, 30% H,0,, and a very small amount of 40% HF in the mol
rati 3 2 : g .3 at
ratio of UOZ(N03)2.6H20 AF : H,0, at 1 s 4 : 110.8 &

PH 645=7. The compounds have been characterized by chemical
analyses, magnetic susceptibility measurements, and IR
spectroscopic studies. The IR spectra provide evidence for the
occurrence of translinked O=U=0, coordinated peroxide, and
coordinated fluoride. Further the spectra suggest that the
peroxo group is bonded to the U022+ center in a triangular
bidentate (C, ) manner. The complex ZfUOZ(Oz)F2_72— may have

a polymeric structure through -U-F-U~F~U= chains,

Chapter 4 of the thesis provides an account of
synthesis and physico~chemical studies of alkali-metal
dioxoperoxo (carbonato) uranate (VI) monohydrates,

A2 VA UO2(O2)(CO3)_/.H20 (A = Na or K), alkali-metal and
ammonium dioxoperoxo (sulphato) aquouranates (VI),

A, L UO2(02)SO4(H20)_/ (A = Na or NH ), and molecular complex
peroxouranates / UOz(OZ)L—L_/ (L-L = ethylenediamine (en),
2,2 -bipyridine (oipy), 1,l0-phenanthroline (o~phen), and
4~U02(O2)glyH;7 (glyH = glycine). The complexes

A, / U02(02)(COB)_/.H20 (A = Na or K) have been synthesiscd



(iv)

from the reaction of the product obtained by treating

B .y _ . . ) 2= _ ..
UOZ(N03)2.OH2O with AOH and AHCO3 (ratio Uoco3 = 1:4)

with an cxcess of 30% H202 at pH 7-8, The presence cof trans

O=U=0, triangular bidentate 022_ and chelated COBZ-

ZﬁUOZ(OZNCO3)_72— has been ascertained from the results of

groups in

IR and laser 'Raman (1R) spectroscopic studies, The complex

2, Z"Uoz(oz)(co3)_7.H20 can be dehydrated at ga 100°C.

The syntheses of yellow microcrystalline alkali-metal
and ammonium dioxoperoxo (sulphato)aquouranates (VI),

4 UO2(02)SO4(H20)_/ (A = NH, or Na) have been achieved

from the reaction of the product obtained by treating an

aqueous solution of UO (NO3)2,6H O with alkali~-metal or

2 2
ammonium hydroxide, ACH, with 30% H202 and agueous sulphuric

, . . . . 2= . .
acid, in mol ratio UOZ(N03)2.6H2O.,H202.,SO4 of 1:111:5,

at pH 6 maintained by the addition of the corresponding
alkali~metal or ammonium hydroxide. Precipitation of the
compound was completed by the addition of ethanol, IR and

1R spectra suggest that peroxide (022-) and 8042- ions in

2+
2

bridging and in a monodentate manner, respectively. The H20

[FU02(02)504(H20)_72— are bonded to the UO center in a
molecule is also coordinated to the uranyl center. The
complex peroxo (sulphato)uranates arc diamagnetic in nature
and are practically insoluble in water., They are stable/upto
110°C. The complex species ZfUOz(OZ)SO4(H20)_72_ very likely
has a hexacoordinated polymeric structure through a

=U~=0~0~U~0~0~U~ chain containing peroxide bridges,



)

The synthesis of molecular peroxouranates ZfUO2(O2)L~Q~/
(I-~L = o=phen or bipy) was accomplished from the reaction of

an aqueous sclution of UOz(CH COO)2.2H O, with an ethanolic

3 2

solution of o-phen or bipy, and an excess of H,0,, with the

2/
ratio of U:o~phen or bipy being maintained at 131, at pH 3.,5~%.
The infrared spectra provide evidence for the prescnce of

triangular bidentate O 2= and chelated bidentate o=phen or

2
bipy ligands in th2 compounds, The compounds are insoluble
in water and practically insoluble in organic solvents at
room temperature, The compounds éfUOZ(Oz)en_7 and
4-U02(02)glyH;7 were synthesised from the reaction of the
product, cobtained by treating an agqueous solution of
U0, (NO,) ,¢6H,0 with aqueous ammonia, with a small amount of
aqueous sulphuric acid, ethylenediamine (en) and glycine (glyH),

respectively, and an excess of 30% H The suitable pH for

202.
the synthesis of ZFUOZ(O2)glyH;7 was found to be ca 6,5,
while that for éfUOz(Oz)en_7 was ascertained to be ca 9.

The IR spectra of éfUOZ(OZ)en_7 and ZfUOZ(OZ)glyH;7 exhibit
bands characteristic of ~'(U=0) (translinked 0=U=0), ~J(0~0),

and O(U—Oz) in addition to the absorptions originating from

the presence of coordinated en and glyH in the respective

2+
2

in a chelated fashion, glyH in the latter occurs in its

cases. While en in the former is bonded to the UO center

Zwitterionic form and coordinates with the metal center through

its carboxylic oxygen atom, The spectra also provide strong
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evidence for the presence of a triangularly bonded (C2v)
peroxide (022—) in each of the complexes., The compounds are
all diamagnetic in nature in accord with the prescence of

hexavalent uranium,

Reported in Chapter 5 are new method of synthescs of
alkali-metal and ammonium triacetatodioxouranates (VI),
A Z‘UOZ(CH3coo)3_7 (A = Na, K, or NH,), dilacetatodioxo-
uranate (VI) dihydrate / UO, (CH,C00) 2_7.21#120, and bis (acetyl-
acetonato)dioxouranium (VI) dihydrate, U02(65H702)2.2H20.
Also reported in this Chapter is an interpretative account
of the results of electron ionization mass spectrometric

5H70,) 5

studies of UOZ(C

The A LTUOZ(CH3COO)3_7 (A = Na, K or NH4) compound s
have been synthesised from the reaction of the product,
obtained by treating an agqueous solution of UOZ(NO3)2.6H2O
with NaOH or KOH or agqueous ammonia, with ACH3COO (A = Na,K
or NHQ) and a small amount of 10% acetic acid in the mol

ratio of U02(N03)2.6H203ACH COO as 1:3, The synthetic

3
reactions were conducted at pH 5, The synthesis of

g 0 / i cactd

£ U0, (CH,C 0) ,/+2H,0 has been achieved from the reaction
of the product, obtained by treating an aqueous sclution of
U02(N03)2.6H20 with agqueous ammonia, with an excess of
glacial acetic acid, Characterization of the compounds were

made by elemental analyses and IR spectroscopic studies,
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A direct method for the synthesis of bis (acetylacetonato)~

dioxouranium (VI) dihydrate, UOZ(C5H7O2)2.2H20, has been

developed, The new method does not require any buffer. The

electron ionization (EI) mass spectra of UOz(C5H702)2 showed

a molecular ion signal at m/z 468 without indication of any
association in the gaseous state, The molecular ion

éfU02(05H702)2_7+° loses either CH," and C H or OCCH

O
3 474727
and undergoes internal reduction to give ZFUOZ(C5H702)_7T.o

2

The radical ion 4#UO2(C5H702)_7+' suffers a sequential loss

- =+
of CH} and C,H,0, to produce ultimately the bare specics L U0, /"

PART B

Chapter 6 of the thesis deals with a direct synthesis of
potassium tris (oxalato)manganate (III) trihydrate,

Ky £ Mn(C,0,.) 5 /«3H,0. The new method. of synthesis involves

2
a 'reaction  among MnO (OH), Hzczpé, agd‘K2CZO4,,in the ratio of
1:1.5:1.5, at ga 0°C .directly giving K;:/ Mn(C,0,); 7.3H;0

in a high yield., The identity of the compound has been.
ascertained on the basis .of ‘the results of elemental analyscs,
magneticsusceptibility measurements, electronic‘and IR
spectroscopic studies. Evidence for ‘the existence of ' the
complex é?Mn(CgO4)3_7%— ion-in solutions in the prgsenqé

of countercations like Na', ®o', ‘cs¥ or'NH4%:has also boen:
provided in this Chapter, Isolaticn‘'of the corresponding .

salts in the solid state was not possible owing to their

instabil4it~r.
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Synthesis and assessment of structures of a nunber

of new mixed ligand fluoro complexes of manganese (III) of

2= D

the types A, / MoF,L, /.3H,0 (L = C,0,“7, A =K; L = HPO, "7,

2
A = Na, K or NH4), and A / MhF4Ln_/.3H20 (L = EDTA, n = 1,
A=K; L =glyH, n=2, A= Na, Kor NH4), form the subject

matter of Chapter 7.

Synthesis of the compounds were accomplished by the
following methods:s

L] . -~ [ 'F e L]
(1) K, £ M (C,0,) F, /.3H,0 was obtained from the reaction

of KMnO4 with H20204,

in the absence of light;

and KF in the ratio of 1:4:2 at ca 0°C

(i1) Ay £/ Mn(HPO,) F,_/.3H,0 (A = Na, K or NH,) was

prepared from the reaction of MnO(OH) with H PO, and AF;

(1ii) K A_Mh(EDTA)F4_7.3H20 was synthesised from the
reaction of MnO(OH), 48% HF, KF, and ethylenediaminetectra-

acetic acid (EDTA); and

(iv)  a / Ma(glyH )2F4_7.3H O (A = Na, K or NH,) was obtained

2
from the reaction of MnO(OH), 40% HF, glycine (glvH ), and

A2C03.

The compounds are cherry-red to pink-brown in colour, While
Ky £ Mn(C,0,) ,F, 7.3H,0 is unstable, the other compounds
are generally stable, The compounds have besen characterized

by chemical analysis, chemical determination of oxidation
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state of manganese, magnetic susceptibility measurements,
and IR and electronic spectroscopic studies. The results
suggest that complex species in each case has a distorted
octahedral structure, The compounds have normal magnetic
moments in conformiﬁy with the occurrence of a high spin

4
d” manganese (III) in each of them,

Chapter 8 indeed the last Chapter of the thesis
describes synthesis and physico-chemical studies of molecular
mixed-ligand fluoro complexes of manganese (III), viz.,
£ Mn (o-phen) ¥, (H,0)_/,2H,0, / Mn (bipy)F, (H,0)_/.2H,0, and

ZTNn(urea)2F3“7.3H Ce The compounds were synthesised from

2
the reaction of a solution of MnO(OH) in 48% HF with an
ethanolic solution of 1,1l0-phenanthroline (o-phen), an
ethanolic solution of 2,2-bipyridine (bipy), and solid urea,
respectively., They are stable in the solid state. Characteri-
zation of the compounds were made from the results of
elemental analyses, chemical determination of oxidation

state of the metal, magnetic susceptibility measurements,
infrared and electronic spectroscopic studies, While o-phen
and bipy occur as bidentate ligands in the respective
compounds, urea in ZFMh(urea)2F3_7.3H20 acts as a monodentate
ligand, The compounds érMn(o—phen)FB(Hzo)_7.2H2O and
éfﬂh(bipy)F3(H20)_7.2H20 exhibit normal magnetic moments

(ca SfJB) at room temperature, whercas érﬂm(urea)2F3_7.3H20



(x)

has a magnetic moment of 4.3 Hpe The complexes have distorted

octahedral structures,

The results of studies described in Chapters 3,4,5
and 6 have been published, and those described in Chapters

7 and 8 are under communication.

Chapter 3
J. Chem. Soc., Dalton Trans., 1985, 40S.
Chapter 4

Je Chem. Soc., Dalton Trans., 1986, 709; Inorg. Chem.,
1986, 25, 2354,

Chapter 5

Ind. J. Chem., 1986, 253, 1048;

Int, J. Mass Spectrom. Ion Processes, 1986,
7i. 109.

Chapter 6

Inorg. Chem., 1985, 24, 447.
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Chapter _

AT ——

INTRODUCTION

Uranium is the fourth element in the actinide series having
1., 2
/s

. . ) Sy S
ground state electronic configuration / Rn_/5f764 s
It is the heaviest element to occur in nature, in recoverable
amounts,. and its isotopes are all K —emitters, occurring

238 2355 5.71% and 234U 0.005%."

in the proportions U 99.28%,
The chemistry of the element shows considerable difference
with the earlier actinides, Stable oxidation states of the
metal range progressively from +3 to +6, with the corres-

ponding £1 configuration ranging from f3 to foo The most

stable oxidation state of uranium is its hexavalent state,
and the ligands which stabilizes this particular oxidation
state of the metal include halidzss, nitrate, carboxylates,
sulphate, f2-diketonates and the peroxide etc, In.simple

compounds the hexavalent state occurs only in hexafluocoride

UF_ and hexachloride UCL 2 and the principal chemistry of

6 67

the +6 state in solid as well as in solution is that of

. . + . .
dioxo cation U022 ; which forms stable complexes with neutral

or anionic molecules, The +5 oxidation state of the metal, is
stable only in dilute acidic solution and in the preseuce of
organic complexing agent. The oxo cation U02+ as such is
normally not stable in an agueous solution, as it undergoes



rapid disproportionation. In tetravalent state, U+4 lon is
stable only in absence of air or any other oxidising agents,
whereas the tolivalent state, U+3 ion is produced in solutions
by the action of powerful recucing agents, but 1s very suscep—
table to oxidatione1 The oxo ions are evidently linear in
crystalline compounds as well as in solutions. The uranyl

son, w02t

2

variety of complexes with anionic ligands and neutral molecules,

characteristic of its +6 state, form a great

Some of these complexes of uranyl ion are important from the
point of view that, they may have possible application in
solar energy conversion system, due to their inherent
spectral properties, and may be of potential use in photo-
generation of oxygen, which is of great importance for the

photo cleavage of watere-*?

Structural information of the
uranyl complexes based on crystallographic data show that
four, five or six atoms can lie in the equitorial plane of

the 0~U-O group, the ligand atoms may or may not be entirely
coplanar depending on the circumstances. Planar 5 and 6
coordination in the equitorial plane are most common and
appear to give geometry more stable than the puckered
hexagonal configuration. Planar 5-coordination best allows
rationalization of a number of hydroxides and other structures,
as well as the behaviour of polynuclear uranyl ion in hydrolysed
solutions,” and the complex ion ZThOZ(CH3COQ)3_7'-represents

a typical example of the planar 6-coordination, in the

equitorial plane of the O0-U=O ion.6



In an agueous solution, uranyl salte give an acid

reaction due to hydrolysis, and the main hydrolysed species

2+

2':,‘ R 7 T =T ~ ) & >
of UO,”" ion at ca 25°C are [/ UOZO@J/ e L (UO2)2(OH)?_/ and

Z“(UO2)3(OH)5~7+, but the system is a complicated one, with
the monomer being a predominant species at higher temperatures.
37 in U022+ solutions

is also attributed to the formation of UO

The solubility of large amounts of UO
2OH+ and polymerized
hydroxo bridged species,5

Thus it is evident from the foregoing discussion, that
the chemistry of hexavalent uranium is mainly that of the
uranyl ion. As mentioned earlier, peroxide (022“) acts as a
stabilising ligand for uranium and the metal is known to
form peroxo compounds in its highest oxidation state, Peroxo
derivatives of metals, besides having an intrinsic intercst
of their own, are of considerable and growing importance in
relation to the catalysis of oxidation7 involving hydrogen
peroxide8 or oxygen gas, the catalytic decomposition of H202
itself, and the storage and transport of oxygen in biological

9,10

systems, Some transition and actinide metal peroxides

have found application as reagents for epoxidation of olefins,

and hydroxylation of alkenes and aromatic hydrocarbonsae’ll’12

Although the term molecular oxygen refers only to the

free uncoordinated 02 molecule with the ground state configu-

+ the term dioxygen has been used as a generic

ration 3 T~
g



5 moiety in any of its several forms and
. 13
can be referred to 02 in eicher a frece or combined state,

For use of this term it is essential thet a covalent hond

designation for O

has to exist between the oxygen atoms. Thus a metal dioxygen

complex refers to a metal containing O, group coordinated

2
to the metal center, and no distinction is made between
neutral dioxygen or dioxygen in any of its reduced forms.
According to the rationalization made by Vaska,13 transition
and actinide metal peroxides involve covalently bound
dioxygen resembling 022-
characteristic of these complexes 1s the 0-0 distanze, which

in the peroxo configuration. A common

Q -
occurs betwecn 1.4 and 1,52 A& (1,49 for 022 ), and the
corresponding infrared frequency  ~{(0~0) which lies between

800 and 950 cm~* (802 cm~t

for 022_). Simple peroxo compounds
of transition metals are the .ones which contain peroxides,
hydroperoxides and water molecules, Whereas heteroligand
peroxo complexes are mixed-ligand metal complexes containing
one to three coordinated peroxo groups and one Or more moOnoO=-
dentate or polydentate ligands. Heteroligands may range from
monodentate ions to bulky porphyrins ® (7, c1 7, NH,, 02042‘,
8042-, 0032-, NTA, EDTA, bipy, o-phen, oxine, porphyrine,
pyridine=2,6~dicarboxylic acid etc)., The stability of peroxo
complexes is generally enhanced by specific heteroligand

combinations. Many simple metal peroxides often explode

spontaneously, some are sensitive to shock or decompose above



0°C, and several donot exist at all as stoichiometric
compounds,14 but many heteroligand peroxo complexes, on
the other hand, survive recrystallization from boiling
agueous solutions, heating in vacuo, and remain unchanged
for prolong periods in closed containers.15 The biochemical
significance of peroxo metal complexes has been emphasized

9,10,16~21

recently in the literature,. The reactivity of

peroxides,22—24

and the lability of metal-oxygen bonds in
special heteroligand environments in solutions are of particular

interest to biochemistry although not easy to measure directly.

A comparison between the peroxo and unreduced dioxygen
heteroligand complexes reflects that the chemistry of the
two is very different owing to the presence of two extra
electrons in the antibonding O-P ?é orbitals of the peroxide

ion.10

The clectron rich 022" ion therefore preferably forms
complexes with metal ion of low at including do, and also of

£° electronic configurations, while the nceutral dioxygen
molecule favours higher a” metal acceptors., However, there

are atleast two things that these two oxygen species have in
common, viz,., both are stabilised by specific heteroligand
spheres, both are of importance in biochemistry. The importance
of neutral dioxygen complexes in biochemistry is well known,

but the biochemical conncction of the metal peroxo complexes

with bioclogical processes is not very well understood,



Molecular oxygen is a paramagnetic molecule having a
. 3 = , e
triplet ~g ground state, a moleccular orbital description

of 3-\?; level is

0, KK (256g)° (26u") 2 (2p6g) 2 (2p'n’u)4<zp n yloem

where the XK term indicates that the Kshells of the two
oxygen atoms are filled. Two unpaired elcctrons in the 3%
ground state are found in the two degenerate antibonding
2P7Tg* orbitals leaving O2 with a formal bond order of tuo,

The additien of onc or two celectrons to a neutral 02 rcsults in
the formation of the superoxide (02~) and peroxide (022N)

species, respectively, lecaving 02 with a bond order of 1.5
and the pcroxide O~0 link with a bond order of one. The way in
which a peroxo group is expectced to coordinate to metals can
range from symmetrical bidentate to a terminal monodcntate
pesition, including all the possible anglcs in between thoine

The structural classification of dioxygcen complexes, rationa~

lized by Vaska13 can be rupresented as follows,

Structural type Structural designation Vaska classificatis

0 ﬂ} dioxygen Type a (superoxo)

0

Tﬁ dioxygen Type Ila (peroxo)

™~

i



0—M s Q} dioxygen Type Ib (superoxo)
Dol a o )
M~—~O\\\O M t7 s v dioxygen Type IIb (peroxo
@)
M////{\\\TM hz s “2 dioxygen -
\\l// - [
O
0
] 1 2 .
M(i;\g If = 1 dioxygen -
O ~==3M

The bridging M-~peroxo could vary from cisplanar and trans-—
planar to trans nonplanar configurations. An unusual symme-

25,426,440 however, such

trical double bridging was also found,
examples are very rare, Deviations from the ideal symmetry
are common. In the cases of heteroligand fields they are due
to the inherent symmetry of different donor atoms, Additional
P glectron delocalization to the metal ion is anticipated,
which would therefore favour do/fo or low d® metal ion
configuration. The stereochemical polyhedra in heteroligand
peroxo complexes are often fairly predictable. In OXOperoXo
heteroligand surroundings, the pentagonal bipyramidal
arrangement is most common for transition metal complexes,
usually with two coordinated peroxo groups in cis position

and oxo group in the axial position. Although less structural

information is available, the situation would be different

2+

for heteroligand peroxo complexes of U02 .



Infrared spectra are essential for the characterization
of complexes containing peroxo groups. For, a bidentate

peroxide, regarded as C unit, three IR active modes are

27

2v

expected, the peroxo stretching <A1) and symmetric and

asymmetric M~O, stretching A, and B,. The  2(0=0) band is

2 1 2

the most sensitive and intense one and characteristically
occurs between 800=-850 cmﬂls The frequency of this band remains
fairly independent of the heteroligand environment but is
affected by the mass of the metal ion, indicating some degree
of coupling of the ~(0-0) with M-0, vibrations, The most

familiar way of bonding of O 2 groups, in a triangular bidentate

2
manner is similar to the one proposed by, Griffith28 for the

bonding of 0, in oxyhaemoglobin, and the a)0=-0) values, which

2

are similar to those observed for O 2= jons. While the impor-

2
tance of infrared spectroscopy in this field has been high-
lighted, the usefulness of Raman spectrosgopy cannot be
underestimated, All the three IR active modes as mentioned
above are also Raman active, Thus the results of Raman spectral
studies augment the IR results. Moreover, Raman spectroscopy
can also be easily appliled to solutions, and the results of

which provide further information goncerning identity and

structure of a complex species in solutions.

As mentioned earlier in this section, uranium is also
known to form peroxo complexes in its highest oxidation state.

The complexity involved in peroxouranate chemistry is an



1,29

acknowledged problem and the system is exceedingly

complicated,3o owing to the formation of a host of different
peroxouranate (VI) aspecies with a slight variation of pH of
the reaction medium. Peroxouranates containing 022~3U as

131, 1:2, 231, 3:1, 3:2 and 5:2 have been described in the

29,31

literature, in addition to a few more which were

rationalized only on the basis of peroxide to uranium ratio.32'33

Among these peroxouranates, however, UOZ(OZ),nH O (n=2or 4)

2
appears to be the best characterized one., This species has

been known since 1876,34

35,36

and was also a subject of extensive
investigations. Nevertheless its constitution was not well
established for a long period, since different groups described
it in different manners, eg. true peroxide hydrate or a
peroxide having the composition U207, a peroxy acid or an

36,37

addition compound of uranium oxide, UO3.H202.H20.
38

Finally Gordon and Taube showed it to be a true peroxide
hydrate on the basis of their isotopic tracer studies on
thermal decomposition of uranium-peroxide system.

1,29

Albeit formation of simple peraxides of uranium

is evident from the above discussion but its heteroligand
peroxo chemistry seems to be rather poorly investigatedol'29
Despite a long history of peroxo-uranium chemistry earlicr
reports on heteroligand peroxouranates are rather scanty,

29
except for some carbonato and oxalato peroxouranates, and

the only fluoroperoxouranate29 Na AFUOZ(Oz)F(OHZ)_7.4H20-



Relatively recent reports on heteroligand peroxouranates
. 39
include a few nonelectrolytic peroxouranates of the type

[U02 (02)L2__7 (L = Ph_ PO, Ph,ASO, Py-N oxide and Quinoline

3 3
N-oxide), and a unique M,-peroxo bridged complex benzyl-
trimethylammonium Mo —=PELOXO bis Zﬁ£richlorodioxouranate (VI)_7.4O
The above-mentioned chloro=peroxo complex is one of the
rare examples of a complex containing a dioxygen molecule
being bonded as a 5 =PELrOXC group. In addition, subsequently

in 1981 a few more novel mono and diperoxo complexes of

uranate (VI) containing organic ligands have been reported.4l

In view of the above non-~exhaustive discussion, and
also taking note of some of the recent results on heteroligand

peroxo complexes of other metals,42—46

it appeared that
suitably chosen heteroligands could impart stability to
peroxo metal systems also permitting thelr isolation in the
solid state. A systematic study involving synthesis and
structural assessment of heteroligand dioxoperoxouranates (VI),

a field in which very little work was done earlier, wvas

considered to be a rewarding aspect of research,

Accordingly, such studies were undertaken as a part of
the present research programme., Synthetic strategies were
planned, and several new heteroligand peroxo complexes oOf

uranium have been synthesised and their structural assessment

2 2m
, 80,7,

made, Heteroligands have been drawn from F , 003 p
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ethylenediamine (en), glycine (glyH), 2, 2=bipyridine (bipy),
1,1l0-phenanthroline (o-phen)., Some attempts have been also
made to explore the reactivity of coordinated peroxide
selecting one peroxo~uranium complex from amongst the newly
synthesised compounds., The results of these studies have been

described in Chapters 3 and 4.

Apart from peroxide, ﬂ%-diketonates and acetate are
also known as important stabilizing ligands for U022+ iche
Most of the actinide elements are known to form stable
carboxylate derivatives‘,4"7 Carboxylic acids are potential
bidentate ligands, with a very short 0Oec+¢0 distance, and the
large actinide cations very easily form complexes, sometimes

with high coordination number., Though acetate forms stable

2+

compounds with UO2 ., the acetato~uranate (VI) chemistry is

believed to be rather complicated, due to the formation of a

great variety of compounds between acetic acid and uranyl ion.48

The nature of the compounds formed depend highly on the

reaction conditions and the proportions of acetic acid and

+ . . , . , . .
UO22 ion maintained in the reaction medium. Both diacetato

and triacetato complexes of UO 2+ are known for guite

2
48~50 , . B} .
while the UOz(CHBCOO)2,2H O can be ebtained

sometime, 5

either from the reaction of UO2(NO3)2.6H 0, or UO,, which
2

51~54

2

involves an extra preparation steps, with acetic acid,

ot
the synthesis of triacetato complexes of UO 2 reguires in

2
addition, an excess of alkali nitrate or alkali acetate49 for
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adjusting pH of the reaction medium, The chances of contamina-
tion of the end products in the latter owing to the use of

an excess of nitrate or acetate cannot be ruled out,

Besides acetato complexes of dioxouranate (VI),

e

/A-diketonato compounds of U022r

because of their being moderately volatile. Acetylacetone,

are also very important

the simplest of ;g—diketones, forms compounds with many

metals of the periodic table,55 and the interests in their

syntheses, and chemical and physico~chemical studies secem

5670

to be never diminishing, Bis (acetylacetonato)dioxo=-

uranium (VI), U02(C H,0 )2; which is also a moderately volatile

57772
compound of the metal has been known for a number of years.,7l~74

73 method of the synthesis of this compound uses

The literature
sodium hydroxide for maintaining the appropriate pH of the
reaction medium, Here again, the chances of contamination of
UOZ(acac)2 by the alkali can not be completely ruled out,
Moreover it is remarkable to note that the mass spectrum of
this compound was not reported although those of some

75

fluorinated /9-diketonato complexes of Ce and U76 have been

reported during the period 1983 to 1885,

It was therefore imperative to develope direct synthe-
tic routes to acetato and acetylacetonato compounds of

H_0,), mass spcctrometrically.

. o i .
uranium, and to investigate UOZ(C5 70505
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As a scquel of the work on peroxo compounds of uraniuni,

synthesis of UOZ(CH C00) . .2H

3 2 2

< NH, ) o 2f
K or NH,;, and UO, (C.H,0,),.2H,

studics of bis (acetylacetonato)dioxouranium (VI) have been

0, & 47UO2(CH3COO)3d7 (A = Na,

0, and mass spcectrometric

carried out, Chapters 3, 4 and 5 praesont an account of the

results of the afore-~mentioned studies,

Quite apart from the studies of uranium chemistry,
research involving chemistry of manganese especially with
emphasis relating to its unusual oxidation states appears to

be one of the areas of contemporary interest.77_82

Manganese 1s the first row group VIIB transition metal,
twelfth most abundant element and constitutes about 0.085%
of the earth crust.83 Besides its various utilities in
industrial as well as in labo.atory purposes, the importance
of manganese or some of 1ts compounds in bio system77"78’82'84
has also been realised. The metal also plays an important role

in photosynthesis,85"88

catalytic disproportionation of the
superoxide ion89 and in addition it can also activate
enzymatic processes such as oxidative phosphorylation,

synthesis of cholesterol etc,go

Manganess has the ground state electronic configuration,
4?@r_7@d5482, and exhibits a wide spectrum of oxidation numbers
rangliag from =3 to +7. While the lower oxidation states are

generally found91 in the carbonyl, nitrosyl and organometallic .
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derivatives of manganese, the higher oxidation states of the
metal are found in compounds which contain strong electro-
negative ligands like fluoride, oxide and many are unstable
with respect to photochemical decomposition depending upon

pH.92'93

An unusual oxidation state of manganese is its +3
state, This particular oxidation state has recently generated
much interest not only because of its biochemical relevance
but also some compounds of Mn (III) have demonstrated unusual
structural and magnetic prOperties.94'95’79

Simple ion of manganese (III) does not appear to be
stable, but their stability is greatly enhanced by complex
formation.96 There are relatively few simple compounds of
Mn3+ and only the acetate salt can be prepared conveniently,
This is a good oxidizing agent, particularly for organic

97=98 e aquomanganese (III) ion 1s a strong oxidizing

systems,
species but is not stable, primarily because of its dispro-
portionation to Mn(II) ion and Mn (IV) oxide.99 Many redox
reactions have been studied involving the above mentioned
species, and their kinetics and mechanism have been reported

100~102 On the other hand complexes of manganese (III)

recently.
are generally more stable, and their stability is even
higher than the corresponding complexes of Mn(II); this is

believed to be owing to the greater formation constants of

Mn (III) complexes than those of Mn(II),. The complexes of Ma(IIIl,



however, are much poorer oxidizing agents than the Mn (III)

ion, as they are not subjected to disproportionation.

The complex formation by Mn (III) ion, usually results in a
lowering of the redox potential for the Mn (III)/Mn(II) couple,
dependent upon acidity and are normally of dissociative type.lo3
The hydrolysis occurs at low acidic medium, but can be
minimised to a considerable extent at a high acid concentration,

104,105

and complexing with suitable ligands, Thus, suitable

complexing agent, for stabilizing Mn (III) is always looked for,
and a little more than half a decade has been devoted by

other workers in the laboratory, where the present work has
been carried out, to find out suitable routes to the synthesis
of Mn(III) complexes in an aqueous solution. Considering an
enhanced basic character of fluoride, it was expected that,

it should be able to stabilize Mn>' ion leading to the
formation of stable fluoromanganate (III) complexes, Accordingly,
fluoride has bcen shown to be one of the most suitable ligands

94,106,107

for the purpose, Apart from fluoride, the ligands

which can stabilize manganese (III) ion in solution include
sulphate, oxalate, phosphate, pyrophosphate, EDTA etc.99

In addition to imparting stability to the complexes of
manganese (III), coordination of a fluoride ligand to Mn (III)
also brings about notable changes in magnetic and structural
behaviour of the complexes, It is well documented in the

94,108

literature that fluoro complexes of Mn (III) have magnetic
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moments much lower than that expected for a normal Mn (III)

case, owing to strong antiferromagnetic exchange interactions
between the Mn(III) atoms in the polymeric structure of the
compounds, whereas Mn (III) compounds with other ligands

such as oxalate, sulphate etc show normal magnetic behaviour, 09
It was anticipated therefore that mixed-ligand f£luoro-
manganates (III) may show somewhat different magnetic behaviour
from that of the binary Mn (III) compounds, in addition to
exhibiting changes in other properties as well. Some of the

106,110

recent results lend support to the above view, however,

further work is definitely required in this direction.

In its +3 state mangancse has a 3d4 electronic
configuration and is susceptible to Jahn -Teller distortione.
The majority of complexes of Mn (III) are high spin, and
magnetic moments of the apparently octahedral Mn (III) complexes
show that the effect of spin-orbit coupling is almost

111

negligible and exhibit magnetic moments which are almost

identical to spin-only value. Due to the presence of odd
number of electrons in e, level érsEg(tbgBegl)d4MnIII_7
distortion should be appreciable and might be expected to

2+ 2+ complexes. Thus a

resemble the distortion of Cr and Cu
frequent reference is made to high spin Mn (III) compounds,79
when the subject of Jahn-Teller effect is discussed, ﬁbweVérw
as mentioned earlier in this section information cohcerning

manganese (III) complexes are rather sparse as opposed to
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those of the other tripositive first-row transition elements
or other systems having a d4 configuration. Hence studies

on various aspects viz., synthesis, structural assessment,
and reactivity of different types of Mn (III) complexes was
felt important and it was with this perspective that an
attempt was made to investigate these aspects of mixed-fluoro

complexes of manganese (III),

It is known that when a solution contains a metal ion
and atleast two different ligands, there exists always a
finite possibility of formation of a mixed-ligand complex.
In view of the potential donating ability of many counter
anions and solvents, there are very few cases indeed when
this possibility is out of consideration.114 Various types
of mixed-ligand complexes of other metals have been studied,
methods regarding the determination of their stability
constants have been worked out in details, and their

115,116 117,118 .ve been

importance in chemical and biosystem
emphasized by others. In the area of mixed~ligand metal
compounds three kinds of ternary complexes may be conveniently
distinguished;

(a) complex which contains two different kinds of monodentate

ligands;

(b) complexes which contains one unidentate and one multi~

dentate ligand and

(¢) complexes containing two different multidentate ligands.



X , 119-121
Earlier reports on manganese arc manly of the type (a)

114,122-125

and type (c¢) complexes, while those on the type (b)

complexes containing Mn (ITII) being the central atom arc only

106,126,127,128 Accordingly, studies involving this

a few.
type of complexes of manganese (III) is expected to yield
valuable information and appear to be a rewarding area of
investigation. A planning of synthetic strategies and working

out of appropriate experimental conditions are important

pre~requisites for this,.

It has been mentioned in passing (vide Supra) that
Mn (III) is capable of forming a complex with oxalate ion,
02042—. Consequently such a compound namely potassium

tris (oxalato) manganate (IIT1) trihydrate,129

Ky £ M0 (C,0,) 5 /e3H,0,
has been known for quite sometime, and has served as a very

of t=quoted example whcnever the subject of inorganic photo~
chemistry is the matter of discussion.130 The method involving
the reaction of KMnO4 with oxalic acid and K2C204 in the
presence of an excess of K2003 is universally accepted for

the synthesis of K3 Z’Mn(C2O4)3_7.3H20e This method requires

a very careful manipulation and also uses an excess of KZCOS in
order to control the pH. The chances of contamination of the
end product, owing to the use of K2C03 in such guantities,
cannot be ruled out. A more direct method particularly without

making use of any buffer is therefore highly desirable.
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In lin2 with the scope highlighted in the above
discussion, studies involving chemistry of manganese (IIT)
were undertaken as the other part of the programme (other than
the uranium chemistry as mentioned earlier). A new direct
method for the synthesis of photochemically important potassium
tris (oxalato)manganate (ITI) trihydrate, Ky Zan(C204)3_7.3H20,
has been devcloped, A number of mixed-ligand fluoromanganate (III)
complexes have been synthesised, and their structural assess-—
ment has been made by various physico-chemical techniques.
The results obtained on manganese (III) chemistry have been

described in Chapters 6, 7 and 8,

The new results reported ia the present thesis have
been broadly divided into two parts viz., Part A and Part B,
While Part A of the thesis containing Chapters 3, 4 and 5
presents the work on uranium, Part B deals with the results

of studies involving manganese (ITII) (Chapters 6, 7 and 8).
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Chapter 2

Methods of Elemental Analyses and Particulars of Instruments/
cequipment Used for Characterization and Structural Assessment

of Compounds

The details of the methods used for quantitative determination
of various constituents, and the relevant particulars of the
instruments/equipment used for the characterization and
structural assessment of thc newly synthesisced compounds

are described in this Chapter.

Elemental Analyses

Uranium1

Uranium was estimated gravimetrically as U308' An
accurately weighed amount of an uranium compound was dissolved
in a minimum volume of dilute (~5N) sulphuric acid, few
drops of methyl red indicator was added, and the solution was
heated to boiling. The hot solution was treated with dilute
ammonia solution until the indicator just turned yellow,
and a yellow precipitate was obtained in this stage. A Whatman
accelerator was added and the solution was warmed for 1 to 2
min, precipitate was filtered off on a Whatman no. 541 filter
paper, and washed well (3 to 4 times) with a hot 2% solution
of ammonium nitrate. The wet filter paper along with the

precipitate was dried in a platinum crucible over a Meker
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burner at a low temperature, until the carbon was destroyed,.
The crucible was then heated strongly, being placed in a
slanting position so as to maintain a good oxidizing condition,
Crucible with its content was cooled in a desiccator and
weighed, the ignition process was repeated until constant
welght was attained, Uranium was finally weighed as U308.

Active Oxygen (Peroxo O}<:ygen)2"4

(1) Permanganometry2

An accurately weighed amount of a peroxo-uranium
compound was dissolved in 7N sulphuric acid containing ca
4g of borilc acid. Boric acid was used to form perboric acid
to prevent any loss of active oxygen. The resulting solution
was then titrated with a standard potassium permanganate
solution,

1 em® of 1IN KMnO, = 0,01701g Of H,0,
This method is suitable for determination of peroxide

contents in peroxo-uranium compounds.

(i) IodomethB

To a freshly prepared 2N sulphuric acid solution,
containing an appropriate amount of potassium iodice
(~1g in 100 cm3) was added an accurately welighed amount of a
peroxo~uranium compound with continuous stirring. The mixture

was allowed to stand for ca 15 min in CO, atmosphere in dark.

2

Then the liberated amount of iodine was titrated with a

standard sodium thiosulphate solution, adding 2 cm3 of freshly
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prepared starch solution, when the colour of the iodine was

nearly discharged.
3 . _
1 em™ of 1IN Na28203 = 0,01701g for H202
The method is also suitable for the determination of

peroxide content in peroxo-~uranium compounds,

(11i) Determination of peroxide (022—) content by

titrating with a standard Ce4+ solution4

An accurately weighed amount of a peroxo-uranium
compound was dissolved in a 2N sulphuric acid solution in
the presence of an excess of boric acid (~5g), peroxide

was then determined by titrating with a standard Ce4+ solution.

Fluoride5

An accurately weighed amount of a fluorouranate (VI)
or a fluoromanganate (III) compound was dissolved in water,
The fluorouranate (VI) compound was decomposed with 20-25 cm3
of 30% agueous ammonia, and fluoromanganate (III) compound was
decomposed by the addition of 20-25 cm3 of 0.1N NaCH solutiocn,
the mixture was heated over steam bath for ca 10 min to
ensure complete decomposition. Ammonium diuranate and hydrated
manganese oxide formed due to the addition of agqueous ammonia
and NaOH, respectively, was separated out by filtration and
washed several times with water. The filtrate and washings
were collectad for fluoride estimation., To the combined

washing and filtrate 2 to 3 drops of bromophenol blue

indicator and 3 cm3 of 10% sodium chloride solution were added,
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and the whole was diluted to ca 250 cm3o Dilute nitric acid

was added to it until colour changed to just yellow, followed
by the addition of dilute sodium hydroxide soclution until the
colour ultimately just changed to blue., The mixture was then
treated with 1 cm® of concentrated hydrochloric acid and 5.0g
of lead nitrate, and then heated on a steam bath, After all

the lcad nitrate had dissolved, 5.,0g crystallised sodium
acetate was added to the sclution and the solution was digested
on a steam bath for about half an hour with occasional

stirring, and then allowed to stand overnight.

For the gravimetric estimation,5a the precipitate lead
chloride fluoride, PbClF, was filtered through a weighed Gooch
crucible (grade 4) and weighed as PbClF after drying at
140~150°C to constant weight. In the volumetric estimation,Sb
the precipitate PbClF was quantitatively collected by filtration
through a Whatman 542 filter paper and washed once with cold
water, then 3 to 4 times with saturated solution of lead chloride
fluoride, and finally once more with cold water. The precipitate
was then dissolved in 100 cm® of 5% (v/v) nitric acid by
heating over steam bath for 4-5 min., A known excess of saturated
041N silver nitrate solution was then added to it, followed
by digestion on a steam bath for 30 min, and then cooled at
room temperature in the absence of light, The precipitated
silver chloride was filtered through a sintered glass

crucible and washed with cocld water. The unreacted silver
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nitrate in the filtrate and washings was titrated with a
saturated 0,1N potassium thiocyanate solution using 1 cm3

of ferric ion indicator solution until one drop of thiocyanate
solution produced a permanent faint brown colour. The amount
of silver nitrate in the filtrate, thus found, was subtracted
from that originally added, and the content of fluoride was
then calculated from the amount of silver nitrate consumed.

3

1 em™ 1IN AgNO, = 0.0190g of F,

3

Manganese6

Manganese was determined by complexometric titration

with EDTA, using Eriochrome black T as an indicator.

In this procedure an accurately weighed amount of the
compound was decomposed by the addition of 20-25 cm3 of 0.1N
NaOH solution, and the mixture was heated for ca 10 to 15 min
on a steam bath to ensure complete decomposition. The resulting
hydrated oxide of manganese was quantitatively separated by
filtration and washed 3 to 4 times with cold water, The
brownish black precipitate was dissolved in dilute hydrochloric
acid, followed by the addition of 0.5g of hydroxylammonium
chloride to prevent oxidation, The solution was diluted to
100 e’ and warmed slightly and was neutralized by the addition

of 0,1N NaOH solution. An amount 3 cm3

of triethanolamine
was added to keep manganese in solution, when it was

subsequently made alkaline by the addition of 2 cm3 of a buffer
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solution (pH = 10) and then several drops of Erio T indicator,.
The resulting mixture was titrated with standard 0.05M EDTA
at about 40°C, until the colour permanently changed from red
to blue,

1 cm® 0.05M EDTA = 2.747 mg of Mn

Oxalagg7

An exactly weighed amount of the manganese (III) oxalate
compound was treated with 25 cm3 of 0,1N sodium hydroxide
solution and then 100 cm3 of water was added to it, The
mixture was boiled for ca 15 min followed by filtration.

The precipitated hydrated manganese oxide was washed several
times with water. The filtrate and washings were collected

and from which the oxalate content of the compound determined
by the following method, The combined filtrate and washings

was neutralized with dilute sulphuric acid. An amount of

15 cm3 of concentrated sulphuric acid was added to the solution,
The resulting solution was then titrated against standard 0.1N

potassium permanganate sclution maintaining the temperature

of the solution at ca 60°C,
O

1 om® of 0.1N KMnO, = 0.04dg of C,0,
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Phosghate8
Phosphate was determined as ammonium magnesium

phosphate hexahydrate.ea

An accurately weighed amount of manganese (III) phosphate
compound was decomposed by the addition of 15-20 cm® Of 0.1N
sodium hydroxide solution, and heated for g¢a 15 min to ensure
complete decomposition. The resulting hydrated manganese
oxide precipitate was gquantitatively separated by filtration
and washed with cold water. The combined filtrate and
washings was collected for the estimation of phosphate content
in a compound. The combined filtrate and washings was neutra-
lized by the addition of dilute nitric acid, followed by the
addition of 3 cm3 of concentrated hydrochloric acid and a
few drops of methyl red indicator. An amount of 25 cm3 of
magnesia mixture was added to the solution followed by the
slow addition of concentrated agueous ammonia with vigorous
stirring, until the indicator turned yellow. Stirring was
continued for a further period of 5 min and filnally an excess
of 5 cm3 of concentrated aqueous ammonia was added slowly.

The resulting mixture was allowed to stand in cold for 4 hrs,
when the white precipitate of ammonium magnesium phosphate
hexahydrate settled down. The precipitate was separated
quantitatively by filtration, using a sintered glass crucible

(grade 4) and washed with distilled ethanol 3 to 4 times and
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finally with small portions of ether. The precipitate was
dried in a vacuum desiccator for ca 20 min and finally

welghed as MgNH4PO .6H2O.

4

Determination of Phosphate by indirect titration
8b

with EDTA

Phosphate content of the compound was precipitated as

Mg(NH4)PO .6H,0, as described above. The precipitate was

3

4

dissolved in hot 25 cm™ of 1M HCl, and diluted to 100 cm3 by
the addition of water, To this mixture was added 35.0 cm3 of
0.05M EDTA solution and then neutralized by the dropwise
addition of 1M NaOH solution with stirring followed by the
addition of 4 cm3 of a buffer solution (pH = 10) and a few
drops of Erio T indicator. The unreacted amount of EDTA in the
solution was then titrated with a standard 0,05M magnesium
chloride solution, until the colour changed from blue to
wine~red.

Every 1 cm3 difference between 1M EDTA and 1M Mg612

corresponds to 94,97 mg of 9043—.
Sulphate9
A known amount of sulphatouranate (VI) compound was
treated with 25 cm3 of water, and was dissolved completely

by the addition of a few drops of dilute HNO A 30% solution of

3.

aqueous ammonia was added to the solution slowly with stirring.
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and the mixture was heated over a steam bath for ca 30 min.

The precipitated ammonium diuranate was separated by filtration,
and carefully washed 2-3 times with cold water. The combined
filtrate and washings was retained for estimation of sulphate,
The solution was concentrated by boiling and neutralized

with dilute nitric acid (volume of the solution was ~230 om)
The solution so obtained was acidified by the addition of
0e3=046 cm3 of concentrated HCl solution and was heated to
boiling. A warm solution (10-12 cm®) of 5% barium chloride

2
or pipette drop by drop with continuous stirring, and the

(5g Baclz.ZH 0 in 100 em® of water) was added from a burette

resultant precipitate was allowed to settle for ca 2 min.
The supernatant liguid was tested for complete precipitation by
adding a few drops of barium chloride solution. The process
was repeated until a slight excess of barium chloride was
present in the mixture to ensure complete precipitation.
The mixture was kept covered over a steam bhath for 1h., in
order to allow time for complete precipitation of BaSO, .
The precipitated barium sulphate was filtered through a
previously weighed sintered glass crucible (grade 4) using
gentle suction. The precipltate was washed with warm water
until the filtrate gave no precipitate with a few drops of
silver nitrate solution. The crucible with its content was
dried at g¢a 110°C, and heated for 10~15 min at a higher

temperature (ca 600°C) followed by cooling in a desiccator,
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The ignition process was continued until constant weight

was attained.

The sulphate content of the sample was f£inally
weighed as BaSO4,

Sodium and Potassium

Sodium and potassium contents were determined by
flame photometry. A solution containing sodium or potassium
ions was acidified with hydrochloric acide. The acidified

solution thus obtained was then used for flame photometrye.

Rubidium and Caesiumlo

Rubidium and caesium contents in the respective
salts were estimated, gravimetrically as their perchlorates.
The precipitate was obtained following the standard procedure,

and weighed as AClO, (A = Rb or Cs).

Carbon, Hydrogen, and Nitrogen

Carbon, hydrogen and nitrogen were estimated by micro
analytical methods. The results of analyses were obtained
from Amdel Australian Micro Analytical Service, Port Melbourne,
Victoria 3207 Australia, and also Micro Analytical Laboratories,

RSIC, NEHU, Shillong.
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Particulars of Instruments/Equipment used

pH Measurement

pH of the reaction solutions, whenever required, were
measured by using a SystronicsType 335 digital pH meter and

also by BDH indicator paper.

Molar Conductance

Molar conductance measurements were made using Philips
PR 9500 conductivity bridge. Conductivity grade water was

used for the purpose.

Magnetic Susceptibility

The Gouy method was used to measure magnetic suscep-
tibilities of the complexes, The compound Hg Z—CO(NCS)4_7

was used as the standard for calibration,.

BElectronic Spectra

Electronic spectral measurements of solution were
made on Beckman model UV-26 and Cary model 2300 Spectro-
photometers. Reflectance spectra of solids were recorded

against MgO using Carl~Zeiss Jana VSU 2-P instrument.

Infrared Spectra

Infrared spectra were recorded on the following
spectrophotometers:

(1) Perkin-Elmer model 297
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(2) Perkin-Elmer model 983

(3) Perkin-~Elmer model 125,

Laser Raman Spectra

Laser Raman (1R) spectra were recorded on a SPEX
Ramalog model 1403 Raman spectrometer. The 4880 2 laser
line from spectra-physics model 165 Argon laser was used as
the excitation source, The scattered light at 90° was detected
with the help of a cooled RCA 31034 photomultiplier tube,

followed by photon-count processing system.

The sample was held either in a quartz capillary or in
the form of a pressed pellet, The recording was done at
ambient temperatures,

Mass Spectrall’12

The mass spectra were recorded on a Varian MAT CH-5
spectrometer, A direct insertion probe was used to introduce
the samples directly into the ion source without any prior
heating., The sample was held under vacuum (inside the mass
spectrometer) for ga lh in the direct inlet probe before
electron impact was initiated, The operating conditions were:

~19J)- sourcc temperature:

7

clectron energy, 70ev (lev == 1,6 x 10
100°C, resolution 10000; accelerating voltage, 8kV, The mass
spectrometric observations were made with the ionising beam

held constant to obtain reproducible ion intensities.
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Chapter 3

Synthesis and Structural Assessment of Alkali~Metal and
Ammonium Difluorodioxoperoxouranates (VI), A2 Zfﬁoz(OZ)F2_7

a = NH, or Cs) and Alkali-~Metal Difluorodioxoperoxo-

uranate (VI) Monohydrates, A, éfUOZ(Oz)F2~7.HZO (A = K or Rb)*

Although peroxouranate chemistry has a rather long history,
reports on heteroligand peroxouranates are few, That this
particular aspect of uranium chemistry is highly complicated,
owing to the formation of a host of different species with a
slight variation of pH of the reaction medium, has been
already accentuated in Chapter 1 of the present thesis.
Simple peroxouranates containing O 2

2
2:1, 3:1, 3:2 and 5:2 have been described in the literature,1

2U ratios of 1:1, 1:2,

with UO,(0,) «nH,0 (n = 2 or 4) being the best characterized

2
example. In contrast only a limited number of heteroligand
peroxouranates have reported existence, of which carbonato-

and oxalato-peroxouranates are the most freguently quoted

ones.1 The only fluoroperoxouranate, known,1 to our

1,2

%*
The results described in this Chapter have been published,
Jd. Chem. Soc., Dalton Trans., 1985, 409,
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knowledge, is Na énUOZ(OZ)F(OHZ)_7.4H20. We were unable
to discern any obvious rzason for the lack of information
on fluoroperoxouranate, but for the one mentioned above,
particularly when fluoride is also known to form complexes

with uranium,

Accordingly it was believed that fluoroperoxouranates
will be capable of beiny synthesised under suitable experi-
mental conditions, and a systematic study involving the
synthesis and structural assessment of fluoroperoxouranatc
compounds were undertaken. This has led to synthesise a
series of novel fluoroperoxouranates, A, ZFUOZ(O2)F2~7
(& = NH, or Cs) and &, / U0, (0,)F, /.H,0 (A = K or Rb).

The present Chapter deals with the synthesis, characterization;

and assessment of structure of the title compounds.

Experimental

Th= chemicals used were all reagent grade products

(Loba~Chemie, Glaxo, E. Merck, S.D's,Sarabhai M).
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Synthesis of Ammonium and Caesium Difluorodioxo-

peroxouranates (VI), A, Z—UOZ(OZ)F2_7 (A = NH, or Cs),

—

and Potassium and Rubidium Difluorodioxoperoxouranate (VI)

Monohydrates, A, ZTUO2<02)F2—7'H20 (A = K or Rb)

As the methods of synthesils of the compounds are similar,

a general procedure i1s described below,

An amount of 1.,0g (1,99 mmol) UOZ(NO 6H,0 was

S g
dissolved in 10-15 cm3 of water followed by addition of
concentrated aqueous ammonia solution (sp.gr 0.9), or a
concentrated solution of potassium hydroxide only'in the
case of the K salt, with stirring until the yellow
precipitate ceased to appear. The yellow precipitate was
filtered off, washed free from alkali and nitrate, and
then mixed with alkali~metal or ammonium f£luoride, AR

3

(A = X, Ro, Cs or NH,) and 25 cm~ (220.5 mmol) of 30%

H,0, with maintenance of the ratio of U:F-:I—I2O2 as
1:4:110.8. Dropwise addition of 40% HF (1 cm®) with

constant stirring afforded a clear yellow solution (pH~ 2),
the pH of the reaction mixture was raised to 6.5-7 by
carefully adding 10% solution of aqueous ammonia or potassium
hydroxide in the cases of the NH4+ and K+ salts, respectivelv.
and solid A,CO, (A = Rb or Cs) for the Rb™ or cs™ salts.

An cqual volume of ethanol was added with occasional

stirring to obtain yellow microcrystalline 2, Z_UOZ(OZ)Fz_/



(A = NH, or Cs) er A, /UO,(0,)F, /.H)0 (a

4

K or Rb).
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Each

compound was allowed to settle for ca 30 min, separated by

centrifugation, purified by washing with ethanol, and finally

dried in vacuo over diphosphorus pentoxide. The amounts of

reagent used and the yields of the compounds are set out in

Table 1.

Table 1. Amounts of Reagents used and Yields of Alkali-Metal

and Ammonium Difluorodioxoperoxouranates (VI)

N ! Amount of Amount of | Amount of
:Yleld ' ' t
H ¥ 1 I
Compound b (%) :U02(N03)2.6H20: AF ; ?202
! ''g (mmol) 'g (mmol) ! cm” (mmol)
] | ] )
vH,), /U0, (0)F, / 0.5 1 0.3 25
! (67) (1.99) (841) (220.5)
K, [ U0, (0,)F, /.H,0 0.6 1 0447 25
(69) (1.99) (8.1) (220.5)
Rb, [ U0, (0)F, /. H,O0 0.8 1 0.84 25
(73) (1.99) (8.0) (220,5)
Cs, [/ U0, (0)F, / 0.9 1 1423 25
(75) (1.99) (8.1) (220.5)

Elemental Analyses

Quantitative estimations of uranium, peroxide, fluvoride,

alkali~-metals, and nitrogen were made by the methods described

in Chapter 2.
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The analytical data arc given in Table 2,
Structurally significant IR bands and their assignments

are repcrted in Table 3,

Results and Discussion

It is known from the literature that both fluoride3

1

and peroxide (022—) can, under the appropriate conditions,

coordinate to U022+

it would be possible to devise an appropriate method in which

. Thus it was rational tc expect, that

both fluoride and peroxide could be simultaneously made to

coordinate to U022+

fluoroperoxouranates (VI) ,

center, leading to the formation of

Strategically most important was the evaluation of a

suitable pH of the reaction medium to enable formation of the

' . . ~ 4+ .
desired complexes, Accordingly the reaction of U022 in

an aqueous solution with alkali-metal or ammonium f£luoride AF,
and hydrogen peroxide was carried out at pH 6,5-7 which led
to the synthesis of the difluorodioxoperoxouranate (VI)

2"

complexes, Z—UOZ(OZ)F2“7 » The complex ion was isolated as

] 3 - . - - d
its alkali-metal salts, A, / UOZ(OZ)F2—/ (A NH, or Cs) an
Ay L UO2(O2)F2_/.H20 (A = K or Rb) by the addition of ethanol
which facilitated precipitation. It must be emphasized that

maintenance of pH of the reaction medium at ca 6.5-7 is very

vital for the formation and thence successful isolation of the
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Table 2. Analytical data of A, / UO2(02)F2_/ a = NH4 or Cs)
and &, /U0, (0,)F, /.H,O (& = K or Rb)
Found % (Calcd., %)
Compound
A U o P

we,), /U0, (0)F, 7 7.55° 63,8 8470 9.80
42 2202 (7.45)° (63.3) (8.50) (10.1)

K, /U0, (0)F, 7.H.0 18.4° 54,9 7480 9,10
2 < 22 2 (17.95)C  (54.55) (7.35) (8.70)
Rb, / U0, (0, )F, /,H O - 45,4 6440 7450
2 I (45.0) (6.05) (7.20)
cs, / uo, (0,)F, 7 - 39.8 5450 6,10
2 2202 (39.3) (5.30) (6.25)

a
Peroxo~oxygen.,

bAnalysis for

No CAnalysis for K.
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title compounds in the solid state, It has been observed by
carrying out similar reactions at pH 2-4 that the products
obtained under these conditions either donot contain peroxide
at all or to a practically negligible extent suggesting
thereby that acidic conditions of the reaction medium is not
conducive to the formation of fluoroperoxouranate (VI) species,
The compounds isolated under such conditions were found to be
oxofluorouranate (VI) rather than fluoroperoxouranate (VI)
complexes, Thus it is believed that the course of reaction
involves the formation of oxofluorouranate (VI) first followed
by an uptake of pcroxide with the increase of pH of the
reaction medium to ultimately produce the complex ion
Zonz(Oz)F2_72— at pH ca 6.,5-7. In the cases of the Rb™

and Cs+ salts, the pH of the reaction medium wes raised to
the required extent (6,5-~7), by the addition of the rcspective

2= L oogte— s col +u

3 2 20’

carbonates, exploiting the reaction éo
instead of aqueous ammonia which was otherwise thought to be
suitable, Attempts to use agqueous ammonia solution to raise
the pH to 6.5=7 in the casces of Rb+ and Cs+ salts resulted
in the isolation of (NH4)2 é_UO2(02)F2_7, even though the
stipulated amount of RbF or CsF was used. This obscrvation

could be attributed to the relatively lower solubility of the

(NH,), /U0, (0,)F, / compound,
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The synthetic reactions were monitored by IR
spectroscopy. The appearance of a strong band at ca 860 cm
due to  3(0~-0) in the IR spectrum of a small amount of the
sample isolated from the reaction solutions indicated the

formation of peroxouranates (VI),

Characterization and Assessment of Structure

The newly synthesised alkali-metal diflucrodioxo-
peroxouranates (VI), A, ZfU02(02)F2_7 (a = NH, or Cs) and
alkali-~metal difluorodiOXOperoxouranate(VI) monohydrates,

A2 Z—UOZ(Oz)F2_7.H20 (A = K or Rb) are all yellow micro~
crystalline products, and can be stored for a prolong period
in sealed containers. The stability of the compounds was
ascertained from the results of chemical determinations of
peroxide (022’), uranium and fluoride contents periodically.
They are inscluble in common organic solvents, and very
sparingly soluble in water. Owing to the sparingly soluble
nature of the compounds molar conductance measurements could
not be carried out., The fluoroperoxouranates, dissolve
completely in a slightly acidified (HZSO4) solution from
which uranium can be quantitatively precipitated by the

addition of aqueous ammoniae.

The determination of peroxide content, considered to

be extremely important, to find out the number of peroxide

5 center, was accomplished by redox

group bonded to UO
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titrations with a standard Ce4+ solution, and also with

standard KMnO, solution, in presence of boric acid to

prevent any loss of active oxygen. The results of which

27y

conspicuously suggested the presence of one peroxide (02

-l
22' center in each of the compounds.

The compounds A, / U0, (0,)F, / (A = NH

group coordinated to the UO
4 OF Cs) and

,— —— _ ) <&
A2 z UOZ(O2)F2_/.H20 (A = K or Rb) were found to be diamagnetic
in nature, as evidenced from the results of magnetic

susceptibility measurements, in conformity with the occurrence

of uranium in its hexavalent state,

The infrared spectra of alkali-metal difluorodioxo-

peroxouranates (VI), A, Z—U02(02)F2_7 (A = NH, or Cs) and

4

alkali-metal difluorodioxouranate (VI) monohydrates,

A, [fUO2(02)F2_7.H20 (A = X or Rb) are quite characteristic,

The significant features of the IR spectra of the compounds

are the absorptions due toc ~N(U=0), coordinated peroxides

and coordinated F~ ligands. The absorptions at 910~880,

870~-850, and 370-~350 cm_1 have been assigned to %) (U=0

(translinked O=U=0 group)3, 9(0—0)4'5 and @(U~F)6 modes,

respectively. The strong and sharp band at ca 860 cm-1 due to
~(0-0) supports the view that O 2=

2
2+ . \ .
UO2 center in a triangular bidentate (CZV) mannere

is coordinated to the
4,5

The observance of ~(U=0) modes at ca 900 em™t are well
documented in the literature3 and suggests the presence of a

translinked O=U=0 group. A consistent appearance of the strong
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Table 3, Structurally Significant Infrared Bands of

Alkali-~Metal and Ammconium Difluorodioxcpcroxo-

uranates (VI)

-~
Compound IR cm -~ Assignments

S00s
8558 V(0=-0)
350s,br N (U~F-TU)
3160m "‘3;3 ;
3040s Y1 > N—H
1400s Vg |

K, /U0, (0,)F, /.H,0 890s 2 (U=0)

2 2722 2 860s » (0-~0)
370s,br A (UmF=U)
3440s A) (O=H)
1640m & (H~0O~H)

Rb, /U0, (0,)F. /.40 905s ~ (U=0)

2 222 2 860s 3 (0~0)

360s, br A (U=F=U)
3450s V(O~H)
1640m § (H-0-H)

Cs, [ U0, (0,)F, / 900s 1 (U=0)
860s ~ (0=0)
360s,br AN U-F~1U)
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band at 350-370 cm—1 in the spectrum of each of the compounds,
irrespective of the type of counter cation present, led us

to assign it o 3>(U-F) arising from the occurrence of
coordinated fluoride, The somewhat lower value of ‘QWU~F)

6 and

compared to those of the binary fluorouranates (VI),

slightly broad nature of the band indicate the distinct

possibility of f£luoride acting as a bridging group. The two

additional bands at ca 3440 and ca 1640 cm._1 in the spectra

of both the KT and Rb+ salts, resemble in their shapes and

positions those arise from {}(O—H) and & (H~O-H) modes,

respectively, of uncoordinaéed water.7 Further it was emphasized

in the litersiurc® that the <(0-H) band at ca 3455 ot is

rather typical for the presence of lattice water. These

results and the absence of {}(O—H) and %(HAO—H) modes in the

cases of the NH4+ and Cs+ salts of the complex anion makes it

clear that the water is not coordinated to the U022+ center,
Thus it may be infered that fluoroperoxouranates,

A, [U0,(0,)F, 7 (& = NH, or Cs) and &, /U0, (0,)F, /.H,O0

(A = K or Rbo) can be synthesised under the appropriate

experimental conditions, The pH 6,5~7 is very crucial for the

formation of / U0, (0,)F, 7°7 ion. The typical pattern of the

IR spectra suggests that the peroxide is bonded to the U022+

center in triangular bidentate manner and fluoride (F ) is

also coordinated to metal center probably acting as a

bridging group. The complex species ZﬁUOZ(O2)F2_72_ may have a

polymeric structure through -~U~F-U-F-U-~ chains.
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Chapter 4

Synthesis and Physico-Chemical Studies of Alkali-~Metal
Dioxoperoxo (carbonato)uranate (VI) Monohydrates,

— - _ . 4
A, v UO2(02)(CO3)_/.H2O (A = Na or K), Alkali-Metal an
Ammonium Dioxoperoxo (sulphato) aquouranates (VI),
A2 L UOZ(O2)SO4(H20)_/ (A = Na or NH4), and Molecular
Complex Peroxouranates, / UOZ(Oz)L—L_/ (I~L = ethylene-
diamine (en), 2,2-bipyridine (bipy), or 1,10-phenanthroline

ju— — *
(o-phen), and / UOz(Oz)glyH;/ (glyH = glycine)

Although uranium is the most important and useful of the
actinide metals and is known to form simple peroxides,l‘2
its heteroligand peroxo chemistry seems to have been practically
overlooked in earlier investigations.1'2 This is probably
because of the highly complicated nature of peroxouranate
chemistry1 owing to the formation of a number of different
species with a small variation of pH of the reaction solution

as already mentioned in Chapter 1 and 3. Recent results,3_6
including the ones described in Chapter 3, in the field of

peroxo-metal chemistry advocate for an enhanced stability of

such compounds brought about by the coordination of heteroligands.

*
A major part of the work described in this Chapter has been

published.
Je. Chem, Soc,, Dalton Trans., 1986, 709; Inorg. Chem,, 1986,
25, 2354,
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Peroxo (carbonato)uranate (VI), one of the text book example

of complex peroxouranates, (NH4)2 ZFUOZ(O2)@03)_7.2H2O7 being
the only one for which the synthesis is available., Complex
peroxo (sulphato)uranates donot scem to have any reported

existence, Moreover, very little is known regarding molecular

2+
2

adheres to latter type of compounds because such compounds

heteroligand peroxo complexes of UC « An additiconal interest
may provide a possibility of studies of reactivity of
coordinated peroxide,

As a sequel of the work described in Chapter 3 the
limit of heteroligand has now been extended from F~ to CO32—,
SO4Z~, ethylenediamine (en), 2,2-bipyridine (bipy).,
1,10-phenanthroline (o=phen) and glycine (glyH ).

Chapter 4 of the thesis presents synthesis of complex
peroxouranates of the types: A, éfUOZ(Oz)@O3)“7.H2O (A = Na
or K), A, /U0, (0,)SO, (H,0) / (A = Na or NH,), [/ UO, (0,)L-L_/
(L-~L = en, bipy, or o-phen), and éfUOZ(Oz)leH _7- Also
presented in this Chapter is an account of the results of
structural assessment of the newly synthesised compounds

made by physico~chemical studies including laser Raman (1R)

Spectroscopy.
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Bxperimental

Chemicals used were all reagent grade products (Loba~Chemie,

Glaxo, E. Merck, S.D's).

(i)  Synthesis of Alkali~Metal Dioxoperoxo (carbonato)-

uranate (VI) Monohydrates, A, / uo, (02) <c203) _/OHZO

(A = Na or K)

Since the method of synthesis of Alkali-metal
Dioxoperoxo (carbonato)uranate (VI) Monohydrates, is a general

one, only a representative procedure is described below.

In a typical synthesis, powdered uranyl nitrate

hexahydrate, UOZ(NO3)2.6H 0 (Lg, 1.99 mmol) was dissolved

2
in 20 cm3 of hot water followed by the slow addition of a

20% solution of AOH (A = Na or K) with stirring until an
yellow product ceased to appear., The solution was filtered
hot and the yellow product washed free from alkali., To a

stirred water suspension of the product, AHCO, (8 mmol;

3
ratio U:CO32“ = 1:4) was added and stirring continued for ga

20 min., An excess of 30% H_ O, (30 cm3, 264,7 mmol) was added

272
until a clear yellow soluticon was obtained, The pH of the
reaction solution measured at that instant, was found to be
7=8., The solution was filtered to remove any undissolved

residue and then cooled in an ice-~bath for ca 30 min. Addition

of ca 50 cm3 of pre-cooled ethanol led tc the precipitation
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of yellow microcrystalline solid which was separated by
filtration. The product was washed 3-4 times with ethanol,

and then dried in vacuo over concentrated H2804.

The yield of Na, Z’UOZ(oz)(COB)_7.H2o was 0.7g (82%)

and K, / UO2(02)(CO3)_/.H20 was 0.8g (88%).

(11) Synthesis of Alkali-Metal and Ammonium Dioxoperoxo-

(sulphato)aquouranates (VI), A,/ U02(02)804(H20)_/

(A = Na or NH4)

A typical procedure

An amount cf 1.0g (1,99 mmol) of uranyl nitratc

hexahydrate, UO, (NO.) ,.GH,0, was dissolved in 10-15 em

2
of water followed by addition of 25% agqueous ammonia
solution or a concentrated solution of sodium hydroxide in
the case of the Na+ salt, with stirring until the yellow
prcecipitate ceased to appear. The yellow precipitate was
filtered off, and washed free from alkali and nitrate, To an

aqueous suspension of the product was added 4 cm® (10 mmol)

of 2,5M H,SO, solution to obtain a clear solution, which was

2 4
stirred for ca 5 min. To the clear solution, an amount of
25 cm® (220.5 mmol) of 30% 1,0, was added, while U:SOAZ—:Hzoz

ratio was maintained at 1:5:111, and the solution was
stirred for ca 15 min followed by careful addition of the
corresponding alkali-metal or ammonium hydroxide solution;

ACH (A = Na or NH4)J until the pH of the solution was raised



58

to 6, where upon a yellow product just began to appear.

An equal volume of ethanol was added with occassional

stirring to obtain yellow microcrystalline alkali-metal

or ammonium dioxoperoxo (sulphato)aguouranates (VI),

a, ngoz(02>so4(H20)_7 (A = Na or NH,) in high yields. Each

of the compounds was allowed to settle for ca 20 nin,

separated by ceﬁtrifugation, and purified by washing (3-5 times)
with ethanol. The product thus obtained was dried in vacuo

over concentrated HQSO4¢ The amounts of reagents used for the
synthesis of and th: yields obtained for A, ATU02(02)804(H20)_7

(A = Na or NH4) ar< shown in Table 1.

Table 1, Amounts of Reagent Used for the Synthesis of and
Yields Cbtained for A, [/ UO,(0,)SO, (H,0)_/

(A = NH4, Na)

Yield Amount of Amount of Amount of
C % .,5M H.SO
ompound g (%) U02<N03)2.6H20 3og H,0, 2 gh 550,
- g (mmol) cem” (mmol) cm” (mmol)
wH,), /U0, (0,)80, (H,0)_7 0.8 1 25 4
472 2 2 a2 (90) (1.99) (220.5) (10)
Na, /£ U0, (0,)80, (H,0)_/ 0.75 1 25 4

(82) (1.99) (2204.5) (10)
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(1ii) Synthesis of Orthophenanthrolinedioxoperoxouranium (VI),

£ U0, (0,) o=phen_/

A 1,0g (2.36 mmol) sample of UOZ(CH3COO)2.2H20 was
dissolved in 10-15 cm3 of water with stirring. The solution
was filtered to remove any undissolved residue, and to it
was added, an ethanolic solution (10 cm3) of 0.,47g (2.36 mmol)
of 1,10-phenanthroline monohydrate and the whole was stirred
for ca 5 min, whereupon a light yellow product started
appearing. An amount of 15 cm® (132.35 mmol) of 30% H,0, was

added maintaining thz U:o~phen:H ratio at 1:1:56, and the

202
mixture was stirred for ca 15 min. The pH at this stage was
found to be 3,5-4, Pre-cooled ethanol (half of the original
volume) was added with occassional stirring, to facilitate
complete precipitation of the yellow microcrystalline
Z_UOZ(O2)o—phen_7. The compound was separated by filtration,

washed 3-4 times with ethanol and finally dried in vacuo

over concentrated H2SO40

Yield of / UO,(0,)o-phen / was 1.04g (91.2%).
The mcthod of synthesis of Z—UOZ(Oz)bipy_7 is analogous to

that of ZfU02(02)0~phen;7 described above,

Starting from 1.0g (2.36 mmol) of UOZ(CHBCOO)2.2H2O the

yield of ngoz(OZ)(bipy)ﬂ7 was found to be l.6g (94%).
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(iv) Synthesis of Ethylenediaminedioxoperoxouranium (VI)

Z_Uoz(oz)en_7

Uranyl nitrate hexahydrate, UOZ(NO3)2.6H20, 1,0qg
(1,99 mmol) was dissolved in 10-15 cm3 of water, followed by
addition of aqueous ammonia solution (sp.gr 0.9), until the
yellow precipitate ceased tc appear. The precipitate was
filtered off, and washed free from alkali and nitrate.
An aqueous suspension (10 cm3) of the yellow precipitate
obtained as above was dissolved by the addition of 2 cm3
(5.0 mmol) of 5N aqueous sulphuric acid solution. This was
then filtered and cooled to an ice~bath temperature, To the
clear cold solution was added 3 cm3 (49,92 mmol) of pre-cooled
ethylenediamine dropwise with continuous stirring (Us:en ratio
at 1:25.1), while light yellow product just began to appear,
To this reaction mixture an excess amount of 30% H202 solution
(20 cm3, 176.47 mmol) was added whereupon a clear orange=-red
solution was obtained. Stirring was continued for a further
period of ca 10 min, while yellow microcrystalline ethylene-
diaminedioxoperoxouranium (VI), Z—UOZ(O2)en_7, started
appearing. At this stage pH was found to be ca 9, A complete
precipitation of the compound was, however, achieved by
addition of cold ethanol in an amount not exceeding half of

the original wvolume. The reaction container was allowed to

stand for ca 30 min, and the product was isolated by
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centrifugation, washed 4 times with ethanol, The compound was
finally dried in vacuo over concentrated H2804. The yield of

ZfUO2(O2)en_7 obtained was 0.7g (91.7%),

(v) Synthesis of glycinedioxoperoxouranium (VI), [_UOZ(OZ)leH /

Powdered uranyl nitrate hexahydrate, UOZ(N03)2.6H20,
1,09 (1.99 mmol) was dissolved in 15 om® of water, followed
by a slow addition of 25% solution of agueoug ammonia, until
the yellow product ceased to appear. The yellow precipitate
was filtered off, washed free from alkali and nitrate, To an
aqueous suspension (10 cm3) ~f the preduct was added 2 cm3
(5.0 mmol) of 5N aqueous solution of sulphuric acid to
cbtain a clear solution, and stirred for ca 5 min. To the
resulting clear solution 0.,3g (3,99 mmol) of glycine wos
added, maintaining the Usglycine ratio at 1:2, and the solution
was stirred for ca 5 min, followed by the addition of an

3

excess amount of 30% H.O, (15 em”, 132,35 mmol)., Stirring was

272
continued for a further period of ca 10 min, when a yellow
product began to appear. The pH of the reaction medium was
raised to ca 6,5 by the slow and careful addition of a 20%
solution of KOH, Addition of 50 cm3 of pre~cooled ethanol
to the above solution led to the complete precipitation of
the yellow microerystalline [fUOz(Oz)glyH _/. The product

was separated by filtration, washed with ethancl 3-4 times,

and then dried in vacuo over concentrated H2SO4.



The yield of éfUOZ(O2) glyH. / was found to be

0.7g (97%).

Elemental Analvses

Bstimation of uranium, pcroxide, sulphate, carbon, hvdrogen,
nitrogen were performed following the methods described in
Chapter 2 of the thesis, The results of elemental analyses

for A, /U0, (0,) (CO;)_/,H,0 (A = Na or K), A, /£ UO,(0,)80, (H,0)_/
(A = Na or NH, ) and éfUOz(OZ)L-L_7 (L~L = o-phen, bipy or en),

and [TUOZ(OZ)gly}{_7 are given in Tables 2-4,

T e i a a /
able 2. Analytical data of A, / U02(02)(CO3)_/.H20

(A = Na or K)

Found % (Calcd. %)

Compound
A U o C
Na, / UO, (0,)(CO0.,) /. H,0 10,45 56,2 7.8 2085
2 2 273 2 (10.8) (55,85) (7.5) (2.8)
X, 4 U0,(0,)C0,) /.H,0 17.3 52,25 742 2.6
2 2 273 2 (17.1) (51,95) (7.0) (2.5)

a
Peroxo-~oxygen
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Table 3. Analytical Data of A, éfuoé(oz)so4lH20)_7-(A = NH, or Na)
Compound Found % (Calcd, %) .
N Aor N o 50, “
we,), /U0, (0,)s0,(H,0)_7 6.32 52,38 743 21,62
42 272 e (6,2) (52.64)  (7.08) (21,24)
Na, / UO,(0,)s0, (H,0) 7 9455 51.82 72 20,93
2 272042 (9,95) (51,51)  (6,93) (20,79)

a
Peroxo=-oxygen

Table 4. Analytical Data of Z'U02(02)L-p_7 (L=L = o-phen, bipy

or en) and / U02(02)glyH:~/

Found % (Calcd, %)

Compound >

U o® C H N
gfhoz(oz)o_phen_7 49,51 6042 30012 1.63 5.79
(49.,36) (6.64) (29.88) (1,66) (5,81)
LU0, (0 )bipy 7 52,13 7,14 26423 1,78 6414
(51.95) (6,98) (26,21) (1.75) (611)
£ 00, (0 )en_/ 65,67 8,94 6,66 2,22 7292
(65473) (8,84) (6.63) (2.21) (7.73)
LU0, (0,)glyl _/ 63.41 8,63 6,34 1.37 3.75
(63.12) (8.49) (6.37) (1.33) (3.71)

a
Percxo-oxygen
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Results and Discussion

Complex_Peroxo (carbonato)uvrsnates (VI)

2+
2

complex prroxouranate (VI) of a definite composition is highly

The reaction of hydrogen peroxide with UO , leading to a

dependent on the pH of the reaction medium and it was shown

very recently that a relatively higher pH favoured cooxdination

2= 24
of 02 with UO2

of an appropriate pH for successful synthesis of complex

center (see Chapter 3), Thus, evaluation

peroxouranate species 1is enphasized to be an important
prerequisite, In the present case, pH > 6 of the reaction
solution was considered conducive in order to prevent the
re;ction 0032— + 2H+ :7005* + HZO' Accordingly pH ca 7
was found to be suitable for the syntheses of the desired

peroxo (carbonato)uranates (VI), It is imperative to state that
the products isolated at pH 4 or 5 either did not show the

presence of CO 2= a4t all or did to a very small extent,

3
indicating that coordination of CO,.2~ ligand might have just

2+
2

and alkali-metal or ammonium bicarbonate, AHCO3 (A = Na or K),

at pH 7-8, followed by the addition of ethanol which facili-

3

commenced., However, the reaction of UO with hydrogen peroxide

tated precipitation, afforded A, ZFUOZ(OZ)(CO3)_7.H20 (A = Na
or K), in very high yields, Attempts to synthesise the NH4T

salt of the complex ion was unsuccessful. Corresponding salts



of Rb+ and Cs+ could be obtained by the method analogous to
that used for Na+ and K+. Strong desiccation of the compounds
over concentrated HZSO4 did not remove the water of crystalli-
zation. Pyrolysis of A, ZfUOZ(Oz)(CO3)_7,HZO at 100°C
expelled the water molecule without changing the composition
of the complex ion. It is notable that peroxide was not lost
at the above~mentioned temperature, unlike in the corres-

ponding complex peroxo(carbonato)vanadates(V)°8

The molar conductances of A, Z’Uoz(oz)(co3)_7.H2o
(A = Na or K), measured in water, lying between 240 and
255 <t “ten®mo1™ at room temperature, are as expected and
attest to the stability of the complexes., The complexes
A2 ZFU02(02)<CO3)_7°H20 (A = Na or K) tend to absorb moisture
slowly. The results of magnetic susceptibility measurement
show that the compounds are diamagnetic, in conformity with
the occurence of U’VI° The importance of estimations of
active oxygen has been already emphasized in Chapter 3.
The results of peroxide estimations, by redox titrations3
involving separately standard potassium permanganate and
ceriun(IV) solutions, suggest the presence of one peroxide

(022~) per 'L in the complexes.

The IR spectra of A, 47U02(02)(003)_70H2O (A = Na or K)
show bands (Table 5), at ca 920s, ga 880s and ca 610m and

ca 550s cmm1 due to Vv (0=U=0, translinked)f9 N (0-0) and

3,10,11

’Q(U-O2) modes, respectively, at ca 1580s, ca 1330m,



ca 1050s, ca 750m, ca 675m and at ca 415 crrf-1 owing to
v (C=0), w(C=0) + S(O-C—O), V(C~0), ring deformation + ~(U-0),
& (0~C=0) + ~NU=0) and ~(U=0), respectively, originating
from the coordinated bidentate carbonate,12 and the absorptionsa
at ca 3445m and ga 1630s due to ~(0-H) and §(H-0-H) modes
of uncoordinated water, The laser Raman spectra, recorded in
the solid state because of low solubility, exhibited peaks
at ca 930 cm—lkassigned to 0(O=U=O),9-at 880, ca 600, and

ca 550 et due to IQ(O—O,\>1), ) (U=0
10,11

" 03), and Q(Umoz, Qz)c
respectively, and at ca 1570 due to O(C~O)("01,A1) of

coordinated CO 2—, The distinction between 02 and modas

3 V3
of Q(UFOZ) was made on the basis of the sharpness and
intensity of the peaks, and that at ca 550 em™? being the
sharpest and most intense. The facile loss of water at 100°C
and the resemblance of peak shapes and positions of & (H-0-H)

.
and ~(0-H) with those of uncoordinated waterl3'*4

suggest

that the water molecules are not coordinated, The typical

pattern of absorptions due to the coordinated 022— / Ref. 3,10,11_/,
and those due to the cocordinated CO32- / Ref, 12_7, especially
the appreciable separation between ‘Ql(Ai) and 95(B2) modes
(Table 5) and also the appearance of a Raman peak at ca 1575 cm
due to ’Q(C—O)(’GlAl), render it certain that both the

2—) ligands are

)

peroxide (022—) as well as the carbonate (CO3

bonded to the metal center in a bidentate chelated (C2v

manher,



Table 5. Structurally Significant IR and laser Raman (IR)

Bands of A, [ UO, (0,) (€0y) _/.E,0 (A = Na or K,

1 ] 1
Compound E IR E Raman i Assignment
' -1 : ~1 :
1 cm ' cm !
L 3 ! e v n
— - R
Na, £ U0, (0,) (CO;)_/uHyO 1580s 1570 NV (C-0) V. Ay
1325m AHC=0) + B (0=Ce0)
)\>5€ B2
920s 930 A {(0=U=0)
890s 880 AV (0~0) Vi
615m 600 ’O(U—Oz)'\)3
550s 550 V (U-0,)~),
K, £ U0, (0,) (CO,) _/ H,0 1570s 1570 9(C=0) Vyedy
1330m N (Cm0) + & (0=Cm0)
Ve By
925s 930 A) (0=U=0)
885s 885 2 (0=0) ¥ 1
610m 600 ’\)(U-Oz)93

3 bad 3
5508 540 V(U o2h2
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Complex Peroxo (sulphato)uranates (VI)

The suitable pH for bringing about coordination of both
peroxide and sulphate with an uranyl center was ascertained
to be 6, The compounds isolated at a relatively lower pH

(ege, ca 4) on being analysed did not show the occurence oL

Dem
2

uptake process was in

peroxide to the desired level (i.e,, U:O as 1:1),

indicating therefore that the 022—

progress but did not reach the U2022—

peroxo (sulphato)uranates (VI), a, £ U02(02)804(H20)_/

ratio of 1:1. The

(A = Na or NH4) have been synthesised by carrying out
reactions among U022+, H,0,, and 8042” at pH 6 of the
reaction solution maintained by addition of the corresponding
alkali-metal or ammonium hydroxide, AOH, While the NH4OH

was used as a 25% solution (sp.gr 0,9), NaOH was added as a
10% solution. The peroxide uptake process was monitored
through chemical determination of active oxygen (022“) in
the product isolated from the reaction solution at different
pHe The method of synthesis of complex peroxouranates is
straight forward and may serve as a paradigm for an access
to other heteroligand peroxouranate (VI), It i1s important

to mention that, according to the present method, the
complex peroxouranates starts appearing as soon as the
solution attains pH 6, however, the addition of ethanol is

required to achieve quick and nearly quantitative precipi-

tation of the products. It must also be emphasized that
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similar compounds were obtained in low ylelds by allowing
reaction solutions, after adjusting their pH to 6, to

stand for several hours at an ice-water temperature.

The &, /U0, (0,)80, (H,0) / (A = Na or NH,) arc yellow
microcrystalline products, practically insoluble in watere.
Their insolubility precludes molar conductance measurements,
They do not seem to be hygroscopic, and are stable for
prolong periods. Pyrolysis studies showed that &, 4—U02(02)804(H20)-;
(A = Na or NH4) does not suffer any loss of water upto ca
110°C leading us to state that the water molecule is rather
tightly held in the compounds. The complex peroxo (sulphato)-
uranates (VI) decompose in dilute sulphuric acid, liberating
hydrogen peroxide quantitatively, and thus facilitate
determination of active oxygen (022-) content of the compounds,
Chemical determination of active oxygen, considered to be very
crucial to ascertain the number of 022— groups coordinated
to the U022+ center, was accomplished by the redox titrations
in manners similar to those described under peroxo (carbonato) -

uranate (VI), The estimation was conducted in the presence

of boric acid in order to prevent any loss of active oxygen,

- +
The results suggested the occurrence of one O 2 per UO

2

center in each of the newly synthesised compounds. The

2

compounds are all diamagnetic, in agreement with the presence

of hexavalent uranium,.
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The infrared and laser Raman (1R) spectra of
Dioxoperoxo (sulphato) aquouranates (VI), A, éfU02(02)804(H20)_7
(A = Na or NH,)), were recorded in the range 4000-200 cm“i,
and 2000-~150 cm-l, respectively., Owing to the insolubility

of the compounds, the 1R spectra were recorded only on solids,

The significant features of the IR spectra of the
e — = ] -,
A2 Z UO2(02)SO4(H20)_/ (A Na or NH4) compounds involve
absorptions of coordinated sulphate, coordinated water, and

the U=0 stretching. The appearance of medium intensity \ﬁl

and x', modes of S-O stretchings at ca 980 and gca 450 em™t,

respectively, and the splitting of ‘03 and 7
each (Table 6), as opposed to the absence of 'Ql and ’92.

and the presence of unsplit \)3 and 04 modes in the ionic

sulphate, provide strong evidence for the lowering of

into two bands

symmetry of SO 2= from T

a to C and also for its occurrenace

4 3v

as a coordinated unidentate ligand in the complex

peroxo (sulphato)uranates (VI), A very strong absorption, in

addition to the sulphate ligand bands, was observed at ca

895 cm—1 and assigned to the AJU=O stretching (translinked)

0=U=0 group).9 The 1R spectra of A, Z_U02(02)804(H2O)_7

(A = Na or NH4) complement the corresponding IR spectra by

exhibiting SO peaks at ca 970 and ca 440 c:m'"1 owing to AOl and
1

v, and at ca 1040, ca 1140, ca 600, and ga 650 cm ~ due

to the ~,; and ~, modes of SO 2= ligand coordinated in an

4
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unidentate fashion kC3v)° A very strong peak observed at ca

900 cm~1 because of large polarizability changes involved in
the U-O bond, is attributed to the YU=0 (translinked O=U=0)
mode, The presence of coordinated water causes the distinct
appearance of W (0-H) and ©(H=0-H) modes, which occur in

the IR spectra as medium intensity bands at 3160 and 1630 cmnln
The lowering of W (0-H) frequencies and broadening of

£ (H=0~-H) bands relative to those of free water suggest a
clear possibility of intramolecular hydrogen bonding15’16
involving uranyl oxygens. This might be a reason for lowering
of Vu=0 as well, Especially noteworthy, over and above the
patterns just discussed, is the absence of any band in the

IR or 1R spectra of the peroxo (sulphato)uranates (VI) in the
range 890-~800 cm"l, a position where #(0=~D) would appear

if peroxiie ligand wzare coordinated in the triangular
bidentate (sz) manner commonly encountered 1ln peroxo

)]3’5,10,11 )6310]11117

compounds of V (V Ti (v and also in

case of uranium peroxo compounds, as described earlier, for

example, This causes us to infer that the O 2= (peroxide)

2
ligand is present as a bridgingy group connecting the

2+
2

chain in the crystal lattice. Fortunately the appearance of a

contiguous UO zenters through an infinite -U~0-0~U~0-0~U-
broad rather weak band at 790-750 cm™~ each in the IR and IR
spectra of the compounds lends support to our arguments in

favour of a bridging peroxide18 group s



72

Table 6, Structurally Significant IR and Raman Bands of

a, /L U02(02)804(H20)_/ (A = NH, or Na)

1 1 ]
1 1 ]
i IR ! Raman :
Compound ! -1 ' 1 ] Assignment
! cm ! cm !
L 1 1
(wH,), £ U0, (0,)80, (H,0)_/ 890s 900 \H(U=0)
790w, br 780 v (0-0)
980m 970 @1 ~
440m 440 ST
1130s 1140 -~ bl
1040s 1040 | 3 ! (5~0)
640s 650 N
605s 600 | 0
3160m ) (O=-H)
1630m 8 (H=0~H)
Na, / UO,(0,)S0, (H,0)_/ 8955 950 V(U=0)
780w,br 780 v(0=0)
975m 970 vy T
445m 450 Vs
1140s 1140 v )
S--0
1040s 1040} 3 (8~-0)
G45s 640“¥ 04
600s 600 | -
3160m V(0-H)

1630m &(H~-0~H)
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Thus it ié evident that yellow microcrystalline,
diamagnetic complex peroxo (sulphato)uranates (VI),
A, / UOZ(OZ)SO4(H20)_/ (A = Na or NH4) can be synthesised
2+ .
5 and H202 with HZSO4
maintained by the addition of the corresponding AOH. The

from the reaction of UO at pH 6

compounds are insoluble, and do not lose water upto 110°C,
They decompose in dilute sulphuric acid quantitatively

OJN

liberating H2 5

While the peroxide group in 1~U02(02)804(H2O)_7,

is bonded to the U022+

8042- occurs as a coordinated unidentate ligand, the HZO

molecule is also coordinated., The complex species very

center in a bridging manner, the

likely has a hexacoordinated polymeric structure through a

~U=0=0=U=0~0~U~ chain containing peroxide bridges.

Molecular Heteroligand Dioxoperoxouranium (VI), [ﬁUO2(02)biPYJ7:

£ U0, (0,) o=phen_7, /U0, (0,)en_/, and /[ UO,(0,)glyH _/

It is apparent from the results obtained so far on complex

. ; - 2= 2=
peroxouranates (VI) involving F, SO, s

that 'UOZ(O2)' is the common framework for all the newly

or CO

as heteroligands

synthesised compounds. The central atom uranium is evidently

coordinatively unsaturated and permits coordination of

suitable ligands or even solvent molecules leading to the

synthesis of newer complex peroxouranates (VI)., Thus in order

to obtain molecular complexes of dioxoperoxouranium (VI)
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heteroligands arc to be so chosen that they could act as
neutral ligands. Our choice went in favour of N~heterocyclic
diamines, namely, 2,2;bipyridine (bipy) and 1,l0-phenanthroline
(o~phen), an aliphatic diamine, ethylenediamine (en), and an

aminocarboxylic acid, glycine (glvH ).

In accord with the synthetic strategy, U022+ in an
agqueous solution could be made to react with hydrogen
peroxide and each of the afore mentioned heteroligands.
pH ca 3,5-4, suitable for the synthesis of ZFUOZ(OZ)o—phen_7,
Z—UOZ(OZ)bipy;7 and ca 9 for thal of éfU02(02)en_7, were
attained as such without any extra addition of alkali.
However, pH ca 6.5 required for the synthesis of Z_UOZ(Oz)glyH 7
had to be attained by the addition of aqueous potassium
hydroxide solution. Since 2,2%bipyridine, and 1,10-phenan-
throline are not soluble in water, an ethanolic soluticn
of each of them was added to the reaction mixture in the
corresponding cases., In order to bring about solubility of
the yellow precipitate obtained by the addition of agueous

ammonia to a solution of UOz(N03)2.6H 0, a very small amount

2
of dilute sulphuric acid solution was added in each of the
latter two cases which was followed by the direct addition
of the corresponding ligands (vide Experimental). Moreover;

unlike in the synthesis of 2,2-bipyridine, 1,l0-phenanthroline

or cthylenediamine complexes, the pH of the reaction solution
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had to be raised to ca 6.5 for the synthesis of éonz(Oz)glyH 2
by the addition of alkali. Considering the relatively higher
basicity of ethylenediamine (en) than bipy or o-phen ligands

an enhanced pH was necessary for the successful synthesis

of the ZFUoz(OZ)en_7 compound, In this way a series of four
‘molecular heteroligand and dioxoperoxouranium(VI) compounds

were obtained, The addition of ethanol was required in each

case to facilitate complete precipitation of the productse.

The compounds éfUOZ(OZ)bipy~7, 4~U02(O2)o-phen_7,
[fUO2(02)en_7, and éonz(Oz)glyH ~7 are all yellow micro-
crystalline products, stable for a prolong period, and their
stability ascertained by estimation of active oxygen (022_)
periodically. They are insoluble in water. In organic solvents
the compounds are practically insoluble at room temperature,
however, at higher temperatures they are partially soluble.
The compounds are diamagnetic in nature as evident from the
results of magnetic susceptibility measurements at ambient

temperatures,

The IR spectra of the compounds are relatively more
complicated than those of the other compounds reported in
this Chapter, The complications arise mainly from the
appearance of several vibrational modes owing to the prescnce
of organic heteroligands., Thc common significant features of

the IR spectra are the following:
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3,10,11 _

(1)  an absorption at ca 880s el assigned
1) (0-0) »
(11) a band at ca 615 cm™t attributed to ‘Q(U~02)
originating from the presence of coordinated pcroxide,B"lO'11
and
(iii) a vibrational mode at c¢a 915s emt assigned as ¥ U=0

(translinked o=U=o).9

These features attest to the notion that the 'UOz(Oz)',
containing two oxygen atoms translinked to cach other and
a triangularly bonded bidentate peroxide (022—) ligand ,
is again a general framework alsc for the molecular pi3roxo

compounds of uranium,

Both 2,2;bipyridine and 1,10~phenanthroline are very
commonly encountered ligands and coordination compounds
of many metels involving these have been reported in the
literature, Thése, ligands generally act as chelating groups,
and metal chelates containing bipy or o-phen have typical

spectral featuresolg'zo'21

The portions of IR spectra of the
£ U0, (0, )bipy_/ and / UO, (0 ) o~phen_/ compounds arising from
the N-heterocyclic ligand vibrations are similar to those

. . 12,20,21
observed for chelated bipy or o-phen ligands,
This causes us to infer that the bipy and o~phen ligands in
the newly synthesised compounds occur as bidentate chelates,

Any further discussion in this context may thus be redundant,
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The IR spectrum of ethylenediamine dioxoperoxo-

uranium (VI), /U0,(0))en_/, exhibits in addition to the

2
N (U=0, translinked O0=U=0), ~N(0=0), and @(U~O2) as

described above, absorptions at 1618s and at 1510m, 1340m

and at 1050s om - assigned as %(NH2), %(CHz) and N(skeletal)

modes of coordinated en22'23

(Table 7)., The observed frequen-
cies and the pattern originating from en suggests clecarly
that the en ligand occurs as a bidentate one in the compound
under discussion. The fact that the spectral pattern is not
as simple as the one that would be observed 1f the en ligand
were to be present as a trans~bridging group,24 leads us to

infer that en binds the uranium center as a bidentate chelate,

and does not occur as a bridging groupe.

Besides the common features, the IR spectrum of
ngOZ(OZ)glyH;7 (Table 8) show absorptions at 1630s, 1385s,
ca 1112m, c¢a 680m, and ca 597s cm'_1 due to Vas (coo0T),

Vs (coo™), Pr(NH3+), Pa(coo™ ana  $(coo™) modes,

25,26

respectively, Notably important are the (i) increcase of

’Qas(coo), (1i1) decrease of 'QS(COO), and (iii)unaltered
positions of N-H stretching frequencies as compared to an
uncoordinated glycine, These observations strongly supports

the view that glycine in the ZFUOZ(OZ)glyH;7 compound occurs

26

in the Zwitterionic form (NH3+CH CO00™) and is bonded to the

2
metal center through its carboxylic oxygen. Thus although

glycine can act as a bidentate ligand, in the prcsent case it
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Table 7. Structurally Significant IR Bands of ZTU02(02)en_7

1 1
] 1
: IR :
Compound ; cm—l : Assignment
: '
/U0, (0,))en_/ 910 W (0=U=0)
880 4 (0=0)
610 ~) (U—Oz)
1618s S ()
1510m7 ¢
1340m lf o (CH,)

1050s ~(skeletal)
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Table 8, Structurally Significant IR Bands of ATUoz(O?)glyH;7

I e L

IR

R ] 1

Compound -1 Assignment
cm
£ U0, (0,)glyH 7 915 (0=U=0)

890 AX0-0)
617 A) (U—-Oz)

1630 Vas (CO0)

1517 bs (™)

1427 ~ (CH,))

1385 Vs (coo™)

1112 r ()
680 Cw (cO0™)
597 5(coo™)
215 A(U=0)
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appears that this ligand acts as a monodentate one being
bonded in a fashion described above, This kind of bonding
of glycine to a metal center is not very common, however, is

not unprecedented26 in chemical literature.

The solubility properties of 4?UO2(02)bipy_7,
[-UO2 (02)O-phen_7, [-UO2 (Oz)enj and Z_'UO2 (Oz)glyHJ indicate
that each of the compounds may have a polymeric structure

through a —U=0°°**U=02eeU=0+++¢ interaction,

The molecular heteroligand-dioxoperoxouranium (VI)
compounds may show interesting oxidation chemistry in terms
of activation of coordinated O~0; studies on this aspect is
now in progress and will be reported elsewhere, The results
of initial studies involving Z—UOZ(O2)glyH;7 as the oxidant
and separately involving triphenylphosphine, cyclohexene
and styrene as the substrates has shown that the products
obtained under acid catalysed conditions are triphenyl-
phosphine oxide, 1,2 cyclohexane diol, and 1, phenylethylene-

glycol, respectively.

It may only be mentioned at this stage that the

preliminary results of oxidation reactions are encouraging,
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Chapter 5

-

New Methods of Syntheses of Alkali-Metal Triacetatodioxo-
uranates (VI), & /U0, (CH,CO0), / (& = Na, K or NH,),
Liacetatodioxouranium(VI) Dihydrate, éfboz(CHscoo)2_7.2Hzo,
And Bis (acetylacetonato)dioxouranium (VI) Dihydrate,

U0, (CzH,0,) ,42H,0

77272 2
And

o,

<
Electron Ionization Mass Spectrometric Studies of U02(05H702)2

Acetatouranate (VI) chemistry is rather complicated owing to
the formation of a variety of compounds between acetic acid

and U022+ ion1 depending upon the reaction conditions and

the proportions of the reactants used, While studying some
other aspects of uranium chemistry (vide Chapters 3 and 4), the
need of synthesising compounds of the types A Z_UO2(CH3COO)3~7
(A = Na, K or NH,), and éfﬁoz(CH3coo)2_7.2H20 were felt,
particularly because such compounds are capable of acting as
good precursors in synthetic inorganic chemistry. Both these

1,2,3

compounds are Xnown, but while the synthesis of the former

*
The subject matter of this Chapter has been published,

Ind. J, Chem., 1986, 254, 1048;
Int. J. Mass_ Spectrom. Ion Processes., 1986, 71, 109,
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requires an excess of alkali~-metal acetate and alkali-metal
nitrate2 where the chances of contamination of the products
by acetate or nitrate cannot be ruled out, the recommended
synthesis of the latter requires, UO3,that needs extra

preparation steps.

Similarly, bis (acetylacetonato)dioxouranium (VI)

Dihydrate, UOZ(C 0 )2.2H 0, which is an important moderately

57792 2
volatile compound of the metal, is also known for a number of
of years, Here again the method used in practice for its

synthesis require sodium hydroxide for adjusting the pH of the

medium.4 It is possible that the end product is contaminated

because of use of large amount of alkali.,

In view of the above new direct methods for the
syntheses of the title compounds have now been developed

(present Chapter).

Acetylacetonates of metals have served, since 1966,5

as important coordination compounds sultable for mass spectro-
metric investigations. McDonald and Shannon5 reported the mass
spectra of acetylacetone and several acetylacetonato metalates,
and their results were supplemented by Westmore and co-workers
and also by others.7 Attempts to obtain good mass spectra

of some acetylacetonates of metals have not always been

successful, and mass spectrometric investigations of many

heavy metal acetylacetonates have not received due attention.
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As a case in point, the mass spsctrum of UOz(C5H702)2 was

not known until our results were published in 1986,

In this Chapter the details of the newer syntheses
of the title compounds, and an interpretative account of thc
zesults of mass spectrometric studies of UO, (C;H,0,), are

described,

Experimental

———

Reagent grade chemicals were used for the synthesese.

(Loba-Chemie, S.D's, E, Merck, Sarabhai M),

(i) Synthesis of Alkali-metal and Ammonium Triacetato-

po—

dioxouranate (VI), A 4fU02(0H3c00)3_7 (A = Na, K or NH,)

2 . i,

U0, (NO5) ,46H,0 (1,0g, 1,99 mmol) was dissolved in

2
15 cm3 of water followed by the addition of aguecous ammonia
(S0.9r. 0.9), or a 15% solution of sodium hydroxide, with
stirring until a yellow precipitate ceased to appear. The
vellow precipitate (y) was filtered off, washed frece from
alkall and nitrate, and then mixed with alkali acetate
ACH,COO (A = Na, K or NH4) (6 mmol) while maintaining the
U3CH3COO" ratio at 1:3, The mixture was stirred for 2 min
followed by dropwise addition of 10% acetic acid solution

under stirring until a clear solution was obtaincd, the pH

nf the reaction mixture measured at that stage was found to
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-

be 5, The solution was filtered to remove any traces of
undissolved impurity and then concentrated to nearly half the
original volume by warming over a steam bath. The concentrated
golution was cooled to rcom temperature to afford yellow
crystalline alkali-metal or ammonium triacetatodioxouranates (VI),
A ZTUOZ(CH3COO)3_7 (A = Na, K or NH4). The compound was
separated by filtration, washed twice with ethanol and finally

dried in vacuo over concentrated HZSO4.

The yields of (WH,) ZTUOZ(CH3COO)3_7, Na ZfU02(0H3coo)3_7

and K Z_UOZ(CH COO)3M7 were 0,67g (72%), 0.76g (81%) and

3
0.75g (77%), respectively.

(11) Synthesis of Diacetatodioxouranium (VI) Dihydrate,

£ U0, (CH,C00) ,_/,2H,0

The yellow precipitate (y) was obtained in a manner
similar to that described above by treating an aqueous solution

of 1,0g (1.99 mmol) of U02(N03)2.6H O with agueous ammonia,

2
An agueous suspension of the purified product (y) was then

treated with 2.0 cm3 (35 mmol) of glacial acetic acid to
obtain a clear solution. The solution thus obtained was
worked up in a analogous way described under the above
synthesis. The yellow crystalline diacetatodioxouranium (VI)
0, thus obtained was separated

dihydrate, / UOZ(CH C00) ,_/.«2H

3 2

by f£iltration and dried in vacuo over concentrated H2804.
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The yield of UOZ(CH3COO)2.2H O was 0.67g (80%) .

2

Elemental Analvses

Quantitative estimations of uranium, carbon, hydrogen,
nitrogen, and sodium and potassium were accomplished by the
methods described in Chapter 2, The analytical data of the

compounds are summgrised in Table 1.

(1ii) Synthesis of Bis (acetylacetcnato)Dioxouranium (VI)

Dihydrate, UO2(C5H702)2.2H20

UOZ(NO3)2.6H20 (1.0g, 1.92 mmol) was dissolved in
ca 15 cm® of water followed by the addition of 25% aqueous
ammonia with stirring until the yellow precipitate ceased

to appear. The yellow precipitate was filtered off, washed
free from alkali and nitrate, and then mixed with distilled
acetylacetone (10 cm3, 100 mmol) . Stirring was continued for
ca 15 min while the yellow precipitate dissolved completely.
The solution was filtered to remove any traces of undissolved
impurity, and the pH of the solution was found to be 5«6,

The clear filtrate was concentrated by heating on a steam
bath for ca 1h, and then cooled at ca 0°C for ca 2h. The

orange yellow crystealline UOZ(C H_0O.) ..2H.0, thus obtained

577272 2

was separated by decantation, dried on a f£ilter paper, and

finally dried in vacuo over concentrated H28049 The compound

was recrystallised from dichloromethane.
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Table 1., Analytical Data of A Z_UO2(CHBCOO)3_7 (A = Na, K

N - -
or NH,) and / UO, (CH3COO) ot ¢ 2H,0

Found % (Calcd. %)

o 0 ot g et -

Ccapound

Aor N U C H
NH, / UO, (CH,C00), / 3,12 51.47 15,51 2,85
(3,01) (51.16) (15.49) (2.82)
Na /U0, (CH,C00) ; 7 4,94 50452 15,31 1.89
(4,89) (50,63) (15,433) (1,93)
K / U0, (CH,C00) ;7 8.53 49,12 14.77 1.89
(8.04) (48,.95) (14.82) (1.87)
47Uo2(CH3coo)2_7,2H2o - 56421 11,31 2445
(56412) (11,33) (2.38)
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7020 5021,

Analytical Data of U02(05H702)2.2H20.

Found (%) C, 23.78; H, 3.54; U, 47.52,

The yield of UOZ(CSH e2H, 0 was 0.9g (97%).

Caled. (%) for CioHyg0U ¢ Co 23.82; H, 3.57; U, 47422,

The IR spectral bands and their assignments for

A / U0, (CH,CO0), / (A = Na, K or NH,), and / U0, (CH,C00) ,_/4 2H,0

are reported in Table 2, while those of U02(CSH702)2.2H20

are given in Table 3.

)

The mass spectrometric features of U02(05H7O2 5 2H,0

are summarised in Table 4,

Results and Discussion

The reaction of uranylnitrate hexahydrate with alkali
hydroxide produces sparingly soluble alkali diuranate which
may serve as a very good source of the metal providing a
rather easy access to the synthesis of various compounds of
uranium (Chapter 3 and 4)., It has now been shown that similar
product can react with stoichiometric amount of alkali

acetates, ACH,COO (A = Na, K or NH4), and a small amount of

3
dilute acetic acid, required to dissolve the yellow precipitate,
to afford triacetatodioxouranates (VI), A.Z—U02(0H9C00)3_7 at

9
pH 5, in high yields., The method does not require the use of

any excess alkali-metal acetate or alkali~metal nitrate unlike
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1.2 and rule out the chances of contamination

the earlier methods,
of the end product by acetate or nitrate. While the reactions

of diuranates with stoichiometric amounts of alkali acetates

and a small amount of dilute acetic acid give A Z_Uoz(CH3COO)3_7
(A = Na, K or NH4) compounds, the reaction of ammonium diuranate
with glacial acetic acid produces pure diacetatodioxouranium (VI)
dihydrate, [‘Uo2 <CH3coo) 2_7.2H20, in a very high yield. The method
described is a direct one and may be used as a paradigm for

the synthesis of other molecular complexes, Indecd, it has

been shown in the present Chapter (vide Experimental) that the
reaction of ammonium diuranate with acetylacetone (C5H802,

acacH), in absence of any buffer, gives bis (acetylacetonato)~
H.0,) ,«2H

577722
justifying the scope of the method,

dioxouranium (VI) dihydrate, UOZ(C 0, thereby

2

The compounds A / UOz(CH3COO)3_/ (A = Na, K or NH, )
and ZfUOZ(CHSCOO)2;7.2H20 are all yellow crystalline solids
which are stable for prolong periods, The molar conductance

of éfUO2(CHBCOO)2;7.2H O in methanol at ambient temperatures was

2
found to be very low indicating the non-electrolytic nature

of the compounds in agreement with the observetion made earlier.
The compound ZFUOZ(CH3COO)2_7°2H20 can be dehydrated and
annydrous é’UOz(CHBCOO)2_7 has been obtained by heating the
dihydrate between 110-120°C. The compounds are diamagnetic in

nature in conformity with the occurrence of U(VI) in each

of them,
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The IR spectra of the compounds A éﬁUOZ(CH3CQO)3;7
(A = Na, K or NH,) and / UO,(CH,CO00), /.2H,0 are quite
characteristic., The significant features in the spectra of
the compounds involve the bands due to ~as (0UO), Vs (0UO),
Vas (0CO), 'OS(OCO), and S(0C0O) which have been observed at
~930, ~850, ~1540, ~ 1470, and ~675 cm_l, respectively,
which are similar to those reported in literaturez’lo"11
for these types of compounds, These results and those of
chemical analyses are in excellent agreement with the formula
of the compounds suggesting that the compounds are the same as

those reported earlier in the literature. ’ 23

Thus it is evident that A /UO, (CH,CO0), / (A = Na, K
or NH4) can be synthesised from the reaction of the product,
obtained by treating an agqueous solution of UO2(N03)2.6H20
with the corresponding alkali, with a stoichiometric amount
of alkali acetate ACHSCOO, and a small amount of alkali
dilute acetic acid at pH 5. The diacetato compound
ZTUOZ(CHBCOO)2_7.2H20 can be obtained directly from the
reaction of the product, obtained by treating an agueous

solution of UOZ(NO3)2.6H O with agueous ammonia, with glacial

2

acetic acid. The new methods give the compounds in very

high yields.

The importance of bis (acetylacetonato)dioxouranium (VI)

2H,. 0, and the limitations of its methods

dihydrate, UO,(C;H,0,),.2H,
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Table 2, Structurally Significant IR Bands of A Z—UO2(CH3COO)3;7

(A = Na, K or NH,) amd / U0, (CH,CO0) ,,_/«2H,0

2
] ' _
1 1
. ' IR I ,
Compound : 1 ! Assignment
H cm !
! 1
(Ne,) /U0, (CH,CO0) o/ 930s Nas (0=U=0)
850w Ng (O=U=0)
1542s Nas (0-C~0)
1470m Ng (0~C=0)
675s d (0~C~0)
Na /U0, (CH,COO) , 7 932s Vag (0-U=0)
845w Vg (0~U=0)
15408 N as (0mC=0)
1470m Ag (0~C=0)
680s ® (0=C=0)
[o— — ,\> T
K [/ U0, (CH,C00) ,_/ 930s \aS(O—J 0)
850w Vs (0=U-0)
15458 N as (0-C~0)
1470m Ng (0=C=0)
675s & (0=C=0)
£ U0, (CH,C00) ,_7.2H,0 9405 Nas (0-U-0)
865w 0s(O—U~O)
1540s /OaS(O—C—O)
14708 Y5 (0-C~0)
680s & (0~C—=0)
1635 8 (H~0-H)

3445 ~N (0-H)
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of synthesis have been highlighted earlier in this Chapter
as well as in Chapter 1. In orxder to overcome the existing
difficulties involved in the recommended method of synthesis;
as well as the necessity of high purity of samples for mass
spectrometric studies, a direct method has been developed for

the synthesis of UO2(C H_O )2.2H 0. The method described

57772 2
(vide Experimental) does not require any alkall for adjusting
the pH of the reaction solution. The pH of the solution
recorded immediately after formation of the product was found
to be ca 5, a condition conducive to the synthesis of
metal~acetylacetonates, The yields of the product obtained
was very high. The orange yellow crystalline UO2(CSH7O2)2.2H2

is soluble in many organic solvents and much less soluble in

O,

water, It is capable of being stored for a long period. The
infra red spectra of bis facetylacetonato)dioxouranium (VI)

dihydrate, UOZ(C H_OU.) . <2H

5777272 2

the compound in the literature12 and conforms to the occurrence

O, is similar to that reported for

of chelated acetylacetonates. The significant IR absorption
bands are given in Table 3. The results of IR spectral
measurements and chemical analyses atttest to the identity
5T705) 5+ 2H,0

can be cbtained in a high yield without the use sf alkali

of the compound., It is therefore clear that UO2(C

by the adaptation of the new method,
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Table 3. Infrared Band positions ( and their assignments )

£
of U02(05H702é:2H20

IR

~1 Assignment
Cmm
1585 C=C str. (W) + C=0 str. (V)
izgg} C=0 str + CH bend ( 09)
1380 CH3 def.
1360 CH3 sym, def,
1260 C-C str. + C~CH, str. (‘92)
1215 C~H in~plane bend («)MQ
1020 CH3 rockKa

930 C-CH, str. + CO str. ( 03>

+ C-CH, str. (V)

760 CH ocut of plane bend

915 ) (0=U=0)

660 Ring def.

620 '\>(U-02)
1640 8 (H-0-H)

3420 A (0-H)
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Mass Spectrometric Studies

One of our main interest on U02(05H702)2.2H20 was to study

the compound mass spectrometrically.

The importance of direct insertion technique has been
emphasized in some recent reports on mass spectrometric

7413,14 13 it is reiterated from the results of

studies,
large number of measurements that this technique is particularly
suitable for inorganic mass spectrometry, especially because

of the following advantages: (i) it allows introduction of

samples straight into the ion-~source without any prior

heating which helps to overcome the problems of any decomposition,
particularly high temperature metal catalysed ones, of the

sample molecules before their ionization, and (ii) it also

permits removal of H,O from hydrated inorganic molecules

2
prior to their ionization, which is especially important,

but has seldom been realised, for the type of the compound
involved in the present case, because HZO elimination from

coordinated acetylacetone (acac , CSH702—) constitutes, in

some cases, an integral part of the fragmentation pattern.

The mass spectrum of UO2(C5H702)2, was recorded with
the ion source temperature being maintained at 100°C and the
sample was introduced into the spectrometer, using a direct

insertion probe, without priocr heating to avoid any pyrolytic

effects prior to its coming in contact with ionizing electron



beam., The electron ionization mass spectrum oL UO2(CSH702)2
(Table 4), exhibited parent ion signal of medium intensity at
. A . r
m/z 468 due to / UOZ(C5H702)2_/ followed by signals of
equal intensity at m/z 453 and 426 due to the fragment ions
- - - — —teo
£ U0, (CgH,0,) (C,H,0,)_/ and [/ U0, (C;H,0,XCH0) /77,

i ~+e .
respectively, originating from the / UOz(C5H702)2~/ ion
through the loss of a CH3' radical and the loss of a ketene
molecule (OCCH2). Since no signal appeared beyond m/z 468,
it may be safe to infer that the molecule does not undergo

association in the gaseous state, and it exists as a monomer,

Fragmentation of the parent ion of UOZ(CSH702)2

to 47U02(05H702>(C4H402)~7+ and éfuo2(c5H7o2)(c3HSO);7+'
with an equal probability, as evidenced from their inten-
sities (Table 4), is an unique feature of the spectrum.

This kind of behaviour has not been cbserved in the cases of
other relatively heavy metal acetylacetonates.,14 While the

CH,® radical loss from the molecular ion [~U02(C5H702)2“/

involves simply the cleavage of C-CH, bond to produce the

3
. - -t
even-electron ion / UOZ(C5H702)(C4H4O2)_/ , the loss of an

— —--0
even-electron species OCCH, frem / UOz(C5H702)2~/ must

2
involve a rearrangement in the ligand to give the odd~electron
: ~ AR , . R

ien / U02(C5H702)(C3H50)_/ . This difference between

UOZ(C5H702)2 and the bis (acetylacetonato) complexes of the

first row transition metals may in part, owe its origin to

the 5£° 6a° configuration of U in UOz(C5H7OZ)2 as opposed to a



Table 4., Mass Spectrometric Data for UOZ(C5

H,0,)
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a) Major peaks

. Assignment m/z Intensity (%)
/U0, (CH.0,) 7" 268 54
[ 00, (C.H,0,) (C,H,0,) 7" 453 10
£ U0, (C.H,0,) (C,H,O) v 426 10
[ vo, (¢ 1,0,) 7" 369 100
[ U0, (¢ H,0,) T 354 14
£/ U0, (C.H.0) v 351 4
Lo, 77 270 a7

b) Metastable transitions

*

m /z
Observed Calculated
438,4 438,48
387.8 387,77
319.6 319463
300.6 300.58
339.6 339,61
205,6 205,93

Process

468 —» 453
468 —> 426
426 —=369
453 —> 369
369—% 354
354 —=270

Fragment lost




e}
C(\

ah configuration of the metal in the latter, The iens
— ,_..+ [ --+. -
£ U0, (CgH,0,) (C,H,0,) /" and [ UO, (C;H,0,) (C,H 0) /° lose

C4H4O2 and CBHBO‘ specics, respectively, to form the most

dominant ion (100% relative intensity) at m/z 369 assigned as
~ =+ . . , .
Vé UOZ(C5H7O2)—/ , which again fragments in two different

ways by the less of HZO and CHB', respectively, to give

VE an e -+, . .
£ U0, (C.H0) /" and / UOZ(C4H402)_/ ions, as is evident from

the appearance of signals at m/z 351 and 354. The weak nature
of the signal at m/z 351 points to a relatively lower ease

—-— ~+ .
of H20 loss from the / UOZ(C 02)_/ ien over the loss of a

57
CH3' radical - The loss of a CHB‘ radical, at this stage, can
be rationalised in the light of the valency change concept
—+
/

and accordingly the even-clectron ion Z—U(VI)02(05H702)
changes to the odd-~electron ion ZFU(V)OZ(C5H702)_7+. which

- —~+
t * 3 - {
hen expels a CH;* radical to produce / UO,C,H,0.)_/ .

This even-electron ion ultimately cracks down to the bare

— --+' .

V4 U02~/ ion (m/z 270). The last two steps of fragmentation
involving loss of CH3 and C4H402 from the / U02(65H702)“/
fragment resemble those generally observed for the
corresponding ZTM(C5H7O2)_7+ where M = Mn, Pe or Co, recorded
under analogous conditiens. Methyl transfer from the ligand
to uranyl (UO,) center, unlike that of MoO, (C_H.O,) ,14

2 2577272

could not be eobserved in the case of U02(05H7O2£° The most

probable fragmentation pattern of UOZ(C5H702)2, in conformity

with the experimental obsevations, is shown in Schecme 1,
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- (e
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In order to obtain further support for the mode of fragmen-
tation of UO (CSH702)2°2H20' metastable transition studies
were undertaken, Mctastable transition peaks were observed at
m*/z 38748, 438.4, 319,6, 300.6, 339.6 and 205.6. The obscrved
metastable transition peaks are consistent with the suggested
tragmentation pattern of the compound. Mass spectrometric
study shows that bis (acetylacetonato)dioxouranium (VI),

UO (c H7O )2, exists as a monomer in the gaseous state, and
does not undergo any association., The electron ionisation

mass spectrum of the compound provides evidence for the
simultaneous loss of both CH,®

3

molecular ion. No methyl or hydrogen migration from ligand

and ketene (OCCH2) from the

to the UO2 center could be observed., The observation of

enough number of metastable transition peaks lends support

to the suggested fragmentation pattern,
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Chapter 6

L Uy WP —— .

Direct Synthesis of Potassium Tris (oxalato)manganate (IIT)
Trihydrate, Ky Z Mn(C204)3~/.3H20, And Evidence for the

. 2 =3=- . . ,
Existence of / Mn(C204)3~/ in Solutions in the Presence

. . + + + *
of Countercations like Na', Rb , Cs' or NH4

The compound Potassium tris (oxalato)manganate (III) trihydrate,
K, éan(C204)3;7.3H20, is known for quite some time.t as
mentioned in Chapter 1, this compound is particularly
interesting because it has served as a very oft-quoted
example whenever the subject of inorganic photochemistry

is discussed.2 However, the literature method of synthesis

of the title compound1 poses some problems. The method

involving the reaction of KMnO, with oxalic acid and chzoa

4

in the presence of an excess of K2003 is universally accepted

for the synthesis of K3 VA Mn(C204)3_/.3H2O. This method not
only requires very careful manipulation, but alsoc it uses an

excess of potassium carbonate, K COB' in order to control

2

the pH, The chances of contamination of the end product,

owing to the use of K2003 in such guantities, can not be

ruled out. Our contention was to develope a new synthetilc

s

*
This work has been published,
Inorg. Chem., 1985, 24, 447,
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route leadirgto the above-mentioned compound, and also to
explore the possibility of synthesis of various other salts
= 3 . '—\, ~3- . " . .

of the complex ion / Mn(C204)3_/ with countercations like

+ + + 4
Na , Rb , Cs or NH4r.

It is shown in thils Chapter that it i1s possible to
synthesise potassium tris (oxalato)manganate (III) trihydrate,
Ky ZTNh(C2O4)3~7.3H20 in a more nearly quantitative way
directly from MnO(CH) without making use of any buffer, It
will also be shown that é—Mn(C2O4)3~73— can exist in solutions

+ + + o+
in the presence of countercations like Na , Rb , Cs or NH, ,

Experimental

The chemicals used were all reagent grade products (Sarabhai M,

Glaxo, S.D's, E, Merck).

The compound MnO(OH) was prepared by the oxidation of
Mn(OH)2 with hydrogen peroxide.3 In a typical preparation,

4.4H20 in 350 cm3 of water

was treated with 34 cm° of a 3% H,0, (30 mmol) solution,

An amount of 50 cm3 of a 0.2M ammonia solution (10 mmol) was

a solution of 2.,2g (10 mmol) MnSO

added under constant stirring., The mixture was boiled for
about 5 min and then filtered, The dark-~brown compound was
washed with about 1.5 1lit of hot water on the filter and

then dried over phosphorous pentoxide in vacuo.
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Synthesis of Potassium Tris (oxalato)manganate (III) Trihydrate,

s

Ky £ Mn(C,0,), /.3H,0

To a water suspension (20 cm3) of 0.89g (10,1 mmol)

1

of MnO(OH) was added a concentrated solution of 2.82g (15.3 mmol
of K20204. The mixture was cooled in an ice bath for ca 15 min,
followed by addition of concentrated solution of 1.93g

(15,3 mmol) of oxalic acid and the whole was stirred for ca

50 min in an ice bath. The solution, which became cherry-red,
was filtered guickly, and an excess of precooled (~0°C)

ethanol (about 1/1 v/v) was added with stirring to obtain the
cherry-red K, énMn(C2O4)3~7.3H20. The microcrystalline

compound was isolated by gquick filtration, washed twice with
precooled ethanol, and finally dried in vacuo in the absence

of light,

The yield of K, / Mn(C,0,), /.3H,0 was 3.1g (62.5%) o

Attempted Preparation of Solid A, ZFMn(C2O4)3_7 (A = Na, Rb, Cs

or NH4)0 Bvidence for the Existence of Zan(C204)3_73“ in

. . - + +
Solutions in the Presence of Naﬂ, Rb+, Cs or NH4

The reaction of MnO(OH), alkali~-metal or ammonium
oxalate, AZCZO4 (A = Na, Rb, Cs or NH4), and oxalic acid in
the mole ratio 1:1.5:1.5 were carried out in a manner analogous
to that described above under the synthesis of potassium

tris (oxalato)manganate (III) trihydrate., In each case cherry-red

solution was obtained which was found to be stable at ca 0°C in
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the dark for a period of at least 7 days. The clectronic
spectrum of each of the solutions showed characteristic
maximum absorption at ca 19,050 o™t providing evidence for

the existence of the complex species ZTMn(C2OA)3_73~.

Attempts to isolate A, / Mn(C,0,), / (A = Na, Rb, Cs or

3
NH,) in the solid state either by the addition of ethanol or
by slow concentration at ca 0°C under reduced pressure in the

dark have resulted in the formation of white decomposition

products,

Elemental Analvyses -

Manganese, oxalate, and potassium contents were determined

by the methods described in Chapter 2,

Analytical data of K, / Mn(CZO4)3_/,3H202

Found: K, 23.,81l; Mn, 11l.41; C2O4, 53476

Caled. for K, / Mn(C,0,), /.3H,0; K, 23,92; Mn, 11.21; C,0,, 53.86.

Estimated oxidation state of Mn, 3.0

4.92

bieff? g

Chemical Determination of the Oxidation State of Mangancse

The oxidation state of manganese was determined
idometrically by treating a freshly prepared ice-cold
potassium iodide solution, acidified with dilute sulphuric
acid, with the compound followed by titration of the liberated
iodine with a standard sodium thiosulphate solution., The iodine

titration was done under an ice - cold conditione.
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Results and Discussion

In order to overcome the difficulties involved in the synthesisl
of the classic oft-quoted, potassium tris (oxalato)manganate (ITI)
trihydrate, K, ZTMh(C204)3~7.3H20, a direct method has now

been improvised., The new method involves two steps. First;

the reaction of MnO(CH) with 1:1.5:1.,5 stoichiometric amounts

of H,C,0, and K,C,0, leading to the synthesis of K, [ Mn(C,0,) . /

in solution,

MnO(OH) + 1,5 H,C.O, + 1,5 K,C, O

—_— .y T 0
2C2% 242% Ky £ M(Cy0,) 5 /+ 2H,

Second, isolation of K, éan(C204)3~7 in the solid state by
the addition of ethanol, which facilitated precipitation,

The strategy for the present synthesis was that MnO(OH) would
react with oxalic acid to generate Mn°', which would be

trapped immediately by the C ~ ions, arising out of

2
2%

H,C,0, and K,C,0,, affording the complex ZFMn(0204)3;73*

27274 27247

-+ . .
in the presence of K . The method is rapid, giving potassium
tris (oxalato)manganate (III) trihydrate, K, Z"Mn(C205)3m7¢3H20

in a higher yield than the carlier method.1

The pink crystalline K, / Mn(C204)3_/.3H20 is stable
only in the dark. In the presence of light it decomposes to a
white product, a property which is typical of the compound.,

The chemically estimated oxidation state of mangancse was

found to be 3,0 in accord with the notion that the mctal cccurs
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in its +3 state. The room temperature magnetic susceptibility
measurement yielded a value of the magnetic moment Of 4.92 ug
in conformity with that reported in the literature.:L The IR
spectrum of the compound is unambiguous and shows the
characteristics of chelated oxalato groups.4 The electronic
spectra of a solution of K, ZFMn(Czo4)};7 showed the maximum
absorption, a characteristic of the éan(Czo4)3_73- jon, at

19050 cm—l, while the reflectance spectrum showed a broad

band at 9200, a shoulder at 19050, and a pecak at 20500 em™?

. 5 - 50 __.5 5 )
assigned” to the transitions Blg Alg' Blé~——f> B2g,
5

Blg 4 5Eg' respectively, lending support to the identity

of the compound,

and

Reactions of MnO(OH) with A,C,0, (A = Na, Rb, Cs or
&+

NH4) and I—I2C2O4 gave a cherry-red solution, stable at ca
0°C in the dark, showing the electronic spectral absorption
at 19050 cm-l, and allowing to infer the formation and

exigstence of the APMn(C204)3_73— ion., However, attempts to

isolate the corresponding compounds in ths solid state

resulted in the formation of white decomposition products.

To control photochemical decomposition, it was
expected that the stability of the Mn (III) ~ oxalate system
could be enhanced by the presence of ¥ ions, since fluoro-

manganates (III) are stable. It was observed by a co~worker6

of our laboratory, in line with the contention, that addition
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of 40% HF to the afore-mentioned reaction greatly increased the
stability of the solutions as evidenced by their unaltered
colour at ca 20°C in light. Accordingly, the reaction of
MnO (OH) with 40% HF and A2C204 (A = Na, K, or NH4) in the

D

ratio of Mn:F :C,0 at 1:4~-5:1 at any temperature between

2 4
0 and 20°C gave a pink solution from which the deep pink
microcrystalline 2, énMnF3(C2O4)_7 was isolated® by the

addition of ethanol.

Thus it appears from the present studies that the
classic oft-quoted K, Aan(c204)3;7.3H20 can be synthesised
in a high yield directly from MnO(OH) without making use
of any buffer., The tris (oxalato)manganate (III) anion,
éan(C204)3_78‘ can exist in solutions in the presence of
countercations like Na+, Rb+, Cs+ and NH4+, but these salts
are not capable of being isolated in the solid state.

Manganese (III)=——oxalate system can, however, be stabilised

by fluoride ions.
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Chapter 7

New Mixed-Ligand Fluoro Complexes of Manganese (III), Synthesis

and Assessment of Structure of Complexes of the Types

42 , A=K; L =HPO42", A = Na,

2, ~ 7 =
4MnF2L2_/.3H 0 (L =2¢c,0
KorNH)AndAéMnFLJBHO (L = EDTA, n =1, A = K;

=glyH , n =2, A= Na, K or NH4)

It has been emphasized in the literature’™? and also in

Chapter 6 of the thesis that fluoride ions can act as stabili-
zing ligands for tripositive manganese, and fluoromanganates (III)
exhibits interesting structural and magnetic properties.5'6
Consequently this has generated a considerable interest in
studies involving synthesis and structural aspects of fluoro-
manganates (III) over the years.7-19 In con trast, information
on mixed-ligand fluoro complexes of manganese (III) are

20=23 Mixed-ligand complexes

restricted to only few reports,
may be important particularly because a combination of
suitable ligands might lead to a sharp increase in the
stabillity of Mn (III) in solutions as well as in the solid
state. Further, a marked variation in magnetic properties
of the mixed-ligand complexes may also be expected since
some of the binary fluoromanganates (III) display strong

antiferromagnetism wherszas other manganese (III) complexes,

in general, have straight forward magnetic behaviour,
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Recently,22 it has been shown that the stability of
Mn (III)-—~——oxalate system can be enhanced to a large extent
by the partial replacement of oxalate ligands in the complex
éan(0204)3_73— ion by F~ ligands leading to the formation
of a stable mono (oxalato)trifluoromanganate (III) species
ZtMnF3(C204)_72_. The magnetic properties of the mixed-
fluoro (oxalato)manganates (I1I), A, ZanF3(0204)_7 were found
to be similar to those of A, ZanFB(SO4)_7, but different from
both the binary oxalatomanganates (III) and the binary fluoro-
manganates (III), In this context it appeared interesting to
see the effect of replacing one C2O42- ligand by two F~
ligands in the complex ion ZTMn(CZO4)3_73_. A survey of
literature reveals that information regarding the dioxalato-

24,25

manganates (III) is very scanty, apparently owing to

instability of such complexes. Similarly, the EDTA (ethylene-
diamine~tetraacetic acid) complex of Mn (III) is known2® to

be unstable against heat and light, It was thought that
introduction of some F~ ligands in the coordinatien sphere of
Mn (III) would result into the formation of stable mixed-fluoro-
EDTA complex of tripositive manganese. Coordination compounds
of transition metals containing orthophosphate ion as the
ligand have not been investigated in detail, The multivalent
nature of orthophosphate ion and its potential for multidentate

coordination were expected to show an interesting variety of

coordination modes., It has been reported27 that acid orthophosphate
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complex of Mn(III) is known only in solution, although the

olive green MnPO, ,H, O species is well characterised.28 It may

4°7°2
therefore be anticipated that fluoride ion will contribute
significantly in stabilizing acid orthophosphate~Mn (III)

system providing means for the synthesis and related investi-

gation of fluoro-acid phosphatomanganates (III).

As opposed to aminopolycarboxylate complexes of
manganese(III),25 complexes containing aminomonocarboxylic
acid, for instance, glycine (glyH) do not seem to have been
studied by previous workers., Here again the problem of
stabilization of Mn(III) by glyH alone may not be a reascnable
proposition, however, there seems to be a finite possibility
of formation of stable mixed-fluoro-glycine complexes of

manganese (III),

In view of the above, a research programme aimed at
synthesis and structural studies, of mixed-ligand £luoro-
manganates (ITI) was chalked out, The present Chapter of thesis
describes the first synthesis, characterization and structural
assessment of potassium difluorobis (oxalato)manganate (ITI)
trihydrate, K, éan(C204)2F2_7.3H20, potassium tetrafluoro-
(ethylenediaminetetraacetic acid)manganate (III) trihydrate,

K éan(EDTA)F4_7.3H20, alkali-metal or ammonium difluorobis-—
(hydrogen orthophosphato)manganate (III) trihydrates of the

type A, /Mo (HPO,) F, 7/,3H,0 (A = Na, K or NH,), and alkali-metal
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or ammonium tetrafluorcbis (glycine)manganate (III) trihydrates
A/ Mn(glyH)2F4_/.3H20 (A = Na, K or NH ). An attempt has

also been made in this Chapter to put in record of a set of
internally consistent data concerning the effect of mixed-ligands

on the magnetic properties of fluoromanganates (III),

Experimental

Reagent grade chemicals were used (Sarabhai M, Glaxo, E. Merck,

S.D's).

The compound MnO(OH) was prepared by the oxidation

of Mn(OH)2 with hydrogen peroxide as described in Chapter 6.

(1) Synthesis of Potassium Difluorobis (oxalato)Manganate (III)

Tri s 7
rihydrate, K, ZTMn(c204>2F2_/93H20

To an aqueous solution (20 cm’) of 1g (6,33 mmol) of
KMnO4, kept in an ice-bath and protected from light, was added
an aqueous solution of 3.2 (25.38 mmol) of oxalic acid
(H2C20402H20)9 The resulting solution was stirred in an ice-bath
for>g§ 20 min followed by rapid filtration to remove any
undissolved residue. To the cherry-red filtrate was added
0.74g (12,74 mmol) of solid potassium fluoride, KF and stirred
for a further period of ca 20 min. An equal volume of pre-~cooled

(0°C) ethanol was added with continuous stirring. A very light

pink microcrystalline product that precipitated out at this
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stage was filtered off. To the cherry-red filtrate, again an
excess of pre-cooled ethanol (twice the volume of the filtrate)
was added te obtain the cherry-red coloured microcrystalline

Ky éan(CZO4)2F2_7.3H200 The compound was then lsolated by

gquick filtration, washed twice with pre-cooled ethanol, and

finally dried in vacuo over concentrated HZSO4 in the absence

of light.

The yield of K, / Mn(C,0 /+3H,0 was 1.7g (61%).

2 oF5

(11) Synthesis of Potassium Tetrafluoro (ethylenediamincetetra—

acetic acid)Manganate (III) Trihydrate, K Z_Mn(EDTA)F4~7.3HZO

Freshly prepared MnO(OH) was dissolved in 48% HF

(2.5 o’

., 6040 mmol of HE/0.89g, 10.11 mmol of MnO(OH) ) and
stirred for ca 10 min. The mixture was placed in an ice-bath;
to it was added an agqueous solution of 2.96g (10,11 mmol) of
ethylenediaminetetraacetic acid (EDTA, H4Y) slowly with conti-
nuous stirring (EDTA was dissolved in water by the addition of
2-3 drops of 10% KOH solution). To the resulting deep pink solution
was added 2,359 (40445 mmol) of solid KF (Mn:KF as 1:4) and
the solution thus obtained was stirred for a further period of
ca 30 min in an ice-~bath. The pH was found to be ca 2. The
solution was filtered, to remove any undissolved residue,
followed by the addition of an equal volume of diethylether

to the filtrate with thorough stirring. The organic layer

became red~pink in colour with the aqueous layer being practically
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colourless. To the above mixture was added an equal volume of
a mixture of ethanol and acctone (1/1,v/v) and the whole was
kept in a freezer for ca 3h. A deep pink coloured oily mass
was formed which was separated by decantation. The oily mass
was treated 3-4 times with acetone, and finally dricd in vacuo

to obtain the solid pink coloured K Zan(EDTA)F4_/.3H20.

Starting from 0.89g of MnO(OH) the yield of

K Z’Mn(EDTA)F4_7.3H20 obtained was 1.35g (25.8%).

(1ii) Synthesis of Difluorobis (hydrogen orthophosphato)-

Manganate (III) Trihydrates, &; / Mn(HPO,) ,F, /.3H,0

(A = Na, K or NH4)

To an aqueous suspension (25 cm’) of 0.89g (10,11 mmol)
of MnO(OH) was added alkali-metal or ammonium fluoride,
AF (A = Na, K or NH,), with thc maintenance of MnO(CH) to AF
ratio at 1:3, and the resulting mixturc was stirred for ca 5 mina
To it was added 8 cm° (142.9 mmol) of orthophosphoric acid,
H,PO, (88-93%, wt. per e’ at 20°C, 1.75g), slowly with
continuous stirring to obtain a violet colour solution,
Stirring was continued, for a further period of ca 10 min.
To the violet solution, obtained as above, equal volumes
(in each case equal to that of the violet solution) of ethanol

and acetone werc added with continuous stirring. This resulted

in the precipitation of pink-brown microcrystalline



117

AB / Mn(I{Poé)ze_/.3H20 (A = Na, K or NH4) « The compound
was separated by filtration, and purified by washing 3-4 times

with acetone, and finally dried in vacuo over concentrated ston‘

The yields of Na, Z Mn(HPO4)2F2_/.3H20,

M F_ 7 B v
KB Z Nm(HPO4)2 o/ s 3H 0, and (NH4)3 Z Dm(HPO4)2F2_/.3H20

2
were 2.2g (53%), 2.4g(2%), 2.1g (53%), respectively,.

(iv) Synthesis of Ammonium and Alkali-Metal Tetrafluorobis-—

(glycine) Manganate (III) Trihydrates, A Zan(glyH)2F4_7.3H20,

(A = Na, K or NH4)

An amount of 0,89g (10.11 mmol) of freshly prepared
MnO (OH) was dissolved by the addition of 2,0 cm3 (40,0 mmol)
of 40% HF, maintaining the molar ratio between MnO(CH) and
HF at 1:4, The solution was stirred for ca 10 min followed by
the addition of 1.52g (20,2 mmol) of glycine, keeping
MnO (OH) :glveine ratio at 1:2, and the resulting solution was
stirred for a period of ca 15 min. To this was added a
stipulated amount of A,CO, (A = Na, K or NH 4) (MnO (OH) 32,CO, as
1:0.,5) with stirring. The whole was then concentrated over a
steam bath followed by the slow addition of acetone whereupon
pink microcrystalline, A Z_Mn(glyH)2F4_7.3H20 (A = Na, K or
NH,) was precipitated out, The compound wes isolated by
centrifugation, washed 3 times with acetone, and then dried

SO, e

in vacuo over concentrated H2 4



118

The yields of Na éan(glyH)2F4_7.3H20,
K / Mn(glyH) ,F, /.3H,0, and (§H,) éFMn(glyH)ded7e3H20 were

3.16g (87.3%), 3.5¢ (92%) and 3g (85%), respectively.

Elemental Analyses

Determination of manganese, fluoride, oxalate, phosphate,
and C, H and N, and sodium and potassium contents of the
various compounds described in this Chapter have been made
by the methods already described in Chapter 2.
. - = J-'rO
The analytical data for K; / Mn(C204)2F2_/.352

and K / Mn(EDTA)F4_/.3H O are given in Table 1, while those

2

for Ay [_Mn(HP04)2F2_7.3H 0 (& = ¥a, K or Ni,), and

2

A ZTMn(glyH)2F4_7.3H O (A = Na, K or NH4) are reported in

2
Tables 2 and 3, respectively.

Chenical Determination of Oxidation State of Manganese

Tre oxidation state of manganese was determined
chemically by iodometry. An accurately weighed amount of the
manganese compound was added to an ice-cold potassium iodide
solution acidified with dilute sulphurlc acid and kept in
the dark for about 1C mine. The liberated iodine was then
titrated with a standard sodium thiosulphate solution using

starch as the indicator.
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Table 1. 2nalytical Data of K, / ¥n (C2O4)2F2_7.3H2O

and K / Mn (EDTA)F,_/.3H,0

Found % (Calcd. %)
Compound

H I
K Mn F C204 C N

oo = = e

.

—

Ky / Mn(C,0,) F. 7.3H,0 26,75 12.51 8,82 39,65 10,87 1,38
3 @2z 2 (26.64) (12.48) (8463) (39,98) (10.91) (1.36)

K /Mo (EDTA)F,_/.3H,0 7073 10,77 14,81  _  23.29 4,23 5,46
(7.57) (10464 (14.72) (23.26) (4.26) (5.42)
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Table 2, Analytical Data of 2, / Mn (HPOA_)F2_7.3H20

(A = Na, K or NH,)

Found % (Calcd. %)

e L e

Compound
A or N Mn F PO4
(NH,), / Mn(HPO,) F, J,3H,0 10,72 14422 9487 48,7
43 2 2 (10.69) (13.98) (9.67) (48.35)
Na, / Mo (HPO,) F_ 7/,3H,O 17.21 13.68 9,44 4648
3 ¢z 2 (16,91) (13.47) (9.32) (46.57)
Ky £ Mn (HPO,) ,F,_/.3H,0 25,56 12,22 8,58 41.5

2 (25.,71) (12,04) (8433) (41.64)
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Table 3. Analytical Data of A / Mn(glyH), ¥, /.3H,0

(A = Na, K or NH4)

-
1
' Found % (Calcd. %)

Compound :

1}
' A Mn by C H N
H

(NH,) /Mn(glyH) F, 7.3H,0 15.73 21,41 13,67 5.68 11,78

(15456) (21.52) (13.61) (5,66) (11,89)

i

Na /Mo (glyH) ,F, /43H,0 6,53 15,21 21.54 13,61 4,53  7.84
* (6442) (15434) (21.22) (13,.,42) (4447) (7.82)

K ngn(glyH)2F4_7.3H20 10455 14482 20462 12488 4.32 7.46
(10.45) (14.68) (20431) (12.84) (4,28) (7.48)
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Results and Discussion

The main problem, that one encounters in the synthesis
of manganese (ITI) complexes from aqueous solutions, lics in
the ease with which Mn(III) disproportionates to Mn(IV) and

).29,30 Synthesis of manganese (III) compounds may not,

Mn (II
however, be difficult provided the above-mentioned dispropor-
tionation process is inhibited., It is evident from earlier

work done in the laboratory, whercec the present work was

carried out, that manganese (III) can be well stabilized in an
acidic medium containing fluoride ions, and accordingly some
binary fluoro- and mixed-ligand fluoro-complexes of manganese (ITI

16421422 ppart from fluoride, ligands like

were synthesised,
oxalate, phosphate, carboxylates etc also seem to form complexes
with manganese (III) in solutions with varying stabilities.31

It was therefore rational to think that mixed fluoromanganate (IIX;
complexes containing oxalate, EDTA, acidphosphatce or an amino-
acid like glycine could be stabilized in solutions and thcnce
isolated in the solid étate to™get an access to a host of
manganese (III) complexes. Potassium permanganate, KMnO4, or a
manganese compound already containing manganese in its +3

state can be chosen as a source of the metal depending upon

the redox property of the ligand itself, If a ligand is

capable of reducing manganese (VII), KMnOd can be taken as

a starting material, wherc as in the cases where ligands donot
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posses such a property a manganese (III) compound may be
suitable. Oxalic acid is known to reduce manganese (VII)
ultimately to manganese (II), This reduction is assisted

by heat, It was believed that such a reduction of manganese (VII),
if carried out at a relatively lower temperature (say ~ 0°C)
particularly in the presence of a limited amount of fluoride
ions using an excess of oxalic acid might lead to the synthesis
of mixed~fluorooxalatomanganates (III). In accord with this a
reaction of KMnO4 with potassium fluoride, KF, and oxalic

acid in the ratio of 1:2:4 at 0°C in the dark followed by

the addition of etnanol has led to the successful synthesis

of potassium difluorcbis (oxalato)manganate (III) trihydrate,

Ky £ Mn(C,0,) oF 5/ s 3H,0

KMnO, + 4H,C,0, + 2 KF ————> K, / Mn(C,0,) F, / + 4 CO

224
+ 4 H20
Success of the above synthesis lies on:
(1) maintaining of a low temperature (0°C) of the reaction;

(11) wusing of the appropriate amounts of both oxalate and

fluoride, remembering that while a part of 02042" is
utilised to reduce manganese (VII) to manganesec (ITI),

the rest is used for coordinating to the metal center;

(1ii) avoiding an excess of fluoride ions in the medium to
check the formation of / MoF. 7°7; and

(iv) carrying out of the reaction in the dark,
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The role of ethanol was to bring about precipitation of the
desired product. An alternative route starting with MnO (OH)
(2 manganese (III) compound) was not found suitable since

an already known22 compound K2 éanF3(CZO4)_7 was obtained

instead of the compound looked for,

The cherry-red Ky éan(CZO4)2F2_7.3H20 compound was
obtained in a microcrystalline form and was found to be
unstable both in the solld state as well as in a solution.
The compound is relatively less stable than the potassium
tris (oxalato)manganate (III) trihydrate, K, é_Mn(C204)3_7.3H20,
(described in Chapter 6). Owing to its instability neither
molar conductance nor even a satisfactory magnetic suscep=—
tibility measurement could be made, The chemically estimated
oxidation state of manganese, determined iodometrically
immediately after synthesising a sample of the compound, was
found to be 3.1 in conformity with the occurrence of
manganese (III), The electronic spectrum of a freshly preparcd
sample of the compound, rccorded immediately after making a

solution in water containing a small amount of HF, shows

bands at 11950, 19800, and 22220 cm-l which have been assigned

5 = 5 5,35 5, — s 5 -
Cd B .
to B1g Alg’ Blg 2g* and Blg Eg transitions,
respectively, suggesting a distorted octahedral environment
32,33

of manganese (III) in the compound. The observed pattern

also points to an appreciable splitting of the 5Eg ground state
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of Mn3+ probably owing to Jahne~Teller effect, The IR spectrum
of the compound shows absorptions characteristic for the
presence of coordinated oxalate and fluoride ligands (Table 4).
Ionic oxalate has a planar, symmetrical structure with all

C~0 bonds of equal length, For a chelated oxalate, all the

C=0 vibrations become infrared active, with asymmetric

(0~C~0) stretching shifting to higher frequency and the
symmetric stretching to lower.34 The oxalato modes for the
present compound occur in the region 1680~1750 cm~1 and at

D

1435 om™" the positions stipulated for a chelated C,0,

2
group35 leading us to state that the oxalate ligand in

Ky L Mn(0204)2F2_/.3H20 is bonded to manganese in a chelated
fashione, A comparison of the IR spectrum of the present
compound with that of X, é’MnF3(C204X;722 shows a distinct
difference in so far as the mode of coordination of oxalate is

concerned, Unlike the presence of a bridging C 042- group in

2
K, ZanFB(czo4)_7,22 the 02042' ligands in Ky / Mn(C,0,) ,F, /43H,0
occur as chelated ones., The band at 490 cm"l originates from

the presence of coordinated fluoride and is attributed to

v (Mn~F). The absence of any splitting of this band as well

as appearance of no other band close to 490 o™t suggest36'37
that the two F ligands occupy positions trans tc each other
around manganese (IIT), and the complex species Zan(0204>2F2~7 -
most likely has a distorted octahedral structure with a D4h

symmetry. The two additional bands occurring at 3460 and
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Table 4, Structurally Significant IR Bands of

Ky £ M (Cy0,) F, /43H,0

[] 1
] ]
' IR H
Compound ' -1 i Assignment
' cm t
] ]
i 1
— Y
gy = Y
Ky £ Mn(C,0,) F, 743H,0 1730m as (C=0) -V,
1680s Vas (C=0) "\)1
14358 N A(Cm0HC=C) v,
1315s NCw0) - x>8
5 (0~C~0)
7805 & (0=C=0) + Vg
460m ring def., + \?10
% (0=C~0)
430m ring def, + 011
g (0-C~0)
490m Y(Mn- F)
3460m AJ(O=H)

1640s ¢, (H=0~H)
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1640 cm™l resemble in their shapes and positions to those
observed for other fluoromanganate (III) complexesl6 containing
uncoordinated water, and accordingly these modes have been

assigned to ~(0-H) and ¢ (H=-0-~H), respectively.

It is evident therefore that potassium difluorobis—
(oxalato)manganate (III) trihydrate, K, ZrMn(C204)2F2_7.3H20;
can be synthesised by the method developed now (vide Expcri-
mental) ., The compound is not very stable, The complex species
énMn(0204)2F2_73- containing coordinated fluorides and
chelated oxalato groups most probably has a distorted

octahedral structure,

The problems regarding the stability of manganese (III)~
—=—EDTA system has been already stressed earlier in this
Chapter., In view of the earlier problems26 and also because of
our interest in mixed-ligand fluoromanganates (IIT), the
synthesis of mixed~fluoro~EDTA-manganese (III) complexes was
undertaken, A redox reaction between Mn (VII) and EDTA was not
considered to be a viable method. Thus a reaction of MnO (OH)
in 40% HE with a solution of ethylenediaminetetraacetic acid
(EDTA) containing a very small amount of KOH, and potassium
£luoride, KF, in the ratio of Mn:EDTA:KF as l:l:4d, was
carried out in a manner described in the experimental section.
The product isolated from this was fcund to be pink micro-

crystalline K / Mn (EDTA)F, /.3H,O. That the condition described
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herein for the synthesis of the above compound is appropriate
was ascertained from the results of similar reactions carried
out under higher pH ( ~ 7 or slightly above). The products
obtained from such reactions were found to be contaminated
ones, It is necessary to mention that an higher amount of
fluoride, higher than the one used in the present case, is

detrimental because this leads to the formation of Z—MnF5_72~.

Potassium tetrafluoro (ethylenediaminetetraacetic azid)
manganate (III) trihydrate, K / Mn (EDTA)F 4_7.39120, is stablo;
unlike the K, / Mn(C,0,) F, /.3H,0, and can be stored for a
prolong period, and its stability can be ascertailned by
estimating manganese and recording its IR spectrum. The
chemically estimated oxidation state of manganese in this
compound was found to be 3.0, while the room temperature
magnetic susceptibility measurement gave a value of the
magnetic moment as 4.92 le(at 300K) . These two results
unanmbigously showed the occurrence of manganese (III)

in the compound under discussion.

The electronic spectrum of the compound, recorded in
the region 11Q00-40000 cm_l immediately after making a solution

exhibited bands at 22200, 19800, and 11800 cm_l assigned to

5, —=> 5 5 > D 5, ~—mxn B
B , A
1g Eg’ Big By and Blg iq

respectively, This feature is similar to that observed for

transitions,

Ky Z—Mn(8204)2F2_7.3H20 and also for other manganesc (IIT)
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complexes suggesting thereby that the complex species

4
— i

/ Mn(EDTA)F, / may have a distorted octahedral structure.
The infrared spectral band positions along with their
assignments are set out in Table 5. It is notable that the
absence of any band in the region 1590~1650 cm~1 points to
the occurrence of the EDTA ligand as an unionized one and
accordingly rules out the poésibility of coordination of EDTA
through its O atoms.38 This view is further supported by the
observation of bands at 1738 and 1723 em™! attributed to
antisymmetric (0-C-0) stretchings arising from the presence
of -COCH groups.-° This therefore suggests that the EDTA
ligand is coordinated to the manganese (III) center through

26,38 ., . . Ca
‘¢ Since the reactlions were carried out in

nitrogen only,
an acidic condition, protons from the carboxylic acid groups

of EDTA could not be removed as this is now more evident from
the IR spectrum of the newly synthesised compound, The freguen-
cies at 444 and 390 c:m"1 have been assigned to ~(Mn=-N) modes,
and those at 298 and 245 cm™* to & (N=Mn-N) further support

the notion concerning the presence of Nébonded26 EDTA in
present case., Another important feature of the IR spectrum of

K APMn(EDTA)F4_7QBH2O is the appearance of two bands at

562 and 494 cm~1 due to ~N(Mn-F) vibrations of the coordinated
f£luoride ligands.>’ The additional bands at 3440 and 1640 cm *

assignable to V(0~H) and  ~ (1H-0-H), respectively, are
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Table 5, Structurally Significant IR Bands of

K / Mn(EDTA)F, /.3H,0

1 i
{ ]
' IR :
, i .
Compound : em~L i Assignment
: o
K [ Mn(EDTA)F, /.3H,0 17381
=" 2 \)
17237 as (0=C=0)
4401
390] V(n-K)
298} A
s — -
005, & (N=Mn~N)
562%
494 V(Mn-F)
3450 AN O~H)

1660 2 (H=0=H)
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typical for the presence of lattice water supporting the
view that the water molecules are not coordinated to the

metal center,

Tt is evident from the above results that a stable
mixed-~ligand fluoro-EDTA-manganese (ITI) complex,

K éan(EDTA)F4_7.3H O can be synthesised from the reaction of

2
MnO (OH) with 48% HF, EDTA and KF, The complex species
/ Mn (EDTA)F 4/ most probably has a distorted octahedral

structure,

As mentioned in the opening section of this Chapter,
we were also interested to synthesise mixed-fluoromanganate (III)
containing acid phosphate as the heteroligand, The synthetic
strategy for achieving this goal was somewhat different from

the one adapted for that of K ZTMh(EDTA)F4_7.3H O. Instead of

2
dissolving MnO(OH) in 48% HF, a mixture of MnO(OH) and AF

(A = Na, X or NH4) was dissolved in orthophosphoric acid
(H3PO4), while the Mn:F ratio was maintained at 1:3, The
reaction took place as indicated by the appearance of a

violet colour of the reaction solution, Addition of a mixture
of ethanol and acetone (1/1,v/v) gave pink-brown micro-
crystalline A, / Mn (HPO,) 2F2_7.3H20 (a = Na, K or NH,). Thus it
is clear that the synthesis of the desired compound could be
achieved without making use of hydrofluoric acid. The method

is a straight one and leads to the synthesis of a series of

salts of the complex ion éan(HPO4)2F2_73”-
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The A, / Ma(HPO,) ¥, /.3H,0 (A = Na, K or NH/),
compounds are guite stable, in the absence of moisture, for a
long period, The stability of the compounds were ascartained
in a manner similar to that described earlier for the
K Z—Mn(EDTA)F4_7.3H20 case, The compounds donot dissolve
in water instead they decompose. The chemically determined
oxidation state of manganese was found to lie between 2.9 and
3.1 in conformity with the occurrence of manganese (III) in
each of them. The room temperature magnetic moments of the
compounds lying in the range 4.8-4.9 /g give further support
with regard to the presence of manganese (III) in the newly
synthesised compounds. The observed magnetic moments are
normal for a a* system and donot indicate any antiferro-

magnetic exchange interaction in the compounds.

Owing to their instability in water, solution electronic
spectra could not be recorded. The reflectance spectra of
A, [/ Mn(HPO,) JF, /,3H,0 (A = Na, K or NH,) resemble each
other very closely showing absorptions at ca 11000, ca 18200

and ca 20800 c:m_'l owing, respectively, to the transitions

5 5 5 5 5 5
B, — E . T
1g Alg’ Blg BZg’ and B19-——5 Lg hese
absorptions arc quite representative for a distorted octa-
32

hedral manganese (ITII) compleaex.
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The IR spectra of phosphato complexes of metals arc
generally complex particularly because of the broadness of
peaks and poor resolution of the spectra making it difficult
to precisely identify the peak positions let alone their
assignments.39 These problems become more pronounced when
phosphate occurs as an acid phosphate and more so when lattice
water is also present in the same compound, The presence of
lattice water and hydrogen bonding largely effect the internal
modes of vibrations of the anion with the ~X0=H) shifting
appreciably to lower frequencies.39 These difficulties were
also encountered for the present compounds, The IR spectra of
A, éan(HPO4)2F2_7,3H2O (A = Na, K, or NH4) complexes, though
poorly resclved, .indicate the presence of coordinated acid
phosphate ligand., A strong but broad absorption in the region
1050~1250 cm—l, and a weak broad absorption at 2750-2925 cm™?
were observed in the IR spectrum of each of the compounds,
These are regarded as characteristics for the presence of

39-42

coordinated acid orthophosphate ligards causing us to

D=
4

coordinated through O atoms to the manganese (III) center.

infer that the complexes under discussion contain HPO

This view is further supported by the observance of a medium
intensity band at ca 350 em™! which has been assigned to

Mn~0O stretching mode originating from the coordination of

HPO42" ligands through their O atoms. The band at ¢a 510 cmm:L

has been assigned to the ~Mn-F) mode arising from the
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presence of coofdinated fluoride ligands. The IR spectra also
show bands at ca 1640 and around 3450 em™! attributed to

5 (H-0-H) and (0-H) modes of uncoordinated water similar
to those observed for the other manganese (III) compounds
described in this Chapter, The weak nature and broadness of
the “(0=~H) mode in addition to its lowering point to the

involvement of hydrogen bonding as expected,

The results of pyrolytic studies involving
K, Z_Mn(HPO4)2F2_7.3H20 show that the compound first loses
water molecules in two steps. While one molecule of HZO was
lost at 120°C the rest two molecules of HZO were lost at
190=-200°C, It is believed that a relatively higher temperature,
required for the removal of last two molecules of water was
probably because of their involvement in hydrogen bonding.
The dehydrated material on being'heated at 300°C underwent a
loss in its weight corresponding tou the loss of two molecules
of HF, The formation of HF owes its origin to the occurrence
of HPO42-, from which the H' is abstracted by a F~ ligand

followed by the loss of HF, The above observations further

support the formulation of the compounds.

Thus mixed-fluoromanganates (III) containing acid
— ~_ _ X
phosphate of the type A3 Z Mn(HPO4)2F2_/¢3HZO (A = Na, or
NH4) can be obtained under the experimental conditions

described herein. The complexes are stable, It appears from
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the results of various physical studies that the complex
species érMn(HPO4)2F2_73- may have a distorted octahedral

structure.

In our attempts to synthesise mixed-~ligand fluoro-
manganate (III) containing glycine, a freshly prepared sample
of MnO(OH) was allowed to react with 40% HF and glycine (glyH)
with the ratio of Mn:F :glyH being maintained at 1:4:2, In
order to provide counter cations, alkali-metal or ammonium
carbonate, in lieu of the corresponding alkali-metal or
ammonium fluoride, was added to the reaction solutions. The use
of alkali-metal or ammonium fluoride had to be avoided in
order to inhibit the formation of 4anF5_72— species instead
of the desired one, Another point of importance in the context
of the synthesis of mixed-fluoro (glycine)manganate (III)
complexes is that the reaction solution requires concentration
prior to precipitating out the compounds by the addition of
acetonc. The compounds synthesised in this way were found to
be A / Mn(glyH) ,F, 7.3H,0 with A being Na, K or NH,.
The alkali-metal or ammonium tetrafluorcbis (glycine) -
manganate (III) trihydrates ,A Zan(glyH)2F4n7.3H2O (A = Na, K
or NH4), were obtained as pink microcrystalline products,
They are stable in the absence of moisture. Like the
fluorophosphatomanganate (III) described above, these compounds

are also insoluble in common organic solvents. The chemically



136

estimated oxidation state of manganese in the compounds was
_found to lie between 2,9 and 3,1 in conformity with the
occurrence of manganese (III) in each of the compounds. The
results of magnetic susceptibility measurements on

A éan(glyH)2F4_7.3H20 (A = Na, XK or NH4) gave the magnetic
moments f£alling in the range 4,78 to 4.80 uy (300K) 4 These
values are normal for at systems ovcurring in an octahedral

or a distorted octahedral enyironment, -

Owing to their instability in water, solution electronic

spectra could not be recorded, The reflectance spectra of the

compounds exhibit bands at ga 12000, ca 19800 and gca 21300 cm”

The observed pattern is rather typical of an octahedral or a
distorted octahedral Mt complex, and the bands have been

accordingly assigned to the transitions 5Blé—~m$ 5A10,

5 = 5 5 .5, . 32 ,
Blg Bzg, and Blg~*-r bg, respectively. This also

indicates an appreciable splitting of 5Eg ground state of

manganese (III) in the complex ion, The significant features
of infrared spectra of the compounds are absorptions due to
coordinated glycine and fluoride ligands (Table 6). The mode
of bonding of glycine to a metal center can be ascertained
from the IR spectra of such compounds., The COO stretching
band near 1710 cm + occurs®® when glycine is coordinated o
a metal center in its unionized form, while for an ion;zed :

glycine being coordinated shows the COO stretching band near

]
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1610 cm_i. If, however, glycine acts as a chelated ligand

an absorption at 1640 cm"l, different from the one mentioned
4

N

above, bcecomes a characteristic feature of its IR spectrum.
The IR spectra of the present compound show this absorption
at ca 1715 cm * consistent with the coordination of glycine
in its unionized form. It is therefore reasonable to assume
that the coordination of glycine has taken place through its
nitrogen lone pair electrons. Accordingly, the corresponding
) (Mn-N) and & (N-Mn-N) modes have been observed at ca
505 and ca 355 cm“l, respectively., Unfortunately in the
present casc, the 4 (Mn=F) mode could not be identified
clearly, however, increase in intensity and broadening of the
band at ca 505 suggest the overlapping of V(Mn=F) mode with
that of the «)(Mn-N). The presence of uncoordinated water
is unambiguous in the present cases and the corresponding
V(0~H) and A (H=0~H) modes of water were observed in
positions similar to those observed in various other cascs
containing lattice water making any further discussion
redundant, It is evident from the IR spectra that glycine in
the present complexes coordinate to the metal center in its
unionized form through its nitrogen atom, This also appears
reasonable in view of an acidic condition maintained for the

synthesces of the present serics of compounds.
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Table 6., Structurally Significant Infrared Bands of

A/ Mn(glyH)2F4_/.3H2O (A = Na, K or NH4)

: '
: IR :
Compound : -1 ! Assignment
' cm '
i !
(WH,) /Mn (glyH) F,_7.3H,0 1715 Vas (COOH)
1596 5 (NH,)
1445 b(cn,)
1411 W(C~0)
1335 PW(CHz)
1256 Pt(NHz)
1130 Pe ()
1027 Puy (a0et)
913 9r(CH2)
235 V5 cam)
740 & (C=0)
606 N(c=0)
505br WMn=~N) + V(n-F)
355 & (NeMn=N)
3445 V(0~H)
1640 ? (H~0-H)

continued..
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Table 6 continued

139

. .
1 i
Compound E 151 i Assignment
et
Na / Mn(glyH) ,F, /.3H,0 1710 Vas (COOH)
1590 b ()
1450 E(CHZ)
1410 W(C=0)
1330 /pw(CHz)
1255 Pe (NH,,)
1128 Ve (e
1030 Pa (NI—Iz)
915 Fr (cr,)
232}' Vs (CCN)
745 §(c=0)
610 Mc=0)
500br. V(Mp-N) + ~(Mn~F)
360 & (N=Mn-N)
3450 A)(0O=H)
1640 § (H=0=H)

continued..
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Table 6 continued

a a
Compound E Ifi i Assignment
. e s
K [ Muo(glyH) ,F, /3H,0 1715 Y as (COOH)
1595 b (NH2)
1445 §(cH,)
1411 (C=0)
1330 Y W (CHZ)
1255 Mg (NEH))
1128 Fr (v,)
1025 (ur (N,
910 Pr (cH)
ac8 § Vs (con)
740 d(c=0)
605 T(c=0)
505br V(Mn~N) +  V(Qn-F)
355 & (N~Mn-N)
3445 V(0~H)

1645 S (H~0-H)
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Considering the results of chemical determination of
oxidation state of manganese, magnetic susceptibility
measurements, raflectance, and infrared spectral studics
that the complex species has the formula Zan(glyH)2F4_7 B
with the manganese (ITI) being in a distorted octahedral

environment.

To conclude this Chapter the following points may be
emphasized that,

(1)  a number of mixed-ligand fluoro complexes of Mn (III)
containing O~ and N-donor ligands have becn synthesiscd

by proper choice of the reaction conditionsy

(1i) all the newly synthesised compounds have been synthesised

in aqueous media;

(1ii) of all the compounds reported in this Chapter
Ky £ Mn(C,0,) F, /.3H,0 is the only example which is a
very unstablc one, while the rest are stable for prolong

period in the absence of moisture; and

(iv) the magnetic moments of all the newly synthesised
complexes, except K3 Z—Mn(6204)2F2N7.3H20 for which
magnetic susceptibility could not measured owing to its
instability, are normal unlike those of the &, ZMMnF3(SOé)_721
-~ ~22 .
and A, /[ MnF, (C,0,)_/°° (A = alkali metal or NH)

complexes,

Moreover, a comparison of magnctic properties of the
binary f£luoro complexes of manganese (III) namely A2 4’MnF5_7
with those of the newly synthesised compounds described in

the present work shows that whereas A, éanF5_7 compounds
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exhibit strong antiferromagnetic interactions, the magnetic
moments of K / Mn(EDTA)F, /,3H,0, Ay / Mn(HPO,) F, /.3H,0 and
A Z-Mn(glyH)2F4_7.3H2O have been found to be normal expected
for @%) manganese (ITI) systems. In view of the present results
we tend to also believe that manganese (III) compounds involving
~Mpes¢sesesss Mnwe esseees interactions either through bridging
fluoride or through double bridges like in the cases

A, [MnF3 (804)_720'2:L and A, [MnF3 (0204)_722 lcad to the
operation of super exchange phenomenon giving rise to anti-
ferromagnetism to a variable extent. Further the synthesis of
stable manganese (III ) complexes K Z~Mn(EDTA)F4_7°3H2O and

A Z_Mn(glyH%F4;7.3H20, provides evidence for the capability

of manganese (III) complexes containing N-donor ligands being
synthesised, The examples of manganese (III) complexes containing

nitrogen donor ligands arec scanty.45'46
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Chapter 8

Molecular Complexes of Manganese (III), Synthesis And
Physico~Chemical Studies of ZFMn(oephen)F3(HZO)_7a2H20;

£ Mn Bipy) ¥, (H,0) _/.2H,0, And / Mn(urea) o F 5/ e 31,0

2

Fluoride assisted stabilization of manganese (IIT) in agueous
solutions ultimately allowing the synthesis of a good number
of mixed-~ligand fluoromanganate (III) complexes has been
described in the previous Chapter. A few molecular mixed-
ligand chlero complexes of manganese {III) were reported by
earlier workers,1'2 and the'only molecular mixed ligand
fluoro complex of manganese (III) known to our knowledge is
ZTMn(o—phen)FB(Hzo)_7.2 It was also reported2 that the
corresponding 2,21bipyridine complex coul@ not be synthesised.
As a sequel of the studies described in Chapter 7, we were
curious also to synthesise molecular mixed-ligand f£luoro
complexes of manganese (III) and to study their properties,
In view of this attention was directed to synthesise the

proposed type of manganese (ITI) compounds,

The present Chapter deals with the synthesis,
characterization, and structural assessment of three molecular

mixed ligand fluoro complexes of manganese (IIT),
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Experimental

Recagent grade chemicals were used (Sarabhai M, S.D's,
B, Merck, Glaxo, Sisco).
The compound MnO(OH) was prepared by the oxidation of

Mn(OH)2 with hydrogen peroxide as described in Chapter 6.

(1) Synthesis of Trifluoroaquo (1,l0-phenanthrolinc)-

.

Manganese (III) Dihydrate, ZTMn(o-phen)F3(HzO)_7.2H20

An agueous suspension (20 cm3) of freshly preparcd
0,89 (10.11 mmol) of MnO(OH) was dissolved in 3 cm3 (72 mmol)
of 48% HF with continuous stirring. To the clecar solution
an ethanolic solution of 1,10-phenanthroline (2.0g, 10.11 mmol)
was added slowly, maintaining Mn:o-phen ratio at 1:1. The
solution was stirred for ca 20 min, whereupon a dull orange
compound started appearing. Stirring was continued for a
further period of ca 10 min followed by the addicion of
about 10 cm° of ethanol (ethanol was added to achieve nearly
complete precipitation of the product). The compound
éan(ofphen)FB(H2O);7.2H2O was filtered, and washed 3 to 4

times with ethanol, dried in vacuo over concentrated H2804,

Yield of / Mn(oaphen)Fs(Hzo)_/.2H20 was found to

be 2.5g (71.4%)



148

(ii) Synthesis of Trifluoroaquo(2,2:bipyridine)Manganese(III)

Dihydrate / Mn(bipy) ¥, (H,0) /.2H,0

Freshly prepared 0,89g (10.11 mmol) of MnO(OH) was
dissolved in 3 om’ (72 mmol) of 48% HF with stirring to obtein
a clear solution, To the above reaction solution was added
a concentrated ethanolic solution of 1,58g (10411 mmol) of
2,2ibipyridine and the whole was stirred for ca 10 min, a
reddish=brown colour was developed. This was then concentrated
over a steam bath to nearly half of its original volume.
Acetone (half of the original volume) was added slowly, toc
the above concentrated solution, which precipitated out dull
orange Zan(bipy)F3(Hzo)_7.2H20. The compound was isolated
by filtration, followed by washing with acetone 2 to 3 times

and dried in vacuo over concentrated HZSO4.

Yield of the compound / Mn (bipy)F, (H,0)_/.2H,0 was

2g (61,4%) .

(1ii) Synthesis of Trifluorobis (urea)Manganese (III)

Trihydrate, ZFMn(urea)2F3_7°3H20

An aqueous suspension of 0,89g (10,11 mmol) of freshly
prepared MnO(OH) was dissolved by the slow addition of 3 cm®
(72 mmol) of 48% HF with continuous stirring. To the clear

reaction solution 1.,82g (30434 mmol) of solid urea was added

slowly with the maintenance of Mnsurea ratio at 1:3, and

stirring was continued for a further period of ca 20 min.
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The resultant reddish-brown solution was concentrated over a
steam bath, and tc the concentrated reaction mixture was
added acetone slowly, when chocolate colour microcrystalline
ZTMn(urea)2F3;7,3H20 precipitated out. The compound was
filtered, and purified by washing 2~3 times with acetone.
The product ZPMn(urea)2F3_7.3H O was dried in vacuo over

2

concentrated H SOA.

2
Yield of 4?Mn(urea)2F3_7.3H20 was found to be

1e2g (41.,5%).

Elemental Analvyses

Quantitative estimations of manganese, £fluoride, carbon,
hydrogen, and natrogen were accomplished by the methods

desecribed in Chapter 2.

The results of elemental analyses and chemically
estimated oxidation state of manganese in the newly

synthesised compounds are reported in Table 1,

Chemical Determination of oxidation state of Manganese

The estimation of oxidation state of manganese was
made chemically by the method already described in

Chapter 7,
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Table 1. Analytical Data of / Mn(o-phen)F, (H,0) /.2H,0,"

"Mn (oipy) F, (H,0) /,2H.0, and / Mn (urea) F__/.3H,O
372 2 2 3 2

1 1
Estimated Found % (Calcd., %)
oxidationt
Compound istate of ! Mo - c . N
i Mn :
i H
L Mn(0~phen)F3(H20)_7.2H20 249 15477 16481 41,54 4.11 8,12

(15.87) (16,

47) (41.63) (4.04) (8,09)

ZTMn<bipy)F3(H20>"7.2H20 3.0

17.51  17.
(17.06) (17.

62 37,32 4,37 8,82
69) (37.28)¢.35) (8.69)

l Mn(urea)2F3_/.3H20 361

18,92 19,
(19.21) (19,

81 8.43 4.85 19,64
93) (8.39) (4.89) (19.58)
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Results and Discussion

In the context of some studies involving manganese (III),
it was suggested in 1982° that MnO(OH) when dissolved in 40%
HF produced MnF3 in solution. It was thought in the present
context that a further reaction of MnFB, generated insitu,
with ligands like 1,10-phenanthroline, 2,2%bipyridine or urea,
which are capable of acting as neutral ligands for transition
metal would be a reasonable strategy for the synthesis of the
kind of compounds locked for, Accordingly a solution of MnO (OH)
in 48% hydrofluoric acid was reacted separately with o-phen,
bipy and urea (vide Experimental), from which
/ ¥n (o-phen) Fy (H,0) _7,2H,0, 1, /i (bipy) ¥y (H,0) _/+2H,0, 2,
and‘Zan(urea)2F3d7.3H20, 3, respectively, were obtained
in high yields. While / Mn (o~phen) F, (H20)_7.2H2O was precipi-
tated out from a dilute solution, the other two compounds
required concentration of the reaction solution by heating
on a steam bath followed by the addition of acetone required
for bringing about precipitation of the compounds., These
results again support the view concerning the formation of
MnF, in the reaction of MnO (OH) with agueous hydrofluoric
acid. The methods described are direct and the strategy
used herein can be used as a paradigm for the synthesis of
similar mixed-ligand f£luoromanganate (III) compounds to

provide a rather easy access to them,
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Whereas Zth(o—phen)Fs(H20)_7.2H20, 1, and
éan(bipy)FB(H2O)_7.2H2O, 2, were dull orange in colour,
the ZTMn(urea)2F3_7.3H20, 3, was obtained as a chocolate
colour product., The compounds are stable and can be stored
in polyethylene sample containers, Their stability can ke
ascertained by estimation of manganese and also by chemical
determination of its oxidation state., The compounds slowly
decompose in water, however, they dissolve partly in polar
organic solvents, The chemically estimated oxidation state
of manganese was found to lie in the range 2.9 to 3,1 (Table 1)
suggesting the occurence of manganese (III) in each of the
compounds, Chemical determination of oxidation state of the
metal in such compounds is very crucial particularly because
their magnetic moments ﬁd& not always be very straight
forward leading to confusion concerning the formal oxidation

state of the central metal atome

The results of room temperature (300K) magnetic
susceptibility measurements showed that the compounds are
paramagnetic with the magnetic moments of grﬁm(o-phen)F3(H20)47.2H20,
L, £ Mn(ipy)Fy (H,0) _/42H,0, 2, and /M (urea) ,Fy 7.3H,0, 3,
being 5.0, 4.9 and 4,3 Hye respectively., Thus it is evident
that the magnetic moment values of the compounds 1 and 2
are normal, whereas that of the compound 3, is relatively low.

This suggests that ZFMn(urea)2F3_7.3H20 is weakly antiferro-~

magnetic, From the .observed magnetic moment values alone, it
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may be said that the complex unit in éan(o-phen)F3(H2O)_7.2H20
and ZTMn(bipy)FB(HZO)_7.2HZO are very likely monomeric with
distorted octahedral structures, but the A_Mn(urea)2F3_7.3H2O
may have a polymeric structure through ~Mn-F-Mn- interactions
enabling super exchange to be operative leading to lowering

of magnetic moments as observed. The manganese (III) center

in this compound may also find itself in a distorted octahedral
’environment. The solution electronic spectra also support the
view. The electronic spectra of Arhm(o-phen)FB(HZO)_7.2H20¢ 1,
and szn(bipy)F3(HZO)_7.2H20, 2, were recorded in DMSO solutions,
and of éan(urea)2F3_7.3HZO, 3, was recorded in a methanol
solutiones While the spectra of 1 and 2 showed absorptions at

1 5 5

ca 23250, 19000, and 13750 em -~ assigned to °B; ~——>"E_,

5B1§*“*~>582g and SBl§~*~%5A1g transitions, respectively,

that of 3 exhibited the corresponding bands at 20620, 17240,
and 10810 cm-l, respectively. The pattern is typical4 for
manganese (III) occurring in a distorted octahedral environment
with appreciable splitting of 5Eg ground term of Mn (III).

This again adduce support to the notion that each of the

compounds 1, 2 and 3, has a distorted octahedral structure.

The IR spectra of é’Mn(o—phen)F3(H20)~7.2H20, 1, and

ZFMn(bipy)FB(HZO)_7.2H20, 2, showed the characteristics of

1'5—7

coordinated o=phen and bipy ligands, respectively. The

Mn-N stretching modes originating from the coordinated
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N-heterocyclic ligands for 1 and 2 were observed at 296m
and 245s, and 282s and 233m cmﬁl, respectively,6'8 providing
further support to the occurrence of coordinated o-phen and
bipy ligands in the corresponding compounds. The band at ca
480 cm™! has been assigned to N (Mn~F) of the coordinated

9010 » notable feature of the IR spectra of 1

F~ ligands,
and 2 is the band at ca 725 cm™! which has been assigned to
the rocking mode of coordinated water, This is particularly
important because the formula of 1 and 2 contain both
coordinated as well as lattice water., Owing to the preéence

of lattice water the information obtainable from the A (O-H)
and § (H=0-H) positions are not very significant in the
present cases as far as the distinction between the two kinds
of water molecule is concerned. Fortunately the occurrence

of rocking mode of water as mentioned above supports the
occurrence of coordinated water, Taking into account of the
Observed magnetic moment values of 1 and 2 together with the
results obtained from their IR spectroscopic studies now
cause us to infer that while one molecule of water is
coordinated to the manganese center in each case, the other
two molecules are present as lattice water., Thus the complexes
1 and 2 acquire distorted octahedral structures, and the
involvement of polymer formation through a bridging ligand is
not required to account for the experimentally obtained

results,
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The significant features of the IR spectrum of
trifluorobis (urea)manganese (III) trihydrate, 4?Mn(urea)2F3_7,3H20,
3, are absorptions due to coordinated urea, coordinated
fluoride, and lattice water., The important bands arising
from coordinated urea were observed at 3424s and 1535s cm'"1
attributed to Q(NHZ) and ~{C=0) vibrational modes,11'13
respectively. The fact that iKNH2> occur in a position

12,13

stipulated for such a mode of free urea, and a signi-~-

ficant lowering of the =~ (C=0) frequency compared to that

12413 strongly suggest that the urea ligands are

of free urea
coordinated to the metal center through its oxygen atom only,
Therefore it is evident that each of the two urea ligands
coordinate in a moncdentate manner. Unlike in the cases of
1 and 2, the ~D(Mm-F) mode for 3 was observed at 453 em™ L,
Lowering in position of this mode accompanied by its

broadening lead us to believe that the coordinated f£luorides
might also be involved in bridge formation among the contiguous
Mn atoms in the crystal lattice. The complex éﬁMn(urea)2F3_7o3H20
may have a distorted octahedral structure attained through
~Mn~F-Mn~-F~Mn~ interactions. Such a proposition is not

irrational in view of the earlier reports éanFB(SO4)_72—

[/ ref. 14,15 7/ and ZFMnFS(C2O4)~72" / ref. 16_/. Moreover,

this arrangement will also support the possibility of the

compound 3 being slightly antiferromagnetic through super-

exchange leading to lowering of magnetic moments as observed,
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The bands at 3440 and 1645 cm © in the IR spectrum of 3 have
been assigned to <J(0-H) and &(H-0-H) modes, respectively.
The absence of any band at ca 720 cm-l, and the positions
and shapes of ~(0O=H) and 5 (H-0-H) bands further support
the occurrence of water molecule as lattice water only. The
presence of lattice water in fluoromanganates (III) are well

precedented.lo'17

It may be stated thercforec that ZTMh(urea)2F3_7.3H201 3.
may have a distorted octahedral structure involving
-Mn~F=~Mn-F-Mn- interactions and the water molecules arc not

coordinated to the manganese (III) center,

Thermogravimetric analysis (TGA) of triflucrobis (urea)-

manganese (III) trihydrate, éan(urea)2F3_7.3H o, 3, was

2
carried out in the range 40-800°C, The thermogram of the
compound shows that the compound starts losing its weight
from about 140°C and continues until 210°C giving a horizontal
at 210-240°C, The loss of wecight in this process was found

to be 19.2% corresponding to the loss of three molecules of
H,0 (cale. 18,9) giving anhydrous éan(urea)2F3_7 as an
intermediate. This undergoes further decomposition in two
stages showing horizontals at 330-~360°C and 470°C onwards,
respectively, with the corresponding weight losses being

4041% and 62.1% which in turn correspond to the loss of one

urea at each step (Calc. 39.9 and 60.8, respectively), finally
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Table 2. Structurally Significant IR bands of

£ Mn(urea) ¥, /43H,0

[ H
1 I
: IR "
Compound ' ~1 : Assignment
1 Cm 1
: .
ngn(urea)2F3_7.3Hzo 1535 JHC=0)
3424 &XNH2>
1480 Qas(CN)
1152 NH2 rocking
1030 OS(CN)
610 & (NCO)
532 5 (New)
453 A (Mn-F)
3445 M(O=~H)

1645 & (H=0=H)
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producing MnF No loss of weight beyond 470°C till 800°C

3.

suggest that MnF. once formed, from érMn(urea)2F3m7o3H O at

3 2

ca 470°C, does not undergo any ‘change, atleast within the
range of temperature involved in the present TGA experiment,
The: mode of thermal decomposition may be depicted in the

following way:

~ - ca 220°C — -

V4 Mn(urea)2F3_/.3H20 =— y /£ Mn(urea) F, /
ca 350°C

MAF {5"55 s707c ZTNn(urea)F3~7

The information gathered from the thermogravimetric analysis

(TGA) may be useful in the context of obtaining the inter~
mediates, viz., éan(urea)2F3_7 and éan(urea)F3_7, by the
pyrolysis of 3 at the temperatures given above, for further
studies involving them. Moreover, hcating of / Mn (urca) ,F 7¢3H20

2" 3

at ca 470°C under nitrogen leading to the formation of MnF3

may be an useful way of preparing this compound. The importance

of MnF3 as a powerful fluorinating agent is well knOWn.18

In order to evaluate the potentiality of 1, 2 and 3
as oxidants, oxidation reactions involving the newly synthesised
compounds were carried out, The results of our initial studies
reveal that the compounds can oxidize substrates like benzyl

alcohol, anthracene etc, Further studies are now being carriecd
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out by other workers of our laboratory in this dircction

and the results will be reported elsewhere,
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metal D|fluorod|oxoperoxouranate(V|) Monohydrates A [UOz(Oz)Fz] ‘H,0

(A = K or Rb)

Manabendra N. Bhattacharjee. Mihir K. Chaudhuri,” and Ranendra N. Dutta Purkayastha
Department of Chemistry, North-Eastern Hill University, Sh/l/ong 793 003, India

The product obtained by treating an aqueous solution of UO,(NOQ,),:6H,0 with NH,OH or KOH
reacts with AF (A = NH,, Rb, or Cs) or KF, 30% H,0,, and a very small amount of 40/o HF, in
the mol ratio UO,(NO,) 6H ,0:AF:H,0,0f1:4: 110 8, at pH 6.5—7 to afford ammonium and
caesium dlfluorodloxoperoxouranates(w) A,[UO,(0,)F,] (A = NH, or Cs), and potassium and

rubidium difluorodioxoperoxouranate(vi) monohydrates, A,[UO
i.r. spectra suggest that the peroxo-ligand is bonded to the UQ,?

(C,,) manner.

Oz) F,]-H,0 (A = Kor Rb). The

(
*eentrein a triangular bidentate

Peroxouranate chemistry is highly complicated !+ owing to the
formation of a host of different species with a slight variation
of pH of the reaction medium.. Peroxouranates containing
0,%:U ratios of 1:1, 1:2, 2:1, 3:1, 32, and 5:2 have been
described in the literature,! of which UO,(0,),-#H,0 (» =
2 or 4) is the best characterised example. Reports on
heteroligand peroxouranates are few, except for some on
carbonato- and oxalato-peroxouranates. The only fluoro-
peroxouranate known,! to our knowledge, is Na[UO,(O,)-
F(OH,)]-4H,0. Our interest in the area of peroxo-metal
chemistry® has now led us to synthesise a series of novel
compounds A,[UO,(O,)F,] (A = NH, or Cs) and
A,[UO,O,F,1-H,0 (A = K or Rb), the first full series of
fluoroperoxouranate compounds. The present paper reports
the synthesis, characterisation, and assessment of the structure
of the title compounds.

Experimental

All chemicals were of reagent grade. I.r. spectra were recorded
on a Perkin-Elmer model 683 spectrophotometer. Magnetic
susceptibility measurements were made by the Gouy method;
Hg[Co(NCS),] was used as calibrant. The pH of the reaction
solutions was measured with a Systronics type 335 digital pH
meter and also with pH indicator (BDH) paper.

Synthesis of A,[UO,O,)F,] (A = NH, or Cs) and
A,JUO,(0,)F,]'-H,0 (A = K or Rb)—UQ,(NO,),:6H,0
(1.0 g, 1.99 mmol) was dissolved in water (10—15 cm?3) followed
by addition of 25% ammonium hydroxide solution, or a
concentrated solution of potassium hydroxide only in the case
of the K * salt, with stirring until the yellow precipitate ceased to
appear. The yellow precipitate was filtered off, washed free from
alkali and nitrate, and then mixed with alkali-metal or
ammonium fluoride, AF (A = NH,, Rb, Cs, or K) and 30%
H,0, (25 cm?, 220.5 mmol) while maintaining the U:F~:H,0,
ratio at 1:4:110.8. Dropwise addition of 40% HF (1 cm?®) with
constant stirring afforded a clear yellow solution (pH ~ 2), the
pH of which was raised to 6.5—7 by carefully adding a 10%,
solution of ammonium or potassium hydroxide in the cases
of the NH,* and K* salts respectively and solid A,CO,
(A = Rb or Cs) for the Rb* or Cs* salts. An equal volume
of ethanol was added with occasional stirring to obtain yellow
microcrystalline A,[UQ,(O,)F,] (A = NH, or Cs) or

allowed to settle for ca. 30 min, separated by centrifugation,

purified by washing with ethanol, and finally dried in vacuo
over diphosphorus pentaoxide.
The amounts of reagents used and the yields of the

" compounds are set out in Table 1.

Elemental Analysis—Uranium was estimated gravimetrically
as U,;04* The peroxide content was determined by redox
titration with standard solutions of KMnO,®> or Ce**.°
Fluoride was estimated gravimetrically as lead chloride
fluoride, PbCIF.” Nitrogen and potassium were estimated by
methods described in previous papers.?

The analytical data and structurally significant i.r. bands and
their assignments are summarised in Table 2.

Results and Discussion

Both fluoride® and peroxide'! can, under the appropriate
conditions, co-ordinate to UO,2*. Accordingly we carried out
the reaction of UO,2* with alkali-metal or ammonium fluoride,
AF, and H,0, at pH 6.5—7 which enabled us to synthesise the
difluorodioxoperoxouranate(vi) compounds, [UO,(0,)F,]%,
in aqueous medium. The complex ion was isolated as its alkali-
metal and ammonium salts, A,[U0,(0,)F,] (A = NH, or Cs)
and A,[UOx0,)F,]-H,0 (A = K or Rb) by the addition of
ethanol which facilitated precipitation. It must be emphasised
that maintenance of the pH at'6.5—7 is vital for the formation
and thence successful isolation of the compounds in the solid
state. It has been observed by carrying out similar reactions at
pH 2—4 that the products obtained under these conditions
either do not contain peroxide at all or do to a practically
negligible extent, suggesting thereby that acidic conditions are
not conducive to the desired synthesis. The compounds isolated
under such conditions were found to be oxofluoro- rather than
fluoroperoxo-uranates(vi). Thus we believe that the course of
reaction involves the formation of oxofluorouranate(vi) first
followed by uptake of peroxide with the increase in pH of the
medium to produce ultimately the complex ion [UQ,(0O,)F,]%-.
Ini the cases of the Rb* and Cs™ salts, the pH of the reaction
medium was raised to 6.5—7 by the addition of the respective
carbonates, exploiting the reaction CO,2~ + 2H* — CO,1
+H,0, instead of NH,OH which was otherwise thought to be
suitable. Attempts to use ammonia solution to raise the pH to
6.5—7 resulted in the isolation of [NH,],JUO,(0,)F,] even

". though the stipulated amount of RbF or CsF was used. This
A,[UO,(0,)F,]-H,0 (A = K or Rb). Each compound was

could be “due to the lower solubility of

[(NH,1,[UO(O,)F,].

relatively
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Table 1. Amounts of reagents used and yields of alkali-metal and ammonium difluorodioxoperoxouranates(vi)

Yield/g Amount of Amount of Amount of
Compound %) UO,(NO,),*6H,0/g (mmol) AF/g(mmol) H,0,/cm?{mmol)

[NH,]1,[UQO,(0O,)F,] 0.5 1 0.3 25

67) (1.99) 8.1 (220.5)
K,[UO,(0,)F,}-H,0 0.6 1 047 25

(69) (1.99) 8.1) (220.5)
Rb,[UO,(0,)F,]-H,0 0.8 1 0.84 25

(73) (1.99) (8.0) (220.5)
Cs,[UO,(0,)F,] 0.9 1 1.23 25

(75) (1.99) 8.1) (220.5)

Table 2. Analytical data and structurally significant i.r. bands of alkali-metal and ammonium difluorodioxoperoxouranates(vi)

Analysis® (%)
4
Compound A U ot F Lr. (em™) Assignments
[NH,1,[UO,(0,)F] 7.55¢ 638 870 9.80 885s U0
(745)°  (633) (850)  (10.1) 900s v(U=0)
8555 v(0-0)
350spr  v(U-F-U)
3160m v,
3 0405 v, $N-H
1400s va
K,[UO,(0,)F,}-H,0 1847 549 780 9.10 890s v(U=0)
(17.95)" (54.55) (7.35) (8.70) 860s v(0-0)
0sbr  w(U-F-U)
3 440s v(O-H)
1640m  S(H-O-H)
Rb,[UO(0,)F,]-H,0 454 640 7.50 905s v(U=0)
(450) (605  (7.20) 860s v(0-0)
360s,br  V(U-F-U)
3450s v(O-H)
1640m  5H-O-H)
Cs,[UO,(0,)F,] 98 550 6.10 900s v(U=0)
(393)  (530)  (6.25) 860s v(0-0)
360sbr  vW(U~F-U)

“Calculated values are in parentheses. ® Peroxo-oxygen. © Analysis for N. ¢ Analysis for K.

Characterisation and Assessment of Structure—The newly
synthesised compounds are insoluble in common organic
solvents, and very sparingly soluble in water. They dissolve
completely in a slightly acidified (H,SO,) solution from which
uranium can be quantitatively precipitated by the addition of
ammonium hydroxide. The determination of peroxide content,
considered to be extremely important, was accomplished by
redox titrations with a standard Ce** solution, and also with a
standard KMnO, solution, in the presence of boric acid to
prevent any loss of active oxygen; results conspicuously
suggested the presence of one Q,%~ group co-ordinated to the
UO,%* centre in each of the compounds. The occurrence of
hexavalent uranium has been confirmed by the diamagnetic
nature of the compounds. It may be noted that while the
ammonium and caesium salts of the [UQ,(O,)F,1% ion are
anhydrous, those of the potassium and rubidium are
monohydrates.

The principal features of the i.r. spectra are the absorptions at
910—880, 870—850, and 370—350 cm™!, which have been
assigned to v(U=0) (¢rans-linked O=U=0 group),® v(-0-0-),>*°
and v(U-F)!°® modes respectively. The strong and sharp
w(-0-0O-) band at ca. 860 cm™! supports the view that the O,*"
is co-ordinated to the UO,3* centre in a triangular bidentate
(C,,) manner.*® The somewhat lower value of v(U-F),
compared to those of binary fluorouranates(vi),'® and slightly
broad nature of the band indicate the distinct possibility of
fluoride acting as a bridging group. The two bands at ca. 3 440

and at ca. 1 640 cm™ in the spectra of both the K* and Rb*
salts resemble in their shapes and positions those from the
v(O~-H) and §(H-O-H) modes of unco-ordinated water.!!

Conclusions

It is evident that fluoroperoxouranates, A,[UO,(O,)F,] (A =
NH, or Cs) and A,{UO,(0,)F,]-H,0 (A = K or Rb), can be
synthesised under the appropriate conditions. The pH of 6.5—7
is very crucial for the formation of the [UO,(O,)F,]* ion. The
peroxide is bonded to the UO,2* in a triangular bidentate
manner. The complex [UO,(O,)F,]1*- may have a polymeric
structure through —U-F-U- chains.
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Notes

First Synthesis and Structural Assessment of Alkali-metal Carbonatodioxo-
peroxouranate(vi) Monohydrates, A,[U0,(0,)(CO,)]-H_0. and Carbonato-
oxodiperoxovanadate(v) Trihydrates, A,[V0(0.).(CO,)]-3H.,0

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

The complexes A,[UO,(0,) (CO,)]1-H,0O (A = Na or K) have been synthesised from the reaction of
the product obtained by treating UO,(NO,)..6H,0 with AOH and AHCQ, (ratio U:CO2*~ = 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 been
synthesised by treating V,0, with A,CO, (ratio V:CO,2~ = 1:1.5) and an excess of 30% H,0, at
pH ca. 7. They were precipitated with ethanol. The occurrence of trans O=U=0 and terminal V=0
in the [U0O,(0,)(C0,)]1>~ and [VO(0,),(C0,)]*" ions, respectively, and the presence of triangular
bidentate 0,2~ and chelated bidentate CO,2~ groups, have been ascertained from i.r. and laser
Raman spectra. The complexes A,[UO,(0,)(C0O,)]-H,0 can be dehydrated at ca. 100 °C, a
temperature at which A;[VO(0,),(C0O;)]-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,)(CO;)]}-2H,03 being
the only one for which the synthesis is available. In contrast,
relatively more is known about complex peroxovanadates,**
and some peroxovanadates containing co-ordinated N-hetero-
cyclic ligands have been very well characterised.®* However,
[VO(0,),C,0,]*" is to our knowledge the only peroxo-
vanadate having an oxygen-containing ligand.5:% Attempts to
co-ordinate SO,2~ with VV in the presence of 0,2~ were unsuc-
cessful,” however, the simultaneous co-ordination of CO;2~
and 0,2 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 earlier.*®* Molar conductances were
measured using a Philips PR 9500 conductivity bridge. Lr.
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 either in a quartz
capillary or in the form of a pressed pellet.

Synthesis of Alkali-metal Carbonatodioxoperoxouranate(vi)
Monohydrates, A,[UO,(0,)(CO;)]*H,O (A = Na or K)—
Powdered UO,(NO3),-6H,0 (1 g, 1.99 mmol) was dissolved in
hot water (20 cm?) and a 20% solution of AOH (A = Na or K)
was added slowly with stirring until a yellow product ceased to
appear. The solution was filtered while hot and the yellow
product washed free from alkali. To a stirred water suspension
of the product, AHCO; (8 mmol; ratio U:CO;2~ = 1:4) was
added and stirring continued for ca. 20 min. An excess of 30%,
H,0, (30 cm?, 264.7 mmol) was added until 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. 50 cm?) led
to the precipitation of a yellow microcrystalline solid which was
filtered off, washed 3—4 times with ethanol, and then dried in
vacuo over concentrated H,SO,. The yields of Na,[UO,(0,)-

(C0,)]-H,0 and K,[UO,(0,)(CO;)]-H,0 were 0.7 (82) and
0.8 g (88%) respectively.

Synthesis of Alkali-metal Carbonato-oxodiperoxovanadate-
(V) Trihydrates, A;[VO(0,),(CO;)]-3H,0 (A = Na or K).—
In a typical synthesis a mixture of V,0, (1 g, 5.5 mmol) and
A,CO, (16.5 mmol; ratio V:CO,2~ = 1:1.5) was dissolved in
30%, H,0, (15 cm?3, 132.4 mmol) giving a clear yellow solution.
The solution was filtered and the filtrate cooled in an ice-bath
for ca. 15 min. An excess of pre-cooled ethanol was added with
stirring until the yellow microcrystalline A,[VO(O,),(CO3)]-
3H,0 (A = Na or K) was completely precipitated. The stir-
ring and cooling were continued for another 30 min. The
compounds were isolated, purified, and dried similarly to the
peroxouranates. The yields of Na;[VO(0O,),(CO,)]-3H,0 and
K,[VO(0,),(CO,)]-3H,0 were 3 (87) and 3.2 g (80%,) respec-
tively.

Elemental Analysis.—The determinations of uranium,® and of
vanadium, peroxide, carbon, sodium, and potassium,* were as
described earlier. The elemental 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 successful synthesis of peroxo-
metal compounds has been emphasised,**!° and it was shown
very recently that a relatively high pH favoured co-ordination
of 0,2 with UO,2* (ref. 8) and VO3*.#1° In the present
case, pH > 6 was considered conducive in order to prevent the
reaction CO,2~ + 2H" —— CO, + H,0. Thus pH ca. 7 was
found to be suitable for the syntheses. It is imperative that the
products isolated at pH 4 or 5 either did not show the presence
of CO;2™ at all or did to a very small extent, indicating that co-
ordination of the CO42~ ligand might have just commenced.
However, the reaction of UO,2* with hydrogen peroxide and
AHCO; (A = Na or K) at pH 7—38, and that of V,0, with
H,0, and A,CO, at pH 7, followed by the addition of alcohol
which facilitated precipitation, afforded A,[UO,(0,)(CO;)]
H,O0 and A,[VO(0,),(CO;)1-3H,0 respectively in very high
yields. Attempts to synthesise the ammonium salts of the com-
plex ions were not successful. Corresponding salts of Rb* and
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Table. Analytical data, molar conductances,
A,[VO(0,),(CO4)]-3H,0 (A = NaorK)

structurally significant ir. and laser Raman bands of A,[UO,(0,)(CO;)}H,0 and

Molar con- Analysis®/(%) Laser
ductance®/ - A - Lr. Raman
Compound ! cm? mol™! A UorV O« C (em™) (cm™) Assignment
Na,[U0,(0,)(CO,)]-H,0 255(20) 1045 56.2 7.8 2.85 1 580s 1570 V(C-0) vy, 4,
(108) (5585 (1.5  (28) 1325m . ¥WC-0) + §0-C-0)
vs, By
920s 930 v(O=U=0)
890s 880 w(0-0) v,
615m 600 v(U-0,) v,
5505 550 v(U-0,) v,
K,[UO,(0,)(CO3)1H,0 245(20) 173 5225 72 2.6 1570s 1570 V(C-0) v,, 4,
a71) (5195 © (70)  (26) 1330m v(C-0) + 3(0-C-0)
vs, B,
925s 930 v(O=U=0)
885s 885 v(O-0) v,
610m 600 v(U-0,) v,
550s 540 w(U-0,) v,
Na,[VO(0,),(CO,)]-3H,0 370(7) 232 16.7 20.65 3.85 1 580s 1580 v(C-O) v,, 4,
(2195  (162)  (204)  (3.8) 1 3405 v(C-0) + 3(0-C-0)
Vs, By
9405 940 v(V=0)
865s 870 v(O-0) v,
620s 600 v(V-0,) v,
525s 530 v(V-0,) v,
K3[VO(O,)(CO4)}-3H,0 375(T) 326 1455 182 335 1585s 1580 wC-0) vy, 4,
(324) (1405  (1765) (33) 1335s w(C-0) + 85(0-C-0)
vs, B,
9455 940 v(V=0)
865s 865 v(0-0) v,
625s 600 v(V-0,) v,
5205 530 v(V-0,) v,

 Temperature (°C) in parentheses. ® Calculated values are in parentheses. © Peroxo-oxygen.

Cs* could be obtained by the method analogous to that used for
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,)(CO,)]-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(0O,),-
(CO;)]-3H,0 started to decompose through the loss of both
0,2 and H,0.

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

The complexes A,[UO,(0,)(CO5)]-H,0 and A;[VO(O,),-
(C0O3)]:3H,0 tend to absorb moisture slowly. The compounds
are diamagnetic, in conformity with the occurrence of UY! and
VV respectively. The results of the peroxide estimations, by
redox titrations*®!° involving separate standard potassium
permanganate and cerium(1v) solutions, suggest the presence of
one peroxide per U and two peroxides per VY in the corres-
ponding complexes.

The ir. spectra of A,[UO,(0,)(CO;)]-H,O show bands
at ca. 920s, ca. 890s, and ca. 610m and ca. 550s cm™! due
to v(O=U=0, trans),?'! v(0-0), and v(U-O,) modes?-10:12
respectively, at ca. 1 580s, ca. 1 330m, ca. 1 050s, ca. 750m, ca.
675m, and ca. 415 cm™! due to v(C-0), W(C-0) + 3(0-C-0),
v(C-0), ring deformation + v(U-0), §(0-C-0O) + w(U-0),
and v(U-QO) respectively originating from the co-ordinated
bidentate carbonate,’ and at ca. 3 455m and ca. 1 630s cm™

due to v(O-H) and 8(H-O-H) modes of unco-ordinated water.
The laser Raman spectra, recorded in the solid state because of
low solubility, exhibited peaks at ca. 930 cm™! assigned to
v(0=U=0),%!"! at 880, ca. 600, and ca. 550 cm™! due to v(O-O,
vy), v(U-0,, v3), and w(U-O,, v,) respectively,!? and at ca.
1 570 cm™ due to W(C-0) (v,, 4,) of co-ordinated CO;*~. The
distinction between the v, and v; modes of v(U-O,) was made
on the basis of the sharpness and intensity of the peaks, that at
ca. 550 cm™! being the sharpest and most intense. The ir. spectra
of A;[VO(0,),(CO4)1-3H,0 show v(V=0, terminal) at ca. 940s
cm!, v(0-0, v,) at 865s cm™*, and the two v(V-O,, v,, and v;)
modes at ca. 525s and ca. 620s cm™ due to co-ordinated O,%~
groups. The bands at ca. 1 585s, ca. 1 340s, ca. 1 050s, ca. 740m,
ca. 695w, and ca. 395m cm™! have been attributed to v(C-O),
v(C-0) + 0O-C-0), v(C-0), ring deformation + v(V-0),
3(0-C-0) + v(V-0), and v(V-0) modes '* respectively, while
those at ca. 1 640s and ca. 3 450m cm~! have been assigned to
3(H-O-H) and v(O-H) modes of unco-ordinated water.!* The
laser Raman spectra of A;[VO(O,),(CO;)]-3H,0 exhibit a
strong peak at 940 cm™ assigned to v(V=0), peaks at ca. 870, ca.
. 600, and ca. 530 cm™! attributed to the v(O-O, v,), W(V-0,, v3),
and v(V-O,, v,) modes!? respectively of the co-ordinated
0,27, and a peak at ca. 1 580 cm™ assigned to the W(C-0O, v,
A4,) mode of co-ordinated CO,2~. The facile loss of water at
100 °C and the resemblance of the peak shapes and positions of
8(H-O-H) and v(O-H) with those of unco-ordinated
water 1*!5 suggest that the water molecules are not co-
ordinated. The typical pattern of absorptions due to the co-
ordinated O,27,%512 and those due to co-ordinated CO,2~,'3
especially the appreciable separation between v,(4,) and v4(B,)
modes (Table) and also the appearance of a Raman peak at ca.
1575 cm™! due to v(C-0) (v,, 4,), render it certain that both
the peroxide (O,27) as well as the carbonate (CO;%7) ligands
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are bonded to the metal centres in a bidentate chelated (C,,)
manner.
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Complex Peroxyuranates. Synthesis and Structural Assessment of Alkali-Metal and
Ammonium Dioxoperoxy (sulfato)aquouranates(VI), A,[U0,(0,)SO4(H,0)] (A = NH,,
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Yellow microcrystalline alkah-metal and ammonium dioxoperoxy(sulfato)aquouranates(VI), A,[UO,(0,)SO4(H,0)] (A = NH,,
Na), and alkali-metal and ammonium dioxoperoxy(oxalato)uranate(VI) hydrates, A,[UO,(0,)C,0,]-H,0 (A = NH,, Na, K),
have been synthesized from the reaction of the product obtained by treating an aqueous solution of UO,(NO;),-6H,0 with
alkali-metal or ammonium hydroxide, AOH, with 30% H.O, and aqueous sulfuric acid and oxalic acid solution, respectively, 1n
the mole ratio UO,(NO;)-6H,0 H,0, SO or C,0,7 of 1111 5 or 1, at pH 6 maintaned by the addition of the corresponding
alkali-metal or ammonium hvdroxide Precipitation was completed by the addition of ethanol IR and laser Raman spectra suggest
that the O,> and SO,2 10ns tn [UO,(0,)SO,(H,0)]? are bonded to the UO,?* center 1 a bridging and 1n a monodentate manner,
respectively, whle both the 0,2~ and C+0,2 10ms 1n [UO,(0,)C,0,}% bind the uranyl center in a bidentate chelated fashion The
complex peroxyuranates are diamagnetic and nsoluble The A,[UO,(0,)SO,(H,0)] compounds unlike A,[UO0,(0,)C,0,]-H,0
are stable up to 110 °C W nereas H.O 1n A,[UO,(0;)SO4(H,0)] 1s coordinated to the UO,* center 1t occurs as a water of

crystallization 1n the corresponding peroxy oxalato compounds

Introduction

Although uranium 1s the most important and useful of the
actinide metals and 1s known to form simple peroxides,!? 1ts
heteroligand peroxy chemistry seems to have been practically
overlooked 1n earher investigations ' = This is probably because
of the hughly complicated nature of peroxyuranate chemistry!
owing to the formation of a number of different species with a
small vanation of pH of the reaction solution Peroxyuranates
containing 0,2 Uratiosof 11.12 21 31.32,and 52 were
described 1n the literature,’ 2 of which UO,(0.)-nH,0 (n =2 4)
appears to be the best characterized one Recent experience m
the field of peroxy-metal chemistry*® advocates an enhanced
stabihity of such compounds brought about by the coordination
of heterohigands Reports on heteroligand peroxyuranate com-
pounds are rather scanty, except for the ores on (carbonato)- and
(oxalato)peroxyuranates !

The present work was undertaken to synthesize hitherto un-
known peroxy(sulfato)uranates(VI) and improvise a direct route
to peroxy(oxalato)uranates( V1), to make an assessment of their
structures and to rationalize the IR and laser Raman spectra in
terms of the modes of binding of 0. and SO,2 or C,0,2 with
the UO,** center, and to make an internal comparison of the
results to correlate with that of the previously reported
(NH,),U0,C,0,-3H,07

(1) Connor,J A, Ebsworth, E A V Ad. Inorg Chem Radiochem 1964,
6 345

(2) Ahrland, S, Bagnall, K W, Brown D Dell, R M, Eberle S H,
Keller, C, Lee, J A, Liljenzin, ] O Mardon, P G, Marples J A
C, Milner, G W C, Philips, G Potter, P E Rydberg, J The
Chenustry of Actinides, Pergamon Elmsford, \Y, 1975 Pergamon
Texts 1n Inorganic Chemustry Vol 10 p 249

(3) Chaudhun, M K, Ghosh, S K Pols hedron 1982 1,553 Inorg Chem
1982 21,4020, /bid 1984, 23,534 J Chem Soc, Dalion Trans 1984,
507

(4) Schwendt, P, Jomuakova, D Polvhedron 1984 3 287

(5) Djordjevic, C Chem Br 1982, 18 554 Djordjevic C Craig S A,

Sinn E Inorg Chem 1985, 24 1283

Chaudhury, M K, Das, B Poly hedron 1985 4, 1449 Bhattacharjee

M N, Chaudhuri, M K, Dutta Purkavastna R N J Chem Soc,

Dalton Trans 1985, 409

(7) Krishna Prasad, N S J Inorg “ucl Chem 1961 21,379 Baskin
Y Krishna Prasad, N S J Inorg Nucl Chem 1964 26 1385

(6

~

Experimental Section

The chemicals used were all reagent grade products IR and laser
Raman (LR) spectra were recorded on the mnstruments and by the
methods described in our earlier papers 6% LR spectra were recorded
on solids owing to the msolubility of the compounds Magnetic suscep-
ubility measurements were made by the Gouy method, Hg[Co(NCS),]
was the calibrant The pH of the reaction solutions was measured with
a Systronics type 335 digital pH meter and also wath pH indicator (BD-
H) paper

Svnthesis of Alkali-Metal and Ammonium Dioxoperoxs (sulfato)-
aquouranates(VI), A,JUO,(0,)S04(H,0)] (A = NHy, Na). A 10-g
(1 99-mmol) sample of UO,(\O3),6H,0 was dissolved in water (10-15
cm?) followed by addition of 25% ammonium hydroxide solution or a
concentrated solution of sodium hydroxide 1n the case of the Na* salt
with stirring until the yellow precipitate ceased to appear The yellow
precipitate was filtered off and washed free of alkali-metal 1on or am-
monjum ton and nitrate To an aqueous suspension of the product was
added 4 cm® (10 mmol) of 2 5 M H,SO, solution to obtan 2 clear
solution, which was stirred for ca 5 min A 25-cm® (220 5-mmol) sample
of 30% H,0, was added, while the U SO,2 H,0, ratio was maintained
at 1 5111, and the solution was surred for ca 15 min followed by careful
addition of the corresponding alkali-metal or ammonium hydroxide so
lution, AOH (A = NH,, Na), until the pH was raised to 6, whereupon
a yellow product just began to appear An equal volume of ethanol was
added with occassional stirring to obtamn yellow microcrystalline alkali-
metal or ammonium dioxoperoxy(sulfato)aquouranates(V1), A,[UO,-
(0,)SO,4(H,0)] (A = NH,, Na), in high yields Each compound was
allowed to settle for ca 20 mun, separated by centrifugation, purified by
washing with ethanol (3~5 times), and finally dried in vacuo over con-
centrated H,SO,

Synthesis of Alkali-Metal and Ammonium Dioxoperoxy(oxalato)ura-
nate(VI) Hydrates, A,[UO,(0,)C,0,]H,0 (A = NH,, Na, K). The
A,[UO0,(0,)C,0,]-H,0 compounds were prepared in a manner analo-
gous to that described above for the synthesis of the peroxy(sulfato)-
uranate compounds The two points of differences are that (1) a con-
centrated solution of oxalic acid (H,C,0,2H,0) was used 1n heu of the
25 M H,SO, solution and (u) a U C,0,2 H,0, ratio of 11 111 was
maintained for the synthesis

The amounts of reagents used for the syntheses and the yields of
AL[U0,(0,)SO,(H;0)] (A = NH,, Na) and A,[UO,(0,)C,0,]-H,0 (A

(8) Chaudhuri, M K, Ghosh, S K, Islam N S Inorg Chem 1985, 24,
2706 Basumatary J K Chaudhun M K Dutta Purkayastha R
N, Hiese, Z J Chem Soc Dalton Trans 1n press

0020-1669/86/1325-2354501 50/0 © 1986 American Chemical Society
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Table I. Amounts of Reagents Used for the Syntheses of and the Yields Obtained for Ay[UO»{(0,)S0O,(H,0)] (A = \H; Na) and

A,[UO(0)C;0,] H,0 (A = NH, Na K)

amt of amt of amt of amt of
yield, U0-(NOj3), 6H-0, 30% H,0,, 2> M H-S0, H,C,042H.0

compd g2 (%) g (mmol) cm? (mmol) cm? (mmol) g (mmol)
(NH,),[U0,{0;)SO,(H,0)] 08 (90) 1(199) 25 (220 5) 4 (10)
Na,[UO,(0,)S0,(H,0)] 075 (82) 1 (199) 25 (220 5) 4 (10)
{NH,),{U0,(0,)C,0,4]-H.O 68 (91) 1(199) 25(220 5) 025 (198)
Na,[UO,(0,)C,04]-H,0 08 (89) 1(199) 25 (220 5) 025 (198)
K,[UO,(0,)C,0,)-H,0 0835 (87) 1(199) 25 (220 5) 025 (198)

= NH,, Na, K) compounds are summanzed in Table ]

Elemental Analyses. Uranium was estimated gravimetrically as Us,-
O3 % The peroxide content was determined by redox titration with
standard solutions of KMnO,*® or Ce** > W hile sulfate was estimated
gravimeincally as BaS0,% oxalate was estimated volumetrically %
Nitrogen, sodium and potassium were estimated by the methods de-
scribed 1n previous papers 3
Results and Discussion

The reaction of hydrogen peroxide with UO,** leading to a
complex peroxyuranate(VI) of a definite composiuon 1s highly
dependent on the pH of the reaction medium  Thus. evaluation
‘of an appropriate pH for successful synthesis of a peroxyuranate
spectes 1s emphasized to be an important prerequisite  The suitable
pH for bringing about coordmation of both peroxide and sulfate
or oxalate with the uranyl center was ascertamned tobe 6 The
compounds 1solated at a relatnely lower pH (e g, ca 4) on being
analyzed did not show the occurrence of peroxide to the desired
level (1e, U Oz as 1 1), indicating therefore that the 0,2 uptake
process was in progress but did not reach the U O,> ratio of 11
The peroxy (sulfato)uranates(VI) and perox; (oxalato)uranates(VI)
of the types A,{UO,(0,)SO_(H-0)] and A,[UO-(0,)C,0,}-H-O
(A = alkah metal or ammontum) have been synthesized by
carrying out reactions among UO+"". H-0,, and SO and C,07,
respectively, at pH 6 of the reaction solution maintained by ad-
dition of the corresponding alkah-metal or ammomium hydroxide,
AOH While ammonium hvdroxide was used as a 25% solution
(sp gr 0 88) sodium and potassium hydroxides were added as 10%
solutions The peroxide uptahe process was monitored through
cnemucal determination of actnve oxygen (O, ) 1n the products
wsolated from the reaction solution at different pH The method
of svnthesis of the complex peroxyuranates described 1n the present
worl 1s straightforward, does not imolve any extra preparation
step unlike in the method presiously reported for the synthesis
of peroxy(oxalato)uranates(VI)" (which required ammomum
urany! oxalate), and may serve as a paradigm for an access to
other heteroligand peroxyuranates(VI) It1s imperative to mention
that, according to the present method, the complex peroxy-
uranates{ VI) start appearing as soon as the solution attains pH
6, however, the addition of ethanol 1s required to achieve quick
and nearly quantitative preciprtanion of the products It must also
be mentioned that similar compounds were obtained 1n Jow yields
by allowing the reaction solutions. after adjusting their pH 10 6,
to stand for several hours at an 1ce~water temperature

Characterization and Assessment of Structure. The A,{LO,-
(02)S04(H;0)] (A = NH, \a) and A,{UO0,(0.)C,0,]-H,0 (A
= NH,, Na, K} compounds are all yellow microcrystalline
products, p:actically insoluble 2 water Theur msolubility pre-
cludes molar conductance measurements They do not seem to
by hygroscopic, and while the A-[L0-(0;)SO,(H.0)] compounds
are stable for a prolonged period, the oxalato compounds, A,-
[U0,(0,)C0,4]-H,0, start losing active oxygen with time (in
days) Pyrolysis studies showed that A,[U0,(0;)SO,(H,0)] does
not suffer any loss of water up to ca 110 °C, whereas A,-
[U0,(0,)C,0,]-H,0 begins to expel water around the same
temperature, leading us to state that the H,O molecule 1s rather
loosely held 1n the latier compound Both types of complex

(9) Vogel, A 1 A4 Textbook of Quanmtanure Inorganic Analysis Longmans
Greenand Co  New York, 1962 (2) p 539 (b) p 295 (¢} p 325 (d)
p 462, (e) p 284
(10) “akamote K Infrared Spectra of Inorganic and Coordination Com
pounds, 2nd ed, Wilev New York, 1970, p 173

peroxyuranates(V]) readily decompose 1n dilute sulfuric acid,
Iiberating hydrogen peroxide quantitauively, and thus facihtate
determmation of active oxygen content of the compounds
Chemical determination of active oxygen, considered to be very
crucial to ascertain the number of O.* groups coordinated to the
UO,** center, was accomplished by redox titrations involving a
standard Ce** solution, and also separately with a standard
KMnO, solution The estimation was conducted tn the presence
of boric acid m order to prevent any loss of active oxygen The
results suggested the occurrence of one 0,2 group per UO,**
center in each of the newly svathesized compounds The com-
pounds are all diamagnetic, m conformity with the presence of
hexavalent uranium

Albeit complex peroxy(oxalato)uranates(VI) have been re-
ported,” we became interested 1n them not only to explore the
feasibility of their being obtained by a method analogous to that
mmprovised for the hitherto unknown peroxy(sulfato)uranates(V1)
but also to spectroscopically evaluate the mode of bonding of O,%
with UO,** in the compounds The infrared and laser Raman
spectra of all the compounds were recorded 1n the range 4000-200
and 2000-150 em™ respectnely  The significant features of the
IR spectra of the A-[UO (O-)SO_(H-0)] (A = NH; Na) com-
pounds mvolve absorptions of coordinated sulfate, coordinated
water, and the U==0 stretch The appearanc e of medium-ntensity
»y and v, modes of S-O stretchings at ca 980 and ca 450 cm™,
respectn ely, and the splitting of »; and », 1nto two bands each
(Table I1), as opposed to the absence of v; and », and the presence
of unsplit »; and 1, modes 1n the 10nic sulfate, provide strong
evidences for the lowering of the symmetry of SO,* from T, to
C;, and also for 1ts occurrence as a coordinated umidentate hgand
i the complex peroas (sulfatojuranates(VI) A very strong ab-
sorption, in addition to the sulfate Jigand bands, was observed at
ca 895 cm ! anc assignec t¢ ne i —q Stretching (trans-linked
O=U==0 group) ' The LR snecurz of A,[UO.(0,)S0O,(H,0)]
(A = NH,, Na) complement the IR spectra by exhibiting SO
peaks at ca 970 and ca 440 cm ! owing to »; and », and at ca
1040, ca 1140 ca 600, and ca 650 cm™ due to the y; and v,
modes of a coordinated SO.” (C;,) hgand A very strong peak
observed at ca 900 cm™, because of large polarizability changes
mvolved 1 the L—O bond 15 attributed to the vy (trans-linked
O==U==0) mode The presence of coordinated water causes the
distinct appearance of vg_y and éy_o-y modes whrch occur 1n the
IR spectra as medium-intensity bands at 3,60 and 1630 cm™
The lowering of 1 o_y frequencies and broadening of §y_g_y bands
relative to those of free water suggest a clear possibility of 1n-
tramolecular hydrogen bonamng'-! involving uranyl onygens This
might be a reason for lowering of v as well Especially
noteworthy, over and above the patterns just discussed, 1s the
absence of amv band mn the IR or LR spectra of the peroxy-
(sulfatoyuranates(VI) i the range 890800 cm™, a position where
rg-o would appear if perouide hgand were coordinated 1n the
triangular bidentate (C,,) manner commonly encountered 1n
peroxy compounds of V{V)** ¥ and Ti(TV),$ 1415 for example This
causes us to infer that the O “ Ligand 15 present as a bridging group

(11) Bagnall K W Browr D Easev,] F J Chemt Soc 41968 2223

(12) Thornback J R Wilkinson G J Chem Soc Dalton Trans 1978
110

(13} Chakravorts A R Cnekrasorty A Jnorg Chem 1981, 20, 275

(14) Gnffith W P J Chem Soc 1963 5345 1964, 5248 Gnffith W P
Wickins T D J Chem Soc A 1968, 397

(15) Chaudhurs1 M K Das B Inorg Chem 1985 24 2580
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Table I Analytical Data and Structurally Significant IR and Raman Bands of A,[L0,(0,)SO4(H,0)] (A = NH, Na) and

A,[U0y(0,)C-0.]-H,0 (A = NH,, N2 K)

% found ("¢ caled)

1

compd AorN U 0,° SO, or G50, IR ¢m! Raman em” assignt
(NH,),[U0,(0,)SO,(H,0)] 632 52 38 73 21 626 890 (s) 900 Y0
62 (5264)  (708) (21 24)? 790 (w, br) 780 Yoo
980 (m) 970 (o)
440 (m) 440 ()
1130 (s) 1140 }(”) Vs—o
1040 (s) 1040 3
640 (s) 60
605 (s) 600 } )
3160 (m) You
1630 (m) Sy—o—u
Na,{U0,(0,)SO0,(H,0)] 955 5182 72 20 93¢ 895 (s) 950 Yumo
9 99) (51>s1) (693) (20 79)° 780 (w, br) 780 Yoo
975 (m) 970 )
445 (m) 450 ()
1140 (s) 1140 } () vs_o
1040 (s) 1040
645 (s) 640 ’
600 (s) 600 } v
3160 (m) Yon
1630 (m) dy—o—u
(NH,),[U0y(0,)C,04] H-0 634 5382 75 2011¢ 880 (s) 890 Yo
(631) (53 59) (72) (19 82)° 860 (s) 850 Yoo
610 (s) 600 o,
3455 (m) Yon
1640 (s) dy—o—n
Na,[UO,(0 )C,0,] HO 1042 5273 ~3 19 63¢ 890 (s) 890 Pu=0
{10 13) (52 42) (7 0>) (19 39)° 360 (s) 860 Yoo
600 (s) 600 Vuo,
3460 (m) Yoo
1640 (s) dy—o0-n
K,{UO»(0)C,0,]-H,0 1633 43 66 63 18 & 390 (s) 330 Yoo
(16 08) (48 93) (6 38) (18 1)° 850 (s) 860 Yo—0
600 (s) 600 Yoo,
3455 (m) Yon
1640 (m) d—o—u

@ Peroxy oxygen ®S0, ¢C.O,

connecting the contiguous UO,’* centers through an nfimite
~U-0-0~-U-0-0-U- chain n the crystal lattice Fortunately
the appearance of a broad, rather weak band at 790-750 cm™*
mn the IR and LR spectra of the compounds lends support to our
arguments in favor of a bridging peroxide! group
The IR and LR spectra of the complex peroxy(oxalato)ura

nates(V1), A;JUO,(0,)C,0,]-H,0 (A = NH,, Na, K), were
studied particularly to ascertain the mode of bonding of the O,
ligand to the UQ,?* center 1n the complex It 1s pertinent to
mention here that the earlier reports on peroxy(oxalato)ura-
nates(VI)” suggested the presence of a bridging peroxide The
IR and LR spectra of the newly synthesized peroxy(oxalato)-
uranates(VI) showed distinctly strong and sharp bands at ca 890,
ca 860, and ca 600 cm™, 1n each of the compounds, which have
been assigned to the »y—g (trans-linked O=U=0)*! and peroxy
modes® 31415y, and vy, respectively The definite presence,
shapes, and posttions of voo and the'complementary »y_o, modes
1 the regions stipulated for the presence of triangularly bonded
bidentate peroxide led us 10 draw an inference that the O, group
1s bonded to the UO,** center, m each of the A,{UO,-
(0)C,0,]-H,0 compounds, 1n a triangular bidentate (C,,)
manner The IR modes due to the cocrdinated C,0,2 ligand are
quite straightforward and unequivocal, showing the presence of
a chelated oxalto group,’” '® and thus further discussion on this
1s redundant The vy and 6y oy bands 1n the IR spectra of
the compounds resemble tn their shapes and positions those

(16) Jones,R D,Summerville D A Basolo F Chem Rev 1979 79 139
(17) Fujta, J, Martell, A E, Nakamoto, K., J Chemn Phys 1962 36 324,
331

(18) Curtis, N F J Chem Soc 1963, 4109, Ibid 1964, 2644, Chem Soc
A 1968, 1584

generally observed for uncoordinated water 2 This result, as
well as the facile loss of water as evident from the pyrolysis studies,
suggest that the H,O molecule i A;[UO,(0,)C,0,]-H,0 occurs
as lattice water and probably 1s not coordinated to the uranyl
center The solubility property of the compounds suggests a fair
possibility of a polymeric structure of the complex species
[UO,(0,)(C,0,)1* through a ~U=0+-U=0--U==0-.. interac-
tion

Conclusions

Yellow microcrystalline, diamagnetic complex peroxy-
uranates(VI) A,{UO,(0,)SO,4(H,0)] (A = NH,, Na) and A,-
[UO4(0,)C,04] H,0 (A = NH,, Na, K) can be synthesized from
the reaction of UO,?* and H,0, with H,SO, and H,C,0,2H,0,
respectively, at pH 6 maintained by the addition of the corre-
sponding AOH (A = NH,, Na, K) The compounds are insoluble

The peroxy(sulfatoyuranates(VI), A,[UO,(0,)SO,(H,0)], are
comparatively more stable than the corresponding peroxy(oxa-
lato)uranates(VI), A,[UO,(0,)C,0,]-H,0, the former does not
lose H,O upto 110 °C, a temperature at which the latter undergoes
dehydration Both compounds decompose in dilute sulfuric acid,
quantitatively iberating H,0,

The peroxide group 1n [UO,(0,)SO,4(H;0)}% 1s bonded to the
UOQ,%* center 1n a bridging manner, while the 0,2 1n [UO.-
(02)C,0,]* 15 bound to UO,* in a triangular bidentate fashion
The SO,% 1 the peroxy(sulfato)uranates(V1) occurs as a coor-
dinated unidentate ligand, whereas the C,0,* 1n the corresponding
peroxy(oxalato)uranates(VI) acts as a bidentate chelating igand

(19) Edwards, A J J Chem Soc A 1971, 2653
(20) Bhattacharjee, M N, Chaudhuri, M K Dasgupta, H S, Khathing,
D T J Chem Soc, Dalton Trans 1981, 2587
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The H,0 molecule in the former complex 1s coordinated, but in
the A,[U0,(0,)C-0,4]-H,0 case 1t 15 present as lattice water

The complex species [UO,(0,)SO4(H,0)]?> very likely has a
hexacoordinated polymeric structure through a ~-U-0-0-U-0O—
O~U- cham contaiming peroxide bridges The complex [UO,-
(0,)C,0,]% 10n may be a hexacoordmated monomer, however,
the possibility of a polymeric structure through a weak ~U=
O--U==0-~ 1nteraction cannot be totally ruled out
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Redox and Spectral Properties of the Cis and Trans Isomers of the Osmium(VI) Dioxo

Complex [(bpy);0s(0);](C10,),

John C Dobson, Kenneth J Takeuchi, David W Pipes, Daniel A Geselowitz, and Thomas J Meyer*

Recetwed February 20, 1986

The c1s and trans 1somers of [(bpy),0s(0),](ClO,), (bpy = 2,2’~biryridine) have been prepared and charactenzed and their redox
properties 1 aqueous solution mvestigated by using electrochemcal techmgues  Plots of £y, vs pH for a series of redox couples
that appear involving oxidation states II-VI are revealing both in terms of the relative stabilities of the various oxidation states
for each 1somer and 1n terms of the relative stabilities of the cis and trans 1somers in different oxidation states The cis 1somer
undergoes bpy ligand loss 1n aqueous solution on a time scale of minutes by chelate ring opening followed by hgand loss Upon
reduction to Os(IIl) or Os(1I) the trans 1somer is unstable with respect to 1somerization to the cis 1somer Comparisons of the
redox properties of the 1someric pair give msight into the factors that dictate the relative stabilities of oxidation states and suggest
possibilities for the control of the redox potentials, which play a key role 1n the ability of polypyridyl oxo complexes of ruthenium

and osmium to act as redox catalysts

Introduction

In recent work we have shown that access to a series of metal
oxo complexes of Ru and Os 1s possible based on oxidation of the
corresponding aqua complexes, e g, reaction 1 (b = bpy 2,2-
bipyridine) ! In most accessible pH domains, the oxidation process

- -H*

[by(py)Rul'~OH,]**

- H*
[by(py)RuM-OH**

[by(py)RulV=07>* (1)

1s accompanied by proton loss and stabilization of lgher oxidation
states by electronic donation from bound hydroxo or oxo groups
Synthetically, this approach to the preparation of metal oxo
complexes has the advantage of starting with the synthetically
accessible Jower oxidation states to give higher oxidation states
that are frequently good stoichiometric or even catalytic oxidants
In a prehimuinary communication we noted an extensive redox
chemustry of this kind based on [(bpy),M(OH,),}** (M = Ru or
Os) which extended from oxidation states II through VI ¢ In this
paper we elaborate on the Os chemustry and note the existence
of cts and trans 1somers of [(bpy),0s¥{(0),]** The cis 1somer
appears to be the first example of a d? c1s-dioxo complex

Experimental Section

Matertals. Burdick and Jackson spectrograde acetonitrile was distilled
under argon over P;O; on 2 Vigreaux column Ce(IV) perchlorate in
perchioric acid solution (05 N) was purchased from G F Smith
Chemical Co Buffer solutions for electrochemical and spectroscopic
measurements were prepared from HCIO, acid solutions with LiClO,
added as additional electrolyte (pH 0~2) and mono-, di-, and tribasic
phosphate (pH 3-12) to maintain a minimum 1onic strength of 0 I M
The pH measurements were made with a radiometer pHM62 pH meter
All other materials were obtained as reagent grade and used without
further purification

Elemental Analysis. Microanalyses were conducted by Galbraith
Laboratories Knoxville, TN

(1) (a) Moyer B A, Meyer, T J Inorg Chem 1981 20 436 (b) Tak-
euchi K. J, Thompson, M S, Pipes, D W, Meyer, T J Inorg Chem
1984, 23, 1845 (c) Takeuchi, K J, Samuels, G J Gersten,§ W,
Gilbert, J A, Meyer, T J Inorg Chem 1983 22, 1407

Preparations. The syntheses of (bpy),OsCOj; and (phen)Os(0),(OH),
have been described previously 23

crs [(bpy),0s(0),)(C10,);. To 10 mL of 2 M HCIO, was added 50
mg (0 089 mmol) of bpy,OsCO; The resulting solution was degassed
with argon for 15 min and then filtered through a medium glass frit To
the stirred filtrate was added 1 mL of 0 5 N cerium{IV) perchlorate n
perchioric acid solution The green microcrystalline precipitate was
filtered off, washed with 3 X 3 mL portions of ether, and then dried in
vacuo Yield 34 mg, 52% Anal Caled for OsCoH,404Cl; C, 3271,
H,218,N,763,Cl, 568 Found C,3257 H,235N,739,Cl,9%38

trans [(bpy),0s(0),J(C10,), To 20 mL of rigorously dry acetomtnie
was added 50 mg {0 068 mmol) of cus-{(bpy),0s(0),}(ClO,)» The
solution was heated at gentle reflus for 20 mun with magnetic stirring
under an nert argon atmosphere  After this time the solution was al-
lowed to cool to room temperature and the resulting precipitate filtered
onto a medium glass frit Dry conditions are essential as bipyridine loss
from c1s-[(bpy),0s(0),]** and subsequent dimer formation upon heatng
to yield the dioxo-bridged dimer {(bpy}(0);0s],0,** 1s competitive with
isomerization  The beige solid was washed with 1 mL of ether and dried
mvacuo Yield 24 mg, 48% Anal Caled for OsCioHc0,0Cl; C,
3271, H,218,N,763,Cl, 968 Found C, 3283 H,218, N,765,
Cl, 9 46

Measurements. Aqueous solutions of cis-[{bpy);O0s(OH,),}** were
prepared by dissolving the appropriate amount of (bpy),0sCO; 1n acidic
solution The diaqua complex is formed by protonation and loss of
carbonate as CO,

(bpy);0s(CO;) + 2H* + H,0 — [(bpy),0s(OH,),1** + CO,

Spectroscopy. Routine UV-vis spectra were recorded 1n quartz cells
at room temperature on a Bausch and Lomb Model 210 spectrophotom-
eter Proton NMR specira were recorded on a Bruker 250-MHz Fourer
transform spectrometer and referenced to either Me,St or DSS accord-
mngly Spectra were recorded within '/, h of sample preparation IR
measurements were obtamned as KBr pellets or Nujol mulls on a Nicolet
Model 20 DX FTIR

(2) (a)Kober E M Ph D Thesis University of North Carolina at Chapel
Hili, 1981 (b) Kober, E M, Casper, ] V,Sullivan B P, Mever T
J, manuscript 1n preparation

(3) Chang C H, Midden, W R, Deetz, J S, Behrman, E J lnorg
Chem 1979, 18, 1364

(4) {a) Ray M M, Sarkar, A K Sa Cult 1966, 32(12), 593 (b)
Nikolski, A B, D’Yachenko, Yu I, Myund, L A Russ J Inorg
Chem (Engl Transl) 1974 19(9), 1368

0020-1669/86/1325-2357501 50/0 © 1986 American Chemical Society
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ABSTRACT

Electron ionisation mass spectra are reported for the first time for UQ,(CsH,0,),, 1, and
the results compared with those of M(C;H,0,), (M = Mn, Fe, Co, Ni or Cu) recorded under
identical experimental conditions. The EI mass spectra of 1 showed a molecular ion signal at
m/z 468 without indicating any association in the gaseous state. The molecular ion
[UO,(CsH,0,),]1*" loses either CH; and C,H,40,, or OCCH, and C,;H,;0° to produce
[UO,(C,H,0,)]*, which undergoes internal reduction to give [UQ,(CsH,0,)]*". The radical
ion [UO,(CsH;0,)]*" suffers a sequential loss of CH; and C,H,0, to produce ultimately
the bare species [UO,]*. A comparative account of the results of mass spectrometric studies
of 1 and M(C;H,0,), is presented.

INTRODUCTION

There has been a continued interest in the mass spectrometric studies of
acetylacetonate complexes of metals [1-6] and such complexes of first row
transition metals have received comparatively more attention [1,2,4,5] than
those of the heavy metals. As a case in point, the mass spectrum of
UO0,(CsH,0,),, 1, an important compound of uranium, has not been
reported to date, although those of some fluorinated S-diketonate complexes
of cerium [7] and uranium [8] have been reported recently.

The present study was undertaken to obtain the electron ionisation mass

* To whom correspondence should be addressed.

0168-1176 /86 /$03.50 © 1986 Elsevier Science Publishers B.V.
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spectrum of UO,(C;H,0,),, 1, and to record the spectra of M(C;H,0,),
(M = Mn, Fe, Co, Ni or Cu) under mass spectrometrically analogous condi-
tions, to rationalise the spectrum of 1 in terms of its fragmentation be-
haviour, and to compare this spectrum and fragmentation pattern with those
of the analogous bis(acetylacetonato) complexes of the first row transition
metals.

EXPERIMENTAL

New methods of synthesis of bis(acetylacetonato)dioxouranium(VI).
U0O,(CH,0,),, 1, and M(C;H,0,), -2H,0 (M = Mn, Fe, Co, Ni or Cu)
have been developed. The synthetic procedures are described below.

Synthesis of UO,(CsH,0,),

UO,(NOy), - 6H,0 (1.0 g, 1.99 mmol) was dissolved in ca. 15 cm’® of
water followed by the addition of 25% aqueous ammonia with stirring until
the yellow precipitate ceased to appear. The yellow precipitate was filtered
off, washed free from alkali and nitrate, and then mixed with distilled
acetylacetone (10 cm®, 100 mmol). Stirring was continued for ca. 15 min
while the yellow precipitate dissolved completely. The solution was filtered
to remove any traces of undissolved impurity and the pH of the solution was
found to be 5-6. The clear filtrate was concentrated by heating on a steam
bath for ca. 1 h and then cooled at ca. 0°C for ca. 2 h. The orange yellow
crystalline UO,(C;H,0,), - 2H,0, 1, thus obtained was separated by decan-
tation, dried on a filter paper, and finally dried in vacuo over concentrated
H,S0,. The compound was recrystallised from dichloromethane. The yield
of UO,(CsH,0,),-2H,0 was 0.9 g (97% yield). The results of chemical
analysis and infrared spectra studies compared very well with those of
UO,(C;H,0,), - 2H,0 obtained by the reported method [9].

Synthesis of M(C;H,0,), - 2H,0 (M = Co, Ni or Cu)

20.0 mmol of freshly prepared alkali-free metal hydroxide, M(OH),
(M = Co, Ni or Cu), was taken as an aqueous suspension (in ca. 15 cm® of
water). To this was added 80.0 mmol of distilled acetylacetone with stirring.
The mixture was warmed on a steam bath for ca. 30 min to obtain a clear
coloured solution or, in the case of nickel, a green-blue microcrystalline
product. The whole was cooled at ca. 0°C, and then the product was
separated by filtration. The compound thus obtained was first washed 3 or 4
times with a 1:1 acetylacetone—-water mixture, then twice with ethanol, and
finally dried in vacuo over concentrated H,S0,. The compounds were
recrystallised from methanol or, for the nickel complex, boiling acetone by
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the addition of light petroleum (b.p. 40-60°C), and subsequent cooling at
ca. 0°C. The M(C;H,0,),-2H,0 (M = Co, Ni or Cu) was obtained in a
highly crystalline form. The yields of orange crystalline Co(CsH,0,),-
2H,0, green-blue platelet Ni(C;H;0,), - 2H,0, and deep blue crystalline
Cu(C;H,0,), - 2H,0 were 90, 92 and 95%, respectively.

Synthesis of M(C;H,0,), - 2H,0 (M = Mn or Fe)

Bis(acetylacetonatoymanganese(Il) dihydrate, Mn(CsH;0,), - 2H,0, and
bis(acetylacetonato)iron(Il) dihydrate, Fe(C;H,0,),-2H,0, were synthe-
sised by following the general procedure described above for those of the
other M(acac), - 2H,O complexes. The only difference was that the synthe-
ses were carried- out in the presence of 2.5-3.0 cm’ of 38% formaldehyde
solution to prevent undesirable oxidation of manganese(II) and iron(II). The
yields of Mn(C;H-0,), - 2H,0 and Fe(C;H,0,), - 2H,0 were 75 and 65%,
respectively.

The results of chemical analyses, magnetic susceptibility measurements,
arid spectroscopic studies compare very well with those of Mn(C;H,0,), -
2H,O0 [10], Fe(CsH,0,),-2H,O0 [11], Co(CsH,0,), - 2H,0 ([12],
Ni(CsH,0,), - 2H,0 {13], and Cu(C;H,0,),-2H,0 [14] reported in the
literature.

The mass spectra were recorded on a Varian MAT CH-5 spectrometer [6].
- A direct insertion probe was used to introduce the samples directly into the
ion source without any prior heating. The samples were held under vacuum
(inside the mass spectrometer) for ca. 1 h in the direct inlet probe before
electron impact was initiated. The operating conditions were: electron
energy, 70 eV (1 eV = 1.6 X 10~ " J); source temperature, 100°C, resolution
10000; accelerating voltage, 8 kV. The mass spectrometric observations were
made with the ionising beam held constant to obtain reproducible ion
intensities. The essential mass spectrometric features of UO,(C;H,0,), -
2H,0, and M(C;H,0,), - 2H,0, are summarized in Tables 1-6.

RESULTS AND DISCUSSION

The methods currently used in practice for the synthesis of bis(acetylace-
tonato)dioxouranium(VI) dihydrate, UO,(CsH-,0,), - 2H,0, 1, require
sodium hydroxide for adjusting the pH of the medium. Similarly, the
recommended methods of synthesis of the bis(acetylacetonato) complexes of
the first row transition metals, M(C;H,0,), - 2H,0 (M = Mn, Fe, Co, Ni or
Cu) [10-14] require, .in each case, a large excess of sodium acetate buffer for
the maintenance of a suitable pH. The chances of contamination of the end
products owing to the use of such large amounts of alkali or buffer cannot
be ruled out.



112

TABLE 1

Mass spectrometric data for UO,(C;H,0,),

Assignment m/z Intensity (%)
[UO,(CsH,0,),]7" 468 54
[UO,(CsH,0,)(C,H,0,)]* 453 10
[UO,(CsH,0,0(C,H;0)]F 426 10
[UO,(CsH,0,))F 369 100
[U0,(C,H,0,)]* 354 14
[UO,(C;H0))F 351 4
[Uo,1* 270 47

It is because of this, as well as he necessity of high-purity of samples for
mass spectrometric studies, that direct methods have been developed for the
syntheses of 1 and M(CsH,0,),-2H,0 (M = Mn, Fe, Co, Ni or Cu). The
methods described above do not require any alkali or buffer. The pH of the
solution recorded immediately after the formation of the products was
found to be ca. 5, a condition conducive to the synthesis of metal acetyla-
cetonates. The yields of the products are very high.

In order to enable a good internal consistency, the spectra were recorded
under analogous experimental conditions. The importance of the direct
insertion technique has been emphasised [5,6,15] and it is confirmed by the
results of a large number of measurements that this technique is particularly
suitable for inorganic mass spectrometry.

The electron ionisation mass spectrum of UO,(C;H,0,), (Table 1)
exhibited a parent ion signal of medium intensity at m/z 468 due to
[UO,(CsH,0,),]1* followed by the signals of equal intensity at m/z 453
and 426 due to the fragment ions [UO,(CsH,0,)C,H,0,)]* and
[UO0,(CsH,0,)(C;H;0)]™, respectively, originating from the [UO,

TABLE 2

Mass spectral data for Mn(C;H-0,),

Assignment m/z Intensity (%)
[Mn(C;H,0,),1* 253 71
[Mn(CsH,0,)(C,H,0,))* 238 47
[Mn(CsH,0,)C,H,0)]* 211 4
[Mn(CsH,0,)]" 154 100
Mn(C,H,0,)]* 139 5
[Mn(CsH;0)]* 136 4
Mn(C;H,0)]* 112 3
[Mn(CH,)1* 70 15

[Mn]* 55 18




113

TABLE 3

Mass spectral data for Fe(C;H-,0;),

Assignment m/z Intensity (%)
[Fe(CsH,0,),17 254 70
[Fe(CsH,0,)(C,H,0,)]" 239 45
[Fe(CsH,0,)(OH)]* 172 8
[Fe(CsH,0,)1 155 100
[Fe(C,H,0,)]* 140 11
[Fe]™ 56 19

(CsH,0,),]" ion through the loss of a CH; radical and the loss of a ketene
molecule (OCCH,). Since no signal appeared beyond m/z 468, it may be
safe to infer that the molecule does not undergo association in the gaseous
state and that it exists as a monomer. Fragmentation of the parent ion of 1
to [UO,(CsH,0,)(C,H,0,)]* and [UO,(CsH,0,)(C;H;0)]* with an equal
probability, as evidenced from their relative intensities (Table 1), is a unique
féature of the spectrum. While the CH; radical loss from the molecular ion
[UO,(CsH,0,),]™ involves simply the cleavage of a C-CH; bond to
produce the even-electron ion [UO,(C;H,0,)(C,H,0,)]", the loss of an
even-electron species OCCH, from [UO,(CsH,0,),]" must involve a re-
arrangement in the ligand to give the odd-electron ion [UO,(CsH-,0,)
(C;H0)]™. This difference between 1 and the bis(acetylacetonato) com-
plexes of the first row transition metals may, in part, owe its origin to the
5f°6d° configuration of U in 1 as opposed to a 4" configuration of the
metal in the latter. The ions [UO,(CsH,0,)(C,H,0,)]" and
[UO,(CsH,0,)(C;H0)] " lose C,H,O, and C;H;O" species, respectively,
to form the most dominant ion at m/z 369 assigned as [UO,(CsH,0,)]",
which again fragments in two different ways by the loss of H,0 and CH;,
respectively, to give [UO,(C;H0)1* and [UO,(C,H,0,)]" ions, as is evi-
dent from the appearance of signals at m/z 351 and 354. The weak nature
of the signal at m/z 351 points to a relatively lower ease of H,O loss from

TABLE 4

Mass spectral data for Co(CsH,0,),

Assignment m/z Intensity (%)
[Co(CsH,0,),1" 257 85
[Co(CsH,0,)(C,H,0,)]* 242 80
[Co(CsH,0,)]" 158 100
[Co(C,H,0,)]" 143 15

[Col* 59 7
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TABLE 5

Mass spectral data for Ni(C;H,0,),

Assignment m/z Intensity (%)
[Ni(CsH,0,),17 256 100
[Ni(CsH;0,)XC,H,0,)]" 241 95
[Ni(CsH,0,)OCCH,)]* 199 5
[Ni(CsH,0,)H]* 158 40
[Ni(CsH, 0] 157 90
[Ni(C,H,0,)]" 142 30
[Ni(C,H,0,)]* 141 25
[Ni(C;H,0)* 114 5
[Ni(OCCH,)]* 100 55
[Ni(CO)}* or [Ni(C,H )" 86 70
[Nil* 58 18

the [UO,(CsH,0,)]" ion over the loss of a CHj; radical. The loss of a CH;
radical, at this stage, can be rationalised in the light of the valency change
concept and accordingly the even-electron ion [U(VI)O,(CsH,0,)]* changes
to the odd-electron ion [U(V)O,(CsH,0,)]™ which then expels a CHj;
radical to produce [UO,(C,H,0,)]". This even-electron ion ultimately cracks
down to the bare [UO,]" ion (m/z 270). The last two steps of fragmentation
involving loss of CH; and C,H,0, from the [UO,(C;H,0,)]"" fragment
resemble those generally observed for the corresponding [M(C,H,0,)]"
where M = Mn, Fe or Co, as discussed below. Methyl transfer from the
ligand to the uranyl (UO,) centre, unlike that of MoO,(C;H,0,), [6], could
not be observed in the case of 1. The most probable fragmentation pattern
of 1, in conformity with the experimental observations, is shown in Scheme
1.

TABLE 6

Mass spectral data for Cu(C;H,0,),

Assignment m/z Intensity (%)
[Cu(CsH,0,),1* 261 100
[Cw(CsH,0,)(C,H,0,)]* 246 58
[Cu(C,H,0,),]" 231 45
[Cu(CsH,0,)(C,H0)]F 219 5
[Cuw(C;H,0,)H]* 163 12
[Cu(CsH,0,)]* 162 55
[Cu(C,H,0,)]* 147 80
[Cu(OCCH,)* 105 45

[Cu]* 63 37
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+
_ [U0L(C5H,0,)(C4H,40,)]
—CH3(438 . mjz 453 N C4H40,
+e 4) (300.6) +
[UO,( C4H,0))]
<OCCH, ~ GO
(387.8) (319.6)% Internal

(U0 CsH,0)(C3Hs0)] redox

¥
[UO,{C5H;0,)]
mjfz 369

(339.6) i - CHy

+
[uoy] —C4H40, +
-2 472 U0, (C,H,0,)
m/z 270 (205.6)% [ ;/; “35:]

Scheme 1.
The observed metastable transition peaks (indicated by * in Scheme 1) are
consistent with the suggested fragmentation pattern of 1.

Mass spectra of bis(acetylacetonato)metal(II), of the type M(C;H,0,),
with M being Mn, Fe, Co, Ni or Cu, have been reported by earlier workers
[1,4,16]. It is mainly in order to collate the mass spectrometric results of
these compounds with that of 1 that we recorded the spectra of all the
compounds under mass spectrometrically identical conditions. The spectra
of the M(C,H,0,), compounds synthesised by the new methods (described
above) are generally similar to those previously reported [1,4,16]. The salient
points of difference in the fragmentation behaviour of 1 and M(C;H,0,),
have been highlighted in the preceding discussion. A perusal of the mass
spectra of M(C;H,0,), revealed some basic differences in their fragmenta-
tion patterns as shown in Schemes 2 (M = Mn, Fe, or Co) and 3 (M =Ni or
Cu) where * indicates metastable supported transitions.

+  ~CH + -
[M(cH,0,0,] — - [M(CsH;0,)(C4H,0,] #&.

[M(CsH,00]"

*l_CHS

(M]* ..:C"’;& [M(c,H,00]"

Scheme 2.
[M(coH,0,0,]" % [McsH,0,0(C,H,00]" L*:‘a%, [M (CsH,00)H]™
®|-v
[M(OCCHZ)T;O—CEL [M(C4H402)]+<—c%— [M(ceH,00]"
-OCCHzlx

Scheme 3. M1*
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Mass spectrometrically, M(C;H,0,), compounds may be classified into
two groups with M = Mn, Fe or Co forming one, and M = Ni or Cu the
other. The molecular ion [M(CsH,0,),]" in each case loses CH; to produce
[M(C;H,0,)(C,H,0,)]". However, the subsequent fragmentation of
[M(CsH,0,)(C,H,0,)]" with M being Mn, Fe or Co is distinctly different
from that with M being Ni or Cu. Whereas in the former case the fragment
ion undergoes a loss of C,H,O, to produce the most dominant ion
[M(CsH,0,)1", in the latter case it fragments involving an extensive H
migration to the metal, especially to give [M(CsH,0,)H]", with the loss of
C,H;0,. Further, hydrogen atom migration appears to be more facile in the
case of Ni(C;H,0,), than the corresponding copper complex. Facile H
migration in the case of nickel is rationalised in terms of the formation of a
strong nickel-hydrogen bond and may be related to the catalytic activity of
the metal in hydrogenation reactions. Hydrogen transfer to the metal, rather
than to an oxygen atom of the other ligand as proposed by others [17], is
considered to be a more likely alternative explanation because if H migra-
tion to any other sites were involved, this type of ion (cf. [M(C;H,0,)H]*)
should be well observed for acetylacetonato complexes of other metals. The
fragment ion [M(C;H,0,)H]" then loses H to produce [M(CsH,0,)1*
(M = Ni or Cu) which undergoes a stepwise loss of CH;, OCCH, and again
another OCCH, ultimately to give the [M]" ion as shown in Scheme 3.

A comparison of the Schemes 2 and 3 shows that the mode of fragmenta-
tion of the [M(CsH,0,)]" ion is different in the two cases. While for
M = Mn, Fe or Co, the [M(C;H,0,)]" first expels CH; and then a C,H,0,
moiety to produce the bare [M]* ion, for M =Ni or Cu three steps are
involved as depicted in the Scheme 3. Another point of difference lies in the
appearance of the base peaks. Whereas the [M(CsH,0,)]" ion is the most
dominant fragment in the spectra of Mn, Fe and Co complexes, the
molecular ion [M(C;H,0,),]" appears to provide the base peak in the
spectra of the corresponding complexes of Ni or Cu. Enough metastable ion
peaks have been observed in support of Schemes 2 and 3 to lend credence to
the suggested modes of fragmentation.

CONCLUSIONS

Bis(acetylacetonato)dioxouranium(VI), UO,(C;H,0,),, 1, exists as a
monomer in the gaseous state and does not undergo any association. The
electron ionisation mass spectrum of 1 provides evidence for the simulta-
neous loss of both CH; and ketene (OCCH,) from the molecular ion.
Fragmentation beyond [UO,(Cs;H,0,)]" resembles that of the bis(acetyl-
acetonato) complexes of Mn, Fe and Co. No methyl or hydrogen migration
from ligand to the UQ, centre could be observed for 1.
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The electron ionisation mass spectra of M(C;H,0,), (M = Mn, Fe, Co,

Ni or Cu), synthesised by new methods, generally resemble those reported
earlier [1,14,16]. An alternative explanation for the hydrogen atom migration
from ligand to the nickel centre to form [Ni(CsH,0,)H]" ion is provided.
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The product obtained by treating an aqueous solution of
UO,(NQ,),6H,0 with ammonia or NaOH or KOH solution
reacts with ACH;COO (A =NH,, Na or K) and a small amount of
10% acetic acid in 1:3 mol ratio {UO,(NO,),.6H,0: ACH,COO}
at pH to afford the compounds A[UO,(CH,COO0);] (A =NH,, Na
at pH 5 to afford the compounds A[UO(CH,CO0),.2H,0 hds
been achieved by the reaction of the product obtained by treating a
solution of UO,(NO,),.6H,0 with aqueous ammonia, with an
excess of glacial acetic acid in the ratio 1:17.5
{UO4(NO,),.6H,0:CH,COCH}.

Acetatouranate (V) chemistry is rather complicated
owing to the formation of a variety of compounds
between acetic acid and UO3* ion! depending upon
the reaction conditions and the proportions of the
reactants used. Recently, while studying some aspects
of uranium chemistry? ™ we felt the need of
synthesising compounds of the types
A[UO,(CH;C0O0),] where A=NH,, Na or K and
UO,(CH;C00),.2H,0. Both these compounds are
known!>®, but while the synthesis of the former
requires an excess of alkali acetate and alkali nitrate®
where the chances of contamination of products by
acetate and nitrate cannot be ruled out, the
recommended synthesis of the latter requires uranium
trioxide, UQ 3, that needs extra preparation steps. We
report here thedirect syntheses of the title compounds
which provide an easy access to these important
compounds of uranium.

Reagent grade chemicals were used in the present
studies. IR spectra were recorded on a Perkin-Elmer
model 983 spectrophotometer. Molar conductances
were measured using a Philips PR 9500 conductivity
bridge.

Uranium?® ~*, carbon, hydrogen, nitrogen, sodium
and potassium®’ were determined by methods
described earlier.

Synthesis of alkali triacetatodioxouranate (V1)
A[UO(CH;C00);)(A=NH,, Na or K)

UO,(NO,),.6H,0 (1.0g, 1.99 mmol) was dissolved

in 15cm® of water followed by the addition of aq.
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ammonia (sp. gr. 0.9), or a 159 solution of sodium
hydroxide or potassium hydroxide, with stirring until a
yellow precipitate ceased to appear. The yellow
precipitate (Y) was filtered off, washed free from alkali
and nitrate, and then mixed with alkali acetate,
ACH,;COO (A=NH,, Na or K) (6mmol) while
maintaining the U:CH,COO~ ratio at 1:3. The
mixture was stirred for 2min followed by dropwise
addition of 10% acetic acid solution under stirring
until a clear solution was obtained (pH 5). The solution
was filtered and then concentrated to nearly half the
original volume by warming over a steam-bath. The
concentrated solution was cooled to room temperature
to afford yellow crystalline alkali triacetato-
dioxouranates (VI), A[UO,(CH;C0O0);] (A=NH,,
Na or K). The compound was separated by filtration,
washed twice with ethanol and dried in vacuo over
conc. H,S0,. The yields of NH,[UO,(CH;CO00),],
Na[UO,(CH;CO0);] and K[UO,(CH,;COO)] were
0.67g (72%), 0.76g, (81%) and 0.75g, (77%)
respectively.

Synthesis of diacetatodioxouranium (V1)
dihydride, UO,(CH;C00),.2H,0

The yellow precipitate (Y) was obtained in a manner
similar to that described above by treating an aqueous
solution of 1.0g (1.99mmol) of UO,(NO,),.6H,0 with
aqueous ammonia. An aqueous suspension of the
purified product (Y) was then treated with 2.0 cm?
(35mmol) of glacial acetic acid to obtain a clear
solution. The solution thus obtained was worked up in
an analogous way as described under the above
synthesis. The yellow crystalline diacetato-
dioxouranium (VI) dihydrate, UO,(CH;C00),.2H,0
thus obtained was separated by filtration, and dried in
vacuo over conc. H,80,, yield 0.67 g (80%).

The analytical data of the compounds are
summarised in Table 1.

Table 1—Analytical Data of the Uranium Complexes
Found (Calc.) ¥,

Aor N U C H

NH,[UO,(CH,C00),] 312 5147 1551 285
(3.0) (5116 (15.49) (2.82)

Na[UO,(CH,C00),] 494 5052 1531 1.89
(4.89) (50.63) (15.33) (1.93)

K[UO,CH,C00),] 853 4912 1477 189
(8.04) (48.95 (14.82) (187

UO,(CH,C00),.2H,0 — 5631 1131 245
(56.12) (11.33) (2.38)




The reaction of uranyl nitrate hexahydrate with
alkali hydroxide produces sparingly soluble alkali
diuranate which may serve as a very good source of the
metal providing a rather easy access to the synthesis of
various compounds of uranium? ~*, It has been now
shown that _similar products can react with
stoichiometric amounts of alkali acetates, ACH,;COO
(A=NH,, Na or K), and a small amount of dilute
acetic acid to yield triacetatodioxouranates (VI) at pH
5. The method does not require the use of any excess
alkali acetate or alkali nitrate unlike the earlier
methods*»>. While the reactions of diuranates with
stoichiometric amounts of alkali acetates and a small
amount of dilute acetic acid give AfUO,(CH;COOQO);]
compounds, the reaction of ammonium diuranate with
glacial acetic acid produces pure diacetato-
dioxouranium (VI) dihydrate,
UO(CH,CO0),.2H,0, in a very high yicld. The
method is a direct one and may be used as a paradigm
for the synthesis of other molecular complexes. Indeed,
it has been shown very recently® that the reaction of
" ammonium diuranate with acetylacetone (CsHgO,,
acacH), in the absence of any buffer, gives
bis(acetylacetonato)dioxouranium (VI) dihydrate,
UO,(CsH,0,),.2H,08, thereby justifying the scope
of the method.

The compounds A[UO,(CH;COO);] (A=NH,,
Na or K) and UO,(CH;C00),.2H,0 are yeliow
crystalline solids which are stable for long periods. The
molar conductance of UQ,(CH,;C0Q0),.2H,0 in
methano] at ambient temperature was found to be very
low indicating the non-electrolytic nature of the
compound which was in agreement with the
observation made earlier®. Anhydrous

UO,(CH,CO0), was obtained by heating the
dihydrate to 110-120°C.

The characteristic features of the IR spectra of
A[UO,(CH;CO0);] and UO,(CH;COO0),.2H,0 are
the v,(OUQO), v(OUQ), v,(OCO), v(OCO), and
&0OCO) bands which have been observed at ~930,
~850, ~1540, ~1470, and ~675 cm™!, re-
spectively®>!%!!. These features are the most
significant ones and typical of the compounds
described in the present report. IR spectra of the
compounds are similar to those reported in the
literature®*°-!! for these types of compounds.

The authors are thankful to the CSIR, New Delhi
for the award of a senior research fellowship to R N D
P.
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The compound K;[Mn(C,0,);}-3H,0, known for quite some
time,! has served as a very oft-quoted example whenever the
subject of inorganic photochemistry is discussed.>? The method
involving the reaction of KMnO, with oxalic acid and K,C,04
in the presence of an excess of K,CO; is universally accepted for
the synthesis of K;[Mn(C,0,),}:3H,0. This method requires very
careful manipulation and uses an excess of K,CO; in order to
control the pH. The chances of contamination of the end product,
owing to the use of K,CO, in such quantities, cannot be ruled out.
It is possible to synthesize K3[Mn(C,0,);]-:3H,0 in a more nearly
quantitative way directly from MnO(OH) without making use
of any buffer. It will also be shown that [Mn(C,0,);]*~ can exist
in solutions in the presence of countercations like Na¥, Rb*, Cs*
or NH,*. Attempts to stabilize manganese(IIl)—oxalate systems
have now led to the first synthesis of alkali-metal and ammonium
trifluoro(oxalato)ymanganates(IIl), A,[MnF,;(C,0,)] (A = Na,
K or NH,), providing a very good opportunity to demonstrate the
enhanced stability of (oxalato)manganates(1II) and to obtain a
set of internally consistent data concerning the effect on the
magnetic properties of trivalent manganese on going from K;-
[Mn(C,0,),] to A,[MnF;] via A,[MnF;(C,04)].
Experimental Section

The chemicals used were all reagent grade products. The compound
MnO(OH) was prepared by the oxidation of Mn(OH), with hydrogen
peroxide.?

0020-1669/85,/1324-0447801.50/0

Infrared spectra were recorded on a Perkin-Elmer Model 683 spec-
trophotometer. Electronic spectra were recorded on a Beckman Model
UV-26 spectrophotometer. The Gouy method was used to measure the
magnetic susceptibility of the complexes using Hg[Co(NCS),] as the
standard.

Syntheses. Potassium Tris(oxalato)manganate(III) Trihydrate,K,-
[Mn(C,0,);}-3H,0. To a water suspension (20 cm?®) of 0.89 g (10.1
mmol) of MnO(OH) was added a concentrated solution of 2.82 g (15.3
mmol) of K;C,0,. The mixture was cooled in an ice bath for ca. 15 min,
followed by addition of a concentrated solution of 1.93 g (15.3 mmol)
of oxalic acid. The solution was stirred for ca. 50 min in an ice bath. The
solution, which became cherry red, was filtered quickly, and an excess
of precooled (~0 °C) ethanol (about 1/1 v/v) was added with stirring
to obtain the cherry red K3[Mn(C,0,)3]-3H,0. The microcrystalline
compound was isolated by quick filtration, washed twice with precooled
ethanol, and finally dried in vacuo in the absence of light. The yield of
K;3[Mn(C,04):]-3H,0 was 3.1 g (62.5%).

Alkali-Metal and Ammonium Trifluoro(oxalato)manganates(II), A,-
[MnF;(C,0,)] (A = Na, K, NH,). Representative Procedure. Freshly
prepared MnO(OH) was dissolved in 40% HF with maintenance of the
molar ratio of MnO(OH) to HF at 1/4-5 (2.5 cm?®, 40% HF/1 g of
MnOOH), and the solution was warmed at ca. 100 °C for ca. 5 min,
followed by filtration. The filtrate was cooled to room temperature, and
a concentrated solution of A,C,04 (A = Na, K, NH,) was slowly added
with stirring, with the molar ratio of MnO(OH) to A,C,0, being
maintained at 1/1. The solution was stirred for a further period of ca.
10 min at room temperature (ca. 20 °C). Addition of an excess of
ethanol, in an amount not exceeding half of the original volume of the
solution, precipitated pink alkali-metal or ammonium trifluoro(oxala-
to)manganage(I1I), A,[MnF;(C,0,)]. The compound was separated by
filtration, washed thrice with ethanol, and finally dried in vacuo. Starting
from 1.0 g of MnO(OH) in each case, the yields of Na,{MnF(C,-
04)1:5H,0, K,3[MnF3(C,0,)]-H,0, and (NH,),[MnF,;(C,0,)] were 3.4
g (89%), 3.2 g (94%), and 2.4 g (90%), respectively. Anal. Calecd for

(1) Cartledge, G. H.; Erricks, W. P. J. Am. Chem. Soc. 1936, 58, 2061,
2063, 2065.

(2) Harriman, A. Coord. Chem. Rev. 1979, 28, 156.

(3) Brauer, G., Ed. “Handbook of Preparative Inorganic Chemistry”; Ac-
ademic Press: New York, 1965; Vol. 2, p 1457.
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Na,[MnF3(C,04)1-5H,0; Na, 13.69; Mn, 16.37; C,04, 26.19; F, 16.96.
Found: Na, 13.9; Mn, 16.7; C,0,, 26.5; F, 17.2. Estimated oxidation
state of Mn: 3.0. pg 4.3 py. IR: 1670 s (v, (O-C-0)), 1365 w and
1320 m (»,(0O—C-0)), 778 m and 755 w (§(0-C-0)), 425 s (»(Mn-0)),
495 m (v(Mn-F)), 3455 m (»(O-H)), 1640 s cm™ (6(H-O-H)). Anal.
Calced for K;[MnF3(C,0,)]-H,0: K, 26.35; Mn, 18.58; C,0,, 29.73; F,
19.26. Found: K, 26.1; Mn, 18.8; C,04 29.7; F, 19.4. Estimated
oxidation state of Mn; 3.1. p 4.3 up. IR: 1672 s (#,,(0—C-0)), 1365
w and 1320 m (»,(0O-C-0)), 778 m and 750 w (6(0O-C-0)), 425 s
(»(Mn-0)), 490 m (»(Mn-F)), 3460 m (»(O-H)), 1640 s cm™ (3(H~-
O-H)). Electronic spectra: 19800 (°B;, — °By,), 22700 cm™ (°B,; —~
°E,). Anal. Caled for (NH,),[MnF;3(C;04)): N, 11.86; Mn 23.31;
C,04, 37.29; F, 24.15. Found: N, 11.4; Mn, 23.2; C,0,, 37.6; F, 24.4.
Estimated oxidation state of Mn: 3.1. pg 4.2 pp. IR: 1670 s (v, (O-
C-0)), 1360 w and 1315 m (»,(0O—C-0)), 780 m and 750 s (6(0-C-0)),
425 s (#(Mn-0)), 490 m (»(Mn-F)), 3160 m, 3040 s, and 1400 s cm™
(v3, v}, and v, modes of NH,*). Electronic spectra: 19500 (B, — *B,,),
22500 cm™ (°B;, — E,).

Elemental Analyses. Manganese was estimated volumetrically by
complexometric titration with EDTA? using Erio T as the indicator.
Oxalate was estimated by redox titration with a standard potassium
permanganate solution.’  Fluoride was precipitated, after destroying
oxalate, as lead chloride fluoride, PbCIF, and chloride was estimated by
Volhard’s method, from which the fluoride content was calculated.
Sodium, potassium, and nitrogen were determined by the methods de-
scribed in a previous paper.’

Chemical Determination of the Oxidation State of Manganese. The
oxidation state of manganese was determined iodometrically by treating
a freshly prepared ice-cold potassium iodide solution, acidified with dilute
sulfuric acid, with the compound followed by titration of the liberated
iodine with a standard sodium thiosulfate solution. The iodine titration
was done under an ice-cold condition.

Results and Discussion

In order to overcome the difficulties involved in the synthesis!
of the classic, oft-quoted, K3[Mn(C,04),]-3H,0, a direct method
has now been improvised. The new method involves two steps.
First, the reaction of MnO(OH) with 1/1.5/1.5 stoichiometric
amounts of H,C,0, and K,C,0, leading to the synthesis of K-
[Mn(C,0,);] in solution.
MnO(OH) + 1.5H,C,0,4 + 1.5K,C,0, —

K3[Mn(C,0,),] + 2H,0

Second, isolation of K3;[Mn(C,0,);] in the solid state by the
addition of ethanol, which facilitated precipitation. The strategy
for the present synthesis was that MnO(OH) would react with
oxalic acid to generate Mn**, which would be trapped immediately
by the C,04% ions, arising out of H,C,0, and K,C,0,, affording
the complex [Mn(C,0,);])*" in the presence of K*. The method

is rapid, giving K3{Mn(C,0,);]-3H,0 in a higher yield than the

earlier method.! The room-temperature magnetic moment was
found to be 4.92 pp in conformity with that reported in the lit-
erature.! The IR spectrum is unambiguous and shows the
characteristics of chelated oxalato groups. The electronic spectrum
of a solution of K3[Mn(C,0,);] showed the maximum absorption,
a characteristic! of the [Mn(C,0,);]* ion, at 19050 cm™, while
the reflectance spectrum showed a broad band at 9200, a shoulder
at 19050, and a peak at 20 500 cm™ assigned® to the transitions
5By, — 3Ayg, SBy; = B,,, and 5B, — °E,, respectively, lending
support to the identity of the compound.

Reactions of MnO(OH) with A,C,0, (A = Na, Rb, Cs, NH,)
and H,C,0, gave a cherry red solution, stable at ca. 0 °C in the
dark, showing the electronic spectral absorption at 19050 cm™,
and allowing us to infer the formation and existence of the
[Mn(C,0,4);]* ion. However, attempts to isolate the corre-
sponding compounds in the solid state resulted in the formation
of white decomposition products.

To control photochemical decomposition, it was expected that
the stability of the manganese(I1I)-oxalato system can be en-
hanced by the presence of F~ ions, since fluoromanganates(I11)
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Notes

are stable. It was observed, in line with the contention, that
addition of 40% HF to the aforementioned reactions greatly in-
creased the stability of the solutions as evidenced by their unaltered
color at ca. 20 °C in light. Accordingly, the reaction of MnO(OH)
with 40% HF and A,C,0, (A = Na, K, NH,) in the ratio of
Mn/F/C,0,% at 1/4-5/1 at any temperature between 0 and 20
°C gave a pink solution from which the deep pink microcrystalline
A,[MnF;(C,0,)] was isolated by the addition of ethanol that
facilitated precipitation. It is believed that MnF; is first formed
in the solution, which then reacts with C,0,% to generate the
complex [MnF;(C,0,)]% ion, and weak acidity is conducive to
the process while the application of heat annihilates the complex
ion.

The compounds A,[MnF,(C,0,4)] are comparatively more
stable than K;[Mn(C,0,);]-3H,0 and can be stored in sealed
polyethylene bags. The chemical determination of oxidation states
of manganese in such compounds is emphasized because many
Mn** compounds show abnormal magnetic moments,>!! leading
to confusion regarding the actual oxidation state of the metal. The
chemically estimated oxidation state was found to fall between
3.0 and 3.1, suggesting that manganese occurs in its +3 state. The
room-temperature magnetic moments of the compounds, lying
between 4.2 and 4.3 up, suggest the possibility of a polymeric
structure of [MnF;(C,0,4)]% in the solid state, through —Mn-€¢—
Mn- linkage or involving both ¥~ and C,0,% as the bridging
groups, allowing a weak antiferromagnetic interaction between
the contiguous Mn>* ions to be operative. Similar observations
were recently made in the case of A,[MnF;(SO4)].!! It is therefore
apparent that antiferromagnetic interaction in manganese(III)
complexes sets in with the partial replacement of C,0,2 by F~
ligands and becomes fully operative on complete removal of the
C,0,* ligands by F~ as evidenced by the lowering of magnetic
moments on going from [Mn(C,0,);]*"! through [MnF;(C,0,)1*
(present work) to [MnF;]2 10

The electronic spectra of A,[MnF;(C,0,)] (A = K, NHy)
recorded in solution containing a small amount of 40% HF, re-
quired to check hydrolysis, show bands at ca. 19600 and ca. 22 600
cm, assigned to the transitions® B;, — °B,, and *B,, — °E,,
respectively. This suggests an appreciable splitting of the °E,
ground state of Mn3* in [MnF;(C,0,)]% as a consequence of
Jahn-Teller effects. The infrared spectra of the compounds are
similar and show characteristic absorptions for the coordinated
C,04% and F groups. The band observed between 490 and 495
cm™! has been assigned to the vy, ¢ mode of coordinated fluoride.
The absorptions due to the C,0,% group imply the presence of
a bridging oxalato group. Particularly significant is the absence
of any band at 1680-1750 cm™!, which is regarded as typical for
a chelated oxalato ligand. Thus, the following assignments, which
are also in agreement with those of Curtis,!?!* were made in the
present case: v, (O-C-O) at ~1670 s, »,(O-C-0) at ~1360 w
and ~1320 m, §(0-C-O) at ~780 m, and ~750 w cm™, The
two additional bands at ca. 3455 m and ca. 1640 cm™ in each
of the sodium and potassium salts resemble in their shapes and
positions those of the uncoordinated water in K,[MnF;]-H,010.15
and have been assigned to y(O-H) and §(H-O-H) modes.
Further, it was emphasized in the literature!# that the »(O-H)
band at 3455 cm™ is rather typical of lattice water. These and
the absence of any water in the (NH,),[MnF;(C,0,)] compound
lead us to infer that the water is not coordinated to the Mn3*
center. The three extra bands at 3160 m, 3040 s, and 1400 s cm™
in the case of (NH,),[MnF;(C,04)] have been assigned to the
v3, vy, and », modes of NH,*. It is presumed, on the basis of the
present results, that the structure of and Jahn—Teller effect in the
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complex [MnF;(C,0,)]%" are essentially analogous to those of the
[MnF;(SO,)]* complex.!6
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