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Synthesis and Structural Assessment of Fluoro,
Mixed-Fluoro and Acetylacetonato Compounds of

Manganese +(III) and +(II)
And

Studies of Reactivity of A New Chromium(VI)

Reagent — PYRIDINIUM FLUOROCHROMATE(PFC)

Abstract

The thesis comprises of two parts and has altoge-
ther ten Chapters. While Chapteré 1 to 8, based on the
studies of synthesis and structural assessment of compounds
of manganese +(III) and manganese +(II), constitute Part I
of the thesis, Part II, consisting of two Chapters (chap-
ters 9 and 10), contains the results of studies of reacti-
vity of a new reagent 'Pyridinium Fluorochormate(VI) (PFC)'.

In Chapter 1, three new and general methods have been

described for the synthesis of alkali-metal and ammonium

pentafluoromanganates(ITI), AZNHFS (A = Na, K, Cs or NHQ).

b=}

'he first method i1s based on the dircct electron-transfer
reaction between potassium permanganate, KMo, , and acetyl-
acetone (Hacac) in the presence of alkali-metal or ammo-

nium bifluoride, AHF,, (A = Na, K, Cs or NH leading to

W

the synthesis of AZMHFS compoundss This method does not



o

require anhydrous or aqueous HF. The basis of the second
mcthod is the reaction among MnO(OH), 40% HF and AHFZ (& =
Na, ¥, Cs or NH4> giving AEMnF5 compounds, The third
method involves the reaction of potassium permanganate,
KMans with alkali-metal or ammonium bifluoride, ARF, (A =
¥, K or TH, ), and 40% HF at ca 100 °C giving crystalline
AaMnF5 compounds. This mcthod does not require any extra
reducing agent. The compounds have been characterised . -
on the basis of the r@sﬁlts of chemical analyses, chemical
determination of the oxidation state of mangancsc, magnetic
susceptibility measurcments, infrared and elcectronic spectro-
scopic studies. The lower magnetic moments of AEMnF5
compounds (ca 3.2 BM) have been ascribed to antiferromag-
netic exchange interaction between the contiguous manga-
nese(ITI) ions through a ——Mi——F-—Mne— chain. The complex
ion Z“Mn?5_72" has been shown, from i.r. and electronic
spectral studics, to have a tetragonally elongated octa-

hedral structure with a th symmetry,

Chapter 2 describes the synthesis and structural
asressment of AMnFq.HZO compounds., Decp-brown crystalline
compounds, alksli-metal tetrafluoromanganate(III) mono-
hydratusszMnFq.HaO (A = Rb or Cs), have been synthesized
dircetly from rcactions of KHan with AHF2 (4 = -Bb or Cs)

and 40% HF at ca 100 °C without making use of any reducing



Co

1t,  Similar compounds were also obtained by the reac-~
tion of MnO(OH) with AHFZ and 40% hydrofluoric acid at
100 "C. Characterization and assessment of molecular
structure of the compounds were made from the results of
elemental analyses, chemical determinaticn of the oxida=-
tion state of nanganese, magnetic susceptibility measure-
ments, infrared and electronic spectroscopic studies,
The i,r. and electronic spectra suggest a tetragonally
elongated octahedrsal structure of the complex ion in the
solid state, with a th symaetry as a consequence of the
Jahn-Teller effect on man 1ganese(IIT), The complex ion,
["HnF4m7"} very likely, has a polymeric structure through

trans-linked e Fem]ifee F chains,

of the thesis presents the synthesis and

g

assessment of structure of alkali-metal and =imonium tri-

es(I11), Ap/Mn¥4(80,) 7 (4 =

Li, Na, X or NH, ). Pink-brown crystalline slkali-metsl
T

fluoromonosulphatomnansans

{5

ang ammonium trifl uor0h00©sulpAAtOanganﬂtes(III),
AQZ_MHF5<SOQ> /s have been synthesised in very high yields
from: the reaction of KIV’HOZ+ (in the presence of formaldehyde
solution) or MnO(OH) with LO% hydroflupric acid and AESO[_]L
(A = 1Li, Na, K or NH4>' Also the reaction of MnO(QH) with
LO% HF and ArS50g (A = K or NHLF) af fords A?_[‘MHFB( ,S%)j.

D i B+ i
Persulphate, $,0,°7, can not oxidise Mn~" under the present
T3]



experimental conditions., While the chemically estimated

(i

oxidatisn states of manganese occur bvetween 2.9 and 3.1,
the roowm temperature magnetic moments lie in the range

LoO=l, 2 71, The observed magnetic moments suggest a

lowering in the dezree of antiferromagnetic exchange inter-
i e L et S o 2"' A T 2“‘ T
o0 AL ZoLng _/_ Ik Irl.l 7 to é MnF 5( SO L},> _7 . The

l.r. and electronic spectroscopic studies have been made.

The i.r. spectra of the compounds suggest the lowering of

T
;G/

ly

o & o M : 1
group from Tg to CEV as a result of
2=

we)

symmetry of the

e

its coordination. It is not certain whether the SOLI~
group is bonded in a chelated or a bridging bidentate
manner. The complex ion, [“Man(Soq)‘72“9 may have a poly=-
meric structure through a 8042" bridging., However, the

chances of fluoride bridging can not be totally ruled out.

<NE4>2Z”HEF3(504>_7 on being pyrolysed at 340 B yields

}11-53()1 .
71_

Synthesis and structural assessment of alkali-metal
and ammonium trifluoromonocoxalatomanganates(III),

o 5 & 5 =

AalemFg(CZOu)—7 e = -Nay Kop th) have been reported
in Chapter L., The AL/ MnF_(C.0,) 7 compounds have been
oL Eias i

synthesised from the reaction of MnO(OH), 40% HF and

alkali-metal or ammonium oxalate, Na, X or

6204 <.-/\L =
NHQ) at the molar ratio I‘«h’l(“,(OH):HF:AZCEOL+ at 1:4=-5:1

Charccteflz tion and assessment of molecular structure of



the compounds were made from the results of elemental ana-
lyses, chemical determination of the oxidation state of
manganese, magnetic susceptibility measurements, infrared
and electronic spectroscopic studies., The mixed-fluoro-
oxalato-manganates(III) are deep pink in colour and are
comparatively more stable than the corresponding trisoxa-
latomanganate(III) complex, KBZ hn(C )3_7.3H20. While
the chemically estimated oxidation state of manganese was
found to be +3%, the room temperature magnetic moments
were found to lie between 4,2 and 4.3 BM. The relatively
lower magnetic moment values owe thelr origin to a weak
antiferromagnetic exchange interaction. Infrared spectra
of the Aaé"MnFB(CZOq)_7 compounds suggest the presence of
bridging oxalato (Gaoqaw) group. The complex ion
Z"ﬁnFB(CZOQ)_72“ may have a polymeric structure through

a —=Mem Comn G M chain and a weak —-—Mne—F—Mn— inter-

il

action.,

The direcct synthesis and slectron-impact induced mass
spectrometric studies of tris(acetylacetonato)manganese(III)
ccnstitute the basis of Chapter 5, It has been shown that

a concentrated solution of Kﬂﬁoq undergoes a ready electron-
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scetylacetore (Hacae), in the
absence of any buffer, giving a very high yield of tris-
s 8 g g

(acetylacetonato)manganese(III), MH(CBH7OZ)3. The . pH of



the solution, recorded immediately after the formation of
crystalline Mm(aCac)5 was found to be ca 5. BSeveral advan-
tages of the novel synthesis were discussed, The direct
nsertion technique has been found to be suitable for the
mass spectrometric studies of Mn(acac)3 compound, Electron-
impact induced mass sp pectrometry showed the compound to be

monomeric,

Chapter 6 of the thesis presents the synthesis of
alkali-metal and ammonium trifluoroaquomanganates(II),
A/"MnF3(H,0)_7 (A = Na, K, Rb, Cs or NH,). The electron-
transfer reaction between .hydrazine hydrate and KMHOI+ in
the prescnce of alkali-metal or smmonium bifluorides, AHF,
(A = Na, K or NH4>’ readily gives light pinkish-white
alkali-metal or ammonium trifluoromonoaquonanganatc(II’),
A["MHFB(Hao)_7, in very high yields, The corresponding
Rb' and Cs’ salts have been obtaincd from the reactions of
20% hydrofluoric acid solution of NH@Z—MHFB(HZO>_7 with
RbZCOB'and Cs,C05 rospectively, The compounds have been
charactiriscd by elcmental analyses, chemical dctermination
tatcs of manganese in the compounds, room

nctic suscoeptibility mea asurements, pyro-

infrared spectral studies. The i.r. spectra of

the compounds showed th ¢ P(Mn-F) to appear at ca 410 cm 1.

The results of i,r., spcctral and pyrolysis studies suggest



7

the presence of coordinated water, The room temperature
megnetic moments of the alkali-metal and ammonium trifluoro- I
nonoaquomanganates(I1I), Aé”MnFB(HZO)_7, lie between 5.2

and 5,3 BPM, well below the expected value for a high-spin
d5nsystem. Considerably lower moments presumnably owe

their origin to antiferromagnetic exchange interaction bet-
2+

ween contiguous Mn ion through a ——Mn—F-—Mnee chain in
the solid state. The complex species Z'MnFB(HZO)_7" may
have a polymeric structure through a weak —Mhe—Fe—Mp——

interaction, i

In Chapter 7; the synthesis and assessment of struc—
ture of alkali-metal and ammonium fluoromonooxalatomanga~ 1
nates(11), A[Mm?(caou)j (A = Na, K or NH,), have been
described, The Aa-MﬂF(CZOQ)_7'COmpO&ndS have been synthe-
sized by the reactions of KMnOH or MnO(OH) with 4O% hydro-

fluoric acid and alkali-metal or ammonium oxalate, A202049

at ca 100 °C. The compourds are white and stable for

prolonged periocds. A uMBF(CZOq> 7 compounds have been
characterized from the results of elemental analyses, mag-
netic susceptibility measurenments, and infrarced spectro-

scoplc studics. The i.r. spectral studies of the compounds i

e

show that, unlike the trifluoromonooxalatomanganate(ITI)
complexes described irn Chapter 5, the fluoromonooxalate=-

_

manganate(II) complexes contain chelatoed oxXalato groups.







