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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 — DPYRIDINIUM FLUOROCHRCMATE(PFC)

Abstract

The thesis comprises of two parts and has altoge-
ther ten Chapters. While Chapters 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
pentafiuoromanganates(III), ABMnF5 (A = Na, K, Cs or NHA)'
The first mecthod is based on the dircect electron-transfer
rcaction between potassium pcrmanganate, Kﬁnoq, and acetyl-
acetone (Hacac) in the presence of alkali-metal or ammo-

nium bifluoride, AHF,, (A = Na, X, Cs or NHq)g leading to

29
the synthesis of AZMnF5 compounds. This mcthod does not

[



kn

require anhydrous or agueous Hr. The basis ol the sccond
mcthod is the rcaction -wong MnO(OH), 40% IF and AHF2 (A =
Ma, X, Cs or NHQ) siving AaMnF5 compounds, Thc third
method involves the re~ction of potassium permanganate,

Man, with alksli-metal or amnmonium bifluoridc, AHFZ (A =
Yo, K oor ¥F,), and 40% HL at ga 100 ¢ giving crystalline
AaMnF5 compounds, This mcthod does not regquire any extra
rcducing agent. The compounds have been characterised
on the basis of the results of chumical analyses, chemical
determination of the oxidation statc of mangancsc; magnetic
susceptibility mcasurcments, infrarcd and clcctronic spectro-
scopic studics. The lower magnctic moments of AEMnF5
compounds (ga 3.2 BM) havc becn ascribed to antiferromag-
netic exchange intcraction bctween the contiguous manga-
neso(III) ions through a —Mn—F—Mn— chain. The complex
ion Z'Mn?5_72' has becn shown, from i,r, and clectronic
spectral studics, to have a tetragonally elongatcd octa-

hedral structure with a th symmctry,

Chanter 2 describes the synthesis and structural

ascessment of AMnF, JH, O compounds., Decp-brown crystalline

[+° 2

compounds, alkali-mctal tctrafluorowmanganate(III) mono-
hydratcs, AhnFq.HEO (A = Rb or Cs), have been synthesized
dircetly from rcactions of KMan with AHF2 (A = Rb or Cs)

and 40% PTF at ca 100 °C without making usec of any reducing



agent, Similar compounds were also obtained by the reac-
tion of MnO(Q¥) with AHF, 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 determination of the oxida-
tion state of manganese, magnetic susceptibility measure-
ments, infrared and electronic spectroscopic studies,

The i.r, ancd electronic spectra suggest a tetragonally
elongated octahedral structure of the complex ion in the
solid state, with a th symaetry as a consequence of the
Jahn-Teller effect on manganese(IJII)., The complex ion,
Z'MnF4_7"} very likely, has a polymeric structure through

trans-linked — F—1ln-—F chains.

Chiapter 3 of the thesis presents the synthesis and
assessment of struecture of alkali-metal and aamonium tri-
fluoromonosulphatomanganates(ITI), AZZmMBF5(Soq)—7 (A =
Ii, Na, K or NHQ). Pink-brown crystalline alkali-metal
and amwmonium trifluoromonosulphatomanganates(IIIl),
AZZ-MDFB(SOL{_)_79 have been synthesised in very high yields
from the reaction of KMnoq (in the presence of formaldehyde
solution) or MnO(OH) with 40% hydrofluoric acid and AESOq
(A = 1i, Na, K or NHM)' Also the reaction of MnO(OH) with
hO% HF and A55,0g. (4 = K or NH,) affords R/ MnF 80,,) 7«

Persulphate, 52082“, can not oxidise Mn3+ under the pressnt



experimental conditions. While the cheaically estimated
oxidation states of manganesze occur vetween 2.9 and 3.1,
the roow temperature magnetic moments lie in the range
LeO=-Le2 M, The observed magnetic moments suggest a
lowering in the degree of antiferromagnetic exchange inter-
sction in going from ["MnF5_72' to [—MnFB(SOh)—72_. The
i.r. and electronic spectroscopic studies have been made.
The i.r. spectra of the compounds suggest the lowering of

symmnetry of the SOME“ group from T4 to sz as a result of

its coordination, It is not certain whether the 8042'
group 1s honded in a chelated or a bridging bidentate
manner, The complex ion, Z“MnFB(Soq)_72", may have a poly-
meric structure through a 5042' bridging. However, the
chances of fluoride bridging can not be totally ruled out,
(NH,) ,/"M0F4(80,) 7 on belng pyrolysed at 340 °¢ yields
Hnsoq.
Synthesis and structural assessment of alkali-metal
and ammonium trifluoromoncoxalatomanganates(III),
AZZanFB(CZOq)—7 (A = Na, K or NHq) have becen reported
in Chapter L. The ABK_MRFB(Caoq)m7 compounds have been
synthesised from the reaction of MnO(QH), 40% HF and
alkali-mctal or ammonium oxalate, A2(320LF (A = Na, K or

NHq) at the molar ratio MnO(OH):HF:AchO at 1:4=-5:1.

I

Characterization and assessment of molecular structure of



the compounds vere made from the results of elemental ana-
lyses, chenical determination of the oxidation state of
manganese, magnetic susceptibility measurements, infrared
anc¢ electronic smectrogcopic studies. The mixed-f{luoro-
oxalato-manganates(III) are deep pink in colour and are
conparatively wore stable thzn the corresponding trisoxa-
latomanganate(III) complex, KB_/_'Mn(Caoq)}].EHaO. 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
Iower magnetic moment values owe their origin to a weak
antiferromagnetic exchange interaction., Infrared spectra
of the AZZ—MnFB(CZOq)-7 commnounds suggest the presence of
bridging oxalato (CZOQE") group. The complex ion
Z—NﬂF5(0204)_72° may have a polymeric structure through
a _aMnm»ﬁ=~ﬁ——Mn—- chain and a weak —~—Mn-—F—Mn— intcr-

action,

The dircct synthesis and clectron-impact induced mass
svectrometric studies of tris(acctvlacetonato)manganesc(IIT)
ccnstitute the ctasis of Chapter 5., It has becen shown that
a conccutratecd solution of KMnOL+ undergoes a ready elcctron-
trensfor reaction with acetylacetone (Jlacac), in the
abscnce of any bhuffor, giving a very high yicld of tris-

(acetylacetonato)nan, ancsce(III), Mn(C5H702)3. The pH of



the solution, recorded immediately after the formation of
crystalline Mn(acac)3 was found to be ca 5. Several advan-
tages of the novel synthesis werc discussed, The direct
insertion technique has been found to be suitable for the
mass spectrometrie studies of Mn(acac)3 compound, Electron-
impact induced mass spectrometry showed the compound to be
monomncric,

el

Chaptor 6 of the thesis presents the synthesis of
alkali-metal and ammonium trifluoroaquomanganates(II),
A[_MHFB(Hzo)_7"(A = Na, K, Rb, Cs or NH4>' The electron-
transfer reaction between .hydrazine hydrate and KMnOL+ in
the prescence of aglkali-metal or ammonium bifluorides, AHF2
(A = Na, K or NH,), rcadily gives light pinkish-white
alkali-mctal or ammonium trifluoromonoaquomanganatc(II’),
AZ_MnFB(HEO)_7, in very high yiclds. Thc corrcsponding

Rb" and Cs” salts have been obtaincd from tho reactions of
20% hydrofluoric acid solution of WH Z—MHFB(HEO)_7 with
RbaCO5 and CSECO3 rcspectively, The compounds have bcen
characteriscd by clemental analyses, chemicael determination
of oxidation statcs of mangancse in thc compounds, room
temperaturce magnetic suscceptibility measurements, pyro-
lysis and infrarcd specctral studies. The i.r. spectra of
the compounds showed the P (Mn-F) to appear at ca 410 cm”1.

The results of i,r, spcctral and pyrolysis studics suggest



the presence of coordinated water., The room temperature
magnetic moments of the alkali-metal and ammonium trifluoro-
monoagquoiianganates(I11), AZ_MHF3(H20>-7’ lie between 5.2

and 5.3 Bif, well below the expected value for a high-spin
d5—system. Considerably lower moments presumnably owe

their origin to antiferromagnetic exchange interaction bet-

ween contiguous Mn2+

ion through a —Mn—F-—Mn-~~ chain in
the solid state. The complex species ['MnFE(HEO)_7' may
have a polymeric structure. through a weak —Mh—F—Mn—

interaction,

In Chepter 7, the synthesis and assessment of struc-
ture of alkali-metal and ammonium fluoromonooxalatomanga-
nates(11), 4/ MnF(C;0,)_ 7 (A = Na, K or NH ), have been
described, The AZ'MnF(Czoq)_7 compounds have been synthe-
sized by the resctions of KMnOLP or MnO(QH) with 40% hydro-
fluoric acid and alkali-metsl ar asmmonium oxalate, Aacaoq,
at ca 100 °C. The compourds ure white and stable for
prolonged periods. AZ“MnF(CZOq)_7 compounds have been
characterized from the results of elemental analyses; mag-
netic susceptibility mcasurements, and infrarcd spectro-
scopic studics. The i.r. spectral studics of the compounds
show that, unlike the trifluoromonooxalatomanganate(ITI)

complexes described irn Chapter 5, the fluoromonooxalate-

nanganate(II) complexes contain chelated oxalato groups.



The room temperature magnetic moments of alkali-metal and
amnoriuin fluoromonocoxalatomanganates(II), A[-MnF(CzOq)_7,
have bcen found to be remarkably low, The values lie bet-
ween 3,65 and 3.9 BM, showing that a strong antiferromsasg-
retic exchange interaction is operative in the complexes.
The coiplex species, very likely, has a polymeric struc-

ture through a strong —Mn—F—Mn— interaction,

Chapter 8 describes a new synthesis and . mass spectro-
metric studies of bis(acetylacetonato)manganese(II) dihy-
drate, MB(C5H702)2.2HZO. The synthesis is based on the
reaction of Mn(OH)2 with acdtylacetone (Hacac) im presence
of a very small amount of formaldehyde. The method is
direct and simple and does not require any buffer, unlike
the method recommended im the literature for the synthesis

Y T N Ty 3
of Mn(C5h702)2.2H20. The role of formaldehyde is to

protect bis(acetylacetonato)manganese(II) from being 2xXi-

o

dised., Thec method is rapid and gives the product in
very nigh yield. Electron-impact induced mass spectrun
of the compound, recorded using thc dircct dinscrtion
technique, shows thc compound to be monomeric in the vapour
statc, The spectrun also provides evidence for rearrange-

ment to give .Mn—CH3 species,

The results of oxidations of organic substrates with

a new and cfficient oxidant pyridinium fluorochromate(VI),



CEHSNHCrOBF (PPC), have been described in Chapter 9. The
synthctic potential of nyridinium flaorochromate(VI)
reagent has been investigated, and 1t has boen found that
the new reagent (PFC) has cortain advantages over similar
oxidizing agcnts in terms of amounts of oxidant and sol-
vent requircd, short .reaction times, and high yields,
Pyridinium fluorochromate(VI) in dichloromethane oxidizes
primary and secondary alcohols to aldehydese or ketones in
very high yiclds; the reagent has been successfully applied
to the oxidation of benzoin to benzil, a tricyclic allydic
alcohol, q—oxotricyclol"S.z.1.02’6_7~dcca—3,8—dicn95 to the
corrvsponding tricyclic enonc respcctively, PFC in
dicﬁloromethane also oxidizes anthracenc and phenanthrene
to anthraquinone and phenanthrenc-9,10-quinone in 68% and
52% yiclds respectively. The yiclds may be raiscd to 98%

and 72% by using acctic acid as thc reaction medium. PFC

does not rcact with acctoni*rile which is a2 suitable
nediwa for studying oxidation kinetics and mechanism. The
rcesults hitherto obtained with pyridinium fluorochronatcI)

(PPC) arc very satisfactory and suggest the ncw reagent as

a valusblc addition to the cxisting oxidizing agents.

Chapter 10, indecd the last Chapter of thce thesis,

reports the kinctics and mechnnism of the oxidation of

alcohols by the ncw chromium(VI) reagent, pyridinium



i0

flunrochromate (PFC). Pyridinium fluorochromate,

C5H5ElCrO ', has been shown to oxidize bkenzyl alcohol,
ethanol and cyclohexanol to benzaldehyde, acetaldehyde,

and cyclonexanone respectively. ‘“While each of the oxida-
tions,; studied in acetonitrile-nitrobenzene (1:1, v/v)
medivm, has been found to ve first order with respect to
the oxidant, the rate is almost independent of the sub-
strate concentration. The oxidation reactions are highly
catalysed by acid. The acid-catalysed reactions being

very fast, precluded determination of their order in acid
media. The effects of temperature and solvent compositions
were studied and zctivation parameters evaluatied. The
free energies of activation of thc three reactions were
found to lie bhetween 91.82 and 92.65 kJ mol“1. The near
constancy of the LsF# values suggest that a sinilar mecha-
nism is operative in each of the threc oxidations, From
the results of these studies it appears that a hydride
transfer mecchanism is involved in the rate determining

step of the PFC oxidations. Probablce mechanisms have been

discusscd.



The results of studies described in Chapters 1, 2, 2,
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5, 6, 9, and 10 have been either published or accepted for
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The thesis comprises of two parts and has altoge-
ther ten Chapters. While Chapters 1 to 8, based on the
studies «f synthesis and structural assessment of compounds
of manganese +(III) and manganese +(II), constitute Part I
of the thesflss Part II, consisting of two Chapt ers (Chap-
ters 9 and 10), centains the results of studies of reacti-

vity of a new reagent 'Pyridinium Fluorochrnmate(VI) (PFC).

In Chapter 1, three new and general methods have been
described for the synthesis cf alkali-metal and ammonium
pentafivoromanganates(IIT), AZMnF5 (A = Na, K, Cs or NHM)'
The first method 1s based on the direct electron-transfer
reaction between potassium permanganate, KMnoq, and acetyl-
acetone (Hacac) in the presence of alkali-metal 8T ammo-
niuvm bifluoride, AHF 5, (A = Na, K, Cs or NHA)’ leading to
the synthesis of AZMnF5_compounds. This method does not

require anhydrous or aqueous HF, The basis of the secona
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H

method is the reaction among MnO(OH), LO% HF and AHF2 (A
Na, K, Cs or NHq) giving A2MnF5 compounds., The third

nethoa inveclves the reaction of potassium permanganate,

KMnoas with alkali-metal or ammonium bifluoride, AHF, (A
Ne, ¥ or NHM)S and 4O% HF at ca 100 o¢ giving crystalline
AEHRF5 compounds, This method does not require any extra
reducing agent. The compounds have been characterised

on the basis of the results of chemical analyses, chemical
determination of the oxidation state of manganese, magnetic
susceptibility measurements, infrared and electronic spectro-
scopic studies, The lower magnetic moments of AZMnF5
compounds (ca 3.2 BEM) have been ascribed to antiferromag-
netic exchange interaction between the contiguous manga-
nese(IIT) ions through a —ln—F—Mn— chain. The complex
ion Z"MBF5_72_ has been shown, from i.r. and electronic
spectral studics, to have a tetragonally elongated octa-

hedral structure with a th symuetry.

Chaptcer 2 describes the synthesis and structural
assessment of AMnFq.Hzo compounds, Decep~brown crystalline
conpounds, alkali-mctal tetrafluoromanganate(ITII) mono-
hydrates, AMnFq.HBO (A = Rb or Cs), havc been synthesized
dircctly from rcactions of‘KMnO4 with AHF, (A = Rb or Cs)

and 40% HF at ca 100 °C without meking usc of any reducing
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agent, Similar compounds were also obtained by the reac-
tion of MnO(QH) with AI-IF2 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 manganese, magnetic susceptibility measure-
ments, infrared and electronic spectroscopic studies,

The i.,r, ana electronic spectra suggest a tetragonally
elongated octahedral structure of the complex ion in the
s0lid state, with a th symaetry as a consequence of the
Jahn-Teller effect on manganese(III)., The complex ion,
['MnF4_7"} very likely, has a polymeric structure through

trans-linked —F-—Mn—F chains.

Chapter 3 of the thesis presents the synthesis and
assessment of siructure of alkali-metal and zimonium Tri-
fluoroumonosulphatomanganates(III), AzzmMnFB(SOM)_7 (A =

Li, Na, K or NH Pink-brown crystalline alkali-metal

nE
and ammonium trifluoromonosulphatomanganates(III),
AZZ-MHF5<504)_7S have been synthesised in very high yields
from the reaction of KMan (in the presence of formaldehyde
solution) or MnO(OH) with 40O% hydrofluoric acid and AESOLJr
(A = 1i, Na, K or NHQ). Also the reaction of MnO(OH) with
L40% HF and A,8504.(A =K or NH,) affords Azg‘MnFB(soq)_7.

Persulphate, SEOSZM, can not oxidise Mno' under the present



(vii)

exherimentsl conditions, While the chemically estimated
oxidation states of manganese occur bpetweern 2.9 and 3.1,
the roowu temperature magnetic moments lie in the range
LeO~Lio2 M, The observed magnetic moments suggest a
lowering in the degree of antiferromagnetic exchange inter-
action in going from Z’MnF5m72— to [‘MnFB(SOu)_7E”. The
l.r. and electronic spectroscopic studies have been made.
The i.r. spectra of the compounds suggest the lowering of
P

symmietry of the SOLf group from Td to CZV as a result of

its coordination., It is not certain whether the 8042_
group is honded in a chelated or a bridging bidentate
manner. The complex ion, ZHHDF3(504>_72“9 may have a poly-
meric structure through a 5042' bridging. However, the
chances of fluoride bridging can not be totally ruled »ut,
(NHA)ZZ_MnFB(SOq)_7 on being pyrolysed at 340 9 yields
MnSOhf

Synthesis and structural assessment oi alkali-metal
and aamonium trifluoromoncoxalatomanganates(ITII),
Ao/TMnF5(C50,) 7 (A = ¥a, K or NH.) have been reported
in Chapter 4, The Azl"MnFB(Caoq)“7 compounds have been
synthesised from the reaction of MnO(OH), 40% HF and
alkali-metal or ammonium oxalate, ABCZOZ+ (A = Na, K or

NH4> at the molar ratio MnO(OH):HF:A,C50, at 1:4-5:1.

I

Characterization and asgessment of molecular structure of



(viii)

the coumpounds vere made from the results of elemental ana-
lyses, chenical determination of the oxidation state of
mangenese, magiletic susceptibility measurements, infrared
anc¢ electronic soiectroscopic studies, The mixed-{luoro-
oxalato-manganates(IIT) are deep pink in colour and are
coperatively more stavle than the corresponding trisoxa-
latomanganate(ITI) complex, KEZ-Mn(CZOA)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 BlM. The relatively
lower magnetic moment values ovic thelr origin to a weak
antiferromagnetic exchange interaction. Infrared spectra
of the AEZ"MnFB(Caoq)_7 comnounds suggest the presence of
bridging oxalato (02042') group. The complex ion
Z-MHFB(C204>—72~ may have a polymeric structure through

a -Mn~—%—~c——Mn-— chain and a weak —Mn——F—Mn— inter-

}1
action,

The dircct synthesis and e¢lectron-impact induced mass
spcctrometric studies of tris(acetylacetonato)manganese(III)
ccustitute the basis of Chapter 9. It has been shown that
a concentrateca solution of KMnOL+ uncerzocs a ready electron-
trensfcr reaction with acctylac.tone (ilacac), in the
abscnece of any buffor, giving e very high yicld of tris-

(acetylacctonato)uan<anesc(III), Mn(C5H7OZ)3. The pH of



(ix)

the solution,; recorded immediately after the formation of
crystalline Mn(acac)5 was found to be ca 5. Several advan-
tages of thc novel synthesis were discussed. The direct
insertion technique has been found to be suitable for the
mass spectrometric studies of Mn(acac)3 compound. Electron-
impact induced mass spectrometry showed the compound to be

monomeric,.

Chanter 6 of the thesis presents the symthesis of
alkali-metal and ammonium trifluoroaquomanganates(II),
A['MnFB(Hao)_7 (A = Na, K, Rb, Cs or NH,). The electron-
transfer reaction bhetween .hydrazine hydrate and KMnOL+ in
the presence of alkali-metal or ammonium bifluorides, AHF2
(A = Na, K or NH,), readily gives light pinkish-white
alkali-metal or ammonium trifluoromonoaquomanganatc(II’),
A['MnFS(HZO)_7, in very high yiclds. The corrcesponding

Rb" and Cs' salts have been obtained from the reactions of
20% hydrofluoric acid solution of NHqZ_MnF3(HgO)_7 with
Rb2605 and CSZCO5 respectively. The compounds have been
charactoeriscd by elemental analyses, chemical dcectermination
of oxidation statcs of manganese in the compounds, room
tempirature magnetic suscoptibility measurements, pyro-
lysis and infrarcd spectral studies. Thce i.r. spectra of
the compounds showed the P (Mn-F) to appear at ca 410 cm"1.

The results of i.r, spectral and pyrolysis studies suggest
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the presence of coordinated water. The room temperature
magnetic moments of the alkali-metal and ammonium trifluoro-
monoaquomanganates(II), A['MnFB(HEO)_79 lie between 5.2

and 5.3 BEil, well below the expected value for a high-spin
d5nsystem. Considerably lower moments presumnably owe

their origin to antiferromagnetic exchange interaction bet-

. . +
ween contiguous an

ion through a —Mn——F-—PFn-— chain in
the so0lid state, The complex species ['MHFB(HEO)_7" may
have a polymeric structure through a weak —Mn——F—Mn-—

interaction,

In Chepter 7, the synthesis and assessment of struc-
ture of alkali-metal and ammonium fluoromonooxalatomanga-
nates(1I), A/ MoF(CL0,) 7 (4 = Na, K or NE, ), have been
described. The A['MnF(CZOq)_7'compounds have been synthe-

sized by the reactions of KMnQO, or MnO(OH) with 40% hydro-

I

fluoric acid and alkali-metal ar ammonium oxaliate, AECEOM’

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

e}

rolonged pericds. AZ“MnF(CZOA) 7 compounds have been

chax

1)
3

actcrized froum the results of elemcental analyses,; mag-

~

[

netic susceptibility measurements, and infrarcd spectro-
scopic studics. The 1l.r. spectral studies of the compounds
show that, unlikeé tho trifluoromonocoxalatomanganate(ITI)
complexes desceribed in Chapter 5, the fluoromonooxalate-

nanganate(II) complexes contain chelated oxalato groups.



(xi)

The room temperature magnetic moments of alkali-metal and
ammorivin fluoromoncoxalatomanganates(II), AZ'MnF(CEOh)_7,
have been found to be remarkably low, The values lie bet-
ween 3,6 and 3.9 BM, showing that a strong antiferromsg-
netic exchange interaction is operative in the complexes.
The complex speciss, very likely, has a polymeric struc-

ture through a strong —Mn—F—Mn— interaction,

phapter 8 describes a new synthesis and . mass spectro-
metric studies of bis(acetylacetonato)manganese(II) dihy-
drate, Nn(C5H702)Z.2HZO. The synthesis is based on the
reaction of Mn(OH)2 with acctylacetone (Hacac) im presence
of a very small amount of formaldehyde., The method is
direct and simple and does mot require any buffer, unlike
the method recommended in the literature for the synthesis
of MR(C5H702)2.2H20. The role of formaildehyde is to
protect bis(acetylacetonato)manganese(II) from being ~xi-
dised. The method is rapid and gives the product in a
very high yield. Electron-impact induced mass spectrum
of the compound, recorded using thc dircct insertion
technique, shows thc compound to be monomeric in the vapour
state, The spectrun also provides evidence for rearrange-

nent to give Mn—CH3 species.

The results of oxidations of organic substratcs with

a new and cfficient oxidant pyridinium fluorochromate(VI),



C HBNHCTO F (PFC), have been described in Chapter 9. The

> 3
synthctic potential of pyridinium fluaorochromate(VI)
reagent has been investigated, and it has becn found that
the new reagent (PFC) has certain advantages over sinilar
oxidizing agents in terms of amounts of oxidant and sol-
vent required; short .rcaction times, and high yields,
Pyridinium fluorochromate(VI) in dichloromethanc oxidizes
rrimary and secondary alcohols to aldehydes or ketones in
very high yields; the reagent has been successfully applied
to the oxidation of benzoin to benzil, a tricyclic allylic
alcohol, q-oxotricyclol—5.2.1.02’6_7deCa_3,5—dicne$ to the
corrcsponding tricyclic enonc respcctively. PEC in
dichloromethane also oxidizes anthracenc and phenanthrenec
to anthr~quinone and phenanthrcne-9, 10-quinone in 68% and
52% yiclds respectively., The yiclds may be raiscd to 98%
and 72% by using acctic acid as the reaction medium. PFC
does not rcact with acctoni*rile which is 2 suitable

sicdiun for studying oxidation kinetics and mechanism. The
rcsults hitherto obtained with pyridinium fluorochronatdiI)
(PFC) arc very satisfactory and suggcecst the ncw reagent as

a valuablc addition to the existing oxidizing agents.

Chapter 10, indeecd the last Chapter of thc thesis,

reports the kinctics and mcchanism of the oxidation of

alcohols by the ncew chromium(VI) reagent, pyridinium



(xiid)

fluorochromate (PFC). Pyridinium fluorochromate,
C5H5EHCrOBF, has been shown to oxidize henzyl alcpholg ‘
ethanol and cyclohexanol ta benzaldehyd69 acetaldehyde,

anc¢ cyclonexanone respectively, While each of the oxida-
tions, studied in acetonitrile-nitrobenzene (1:1, v/v)
mediuvm, has been found to ve first order with respect to
the oxidant, the rate is almost independent of the sub-
strate concentration. The oxidation reactions are highly
catalysed by acid. The acid-catalysed reactions being

very fast, precluded determination of their order in acid
media. The effects of temperature and solvent compositions
were studied and activation parameters evaluaved. The
frec energies of activation of the three reactions were
found to lie between 91.82 and 92.65 kJ mol“1. The near
constancy of the ZXIW# values suggest that a sinilar mecha-
nisw is operative in each of the three oxidations, TFrom
the results of these studies 1t appears that a hydride
transfer mechanism is involved in the rate determining

step of the PFC oxidations. Probablce mechanisms have been

discusse



INTRQDUCTION

Manganese is the first rowv Group VII B transition metal,
twelfth most abundant element and constitutes about 0.085% of the
earth's crustj Apart from its various utilities in industrial as
well as laboratory purposes, the importance of manganese or its
compounds have also been detected in bio-systeus. It has been
implicated as a possible dioxygen evolving agent in photosynthesis?
In addition, it can activate enzymatic processes such as oxidative
phosphorylation, synthesis of cholesterol, etc.3 The recent
advancement in understanding the chemical importance and behaviour
of manganese and its compounds in inorganic as well as organic
systems have considerably widened the scope of study and research

relating to the chemistry of manganese.

The metal, twenty-fifth element in Periodic Table, has the
ground state electronic configuration Z”Ar_73d5482 and experiences
the widest spectrum of oxidation states ranging from -3% to +7, of
which +2 is the most stable one. While the lower oxidation states
are usually found® in the carbonyl, nitrosyl and organometallic
derivatives of manganese, different types of binary as well as

complex compounds of the metal are available in its intermediate



-dxidation states. The higher oxidation states of manganese, i.e.
Mn5+ to Mn?+, exist only in compounds containing oxide ligands

and are susceptible to photochemical decomposition, depending

upon pH?*6 Mn4+ shows a more extinsive ground state chemistry
than the higher oxidation states, but, in general, their compounds
are not very stable, The great stability of MnOz, in fact, is

due to its inherent insolubility; the other Mnl{r+

compounds are
readily hydrolysed and reduced? These higher valent manganese
compounds are very strong oxidising agents and hence, they have
got wide use in oxidation reactioas in many organic and inorganic

systems.

Manganese +(III) and Manganese +(II) are the two important
and relatively more studied oxidation states of the metal.
However, the simple ion of Mn3+ does not appear to exist,; so that
the stable salts of Mn3+ are mostly complexg There are relatively
few simple compounds of Mno* and only the acetate salt can be
conveniently prepared. These compounds are strong oxidising

agents, particularly for organic systems and in solution they are

unstable with respect to disproportionationS’gz
2 Mnot ——. Mn4+ + Mn®t

L++ + 9

Mn + Hzo — Mn02 + 4H : K == 10

The complexation of Mn3+ with anions, on the other hand, usually

results in a lowering of the redox potential for the Man(III)/Mn(II)



cocuple, and 1is dependent upon pH. Although the :complex forma-
tion by the metal in:. its +3 state is of normally dissociative
type1o and that, the hydrolysis can occur at low acidities also,

Mot H,0 ——3 Mn(om)t + BY K A

these can be mininised to a considerable extent at high acid
concentration and with suitable complexing- anions. Thus, Mn3+
can be stabilised in solution by sulphate, oxalate, pyrophos-
phate and some other complexing anions. This, however, does not
give the complete picture, since even the most stable of the
complex species, which is possibly a 7-coordinate complex anion
/ Mn(EDTA) (H50) 7~ undergoes slow decomposition due to oxidation
of the ligandJ1 Suitable complexing agent for stabilising Mn3+
is thus always looked for. An extensive research in this regard
has proved that fluoride ions (other halide ions in lesser
degrees) can act most suibably in this regard. The study of
fluoro~-complexes of manganese(IIT) thus becomes a subject of
considerable interest for chemists, which, as one among others,

nay pave the way for understanding the chenistry of trivalent

manganese more clearly.

Manganese(I1I) has the qu electronic configuration which
is subject to Jahn-Teller distortion and the majority of the
octahedral conmplexes of this dLF ion are high-spin with magnetic
noments of near spin-only value. Because of the odd number of

electrons in e_ level, Z“5Eg (t, e 1); g™t (MnIII)_75 the

g 2g 8



distrotion should be appreciable and it might be expected to

o+ and Cu2+ compounds, namely, a

resemble the distrotion in Cr
considerable elongation of two trans-bonds with little difference
in the lengths of the other four. Thus, whenecver the subject of
the Jahn-Teller effect arises, frequent references is made to
high-spin manganese(III)]2-14 compounds, However, for the

reasons mentioned earlier in this section, not many Mn3+ Comp=-
lexes have been well studied compared to that of the other tri-
positive first-row transition elements or other systems having a
dl1L configuration. Hence, studies on various aspects, viz.,
synthesis, reactivity and structural assessment of different

types of Mn3+ complexes was felt important and it was with this
perspective that an atteunpt was made to study the fluoro complexes
of manganese(IIT). In Chapter 1 of Part I of the thesis, a
detail account of synthesis, characterisation and structural
assessment of alkali-metal and amnonium pentafluoromanganates(III),
AZMHF5 (A = Na, K, Cs or NH4)’ has been presented. Chapter 2
embodies the synthesis and physico-chemical studies of heavier

alkali-metal tetrafluoromanganates(III), AMn‘E‘L+ (A = Rb or Cs).

“hen a solution contains a metal ion and at least two diffe-
rent ligands there is always a finite possibility for the forma-
tion of mixed ligand complexes. Corgldering the potential dona-
ting ability of the counter anion and of the solvent molecule,

there are very few cases indeed when this possibility is out of



A

consideration]5 Thus different types of mixed ligand complexes
of various metals have been studied, methods to determine their
stability constants have been elaborated, their importance in
chemicalm’17 and biochemical18’19 processes has been discussed,
and the factors determining their stabilities have been theore-
tically treated., Three kinds of ternary complexes may be conve-
niently distinguished: (a) complexes containing two different
unidentate ligands, (b) complexes containing one unidentate and
one multidentate ligand; (c¢) complexes containing two different
multidentate ligands; and these complexes may be formed either
in substitution reaction or in addition reaction by the exban—
sion of the coordination sphere. The earlier studies on manga-

20-22

nese(III) mainly involved type (a) and the -type(e) comp-

lexes]5’25'26 The type (b), however, is only sporadically
reported§7’28 and studies on this type of mixed ligand complexes
are expected to generate new information. The relationship
between the stabilities of a mixed ligand complex and its parent
complexes has been long disputed and it was thought that the
mixed ligand complexes are always more stable than could be
expected on statistical grounds, but there are now many examples
of the opposite behaviourj5 Statistically, however, mixed
ligand complex formation is always favoured§9 which has been

later supported]5 by elementary electrostatic consideration,

steric effect and back-coordination,



It appears, therefore, that studies directed to mixed ligand
complexes of manganese(III), particularly of the type (b) mentioned
above, may generate some valuable information., Coming back to
the case of manganese-fluorine system, one finds that there is a
dearth of information regarding mixed fluoro complexes of manga-
nese not only in its +3 but also in +2 states of the metal.

There is only one reportedjo mixed fluoro-complex of manganese-
(III), i.e., the potassium trifluoromonosulphatomanganate(IIIl),
KgZ-MnF3(Soq>_79 which was obtained only as a by-product of a
reaction carriecd out for the synthesis of a fluoromanganate(III)
complex. The situation thus demands for an extensive work on the
mixed ligand complexes of manganese with fluoride being one of the
coordinating ligands. It has been lfx:nownm’m’31 that most of the
simple fluoro complexes of Mn3+ have magnetic moments lower than
that expected for a normal manganese(III) case. This is ascribed
to strong antiferromagnetic exchange interactions. The compounds
of manganese(III) containing sulphato or oxalato ligands, on the
other hand, exhibit normal magnetic behaviour?2 1t was therefore
thought that a mixed ligand manganese(III) complex containing
fluoride and sulphate or oxalate as ligands would present a
different picture with regard to its magnetic properties.
Further, the overall stabilities of such complexes are expected
to be more than the corresponding binary complexes, and also they

would constitute good examples of gomplexes of the type(b),



mentioned earlier in this section., 1In view of this, studies on
mixed-fluoro complexes of manganese(III) were undertaken. The
results of such studies are incorporated in Chanter 3% and 4.
While Chapter 3 deals with alkali-metal and ammonium trifluoro-
monosulphatomanganates(III), AZZ'MnFB(SOQ)“7 (A = Li, Na, K or
NH4)9 Chapter L includes alkali-metal and ammonium trifluoromono-

oxalatomanganates(ITI), Aal-MnF3(Czoq)-7 (A = Na, X or NHQ).

In a continuation of the studies of manganese(ITII) chemistry,
and noting the importance of and interest on metal acetylaceto-
nates?B"qa it was thought important to develope a new and direct
method for obtaining tris(acetylacetonato)manganese(III),
Mn(CSH702)5. Accordingly, a simple and convenient method has

been developed for the synthesis of Mn(C Chapter 5 of

519020 3¢
Part T of the thesis presents a detailed account of the new
method of synthesis of Mn(acac)5 (acac = acetylacetone) and

results of mass spectrometric studies of the compound.

The most familiar oxidation state of manganese is its +2
state. Manganese(II) is stable towards thermal as well as photo-
chemical reactions? In neutral and acidic solutions the pink
hexa-aquo ion is extremely resistant to oxidation as shown by the

rotentials:

Mno, Mot el 22V 2t 1218V g

TeDV



In basic media, however, the hydroxide Mn(OH)2 is formed and this
Z
is very prone to oxidation, even by airt’:

Culv

MnO,.yH,0 = JxH0 —Qe2V

Mnao Mn(OH)2

2 2

3

The eguilibrium constants for formation of the complexes of
24

Mn are low, compared to Mn2+ salts and those of the divalent

o+

cations of succeeding (Fe Cu2+) element594’45 Moreover,

owing to the large size of Mn2+

ion, it possesses no ligand field
stabilisation energy either in tetrahedral or in octahedral
field?6 thus the manganese(II) ion forms complexes less easily

2+ to

than the manganese(III) ion. This general low ability of Mn
form complexes in which electron pairing occurs, and the thermal
stability of the sulphate, make the behaviour of the metal in its
+2 state much more like that of a mon-transition metal than like
its neighbours Cr and Fe? FPurther, the majority of Mn2+ compounds
arqﬁigh spin and in appropriate ligand environment it behaves most
ideally. 1In octahedral fields, the d5 configuration gives spin-
forbidden as well as parity forbidden transitions lmparting a
weak colour of the cowmpounds. But in tetrahedral field the
compounds are somewhat more coloured (usually pale yellow/green)
since the transitions here are though spin-forbidden but are no

longer paritynforbiddené*5 A1l these factors, therefore, make the

chemistry of the metal in +2 state an interesting one.



Tt was observed that in aqueous solution the formation con-
47

stants for halogeno complexes are very low,

ro - + —
Mnaq + Cl e MnClaq X == 3,85

and this varies with the nature of the halide ions used. Foster
and Gill48 have shown that for both the tetrahedral and octahed-
ral arrangements of ligands about manganesé(II), the relative
values of the ligand field parameters are in the accepted order
of the spectrochemical series, namely I*<@r-<@lm<§ﬂ<?20 for
structurally related compounds. Consequently, the halo complexes,
particularly the fluoro-complexes, of the metal in its +2 oxida-

tion state have found a remarkable importanceeﬁ"52

Tetrafluoromanganates(II) and trifluoromanganates(II) are
the two most well studied fluoro-complex of the metal in its +2
oxidation state?7’50"52 Report on the mixed fluoro complexes of
manganese(II), however, appears to be very scanty.. As a sequel
of studies on fluoro and mixed fluoro complexes of manganese(III),
it was felt worthwhile to extend such studies to mangaqese(II)
also. Some success has been achieved in this directien and new
complexes, viz., trifluoroaguomanganates(II) and fiuoromonooxa—
latomanganates(II) have been synthesised, Chapter 6 describes
the synthesis, characterisation and physico-chemical studies of

alkali-metal and ammonium trifluorocaguomanganates(Il),

A£~MHF3(H20)=7 (A = Na, X, Rb, Cs or NH4)9 while the synthesis

-
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and assess«ment of structurce of alkali-metal and ammonium fluoro-
monooxalatomanganates(II) constitutes the subject matter of

Chapter 7.

On realising the problems involved in the existing method of
synthesis of bis(acetylacetonato)manganate(II) dihydrate,
Yn(C5%702)2.2H20, a new method o?éynthesis of the compound has
now been developed. The new method does not require any buffer
which is considered to be a probable source of impurity.

Chapter 8, indeed the last Chapter of Part I, contains the
details regarding the new synthesis of Mn(acac)2.2H20 and also

the results of mass spectrometric studies of the compound.

Apart from manganese, the first row seriespf transition
metals presents one more very important and versatile metal, viz.,
Chromium., Chromium, somewhat like manganese, exhibits a wide
range of oxidation states, of which +6 and +3 represent the
comparatively more familiar oxidation states of the metal,
Chromium(VI) has the typically important property with regard to
its oxidative potential for both organic and inorganic systems.
Consequent upom this, there has been a good number of Chromiun(VI)
reagents developed for the oxidations of various types of organic
substrates. It is generally observed, in such rcactions that the
initial chromidm(VI) compound is reduced to its +3 state invol-

ving various intermediate stages.
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6+

The conversion of Cr to Cr3+ or the reverse,involving a
5-clectron change and having a low probability of being occurcd
in a singlc step, iluplies the formation of chromiwn in interie-
diate oxidation states in such reactions. ZEvidences, obtained
from kinctics and mechanistic studies, regarding the formation of
transicnt intcrmediates support this view, Moreover,isolation of

C-rb+ and Cr4+

some compounds, which are unstable in water, and
the results of studies of induced oxiolationssll"E’LF have produced
some of the wmost rconvincing evidence for the formation of
chromium in oxidation statcs +5 and +4 in electron~transfer

reagctions.

Chromium(VI) compounds are powerful oxidising agents and are
extremely useful as oxidants in organic synthesis?3 The chromium
+(VI) reagents often used are chromic acid, dichromates, chromyl
chloride, chromyl acetate, chromium trioxide-pyridine complex and
t-butyl chromate. A wide range of oxidations which can be accom-
plished with these reagents also include the following: aryl
alkanes and polycyclic aromatic hydrocarbons to aromatic acids
with chromic acid and aqueous dichromate; oxidation of aryl
alkanes to aldehydes and ketones by chroiyl chloride and to
acetates with chromyl acetate. One of the major uses of
chroniwa(VI) in synthetic organic chemistry is oxidation of
primary alcohols to aldehydes and secondary alcohols to ketones.

The mechanisms of many systems have been investigated and



. S+ + . . . . .
involvement of Cr~ anc}érLF intermediates in these organic oxida-

tions have been established,

A new chromium(VI) reagent, pyridinium fluorochromate,
C5H5NHCrOBF (PFC), was synthesiseqﬁn this laboratory about two
vyears ago, and it became necessary to study its reactivity with
regard to oxildation of organic substances. Accordingly such
studies have been made and the results are incorporated in
Part II of this thesis., Chapter 9 describes the oxidation of
organic substrates including polynuclear hydrocarbons involving

pyridinium fluorochromate, C5H5NHCTO ¥ (PFC), while Chapter 10

3

presents an account of the kinetics and mechanism of oxidations

of alecohols with PFC,

Each chapter of the thesis has been so designed as to make
it a self-contained-ome, Thus, in every Chapter there is a brief
introduction, and experimental,and results and discussion sec-
tions)followed by relevent bibliography, Some of the results
have already been published, some are in the press and the rest

are under communication,
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Synthesis, Characterization and Assessment of
Structure of Fluoro, Mixed-Fluoro and Acetylacetonato
Compounds of Manganese + (I11I) and + (II)
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CHAPTER 1

Alkgli-Metal and Ammonium Pentafluoromanganates(III),

AEZ"MnF5M7 (A = Na, X, Cs or NH New and Convenient

nE

Methods of Synthesis, Characterization and Structural

»*
Assessment

Interest in the field of chemistry involving fluoro-
containing transition metal compounds“9 séem to be never dimini-
shing. Peculiarities of such compounds in respect of their mag-
netic and structural behaviours probably mske them relatively
more interesting than the compounds containing other halides,
bonded to a metal centre, Some of the fundamental properties of
fluorine, e.g., its high electronegativity and small ionic size
render it suitable for stabilising higher oxidation states of

metals, Although this is generally true, manganese presents a

somewhat different story. Thus, the compounds like MnF7 and

* Results of the work described im this Chapter have been
published : J, Chem, Soc., Dalton Trans., 2587, 1981; Synth.

React. Inorg, Met.-Org, Chem., 485, 12, 1982; Ind, J, Chem.,

In press.
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MnOF5 do not seem to be known, and indeed one finds that manga-
nese, in its oxidation states +(IV), +(III) and +(II), responds

10

more favourably to the formation of fluoro.complexes under the

appropriate conditions,

Coming to the case of manganese(III) and considering its
ennanced basic character, it can be easily reconciled that an

11,12 Mn3+

acidic ligand like fluoride must be able to stabilise
leading to the formation of stable fluoromanganate(III) complexes,
Apart from the factors relating to stability of such complexes,
coordination of a fluoride ligand to Mn3+ brings forth very nota-
ble magnetic and structural features. Consequent upon this there
has been a continued interest5’9’13"30 in the studies of various
aspects of fluoromanganates(III) chemistry., Synthesis of fluoro-
manganate(III) complexes has, however, been a general problem,
Most of the currently used methods are either based on dry reac-
tion techniques involving anhydrous hydrogen fluoride, which is
difficult to handle, or dependent on the use of such starting
materials which are diffieult to prepare and unstable under ordi-
nary conditions. Alkali-metal pentafluoromanganates(III),
AZZ—NHF5“7 (A = Na, K, Cs or NHq), for example, have been known
for quite sometime, however, no convenient method .has been avai-
lable for thelr synthesis., It appears from literature that the
reaction between a solution of MnF3 in agueous hydrofluoric acid

and alkali-metal fluorides has been generally used for the synthe-
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sis of AZZ'MnF5_7 compounds?“z‘7 The inherent problems of the

method are the difficulties involved in the synthesis of MnF331"55
and its stability under normal laboratory conditions. The other
methods, viz., (i) the reaction between MnO, and KHF, in HF?8
(ii) the electrolytic oxidations of MnF, in 40% hydrofluoric acid
followed by the addition of a saturated solution of KHF2 in hydro-
fluoric acid%9 and (1ii) the oxidation of manganese sulphate with
KMnoq in hydrofluoric acid containing KHFE?O have been used
specifically for the synthesis of potassium pentafluoromanganate-
(III) monohydrate, KZMHF5'H20' Further it was recently commen=

tequ that nothing more than the sparse synthesis has been repor-

ted for the cesium salt of pentafliuoromanganate(III).

In view of this it was thought worthwhile to develope direct,
simple and general methods for the synthesis of alkali-metal and
ammonium pentafluoromanganates(III), Aal'MnF5p7 (A = Na, K, Cs or
NH4)° Accordingly, three new methods have been developed for the
synthesis of the title compounds. A detailed account of the
three new mcthods of synthesis, characterisation of the compounds

obtained thereof and assessment of structures of the compounds

constitute the subject matter of this Chapter.
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EXPERIMENTAL

1 L MmN B, VTR v ————, ™ W M 181

The Chemicals used were all reagent grade products (B.D.H.,
E. Merck, Sarabhal M. Chemicals or Loba Chemie), Infrared
spectra wvere rccorded on a Perkin-Elmer model 125 spectrophoto-

meter in nujol as well as in KBr media,

Magnetic susceptibility measurements were made by the Gouy
method using Hg[“Co(NCS)4_7 as the calibrant. The dimagnetic
35

corrections were made using the data given in the literatures

Reflectance spectra were recorded against Mg0 using Carl

Zeiss Jena USU 2-P instrument.

Preparation of MnO(OH)?6 This compound was prepared by
36

following the method described in literatures In a typical

preparation, a solution of 2,2 g (10 m mol) MnSO4.4H20 in 350 ml
of water was ftreated with 34 ml of a 3% H50, (30 m mol) solution.
An amount of 50 ml of a 0.2 M ammonia solution (10 m mol) was
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 1it of hot water on the filter and then dried over

phosphorous pentoxide in vacuo,

Preparation of Alkali-Metal and Ammonium Bifluorides, AHF2

(A =DNa, XK, Rb, Cs or NHM)?? Alkali-metal and ammonium




bifluorides, AHFZ, were prepared by the method developed by
Chaudhuri and Choudhury?’

In an-example typical of the general procedure, powdered
alkgli-metal or ammonium carbonate, hydroxide or fluoride was
dissolved in 40% hydrofluoric acid maintaining the ratio of A:HF
at 1:4, To the clear solution pyridine was added with constant
stirring until precipitation was complete, and then allowed to
settle. The white crystalline alkali-metal or ammonium bifluoride,
AHFZ, was separated by decantation and washed several times &ith
pyridine until the compound was free from hydrofluoric acid. The
adhered pyridine was removed by washing with acetone and the

compound was finally dried in vacuo.

Elemental Anatvses.

38

(i) Estimation of Manganeses

An accurately weighed amount of the compound was decomposed
by boiling with 20-25 ml of 0.1 (N) sodium hydroxide solution,
Hydrated manganese oxide thus formed was quantitatively separated
by filtration, washed with water and then dissolved in a minimum
amount of dil, HCLl solution, About 0.5 g of hydroxylammonium
chloride was added (to keep manganese in its +2 state) to the
solution and then warmed after diluting to about 100 ml, The
solution was neutralised by dropwise addition of dilute sodium

hydroxide solution, and 2-3 ml of triethanolamine was added to
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keep the manganese in solution before it was subsequently made
alkaline, About 2 ml of the buffer solution (pH = 10) was then
added to i1t followed by the addition of 4~5 drops of Erio T indi-
cator, The solution was then titrated with a standard 0.05 M
EDTA solution at about 40 OC, allowing sufficient time for
complex formation, until the colour of the solution permanently

changed from red to blue,

1 ml, of 0,05 M EDTA

It

2.747 mg Mn.

39

(ii) Estimation of Fluorides

An exactly weighed amount of the complex was decomposed by
boiling with 20-25 ml of 0.1 (N) sodium hydroxide solution.
Hydrated manganese oxide was separated out by filtration and
washed severa11$f%h water. The filtrate and washings were
collected for fluoride estimation. To the combined filtrate and
washings, 2 drops of bromo-phenol blue indicator and 3 ml of
10 percent sodium chloride solution were added, and the mixture
was diluted to ca 250 ml., Dilute nitric acid was added to it
until colour changed to just yellow, followed by the addition of
dilute sodium hydroxide solution until the colour ultimately
just chansed to blue, The mixture was then treated with 1 ml
of conc, hydrochloric acid and 5.0 g of lead nitrate, and then

heated on a steam-bath, After all the lead nitrate had dissolved,

5.0 g of crystalliised sodium acetate was added to the solution
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and the whole was digested on a steam-bath for about half an
hour with occassional stirring. The solution was then allowed

to stand overnight.

2%a

Tor the gravimetric estimationg the precipated lead
chloridefluoride was filtered through a weighed Gooch crucible
(Grade 4) and weighed as PbC1F after drying at 140-150 °C to

constant weight.

39b

In the volumetric analysisy the precipitated PbClF was
quantitatively collected by filtration through a Whatman 542
paper and washed once with cold water, four times with a satu-
rated solution of lead chloride fluoride, ana finally once more
with cold water. The precipitate was then dissolved in 100 ml
of 5 per cent nitric acid by heating om a steam-bath for 4-5 min.
A known excess of standard 0.1 (N) silver nitrate solution was
then added to it, followed by digestion on a steam-bath for 30
minutes, and then cooled at room temperature in dark. The preci-
pitated silver chloride was filtered through a sintered glass
crucible, weshed with cold water. The unreacted silver nitrate
in the filtrate and washings was titrated with a standard 0.1 (N)
potassium thiocyanate solution using 1 ml of ferric indicator
solution untill one drop of thiocyanate produced a permanent

faint brown colour.

The amount of silver nitrate in the filtrate, thus found,

was subtracted from that originally added, and the fluoride



content of the sample was then calculated from the amount of

silver nitrate consumed,

1 ml (N) AgNO 0.0190 g F.

3 =

—

(iii) Estimations of Sodium, Potassium, Cesium and Nitrogen

10

(a) Determination of Sodium, An accurately weighed

amount of the compound was decomposed by treating with dilute
ammonia solution, The precipitated hydrated manganese oxide was
separated by filtration and washed with water. Sodium was then
estimated, from the combined filtrate and washings, gravimetri-

cally as Na,80, following the procedure described in literature"

41

(b) Determination of Potassium or Cesium, The manganese

compound containing potassium or cesium was decomposed by
treating with 0.1 (N) sodium hydroxide solution. The hydrated
manganese oxide was separated by filtration and washed with waten
From the combined filtrate and washings potassium or cesium was
estimated gravimetrically as KClOu or CsCloq by the usual
method’t!

(c) Determination of Nitrogen. The estimation of nitrogen

was accomplished by the micro analytical techrique.

Chcmical Determination of the Oxidation State of Manganese

of

The oxidation state of manganese in eackYthe compounds was

determined chemically by the reduction of a known amount of the
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compound with aqueous acidic iron(II) solution followed by esti-

2+

mation of unoxidised Fe in the solution.

In an alternative method, the oxidation state of manganese
was determined iodometrically by treating a freshly prepared
potassium iodide solution acidified with dilute sulphuric acid,
with a known amount of the compound followed by titration of the

liberated iodine with a standard sodium thiosulphate solution.

Synthesis of Alkali-Metal and Ammonium Pentafluoromanga-

nates(III), AEZ-MnF5_7 (A = Ii, Na, K, Cs or NHq).

Three new methods have been developed for the synthesis of

alkali-metal and ammonium pentafluoromanganates(III). Since the
methods are general, in order to avoid repeatation, only one
representative procedure for each of the methods has been desc-
ribed. However, the details of the amounts of reagents used and
the yields of the compounds are set out in the form of a Table

after each method.

Method I

Synthesis of A,/"MnFg 7 (A = Na or NH,) and Ay/ MnFg /.H0

(A =K or Cs). An excess of alkali-metal or ammonium difluo-

ride, AHFE, was intimately mixed with solid potassium permanga-
nate, KMnoqg by powdering together in an agate mortar. The

finely mixed powder was dissolved in a minimum volume of water
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and filtered, Thé filtrate was collected in a polyethylene
besker and an excess of acetylacetone was added with constant
stirring. An exothermic reaction set in and readily gave a rose-
pink coloured microcrystalline product in almost quantitative
yield.with the mother liquor becoming colourless. The compound
was separated by centrifugation and purified by washing with
heptone and finally dried in vacug. In the case of the sodium
salt, the powdered mixture KMnOA—Na.HF2 was dissolved in water by
slightly warming over a steam-bath in order to avoid using a
large volume of water, otherwise necessary, owing to the lower
solubility of NaHFa. If properly planned, the whole process
takes no more than 30-40 min. The specific gram amounts of the
reagents used and the yields of the compounds are given in

Table 13 however, the method can be scaled up to higher quan-

tities as well,

Method TITI

Synthesis of AZ[“MnF5_7 (A = Na or NH&) and A2£°MnF5_7.HZO

(4 =K or Cs), To a suspension of 1.0 g (1t.4 m mol) MnO(OH)

in a minimum volume of water, 0.5 ml of 40% hydrofluoric acid
was added dropwise with constant stirring whereupon the MnO(OH)
completely dissolved giving a dark brown solution (A)., A concen-
trated solution of the respective . bifluoride AHF, (A = Na,; K,

Cs or NH4) in a small amount of 40O% hydrofluoric acid was added
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Table 1. Amounts of Reagents Used and Yields of
Alkzli~Metal and Ammonium Pentafluoro-
manganates(IIT)

Yield g Amount of Amount nf Amount of
Compound in g #KI"InOL+ in g AHF2 in g Acetylace-
(%) (m mol) (m mol) tone in g
i (m mol)
(NHM)EZ_MnF5_7 0.34 0.3 1.0 3.0
(97.1) (1.9) (17.5) (30)
NaZK—MnF5_7 0. 32 0.3 1e1 4,0
(86.5) (1.9) (17,7) (40)
KEZ—MnF5_7.H20 O bl 0.3 1.0 3.0
(93.6) (1.9) (12.8) (30)
Csy/ MuFg_7.H,0 0.78 0.3 2.3 3.0
(95.1) (1.9) (13.4) (30)
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directly to the solution (A) with stirring whereby a rose-pink
coloured, microcrystalline product appeared immediately. The
product AZZ"MnF5_7 or Azg"MnF5“7.H20 was separated by centrifuga-
tion, washed with heptane until it was free from acid, and :
finally dried in vacuo. The details of amounts of the reagents
used and yields of alkali-metal and ammonium pentafluoromanga=-

nates(II1) are given in Table 2.

A slightly different method had to be adopted for the synthe-

sis of LiEZ"MnF5_7, for which a separate procedure is given.

To a suspension of 1.0 g (1t.4 m mol) of MnO(OH) in a mini-
mum volume of water, 6,0 ml (120 m mol) of 40% hydrofluoric acid
was a@ded with constant stirring and a dark brown solution was
obtained. To this solution 1.7 g (23 m mol) of lithium carbonate
was added in several portion with stirring., An amount of 2-3 ml
ethanol was added to the solution, all at a time with vigorous
stirring, and a rose-pink coloured product was obtained. The
product, LiZZ“MnF5_7, was immediately separated by centrifugation,
washed several times with heptane to make it free from acid, and

finally dried in vacuo. The yield of Li MnFe was 1.2 g (63.8%).

Method TITT

Synthesis of @quiﬂnF5a7 and AZZ MnF5_7. H,0 (A = Na or K).

Pure KMnO, and dry alkali-metal or ammonium bifluoride,

I

AHF (A = Na, K or NH in the molar ratio 1:2, were separately

L
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manganates(ITI)

Amounts of the Reaagnts Used and Yields of

Alkali-Metal and Ammonium Pentafluoro-

b f
Yield § Ameunt of Amount of § Amount of
Compound in g MnO(OH) in 40% HF in AHF2 in g
(%) g (m mol) ml (m mal) § ( m mol)
(W) o/ WinFg 7 1.9 1.0 2.0 1.5
(89.2) (171.4) (40) (26,.3)
Nay/ MnFg 7 1.8 1.0 2.5 1.6
(80.0) (11.4) (50.0) (25,8)
K,/ MnFs 7,10 2.5 1.0 2.2 2.1
(88.7) (11.4) (444 0) (26,9)
Cep/ MnFg_7.7,0 2.2 0.5 1.2 2.3
(88.4) (5.7) (24.0) (13.3)
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dissolved in 40% hydrofluoric acid by slightly warming over a
steam-bath, The two solutions were then mixed together and fil-
tered to remove any undissolved impurity. The dark pink solution
thus obtained, was heated on a steam-hath with occassional stir-
ring uatil the colour changed to deep brewn (ca 20 min).

Heating was‘continued until crystals began to appear, and the
solution was then concentrated by heating in a similar manner
for about 2 he The reaction container was cooled to room tempe-
rature and the rose-pink crystallised AZZ'MnF5m7.XH20 (A = NHq,
X =0; or A = NaorK, x = 1) was separated by decantation and
finally dried on a filter paper. The compounds were recrysta-
lised from 20% hydrofluoric acid., The specific gram amounts of
the reagents used and yields of (NHQ)ZZ"MnF5_7, Na2[°MnF5_7.H20
and.KZZ'MnF5_7.H20 are set out in Table 3,

Analytical data, room-temperature magnetic moment values,
structurally important i.r, bands and chemically estimated oxi-
dation states of manganese are given in Table 4., The electronic

spectral data and their assignments are reported in Table 5.
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Table 3, Amounts of the Reagents Used and Yields of
(WH,) o/ MnFg 7, Nay/ MoFg /.H,0 and
KEZ-MnF5_7.H20

Yield Amount of Amount of gAmount of
Compound in g KMnoq in g§ AHF, in g 4Q% HF in
(%) (e mol) (m mol) N mi{m mol)
(WH,) o/ MnF 7 To1 1.0 0.72 15
(93.0) (6.3) (12.6) (300)
Na,/ MnFs 74 H0 1.2 1.0 0.78 20
(88.0) (6.3) (12.6) (400)
K/ MnFg_ 74850 Tel 1.0 0.98 15

(90.0) (6.3) (12.6) ( 300)
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RESULTS AND DISCUSSION

General Syntheses. «— The Method I described (vide
Experimental Section) leads to the synthesis of pentafluoromanga-~
nates(III) of alkali-metals and ammonium, sufficient in number to
leavéﬁg%hbt that reductions with acetylacetone (acacH) could be
developed for the synthesis of compounds of other transition
metals, It has been shown subsequently that the acetylacetone
is oxidised¥® in such reactions to give <o, /6,/3 -tetraacetyl-
ethane, (CHBCO)ZCH—CH(CHBCO)Z. The yields are almost quantitax
tive and gram quantities of pentafluoromanganates(III) can be
synthesised directly from KMnO4 in about 3%0-40 min with very
sinple apparatus and without the use of hydrogen fluoride or
even hydrofluoric acid. The alkali-metal and ammonium bifluorides
AHFZ (A = Va, X, Cs or NHM)’ here act as fluorinating agents.

The strategy BHr the present synthesis was that the reduction of

Mn7+

by a relatively mild reducing agent like acetylacetone in

the presence of ¥ (stabilising species for Mn3+) should enable
the synthesis of pentafluoromanganates(III). In fact is appears
that the success of the Method I largely depends an the presence

of both HY and stabilising F 1ligands in the solution phase ari-

sing from AHFz.
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The Method II involves the reaction among MnO(OH), hydro-
fluoric acid and alkali-metal or ammonium bifluoride, AHF29 and
is also a general one, This method can be used for the synthesis
of all but Lizé"MnF5_7 for which a slight modification is nece-
ssary owing to the extremely low solubility of 1LiF, The yields
of alkali-metal and ammonium pentafluoromanganates(III), obtained
by this method, are very high and the process can be scaled up.
The overall reaction leading to the synthesis ca§§§ipressed as

follows:
MnO(OH) + HF + 2 AHF, ——% A/ "MoFg 7 + 2 H0

It is required to mention that since an acddic solution
prevents pentafluoronanganates(III) from being hydrolysed, the
reaction medium has to be maintained acidic by using a little
excess 0f hydrofluoric acid and AHFZ. It is believed that, in
the present case, freshly prepared MnQ(OH) instantaneously reacts

with hydrofluoric acid to form MnF, which then reacts with alkali

3

metal or amwonium bifluoride to produce AZZ“MnF5_7.

It may be noted that while the Method I requires acetyl-
acetone (acacH) as the reducing agent for the synthesis of penta-
fluoromanganates(III), the Method II requires MnO(OH), as onéégﬁe
starbing materials, which needs an extra preparation, The Method
IIT, however, does not require any of the above-mentioned rea-
gents, This method is based on the reactioﬁygﬁnoq, in 40%

hydrofluoric acid, with alkali~metal or ammonium bifluoride,
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tion of KMn0,, in 40% HF, with AEF,, at ga 100 °C leads to the

(A = Na, K or NHQ) at steam-bath temperatures. The reac-

synthesis of rose-pink coloured, crystalline alkali-metal and
ammonium pentaflucromanganates(II1), AZK'MnF5“7 (A = Na, K or
NHQ), in very high yields. The procedure involved is very
siuple, and the method can be scaled up tc higher quantities.
The reaction is best monitored by noting the change of colour of
the reaction mixture from dark pink 1o deep brown indicating the
reduction of Mn7+ to Mn3+, which is generally complete in about
20-25 min, It is difficult to propose the actual mechanism of
the electron-transfer reaction taking place in the present case.
However, 1t could be possible that the red-ox reaction between
KMan and water might have taken place since oxidatdon of fluo=-
ride to fluorine should not be possible under such conditions.
The Method III appears to be the most direct method, but it has
the obvious limitation that it can not be applied to the synthe-
sis of pentafluoromanganate(III) of a heavier alkali-metal,

namely cesium.

Characterisation and Structural Evaluation, —~—— The
alkali-metal and ammoniwn pentafluoromanganates(III), AZMnF5
(A = Li, Na, K, Cs or NHQ) are all rose-pink coloured crysta-
1line products,; unstable in water. They attack glass in the
presence of moist air, but can be stored in sealed polythene

envelopes for prolonged periods. The stability of the compounds
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can be ascertained by periodic estimation of manganese content

and deternination of oxidation state of the metal.

The chemical determination of oxidation state of manganese
is particularly emphasised because the fluoromanganates(IIT),
even at room temperature, might exhibit antiferromagnetic heha-

4319521 10.9ing to confusion with regard to the actual

viourB’1
oxidation state of the metal. The chemically estimated oxida-
tion states of manganese lie between 2.9 and 3.1 (Table 4)
lending strong credence to the contention that manganese in each
of the compounds has an oxidation number of +3, It is interes-
ting to note that the NH +, 1i* and Na* salts are generally
anhydrous, of the type AEZ'MHF5_7, whilst the K and Cs’ salts
are monohydrates, AzZ-MnF5-7‘H209 even though their methods of

synthesis are the same,

The structure and composition of the ammonium salt has been
the subject matter of some deba‘ce?B”q5 although the species
consisting of tetragonally elongated octahedra linked through
bridging fluoride ions is generally favoured. Based on the
results of replicate chemical .analyses and infrared spectral
studies, the present work also confirms that the ammonium salt
is (1\*}14)2[‘1»an5~7 and not (NHQE[MnFq(OH)]. Repeated chemi~
cal analyses always conform to the atomic ratio of Mn:F as 1:5,
and the infrared spectrum of the compound neither showed any

absorption in the ésM—O-H region (1200-900 cm"1) nor absorbed at
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Ly
g 3600 cn™ ! which is typical for Y. .. The absorption at 3040s,
O-H

3157m and 1400s cn™ ] have been assigned as 91, 93 and Dq modes,
respectively, of NH4+ and correlate very well with those of the
analogous amionium pentachloromanganate(III)?5 The bands at
614m and5658<:m"1 have assigned to :D3 anol’._))LF vibrational

[
modesqv of Mn-F,

The infrared spectra of alkali-metal and ammonium penta-
fluoromanganates(I11), A,/ MaFg 7 (A = Li, Na, K, Cs or NH,),
resemble each other very closely, suggesting thereby that they
are all identical strueturally and stoichiometrically. Typical
of all spectra are the two absorptions at ~615 and ~ 565 en” .
The occurrence of vibrations at a relatively low wavenumber in
the i.r., spectra implies the presence of octahedral or distorted
octahedral MF,"", and in keeping with this there are two readily

identifiable » bands at ca 615 and ca 565 cn” | /T€f. the

Mn-F
analysis of ))M_F in MF6nm Complexes_7%6 Thus, i1t is evident
that Mno" in Z"MnF5_72" displays the Jahn-Teller effect, assumes
a distorted octzhedral structure with each octahedron being
linked to i%s nearest neighbour through a bridging fluoride ion,
and conforms to the crystal structure of KZZ"MHF5_7.H20 reported
by Edwards]5 The X+ and Cs' salts show two extra bands at ca
1640 and ca 3460 cnl"], which have been assigned to the S'H-O-H
and iDO—H vibrationasl modes of uncoordinated water, and are in

15,21

accord with the earlier observatiouns and also agree well
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with the crystal structure15 of KZZ"MnF5_7.H20. The X-ray data
collected from the crystals of the ammonium sa1t47 synthe sised
by the new methods gave the following cell dimensions:

a = 6.218(2), b = 7,955(5) and ¢ = 10.716(3) “4, and are in
excellent agreement with those obtained earlier by Sears and
Hosrd % from (NH4>EZ—MHF5w7' This adduces support to the conten-
tion that the structures of the compounds obtained by the new

methods are the same as those evaluated earlierll"15

The electronic spectra of (NH ),/ MnFg 7 and K /MnFg 7.H0
were recorded and the band positions are summarised in Table 5.

The spectra of the two compounds are ‘generally similar, and

exhibit three bands at ¢a 12,000, ca 18,500 and ca 21,000 cm™

designated as band I; II and IITI respectively. While the band I
in each case is broad and stronger than the visible bands II and

III, the band III appears as a shoulder, The bands have been
48

assigned, in line with the argument of Davis, Fackler and Weeks;

5 > 2

to the transitions

P

By ~—> Ay Big —> B, and

ng — 5Eg respectively, arising from the appreciably large
splitting of SEg ground state of manganese(III) in the complex
ion MnF5§' as a consequence of Jahn-Teller effect, The result
of electronic spectral studies suggest that the effective field
around manganese(III) in the complex ion .is th, and conforms

well with the reported structure of (NH4)24"MHF5a714 and

“MVnT 15
Ko/ MnFs_7.H,0.



Table D, Electronic Spectral Data nf

(WH,) o/ MoFg 7 and K,/ MnFg 7.H;0

Band I Band__ IT Band 117
Compound 54 5 6 5 5 9 5
o™ ! i cn” ! ™!

(NHq)EZ'MHF5_7 12,100 18,100 21,000

KZZ-MnF5_7; HZO 12,000 18,700 21,300




The room-temperature (302 X) magnetic moments of AZZMnF5n7
(A = Li, Na, K, Cs or NHQ) lie between 3%.19 and 3,3 BM (1 BM =
0,927 x 10722 4 mz). The values agree well with those reported
};Jrevicmslyls’?9 and torrelate very well with the proposed struc-
ture mentioned above, The lowering of magnetic moments is not
to be attributed to spin-pairing, but presumably cwes its origin

to antiferromagnetic exchange interaction between contiguous

manganese(II1) ions through a Mn F Mn ~—~ chain, in
keeping with the reported structure of (NHq)zl—MnF5_714 and
K o/ MaF 7 K017

Thus it is evident, from the results of studies, described
in this Chapter, that alkali-metal and ammonium pentafluoromanga-
nates(III), Aal*MnF5_7 (A = Li, Na, K, Cs or NHQ), can be syn-
thesised by more direct and convenient methods than those -
described in the literature, The structures of the compounds
synthesised by the new methods are similar to those synthesised

by the literature methods,
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CHAPTER __ 2

Alkali-itetal Tetrafluoromanganate(III) Monohydrates,
AMnFq.QZO (A = Rb or Cs)., Tirst Synthesis From Aqueocus

Media, Characterization and Structural Assessment‘

It has been known that manganese(ITII) forms three
different types of complex fluorides}’2 viz,.,, hexafluoromanga-
nates(III), pentafluoromanganates(III) and tetrafluoromangana-
tes(III). Hexafluoromanganates(III) were studied > previously
by many workers. The case of pentafluoromanganates(III) has
been discussed in Chapter 1 of this thesis. The anhydrous salts
of the alleged complex ion tetrafluoromanganate(III), MnFq",
were described by HOppe5 in 1956, and, it appears that, since

6-14

then there has been g continued interest on studies of vari-

ous aspects involving the complex species MnFq', and some rela-
ted ones. Although the alleged complex species, MnFq', has

been known for some time, there has not been any report on the

¥ This work has been accepted for publication :

Polyhedron, Paper No. 902 (1983).
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synthesis of salts of tetrafluoromanganate(III) ion from aqueous
solutions., The literature 1‘neth<)ds6”7 for the synthesis of such
compounds involve dry reaction techniques, complicated condi-
tions and make use of starting materials, which need extra
preparations. Thus, for example, the method described by

e6’7

Hopp was based on the reduction of alkali-metal pentafluoro-

manganates(IV), AMnF5, at high temperatures:

Q
AMF 2202400 €. AMDF,  +  HF

and the one described by Massa8 was based on a ‘'symproportion¥

reaction between manganese(II) and manganese(IV) fluoro compaunds:

AZMnFé + MnF2 e 2 AMnFq

In view of the above it was thought that newer methods of
synthesis of tetrafluoromanganates(IIl), particularly from
agueous media, must be looked for. Accordingly, two methods of
synthesis of heavier alkali-metal tetrafluoromanganates(III),
AMnFq (A = Rb or Cs), have been developed. Chapter 2 of the
thesis presents a detailed account of the new methods of synthe-
ses, characterization and structural evaluation of two heavier
alkali-metal tetrafluoromanganate(III) monohydrates, namely,

RoMnF 'HEO and CSMnFM.HEO.

L
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EXPERIMENTAL

A1l chemicals were of reagent grade (E, Merck, B.D.H.,

Sarabhai M, Chemicals).

Infrared spectra of KBr pellets and nujol mulls of the
compounds were recorded on a Perkin-Elmer model 125 spectrophoto-

meter.

Reflectance spectra were recorded against MgO using a Carl

Zeiss Jena VSU 2-P instrument.

“Magnetic susceptibility measurements were made, at room
temperature, by the Gouy method. Hg["Co(NCS)h=7 was the

calibrant,

MnO(QOH) and rubidium and cesium bifluorides were prepared

by the methods already described in Chapter 1.

Flemental Analyses. Estimations of nanganese, fluoride

and alkali-metals were made quantitatively by adopting the

methods mentioned earlier (Chapter 1),

Chemical Determination of the Oxidation State of Manganese.

The oxidation state of manganese in each of the compounds was

determined by the methods mentioned in Chapter 1.



Synthesis of Alkali-Metal Tetrafluoromanganate(ITI) Mono-

hydrates, AMHFQ'HZO (A = Rb or Cs), Since the two methods
developed for the synthesis of the title compounds are general,

only two representative procedures are described.

Metnod T

Pure KMan and dry AHF2 (A = Rb or Csj in the molar ratio
1:2, were separately dissolved in 40% hydrofluoric acid by
slightly warming over a steam-bath. The two soluticns were

mixed together and filtered to remove any undissolved impurity,
The dark pink filtrate, thus obtained, was heated on a steam-bath
(ca 100 OC) with occassional stirring, while the colour changed
to deep brown in asbout 20 min. Heating was continued umtil
crystals began to appear. The reaction mixture was further
concentrated by heating in a similar manner for about 2 h, and
then allowed to cool in a freezerfor about 5 h, The deep brown
crystallized AMnFq.HEO compound was separated by decantation and
dried by placing between folds of filter papers, and then stored
in a polyethelene capsule. The specific gram amounts of the
reagents used and the yields of AMnFq.HZO (A = Rb or Cs) are

reported in Table 1.

Method TTI

Freshly prepared MnO(OH) and dry AHFZ (A = Rb or Cs),

maintaining the molar ratio 1:2, were separately dissclved in



Table 1. Ariounts of the Reagents Used and the Yields

of AMnF, .,H.0 (A = Rb or Cs)

[+.J.2
Tield i Amount of Amount of Amount of
Compound in g 5 KMnO4 in g AHFZ in g L0% HF in ml
(%) : (m mol) (n mol) (m mol)
RanFq.H20 1e3 1.0 1.6 20
(88) (6.3) (12.6) (400)
CSMnFanZO 007 Ot5 Tel 12
(79) (32.2) (6a4) (240)

excess of LO% hydrofluoric acid. Both the solutions were warmed
over a steam~bath for ¢g 5 min and then mixed together under
magnetic stirring., The deep brown solution thus obtained was
filtered, and the filtrate was concentrated by heating over a
steam-bath (ga 100 oC) until deep brown crystals just started
apnearing, Heating was continued for a further periocd of about

2 h. The reaction container was then cooled, for 5-7 h, in a
freezer, and the crystalline AMnFs.HZO was obtained in a very
high yield with the mother liquor becoming practically colourless,

The crystals were separated in a manner analogous to that
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described under Method I. The amounts cf the reagents used and

the vields of AMnF 0 (A = Rb or Cs) obtained by Method II are

H
L2
sunmarised in Table 2,

Table 2. Amounts of the Reagents Used and the Yields

of AMnF ’HBO (A = Rb or Cs)

Yield Amount of Amount oﬁ Amount of
Compound in g { MnO(OH) in g AHF2 in é 40% HF in ml
(%) ; (m mol) ¥ (nm mol) (m mol)
RanFg.HZO 2e2 1.0 2.84 20
(82) (11.4) (22.8) (400)
CSMnFq.HEO 1.3 0.5 1.96 15
(81) (5.7) (11.4) (300)

The analytical data, chemically determined oxidation state
0f manganese, magnetic moment values and the infrared band posi-
tions are set out in the Table 3, while the electronic spectral

data and their assignments are given in Table 4.



RESULTS AND DISCUSSION

It has been known for quite some time that alkali-metal
and ammonium salts of the anion MnFSE' can be synthesised from
aqueous mediaz5“?7 but the synthesis of salts of Mnqu ion under
such conditions has not previously been reported., The brown
coloured salts of the alleged MnFq' ion were prepared always by
6-8

dry methods; In the course of studies on fluoromanganates(TII)

chemistry (vide Chapter 1), it was observed that the solutions
of A2[ﬁnF5_7 (A = NHq or Na, K, Cs) in 0% hydrofluoric acid
on concentration, by heating at ca 100 °C, reproduced AaéﬂnF5“7

. + . -+
only when the counter cation, A, was Na+, K

or NH4+, but not,
however, with A" = Cs+, instead in the case of the cesium salt

a deep brown crystalline compound with the atomic ratio. Mn:F¥

as 1:4, was obtained., Subsequently it was noticed that reaction
of KMnOL+ vith AHF 5 (A = Na, K, Cs or NHQ) in 40% hydrofluoric
acid at ca 100 °c gave similar results., Further it was observed
that reactions of MnO(QE) in AHFZ and 40% hydrofluaric at ca

100 °¢ 1ed to rose-pink crystallime compounds with A being Na,

K or NHq, and a dark brown compound with A being Cs, and thought
that the brown crystals could be the corresponding salts of
MnF4° ion., Accordingly, in line with our contention, two

series of reactions wcre carried out at ca 100 °C (steam-bath)



A
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with one series involving KMnoq, AHF, (A = Rb or Cs) and LO%
hydrofluoric acid, and the other series involving MnO(OH), AHF2
(A = Rb or Cs) and 40% HF (vide Experimental section), Each of
the reactions ultimately afforded deep brown crystalline compound
of the type AMnFq.Hao (A = Rbor Cs). It is necessary to men-
tion that these methods yield AMnFq.HZO compounds only with
heavier counter cations like Rb' and Cs+, and the temperature at

which such reactions should be carried out is ¢a 100 °c.

The newly synthesised compounds are insoluble in common
organic solvents, and in water they decompose, thereby precluding
their molar conductance measurements, They attack glass in the
presence of moisture, however, they are capable o0f being stored
undecomposed in sealed polythene capsules. The stability of the
campounds can be ascertained by periodic estimation of the manga-
nese content, and determination of oxidation state of the metal

by chemical methods.

The importance of chemical determination of oxidation state
of manganese, in such compounds, has been explained in Chapter 1.
The chemically estimated oxidation state of manganesg in the
compounds, has been found to lie between 2.9 and 3.1. This
supports the contention that manganese, in each of the two
compounds, occurs in its +3 state, Magnetic susceptibility
measurements show that the room temperature magnetic moments of

RbMuF, JH,0 and CsMnF,.H,0 are 4.9 and 5.1 BM (1 BM = 0,927 x10722

I 4
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A m2) respectively. The values correspond to the spin-only value
for four unpaired electron, 4.9 B.M., and are in conformity with
those found for the salts of the alleged MnFq' species previously
synthesised by dry methods‘f"'8

The infrared spectra, in the region of 40O00-~-200 cm'1, of

RanFq.HZO and CsMnFq.Hao resemble each other very closely
suggesting that the compounds are similar both structurally and
stoichiometrically. The most prominent feature of the spectra is
the absorptions in the relatively low wave number. It is quite
reasonable to assign these bands to manganese~fluorine vibra-
tions? The spectral pattern implies the presence of octahedral
or distorted octahedral MF6n', and in keeping with this there are
two readily identifiable P, _n bands at 600 and wi530 cm” ! (cf,
the analysis of -F in MF6n' complexes).}’m’17 This therefore
leads us to believe that the alleged MnFu— Species assumes a
distorted octahedral structure probably with axial elongation
through trans-linked —=Mn——F-—Mne—F-—Mn— chains, In addition
to the halide dependent bands, the compounds exhibit .two vibra-
tions at ca 1640 and ca 3460 cm™'. These bands resemble in
their shapes and positions, those observed for the KZZ_MHF5_ZH20
in which i1t has been proved that it contains one molecule of

18 This therefore enables one to infer that

uncoordinated water.
the compounds described in this Chapter probably contain one

molecule of unccordinated water in each of them.



The reflectance spectra of RanFq.Hzo and CsMnFq.HZO are
similar and ecach of them.exhibits three bands at vW12,000;

1

18,500 and wvw22,000 cm” ', designated as bands I, II and III

respec@ively. The band I in each case is broad and stronger than

the visible bands IT and III. The three bands have been assig-

19 4 5 5 5
ned to the transitions B1g — A1g, 28
5E

5B1$ — g respectively, arising from the appreciably large

5
B.Ig — 7B ﬂand

splitting of 5E ground state of manganese(III) in the complex,

g
as a consequence of Jahn-Teller effect. The result is in agree-
ment with our contention that the effective field around manga-
nese(III) in the complex species is most probably th, and accor-
dingly the electronic d-d states for the manganese(III) in the
tetragonally elongated configuration can be arranged energetim
cally as 5B1g<::5A1g 5B2g<<’5Eg._ A comparison of the low-
5B1g —_— 5A1g transition in
the reflectance spectra of MnF63' (++ 9,000 cm—1)20’21

energy band (band I), assigned to
and in
those present complexes (w12,000 cm"1), show a very appreciable
shift in position. This shift is a clear reflection of the Jahn-
Teller effect leading to a tetragonally elongated octahedral
structur919 of complex ion through trans-linked —Mn—F—Mn—F—

chains,

It appears, therefore, that the hcavier alkali-metal (RDb or
Cs) salts of the alleged MnFq' ion can be synthesised from agueous
media under the appropriate conditions. The complex ion most
probably has a polymeric structure through translinked -Mn-F-Mn-

chains,
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Table 4. Electronic Spectral Data of
AMOF ; «H,,0 (A = Rb or Cs)
Band T Band IT Band TIITI
composuhd 5 5 5 5 5 &
B, 3T : B, =3 "1 B, =% "k
1g Mg lg 2g 1g g
-1 -1 -1
é cm am am
RanF4.H20 12,100 18,400 21,700
CsSMnF,.H.0 12,000 18,800 22,800

4772
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CHAPTER 3

First Reported Synthesis and Physico-Chemical Studies of
Alkali-lietal and Ammonium Trifluoromonosulphatomanganates(ILI),

Ao/ MnF4(50,) 7 (A = Li, Na, K, or NE, )"

Alihough the tripositive oxidation state is quite
common for many first-row transition metals, manganese(ITI)
presents a different story probably because of its strong oxidi-
sing power and photolytic instability] It has been shown in
Chapters 1 and 2 that fluoride is one of the very important
ligand for stabillising manganese{III). In addition to fluoride,
the anions like sulphate, oxalate, pyrophosphate, etc. are also
expected to form stable compounds of manganese(III)? Sulphato
complexes of manganese(III) seem to have been rather less exhau-
stively studied, probably because of the lack of many well-

defined sulphato compounds of manganese(III)? The most

*  Thevork described im this Chapter has been accepted for
publication:

Polvhedron, Ms. No. 902 (1983), in press.
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studied sulphato coumpound of manganese(III) is the

CsMn(SOh)2.12H20 compound, It has been shown that this compound

>+ 3+

is an alum of Mn~ ; and in which the Mn ion is surrounded by a

nearly regular octahedron of water molecules?“? The magnetic
moment of the compound was observed to be normal (i# = 4.81 BM
at 290'&)5, unlike the binary fluoro-complexes of manganese(III)
described in Chapter 1. Survey of literature further shows that
a mixed-ligand fluoro complex of manganese(I1I), KZZMnFB(SOM)_Zis
probably the only known mixed-fluoro complex of manganese(III),
was Obtained as a by-product in the preparation of KZMnFS.HZO

by Palmer's method? Subsequently crystal structure of the
compound was determined§ It appears that the complex ion,
['MHFB(SOQ)_72“, represents a very interesting example in which
opposite type of Jahn-Teller effect, that axial contraction and
equatorial elongation, is observed§ dowever, there appears to
be no report in the literature concerning directly the synthesis
of various salts of the complex ion, Z-MnF3(504)_72“9 characte-
risation and physico-chemical studies, Thus, it was thought

worthwhile to undertake such studies.

Chapter 3 of the thesis reports three general methods of
synthesis of alkali-metal and ammonium trifluoromonosulphato-
manganates(III), AZZ-MQFB(SOQ)J7;5HSOB characterisation, and
the results of physico-chemical studies of AaZ_MnF3(Soq)_7

compounds, Also presented in this Chapter is a set of internally
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consistend data concerning the effect of sulphate ligand on the

magnetic vroperties of fluoro-manganates(ITII).

EXPERIMENTAL

The chemicals used were all reagent grade products.

Infrared spectra were recorded on a Perkin-Elmer model 683

spectrophotometer,

Reflectance spectra of the compounds were recorded against

Mg0 using a Carl Zeiss Jena VSU 2-P instrument,

Magnetic susceptibility measurements were made by the Gouy

method using Hgé"Co(NCS)4_7 as the calibrant,

MnQ(OH) was prepared by the literature method (described

in Chapter 1).

Elemental Anslvses. Manganese, fluoride, Na, K and N

were estimated by the methods described in Chapter 1, TFor esti-

mation of fluoride, only the volumetric method was adopted.

Estimation of 5042' (Ref. 9). A known amount of the

compound was first treated with 20-25 ml of 0,1 (N) sodium

hydroxide solution. The precipitated hydrated manganese oxide



was separated by filtration and carefully washed several tiites
with water, and the cowmbined filtrate and washings was retained

for estimation of soq?'

The solution was concentrated by boiling and then neutras-
Iised with dilute nitric acid, An amount of 5 ml concentrated
hydrochlorie acid was added to the solution and the whole was
boiled for nearly 40 min. The sulphate content in the resuvlting
solution was then determined gravimetrically as barium sulphate

9

carefully following the procedure described in literaturel

Chemical Determination of the Oxidation State of Manganese

The chemical determination of the oxidation state of manga~
nese in each of the fluorosulphatomanganate(III) compounds was
accomplishcd by the methods described in Chapter 1, and the

result obtained thereof are summarised in Table 4,

Syntresis of Alkali-Metal and Ammonium Trifluoromonosul-

phatomanganates(III), AglmMnF§(SQ”1_7 (A = Li, Na, K or NH%) .

Three different methods have been developed for the synthesis
of the title compounds. Since each of the methods i1s a general

one, only three representative procedures are described.



Method 1T

Synthicsis of Allkali-~-Metal and Ammonium Trifluorouonosui-

phatomanganates(lll)qAAaéﬁMnFigsoq)WZmLA = i, Na, K or NHA)'

S50l11id potassium permanganatc and Aasoq, taken in ths molar
ratio 1:1, were mixed intimatecly by powdering together, The
mized powder was dissolved in a minimum volume of water by
gentle warming over a steam-bath (ga 5 min) followed by the
addition of 4{0% hydrofluoric acid, maintaining the molar ratio
between KI\’tnObr and HF at 1:4. The deep-pink sclution was then
cooled to room temperature and 38% formaldehyde solution was
added dropwise with constant stirring until a permanent deep-
brown solution (A) was obtained. The solution (A) was concen-
trated to nearly one-third of its original volume by . warning
over a steam-bath, and then allowed to cool in a freezer for
2-3 h to obtain crystallised pink-brown alkazli-metal and amno-
nium trifluoromonosulphatomanganates(III), AgéﬂMnFB(SOq)m7‘ The
compound was separated by filtration, washed with heptane and
finally dried in vacuo. While in the case of the sodium salt
the solution (A) was concentratcd to about 50% of the original
volune, in the casc of the lithium sslt it was not concentrated
at all, instead a small amount of ethanol was added to initiate
precipitation., This 'was necessary in order to obtain pure cnd-
products in the two selective cases, The gram amounts of the
reagents used and the yields of the compoumds are given in

Table 1.
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Method IT

Synthesis of Alkali-Metal and Ammoniuwam Trifluoromonosul-

phatonansanates(111), Ax/ MoFg(80,) 7 (A = ILi. Na. X or I ).

Freshly prepared MnO(OHl), taken as a suspension in water,
was dissolved in 40% hydrofluoric acid maintaining the molar
ratio of MnO(OH) and HF at 1:4. A concentrated solution of

AzSO,+ (molar ratio of MnO(OH) : A 80, as 1:1) was added to the

L
above mentioned solution with constant stirring. The mixture
was heated over a steam-bath for ca 25 min in order to ensure
completion of reaction, The dark brown solution, thus obtained,
was worked in a manner analogous to that described under Method
I to obtain pink-brown salts of AQZ—MHF3(504)_7 (A = Li, Na, K
or NHQ). The details of the amounts (g) of the reagents used

and the yields of the compounds are set out in Table 2.

Method _JIIT

Synthesis of Potassium and Ammonium Triflugromonosulphato-
manganates(I11), Aa_/_'MnFJ,(§_Q4)~7 (A =X or NH‘,JI), .

Freshly preparcd MnO(OH) was dissolved in 40% hydrofluoric
acid, and a solution of A5550g (A =X or NHq) was added to it
with gentle stirring (molar ratio of MnO(OH):HF:A,5,0q as T:4:1).
The deep-brown solution, thus obtained, was heated at gca 100 °c
with occassional stirring until the volume was reduced to nearly

one-~fourth of the original volume. The solution was then cooled
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Table 2. Amounts ¢f TReagents Used and Yields
Llkali-lletal and Amwonium Trifluoro-

monosulphatomanganates(III)

of

ale -]

Yield ¢§ amount of Amount of Amount of
Compound in g § Mno(OH) in § 40% HF in 4,50, in
(%) g {(m mol) ml(m mol) g (m mold)
(Nﬂq)al-MnFj(SOq)_7 2.4 1.0 2.3 1.5
(86,0) (11e4) (46.0) (11.4)
Li,/ MnFL(50,) 7 241 1.0 2.3 1.25
(84,0) (11.4) (46.0) (11e4)
Nazg‘MnFB(soq)~7 1.8 1.0 2¢3 1463
(62.0) (11.4) (46.0) (11.4)
K/ HnF4(80,) 7 2.8 1.0 243 2.0
(85.0) (11.4) (46.0) (11e4)
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in a freezer for 2-3 h to obtain the pink-brown crystalline
AZZ”MRFB(SOM)~7 (A =X or NHq). The conpound was separated by
decantation, washed three times with heptane and finally dried
by placing between folds of a filter paper. The gram amounts of
the reagents used and the ylelds of potassium trifluoroucnosul-
phatomanganate(III), K2[~MnF3(SOA)_73 and auamonium trifluoromono-
sulphatomanganate(III), (NHQ)EZ"MnF5(SOQ)"7, are reported in
Table 3,

Table 3, smounts of Reagents Used and Yields of
Potassium Trifluoromonosulphatomanganates(III)

and Amgonium Trifluoromonosulphatomanga~

nates (II1)
X
Yield Amount of Anount of Amount of
Compound in g QMnO(OH) in LO% HF in AZSEOS in
(%) (rn mol) ml(m mol) g ( m nol)
e 3 I - -
(BH, ),/ Hal4(50,) 7 2.5 1.0 243 2.6
(89) (11.4) (L6) (T1e44)
{ “Mi - . 2. .1
Ko/ MﬂFB(SOQ)_7 28 1.0 3 3

(85) (11.4) (L6) (17.4)




Analytical data, chemically estimated oxidation states of
ianganese, room~temperature magnetic moment values and struc-

turally important infrared bands are suumarized in Table I,

t=i

lectreonic spectral band positions and thdir assignments are

given in Table 5,

Pyrolysis of Ammonium Trifluoremonosulphatomansanate(ITT)

- 2 . f (NH
(NHA)Zé MnFB(Soq)_7. An amount of 0,5 g of (N 4)2£MHF3(SOQ)~7
was heated at 340 + 5 °¢ in a muffle furnace, by placing the
sample in platinum crucible, until a constant weight was reached.

The white pyrolysis product was found to be anhydrous MnSO

l+.
Yield 0.31 g (weight loss 37.9%). / Analysis. Found :

Mn, 36.41%; S0,, 63.68%. Calc. for MnSO,: Mn, 36.38%; SO

4 4 iy
63.62%. Chemically estimated oxidation state of lin, 2.1).

RESULTS AW¥D DISCUSSION

It was revorted in Chapter 1 that alkali-metal and ammonium
pentafluoromnanganates(III), AEZBMEF5n7S could be easily synthe-
sised by the reduction of KMan with acetylacetone in the
presence of aglkali-metal and amwonium bifluorides, at tae cost
of oxidation of acetylacetone1o to oc,ac,je,ja—tetraaCetylethane,

(CH3CO)ZCH-CH(CH CO)B, or by the reaction of MnO(OH), LO% HF and

3



alkali-metal and ammonium bifluorides under mild conditions,

The work has now been extended to the synthesis of mixed fluoro-
sulphatomnanganates(ITI) by carrying out reactions in the presence
of both F~ and SOuz“ ligands. One of the aims was to see
whether sulphate ligand could compete with ¥ to form complexes
of manganese(IlI), and if so, what would be the extent of such a

coipetetion. Accordingly, the reaction of XMnO, with agueous

hydrofluoric acid and alkali-metal or ammonium :ulphate in the
presence of formaldehyde, or the reaction of MnO(OH) with 40% HF
and alkali-metal or ammonium sulvhate lead to the synthesis of
trifluoromoncsulphatomanganates(IIT) of alkali-metals and ammo-
nium, sufficient in number to leave little doubt that under the

appropriate conditions 80 a- can be made to compete with F~ to

Iy
form compounds of manganese(IIT)., The yields are very high and
the compounds can be synthesised by methods (vide Experimental
section) which are simple and straight-forward. The role of
formaldehyde in the synthesis involving Kz-in()l1L was to reduce Mn7+.
It is evident from the results that, at least under the present
conditions, manganese can not be reduced below its tripositive
oxidation state, and that the maximuwu number of SOAZ" ligand

3

; . . . + .
that can be brought to coordination with Mn3 , in the presence

of F~ ions, is one since the reactions involving higher qunati-
5 . . i Lo
ties of azlkali-metal and ammoniuvm sulphates (e.g.,, Mn 804 at

1:2) did not alter the results in any way.



In an attempt to study the effect of peroxydisulphate on
Kn3+ in presence of fluoride ions, we carried out the reaction of
MnO(OE) with 40% hydrofluoric acid and A28208 (A=K or NHQ).
There again, however, the compounds obtained were nothing other
than the AzénMnFB(SGM)_7, thereby enabling us to conclude that in
the oresence of ¥~ ions Mn3+ can not be oxidised. It appears,
from the type of complex specles obtained now and that obtained
in an earlier work31that most probably MnF3 is formed first in
the reaction media which subsequently undergoes further reaction
with SOQZ", in the present case, to ullimately give the complex
4'MnF3(SOM)_72Q ion, The occurrence of the 5042« ligand in the
complex species obtained from the reaction of MnO(CH), 40O% HF
2~ 4 2e ——

as the consequence of electron-transfer between peroxy-

and A25208 must owe its origin to the process 8208
2 50,°

disulphate, 5208&'5 and water.

Characterisation and Assessment of Structure. The alkali-

metal and ammonium trifluoromonosulphatomanganates(III),
Aa[uMnFB(SOM>—7’ are all pink-brown crystalline compounds stgble
for prolonged periods. The stability can be ascertained from
the periodic estimation of manganese and determination of oxida-
tion state of the metal in the compound, A comparison of stabi-
1ity of the A21~MHF3(504)_7 compounds with the corresponding
pentafluoromanganates(III), A2MnF5, reveals that the former is

comparatively more stable in the presence of air, The enhanced
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A

group in the title compounds. The AZZ”MHF3(SOA)—7 compounds are

stapility agy be attrituted to the presence of coordinated SO

insoluble in common organic solvents, and in water they decompose

rather rapidly thus nrecluding the molar conductance measurements,

For the reasons already mentioned in Chapters 1 and 2, we
emphasize on the results of chemical determinaticr of oxidation
states of nmanganese in the newly synthesised compounds, The
chemically estimated oxidation state of manganese was found to .
lie between 2,9 and 3,1 (Table 4) supporting the contention that

manganese in each of the compounds has an oxidation number of +3,

The room temperature (288 K) magnetic moments of the alkali-
metal and ammonium trifluoromonosulphatomanganates(III),
Aa[-MnF3(SOQ)~7s have been found to occur between 4.0 and 4.2 BM
(1 B4 ¥ 0,927 x 10725 ma), much lower than tle spin only
value for a dl1L system, It is interesting to note that whereas
the binary fluoro-complexes of manganese(III), e.z., AZZ—MnF5#7
show the magnetic moment of about 3.2 BM (strong antiferromag-
netic Case)11"13—and the sulphato compounds of manganese(IITI)
exhibit the mouent of about 4,8 BM (normal)? the magnetic
moments of the mixed fluorosulphatomanganates(III) is ca 4.1 BM.
It is, therefore, evident that the degree of antiferromagnetic
exchange interaction can be controlled by the substitution of

o

two F~ ligands by an 50,°” ligand in going from é'MnF5“72" to

- 2o
£TMnF5(80,) 7%
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The infrared spectra of the four salts reported in this
Chapter resemble each other very closely which sugsest that the
compounds are similar both structurally and stoichiometrically.
The 1.r. spectra of the compounds show SO frequencies falling at

ca 1230, ca 1145, ca 1030, ca 975, ca 684, ca 635 and ca 605 cim;

1

and the DMnuF at ca 525 em” '. The pattern suggest a lowering
of symmetry ' of the 8042' group from T; to C_ ., and rule out the

presence of an ionic SOQZT Further the splitting of the 93 and

E; modes of 8O0 into three bands each (Table 4) enables us to
assign a C,y symmetry15 to the SOMZ" group. Although the QSO
modes appear at relatively higher frequencies than those usually
observed for a bridging15’16 soqa', the possibility of inter-
molecular sulphato bridging, in the compounds, can not be ruled
out. In fact the KEZ'MnFB(SOQ)_7, which was obtained as a

bY“pFOduCtB of some other reaction, was shown by X-ray analysis,

. s 2=
to have a polymeric structure8 through bridging SO

L
The electronic spectra of AzénﬁnFB(Soq)_7 (A =X or Nﬁq)

group.

are similar and exhibit three bands at ™~ 21,500, ~ 17,900 and

~ 13,600 cm“1, which have been assigned to the transitions1?
7By —> T, 5B1g —_— 552g and 531g — 5A1g

vely (Table 5). This suggests an appreciable splitting of

respecti-
S
E
g
ground state of manganese(III) in Z—MHFB(SOh)“72— as a conse-

guence of Jahn-Teller effect.
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Table 5. ZElectronic Spectral Data of

( }\;HLF) Z[MHFB( SOL}) _7 and X 24 I“'.[HF5( SO[{.) __7

) X
? Hand T Land _I1 Band 11T
Compound 5 5 5 5 5 5
Big™> "Ap§ "Byg—> "By B1g""—>1 Ee
ém ] e~ ! cn”
i,
(WH,) o/ MoF,(50,) 7 13,500 17,850 21,300

K Z['ZMnFB( S0 4)_7 13,700 18,200 21,700
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Pyrolysis of ammonium trifluoromonosulphatomanganate-(II1),
(NH,) o/ HnF5(50,) 7, at 340 x5 °C showed that the compound last
37.,9% wight in ca 45 min to attain a constant weight. The pyro-
lysis product is white, and it has been found to contain Mn and

5 .

SObr only. The results of chewnical analyses showed the stoi-

chiometry of M¥n SOQZQ as 1:1, and the chemically estimated

oxidation state of manganese was found to be 2,1. These results
led us to conclude that the pyrolysis product Mnsoq. The forma—
tion of Mns0, from (NHQ)aé-MnFB(SOq)_7 requires a loss of 38.14%
in weight and agrees very well with the experimentally obtained

value,

It appears, therefore, that alkali-metal and ammonium tri-
fluoromonosulphatomanganates(I1I), Azé"MnFB(SOQ)m7, can be syn-
thesised directly from KinO, or MnO(OH). The Aag"MnFB(soq)_7
compounds are relatively more stable than the corresponding
AEZGMHF557 compounds, The complex species, Z"MnFB(SOh)_7§"may

have a polymeric structure through bridging sulphato groups.
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CHAPTER __ 4

Alkali-Metal and Ammonium Trifluoromonooxalatomanganates(III),
Ay MnF5(C50,) 7 (A = Fa, K or NH) ). Synthesis,

Characterization and Structural Assessment

Studies involving mixed-ligand fluoro-complexes of
nanganese(III) are rather scanty. This could be owing to the
non-availability of suitable methods for the synthesis of such
compounds., One of the very frequently referred compound of
Mn>* is potassium tris(oxalato)manganate(III) trihydrate,
KSZ"MH(C204)3_7.3H20, which can be prepsred without much diffi-
culties and an extensive work has been done on this c:ompound]ml+
However, salts of the complex ion, Mn(Czoq)BB”, with counter
cations other tham K or Co(NH3)63+ could not be isolated owing
to their extreme instability} As a sequel of studies on the
chemistry of manganese(III), described in Chapters 1 to 3, it
was thought that the stability of oxalatomanganate(III) comp-
ounds can be enhanced by the introduction of fluoride ligands
into the coordination sphere of Mn3+ along with the oxalato

group., This will provide not only new compounds of manganess IIT)
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but also an opportunity to compare their properties with those
of the corresponding binary fluoromanganate(III) and binary
oxalatomanganate(II1) complexes. Further, it was thought that
the magnetic proverties of mixed fluorooxalatomanganate(III)
complexes would be interesting, like those of the fluvorosulphato
couplexes of manganese(III), and might enable us to get a set of
internally consistent data concerning the effect of oxalato
group on the magnetic behaviour of pentafluoromanganates(III),
or the effect of fluoride ligaunds on the magnetic property of
tris(oxalato)manganate(III) complex., In view of the above,
studies on mixed fluoro--oxalato complexes of manganese{III) were
undertasken, Chapter 4 describes the synthesis and structural
assessment of the hitherto unknown alkali-metal and ammonium

trifluoromeonooxalatomanganates(III), Aaé—MnFS(Czou)_7.

EXPERIMENTAL

Chemicals used were all reagent grade products (B.D.H., E.

Merck or Sarabhai i, Chemicals).

Infrared spectra of the compounds were recorded on a

Perkin-Elmer model 68% spectrophotometer.
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Electronic spectra were recorded on Beckman model UV -26

spectrophotoneter.,

Magnetic susceptibility measurements were made by the Gouy

method. Hg[”Co(NCS)q~7 was the calibrant,

MnO(OH) was prepared by the. method described in Chapter 1.

Elemental Analvses, Manganese, sodium, potassium, and

nitrogen were determined by the methods described in Chapter 1.
Fluoride estimation was made by the volumetric method, details

of which has been given in Chapter 1.

Bstimation of Oxalate (CZQﬁ2°)5‘ An accurately weilghed
amount of the compound was treated with 25 ml 0,1 (N) sodium
hydroxide solution, and then 100 ml water was added to it.

The whole was bolled 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 comtent of the compound was determined by the

following method.

The combined filtrate and washings was neutralised with
dilute sulphuric acid, An amount of 15 ml of concentrated
sulphuric acid was added to the solution followed by 2-3 g of
boric acid., The resulting solution was then titrated against

standard 0.1 (X) potassium permanganate solution maintaining
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the temperature of the solution at ¢a 60 O¢,

1 m) of 0.1 (M) potassium vermanganate = 0.04L g C.0 2=

2"

solution.

Chemical Determination of the Oxidation State of Manganese.

he oxidation state of manganese was determined iodometris
tally by treating a freshly prepared ige-cold potassium iodide
solution acidified with dilute sulphuric acid followed by titra-
tion of the libverated iodine with a standard sodiuwm thiosulphate
solution, The iodine titration was done under ice~cold condi-

tion,

Synthesis of Alkali-Metal and Ammonium Triflugromonooxalato-
manganates(II1), A25~MnF3§Q29u)_7 (A = Na., X or Nﬂq)

As the methods of syntheses of the sodium, potassium and
ammoniwn trifluoromonooxalatomanganates(III) are similar only a

reprecentative method is described,

Freshly prepared Mn0(0H) was dissolved in 40% hydrofluoric
acid with maintenance of the molar ratio of MnO(OH) and HF at
1:4~5. The resultant solution was warmed at ca 100 °C for
about 5 wmin followecd by filtration to remove any undissclved
material, The filtrate was cooled to room temperature, and to
it was slowly added with occassional stirring a concentrated

solution of oxalate AZCZOL+ (A = Na, K or NH4), with maintenance



of the molar ratio of MnO(OH) and Aacaoq at 1:1, The colour of
the solution changed from darl-brown to deep-pink. The solution
was then stirred for a further period of ca 10 min at room
temperature (ca 20 OC). Ethyl alcohol was slowly added to the
vink solution until precinitate started apvearing. An additi-
onal amount of ethyl alcohol was then added to the above solu-
tion taking care that the total volume of alcohol did not
exceed half of that of the original deep-pink solution, The
precipitated pink coloured alkali-metal or ammonium trifluoro-
monooxalatomanganate(III), AZZ—MnFB(CZOA)_7, was separated by
filtration under suction, washed 2-3 times with small portions
2f ethyl alcohol, and finally dried in vacuo., The specific
gram amounts of the reagents used and the yields of various
alkali-metal and ammonium trifluoromonooxalatomanganates(III)

are reported in Table 1.

Analytical data, estimated oxidation states of manganese,
magnetic mowment values, and IR band positions are set out in
Table 2. The electronic spectral band positions and their

assignnents are given in Table 3,
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swoncoxalatouenganates(IIl)

Awounts of Reagents Used and Yields of

Yield Amount of Awmount of Amount of
Comnpo und in g MnO(OH) in 40% HF in 5050, in
(%) g(m mol) ml(m mol) g (m mol)
(Nﬂq)zz"MnF5(020427 2o lt 1.0 2e5 1.62
(90) (11e44) (50.0) (11.4)
Nazé"MnFB(caoQ_Zsﬁzo 3k 1.0 2.5 1.53
(89) (11.4) (50.0) (11.4)
KEZ“MnFS(czoql7;H20 2,2 1.0 2.5 21
(24) (11.4) (50.0) (11.4)
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RESULTS AND DISCUSSION

It has been known for quite some time that manganese(ITI)
forms, under the appropriate condition, deep pink tris(oxalato)-
manganate(JITT), Z—Mn(02042§73'9 ion, in solutions, which can be
isolated in the solid state as its potassiﬁm salt, i.e.,
K%‘r\@n(caoq)}ﬁ}z{ao] It was further reported, in this connec-
tion, that attempts to prepare salts of the complex ion,
Z“Mn(0204)3_757 with other cations, except ~for the CO(NH3)63f
were futile. However, there seems to be no reported example of

Lixed fluovo-oxalato compounds of manganese(III).

In the course. of studies (Chapter 3) mainly aimed at the
synthesis and structural assessment of mixed fluoro-compounds
of manganese(III), it was observed that the reaction of MnQ(QH)
in 40% hydrofluoric acid with alkali-metal or ammonium oxalate,
Aacaoq, gave a deep-pink coloured solution, at room temperature,
and this was found to be stable for quite a long time under that
condition. This led us to think that the colour must be owing
to some mixed fluoro-oxalato complex of manganese(III). 1In
order to stabilise a manganese(III)-oxalate complex, and also
to enable formation of a fluoro-oxalato complex of manganeselII),
the present studies were carried out in the presence of an excess

of fluoride ions (arising from agueous HF'; Mn:F at 1:4-5),
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strongly stabilizing ligands for trivalent manganese (vide
Chapter 1 and 2). It was further thought, it might be conducive
if some coordination positions were blocked by F~ ligands prior
to the reaction of alkali-metal or ammonium oxalate., . Accordingly
the reaction of MHnO(OH) in 40% HF with AZCZOQ (A = Na, K or NHA)
gave rise to the formation of Z_MnF3(0204)~72“ species in the
solution. The complex ion was isolated as its alkali-metal or
ammonium salt by the addition of alcohol, which facilitated

precipitation of the solid compound. A plausible interpretation

of this result is that MnO(OH) first reacts with HF to produce

MnF3 in the medium which ultimately undergoes further reaction
0y . o~ and 2-— .

with AECEOL+ such that the formation of / MnFB(Caoq)_7 is

favoured,

The reaction is best mcnitored by IR spectroscopy. This
was accomplished by isolating a small amount of the compound
followed by recording its IR spectrum. The observance of bands
1

owing to coordinated 02042" and a band at ca 490 cm ' owing to

’)Mn—F indicated the coupletion of the reaction. It is evident
that, under the present condition, the maximum number of fluoride

and oxalate ligands coordinated to the manganese(III) centre is

3 and 1 respectively.

Characterization and Assessment of Structure. The

alkali-metal and ammonium trifluoromonooxalatomanganates(ITII)

are all pink micro-~crystalline products. While the ammonium
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salt of the complex ion is anhydrous, (NHA)EZ-MHF3<CZOQ)—7’ the
sodium and potassium salts are hydrated, NaZZ_MnFB(CEOA)—7'5HZO
and K ,/"MnF4(C,0,)_7.H;0. It is notable that in the present
case the three salts can be isolated without any specific diffi-
culty. All the three salts of trifluoromoncoxalatomanganate(III)
ion are much more stable than the corresponding potassium tris-
(oxalato)manganate(III), Kjl—Mn(CZOQ)3_7.5H20, and can be stored
in sealed polyethylene envelopes for a period of 25-30 days.
However, they can be stored in dark for prolonged periods. The
stability of the compounds can be ascertained from their
unaltered colour, and can be checked by periodic estimation of
manganese and oxXalate contents and chemical determination of the
oxidation state of manganese. The estimation of oxidation
states of manganese, in the present seriés of compounrnds, should
be best done at ice-bath temperatures to eliminate any inter-
ference from oxalate. The estimation of oxidation state of
manganese, in such compounds, is considerecd to be of extreme
importance in order to decide about the actural oxidation

number of the metal since the magnetic moments in many such cases,
of which the present series of compounds are'no exception, are
not straight forward. The chemically determined oxidation
states of manganese was Hund to lic between 3 and 3.1 lending
support to the contention that manganese, in each of the

compounds, has the oxidation number of +3.
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The room temperature magnetic moments of alkali-mctal and
ammonium trifluoromoncoxalatomanganates(III) were found to fall
between 4,2 and 4.3 BM., It is cvident that the values arc lowcer
than that of a normal manganesc(III) (d4 casc) compound. A
comparison of magnetic moment values of the prcscnt series of
compounds with thosc of the alkali-metol and ammonium pcnta-
fluoromanganates(III), AZMnF5, (vide Chapter 1) compounds, and
that of the potassium tris(oXalato)manganate(IIIj1
KBZ_Mn(Caoq)_7.5F205 rcveals that the magnetic moments of
AZZ—MHFB(CZOQ):7 compounds arc higher than those of the corrcs-
ponding AzMnF5 compounds (strong antiferromagnetic cases), but
lower than that of KBZ-MH(C204)3—7‘3HZO (normal), This, there-
fore, suggests thc lowering in antiferromagnetic exchange inter-
action in going from AZMnF5 to Aal"MnFB(CEOA)_7 as a result of
replacement of two F ligands by an oxalato ligand per formula
unit, Altcrnatively, it can be said that there is a definite
hike in the antiferromagnctic cxchange interaction in going from

Ko/7Mn(C,0,)5 7.30,0 to A/ MnF5(C,0,) 7 owing to the introduc-

RE

tion of threc F~ ligands in place of two €50 2= ligands. It may

N
be mentioned that the magnetic moments of the present series of
compounds closcly resemble those of the alkali-metal and ammo-
nium trifluoromonosulphatomanganatcs(III), AZZ_MHEB(SOM)-7’
leading us to believe that there may be some sort of structural

similarity between Aal'MnFB(SOM)_7 and AZZ_MHFB(CEOQ)-7 compounds,
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The lower magnetic moments of A2['MnF3(Czoq)“7 compounds may owe
their origin to the existence of antiferromagnetic exchange
interaction between the contiguous manganese(III) ion through
—~Mne—F-wMn— chain, and the complex species may have a poly-

meric structure.

The infrared spectra of <NH4)2/_MBF3<CZOM)-7’

Nap/"MAF(€;0,) 7.5H,0 and K,/ MnF4(C,0,) 7.H,0, recorded both

5(C5
in nujol and XBr media, resemble each other very closely, as far
as the manganese-fluoride and manganese-oXalate bands are concer-
ned, indicating thereby that the complexes are similar both
structurally and stoichiometrically. While the band at ca 490
cn~' has been assigned to })MB~F mode; those at ca 1670, ca 1360,
ca 1320, ca 780 and at ca 750 en”™ | have been assigned to various
modes (Table 2) of the coordinated oxalato group?"'9 The spectral
pattern and the observed bands for 02042' suggest the possibility
8 dB

of a bridging bidentate 02042' group  rather than a chelate one.

In particular the absence of any band between 1680 and 1750 e
and shifting of the single 'Qas(O~C—O) band to lower frequencies
indicate that the oxalato ligand in the present compounds is
probably not acting as a chelated8’9 ligand. It has been expha-
sised in the literature6'9 that a band at ca 1720 em™ ! is a very
good evidence for the occurrence of a chelated oxalato group.
However, this point can be more caonclusively decided through

X-ray analysis. The bands at ca 1670s, at ca 1360w and 1320 m,

at ca 780 m and 750 w have been assigned, in line with the



elegant studies of Curtisé”8 to ﬂaS(O»C»O), QS(OanO) and

3 (0-C-~0) respectively. The two bands at ca 3455 and ca 1640
cm—1 in the spectra of the sodium and potassium salts are similar

in their shaves and positions to those generally observed for

. . 0
uncoordinated water in many manganese{IITI) fluoro Co-mplexes1 » 11

and have been unambiguously assigned as DCFU»and %}LO-H mode

1

of water. The » band at ca 3455 c¢cm”' in the dnfrared

0-H
spectra of the hydrates is typical of lattice water, rather than
coordinated water® The absence of I}O—U and %}LCMH modes in

the spectrum of the ammonium salt support the contention that
the salt is anhydrous, (NHq)zémMnFB(CZOQ)_7} These extra vibra-
tions, in the case of the ammonium salts, at 3160, 3040 and 1400

have been assigned to the i)j’ ) and i)z modes of NH4+(Ref.12L

1

The solution electronic spectra of CNH4>QZ Han(Caoq)m7

and K,/ MnF4(C,0,)_7.1,0, recorded between 14,500 and 28,000 om”

in the presence of a very small amount of 40% HF (required for
stabilising the compounds), are similar showing to bands at ca
19,500 and ¢a 22,500 cn”!. The bands have been assigned to the
transitions15 531@ — 5BZg and 5B ——> 5Eg regpectively

18
(Tatle 3). Although recording could not be made below 14,000

cm” ! owing to some limitations of the instrument, the appearance

of two bands at ~v 19,500 and at ~ 22,500 cm™ | indicates an
ground state of manganese(ITI) in

g
Z”MnFB(C204)~72° as a consequence of Jahn-Teller effect.

appreciable splitting of 5E



Table 3.,. Electronic Syeeiral Data of
(WH,) o/ MnF5(C0,) 7 and
RZZ MnF5(Cgoq)m7' H,0.

5 5 5 5
B, ———>» “B_ B, —> “E
Conmpound g 28 te
cm 1 cm 1
(NHq)EZ NnFB(CEOq)_7 19,500 22,500
Ko 1nF,(CL0,) 7.H,0 19,800 22,700




Thus, it appears from the present work that the stability
of oxalato.sanganate(III) complexes can be definitely enhanced
through the formation of mixed ligand fluorooxalatomanganate(IITI)
complexes. The couplex species, Z_MHFB(CZOQ)-72“’ may have a
polymeric structure trhough a —Mn-Fe—Ilin—— bridging but the

probability of oxalato bridging can not also be ruled out.
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CHAPTER 2

o= e eracoer

r~

Zyvnthesis and Mass Srnectromevric Studies of

~
3

Direct

Ryl

. . . - ] *
Tris{acztylacetonato)mrngensese(ITI), Mn(CBH.?OZ)3

Complexes with 1, 3~diketones, particularly with
acetylacetone, have been reported for all of the non-radio-
active metallic and metallold elements in the periodic table}
Since f-ketoenol complexes have been very commonly used commo-
dity in chemistry laboratories, aund many of them can he pur-
chased commerciably, many text and reference books provide with
information regarding them., However, interest on the synthetic,

chemical and physico-chemical studies involving such compounds

never seem to be diminishing.

Tris(acetylacetonato)manganese(III), Mn(CBH,?Oz)39 is one

2 1. 2 .
such compound which was reported as early as 1900, and since

* The work described in this Chapter has been published:

J. Chem. Soc. Dalton Trans., 669, 1982.
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then a number of reports?~14 relating to its synthesis anad
structural studies, hawe been published., The compound acts as
an oxidant15 and can bring about coupling of phenols}6 In the
presence of donors such as (CHE)ZSO’ tris(acetylacetonato)manga~-
nese(III) initiates the free-radical polymerisation of acrylo-

nitrile and styrene37 Shigematsu and Tabushi18

reported that
manganese can be gquantitatively extracted, from its alkaline
peroxide solutions, with acetylacetone and chloroform, The
brilliant dark brown-black crystalline Mn(CSH,?OZ)3 is monomeric
in nature and has no appreciable trigonal distortionj9 A compa-
rison of the infrared spectra of some Jahn~Teller resistant
acetylacetonato complexes of metals with that of Mn(acac)3 ena-
bled Forman and Orgel7 ta conclude that the Jahn-Teller effect is
operative in Mn(acac)B. Later Fackler et al.19 explained the
mode of Jahn-Teller distortions through the results of their

crystal field calculations. The compound thus represent a uniqgue

behaviour,

Tris(acetylacetonato)manganese(III), Mn(C5H7O can be

2) 30
synthesised by air or chlorine oxidation of a basic solution of

2+

Mn in the presence of acetylacetone (acacH). However, this

nethod has not been used in practice because of the deleterious
effect of alkali on the end product, as well as the chances of
its contamination by chloride ions. Instead, the synthesis due

20

to Cartledge and Charlesz1 involving the oxidation of Mn2+ with
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KMnOLJr in the presence of acctylacetone (acacH) have been employed,
The succegs of this method depends markedly on the pH, The reac-
tion mixturce rcgquires to be regulated at pH ca 5 by the addition
of a large amount of sodium acetate, The use of sodium acetate
in such quantities must surely contaminate the end product. 1In
view of this it was thought worthwhile to decvelope a direct
method of synthesis of the title compound. Further, it was felt
necessary to find out an appropriate condition for studying the
compound mass spectrometrically, since it has been reported in the

22

literature that attempts to obtain good mass spectra of

Mn(05H702)5 have not always been successful,

This Chapter describes a direct method of synthesis of
tris(acetylacetonato)manganese(ITI), Mn(C5H7OZ)3, which does not
require buffer. Chapter 5 also presents the results, of mass
spectrometric studics of Mn(C5H702)3, obtainced by making use of

the direct inscrtion techmique,

EXPERIMENTAL

Reagent grade (B,D.H., Loba Chemie, E. Merck) potassium

permanganate and acetylacetone were used in the synthesis.

Infrared spectra were recorded on a Perkin-Elmer model 125

spectrophotometer,
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The mass spectrum was recorded on a Varian MAT CH-5 mass
spectromcter, The sample was introduced directly in the ionisa-
tion chamber using a direct insertion probe., The operation
conditions were electron energy, 70 eV (1 ¢V 2z 1.60 x 10"79 J)s
source tempcrature, 20 OC; resolution 10,000; and accelerating
voltage, & kV., The mass spectrometric observations werc made
with the field of ionising current sufficiently strong to trap

primary ions.

Infrared spectral band positions and their assignuents are
sunmarised in Table 1, while the essential features of thc mass

spectrum run at 20 °c are given in Table 2.

Elemental Analvses, Quantitative estimation of manganese

was accomplished by the method already described im Chapter 1,
C and H contents of the compound were determined by mdcrocrysta-

1line methods.

Chemjcal Determination of the Oxidation State of Mangancse

;Q%MQLQ5§7Q2)3. The oxidation state of manganese in the
compound was dctermined iodometrically by reduction of a known
amount of the compound with acidificd potassium iodide solution
followed by titration of the liberated iodine with standard

sodium thiosulphate solution,

LO\’%&&
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Synthesis of Tris(acetylacetonatolmanganese(ITIT),
Mn(C5H702)3. A quantity of 5.0 g (31,7 m mol) of powdered

potassium permanganate; KMuO was dissolved in the minimum

L
volume of water by slight warming over a stcam-bath and the solu-
tion then filtered, Distilled acctylacetone (22.0 g, 220,0 mmol)
was addcd to the sélution with vigorous stirring. The mixturc

was stirred for a further pericd of about 5 min over a steam-bath
and then allowed to cool at room temperature for ca 10 min. The

dark brown-black shiny crystals of Mn(C5H70 werc filtered off

2)3
and washcd 34 times with small amounts of acetylacetone-water mx
(1:1)_and finally dried in vacug, The compound thus obtained was
very pure and gave satisfactory analysis, If desired, the comp-
ound can be recrystallised by dissolving it in the minimum volume
of hot benzene followed by the addition of hot light petrol

(b.p. L40-60 O'C);, and then cooling at ca O ¢, The compound
docs not have a sharp melting point but decomposes at ca 155 °c.

This method may also be used for large-scale synthcesis,

Analysis

Found: C, 51.1; H, 6.10; Mn, 15.7. Calc, for
CisHoMnOg:  Cy 51.155 H, 6.00; Mn, 15,6%.

The molecular weight was found to be 352 mass spcctro-

wmetrically,

The chemically estimated oxidation state of manganese, in

the compound, was found to be +3,



103

RESULTS AND DISCUSSION

In Chapter 1 the role of acetylacetone as a reducing agent,
7+

in the reduction of Mn’ , has been emphasized., The use of this
concept has now been extended to the synthesis of Mn(CSH702)3.
The method described (vide Experimental section) leads to the
rapid synthesis of tris(acetylacetonato)manganese(III) in a very
high yield, and analogous procedures have also been used succes-
sfully, in our laboratories; for the synthesis of Cr(C5H?OZ)3
from Cr0,°" and /"Ni(CgHo0,),(H;0), 7 from NiO(OK)S Tt is
evident that, if planned properly, gram guantities of
Mn(C5H702)3 can be synthesised in less than 1 h without using

any buffer., The reduction of Mnoqf by acetylacetone and the
subsequent formation of the tris-chelate owing to the presence

of an excess of acetylacetone (acacH) appear to be the driving
forces for the reaction, It is interesting to note that although
the present synthesis does not involve any buffer, the course of
the reaction is such that it automatically maintains the pH

desired for the successful formation of Mn(C5H The pH

0f the solution measured immediately after the formation of the

compound was found to be ca 5. This value concurs exactly with

that maintained by the addition of a large amount of sodium ace-

20 21

tate in the syntheses of Cartledge and Charles,



104

In order to understand the mechanism for the present syn-
trhesis, an attempt was made to isolate the oxidation product of
acetylacetone (acacH). Work up of the mother liquor, obtained
after scparating Mn(C5H702)3, afforded a crystalline organic
compound which has been identified as aC,aC,(?,ﬂ.—tetraacetyl=
etiane, (CH,00),CH-CH(CH500),%7. This leads us to conclude that
?

. K] =3 : P +
in the electron-transfer reacftion between Mn and acacH, acetyl-

acetone is oxidised to (CHBCO)BCH~CH(CHBCO)2. In view of the
7+

products isolated from the reaction of Mn and .acelylacetone,
and the pH of the reaction medium, we feel that acetylacetone
first undergoes ionization giving (CHBCO)ECH' (acac™) and H'
(cf., the observed pH) followed by the oxidation of (CHBCO)ECH_

ion to the (CH,CO),CH® radical (with corresponding reduction of

3
the metal), which dimerises to yield ec,ec, ﬁ,/& ~-tetraacetyl-

ethane, (CHBCO)ECH-CH(CHBCO)Z.

Characterisation, Tris(acetylacetonato)manganese(III)

is a dark brown-black crystalline compound; unstable in air

but capable of being stored in a sealed comtainer for months.
The compound is slightly soluble 1in water but the dissolution
is accowmpanied by decomposition, Freshly.synthesised
Mn(C5H702)5 does not show a sharp melting point but decomposes
around 155 °C., The infrared spectrum (Table 1) of the compound
is unambiguous and shows the characteristics of chelated acetyl-

25

acetonates (acac™), in agreement with the reported spectrums
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Table 1. Infrared Spectral Bands and Their Assignments

IR Bands (cm“1) Assignmentsa5

3065 1 coiae V(cm)

2995 n

2565 m} D(0H3)

2925 n

1575 s coves Partial C=0 stretching

1510 vs P C=C stretching

1455 w

1425 w erven CH3 asymmetrical bending

1380 s

1355 s evsos CH5 symmetrical beunding

1255 m ceeee C=C stretching + C-CH3
stretching, 02.

1180 vw cevse C~H in-plane bending

1015 5 R CHB I‘OCking

925 s ieeee C-CH stretching + C=0
stretching, 'DB.

800 v

7725 1 vsons C-1] out of plane bending

670 s ceens Ring deformation + Mn-0 . .-

stretching, qu

655 sh chens out of plane deformation

592 n .

566 m} cecon Mn~-0Q stretching, 95.

45C s ceans C-CH5 bending + Mn-0O stretching.

410 m ceenre In plane O0~Mn-0 bending.
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The M~0 stretching vibrations of acetylacetonato complexes of
transition metalé are very important since they provide direct
information about the strength of the M~0 bands. The band at
592 cn” ! in the present case has been assigned to Mn-0Q stret-
ching mode of vibration in line with the argument of Pinchas
31?3

e

2L

The molecular weight, determined mass spectrometrically,
was found to be 352 suggesting that compound is monomeric, This
agrees well with the crystal structures of various forms of
Mn(CEH702)3 which also showed the presence of discrete
Mn(05H702)5 molecules}9’26 Chemical determination of the oxida-

Tion state of manganese in the synthesised compound gave +IIT,

providing further support for the identity of the compound.

Mass Spectrometric Studies. It was reported in the lite-
rature22 that attempts to obtain good mass spectra of tris(ace-

tylacetonato)manganese(III) have not always been successfull
It appears from the available information that the spectra of
Mn(acac)3 markedly depend on the method of sample introduction.
From our earlier experience§7 we favoured the direct insertion
technique, and introduced the sample straight into the lonisa-
tion chamber without any prior heating.

The spectrum run at 20 ¢ (Table 2) showed a molecular ion

signal of moderate intensity (18%) at m/Z 352 and a base peak
at n/7 253 due to Z~Mn(C5H702)2_7+' It is observed that the
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Table 2. llass Spectral Data for Mn(C5H702)3

(a) Major Peaks

Assignments n/7 Intensity(%)
[Mn(CeH0,) 5 7 uas 352 aee 18
[Mn(CeH0,), 7 T L 253 ... 100
[ Mn(CgHL0,) (G, H,0,) 7™ 238 ... 3k
[Mn(CgH0,) 7" oo 154 ... 74
[Mn(C B0 7" L. 139 ees 5

+

Mn coe 55 oo 0

(b) Metastable Transitions

%

@{Z Fragment
obsefved caltulated Process Tost
181'8 Y 181,84 «w 552 "‘-a‘ 253 s e C5H702
223,9 vesee 223,89 4,4 253 =238 .. CH3

9906 s e 99.65 LK 238 ""9 154 X3 CL{.HL}OZ

125.6 ceven 125.46 .. 154 —> 139 .. CH3
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. o Y _ + "
molecular ion / Mn(CSH7OZ)5~7 . loses one QBH?O2 group to give

['Mn(C5H7O?)2_7+ wnich then loses a CH, unit followed by the loss

3

. . ) . - + .
of Cq“qoz to yield the fragment ion / Mn(C5H702)_7 at m/7 154.

The ion /"Mn(CgH,0,) 7" loses a CH; unit first and then probably

3

CQHAOZ' In view of the observed signals, the most probable

fragmentation pathway may be given as in Scheme 1.
ard + L +
L Mn(CH0,) 5 77— [Mn(CgHA0,), 7" ——>
- + - +
£ Mn(C5H-0,) (C H,05) 77 ——>  /["Mn(CcHL0,) 7
—> [TMn(0)H,0,) 7" —> Mn'.

Scheme 1

In order to obtain further information, metastable transitions
were also studied, The metastable peaks at m/Z* 181.8, 223.9;
99.6 and 125.6, indeed, support the proposed fragmentation path,
Thus, the mass spectrometric results adduce further support to
the identity and purity of the compound, conform to the mono-

meric nature of Mn(C and compare very well with those

517020 35
reported by Westiiore and coworkers,

It may be concluded that tris(acetylacetonato)menganese(III),
MH(C5H702)3, can be synthesised directly from KMnO, without
making use of any buffer. A good mass spectrum of Mn(C5H702)5

can be obtained by the direct insertion technique,
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CHAPTER __ 6

Synthesis and Structural Assessment of Alkali-Metal and
Ammonium Trifluoroagquomanganates(II), A["MnFB(Hao)_7
(A = Na, X, Rb, Cs or NHL&)*

The divslent manganese resembles the trivalent iron

2+

in respect of its g° configuration. Both Mn and F83+ have a

d5 2+

configuration, and it is Mn“ , of the two, which seems to

have been more extensively studied spectroscopically}’2 It is

2+

well known that the Mn ion exists as ['Mn(HZQ)6_72+ in an

aqueous solution, and anhydrous salts and complexes of manga-
nese(II) are generally prepared by either dry reactions or

carrying out the reactions in non-agueous media?

Manganese(II) forms two types of fluoroﬂcomplexes? ViZe,

tetrafluoromanganates(II) and trifluoromanganates(II). The

o

tetrafluoromanganate(II), MnFq ,

ion has a tetrahedral

¥ The work descrihed in this Chapter has been published:

Ind, J. Chem., 214, 977 (1982).




s
strvcture, while in the trifluofomanganate(II), MnFB', manga-
nese{TI) finds itself in an octahedral environment: A consi-
deravnle -=aount of work was done on trifluoromanganates(11)5—15
particularly involving the structure and magnetic properties of

suchi compounds, The X-ray diffraction studies aof NH4+, Kt

and
Rb" salts of the MnFB_ ion showed that the compounds have

perovskite structures, sometimes with some modifications.

It is now well established that F~ ion is. one of the most
important. ligands used for stabilising manganese(TIII), and it
is also generally believed that the reduction of a higher valent
manganese below its +3 state, through electron-transfer reacs
tions, in the presence of F ligands, would be a rather diffi-
cult taskl6”18 although the +2 oxidation state of manganese is
a more famniliar one, Moreoﬁer, complex formation tendency of
Mn2$ seems to be comparatively less pronounced than that of Mn3+
(Ref, 19). In the course of our studies on fluoro and mixed-
flvoro compounds of manganese (Chapters 1 to 5), we thought it
would be very interesting if we could succeed in the synthesis of
fluoromanganate(II) complexes directly by the reduction of Mh7+,
in the preéence of F~ ions, by making use of a strong sreducing

agent, Accordingly, the reactions among KMnoq, alkali-metal and
ammonium bifluorides, AHF2~(A-=-Na,-K, Rb,  Cs or NH,), and

L{.)’

hydrazine hydrate, NaHu'HZO’ were carried in agueous media,
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The present Chapter reports the results of the reactions
amnong KMnOQ, AHF2 and N2H4'H20 leading to the synthesis of
alkagli-metal and ammoniuwm trifluoromonocaguomanganates(II),
A[‘MnFB(HZO)j (& = Wa, K, Rb, Cs or NH,), and also the characte-

risation and structural assessment of AZ—MDFB(HZO)~7 compounds,

EXPERIMENTAL

The chemicals used were all reagent grade products. Alkali-
metal and ammonium bifluorides were prepared by the methods deve-

20

loped in our laboratory and the procedure has already been

described in Chapter 1.

Infrared spectra were recorded on a Perkin-Elmer model 125

spectrovhotometer,

Molar conductance measurements were made using a Philips

PR 9500 conductivity bridge.

Magnetic susceptibility measurements were made by the Gouy

method using Hg["Co(NCS)4_7 as the calibrant.,

Elemental Analyses, Manganese, fluworide, sodium, pota-
ssium and nitrogen estimations were accomplished by the methods

described in Chanter 1.



Chemical Determination of the Oxidation States of Manganese.

The oxidation state of manganese in each of the newly synthe-
sised compounds was determined chemically by the methods already

described in the previous Chapters.

Synthesis of Alkali-Metgl and Ammonium TrifluoromohoaguUo-

manganates(I1), A['MnFB(HZO)_7 (A = Na, K, Rbh, Cs or NH4).
Since the methods of synthesés of sodium, potassium and ammonium
trifluoromoncaquomanganates(II) are similar, only a representa-

tive: method is described.,

An excess of alkali-metal or ammonium bifluoride, AHF2

(A = Na, K or NHq), was mixed with solid KMnO, by powdering toge-

I
ther in an agate mortar. The thoroughly mixed powder was dis-
solved in the minimum volume of water by slightly warming over a
steam-bath, and then filtcred, The filtrate was collected in a
polyethylene beaker and an excess of hydrazine hydrate,NquﬂéO,
was added, all at a time, with constant stirring, A highly
exothermic reaction set in and readily gave a light pinkish-
white microcrystalline product in a very high yield, with the
mother liquor becoming colourless. The reaction container was
cooled to room -~temperature, and the compound was separated by
centrifugation, purified by washing with heptane, and finally
dried in vacug. The Rb/TMnFy(H,0) 7 and Cs/ MnF,(H,0) 7 have

been prepared from the (NHQ)['MnFB(HZO)_7 compound, and for



which separate mcthods have been given,

The specific amounts of

thc reagents used and the yields of (NHq)Z-Man(H20>_79

NaZ"MnFB(HZO)_7 and KZ—MnFB(HZO)_7 are set out in Table 1,
Table 1, Amounts of Reagents Used and Yields of
A/7MnF H,0) 7 (A = Na, K or NH,)
Yield Amount of Amount of § Amount of
Compound in g KMnOL1L in g AHF2 in g N2H4.H20
(%) (m mol) ; (m mol) in ml
H L
NE,/"MnF5(8,0)_/ Ouk 0.5 1.1 3.0
(85) (3.16) (19.3)
Na['MnFB(HZO)_7 Qo Ly 0.5 1.2 2.0
(83) (2.16) (19.4)
K['MnFB(HBO)_7 0.5 0.5 1.5 3.0
(93) (3.16) (19.2)




Synthesis of Rubidiun Trifluorosquomanganate(TY) ,
RbZ'MnFB(HZO)_7. A quantity of 0.% g (2.0 m mol) of
NH@Z—MHFB(HZO);7 was dissolved in the minimum volume of 20%
hydrofluoric acid. To this solution 0.23% g (1.0 m mol) of

powdered RD CO3 was added, in portions, with stirring., Immedia-

2
tely after the addition was over, the light pinkish white
RbZ-MnFB(HZO)_7'appeared. The compound thus obtained was sepa-
rated by centrifugation, and purified by washing with heptane
and finally dried in vacuo., The yield of Rb['MnFB(H2027 was

Och &8 (91%).

Synthesis of Cesium Trifluoroaguomanganste(II),

Csé'MnFB(Hao)_7. This compound was syunthesised in a manner
analogous to that of RbZ'MnFB(HZO)_7. The metathesis reaction
was carried out with C.3 g (2.0 m mol) of NH4£~MHF3(H20)_7 and
0.19 g (1.0 m mol) of Cs
0.6 g8 (91%).

2003. The yield of CSZ'MnFB(HZO)_7 was

Analytical data, room temperature magnctic moment values,
chemically estimated oxidation states of manganese and structu-

rally significant infrared bands are summarised in Table 2.
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RESULTS AFD DISCUSSION

It has been generally believed that F~ ion is a very poten-
tial stabilising ligand for Mn ' (Ref. 16, 18), and as such it
would be rather difficult to reduce a higher valent manganese
species further below its +3 state, particularly in the presence
of an excess of F~ ions, We, however, thought that this barrier
could be overcome by the use of a drastic condition for the
reduction, With this in view, the reduction of potassium per-
manganate, KMnoq, in the presence of an excess of alkali-metal
or ammonium bifluoride, AHFZ, was performed using hydrazine
hydrate, NZHQ'HZO’ a strong reducing agent, On addition of
hydrazine hydrate to a solution of a mixture of KMan and AHFZ,
the temperature of the medium went up to 80-90 OC. This tempe-
rature was strategically maintained in order to facilitate the
reduction of Mn7+ to’ Mn2+. Analysis of the product obtained
therecof indicated that the contention was fulfilled., Thus, the
method (vide Experimental section) lead to the synthesis of
alkali-metal and ammonium trifluoroaquomanganates(Il),
AZ*NHFB(HEO)_7 sufficient in number leaving little doubt that
Vas

reduction of Mn with hydrazine hydrate could be developed for

the synthesis of other types of compounds of manganese(II). The
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yields of Aé"MnFB(HEO)_7 compounds are very high and gram quan-
tities of such compounds can be prepared, using this simple
method, in a very short time, It is now evident that the by the
use of somewhat forcing conditions, fluoro complexes of an+ can
be synthesized from aqueous media although the formation con-
stants, in aqueous solutions, of fluoromanganates(1I) are very

2521

lows The alkali-metal and gmmonium bifluorides, AHF here

X
act as the sources of fluoride ions. 1In some earlier work
(Chapter 1), the role of AHF, as the source of fluoride, in the
syntheses of fluorometalates, was emphasised, In fact it
appears that the success of the present method depends not only
on the role played by NZHQ'HEO in the electron-transfer process,
but also quite appreciably on the presence of both Y and F~ in

the solution arising from AHFZ’ The overall reaction leading

to the formation of AZ~MHF3(H20)_7 may be expressed as follows:

4 KMnO) + 13 AHF, + 5 WH).H,0 ——> 4 A4/ HnF,(H0) 7 + 5 N, +

17 HZO + HF + 4 KF + 9AF.

The alkali-metal and ammonium trifluorocagquomanganates(Il)
are all very light pinkish.white microcrystalline products, and
they attack glass in the presence of moisture. They do not
dissolve iﬁ common organic solvents, and in water they decoon-
nose, The A[“MHFB(HEO§~7'compounds, however, dissolve in

agueous hydrofluoric acid.
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The chemically estimated oxidation states of manganese is
found to lie between 2,05 and 2.12 (Table 2), lending strong
support to the contention that manganese in each of the compounds
has an oxidation number of +2. The attempts to measure the
molar conductances of the AZ'MnFB(HZO)_7 compounds, in water,
was unsuccessful, The ohserved values were higher than that
expected for a uni-uni valent type of electrolyte. The higher
molar conductance values indicate some sort of decomposition of
the compounds probably as a consequence of the enhanced ionic

character of the Mn—F bonds.

The i.r. svectra of the series of five salts of the tri-
fluoroaquomanganate(II) ion resemble each other very closely.

The typical features of the spectra are a strong absorption at

1, a broad weak band at ¢ca 1640 cm"1, a medium inten-

1

ca 410 cm”

sity band at ga 3350 cm ', and a medium intensity band at ca

710 cn™', These bands have been assigned to P and &

Mn-F? H-0~-H?
i)O—H and the rocking mode of water respectively, The occu-

rrence of the » p ab a much lower frequency, compared to

S 9,18

speciessy suggests that the

Mn~
hose of the MnFBE“ and MnFg

Mo-F bonds in [_MnFB(Hzo)_7 ~ complex have enhanced ionic chara-

cter. However, from the fact, that the 5>Mn-F has been observed

1

in the present case at gca 410 cm” ', it is certain that a defi-

nite degree of covalency exists in the Mn-—F bonds., Similar

?

observation was made by Peacock and Sharp in the case of KMnF3
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The very weak nature of the EWLO—H band observed at ca 1640 cm~1

definitely indicates the presence of coordinated water?z’a3
Moreover, the appearance of a medium intensity band at ca 710
cm—1, which is generally attributed to the rocking mode of coordi
nated water, adduces strong evidence for the presence of coordi-
nated water in the present series of compounds. TFurther evidence
regerding the presence of coordinated water was obtained from the
pyrolysis studies of KZ“MnFB(HZO)_7 (taken as a representative).
Pyrolysis of K/ MnF,(H;0) 7 at 125-130 °¢ for a period of 3 h did
not practically show any change in the weight of the compound,
The i.r. spectra of the compound recorded both before and after

heating did not exhibit any change in the spectral pattern,

The room temperature magnetic moments cf alkali-metal and
ammonium trifluoroaquomanganates(II) were found to occur between
5.2 and 5.3% BM, well below the anticipated value for a high-spin
d5=system. This, however, is not too surprising bhecause somc-
what similar observations were made in the cases of many fluoro-
manganate complexcsjB’24’25 Considerably lower magnetic moments
presumably owc their origin not to spin-pairing, but to anti-
ferromagnetic exchange interaction between contiguous Mn2+ ions

through —Mn-—F—}n-~ chains. This therefore indicate a poly-

neric structure of the complex species [—MRFS(HZO) 7.



It may be concluded that fluoromanganates(II) of the type
Az'NnFB(EEO)_7 can be directly synthesised, from aqueous media,
7+

ty the reduction of Mn' ', in the presence of AHFE, with hydra-~

zinc hydrate. The complex species Z"MDFB(Héb)~7" may have a

polymeric structure,
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CHAPTER

Alkgli-Metal and Ammonium Fluoromonooxalatomanganates(II),
A['MnF(CzOq)_ﬁnHZO (A =Na, n=2; A=K or N, n= 0).

Synthesis and Physico-Chenical Studies

It was mentioned in the preceding Chapter that manga-
nese(II) generally forms two types of fluoro complexes, viz.,
tetrafluoromanganates(II), and trifluoromanganates(II). It has

been also knpwn that manganese(II) forms a oxalato coomplex,
1

€., KZMn(Gzoq)z.EHzo, which is fairly stable under the ordi-
nary conditionsj’2 Although many of the fluoromanganates(ITI)

show abpormal magnetic properties (Chapter 6), the binary

oxalato-manganate(II) complex, KZMn(C ZHEO9 seems to behave

204)2.
like a normal manganese(II) complex. In view of this, and also:
since there appears to be no reported example of mixed fluoro-
oxalato complex of manganese(II), it was thought worthwhile to
synthesise mixed ligand fluoro-oxalatomanganate(II) complexes

and compare their properties with those of the binary fluoro

and binary oxalato complexes of manganese(II) to get more insight
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into the chemistry of bivalent manganese, It was also our inte-
rest to see whether the oxalato group(s), in such compounds,
binds the manganese(II) centre(s) in a chelated or in a bridging

bidentate manner,

The present Chapter reports the synthesis of alkali-metal
and ammonium fluoromonooxalatomanganates(II), AZ'MnF(CZOQ)_ZnHzO
(A =1Na, n=2; A=K or NH,, 1 = 0), and the results of physico-~
chemical studies of the newly synthesised fluoromonooxalato-

manganate(II) complexes.

EXPERIMENTAL

All chemicals were of reagent grade,

Infrared spectra were recorded on a Perkin-Elmer Model 683

spectrophotometer separately in KBr and in nujol media.

Magnetic susceptibility measurements were made by the Gouy

method., ng"Co(NCS)qa7 was the calibrant.

MnC(0H) was prepared by the method described in Chapter 1.

Zlemental Analyses. Manganese, fluoride, sodium, pota-

ssium and nitrogen were estimated by the methods described in
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Chapter 1. The oxalate content of each of the compounds iwas

determined by the method desecribed: im Chapter 4.

Chemical Determination of the Oxidation States of Manganese,

The oxidation state of manganese in each of the newly synthesised

compounds was determined by the method described in Chapter L.

Synthesis of Alkali-Metal and Ammonium Fluoromonooxalato-

manganates(IT). Two general methods have been developed for

the synthesis of the title compounds,

Method T

Powdered potassium permanganate, KMnO was dissolved in the

Lo
minimum amount of water and 40% hydrofluoric acid was added to
it. The solution was filtered. To the filtrate, a solution of
alkali-metal or ammonium oxalate, AZCZOA’ made by dissolving it
in the minimum volume of water, was added under constant stir-
ring. The molar ratio among Kl\’[no43 HF and A20204 was maintained
at 1:3:3,5., The reaction mixture thus obtained was then heated
at ca 100 °c with constant stirring until the solution becomes
colourless giving a white microcrystalline alkali-~metal or ammo-
nium fluoromonooxalatomanganate(II), AZ"MnF(CZOA)_7. Heating
may be continued for a further period of a few minutes in order

to ensure complete precipitation of the product. The

AZ—MnF(CEOq)_7 compound was separated by filtration, washed
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2-% times with ethyl alcohol and finally dried in_vacuo, over

phosphorous pentoxide,

The specific gram amounts of the reagents used and yieldsof
alkali-metal and ammonium fluoromonooxalatomanganates(II) are

given in Table 1.

Table 1. Amounts of Reagents Used and Yields of Alkali-

Metal and Ammonium Fluoromonooxalatomanganates(IT)

Yield Amount of Amount of Amount of

Compound in g KMnO4 in 40% HF in AZCZO4 in
(%) g (m mol) ml(m mol) g (m mol)
NH4Z-MnF(6204)_7 0.5 0.5 0.5 1.5
(84) (3.16) (10) (11.27)
Na/"MnF(C,0,) Z2H,0 1.2 0.5 0.5 1.5
(86) (3.,16) (10) (11.2)
K/ MnF(C50,) 7 11 1.0 1.0 b

(87) (6.33) (20) (22.28)




131

Method IT

To an aqueous suspension of freshly prepared MnO(OH)
(30-35 ml of water per gram of !MnO(OH)) , 40% hydrofluoric acdd
was added with stirring., The solution was filtered., Alkali-

metal or ammonium oxalate, A2020 solution, made by dissolving

L
the stipulated amount in the minimum volume of . water, was added
to the filtrate with vigorous stirring. The molar ratio of
MnO(OH), HF and A‘;_,CEOL+ was maintained at 1:1.75:1.5. The dark
pink coloured solution thus obtained was heated on a steam-bath
(ca 100 OC) with occassional stirring until the solution became
colourless giving microcrystalline alkali-metal or ammonium
fluoromonooxalatomanganate(II), A[-MnF(CEOA)_7. The solution
was cooled to room temperature and the compound was separated by

filtration, The compound was washed 2-3% times with alcohol and

finally dried in vacuo over phosphorous pentoxide,

The specific gram amounts of the reagents used and yields

of the AZ—MHF<ngq)_7 compounds are set out in Table 2.

The analytical data, estimated oxidation states of manga-
nese, room teuperature magnetic moment values and infrared
spectral bands of alkali-metal and ammonium fluoramonooxalato-

manganates(Il) are summarised in Table 3,



Table 2, Amounts of Reagents Used and Yields of

Alkali~Metal and Ammonium Fluoromono-

oxalatomanganates(1II)

r Yield Amount of Amount ofy Amount of
Compound in g MnO(QH) in § 40% HF in AaCJZOLF in
(%) g (m mol) ml(m mol) g (m mol)
NHbr["'I‘rinF(Caobr)_7 1.85 1.0 1.0 2e43
(90) (11.4) (20) (17.11)
NaZ—MnF(CEOQ)_7.2HEO Te1 0.5 0.5 1.15
(88) (5.68) (10) (8.58)
K/ Ma¥(C,0,) 7 0.95 0.5 0.5 1.56
(83) (5.68) (10) (8.48)
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RESULTS AND DISCUSSION

Synthesis, It has been reported in one of the previous
Chapters (Chapter 4) that the manganese(III)noxalaté system can
be stabilised in the presence of ¥ ions in aqueous media, and
a number of salts of the mixed fluorooxalatomanganate(III) ion
can be isolated in the solid state. The stability of trifiuoro-
monooxalatomanganate(III) complexes isolated from such a solu-

tion have been found to be more than that of the binary oxalato-

manganate(III) complex, K31'Mn(0204)3_7.3H20.

In the course of our earlier studies (vide Chapter 4)
mainly aimed at the synthesis and structural assessment of
fluorooxalatomanganese compounds, it was observed that heating
of the reaction wmixture at ¢z 100 °¢ changed the deep pink
colour of the solution owing to .-trifluoromoncoxalatomanga-
nate(III) to colourless, simultaneously precipitating a white
microcrystalline compound. A similar observation was also made
by heating (at ca 100 °C) a solution of KMnO, , 40% HF and alkali-

metal or ammonium oxalate, As and thought that the white

6204,
compound must be a fluorooxalato complex of ma nganese(II).

Accordingly, in line with our contention, the reactions among

KMnOM, LO% HF and Aacao#, and among MnO(OH), 40% HF and AZCEOQ
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gave rise to the Tormation Z—MHF(Cgoq)_7— species, in each case,
which was isolated as its alkali-metal or ammonium salt. A
plausible interpretation of this result is that a relatively

higher temperature (gca 100 °c) probably helps to reduce the

2+

higher valent manganese to Mn such that the formation of

/"MnF(Caoq)_7"is favoured. One point that requires attention

is taat an appreciable amount of C ~ ions must be present in

2
2Oy
the reaction media .such that a part of it is utilised in the

electron-transfer process between the higher valent manganese

and 02042—, and another part is used for coordination to the

2+

Mn centre, Although there is no direct evidence for the most

probable mechanism, considering the potential of 02042' as a
reducing agent; it is felt that oxalate ions assisted by the
enhanced temperature, are responsible for the reduction of

higher valent manganese to Mn2+9 in the present cases.

The reaction is best monitored by noting the decolouriza-
tion of the reaction mixture with the progress of heating, and
determination of oxidation state of manganese chemically., It
is evident that mixed ligand fluorooxalatomanganate(II) comp-
lexes can be synthesised from aqueous media, and that, at least
under the present condition, the number of F~ ion that could be
brought to coordination with manganese(II), containing one

coordinated czoqa' group, is one.
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haracterization and Assessment of Structure, The alkali-

metal and ammonium fluoromoncoxalatomanganates(II) are all white
microcrystalline products, They are very sparingly soluble in
water and insoluble in common organic solvents. In the presence
of moisture they attack glass slowly. The chemical determination
0f the oxidation state of manganese in the compounds show that
the values lie between 2.1 and 2.2 supporting the contention that
manganese, in each of the compounds, has an oxidation number of

+2.

The room temperature magnetic moments of the

AZ_MHF(0204>_7tHHZO (A =DNa, n=2; A=NH orkK, n=20),

4

compounds were found to occur between 3,8 and 3.9 BM, the values
remarkably lower than that of a normal Mn2+ (d5) compound. A
comparison of magnetic moments of the present series of compounds
with those of the fluoro complexes of manganese(II), described

earlier in this thesis, (vide Chapter 6), and with

O1 reveal that the newly synthesised mixed

2
fluorocoxalatomanganate(II) complexes have the moments much lower

KZZ’Mn(caoq)2_7.2H

than those of the fluoromanganates(II), and comparatively more
lower than that of KZZ-Mn(C204)2_7.2H201 The lower values are
attributed to the existence of a strong antiferromagnetic
exchange interaction between the contiguous manganese(II) ions
probably through —Mn——=F—Mn-— chains. This indicates a

polymeric structure of the complex ion. It is evident from
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the above-mentioned results that the degree of antiferromagnetic
exchange interaction increases in going from fluoro to mixdd

fluorooxalato complexes of manganese(II).

The IR spectra of the series of three salts resemble each
otner very closely (Table 3) indicating that the compounds are
simivlar both structurally and stoichiometrically., The spectra
of the compounds showed absorptions in the regions typical for a
coordinated czogz‘ group,>~® viz., at 1705-1710, 1670-1675,
1430-1435, 1310=1315, 790-795, L460-465, 425-430 cm™'.  The
spectral mattern is different from that of the triflucromono-
Oxalatomanganate(III) complexes (vide Chapter 4). The bands
have been unambiguously assigned3"6 as the i%S(C=O) ('37),
[71205-1710 en! 75 D _(0=0) (D,),/ 1670-1675 en”! 7,

V(C=0" + C=C) ( Dy}, [/ 1430-1435 cm'1_7} D(C-0) + d(0-C=0)
(¥g), [71310-1315 cu™! 75 §(0-C=0) + » (Mn-0) (Pg) /790~

795 cn”! 73 ring deformation + S(0-C=0) ( D) [ 460~465 en™! 7
ring deformation + i>(Mn—O) (-911), 1—425—430 cm_1_7 modes of
coordinated oxalato group. Since the various modes, owing to

the oxalato group, occur exactly in the regions stipulated for

s

the chelated C group, we infer that oxalato ligands in the

204
complexes are honded in a bidentate chelated manner. The absorp-

tions in the region L90~-435, are 'straightforward and have been

assigned as the ) modes arising from the presence of

Mn--F
fluoride ion coordinated to the manganese(II) centre. Its
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poeition, however, indicates the possibility of a bridging

fluoride than a terminal one. The two extra vibrations at 3460m

1

and at 1640 s cm ', in the spectrum of the sodium salt, resemble

in their shapes and vosition, those observed for the presence of

7,8

uncoordinated water in many fluoromanganate complexes and

have been assigned to the 'Do_q and S modes of uncoordi-

H-0O-H
nated water. Three vibrations, over and above the ones observed
for the coordinated 02042' and coordinated F~ 1ligands, at 3160m,
30405, and 1400s cm™! in the spectrum of NH,/"MOF(C,0,) 7 have

been assigned to the D '91 and ‘94 modes of NH

+
3’ L *

Thus, it appears from the present work that mixed fluoro-
OXalatomanganate(II) complexes have magnetic moments much lower
than those of fluoromanganate(II) complexes and considerably more

lower than that of KZZ_Mn(C _7.2H20. The oxalato ligand is

2u2
bonded to the Mn2+ centre in a bidentate chelated manner, and
the complex species Z—MHF(CZOH>—7- may have a polymeric struc-

ture through a —Mn—F—Mn— bridging.
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CHAPTER _ 8

«.2H. 0.

Bis(acetylacetonato)manganese(II) Dihydrate, Mn(C5H702)2 >

A New Synthesis and Mass Spectrometric Studies

‘Acetylacetonato conmplexes of transition metals are

important in their own rights. Bis(acetylacetonato) complexes

of all the members in the series Mn2+——— Cu2+ have been known}

It has also been reported that the bis(acetylacetonato) chelates
of Cust and Nist are most stable towards dissociation im ague-

ous solutions and heat, while the acetylacetonato complexes of

o+ 2+

Mn™" and Fe are unstable? The Co(acac)29 however, shows an

intermediate behaviour.

Like tris(acetylacetonato)manganese(III), Mn(C5H,702)59

bis(acetylacetonato)manganese(II), Mn(CBH has been known

02) 25
for a long time, The most widely recommended method of synthe-

sis5 of Mn(aCac)2 involves the use of a large amount of sodium
acetate as a buffer, and an appreciably high amount of ammonia

as a proton acceptor. The use of these two reagents in such
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amounts may contaminate the endsproduct% In view of this, and
in a continuation to our work on the éhemistry of manganese(II)
we thought it interesting to develope a new method for the sym-
thesis, of bis(acetylacetonato)manganese(II), which would not
require any buffer and ammonia, and study the compound mass

spectrometrically.

The present Chapter reports a new synthesis of Mn(C5H7OZ)2

and also the results of mass spectrometric studies of the

compound,

EXPERIMENTAL

A1l chemicals were of reagent grade (B.D.H., Loba Chenmie,

E. Merck),

Infrared spectra were recorded on a Perkin-Elmer model 125

spectrophotonmeter,

The mass spectra were recorded on a Varian MAT CH-5 mass
spectrometer, The sample was introduced directly in the ioni-
sation chamber using a direct insertion probe, The operation

conditions were electron energy, 70 eV (1 eVex1.60 x 10"19J);
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source temperature 50, 100 and 150 OC; resolution 10,000; and
accelerating voltage, 8 kV. The mass spectrometric observations
were mede with the field of ionising current sufficiently strong

to trap primary ions,

Infrared spectral band positions and their assignments are
set out in Table 1, while the essential features of the mass

spectra run at 100 °C are reported in Table 2,

Elemental Analyses, Manganese was estimated by the method
described in Chapter 1. C and H were estimated by micro-analy-

tical methods,

Synthesis of Bis(acetylacetonato)manganese(II) Dihydrate,

Mn(C5H702)2.2H20. A solution of 2 g (10,1 m mol) of
MnCla.qHZO in about 15 ml water was treated with about 5-7 ml of
0.1 (M) sodium hydroxide, The precipitated hydrated manganese
nydroxide was then centrifuged and washed several times with

water until free from chloride,.

The hydreted manganese(II) hydroxide was transfered to a
small conical flask., A small amount of water was added to make
a water suspension of Ma(OH),. To this was added 2.5 ml of 28%
formaldehyde solution followed by the addition of 2,05 g (20.5
m mol) of distilled‘acetylacetone. The mixture was stirred for

a maximum period of agbout 10 min, and the yellow coloured



Mn(CSH7OZ)2‘EHZO was obtained. The compound was separated by
guick filtratiom, washed 2-~3% times with small portions of ethyl
alcohol and fimally dried in vacuo over phosphorous pentoxide
for 34 h., The compound, Mn(C5H7OZ)2.2HEQ, was stored in =z
sealed container., The yield obtained was 2.3 g (77%)., If desi-

red the compound can be recrystallised from ethanol,

Analysis

Found: C, 41.54; H, 6.33; Mn, 18.8. Calc. for CyoHgMn0g:
C, 41.52; H, 6.23; Mn, 19.03%. |

RESULTS AND DISCUSSION

In Chapter 5, the direct synthesis of tris(acetylacetonatb)-
manganese(III), Mn(acac)s, has been described? The compound,
MD(C5H7OZ)3, was synthesised by the reaction of Mnoqﬂ with
acetylacetone by exploiting the electron-transfer reaction bet-
ween them. The weak acidity of acetylacetone (acacH) in a polar
mediun, and the reaction of acetylacetone (Hacac) with manga-

nese(II) hydroxide, Mn(OH) 5,

Mn(OH), + 2 Hacac ~—— MneT + 2 acac” + 2 H,0 w(1)

Mn2+ + 2 8Cac  e——3» Mn(acac)2 oo .o (2)



constitute the basis of the present synthesis, Analogous
methods have been used with success for the synthesis of
Co(acac)3 from CoQ(OH) and Mn(acac)3 from MnQ(OH). This method
(vide Experimental section) does not require any buffer, and it
also does not meke use ammonia unlike the method recommenced in
the literatures The pH of the solution, required for the
successful formation of Mn(acac)z, was maintained by the ioni-
sation of Hacac (cf., pH %) in the reaction medium, There is a
strong tendency of Mn(acac)2 to get oxidized? particularly when
it Iswet., Moreover, the hydrated manganese(II) hydroxide is
slowly oxidised by air. Therefore it was necessary for us to
use a small amount of formaldehyde to check the unwanted oxida-

2+. The reasons why formaldehyde was chosen for the

tion of Mn
purpose are that faormaldehyde is obtained as a solution, and the
oxidation products of formaldehyde can not contaminate the end~
product, The method is quite rapid and can be scaled up to

higher quantities.

Characterization, Bis(acetylacetonato)manganese(II) di-

hydrate, Mn(05H702)2.2H 0, is a yellow coloured compound, soluble

2
in meny organic solvents, The compound is not stable in air,

particularly in the presence of moisture, However, it can be

stored in sealed capsules for prolonged periods. The dihydra-
ted compound can be dehydrated by heating, in vacuum, at cag

65 °¢2



The infrared spectrum of the compound (Table 1) is unambi-
guous and exhibit the typical pattern of chelated acetylaceto~
;778

2

nates (zcac™) in agreement with those of various M(acac

coripounds,

Mags Spectronetric Studies, The mass spectra of

e e

Mn(acac) .ZHZO vias studied by direct insertion technique. The

2
sample was introduced into ionisation chamber .using a direct
insertion probe without any prior heating. The spectra were
recorded with the temperature of ionization chamber being main-
tained at SOO, 100° and 150°¢ respectively., The optimum tempe-
rature for the record of a good spéctrum of the compound was
found to be 100 °C, since the spectrum obtained at 50 °C was
showing very poorly developed signals owing to various fragment
ions, and that 150 °¢ ghowed some pyrolysis effect, The
essential features of thé spectrum run at 100 °¢ are summarised
in Table 2, The molecular ion peak was observed at m/Z 253 -
followed by a strong peak at n/7 238 assigned to the fragment
ion é“Mn(05H702)(CQH40é)_7'ﬁ A comparison of the present
spectrum with that of Mn(C5H702)5 (Chapter 5) reveals that

while the molecular ion in the c¢sse of Mn(acac)3 loses an acac*
unit, that or Mn(C5H702)2 loses a methyl group. The most domi-
nant ion peak was observed at m/Z 154 (100 %) owing to the
fragment ion Z"Hn(C5H7OZ)_7+ with the major fragmentation path-

way being /M(CsHn0,), 7 ——3 /[ “Mn(CgHA0,)(C,H,0,) 7" —>
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Infrared Spectral Bands and Théir Assignments

IR Bands (cn ])

e e s B

3065
990
29560
2920 4
1570
1530
1450
1430

1390
1360

1270
1190
1020

935
801

%)
771

670
665
650
550
L35
110
300

ASSlgnments5’6
oo D(CH)
»

ose (CHB)

V(cac) + D(C220) combination
D(cait0) + o)

S(oH) + cnrec)

0 ee &d( CHB)

. 53(035)

b(C-CHB) + X oLee)
. Scco) + D(C—CHB)

(_;(G.HB)
D(C=2e) +  D(Ci20)
e 52(CH)
ros 9(C~CH3) + ring deformation
+ Y(Mn-0)

cee 7 (CHy — D)
.o ring deformation + :D(Mnﬂo)
P (Mn~-0) + 9((}-0}15)
v ' ring deformation

v » (Mn-0)
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Table 2, Mass Spectral Data for Mn(C5H702)2
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(a) Major Pegks

Assignments m/7 Intensity (%)
[THn(CgHA0,), 77 . 253 ... 8B
- . +
[ Mn(CgH40,)(C H,0,) 77 . 238 . 62
- +
£ Mn(CcHA0,) (CoH50) 77 211 cos 12
[ Mn(CsHL0,) 7 e 154 ... 100
[T¥n(C,H,0,) 7" ces 139 ... b
[ TMn(C5Hs0) 7" . 136 ... 3
/" ¥noH 7" o rZ 6
Z”MnCH3_7+ 20 ces 14
Mn® . 55 a.. 10
(b) m(Z* '
Fragment
obsegved céILulated ‘Process Lost
223,0 222 253 ——% 238 .. CHg
99.65 99.5 238 ~——> 154 .. C,H,0,
125,46 125 154 ——> 139 .. CH3
21-76 21'5 v 139 """""'é 55 e CrHO




149

/"HMn(CoHA0,) _ 7 /T pm(cl+ 102 7" ——> Mn', The meta-
stable vesks at m/Z 222, 99,5, 125 and at 21,5 strongly support
the fragmentation path. A relatively strong signal at m/Z 70
(14%) has been assigned to ["MnCH3u74'ion. This provides evi-
dence for easy methyl migration from carbon to manganese presu-
mably favoured by the formation of a new bond between the metal
atom aniCHB. Similar observation has been made very recently

8

by Chaudhuri and Ghosh” in the case of Fe(acac)z. The mass

spectrum suggests that the compound exists in its monomeric

form in the vapor state and resemble those recorded earllor9 10

It appears, from the results described in this Chapter,
that bis(acetylacetonato)mangenese(II) dihydrate, Mn(acac)22%§L
can be synthesised without making use of any buffer, or ammo-
nia., Its mass spectrum provides evidences for its existence as
a monowmer in the vapour state, and for rearrangement to Mn-CH

3

species,
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PART 1II

Studies Involving A New Chromium (VI) Reagent,
PYRIDINIUM FLUOROCHROMATE (VI),
Cs Hs NHCrO3 F (PFC)




CHAPTER 9

Oxidation of Organic Substrates Involving a New and Efficient

Oxidant, Pyridinium Fluorochromate(VI), C5H5NHCrOBF (PFC)*

Mechanisms of the oxidation reactions of chromium(VI),
particularly involving chromic acid, are in many cases rather
fairly well understood as a result of the pioneering work of
Westheimer and his coworkers1”2 and of some othex‘s?’AL It is
generally believed5 that the mode and nature, rate and type of
oxidation reactions vary in many cases with the nature of the
chromium(VI) species and the solvent used. Accordingly a number
of mewer chromium(VI) reagents were prepared, and the oxidations
involving them were studied, These include the oxidations

involving Cr03-395-dimethylpyrazol complexé chromiun(VI) oxide-
7 8,9

pyridine complex, Cr03~acetone complex; *- Cr03=dipyridine COmp=-
lex )01 0r05-2,2' ~dipyridyl complex|® pyridinium dichromate'®™ 19
11,20

and chromic anhydride-tertiary amine complex and may be some

* The work descrihed in this Chapter has been published:
Synthesis (Stuttgart), 588 (1982),



more, However, these reagents do not always prove to be very
satisfactory particularly when some specific oxidations like
oxidations oFf alcohols containing not only an acild-sensitive
group but also a double bond, oxidation of a thio ether group,

and oxidations of strained hydrocarbon rings etc. are desired.

Thus there is continued interest in the development of new
chromium(VI) reagents for the effective and selective oxidation
of organic substrates, in particular alcohols, under mild condiw
tions., Of the large number of "mild" oxidising agents available
many prove impractical when the reactions are performed on a
larger (mol) scale, In recent years, significant improvement
were achieved by the use of pyridinium chlorochromate(VI),
C5H5NH03:0301<PCC)?“24 Although PCC has been gaining importance,
it has dome inherent problems, e.g., PCC is quite acidic and
thus precludes its use in the cases of oxidations of acid
sensitive organic substrates. Some-times the use of PCC

requires buffering of the reaction media.

Recently we have synthesised a new chromium(VI) compound,

pyridinium fluorochromate(VI), NHCrOBF (PFC), with a view

to explore its synthetic utility. In this Chapter the results
of investigation of the synthetic potential of the new chromi-
un(VI) reagent, pyridinium fluorochromate(VI), C5H5NHCr05F, and

its advantages over similar oxidising agepts have been

reported,



EXPERIMENTAL

e

The chemicals used for the synthesis of pyridinium fluoro-

chronate(VI), NHCrO F (PFC), were all reagent grade praducts,

C
5 5
Infrared spectra were recorded on a Perkin-Elmer model 125

spectrophotometer,

Molar conductgnce measurement was made using a Philips

PR 9500 conductivity bridge.

pH measurements were made with a Systronic Digital

pH neter 335,

Preparation of Pyridinium Fluorgchromate(VI), 05H NECrO F
(PFC), Chromium(VI) oxide (CrOB; 15.0 g, 0.15 mol) is dlS—
solved in water (25 ml) in z polyethylene beaker and 40% hydro-
flouric acid (11.25 ml, 0,225 mol) is added with stirring at
room temperature, Jithin 5 min, a clear orange solution results,
To this solution, pyridine (12.3 ml, 0.15 mol) is added slowly
with stirring. The mixture is heated on a steam~-bath for ca
15 min, then cooled to room temperature, and allowed to stand
for 30-35 min, The bright orange, crystalline pyridinium
fluorochromate is isolated by filtration, pressed between the

folds of filter paper, and drieéd in vacuo for ca 1 h; Yield:

27.9 g (93.5 %); m.p. 106-108 °c.



Analyvsis

Found: €, 30.12; H, 3.,07; Cr, 26,17; F, 9.58; N, 6.96,
Calc, for C

N, 7.04%

5HgCrFNOg: C, 30.16; H, 3,04 Cr, 26.12; F, 9.5k

IR (KBr): 908 (D), 640 (), 340 (Iz), 952 (D

373 (;)5): 262 ( ;%) cm” )

3), 4)9

Molar conductance of 0.001 molar solution of pyridinium

fluorochromate(VI) in water: ‘[\M (25 °cy = 128 ohm™ ! cm2 mol"1.

The above procedure can be performed on a 200 g scale

without any difficulty,

Oxidation of Organic Substrates (Alcohols 1, Fused Ring
- Hydrocarbons 3%) with Pyridinium Fluorochromate (PFC): General

Procedure, The oxidation reaction is carried out in a dry

round-bottom flask fitted with a reflux condenser and an effi-
cient stirrer. To a vigorously stirred suspension of pyridi-
nium fluorochromate (generally 10 g) in dichloromethane (gene-
rally 18 ml), a solution of the substrate in a small amount of
dichloromethane is added all at once, maintaining the molar
ratio of substrate to oxidant at 1:1.25-1,5 in the case of
alcohols (1) and 1:2,5 in the case of polycyclic arenes (3)
(Table 1), The mixture is stirred for the time indicated in

the Table 1 (The progress of the reaction may be followed by
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T.L.C. on silica gel using benzene/ethylacetate (90/10) as the
eluent). The mixture is diluted with ether ['1/1 (vol/vol)~7
and filtered through a short column of silica gel to give a
clear solution. This solution is evaporated and the residual
product purified by distillatian, recrystallization, or column
chrouatography. The details of oxidations are set out in

Table 1.

The above procedure may be carried out on 1-100 g scales

without any problem.

Oxidation of l-Hydroxy-tricyclo/ 5.2.1.0 2,6 /deca~3,8-

diene (1£f); A Typical Procedure. In a 250 ml round-bottom
flask fitted with reflux condenser and stirrer was placed a
suspension of pyridinium fluorochromate (PFC) (16,15 g, 81.2

m mol) in dichloromethane (30 ml)., To this, a solution of
qahydroxyatricycloé—5.2.1.02’6_7ﬂdeca«3,8~dien625 (1£ ; 8.0 g,
54,05 m mol) in dichloromethane (40 ml) was added with vigo-
rous stirring which was continued for 90 min, The reaction
was monitored by T.L.C. on silica gel using benzene/ethyl ace-
tate (90/10) as the eluent, To the resultant mixture, dry
ether (100 ml) was added and the mixture was filtered through
a short silica gel column (7 cm x 2 cma). The contents of the
column were thoroughly washed with ether (3 x 40 ml) and fil-
tered, The combined filtrates were evaporated on a steam-bath

and the oily residue, which solidified on standing, was



recrystallised from pentane. Yield of the colourless crystalline
4~oxotricycloZ’5.2‘1.02’6_7~deca-3,8-diene (2f) was 7.3 g (92%);
m.p. 79-80 °¢  (1it.2® a.p. 80 °0).

RESULTS AND DISCUSSION

Pyridinium fluorochromate(VI), 05H5NHCrO F (PFC), is easily

3
prepared in 93-94% yield by the reaction among pyridine, aqueous
40% hydrofluoric acid, and chromium(VI) oxide in a molar ratio
of 1:1.5:1., It is believed that ° chromium(VI) oxide first
react with F~ ion, in the acidic medium, to form fluorochro-
mate(VI) ion, CrOBF', which is then precipitated by the counter
cation C5H5NH+ (pyH'), obtained by the addition of pyridine
(C5H5N) in the acidic medium. The orange crystalline, pyridi-
nium fluorochromate(VI), reagent can be stored in a sealed poly-
thene bag for long periods without decomposition. The stability
of the reagent can be ascertained by the determination of the
chromium(VI) content iodometrically. The molar conductance of
the compound in water was found to he 128 obm"1 cm2 mol'1 sugges-
ting an uni-uni valent electrolytic nature in accordance with

the formula shown, This result adduce further support to the

stability of the compound. The infrared spectrum of 05H5NHCTOEF



27,28

(PFC) is similar to that of potassium fluorochromate(VI); as

far as the bands owing to the CI‘OBF~ are councerned,

Pyridinium fluorochromate(VI) is soluble in water, dimethyl
formamide, and acetone; it is comparatively less soluble in
dichloromethane and only sparingly scluble in bengene, carbon

tetrachloride, chloroform, and hexane,

We have investigated the synthetic potential of pyridinium

fluorochromate(Vi), C NHCrOBF (PFC), and found that this

sts ,
reagent has certain advantages over similar oxidizing agents in
terms of amounts of the oxidant and solvent required, short reac-
tion times, and high yields of the products, Further, pyridi-
nium fluorochromate(VI) does not react with acetonitrile which
is a suitable medium for studying oxidation kinetics and mecha-
nism, It is notable that the acidity of pyridinium fluorochro-
mate(VI) (pH of a 0.01 molar solution: 2.45) is less pronounced

than that of pyridinium chlorochromate (pH of 0.01 molar solu-

tion: 1.75).

The new reagent pyridinium fluorochromate(VI),
C5H5NHCr03F (PFC), in dichloromethane oxidizes (Table 1) pri-
mary alcohols (1g-d) and secondary alcohols (1g) to the corres-
ponding aldehydes or ketones (2) in very high yields. The

reagent has also been successfully applied to the oxidation of

benzoin (1g) and a tricyclic allylic alcohnl (1£) to benzil(2g)
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and a tricyclic enone (2f), respectively.

H

+

2 = 2
R'\\\ E¥;DFCrO( )CH :
2 1{:::>C:==10

CH—0OH
e

R R
1 2

Pyridinium fluorochromate(VI) (PFC) in dichloromethane alsg
oxidizes anthracene (3z) and phenanthrene (3b) tc anthraquinone
(4a3) and phenanthrene-9,10-quinone (4b) in 68% and 52% yields,
respectively. To our knowledge, these yields are higher than
those obtained by other oxidising agents under mild conditions
and they may even be raised to 98% and 72% by using acetic acid,

instead of dichloromeﬁ?ane, as the reaction medium.

P +
FCrO }CH Cl or AcOH
= - U
: NN
0

2a La

0

The attempted analogous oxidation of naphthalene so far led

only to ..n25% of the oxidation product.

Thus, the results hitherto obtained with pyridinium fluoro-
chromate, C5H5NHCr03F(PFC), are very satisfactory and suggest
the new reagent as a valuable addition to the existing oxidi-

2ing agents
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CHAPTER 10

Kinctics and Mechanism of the Oxidation of Alcohols with

Pyridinium Fluorochromate(VI), CgHgNHCTOsF (PFC) *

Studics of various mechanistic aspects of chromium(VI)
oxidations have been always very rowarding3 A chromium(VI)
oxidant, being a multielectronic reagent, offers a number of
fascinating possibilities for reactions, Thus moast chromtum(VI)
oxidations of one-equivalcnt reductants proceed through
chromium(V) and chromium(IV), and rcduction of either
chromium(VI) or chromium(V) may bc rate-limiting. Cmsequent
upon this, two gcneral classes of kinetic pathways have becn
sug;sstcd?: (i) involving a sce¢ries of onu=-clectron changces,
and (1i) involving multi-elcctron processes, Since the reduc-
tion of chromium(VI) to chromium(III) can occur through diffe-

rent nochanisms, depending on the naturc of reducing agents and

* This work has been published:

Bult. Chem. Soc. Jpn., 0000, 57, 1984,
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the reaction coaditions, a considerable amcunt of work was
done on the studies of kinetic features of oxidation reactions

involving various chromium(VI) reagents?‘9

The development of pyridinium chlorochromate(VI),

C=HeNHCrO,CL (PCC) (Corey's reagent) as a very successful
~

> 3
reagent for various oxidations has generated much interest
and many papers have been published on the results of kinetic

and mechanistic studies involving pyridinium chlorochromate}o'1q

We have rccently developed a new chromium(VI) rea-gent15

pyridinium fluorochromate(VI), C5I5NHCrO F {PFC) and found

5
scveral advantages of our reagent over similar oxidizing
agents in respects of awounts of oxidant and solvent required,
considerably short reaction times, and high yields (vide

Chapter 9). The mechanisn of oxidations involving this

important reagent has now been studied.

The precsent Chaptcr, indced the last Chapter of the
thesis, describes the kinctics o>f oxidation of three typical
alcohols viz., benzyl alcohol, ethanol and cyclohexanol,
studicd in acdium acetonitrile-nitrobenzenc (1:1, v/v) cova-
Yuates the reaction constants and discussces the probable

mechani sti,
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EXPERIMERTAL

A1l chenicals used were reagent grade products.

Purification of Solvents and Subgtrstcs. The solvents

and the substratces were purificd and dricd vy the litcraturc

method536’17

(1) Acctonitrile, Acetonitrile was distilled threc

timcs over P205 in an all glass appratus containing a PZOS
packed guard tube., The distillate thus obtaincd was then
distilled over anhydrous K2003 to remove traces of P205’ and
finally distilled without any dr;ing agemnt. The fraction

boiling at 78~79.5 °C was collected. (UV:.A at 161 nm).

liaXx

(ii) Mitrobenzenc. The reagent grode nitrobenzenc was

dried by kccping over anhydrous calcium chloride for ¢a 24 h
in a well-stoppercd round bottom flask, The dricd solvent
was separatcd by deucantation and distilled, The fraction of
the liquid boiling at 207-209 °C was collccted, (VU: Amax

at 252 ni, 280 nn and 330 nn),

(iii) Ethvl Alecohol. Reagent grade cthanol and froeshly

burnt quicklime (uv~1 1it. cthanol: 250 g quickline) were ref-

luxed on a stcau~bath for ca 6 h, and ther allowed to stand



for 8-10 h, The cold and dry liquid was then filtcred through
a packed glass wool column, The filtrate was finally disti-
1led by heating over a steam-bath and teking utmost carc to
prcvent absorption of moisture. The first few ml of the
distillatc was rejectcd. The fraction boiling at 75 °C

was collected for further studies.

(iv) Benzyl Alcohol, An amount of 100 ml of benzyl
alcohol was mixed with an equal volume of ether in a 500 ml
separating funnel and shaken well twicc with 20 ml portions
of a saturated sodium bisulphite solution in order to remove
any benzaldchyde. The organic layer was washed with 20 nl of
a 10% sodium carbonate solution to ensure complecte removal of
the bisulphite. The organic layer was theon washed with 25 ml
of watcr., The washcd organie liquid was dried over enlydrous
magnesium sulphatc in a stoppercd crlenmeyer flask and  then
filtered. The filtrate was distilled at a lower tempcerature,
to first rcmove ether, and then at a higher temperature. The
fraction bwoiling at 203-204 ¢ was collected as the purc ben-

zyl alcohol,

(v) Cyelohexanol, Reagent grade cyclohexanol was

first trcated with anhydrous K and then allowed to scttlc.

203
The organic liguid was separated by decantation and refluxed
for 10-15 nin over dchydrated lime, It was then cooled and

filtered and finally distilled under vacuum., The fraction
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boiling ot 87-89 “q (18 um pressure) was collectod as the pure

cyclohixanol,

Priparation of the Oxidant Pyridinium Fluorochromate(VI)

3

C5H5NHCrO3F (PFC). The oxidising agent C5HRNHCr03F (PFC)

was preparcd by the method15 already described in Chapter Q.

Apparatus for Kinetic Measurcments

For kinctic measurcments standnrd (Corning Class A)
glass apparatus werc uscd, The oxidation recactions wcre
carricd out using an clectrically operatcd thermostatic watcr-
bath hoving all arrangement to maintain constant temperature
(£ 0.1 X). A sensitive and accuratc thermomcter having fincer

graduations was uscd for temperaturec mcasurcrcnts,

Monitoring of Kinctic Ruus. The progress of cach kinc-

tic run was monitorcd by dctcrmining thc amount of unrcactced
chroniwu(VI) at cneh interval of tiliic, This was accomplished
by quenching off the reaction, of an cxactly known amount of
the reaction - salution, . withdrawn from the main reaction
container at a definitce interval of time, and then estimating
the unrcacted chroaiun(VI) content by iqdomctry. The iodo-
metric titrations were¢ made under a COa—atmospherc. The
guenching off of the rcaction was donc By pouring the aliquot

to an ice-watcr mixture.



On sub-tretion of the amount of chromiun(VI) unreacted
from that originally taken g~ve the amount of chromium(VI)
used up in the oxidation at each intervel of time, “These

values vere made use of in the calculations of rate constants,

. e S ——rr

Kinetic Runs snd Rate Measurewents. Geanerasl Procedure.

For kinetic measurcments, the reactions were performed
under pseudo-first order canditions by maintaining a large
excess (x 5 or greater) of alcobhol over pyridinium fluoro-
chromate (VI) (P¥C)., The reactions were carried out at a
constant temperature (+ 0.1 K). The rnedium of reactions was
always 1:1 (v/v) acetonitrile;nitrobenzene unless otherwise
stated, Acetonitrile-nitrobenzene was chosen as the solvent
because it was observed15 (2lso Chapter 9) éhat acetonitrile

did not react with the oxidunt (PFC). The reaction mixtures

were horogeneous for the total period of kinetic investigation.

For cach kiunetic run, frcsh solutions of the oxidant, and
the substrate vere scparatcly preparced in a 25 ml scale, The
solutions werce heatcd in the thermostatic bath, maintained at
a particvlar tcmpcrature, for ca 30 min., An amount of 20 ml
of each of the two solutioms were mixed together for a parti-
cular run. The progress of the oxidation reaction was follo-
wed by withdrawing 5 ml portions of the rcaction solution at

an interval of 5 min,



Comoutations of the rate constants were nade from the
plot of Top/ oricant 7 against time (/ oxidant 7 = /—Xt ~
XGL7, ihere Xy T represcnts thoe amount of unreacted oxidant
at time t; aud X

represents the amount of vnreacted oxidant
after a lony time (24

h, teken to be an infinit: tiac). For
80:1¢ cascs, tne ruesults were checked by lecast-squarce calcula-
tions and found to he extremecly satisfactory. The values

reported arc the mean of at least duplicate runs are reprodu-

ciblc to within + L4%.

Dependence of reaction rotce an solvent composition werc
studicd with varying compositions of thc solvent media,
Dielectric constants for the varying proportions of aceto-
mtrilc-nitrobenzeone mixturcs werc cstimated from the diclec-
tric constants of the purc solvcnts18 and sr¢ sct out in

Tablc 3, A coastant ionic streongth coulc not bc maiantzincd

L

reaction mediua, It

(@]

owing to the nonsqueous noturc ol th
may, however, he mentioncd that the veriation in icnic
strength did not brinsg alout any cq_mub19 in the osidation of
venzyl alcohel by c'wrondlc(VI) oxide ian ~n ayucous acidic

moediwil.

The uncatalysed rcactions werce studied with varying
tomperatures of 303, 308, 313 and 310 K (crror limit + 0.1 K)
respectively for all the threc alcohols (Table 4). The fro-

quency factors werce dcetcrmined on the hasie of the resvlts
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obtained thereof., The activation paraneters were evaluated

by the standard procedure20 sithin allowable average arror

linit (at 303 X) (Table 5).

Calculationsao"za

N

(1) Rate Constants, The first order rate cmstants fo

reactions were found out by making use of the first-order
rate equation. For the sake of simplicity, the equation

relating dependent variakle x, and the decrease in concen-
tration of reactant in tine t has been used. Thus, for a

first-order reaction

~HEe s k(e - w"
or 1n a = kt
(a -x)
_ 1 ) a
or 1{ — _t lﬂ (a“ x) s 0 ¢ s e (1)

égwhere9 a represents initial concentration of oxidant, x

represents the amount of unreacted oxidant, and (a -~ x) repre-

sents the fzll in oxidant concentration in time t 7

In the logarithumic form the equation (1) becones,

k — -2.!.,5._@-.1 -
- t

log (aaw X) 2ee s (2)

If it is assumed that x represents the amount of un-

reacted oxidant after the infinite tiwme (24 h), and X and X
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represent those before starting and after an interval of tiimc

t resnectively, the equation (2) can then be transformed to

z bt d P b'd
. - “?-égia log (Ko ot Fx)
( X.t hie Xx )
sinec; a of X, - e and %X 06 X, = X,

Hence,

-— 2 30 BT a. 3 +r
t = -—djg-in log (AO - xﬁg - ~—~§Q§~ log (xt - ﬁg)

Thus, a plot of log (Xt - Xd:) versus t gives a straight
linc, the slope of which corresponds to 2.303/k. Acoordingly,
from the slope, the value of k (the rate constant) is found

out,

(ii) Thermodvynamic Activation Paramcters

(a) pctivation Encrgy (Ea)' Since a plot of log k
against 1/T was nearly linear with a negative slope, the

Arrhcnius equation was applied to the prosent cases., Thus,

kK = A, e~ La/RT (where A stands for
frecquency factor or Pro-
Exponential factor)
or Imk = 1n A - L_/RT
Cu
or lnk = HEB/RT + 1In A
: Ea 1
or log k = mee S X = 4+ 1n A

R x 2,%053



I1f log k is plotted against 103/T,thon,

S—‘Oh’\"‘ = o E'\ X 10—3 t- 1 ~‘)
- TR Y 3UI0E ~ ( a ncgative slopc
Thercfore,
- _ .slope _x 2,303 xR
e 10~
3 slope % 2.%03% %  8,.%5143 el e
= 5.001 J/mole
( . R = 8,3143 J/mole)
or,
E_ = slope x 2,303 x 8.3143 kJ/mole
(b) Frequency Factor (A). The frequency factor was

calculatcd by putting tihe valuc of activation  cnergy (E)
[&

in the following cquation :

logk = log Ao - "Ef%%?ﬁ?ﬁ”
or log A = (log k + Ea/Z.BOB T sc-,c""1
(c) Enthalpy of aActivation (z&H#). This was ohtaincd
from the thermoaynamic cquation;
A = B - RT
(d) Entropy of Activation (Z&S#). The entropy of acti-

vation wes obtainced by using the thormodyramic cquation for

transition state,
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L . KT -AE/RT AR
< = h C « O
# #
K7 An” AsT
1 i — I2] — P ——. e —
or log k = (log =T + R )

By putting thc values of k, K, T, h and [&H# in the ahove

7

cquation, the wvaluc of entropy of activation was -ealculatcd,

, ~ . . #
(¢) FrocEncrey oi Activation (ALY, Yo fre cnergy

of activation was calculatcd using the following simplc

thermodynzmic cquation:

Act = At - ot
Product Analvsis. The oxidation products benzaldehyde,

acctaldchyde and eyclohexanone werc charactcrized by spectral
analyses (IR and UV), and ostimatcd gquantitatively as thedir

2 L~adinitrophenylhydrazoncs,

The noltine points of 2, 4~dinitrophenylhydrazoene deri-
vatives of bernzaldehyde, acetaldehyde and cyclohexanons were
236 °C (1it.%2 237), 146 °C (1it.%2 1u4-146 °C) anc 160 °¢
(11t.22 160 °C) resnectively. |
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RESULTS AND DISCUSSION

The oxidation of benzyl alcokol, cthanol and cyclohcxanol
by DWC din 1:1 (v/v) aecctonitrilc-nitrobenzenc lcads to the
formation of bunz-ldihyde, ncetaldehyde and cyclohgXanou? res—
pectively in very high yields ( >90%), showing no indication
of furthcr oxidation of the¢ carbonyls conforming to the ear-
licr synthetic studics involving pyridinium fluorochromate(VI),

3F, (PT'C) (Chapter 9).

The stoichiomctry of various oxidations studicd herein

TN
C5h5bHCrO

were estimated by the rcaction of the respective alcohol with
an exccss of oxidant (PFC) followed by cstimoting the unreacted
chronmium(VI). In somc runs, however, an cxccss of alcoliols
werc uscd followed by the estimation of the carbonyl product,
The stoichiomotry of the reactions can be represcnted as

follows:

6+

3 RCH,0E + 2 Cr°" ——s 3 RCHO + 6 H' + 2 CroF

The stoichiometry of the reactions with cyclohexanol was

deternined in an wannlozous manncr,

G+

5 C6H11OH + 2 Cr —— 5 C5H1OCO -+ 6 B 42 Cr3+

Like the anclogous pyridiniua chlorochromatce(VI),

10~-12

C5H5NHCrO CI. (PCC) reactions, all the¢ threc alcohols

3
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studied in the present case were found to be first order
with resnect to time, bhecause the first order rates were con-

KN '

stant at

3

different tines, The reactions were also observed
to be clearly first order with respect to the oxidant (PFC),
as the rate constants were found to ve practically unaltered
for nost of the reaction times (Table 1) with varying concen-
tration of oxidant, The most prominent difference in the
oxidations involving PCC’O"12 and those involving PFC (present
studies) is thet tlie order of the reactions of the three
alcohols with respect to the substrate concentrations was
found to be practically constant enabling us to infer that
the rates are aluwost independent of substrate concentrations.
However, a smzll but steady increasc in the rate constant
vValues for all the three alcohols with increasing concen-
trations of the substrate has heen observed (Table 2) and a
plot of log k . against log /“substrate 7 shouws that the
rates increasc in very small fractions with the scquential
incrcase in substratce concentration. This most probably
implies that couplox formestion between the substrate and oxi-~

dant is taking placc in present cases.

Our attempts to study the . acid-catalyzed oxidations of
the threc alcohols werc unsuccessful, Attempted acid-catalysed
reactlions involving p-Toluenesulfonic acid or benzoic acid,
and varying proportions of solvent compositions were observed

to te tooe fast to wmessurc the ratc,



Table 1.
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Oxidant Dependence of the Reaction Rate

["Oxidant_7

—

10"3 mol dr.f'3

-l -1
kl/m
/" Ethanol 7 /T EBenzyl / Cyclo-
Alcoho 1_7 Hexanol /7
6e 765 s B8.413 cee 9.233
(6,075 10
6,77 - 7.95 ces 9.5
(0.10) 17 (0.075)10 ..
6o62 L 8.41 sve 9031-}-
(0.072) 1©
6‘56 e o w 8.27 L AR 4 9'59
(0.973) ' (0.077) 10
6.6[{- . ™ 8021 e e 9.60
(0,076 10

PCC Oxidation data are in parentheses.

T = %03 K

/” Tenzyl alcohol 7/ =

/ Cyclohexanol 7

9

/ Ethanol 7/

0.01

4
0.01 mol dun~~

mol dm_3

= 0.1 mol <:1m_3
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Table 2. Substrate Dependence of the Reaction Rate
Ethanol Benzyl Alcohol Cyclohexanol
) \
Conei,  k,/107MgT 1§ Conen, k. /107%™ % conen, ks, /1075
moldn™ 1moldin™ moldn™ 2
ki J -
(0.10) 13 (0,075 10
Qe 7.87 0.02 9.66 0,02 13.89
(0.207) 12 (0.152%) 10
O.B 8'55 0.0B 10.1 OGOB 15079
O 9.16 0.04 10.52 0.04 17.78
(0.41)173 (0. 3062)°
0.2 10.6 0.05 11.54

PCC Cxidation data are in parentheses;
a, vVvalues at 298 ¥

/TPFC_7 = 0,001 mol am™2; T = 303 K
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The rosults of uncatalyzed reactions with varying coupo-
sition 07 the solvent componcnts (Table 2) shows that the
t¢ decrcases with incrcasc in diclectric constant
(though suall) oi the nodiun sugzestinge thst the more polar
solveats "y reculre larsor reaction timces for the oxidation
rcactions. A plot of log I, against the inverse of dielcciric
constants of the media is a straight line wth positive slops
and implies the occurrence of an interaction between a dipole
ancd s positive ion?q and also indicatus the probable involve-

&+

ment of a protonatcd Cr speeies, in the prescnce of an acidq,
in the rate deterwining step. Fowever, since the range of
diclcetric conmstants varics betwoon 35,6 and 36,7 showing a
largc incrcase in thoe rate, the obscrved change could as well

be solvent specific rather than ouing to the offcet of change

in diclecciric constant,

i

The froe cncergics Lof activacion of the threce reactions
vere found to lic betwreen 91,82 and 92,65 kd/mole (Table 5).
The near constancy of the valuces of freo cnergics of activation
thugs suggost thal o sindlar mechanism is opcerative in cach of
the threc oxidations. Frec cnergics of the acidecatalyscd
rcactions appear to be laower, as there has heen a pronounced
increasce in the ratc of catalyzed rcactions. This, thercfore,

6+

sugicsts that a protonated Cr specicvs may be involved in the

ratec dotermining step in the prescnce of an acid, This is in
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Taule 3. Dencndence 0f Reaction Rate on

Solvent Couposition

T DT - T T X amn

X )

Nitro- sceto- § Dielectric § /Ethanol 7 § /Penzyl § / Cyclo-
bengone nitrilé Constant lcohol 7 § Hexanol 7
d - -

— L
/

0,2 noldir” £.02mo10im O.OZmoldr'ﬁ3

RHAIEDE:

(%) (%)
. ?1/10”55“1 x1/1o‘4s“ k1/1o‘4s"
'l

%0 70 36,7 1,01 1.05 3,08

LO 60 36, 4 1997 1.77 5. 31

50 50 36,16 4,05 3,15 7.2

60 40 35.9 7.97 L3 10,27

70 30 35,6 15.82 5.51 12,95

/"Oxidsnt 7 = 0,002 ol du™2; T = 303K
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Table 4, Rate Constants for the Uncatalysed
Oxidation of Alcohols by
Pyridinium Fluorochromate(VI)
Concentration k710741 mo1=ts™]
. of ) X
substrate § g pstrate/ 303 K 308 K 313K | 318K
(mol dm™2)
Ethanol 0.1 6. 765 7.112 Tol?  7.798
(.o (™ (enaen !
Benzyl 0.01 8.413 8.593 8.811 9,057
Alcohol (7.571° (11.2)19 (15.5)1%21.6) M
Cyclo- 0.01 2,233 2.619 10.0 10. 447
hexanol - (88.3)12 (133.3)1%208.3)12

PCC Oxidation data are in parentheses.

[TPFC_ 7

0,001 mol dm-3
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Tabie 5, Activation Parameters for the Oxidation

of Alecohols by Pyridiniuwm Fluorochromate(VI)

3

Substrate AH#/KJ nol™ ! -~,(3‘57;"‘/(]13101"1K"1 I.\F;i’f/]&Jmo1"1

e

Ethanol 7,657 280,51 92,65
(51.8) 11 (15311 (98.2) 1"
Benzyl 3,89 291,33 92.06
Alcohol (54,7) 19 (125) 1° (92,0 10
Cyclo- 6.127 282,98 91.82
hexanol (95.0)12 (- 18)12 (87.1) 12

PCC Oxidation data in parentheses,



accocrd 1vith the invelvement o7 such spccies well established

. . . . . 25
in chromiun(Vl) oxice oxidationss”

The entrony values obtained in the present studies were
found to occur ketwsen - 280,51 and - 291,33 J mol"1 K"1.
The large negative entropy values obtained for the present
systens, suggest that the solvent molecules are stronply
oriented or 'frozen' around the ions thereby resulting in the
loss of entropy?6 the effect being larger in the non-polar
solvents, This conforms to the contcntion that tihe decreasé
of polarity oi thoe wmedium results in increase of the entropy
valuc and the nuniber of unbound moleculces in the solution

27

increases, This also accounts for the lowering of rate
coecfficient valucs with increasing polarity of the nedium,
Comparatively greater reactivity of pyridinium fluorochromate,
05H5NHCr03F (FFC) over thal of the corrcesponding chloro-

chromatce(VI), C-HSNHCrO Cl (PCC), as shown15 in the previous

o 3
Chanter, cen now be undcrstood from the relatively higher nega-~
tive cntrony values of the rcactions, It is belicvcd that the
bonding of © yith ckhromiuwm in PPC facilitatces largoer chargce

distributicn in the transition statc in the cascs of PFC oxi-

dation and corrclates wecll with the observed entropy values.
In vicw of tuc above results it apncars that a hydride

transfcr mechanisw is inveolved in tho rate determining step of

the pyridiniuwa fluorocnromate(VI), C5H5NHCr03F (PFC) oxidations.
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.

Ry CLOLC-OPyH SO 5 RR C=0 + HOCHFG PyH
2 I~ N\ 2
HASG

|
SCHEME 1
|
|

N
| . . -
Ry (<H + OC-OPyH SIOW,, g R,COH + (HO),CrFOPyH

OH F OH |

: fast N

SCHEME 2

Ry=H & Ro= CHyR®CgHg for ethanol & benzyl alcohol respectively
&

RyRy= —(CH))z= for cyclohexanol.
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It is oossible that the hydride transier may take nlace eithcer
through tie prior formation of chromate (Scuene 1), or directly

(Scheae 2), The present data also suggest, like tne sinilar
J 2

. . . . . . 425 .
oxidatisns invelving chromic acid ), a chromate ester forma-

tion in the rate-~determining step (Scheme 1) although the

chances or Scheme 2 can not be totally ruled out, It is also
expected that the cliromate intermediate will be better stabi-
lised in the less polar mecium and will enhance the oxidation

rate, thus conforming to the observations made Ly us,
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ABSTRACT

Reaction of MnO(OH) and a concentrated solution of
AHF, (4 = NE4+, Na+, k* or cs*) in 40% hydrofluoric acid
gives instantaneously rose-pink coloured alkali metal
pentafluoromanganate(III), AZMnF5 (A = NH4+ or Na+). and
alkali metal pentafluoromanganate(III) monohydrate,
AaMnF5.HZO (A = k* or cs¥). LiZMnF5 has been synthesised
by reacting lithium carbonate with a solution of MnO(OH)
in 40% hydrofluoric acid followed by addition of a small
amount of alecohol., Characterisation of the compounds
and assignment of molecular structure were made from the
elemental analyses, chemical determination of oxidation
state of manganese in the compounds, magnetic suscepti-
bility measurements and infra red spectral studies.
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INTRODUCTION

Alkali pentafluoromanganates(III), a class of
structurally important"“ compounds of Mn(III), have
been kmown for some time, Although no simple and general
method for their synthesis has been reported to date, the
one5 involving the reaction befween a solutiom of MnF3 in
hydrofluoric acid and AF (A = alkali metal) appears to
have been used in more than one instances’ « This method
uses MnFS as one of the starting materials which is diffi-
cult to synthesise7'10 and is unstable under ordinary
conditions, In view of this and the current interest in
the syntheses and structural studies of fluoromanganates
(1I1) =13 we felt it worthwhile to develope an easy
general method for the symthesis of the title compounds,
to study their composition and to examine their molecular
structures by chemical analysis, determination of oxi-~
dation state of manganese, magnetic and infrared spectral
studies.

In our previous reports”“15 we have emphasised the
importance of alkali metal bifluorides as potential
fluorinating agents., We have now extended such studies
to the synthesis of the title compounds,

RESULTS AND DISCUSSION

Genergl synthesig —— The method (vide Experi-
mental section) involving the reaction among MnO(OH),
HF and AHF, 1is a general one and can be applled to the
synthesis of all but L12MnF5 for which a sl;ght modi-
fication is necessary owing to the extremely low solu-
bility of 1iF. The yields of alkali metal pentafluoro=
manganates(III), obtained by this method, are very high
and the process can be scaled up, The overall reaction
leading to the synthesis can be expressed as follows:

MnO(OH) + HF + 2AHF2 — AZMDF5 + ZHZO
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Since an acidic solution prevents pentafluoromanga-
nates(III) from being bydrolysed, the medium was main~
tained acidic by using a little excess hydrofluoric-acid
and AHF,, Freshly prepared MnO(OH) instantaneously
reacts with hydrofluoric acid forming MnF3 which then
reacts with alkali metal bifluorides to produce AZMnF5.

Characterisation and structural evaluation — All

the compounds are rose-pink in colour and are obtained

in microecrystalline form. They are insoluble in common
organic solvents and decompose in water giving hydrated
manganese oxide., However, they can be stored in sealed
polythene bags.

The elemental analyses (Table I) suggest the ratio
of A:Mn:F ipn each of the compounds is 2:1:5 with NE +,

TABLE I

Analytical Data, Magnetic Moments and Estimated
Oxidation States
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/zeff at Estimated Found %
Compounds oxidation (Cale. %)
302% (BM) | state of :
} manganese Aor XN Mn 5
(Nah)znnF5 3,19 2,9 15,18  29.68 51.32
(15,06) (29.53) (51.06)
Li MoFg 3.27 3.1 8.82 33,77  58.13
(8.47) (33.54) (57.99)
NaZMnF5 3,22 2.0 23,67 28.24 48,61
(23,48) (28.04) (48.48)
KZMnF5.H20 3.32 3,0 31.98 22.49 38.75
(31.77) (22.32) (38.59)
CsaMnFs.HZO 2.29 3.1 61.31 12,70 21,72

(61,28) (12.67) (21.,90)
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1i* and Na* salts of the type AZMnF5 whilst the K¥ and
cs® salts are monohydrates of the type AZMnFS.HéO.
Estimation of oxidation states of manganese im all these
compounds by chemical methods suggests a +3 oxidation
state of the metal, supporting the above formulations.
This was of particular importance as the fluoromanga~
nates(III), even at room temperature, might exhibit anti-
ferromagnetic behaviour2’16’17 leading to confusion with

regard to the actual oxidation state of the metal.

The structure and composition of the ammonium salt
has been the subject of some debate”vs, although the
species consisting of chains of tetragonally elongated
octahedra linked through bridging fluoride ions is gene-
rally favoured. Based on the results of replicate
chemical analyses and infra red spectral studies, the
present work also tonfirms that the ammonium salt is
(NHQ)ZMnF5 and not (NHQ)ZMth(OH). Repeated chemical
analyses always tonform to the Man:F ratio as 1:5 and the
infra red spectrum of the compound neither showed any
absorption in the ‘SM o-g Teslon (1200-900 cm 1) nor
absorbed at v 3600 cm ' which is typical for 5
The absorptions at 3040(s), 3157(m) and lhoo(s) '
have been asszgned as D,, 93 and QL modes, respec~
tively, of Nhh and correlgte very well with those of
the analogous ammonium pentachloromanganate(III)ZO. The
bands at 614(m) and 563(s) cn~! have been asslgned to

53 and 34 vibrational modes®! of Mn~F.

The infra red spectra of the whole series of
compounds show that they are all idemtiecal structurally
and stolchiometrically., The only difference lies in
NH“", Ii* and Na* salts being anhydrous while the XK'
and Cs' salts are monohydrates., Typical of all spectra
are the two absorptions at v» 615 and at v 565 ew™! which
imply the presence of octahedral or distorted octahedral21
Man' and have been assigned as 93 and 2, modes of
Mn-F vibrations, Thus, it is evident that Mn3* in MnFsa'

displays the Jahn-Teller effect, assumes a distorted

1
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octahedral structure with each octahedraon being linked
to its nearest neighbour through a bridging fluoride ion,
and conforms to the crystal structure of KZMBFS'Hao
reported by Edwards“. The K* and Cs* salts show two
extra bands at v 1640 and at v 3460 cn™! which have been
assigned to the S, o , and ,_y vibrational modes of
uncoordinated water, are in accord with the earlier
observationsls’21 and also agree with the crystal struc-

4
ture’ of sznFE'HZO'

The effective magnetic moments of the compounds at
302%K 1ie between 3.19 and 3.32 BM, This observation
can be very well correlated with the proposed structure
mentioned above. The lowering of magnetic moment is not
to be attributed to spin-pairing but teo super exchange
interaction between the contigucus Mn3+ ions through
~MneF-Mn- chains. The agreement in the walues of the
magnetic moments of the NH +, Li+, Na+, K* salts and
the value of the hitherto unreported moment of
CSZMnF ’HZO lend credence to the contention that the
compounds are isostructural.

E IMENT,

The chemicals used were all reagent grade, MnO(OQH)
was prepared by the literature method?z. Alkali metal
bifluorides have been synthesised by the method developed
in this lahoratoryia. Infra red spectral measurements
were made on a Perkir-Elmer model 125 spectrophotometer,
Magnetic susceptibility measurements were made by the
Gouy method using H&[’Co(NGS)h_7 as the calibrant.

The oxidation state of manganese in each of the
compounds was determined chemically by the reduction of
a known amount of the compound with aqueous acidic Fe(II)
solution followed by estimation of the excess of unoxi-
dised Fe(II) in the solutiom.

Synthesig -- Since the methods of synthesis of

A MOFs (A = NHh+ or Na') amd AMOFg. H,0 (A = K* or csh)
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are very similar, only a representative method is given,
A slightly different method had to be adopted for the
synthesis of LizMnFB, for whieh a separate method is
described.

Alkali metal pentafluoromanganates(III), AzMnF5
(o= Ng, " or Na+), and alkali metal pentafluoromanga-
nates(III) momohydrate, A MnFs.H,0 (A = K* or Cs¥) —
To a suspension of 1.0g (V1.4 m mol) MnO(OH) in a
minimum volume of water, 0.5ml of 40% hydrofluoric acid
is added dropwise with constant stirring whereupon the
MnO(OH) completely dissolves giving a dark brown solu-
tion (A). A concenbrated solution of the respective
bifluoride AHF, (A = NH4+, Na+, K* or Cs*) in a small
amount of 4O¥ hydrofluoric acid is added directly to the
solution(A) with stirring whereby a rose~pink coloured,
microcrystalline product appears immediately. The
product, AaMnF5 or AZMnF5.H20, is separated by centri-
fugation, washed with heptane until it is free from acid,
and finally dried in vacugq.

The details of amounts of reagents used and yields
of various alkali pentafluoromanganates(III) are given
in Table II,

IABLE

Amounts of the Reagents Used and Yields of
Alkali Metal Pentafluoromanganates(III)

Amount of Amount of hmount of
MnO(OH) in 4O% hydro~ IAHF (A=NH4
fluoric acid WNa, or

g
in ml €s) in g

Compound Yield in g

| N

(NHL*)ZMnF5 1.9(89.2%) 1.0(11.4mmol) 2.0(40mmol) 1.5(26.3mmol)
Na,MnFg 1,8(80.0%) 1,0(11.4mmol) 2,5(50mmol) 1.6(25.8mmol)
KZMnFs.HZO 2.5(88.7%) 1.0(11,.4mmol) 2.2(44mmol) 2.1(26.9mmol)

CBZMnF5.H20 2.2(88.4%) 0,5(5,7mmol) 1.2(24mmol) 2.3(13.4mmol)
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Lithium pentafluoromanganate(III), LiZMnF5 — To
a suspension of 1.0g (11.4 m mol) of MnO(OH) in a mini-
mum volume of water, 6.0ml (120 m mol) of 40% hydrofluo-
ri¢ acid is added with constant stirring and a dark
brown solution is obtained., To this solutiom 1.7g (23 m
mol) of lithium carbonate is added in several portions
with constant stirring. An amount of 2-2.5ml ethanol is
added to the solution, all at a time with vigorous
stirring, and a rose-pink c¢oloured product is obtained.
The product, LiZMnF5, is immediately separated by centri-
fugation, washed several times with heptane to make it
free from acid, and finally dried in vacuo. The yield
of LiZMnF5 is 1.2g (63.8%).
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The Direct Synthesis of Alkali-metal Pentafluoromanganates(i)

By Manabendra N. Bhattacharjee, Mihir K. Chaudhuri,” and Himadri S. Dasgupta, Department of
Chemistry, North-Eastern Hill University, Shillong-793003, India
Darlando T. Khathing, Department of Physics, North-Eastern Hill University, Shillong—793003, India

The reduction of potassium permanganate with acetylacetone in the presence of an excess of alkali-metal difluoride
AHF, (A = NH,, Na, K or Cs) readily gives pentafluoromanganates(}ll), A,[MnFs;] (A = NH, or Na) or A,-
[MnF;]°'H,0 (A = K or Cs) in almost quantitative yield. Characterisation of the compounds was made from the
results of i.r. spectral studies, chemical analyses, magnetic susceptibility measurements, and chemical determination
of oxidation states of manganese in the various compounds.

ALTHOUGH alkali-metal pentafluoromanganates(r1j have
been known for some time, there has been no easy and
simple synthetic method available to date. The re-
action between MnF, in hydrofluoric acid and alkali-
metal fluoride AF! has been generally used for the
synthesis of alkali-metal pentafluoromanganates(t).
The present paper reports a general synthesis of the title
compounds that does not require MnF,.

EXPERIMENTAL

Potassium permanganate and acetylacetone were reagent-
grade products. The difluorides AHF, were synthesised
by the method developed in this laboratory.? Infrared
spectra were recorded on a Perkin-Elmer model 125 spectro-
photometer. Magnetic susceptibility measurements were
made by the Gouy method using Hg[Co(CNS),] as calibrant.
The oxidation state of manganese in each of the penta-
fluoromanganates(irr) was determined chemically by the
reduction of a known amount of the compounds with
aqueous acidic iron(n) solution followed by estimation of
the excess of unoxidised Fell in the solution.

Synthesis  of Alkali-metal Pentafluoromanganates(irx)
A,[MnF;] (A = NH, or Na) and Pentafluoromanganate(111)
Monohydrates A,fMnF;]'H,0 (A = K or Cs).—Since the
methods of syntheses of the pentafluoromanganates(ti)
are similar, only a representative method is given.

An excess of difluoride AHF, was intimately mixed
with solid K[MnO,] by powdering together in an agate
mortar. The finely mixed powder was dissolved in a mini-
mum volume of water and filtered. The filtrate was col-
lected in a Polythene beaker and an excess of acetylacetone
was added with constant stirring. An exothermic reaction
set in and readily gave a rose-pink coloured microcrystalline
product in almost quantitative yield with the mother-
liquor becoming colourless. The compound was separated
by centrifugation and purified by washing with heptane and
finally dried in vasuo. In the case of the sodium salt, the
powdered mixture K[MnO,]-NaHF, was dissolved in water
by slightly warming over a boiling water bath in order to
avoid using a large volume of water, otherwise necessary,
owing to the lower solubility of NaHF,. If properly
planned, the whole process takes no more than 30—40 min.
The specific amounts (g) of the reagents used and the yields
of the compounds are given in the Table 1; however, the
method can be scaled up to higher quantities as well.

Analytical data, room-temperature magnetic-moment
values, structurally important i.r. bands, and chemically

TaBLE 1

Amounts of reagents used and yields of alkali-metal
pentafluoromanganates(1r)

Amount
Amount Amount of

of of acetyl-
Yield/[g KMnO,/g AHF,/g acetonefg

Compound (%) (mmol) (mmol) (mmol)
[NH,.[MnF;] 0.34 (97.1) 0.3 (1.9) 1.0(17.5) 3.0 (30)
Na,[MnF,] 0.32 (86.5) 0.3(1.9) 11(17.7) 4.0 (40)
K, MnF,]*H,O 0.44 (93.6) 0.3 (1.9) 1.0(12.8) 3.0 (30)
Cso{MnF,]-H,O0 0.78 (85.1) 0.3 (1.9) 2.3 (13.4) 3.0 (30)

estimated oxidation states of manganese are given in
Table 2.

RESULTS AND DISCUSSION

Direct Synthesis.—The methods described lead to the
synthesis of pentafluoromanganates(111) of alkali metals,
sufficient in number to leave little doubt that reductions
with acetylacetone could be developed for the synthesis
of compounds of other transition metals. The yields
are almost quantitative and gram quantities of penta-
fluoromanganates(rir) can be synthesised directly from
K[MnQ,] in about 30—40 min with very simple ap-
paratus and without the use of hydrogen fluoride or even
hydrofluoricacid. The difluorides AHF, here act as fluo-
rinating agents. In previous papers 3 we have emphasis-
ed the potential of alkali-metal difluorides as fluorinating
agents. The strategy for the present synthesis was that
the reduction of MnVi by a relatively mild reducing
agent like acetylacetone in the presence of F~ (stabilising
species for Mn®*) should enable the synthesis of penta-
fluoromanganates(1i1). In fact it appears that the suc-
cess of the method largely depends on the presence of
both H* and stabilising F~ ligands in the solution phase
arising from AHF,.

Characterisation.—The pentafluoromanganates(1i1) are
all rose-pink coloured crystalline products, unstable in
water, and they attack glass in the presence of moist air.

The chemically estimated oxidation states of mangan-
ese lie between 2.9 and 3.1 (Table 2), lending strong
credence to the contention that manganese in each of
these compounds has an oxidation number of +3. Itis
interesting to note that the NH,* and Na* salts are
anhydrous, of the type A,[MnF;), whilst the K* and
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TABLE 2

Analytical data, magnetic moments, estimated oxidation states, and structurally significant i.r. bands of A,[MnF,]
(A = NH, or Na) and A,[MnF;]-H,0 (A = K or Cs)

Estimated ox.

Analyfis LA

~

Compound pea?/B.M. state of Mn A Mn F Lr.(cm™) Assignments
[NH,],{MnF;] 3.19 3.0 15.15 ¢ 29.65 51.1 614m »(Mn—F) vy
(15.05) ¢ (29.55) (51.05) 564s v(Mn—F) va
3 040s »(N—H) v
3157m v(N—H) v
1 400s »(N—H) Vg
Na,[MnF,)] 3.21 2.9 23.5 28.25 48.45 815m »(Mn—F) vy
(23.5) (28.05) (48.5) 565s v(Mn~F) Vs
K,[MnF;)-H,0 3.30 3.0 31.8 22.4 38.7 616m v(Mn—F) Vs
(31.75) (22.3) (38.6) 5655 »(Mn—F) Ve
3 460s v(O—H)
1635m 3(H—-O—H)
Cs,[MnF]-H,0 3.20 3.1 61.3 12.7 21.85 614m »(Mn—F) Vs
(61.3) (12.65) (21.9) 564s »(Mn—F) vy
3 458s v(O—H)
1 640m 3(H-O-H)

9 Measured at 302 K.

Cs* salts are monohydrates, A,(MnF;]*H,O, even
though their methods of synthesis are the same. Thei.r.
spectra of the series of four salts, now obtained through a
unique method, resemble each other very closely. The
occurrence of two vibrations at relatively low wave-
number in the i.r. spectra implies the presence of octa-
hedral or distorted octahedral MFg*~, and in keeping
with this there are two readily identifiable v(Mn—F) bands
at ca. 615 and ca. 565 cm™ [¢f. the analysis of v(M-F) in
MFg»~ complexes].#% This is in conformity with the
crystal structure of K [MnF;]-H,O as reported by
Edwards.® The K* and Cs™ salts show two extra
vibrational bands at ca. 1 640 and 3 460 cm™?, typical for
5(H-O-H) and v(O-H) owing to the presence of one
molecule of unco-ordinated water in each compound.
The absorptions at 3 157m, 3 040s, and 1 400s cm™ in the
spectrum of [NH,],[MnF;] correlate very well with those
observed recently for [NH,),[MnCl;]? and have been
assigned as v,, v;, and v, of NH,*. The room-tempera-
ture magnetic moments of the NH,*, Na*, and K* salts
and the hitherto unreported magnetic moment of the
Cs* salt have been found to occur between 3.19 and 3.30
* Throughout this paper: 1 B.M. & 0.927 X 103 A m?2,

® Calculated values in parentheses.

¢ Analysis for N.

B.M.* and agree very well with those reported previ-
ously.#1 Considerably lower moments presumably
owe their origin to antiferromagnetic exchange inter-
action between contiguous manganese(u) ions through
a —Mn-F-Mn- chain in keeping with the reported
structure of K,/MnF,]-H,0.¢

[1/231 Recetved, 12th February, 1981}
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Although the tripositive oxidation state is quite
common for many first-row transition metals,
manganese presents a ditferent story probably be-
cause of its strong oxidising power and photolytic
mstabiity.! tHowever, the known compounds of
manganese(l1I) have received widespread attention
primanly because of their interesting structural, 2
photochemical! and magnetic properties.'™! Qur
futerest in this area mvolves synthesis, character-
ization and structursl assessment of compounds of
mavganese(JI1). In two previous reports'>? we
presented the direct synthesis and structural assess-
ment of alkali-metal pentafiuoromanganates(I11),
Their limitation is that all Mn-ligand interactions
arc only between Mn and F. This paper reports the
synthesis, characterization and structural assess-
ment of the mixed fluorosulphato compounds of
manganesc(I1l) and presents a set of internally
consisient data concerning the effect of sulphate
hgand on the magnetic properties of fluoro-
S mangandates(I 1),

EXPERIMENTAL

Reageat grade chemicals were used. MnO(OH)
was prepared by the literature method." IR spectra
were recorded on a Perkin~Elmer model 125 spec-
trophotormcter. Retlectance spectra were recorded
against MgQ using a Carl Zeiss Jena VSU 2-P
instrument. Magnettc susceplibility measurements
were made by the Gouy mcthod. Hg[Co(NCS),)
was the calibrant.

*Author to whom correspondence should be ad-
dressed h

Synthesis of alkali-metal trifluoromonosulphato-
manganates(IIl), A,JMnF,(SO)(A = NH,, Li, Na
or K)o

Method I. Reaction of KMnO, with A,SO,
(A=NH,, Li, Na or K), 40% HF and
formaldehyde—an intimately mixed powder of
KMnO, and A,SO, (mole ratio 1:1) was dissolved
in 2 minimum amount of water by gentle warming,
followed by the addition of 40%; hydrofluoric acid
maintaining the molar ratio between KMnQO, and
HF at 1:4. The resultant solution was then cooled
to room temperature and 38%; formaldehyde solu-
tion was added dropwise with stirring until a
decp-brown solution (A) was obtained. The solu-
tion (A) was concentrated, over a steam-bath, to
nearly one-third of its original volume, and then
allowed to cool in a freezer for 2-3 hr to obtain
crystallised pink-brown A,[MnF,(SO,)]. The com-
pound was separated by filtration, washed with
heptane and finally dried in vacuo. While in the
case of the sodium salt the solution (A) was
concentrated by about 509, in the case of the
lithium salt it was not concentrated at all, instead
a small amount of alcohol was added to initiate
precipitation,

Method II. Reaction of MnO(OH) with A,S0,
(A =NH,, Li, Na or K) and 40% HF—freshly
prepared MnO(OH) was dissolved in 40% HF and
a concentrated solution of A,SO, was added to it
(mole ratio of MnO(OH):HF:A,SO, at 1:4:1)
under stirring. The mixture was heated over a
steam-bath for ca 25 min. The dark brown solution
thus obtained was worked up in a manner anal-
ogous to that described under Method I to obtain
pink-brown A, [MnF(SO,)] (A = NH,, Li, Na or
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Method 111. Reaction of MaO(OH) with A,S,0; .-
(A = NH, or K) and 407, HF—This reaction was !
done in a similar manner as described under

Mecthod Il maintaining the molar ratio- of
MnO(OH):HF:A,S,04 as 1:4:1.
The yields of NH,*, Li* and K* salts of lnﬂu-

oromonosulphatomanganate(111), [MnF;(SO)P-,"

lic between 80 and 909, while that of Na+ salt IS
around 60%,.

Flemental analysis and chemical dctermmatxon 5:

of oxidation state of manganase—Manganese was
determined by complexometric titration with -
EDTA using Erio T as the indicator,® fluoride

was estimated volumetrically,”® and sulphate‘

gravimetrically as barium sulphate.'™®

The oxidation state of manganese was deter-
mined chemically by the reduction of a known
amount of the compound with aqueous acidic
iron(1I) solution followed by the estimation of.
unoxidized Fe?* in the solution.

Analytical data, estimated oxidation states of
manganese, magnetic moment values and ir bands™

are summarized in Table 1, while refiectance spec-

tral band positions and their assxgnments are set
out in Table 2,

. Table I. Analytical data, magnetic moments, esuma!cd oxld'mon states, and strucmmlly °:gmhu.mt .
IR bands of Az{MnFJ(SO,,)} (A NH;, Li, Na or K) e ; ‘

Note

' Pyrolysis of (Nﬁ;)2[MnF3(SO;)-]——"A~h- dmount of, "

: 0.5g of (NH,),[MnFy(SO,)] was héated -

at ;
’340+ 5°C until a constant ‘weight was reached, "'

" The white pyrolysis product was..found to be - k

| MnSO,.  Yield 031g (weight- '10% 37 AN
(Found:Mn, 36.4; SO,, 63.7. Calc. lor wInSO,[Mn,

© 36.38; S0,, 63.627. Esumatcd oxldauon stme of‘ :

Mn,.21) [ 4 a,-,» 5:, .‘! ;‘

m:sur:rs AND mscusgwm R
SR was reported recently that fﬂkah»meu\l
pcntaﬂuoromanganatcs(lll) could by syn!husmd
\elther by the reduction of XMnQO, with.’
acetylacetone’? in the presence of al‘cah—mem
bifluorides, AHF,, through the -oxidation -of

{

e

v

acctylacetone' to a, o, ff, B-tetra~ acbtylclhdnc, or’
by the reaction of MpO(OH) 40% HF and.’
AHF,. }3 The reaction, of KMnO, with 40%, HF and
alkali-metal sulphates, A;SO,, in the presence of -

formaldehydc, or the reaction of MaG{OM), 405"

"HF and A,SO, has now led 10 the synthesis of
mﬂuoromonosulphatomanganaxcs(m) of alkali-.

metals in very high yields. The role of. {'c-r~
maldehyde was to reduce Mn(ViI).- Jt'is. ewd:.nt

from thg resujts that,

:-.,, T

0

under the condzuon' | dc~ ‘

‘ | gstimayed Analyuis (%) R R IR
¢ampaund j‘ in | oxidation — - < i " Q/cm ~1 Assig}'-me;n;:§
B.M. ) state of A Mn “"1!". - so . L .
(288 K Mn ,I -4, » :

NIy ) o/ MAF4(80,) 7 4.1 3.1 11.4° | 22.6 232 - 39.4 1225(3) 1143(9) mzs( ) 393 S
. (12048)  (22451), (23035) (39.35) - " Llgr0¢e) B TS0
_| 1:: " baocs), 63:(0), L,(u(-!) ho AT
¥ Sl s L 52_>(s) ;)'(Mri—-?}'.

. B k "y

. i'»,"r"-“ - “3iscm %)
. ;i;; - ) . 3040({s5), X)i (N=h’

’ S , I 14co(s) By
L MnF3(5041_7 4.2 3.0 . .8 ;.25-.;4 © 43.4 1230(s),1145(s),1030(s) 93 U
t{24.76) (25.69) (43,329) L975{ 8} 'ij.m
T 1 " ess(s), 630(5), soalsy &,
, - AN ’ VL iRhegay D (inery’
. - - . .
.;!['NHPH(SO,})_? 4.1 2.9 18.2  21.8 ' 22.6 37.6 ‘1730(8),1140(3),1030{ g} '7)3 '

. (18.1) . (21.63) (22.44) (37.82) . C 975(8) 'Dl 50

: ; 4 680(s), 630(s), 605(s) & L
© 530(a) 3(M9-F)"

N 4.0 3.1 27.5 19,5 20,1 33.6 1230( ), 1145(5),1030(s)

(27.32) 7 (19.2) (19.92) (33.56) 975(s) P s0
. , g

rabdos

. 635(s), 605(#)
S 525(s)

Demnr)®

Calculated values in parentheses;

b, Analygis £n¢ W, .

P



Note
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Table 2. Electronic Spectral Data of (NH,),{Mna¥F 80)] arnd KM (F(SOH

Band I Band I Band 1[1
5 5 o 5 Pl
Compound 315 — A]g 815 — 325 b]g —te k&
co™ Y en™? cn™ !
(Nuh)al‘Mn?;( 5'01)-7 15,500 7,850 21, %on
X o/ MnF ((50,) 7 13,700 18.200 21,70

scribed, manganese is reduced not below Mn**,
and that a maximum of one SO,*~ is coordinated
to the Mn?** centre since a higher amount of A,SO,
did not alter the results. The fact, that the reaction
of MnO(OH), 40% HF and A,5,0; (A =NH, or
K) also afforded only A,JMnF;(SO,)], enables us to
conclude that peroxydisulphate cannot oxidise
Mn** in the presence of F~ ions. The process
S,04 +2e—2S02~, as a consequence of
electron-transfer between S,0,2~ and water, must
be the origin of SO~ in this case.

Characterisation and Assessment of
Structures—AL[MnlF;(SO,)] are all pink-brown
crystalline compounds, stable for prolonged peri-
ods. They are relatively more stable than the
corresponding A,MnF; compounds and the en-
hanced stability must owe its origin to the presence
of SO2~ ligand. The A, [MnF,(SC,)] compounds
are insoluble in organic solvents, and in water they
decompose, thus precluding molar conductance
measurements. The chemically estimated oxidation
state of manganese, falling between 2.9 and 3.1
(Table 1), supports the contention that manganese,
in each of the compounds, is in its 4 3 state. It is
interesting to note that while the mangnetic mo-
ments of A,MnF; compounds occur at ca. 3.2 BM
(strong antiferromagnetic case)'' '* and those of
sulphato compounds of manganese(III) fall at ca.
4.8 BM (normal),"” the magnetic moments of
A IMnF;(SO,)] compounds lie between 4.0 and
4.2BM. It is cvident that the degree of anti-
ferromagnetic exchange interaction can be con-
trolled by the replacement of two F~ ligands by an
SO¢~ ligand in going from [MnF;gf~ to
[MnF\(SO)F~.

The IR spectra of the compounds show the SO
frequencics at ca. 1230, ca. 1145, ca. 1030, ca. 975,
ca. 684, ca. 635 and at ca. 605 cm™E, and the vy, i
at ca. 525 cm ™', The pattern suggest a lowering of
symmetry *® of the SO~ group from T, to C, and
rulc out the presence of an ionic SO2 ™. Further the
splitting of the v, and § modes of SO into three
bands each (Table 1) enables us to assign 2 G,

symmetry'” to the SO group. Although the vg,
modes appear at relatively higher {requencies than
those usually observed for a bridging'>* 80,77, the
possibility of inter molecular sulphato bridging
cannot be ruled out. The reflectance spectra of
AJMnF(SO)] (A=NH, or K) exhibit three
bands at ~ 21,500, ~ 17,900 and ~ 13,600cm Y,
which have been assigncd to the transitions®
3By, —°E,, *B,,—’B,, and B, .—~’A,, respectively.
This suggests an appreciable splitting of *£, ground
state of Mn?' ion in (Mul(SG,P 4 ¢on-
sequence of the Jahn-Teller effect. Pyrolysis of
(NH)[MuF (SO, at ca. 340°C loses 37.9%
weight to yield MnSO,.

ds
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Direct Synthesis of Tris(acetylacetonato)manganese(in)

By Manabendra N. Bhattacharjee and Mihir K. Chaudhuri,” Department of Chemistry, North-Eastern Hill

University, Shillong 793 003, India

Darlando T. Khathing. Department of Physics, North-Eastern Hill University, Shillong 793 003, India

A concentrated solution of K[MnQ,] undergoes a ready reaction with acetylacetone, in the absence of any buffer,

giving a very high yield of the title compound, [Mn(acac)s].

The pH of the solution, recorded immediately after

the formation of crystalline [Mn(acac);], was found to be ca. 5. Electron impact induced mass spectrometry

showed the compound to be monomeric.

TRIS(ACETYLACETONATO)MANGANESE(1I),  [Mn(acac),],
has been known for a long time. The compound can be
synthesised by air or chlorine oxidation of a basic solu-
tion of Mn?* in the presence of acetylacetone. However,
this method has not been used in practice because of the
deleterious effect of alkali on the end product, as well as
the chances of its contamination by chloride ions.
Instead, the syntheses due to Cartledge ! and Charles 2
involving the oxidation of Mn%' with K[MnO,] in the
presence of acetylacetone (Hacac) have been employed.
The success of this method depends markedly on the
pH. The reaction mixture requires to be regulated at
pH ca. 5 by the addition of a large amount of sodium
acetate. The use of sodium acetate in such quantities
must surely contaminate the end product. In the
course of our studies on the synthesis of manganese(111)
compounds directly from K[MnO,],* we have developed
a method for the synthesis of [Mn(acac),] which does
not require buffer. This note reports the direct synthesis
of [Mn(acac),].

EXPERIMENTAL

Reagent-grade potassium permanganate and acetyl-
acetone were used in the synthesis. Infrared spectra were
recorded on a Perkin-Elmer model 125 spectrophotometer.
The oxidation state of manganese in the compound was
determined iodometrically by reduction of a known amount
of the compound with acidified potassium iodide solution
followed by titration of the liberated iodine with standard
sodium thiosulphate solution.

The mass spectrum was recorded on a Varian MAT CH-5
mass spectrometer. The sample was introduced into the
ionisation chamber using a direct insertion probe. The
operation conditions were electron energy,t 70 eV; source
temperature, 20 °C; resolution, 1000; and accelerating
voltage, 8 kV. The essential features of the mass spectrum
run at 20 °C are given in the Table. The mass spectro-
metric observations were made with the field of ionising
current sufficiently strong to trap primary ions.

Symthesis of Tris(acetylacetonato)manganese(tir), [Mn-
(acac)y].—A quantity of powdered K[MnO,] (5.0 g, 31.7
mmol) was dissolved in the minimum volume of water by
slight warming over a steam-bath and the solution then
filtered. Distilled acetylacetone (22.0 g, 220.0 mmol) was
added to the solution with vigorous stirring. The mixture

+ Throughout this note: 1 eV a 1.60 x 107 J.

was stirred for ca. 5 min over a steam-bath and then allowed
to cool for ca. 10 min. The dark brown-black shiny crystals
of [Mn(acac),] were filtered off and washed several times with
small amounts of acetylacetone-water (1:1) and finally
dried in vacuo. The compound thus obtained was very
pure and gave extremely satisfactory analysis. If desired,
the compound can be recrystallised by dissolving it in the
minimum volume of hot benzene followed by the addition of

Mass spectral data for [Mn(acac),]
(@) Major peaks

Intensity
Assignment mlz (%)
[Mn(CH,0,)5]+ 352 18
[Mn(C;H,0,),]+ 253 100
[Mn(C;H,0,)(C,H,0,)]+ 238 34
[(Mn(C,H,O0,)]* 154 74
[Mn(C,H,O,}]* 139 5
Mn+ 55 0
(6) Metastable transitions
mfz
Y Fragment
Observed Calculated Process lost
181.8 181.84 352 —» 253 C,H,0,
223.9 223.89 253 ~—» 238 CH,
99.6 99.65 238 —» 154 C,H,O,
125.6 125.46 154 —» 139 CH,

hot light petroleum (b.p. 40—60 °C) and then cooling at
ca. 0 °C. The yield obtained was 9.7 g (87%). The com-
pound does not have a sharp melting point but decomposes
at ca. 155 °C. This method may also be used for large-
scale synthesis (Found: C, 51.1; H, 6.10; Mn, 15.7. Calc.
for C;;H,MnO,: C, 51.15; H, 6.00; Mn, 15.6%). The
molecular weight was found to be 352 mass spectrometric-
ally.

RESULTS AND DISCUSSION

Direct Synthesis.—In our previous paper ® we emphas-
ised the role of acetylacetone as a reducing agent in the
reduction of MnViI, We have now extended the use of
this concept to the synthesis of [Mn(acac),]. The
method described leads to the rapid synthesis of tris-
(acetylacetonato)manganese(it1) in very high yield and
analogous procedures have also been used successfully
for the synthesis of {Cr(acac)y] from CrO; and [Ni{acac),-
(Hy0),] from NiO(OH). Gram quantities of [Mn-
(acac)y] can be synthesised in less than 1 h without
using any buffer. The reduction of {(MnO,]~ by acetyl-
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acetone and the subsequent formation of the tris chelate
owing to the presence of an excess of acetylacetone
(Hacac) appear to be the driving forces for the reaction.
Although the present synthesis does not involve any
buffer, the course of the reaction is such that it auto-
matically maintains the pH desired for the successful
formation of [Mn(acac),]. The pH of the solution
measured immediately after the formation of the com-
pound was found to be ca. 5. This value concurs
exactly with that maintained by the addition of a large
amount of sodium acetate in the syntheses of Cartledge !
and Charles.2 1t is not possible to propose a mechanism
for the present synthesis in the absence of full details of
the oxidised products of acetylacetone.

Characterisation.—Tris(acetylacetonato)manganese-
(1) is a dark brown-black crystalline compound, un-
stable in air but capable of being stored in a sealed
container for months. The compound is slightly soluble
in water but dissolution is accompanied by decomposi-
tion. Freshly prepared [Mn(acac);] does not show a
sharp melting point but decomposes around 155 °C.
The i.r. spectrum of the compound is unambiguous and
shows the characteristics of chelated acctylacetonates
(acac), in agreement with the reported spectrum.* The
molecular weight, determined mass spectrometrically,
was found to be 352 suggesting that the compound is
monomeric. This agrees well with the crystal structures
of various forms of [Mn(acac),] which also showed the
presence of discrete [Mn(acac),] molecules.»$ Chemical
determination of the oxidation state of manganese in the
synthesised compound gave 111, providing further
support for the identity of the compound.

Mass Spectrometric Studies.—Attempts to obtain

J.C.S. Dalton

good mass spectra of [Mn(acac);] have not always
been successful.” It appears that the spectra of tris-
(acetylacetonato)metalates markedly depend on the
method of sample introduction. We favoured the direct
insertion probe and introduced the sample into the ionis-
ation chamber without any prior heating. The other
conditions were similar to those maintained in our
earlier experiments.8

The spectrum run at 20 °C {Table) showed a molecular
ion signal of moderate intensity (189,) at /z 352 and a
base peak at m/z 2563 due to [Mn(acac)y]*, the major
fragmentation path being [Mn(C,H,0,);}* — [Mn-
(CsH7O)g] " —3 [Mn(C4H,;05) (C,H,0p)]" — [Mn-
(C:H,0,)1* —» [Mn(CH,0,)]" —» Mn*. The meta-
stable peaks observed at mfz * 181.8, 223.9, 99.6, and
125.6 support the proposed fragmentation path and
closely resemble those reported by Westmore and co-

workers.?
[1/1076 Received, Tth July, 1981]
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The electron transfer reaction between hydrazine hydrate and KMnQ, 1n the presence of alkali metal bifluortdes, AHF, (A
=NH,, Na orK) readily gives hight pinkish-white alkali metal trifluoroaquomanganates(Il), AfMnF H,0)] n very high
yields The corresponding Rb* and Cs* salts have been obtained by reacting 20% hydrofluoric acid solution of
NH,[MnF,(H,0)] with Rb,COj; and Cs,COj; respectively The compounds have been charactenised by elemental analyses,
chemical determination of oxidation states of manganese 1n the compounds, room temperature magnetic susceptibility

measurementh, pyrolysis and nfrared spectral studies

There 1s a growing current interest 1n the study of
fluoro-manganese chenustry! ¢ It 15 now well
established that F ~ 10ns stabihse Mn** and 1t 1s also
generally believed that the reduction of higher valent
manganese below + 3 state through electron transfer
reactions in the presence of F~ ligands 1s rather a
difficult task® —°, eventhough +2 oxidation state of
manganese 1s a more common one Moreover,
complex formation tendency of Mn?* seems to be
comparatively less pronounced than that of Mn?* (ref
7 Inview of this and 1n continuation of our work on
the synthests and structural assessment of
fluoromanganates* °, we thought it important to carry
out the electron transfer reaction between KMnO, and
a strong reducing agent, like hydrazine hydrate
(N,H, H,O) in the presence of alkali metal bifluorides
and to synthesise and characterise fluoro-
manganates(1I) directly from Mn’*" This paper
incorporates results of such an investigation

Materials and Methods .

All the chemicals used were reagent grade products
Alkali metal bifluorides, AHF, were synthesised by
the method developed 1n this laboratory®

The oxidation state of manganese 1in each of the
alkalh metal tnfluoroaquomanganates(Il) was
determined chemically by the reaction of a known
amount of the compound with aqueous acidic Fe?*
solution followed by estimation of unreacted Fe2* 1n
solution

Synthests  of alkali  metal  titfluoroaquo-
manganates(ll), A[MnF,(H,0)]—Ammonium,
sodium and potassium trifluoroaquomanganates(Il)
were synthesised by the tollowing general method

Alkalt metal bifluoride, AHF,(A =NH,, Na or K)
(19 3mmol) and sohd KMnO, (3 16 mmol) were
mixed, powdered and dissolved 1n a mimimum volume
of water by slightly warming over a steam-bath and
filtered The filtrate was collected mm a polythene

beaker and an excess of hydrazine hydrate (3 ml) added
in one lot with constant stirring A highly exothermic
reaction set 11 and readily gave a light pinkish-white
microcrystalline product with the mother liquor
becoming colourless The reaction mixture was cooled
to room temperature, solid separated by
centrifugation and purified by washing with n-heptane
and finally dried m vacuo The yield was between 80
and 90%,

Synthesis of rubidium trifluoroaguomanganate(ll),
Rb[MnF;(H,0)]—NH [ MnF;(H,0)] (2m mol) was
dissolved m a minimum volume of 20% hydrofluoric
acid to get a clear solution To this solution was added
powdered Rb,COj; (1 m mol) in portions with stirring
After addition was over, the light pinkish-white
Rb[MnF4(H,0)] appeared, which was separated by
centrifugation and purified by washing with n-heptane
and finally dried in vacuo, yield 919

Synthests of cesum trifluoroaquomanganate(1l),
Cs{MnF4(H,0)]—The above metathesis reaction was
carried out with NH,[MnF;(H,0)] (2 m mol) and
Cs,CO,5 (1 mmol) to get Cs[MnF5(H,0)]11n 919, yield

Results and Discussion

The expernnmental conditions employed for the
synthesis of various alkali metal trifluoroaquo-
manganates successfully brought about the reduction
of manganese below 1ts + 3 state, inspite of difficulties
recorded earlier! = On the addition of N,H, H,O to
excess of alkal: metal bifluorides and potassium
permanganate the temperature went up to about 80-
90°C This temperature was strategically maintained in
order to facilitate the reduction of manganese below its
+ 3 state The analysis of the reaction products shows
the reduction of manganese below 1ts + 3 state Thus
the method leading to trifluoroaquomanganates(Il) of
alkall metals 1ndicates that hydrazine hydrate
reductions could be developed for the synthesis of
other types of compounds of manganese 1n1ts + 2 state
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starting from Mn’" and also compounds of other
transition metals starting from their stable higher
oxidation states. The yields obtained by this method
are very high. It is also evident that by the use of
forcing conditions the fluoro complexes of Mn?* can
be synthesised eventhough their formation constants
in aqueous solutions are very low® ~!!. The alkali
metal bifluorides, AHF,, here act as fluorinating
agents. In our previous papers*°-®1% we emphasised
the role of AHF, as fluorinating agents. In fact it
appears that the snccess of the method depended not
only on the role played by N,H,.H,O but also quite
appreciably on the presence of both H* and F ~ in the
. solution phase arising from AHF,. The overall
reaction leading to the formation of A[MnF,(H,0)]
may be expressed by Eq. (1)

4KMnO, + 13AHF, + SN,H,.H,0 -
4A[MnF4(H,0)]1+ 5N, + 17H,0 + HF + 4KF + 9AF
o ()

The alkali metal trifluoroaquomanganates(Il) are
all very light pinkish-white microcrystalline products
and they attack glass in the presence of moisture. They
are not soluble in common organic solvents.
A[MnF,(H,0)] dissolves in water to some extent but
the dissolution is accompanied by dissociation or
decomposition. The compounds dissolve highly in
hydrofluoric acid.

The chemically estimated oxidation states of
manganese lie between 2.05 and 2.12 (Table 1), lending
strong support to the contention that manganese in
each of the compounds has an oxidation number of
+2. We emphasise on the chemical determination of
oxidation state of manganese in such compounds
because the observed magnetic moment values
(measured on a Gouy balance with Hg[ Co(NCS), ] as
the calibrant) are often lower than the expected values
owing to their pronounced antiferromagnetic
behaviour. The attempts to measure the molar

conductance of various A[MnF,;(H,0)] compounds
in water were unsuccessful. The observed values were
higher than that expected for a uni-uni valent type of
electrolyte. The higher molar conductance values
indicate some sort of decomposition of the compounds
or the enhanced ionic character of the Mn-F bonds.

The IR spectra of ammonium, sodium, potassium,
rubidium and cesium trifluoroaquomanganates(II),
(recorded on a Perkin-Elmer model 125) are almost
identical. The typical features of the spectra are the
occurrence of a strong absorption ~410, a weak and
broad band ~ 1640, a medium intensity broad band
~3350 and a medium intensity band ~7t0cm %,
assignable to vMn-F, dH —O —H, vO — H and rocking
modes of water arising out of coordinated fluoride and
water respectively. The occurrence of vMn-F at a much
lower frequency compared to those of MnFZ~ and
MnF? ~ species* 13, suggests that the Mn-F bonds in
[MnF,(H,0)] ~ have enhanced ionic character than
those in MnF2 ~ and MnF; ~. However, from the fact
that the yMn-F has been observed in the present.cases
~410cm !, it is certain that a definite degree of
covalency exists in the Mn-F bonds. Similar
observation was made by Peacock and Sharp!? in the
case of KMnF;. The very weak nature of the SH—-O
—H band points to the presence of coordinated
water!*!5, Moreover, the appearance of medium
intensity band ~710cm~! which is generally
attributed to the rocking mode of coordinated water
adduces strong evidence for the presence of
coordinated water in the compounds. Further
evidence with regard to the presence of coordinated
water was obtained from the pyrolysis studies of
K[MnF,;(H,0)], taken as a representative. Pyrolysis
of the compound at 125-30°C for 3 hr virtually did not
show any change in weight of the compound. The IR
spectra of the compound recorded before and after
heating also did not indicate any change in the spectral
pattern.

Table 1—Analytical Data, Magnetic Moments, Estimated Oxidation States of A[MnF,(H,0)]
(A=NH,, Na, K, Rb or Cs)

Compound Hetr Oxidation Found (%) (Calc.)
(B.M.) state of
290°K Mn Aor N Mn F
NH,[MnF;(H,0)] 5.3 2,05 9.61 37.52 38.21
(9.46) (37.16) (38.51)
Na[MnFH,0)] 5.2 2.11 15.52 36.34 37.68
(15.03) (35.95) (37.25)
KIMnF(H,0)] 5.2 2.12 23.43 32.89 33.51
(23.08) (32.54) (33.73)
Rb[MnF;(H,0)] 5.3 2.08 40.52 25.73 26.83
(39.68) (25.52) (26.45)
Cs[MnF;(H,0)] 5.3 2.12 51.61 21.38 21.48
(50.55) (20.92) (21.68)
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The room temperature magnetic moments of the
alkali metal trifluoroaquomanganates(Il),
A[MnF;(H,0)] lie between 5.2 and 5.3 B.M. well
below the expected value for a high-spin d°-system.
This, however, is not too surprising because similar
observations were made in the cases of A,MnF; and
A, MnF 4. H,0 (refs 4, 5, 16, 17). Considerably lower
moments presumably owe their origin to
antiferromagnetic exchange interaction between
continuous Mn2?* ion probably through —Mn—F
— Mn-chain in the solid state. The very faint colour of
the compounds indicates that they may have
octahedral structure but only X-ray study would
provide conclusive evidence.
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[1,3-"*C,}-Malonsaure-diethylester (3):

Man bereitet ber 0°C eine Losung von Lithium-dnsopropylamid aus
emer 22 normalen Ldsung (9 2 ml) von Butyllithrum 1in Hexan und
Diisopropylamin (2 g), gibt Tetrahydrofuran (10 ml) zu und gibt diese
Losung unter Ruhren zu einer eisgekiihlten Losung von [1-*C)-Trime-
thylsitylessigsdure (2, 1.06, 8 mmol) in Tetrahydrofuran (10 ml) An-
schlieBend ruhrt man solange (~3 h), bis das Gemisch nur noch
schwache Trubung zeigt und das Dilithio-Derivat von 2 praktisch
vollkommen gelost 1st°. Die Carboxylierung mit *CO, (aus 1.58 g
Ba'*C0,/H,S0,) erfolgt analog zur Herstellung von 2. Die erhaltene
Reaktionslosung wird auf Eis (10 g) gegossen, das Gemisch mut
10%1ger Salzsdure angesiiuert, mit Natriumchiond gesatuigt und 15 h
kontinuterlich mit Ether extrahiert Der Ether wird abgezogen, der
Riickstand i Ethanol (3 ml) aufgenommen, mit einer Spur p-Toluol-
sulfonsaure und mit Chloroform (30 ml) versetzt und in einer Appara-
tur mit Wasserabscheider unter RuckfluBl gekocht, bis kein Wasser
mehr abgeschieden wird. AnschlieBend wird das Solvens abdestilliert
und der Riickstand im Kugelrohr destilliert, Ausbeute an farblosem 3:
0.96 g (74%, bezogen auf Ba'’C0O;); Kp* 60°C/0.1 torr; Reinheit.
>90% (gas-chromatographisch)

M S. (ElektronenstoB-lonisation, 70 eV): m/e=162 (M* , 4%), 135
(60), 117 (100), 89 (90)

LR. (CCl,): v=1710, 1695 cm ~'.

'H-N.M.R (400 MHz, CDCL;/TMS) 6=4.2 (qd, 4H, J=7 und 3 Hz);
336 (t*,2H,J=75 Hz); 1 28 ppm (t, 6 H, J=7 Hz).

BC-N.M.R. (20 MHz, CDC1;/TMS) §=1666 (s, —CO—); 615 (s,
OCH,), 41.7 (t*, Jc c =59 Hz, —CH,—); 14.1 ppm (s, CHj).

Aufgrund der '*C-Emnbau-Rate im verwendeten Ba'*CO; (90%) erhait man 3
mit der Isotopen-Zusammensetzung. *C,=81%, "*C,=18%, "“Co=1% Als
Folge hiervon liegt das 'H-N M R -Signal der Methylen-Gruppe beim *C,-

Ester als Dublett bet 6=3 36 vor (/=75 Hz) Im '*C-N M R -Spektrum findet
man bet § =417 ppm ebenfalls ein Dublett mit Jc c=59 Hz

s

Fur die Forderung dieser Arbeit danken wir dem Fonds der Chemischen
Industrie und der Deutschen Forschungsgememnschaft.

Eingang 4. November 1981
(geanderte Fassung 9 Dezember 1981)
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' N. M Packter: Biosyntheses of Acetate-derwved Compounds, John
Wiley & Sons, New York, 1973, chapter 6.

2 Siehe z. B. K. N F. Shaw, C. Nolan, J. Org. Chem 22, 1668
(1957).

3 D L. Fuzell, D. P. H Hsich, C. A Reece, J N. Seibert, J Label
Comp. 11, 135 (1975)

* W. Franke, H Schwarz, H. Thies, J. Chandrasekhar, P.v R Schley-
er, W. J. Hehre, M Saunders, P. Walker, Chern Ber 114, 2808
(1981).

> M E. Mueller, E. Leete, J. Org Chem 46, 3151 (1981)

¢ In den Chenucal Abstracts wird weder {1,3-'*C,}-Malonsaure noch
thr Diethylester beschrieben Die Saure 1st zu einem extrem hohen
Preis kommerziell erhaltlich (z. B. zu DM 2940 00/g ber Merck,
Sharp & Dohme, Miinchen® ,,MS-1119*),

7 Die Gngnard-verbindungen

/MgBr

H2CL und  H,C
MgBr

reagieren in Ether nicht mit Elektrophilen wie Kohlendioxid. D A.
Fidler et al , J Am Chem. Soc. 77, 6634 (1955) [s. a. K Nutzel, 1n*
Houben-Weyl, Methoden der Orgamschen Chemie, 4. Auflage, E.
Muller Ed., Band 13/2a, Georg Thieme Verlag, Stuttgart, 1973, p
98] Nach eigenen Versuchen ubersteigt die Ausbeute an Malon-
sdure nie 10%, selbst dann nicht, wenn Losungsmittelgemische (wie
Benzol/Ether) und diverse Aktivierungsmethoden verwendet wer-
den. Ausbeuten von <30% an Malonsaure sollten erhalten werden
[F Bertim, P Graselli, G Zubiani, G. Cainell, Tetrahedron 26, 1281
(1970)), wenn die Gnignard-Verbindung von CH,X, mit Mg/Hg her-
gestellt und CO, 1m UberschuB eingesetzt wird
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SYNTHESIS
Die prinzipiell mogliche Reaktionssequenz
_'3C00C,Hs
HyC—Mg) ——> H,C—"SC00CHs —>  HC_
3c00C,Hg

[Lit * sowie A, Murray, D L Williams* Organic Syntheses with Iso-
topes, Interscience Publishers, New York, 1958] ist deshalb nicht at-
traktiv, weil als Zwischenprodukt das fluchtige Ethyl-acetat anfallt;
dieses 1aBt sich ber kleinen Ansatzen nicht ohne Ausbeuteverluste
handhaben.

8 L. H Sommer, J. R. Gold, G. M. Goldberg, N. S. Marans, J Am.
Chem Soc 71, 1509 (1949)

® P A Grieco, C.-J L Wang, S. D. Burke, J. Chem Soc Chem. Com-
mun 1975, 537.

Pyridinium Fluorochromate; A New and Efficient
Oxidant for Organic Substrates

Manabendra N BHATTACHARJEE, Mihir K. CHAUDHURI*,
Himadri § DASGUPTA, Nirmalendu ROy

Department of Chemistry, North-Eastern Hill University, Shillong,
793003, India

Darlando T. KHATHING

Department of Physics, North-Eastern Hill University, Shiilong,
793003, India

There is continued interest 1n the development of new chrom-
ium(VI) reagents '~ for the effective and selective oxidation of
organic substrates, in particular alcohols, under mild condi-
tions. Of the large number of “mild” oxidizing agents availa-
ble many prove impractical when the reactions are performed
on a larger (mol) scale. In recent years, significant improve-
ments were achieved by the use of new oxidizing agents such
as pyndinium chlorochromate®?, pyridinium dichromate®,
and 2,2’-bipyridinium chlorochromate®. We have now investi-
gated the synthetic potential of pyridinium fluorochromate,
CsHsNHCrOsF, and we have found that this reagent has cer-
tain advantages over similar oxidizing agents in terms of
amounts of oxidant and solvent required, short reaction times,
and high yields. Further, pyridinium fluorochromate does not
react with acetonitrile which is a suitable medium for studying
oxidation kinetics and mechanism. The acidity of pyndinium
fluorochromate (pH of a 0.01 molar solution: 2.45) is less pro-
nounced than that of pyridinium chlorochromate (pH of a
0.01 molar solution: 1.75). The results hitherto obtained with
pyridinlum fluorochromate are very satisfactory and suggest
the new reagent as a valuable addition to the existing oxidiz-
ing agents.

Pynidinium fluorochromate 1n dichloromethane oxidizes pri-
mary (la-d) and secondary alcohols (1e) to the correspond-
ing aldehydes or ketones (2) in high yields; the reagent has
also been successfully applied to the oxidation of benzoin
(1g) and a tricyclic allylic alcohol (1f) to benzil (2g) and a tri-
cyclic enone (2f), respectively.

H
N
R2_ @ FCrOse/CH2Clz RZ_
/CH —QH /C =0
R! R!
1 2

Pyridinium fluorochromate in dichloromethane also oxidizes
anthracene (3a) and phenanthrene (3b) to anthraquinone (4a)

© 1982 Georg Thieme Verlag Stuttgart New York
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and phenanthrene-9,10-quinone (4b) in 68% and 52% yields,
respectively. To our knowledge, these yields are higher than
those obtained by other oxidizing agents under mild condi-
tions and they may even be raised to 98% and 72% by using

acetic acid as reaction medium. ,

N 0

l l I @ Fcro;,e/CHzm2 or AcOH I I I \
. (e}
3a 4a

The attempted analogous oxidation of naphthalene so far led
only to ~25% of oxidation product.

Pyridinium fluorochromate is easily prepared in 93-94% yield
from pyridine, aqueous 40% hydrofluoric acid, and chrom-
ium(VI) oxide in a molar ratio of 1:1.5:1. The orange crystal-
line reagent can be stored in sealed polythene bags for long
periods without decomposition. The chromium(VI) content
may be easily determined iodometrically. The molar conduc-
tance of the reagent in water (see procedure) suggests an uni-
uni valent electrolytic nature in accordance with the formula
shown; this fact may account for the stability of the com-
pound. The L.R. spectrum is similar to that of potassium
fluorochromate®’. Pyridinium fluorochromate is soluble in
water, dimethylformamide, and acetone; it is less soluble in
dichloromethane and only sparingly soluble in benzene, car-
bon tetrachloride, chloroform, and hexane.

Pyridinium Fluorochromate(VI), CsHsNHCrO;F:

Chromium(VI) oxide (CrOj; 15.0 g, 0.15 mol) is dissolved in water (25
ml) in a polythene beaker and 40% hydrofluoric acid (11.25 ml, 0.225
mol) is added with stirring at room temperature. Within 5 min, a clear
orange solution results. To this solution, pyridine (12.3 ml, 0.15 mol) is
added slowly with stirring. The mixture is heated on a steam bath for
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~ 15 min, then cooled to room temperature, and allowed to stand for
30-35 min. The bright orange, crystalline pyridinium fluorochromate
is isolated by filtration, pressed between the folds of filter paper, and
dried in vacuo for ~1 h; yield: 27.9 g (93.5%); m.p. 106-108 °C.

CsH¢CrFNO; calc. C30.16 H3.04 Cr26.12 F9.54 N7.04
(199.1) found 30.12 3.07 26.17 9.58 6.96

LR. (KBr): v=908 (v;), 640 (v3), 340 (v3), 952 (vs), 373 (vs), 262 (Vi) *
~1

cm

Molar conductance of a 0.001 molar solution of pyridinium fluoro-
chromate in water: Ay (25°C)=128 ohm ™' cm? mol~".

The above procedure can be performed on a 200 g scale without any
difficulty.

Oxidation of Organic Substrates (1, 3) with Pyridinium Fluorochro-
mate; General Procedure:

The reaction is carried out in a dry round-bottom flask fitted with re-
flux-condenser and efficient stirrer. To a vigorously stirred suspension
of pyridinium fluorochromate (generally 10 g) in dichloromethane
(generally 18 ml), a solution of the substrate in a small amount of di-
chloromethane is added ali at once, the molar ratio of substrate to oxi-
dant being 1:1.25-1.5 in the case of alcohols (1) and 1:2.5 in the case
of polycyclic arenes (3) (see Table). The mixture is stirred for the time
indicated in the Table [The progress of the reaction may be followed
by T.L.C. on silica gel using benzene/ethyl acetate (90/10) as eluent).
The mixture is diluted with ether (1/1 vol/vol) and filtered through a
short column of silica gel to give a clear solution. This solution is
evaporated and the residual product purified by distillation, recrystal-
lization, or column chromatography.

The above procedure may be carried out on 1-100 g scales without any
problem.

4-Oxotricyclo[5.2.1.0*%ldeca-3,8-diene (2f); Typical Procedure:

In a 250 ml round-bottom flask fitted with reflux condenser and stirrer
is placed a suspension of pyridinium fluorochromate (16.15 g, 81.2
mmol) in dichloromethane (30 ml). To this, a solution of 4-hydroxytri-
cyclo[5.2.1.0%¢|deca-3,8-diene'” (1f; 8.0 g, 54.05 mmol) in dichlorome-
thane (40 ml) is added with vigorous stirring which is continued for 90
min. The reaction is monitored by T.L.C. on silica gel using benzene/
ethyl acetate (90/10) as eluent. To the resultant mixture, dry ether (100

Table. Oxidation of Alcohols (1) and Polycyclic Arenes (3) with Pyridinium Fluorochromate

Substrate Substrate/  Solvent Reaction Product® Yield m.p. or b.p./torr [°C]
Oxidant time [%] found reported
[mol/mol]
1a n-C(Hg—OH 1/1.5 CH,Cl, 2h 2a n-C3H;—CHO 94 b.p. 74°/760 b.p.  75°/760'°
1b n-C;Hs~0H 1715 CH,Cl, 1h 2b n-CgHy—CHO 84 b.p. 152°/760 b.p. 153°/760'2
Te {)cH—oH 1/1.25 CHClL, 45min  2¢ ()-cHo 90 bp. 63°/10 bp. 62°/10°
1d H,CO—@-CHZ-OH 1/1.25 CH;Cl, 50min 2d H;CO—@—-CHO 90 b.p. 248°/760 b.p. 249.5°/760°
1e <:><°” 1/1.5 CH,Cl, 35h 2¢ O’=° 89 b.p. 153-154°/760 b.p. 155.4°/760"
H R

10
1
1f B“,’ 23 1/1.5 CH,Cl, 1.5 2f ;% 92-93  m.p. 79-80° m.p. 80°"
&
H 0}': é
H O 0O 0
1 @—? 4 /15 CH.Cl, 25 ¢_g 98 95° 95013
g CH—C—@ . 2Cly i 2g @—C-—C@ m.p. m.p.
0]
3a OOO 1725 CH,Cl, 4h aa (1 10 68 m.p. 274° m.p. 275°
1/2.5 AcOH 15 h I 98
3b § 1/2.5 CH,ClL, 5h O 52 m.p. 205° m.p. 206.5-207.5°1¢
O 1/2.5 AcOH 2h

4b
LL, =
[o]

* The purity of the liquid products was found to be >98% by G.L.C. analysis.
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ml) is added and the mixture is filtered through a short silica gel co-
lumn (7 cmx2 cm”). The contents of the column are thoroughly
washed with ether (3 x 40 ml) and filtered. The combined filtrates are
evaporated on a steam bath and the oily residue, which solidifies on
standing, is recrystallized from pentane; yield of colorless crystalline
2f: 7.3 g (92%): m.p. 79-80°C (Ref."*, m.p. 80°C).

Received: August 26, 1981
(Revised form: December 14, 1981)
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A Facile Synthesis of Dimethyl N-(2-Benzothiazolyl)- 27> &
dithiocarbonimidates and Methyl N-(2-Benzothiazolyl)/30J. byt

dithiocarbamates

F. MERCHAN*, J. GARIN, E. MELENDEZ

e,
Departamento de Quimica Organica, Universidad de Zaragoza, Zara™"
goza, Spain

As a result of our interest in the chemistry of carbon disul-
fide', the reactions of which lead to interesting starting mate-
rials for heterocyclic chemistry, we faced the problem of the
synthesis of the title compounds 3 and 5. Similar structures
have been obtained from several heterocyclic amines, such as
2-aminothiazole® and 2-amino-1,3,4-thiadiazole®, but it has
been reported* that no reaction takes place between 2-amino-
benzothiazole (1) and carbon disulfide under the usual condi-
tions™® (triethylamine, pyridine or potassium hydroxide in
water or common organic solvents).

Nevertheless, in the present communication, we report that a
sudden reaction between 1 and carbon disulfide is observed
when using concentrated aqueous sodium hydroxide and
N,N-dimethylformamide as solvent, this fact being explained
by the strongly basic medium so obtained, which causes the
amine, despite its poor nucleophilicity, to attack carbon disul-
fide. When a 2:1 molar ratio of base to 1 is used, the dithio-
carbonimidic acid derivatives 2 are obtained which, without
isolation, are alkylated to 3 with methyl iodide, according to
Scheme A (Table 1).

0039-7881/82/0732-0590 $ 03.00
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SYNTHESIS
1 2 NaOH{H,0)/DMF S sNal.
X:,s’/>—NH2 2%, x@[ >-N=C J
N N SNa
1a x:-H 2a-d
b x - t-a
C X = '6-0,N
d X =6-H,C0
2 He—J, 5 S—CH,
I X-Ej: >—N=¢
N S—CHj
Scheme A 3a-d

Table 1. Dimethyl N-(2-Benzothiazolyl)-dithiocarbonimidates 3a-d

Prod- Yield m.p.[°C] Molecular ‘H-N.M.R. M.S.
uct [%] (solvent) formula* (DMSO-ds) m/e
6 (s, 6H, M%)
S—CHs)
[ppm]
3a 75 73-74° CioH 0N2S; 2.60 254
(CH,OH) (254.4)
3b 80 130-132° C\oHoCIN,S;  2.65 288
(C;HsOH) (288.8)
3c 60 186-187° C1oHoN;0,8; 2957 299
(DMF) (299.4)
3d 60 97-98° C, Hi;N,08; 2,60 284

(CH;CN/H;0) (284.4)

4 Satisfactory microanalyses obtained: C +0.21, H £0.16, N £0.22.
® In CF;COOD solution.

On the other hand, the dithiocarbamic derivatives § can be
obtained in two ways (Scheme B) (Table 2).

S

X »—NH,
N

1a-d

422-Na0H(H,0)/ DMF

1 NaOH(H,0)/DMF
2 CS,,rt

2CSy.rt

(1080 Do

uty, Bleglign <

SNa s 7
X . p—N=C x—@ »—NH—C—5Na
yilde N
’ N, SNa N
2a-d 4a-d
1 HyC-)
|2 H lH;C—J.r\
S
S 1
X P)—NH—C~S—CHj
N
Scheme B S5a-d

We first attempted the reaction using stoichiometric amounts
of sodium hydroxide and methyl iodide to give the corre-
sponding compounds 5 via 4, but dialkylation, leading to
products 3, always took place, as could be expected from sim-
ilar problems found in the chemistry of dithiocarboxylic acid
esters and ketene $,S-acetals’, so this procedure was not fur-
ther investigated. Formation of unwanted products can be
avoided in the alternative method, in which intermediate 2 is
generated in solution, monoalkylated, and then acidified. In
all cases, an excess of carbon disulfide was used to overcome
its partial evaporation, due to the exothermic nature of the
reaction.

© 1982 Georg Thieme Verlag - Stuttgart - New York
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Kinetics and Mechanism of the Oxidation of Alcohols by
Pyridinium Fluorcchromate

Manabendra N. BHATTACHARJEE, Mihir K. CuaupHUrL* and Himadri S./DascupTa
Department of Chemistry, North-Eastern Hill University, Shillong 793003, India
(Received February 1, 1983)

Pyridinium fluorochromate, C;H;NHCrO,F, oxidizes benzyl alcohol, ethanol, and cyclohexanol to benzalde-

hyde, acetaldehyde, and cyclohexanone, respectively,

While each of the oxidation, studied in acetonitrile-nitro-

benzene (12 1, v/v) medium, is first order with respect to the oxidant, the rate is almost independent of the substrate

concentration,

The reactions are catalyzed by acid, the acid-catalyzed reactions being very fast, precluded determi-

nation of their order in acid medium. The effects of temperatures and solvent compositions were studied and
activation parameters evaluated. Probable mechanisms are discussed.

There has been a continued interest in the develop-
ment of new chromium(VI) reagents*~® for the effective
oxidation of organic substrates, particularly alcohols,
under mild conditions, and significant improvements
were achieved, In recent years, by the use of new oxidiz-
ing agents.>~®  We have very recently developed? a new
reagent pyridinium fluorochromate, C;H;NHCrO,F
(P}ZC) and found several advantages of our reagent
over similar oxidizing agents in respects of amounts of
oxidant and solvent required, short reaction times, and
high yields. The mechanism of oxidations involving
this important reagent has not yet been reported. The
present paper describes the kinetics of oxidation of
three typical alcohols #iz., benzyl alcohol, ethanol, and
cyclohexanol, studied in medium acetonitrile-nitro-
benzene (1 : 1, v/v), evaluates the reaction constantsand
discusses the probable mechanism.

Experimental

All chemical used were rcagent grade products. The
solvents were purificd and dried by the literature methods.®
p-Toluenesulfonic acid (TsOH) and benzoic acid were used
in the attempts to study the acid-catalyzed reactions. Pyridi-
nium {luorochromate, PFC, was synthesized by the method
originally described in our previous paper.”

The reaction products benzaldehyde, acctaldehyde and
cyclohexanone were characterized by spectral analyses and
estimated as their 2,4-dinitrophenylhydrazones.

For kinetic measurements, the reactions were performed
under pseudo-first-order conditions by maintaining 2 large
excess (X5 or greater) of alcohol over PFC. The reactions
were carried out at constant temperature (0.1 K) and
progress of the reactions were followed by iodometric estima-
tion of unreacted chromium(V1), after quenching the reaction.
The medium of reactions was always 1 : 1 (v/v) acetonitrile;
nitrobenzene, unless  otherwise stated.  Acetonitrile-nitro-
benzene system was chosen as the solvent because it was
observed in our previous studies” that acetonitrile did not
react with PFC. The reaction mixtureAwere homogeneaus for
the total period of kinetic investigation.

Computations of the rate constants were made from the
plot of log[oxidant] against time. The values reported are
the mean of at least duplicate runs and are reproducible to
within +49,.

Dielectric constants for the varying proportions of aceto-
nitrile-nitrobenzene mixturc were cstimated from the dielectric
constants of the pure solvenis? and are set out in Table 3. A
constant ionic strength could not be maintained owing to the

nonaqueous nature of the reaction medium. It may, however,

be mentioned that the variation in ionic strength did not bring
about any changel® in the oxidation of benzyl alcohol by
chromium(V1) oxide in aqueous acetic acid medium.

The uncatalyzed reactions were studied with varying
temperatures of 303, 308, 313, and 318 K. (error limit 4-0.1 K)
respectively for all the three alcohols (Table 4). The frequency
factors were determined on the basis of the results obtained
thereof. The activation parameters were evaluated by the

standard procedure, ¥ within allowable average error limit
(at 303 K) (Table 5).

Results and Discussion

The oxidation of benzyl alcohol, ethanol and cyclo-
hexanol by PFCin 1 : 1 (v/v) acetonitrile-nitrobenzene
leads to the formation of benzaldehyde, acetaldehyde
and cyclohexanone respectively in very high yields
(>>90%,), showing no indication of further oxidation of
the carbonyls conforming to our earlier synthetic studies
involving PFC.9

The stoichiomet>y of various oxidations studied herein
were estimated by the reaction of the respective alcohol
with an excess of oxidant {PFC) followed by estimating
the unreacted Cr"’. ~ In some runs, however, an excess
of alcohols were used followed by the estimation of the
carbonyl product. The stoichiometry of the reactions
can be represented as follows:

SRCH,0H + 2Cr"" — 3RCHO + 6H* + 2Cr™. (1)

The stoichiometry of the reactions with cyclohexanol
was determined in an analogous manner,

3C,H,, O 1 20" ——» 3C,H,,CO + 6H* 4 2Cr'W, (2)

Like the analogous PCCG1*-1% reactions, all the three
alcohols studied herein were found to be first order with
respect to time, because the first order rates were constant
at different times. The reactions were also observed to
be clearly first order with respect to the oxidant (PFC)
as the rate constants were found to be practically unal-
tered for most of the reaction times (Table 1) with vary-
ing ccacentration of oxidant. The most prominent
difference in the oxidations involving PCC12-14 and
those involving PFC is that the order of the reactions of
the three alcohols with respect to the substrate concen-
trations was found to be practically constant enabling
us to infer that the rates are almost independent of
subsirate concentrations.  However, a small but steady
increase i the rate constant values for all the three
aleohols with increasing cohcentrations of the substrate
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TaBLE 1. OXIDANT DEPENDENCE OF THE REAGTION RATE

T=303 K
k; /10451
[Oxidant}
10-% mol dm—2 {Ethanol] [Benzyl alcohol] { Cyclohexanol]
0.1 mol din-* “0.00 mol dm=% 0.01 mol dm-®

1 6.765 8.413(0.075)1® 9.233
2 6.77 (0.10) 7.95 (0.075)1® 9.5
3 6.62 8.41 (0.072)® 9.34
4 6.56 (0.973)® 8.27 (0.077)w 9.59
5 6.64 8.21 (0.076) 9.60

PCC oxidation data in parentheses.

TABLE 2. SUBSTRATE DEPENDENCE OF THE REACTION RATE
[PFC]=0.001 mol dm=-?; T'=303 K

Ethanol Benzyl alcohol Cyclohexanol
Concn ) C,;mn Concn
A -4 -1 . -4 c-1 . 1 -4 -1
mo! dm -3 k107 mol dm-3 k/10%s mo] dm-3 k/107s
0.1 6.765(0.10) 1 0.01 8.413(0.075%)1®» 0.01 9.233
0.2 7.87 (0.207) 0.02 9.66 (0.152%)1 0.02 13.89
0.3 8.55 0.03 10.1 0.03 15.79
0.4 9.16 (0.41)w™ 0.04 10.52 (0.306%) 2 0.04 . 17.78
0. 10.6 0.05 11.54 — —_—

PCC oxidation data in paxlenthcses; a) Values at 298 K.

TaBLE 3. DEPENDENCE OF REACTION RATE ON SOLVENT COMPOSITION
[Oxidant]=0.002 mol dm—3; T=303 K

Nitrobenzene -Acetonitrile Diclectric [Ethanol] (Benzyl alcohol]  [Gyclohexanol]
(%) (%) constant 0.2 mol dm-3 0.02 mol dm-—3 0.02 mol dm=3
° ° k;/10-5 5 k104 s /104 s
30 70 36.7 1.01 - - - 1.05 3.08
40 60 36.4 1.997 1.77 5.31
50 50 36.16 4.05 3.15 . 7.2
60 40 35.9 7.97 4.3 10.27
70 30 35.6 15.82 .- 5.51 12.95

TanLe 4. RATE CONSTANTS FOR THE UNCATALYZED OXIDATION OF ALCOHOLS BY PYRIDINIUM FLUOROCHROMATE
[PFC]==0.001 mol dm-3

Concentration k/10-4 1 mol-1s-1®
Substrate of
substrate/mol dm™ 303K 308 K 313K 318 K

Ethanol 0.1 6.765 7.112 7.447 7.798
{1.0y3® (1.4)@ (1.93)® (2.63)w@

Benzyl alcohol 0.01 8.413 8.593 8.811 9.057
(7.5)w® (11.2)= (15.5)w@ (21.6)™

Cyclohexanol 0.01 9.233 9.619 10.0 10.447

— (88.3) 10 (133.3)10 (208.3)1 ,—

a) PCC oxidation data in parentheses.

TaBLE 5. ACTIVATION PARAMETERS FOR THE OXIDATION OF ALCOHOLS BY PYRIDINIUM FLUOROCHROMATE

Substrate AH*[k] mol1® —AS¥J molr K- ® AF*[k] mol-' ®>
Ethanol 7.657(51.8)1® 280.51(153)1 92.65(98.2)1®
Benzyl alcohol 3.89 (54.7)w 291.33(125)™ Y 92.06(92.0)@®
Cyclohexanol 6.127(93.0)® 282.98(—18)# 91.82(87.4)
a) PCC oxidationg data in parentheses.
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has been observed (Table 2) and a plot of log kgpea
against log [substrate] shows that the rates increaselin
very small fractions with the sequential increase in
substrate concentration. This most probably implies
that complex formation between the substrate and
oxidant is taking place in present cases.

Our attempts to study the acid-catalyzed oxidations
of the three alcohols were unsuccessful. Attempted
acid-catalyzed reactions involving p-Toluenesulfonic
acid or benzoic acid, and varying proportions of solvent
compositions were observed to be too fast to measure the
rate.

The results of uncatalyzed reactions with varying
composition of the solvent components (Table 3) shows
that the reaction rate decreases with increase in dielectric
constant (though small) of the medium suggesting that
the more polar solvents may require larger reaction
times for the oxidation reactions. A plot of log &, against
the inverse of dielectric constants of the media is a
straight line with positive slope and implies the occur-
rence of an interaction between a dipole and a positive
ion,'® and also indicates the probable involvement of a
protonated Cr"" species, in the presence of an acid, in
the rate determining step. However, since the range of
dielectric constants varies between 35.6 and 36.7 showing
a large increase in the rate, the observed change could
as well be solvent specific rather than owing to the effect
of change in dielectric constant. ‘

The near constancy of the values of the free energies of
activation of the three reactions (Table 5) suggest that
a similar mechanism is operative in cach of the three
oxidations. Free energies of the acid-catalyzed reactions
appear to be lower, as there has been a pronounced
increase in the rate of catalyzed reactions suggesting
thereby that a protonated Cr¥! species may be involved
in the rate determining step in the presence of an acid.
This is in accord with the involvement of such species
well established in chromium(VT) oxide oxidations.1®

The large negative entropy values obtained in the

present studles suggest that the solvent molecules are
strongly oriented or ‘frozen’ around the ions thereby
resulting in the loss of entropy,1? the effect being larger
in nonpolar solvents. This conforms to the contention
that the decrease of polarity of the medium results in
increase of the entropy value and the number of unbound
molecules in the solution increases.®® This also accounts
for the lowering of rate coefficient values with increasing
polarity of the medium. Comparatively greater reacti-
vity of pyridinium fluorochromate (PFC) over that of
the corresponding chlorochromate (PCC), as shown in
our previous paper,” can now be understood from the
relatively higher negative entropy values of the reactions.
We believe that the bonding of ¥ with chromium in PFC
facilitates larger charge distribution in the transition state
in the cases of PFC oxidation and correlates well with the
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Scheme 1.
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RRLOH #5 RRLO + Hf
Scheme 2.

observed entropy values.

In view of the above results it appears that a hydride
transfer mechanism is involved in the rate determining
step of the PFC oxidations. It is possible that the
hydride transfer may take place either through the prior
formation of chromate (Scheme 1), or directly (Scheme
2). The present data also suggest, like the similar
oxidations involving chromic acid,!® a chromate forma-
tion in the rate-determining step (Scheme 1) although
the chances of Scheme 2 can not be totally ruled out.
It is also expected that the chromate intermediate will
be better stabilised in the less polar medium and will
enhance the oxidation rate, thus conforming to the
observations made by us.

The authors wish to thank the University for the award
of a fellowship (U. G. C.) to one of them (M. N. B.) and
also to Dr. A. K. 8il, for his interest in the work.
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