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Synthesis and Structural Assessment of Fluoro~ 

Mixed-Fluoro and Acetylacetonato Compounds of 

Manganese +(III) and +(II) 

And 

Studies of Reactivity of A New Chromium(VI) 

Reagent PYRIDINIUM FLUOROCHROMATE(PFC) 

Abstract 

The thesis comprises of two parts and has altoge-

ther ten Chapters. While 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 1 Part II, consisting of two Chapters (chap-

ters 9 and 10)~ contains the results of studies of reacti­

vity of a new reagent 1 Pyridinium Fluorochormate(VI) (PFC)'. 

In Chapter _j_, three new and gent-ral methods have been 

described for the synthesis of alkali-metal and ammonium 

pcntafluoromanganatcs( III)~ A2HnF 
5 

(A = Na, K ~ Cs or NF4). 

The first mothod is based on the dirGct electron-transfer 

reaction bl.;;tvJGen potassium pcrmanganate~ Kt·1n0
4

, and acetyl­

acetone (Hacac) in tho presence of alkali-metal or ammo-

nium bifluorid~, AHF2 , (A= Na, K 7 Cs or NH4), leading to 

the synthesis of A2HnF5 compounds. This method doE-s not 

. :~ 
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r~quir~ anhydrous or Dgueous T;IJI 
ru • The bisis of thu second 

method is tl1c rertction 'l.l;10n[; I1nO(OR), 4096 :::IF n.nd AEF'2 (A:::: 

~Tn, K ~ Cs o.r tr~.:rL~) giving A2r1nF5 cotnpounds. The third 

msthod involv~s the rc~ction of potrtssium pcr~Rnganatu~ 

Kt!nO 4 ~ 1Ni th C~lkc,li-metnl or am:tonium bifluoride, AHF 2 (A :::: 

i\"=-'-~ K 0r Irr-~4), Mlc'l 40;.~ HI' :tt £a 100 °C gj_ving crysto.llint: 

A2HnF5 coapounds. This mothod does not require any extra 

reducing 3gcnt. The compounds ho.vc b~en chnro.ctcrised - · 

on the b::tsis of the rc1sul ts of chu~1ical ane.lyst:;s, chumical 

dctcrmin~tion of the oxidation state of mangsnosc, magnetic 

susceptibility measurements, infrared and ulcctronic spectra-

scopic studies. The lower magnetic moments of A2MnF5 
compounds C.S.f! 3.2 BN) have been ascribed to antiferromag-

nstic exchange interaction bctw8cn the contiguous manga-

nose( III) ions through a -Hn-F-Hn- chain. The complex 

ion L-r,Inf 
5

_72- has bcc.n shown, from i. r. and clec tronic 

spbctral studics 5 to have a tetragonally elongated octa-

he:dral structuru v.ri th a n
4

h symPlOtry. 

Ch0.2tcr 2 describes the synthesis and structural 

asf'CSSlflU1 t of AHnF 11-. H2o compounds. Decp- brown crystalline 

compounds, alkali-i~'ktal tctrafluor01t1anganate( III) mono­

hydrates, A!'tnF
4
.E2o (A :::: Rb or Cs), have been synthesized 

dircctl~r fror;1 rcactionb of KHnO 
4 

with ARF' 2 (A :::: Rb or Cs) 

and 40% PJ'' at ca, 100 °C without making use of any reducing 
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agent. ,Similar coE:pounds iliiere also obtained by tho reac-

tion of 1vinO(OE) \71th A.l-.J.i' 2 and 40?6 hy'lrofluoric 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 st~te of manganese, magnetic susceptibility measure-

m ents ~ infra:;_~ ed and electronic spectra scopic studies. 

The i.r. and electronic spectra suggest a tetragonally 

elongated octahedral structure of the complex ion in the 

solid stu.te~ with a D
4

h sym;aetry as a consequence of the 

Jahn-Teller effect on manganese(III). The complex ion, 

L'-UnF 
4
_7 -, very likely, has a. polymeric structure through 

trans-linked -·F-Hn-F chains. 

,9h,n.PtE?x ... .2 of the thesis presents the synthosis and 

assessment of struct"L'T e of alkali-metal and .;;_;,1monium tri-

fluorowonosulphatomansanates(III), A2f-Mn~3Cso4)_7 (A= 

Li, Na, K or JVH
4
). Pink- bro-wn ~rystalline alkali-metal 

and amii1oniu:i1 trifluoromonosulphatomango.nates( III), 

A2i-HnF3(s0~)_7~ have been synthesised in vr:-ry high yields 

from the reaction of KMno 4 (in the presence of formaldehyde 

solution) or l1nO(OH) with 4096 hydrofluoric acid and A2S0 1+ 

(A = Li, No., K or I'!Ji
4
), .Also the ree,ction of lJ[nO(OH) with 

407~ R:F and A2s2o8 ·,(A = K or NH
4

) affords A2i-MnF
3

Cso
4
)_7. 

Persulphate, s2o
8

2-, can not oxidise Mn3+ under the pressnt 



ex~erimental conditions. While the che~ically estimated 

oxidation states of manganese occur between 2.9 and 3.1 7 

the roohl temperature maenetic moments lie in the range 

4. 0-L:-. 2 m~l. The observed rnagnetic moments suggest a 

lowering in the degree of antiferroma~netic exchange inter-

f • ;- 72- ;-- ( ) 72- h ac~1on in goinG from _ MnF
5

_ to _ MnF
3 

so
4 

_ • T e 

:1,.. r. and electronic spectroscopic studies have been made. 

The i.r. spectra 0f the compounds suggest the lowering of 

symmetry of the so4
2- group from Td to c2v as a result of 

its coordination. It is not certain whether the SO 4 
2-

Broup is bonded in a chelated or a bridging bidentate 

manner. The complex ion, L'-i1nF 
3

c SO 
4

) _72-, may have a poly­

meric structure through a so 4
2- bridging. However, the 

chances of fluoride bridgin{:"~ can not be totally ruled nut. 

OTH4) 2L"-HnF 
3
c SO 

4
) _7 on being pyrolysed at 31+0 °C yields 

'·'-1SO 'il 4. 

Synthesis and structural assessment of alkali-metal 

and arnwoniuFt trifluoromonooxalatomanganates( III), 

A2L'-HnF3Cc2o~)_7 (A= Na, K or NH
4

) have been reported 

in Ch,-;_pter 4. Tho A
2
(-HnF 

3
c c

2
o 

4
) _.7 compounds have been 

synthesised f'roE1 th8 reaction of MnO(OH), 4096 HF and 

alkali-motal or o.r:1monium oxalate, A2c2o 
4 

( 1\. = Na, K or 

NH4) at the molar ratio MnO(OH):HF:A2c2o4 at 1:4-5:1. 

Characterization and assessment of moleculur structure O·f 
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the comJlounds ~!Jere raade from the results of elemental ana-

lyses, che1.1ical determination of the oxidation state of 

manganese~ ma[)11etic susceptibility measurements~ infrared 

anc~ electronic s·Jectrogcopic studies. The mixed-fluoro-

ox.alRto-mane;anates( III) are deep pink in colour and are 

co!lpo.rnti vel,y More sta blb' than the corresponding trisoxa-

latomane;anate(III) complex,. K~-Mn(c2o4)3-7.3H2o. While 

the chemically estimated oxidation state of manganese was 

found to be +3? the room temperature ~aenetic moments 

were found to lie betwesn 4. 2 and L~. 3 Btl. The relatively 

lo·wer magnc tic moment values owe their origin to a weak 

antiferromagnetic exchange interaction. Infrared spectra 

of the A2i-MnF
3

Cc2o
4
)_7 com~ounds suggest the presence of 

bridgin~ oxalato (c2o4
2-) group. The complex ion 

:::'-l'~nF 3 (c2o 4)_7
2- may have a polymeric structure through 

a -Mn-~-u-Mn­

action. 0 0 

chain and a weak -Bn--F'-i'-'111- inter-

'J'he direct synthesis and c..,lectron~impact inducsd mass 

spectrometric studies of tris(a.cotylacetonato)manganeso(III) 

ccnstitutu t~e ~asis of Chapter 5. It has buen sho~n that 

a conccntrab ... d. solution of Kl1no
4 

undor;2~ous a ready elcctron­

trcnsf~_,r reaction with acotylac~:.-tons (!~acac) ~ in thr:; 

absence of any buff~r, giving a very high yield of tris-
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the: solution, recorded immediately after the formation of 

crystalline ~1n( acac) 
3 

was found to. be g 5. Several advan­

ta0es of the novel synthesis wero discuss8d, The direct 

ins0rtion technique has been found to be suitable for tho 

mass spectrometric studios of Mn(acac)
3 

compound. Electron­

impact induced 111ass spectromc:try shov1ed th<:.. compound to be 

monomeric. 

phantor 6 of th& thesis presents the synthesis of 

alkali=motetl and ammonium trifluoroaquomanganates( II)~ 

A.L-MnF3CH20)_7 (A= Na, K~ Rb~ Cs or NH4). The electron­

transfer reaction between .hydrazino hydrate and KMno 4 in 

tho proscmce of alkali-metal or ammonium bifluorides~ AHF2 

C1'1 = Na? K or NH4) ~ readily gives light pinkish-white 

alkali-metal or ammonium trifluoromonoaquomanganatc( II'), 

.,-,-+ h_ b and Cs+ salts have beGn obtained frolli th0 r~actions of 

20% hy~rofluoric acid solution of NH4L'-~1nF3(H2o)_7 with 

Rb2co3 and Cs2co
3 

respectively. Tho compounds havu been 

c haract..:_riscd by clu;wntal analyses, chGmical dctGrmination 

of oxidation st2tcs of m&ngancso in the compounds, room 

temp~raturc magnetic susc0ptibility moasur8munts, pyro-

lysis and infrared spectral studies. The i.r. spectra of 

-1 the compounds showed the l> (Mn-F) to appear at ca 410 em • 

The r<::sults of i.r. spectral and pyrolysis studies suggest 
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the presence of coordinated water. The room temperature 

masnetic moments of the alkali-meta] and ammonium trifluoro-

monoaquoirianganates( II), AL-HnF 3( H2o) _7, lie between 5. 2 

and 5. 3 Bi'1 7 well below the expected value for a high- spin 

d5-system~ Considerably lower moments presumably owe 

their origin to antiferror.1agnetic exchange interaction bet­

ween contiguous Mn2+ ion through a -Hn-F-Hn- chain in 

the solid state. The complex species L-HnF3(H2o)_7- may 

have a p0lymeric structure. through a weak -Mn-F-Mn-

interaction. 

In Chapter 7, the synthesis and assessment of struc-

ture of alkali-metal and ammonium fluoromonooxalatomanga-

nates( II), AL'-HnF( c2o 4) _7 (A = Na~ K or NH4_), have been 

describe d. The .AL-IVIn1!'( c2o 
4

) _7 compounds have been synthe­

sized by the reactions of 10·1no
4 

or MnO(OH) vvi th L~05~ hydro·­

fluoric acid and alkali-meto..l or ammonium oxalate~ A2c2o 4 , 

at .ilia 100 ° C. Tho compour ds c..trE. white and stable for 

prolonged periods.. AL'-tvmF( c2o 
4

) _7 compounds have been 

characterized frou tho results of elemental analyses 5 mag-

netic susceptibility moasurGments~ and infrared spectro­

scopic studios. The i.r. sp0ctral studios of the compounds 

show that, unlike thE. trifluoromonooxalatomanganate(III) 

complexes described iL Chapter 5, tho fluoromonooxalato-

manganate( II) cm:ploxes contain chGlatod oxalato groups. 
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The room temperature magnetic moments of alkali-metal and 

ammoLiUiil fluoromonooxalatomanganates( II), AL'-MnF( c
2
o

4
) _7, 

have been found to- be remarkably low. The values lie bet-

ween 3.6 and 3. 9 El'-"I, showing that a strong antiferrom.ag­

netic exchange interaction is operative in the complexes. 

The co;,rplex species, very likely, has a polymeric struc-

ture through a strong -Mn-F-JVin- interactio,n. 

Chapter 8 describes a new synthesis and . ~ass spectro­

metric studies of bis(acetylacetonato)manganese(II) dihy­

drate; l'-l:n(C5H7o2 ) 2.2H2o. The synthesis is based on the 

reaction of Mn(OH) 2 with acdtylacetone (Hacac) in presence 

of a very small amount of formaldehyde. The method is 

direct and simple and does not require any buffer, unlike 

the method recommended in the literature for the synthesis 

of Hn( c5H7o2) 2• 2H2o. The role of formaldehyde is to 

protect bis(acetylacetonato)r:tanganese( II) from beint; '">Xi-

dised. Tho method is rapid an~ gives the product in a 

very high yield. Electron-impact induced mass spectrum 

of th;:; coE1l"JOUnds recorded usinc; the direct insertion 

technique~ shows tho compound to be monomeric in the VEtpour 

state, The spcctruB also provides evidence for rearrange-

ment to give Nn-CH3 species. 

The results of oxidations of organic substrates with 

a n0w and c f ficic:nt oxidnnt pyridinim:1 fluoro chromnte( VI),. 
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c5H5NHCr0
3

F (PFC), have been describsd in yho:ptor 9. The 

synthc tic potcnti.S~.l of ~yridinim1 fl..wrochromate(VI) 

re~gcnt has been investigated, and it has been found that 

the new reag~nt (PFC) has ccrtoin advantages over s~oilar 

oxidizin8 agents in terms of amounts of oxidant and sol~ 

vent rcqui~sds sliDrt .reaction times, and high yields. 

Pyrid~nium fluorochromate(VI) in dicbloromethane oxidizes 

pri1•1ary and. second:::try r:tlcohols to aldchydGs or ketones in 

very high yields; the reagent has been successfully applied 

to the oxidation of benzoin to bGnzil, a tricyclic allyl~c 

alcohol, 4-oxotricycloi-5.2.1.02 , 6_7-dcca-3,8-dicno~ to the 

corresponding tricyclic onono respectively. PFC in 

dichlorometho.ne also oxidizGs c:..nthrc:.cono .:1nd phono.nthrene 

to anthr~quinone and phonanthrcno-9,10-quinone in 68% and 

52% yields respectively. The yields may b~ raised to 98% 

o.nd 72~6 by using ac otic acid o.s the roac tion r:wdium. PFC 

does not ronct with acetoni~rile which is a suitable 

;:1cdim1 for studying oxidn.tion kinetics o.nd i::lochanisra. Thu 

r-~..-sults hi th8rto obtG.incd with pyridinim1 fluorochron.:~.tc.WI) 

(PFC) aro very sntisfuctory ~nd suggest the new reagent as 

a valunblc addition to th~ existinG oxidizing ngsnts. 

Ch~ntcr 10, indaGd the last Chnptor of the thesis, 

reports t~c kinetics and mcchnnism of the oxidation of 

alcohols by thG nc vr chroniur!l( VI) rc3.gunt, pyridinium 
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flunrocJ1romate (PFC). Pyrj_diniurt1 fluorochromate~ 

c
5

H5NECro
3
F, has been shown to oxidize benzyl alcohol, 

ethanol and. cyclohexanol to benzaldehyde, acetaldehyde, 

and cyclohexanone respectively. qhile each of the oxida-

tions 5 studied in acetonitrile-nitrobenzene (1: 1, v/v) 

medium, has bsen found to oe first order witl1 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 

free E-nergies of activation of the three reactions were 

found to lie between 91.82 and 92.65 kJ mol- 1• The near 

constancy of tho ~F# values suggest that a similar mocha-

nism is operative in each of the three oxidations. From 

th'"' results .Jf tht:se studies it apponrs that a. hydride 

transfer mechanism is involved in tho rate detGrmining 

stc·p of the PFC oxidations. Probable mechanisms havu been 

discusse;d. 
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The thesis comprises of two parts and has altoge-

ther ten Chapters. While Chapters 1 to 8 9 based on the 

studies Gf 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 1 Pyridinium FluClrochr0mate(VI) (PFC) .. 

In Qpa~t~, three new and general methods have been 

described for tl1e synthesis c f alkali-metal and ammonium 

pentafluoromanganates(III), A2MnF5 (A= Na~ K~ Cs or NH
4
). 

The first method is based on t~e d~ect electron-transfer 

reaction between potassium permanganato~ KMno 4, and acetyl-

" acetone (Hacac) in the presence of alkali-metal or ammo-

nium bifluoride 1 AHF2 , (A= Na, K~ Cs or NH4)~ leading to 

the synthesis of A2HnF 5. compounds. r:l'his method does not 

require anhydrous or aqueous HF. The basis of the second 
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meti1od is thf, reaction among }·inO( OH) 5 40% HF and AEF 2 (A = 
Na~ K? Cs or HF

4
) giving A2MnF5 compounds. The third 

uethoci involves the reaction of potassium permanganate, 

:o1n0, • with alkali-metal or arnmonium bifluoride ~ AHF2 (A = 
i~ ; 

Na, K or NRL-1-) ~ and 40% HF at .2.Jia 100 °C giving crystalline 

A2r1IEF5 compounds. 'l'his 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 spectra-

scopic studiss. The lower magnetic moments of A2MnF5 
compounds (£:J1 3.2 BH) have been ascribed to antiferromag.,. 

netic exchange interaction between tho contiguous manga-

nose(III) ions 

' ;- 72-J.On _ MnF
5

_ 

through a -Bn-F-Hn- chain. The complex 

has been shown, from i.r. and electronic 

spectral studies, to have a tetragonally elongated acta-

hcdral structure vvi th a D411 sym·Twtry., 

Chanter 2 describc.s the synthesis and structural 

assessment of M1nF4.H2o compounds. Deep-brown crystalline 

cor,.pound.s, alkali-meto.l t etrafluoromangan:.:ttE:( III) m·ono-

hydrates, AMnF4.H2o (A= Rb orCs), have been synthesized 

directly from rsactions of 10~In~ 4 with ABF2 (A = Rb or Cs) 

and 40~& HF at ce. 100 ° C without mC'.kine usu of e..ny r~;;ducine 
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agent. :Similar compounds 'Jiier e also obtained by tho reac-

tion of i\linO(OH) ·qith Ah"'F2 and 40~-6 hy'1rofluoric acid at 

100 °C. Characturization 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. and electronic spectra suggest a tetragonally 

elongated octahedral structure of the complex ion in the 

so lj_d state~ with a DLj.h sym;!letry as a consequence of the 

Jahn-Teller effect on manganese(III). The complex ion, 

L-fTnF 
4
_7 -, very likely, has a polymeric structure through 

trans-linked -·F-Hn-F chains. 

yl~'l."[lte_U of the thesis p:cesents the sy11thesis and 

asseRsment of structl.Ir e of alke.li-metal G.nd 2,1-1monium tri-

fluorol,1Qnosulphatomangano.tes( III) s Az[-T-'Inl!' 
3

( S01+) _7 (A :::: 

Li, Na~ K or J'm
4
). Pink- bro•Prn crystc-llline c:~lkali~metal 

and am1nonium trifluoromonosulphatomanganates( III), 

A2i-I'1nF 
3
c SO Lj_) _7 ~ have been synthesised in vr:.ry higll yields 

from the reaction of KMno
4 

(in the presence of formaldehyde 

solution) or l·1nO(OH) ·with 40% hydrofluoric acid and A2sol.f­

(A= Li, Na, K or NH4). Also the reaction of MnO(OH) with 

4096 BF and A2 s 2o8 ·,(A = K or NH
4

) affords A2i-MnF
3

Cso 4)_7. 

Persulphate, s
2

o
8

2-, can not oxidise Mn3+ under the present 
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ex}erimental conditions. While the chemically estimated 

oxidation states of manganese occur between 2.9 and 3.1, 

the rom'1 ten~perature magnetic moments lie in the range 

4. 0-L: .• 2 }_:;~,I. The observed magnetic rnoments suggest a 

lowering in the degree of antiferroma~netic exchange inter­

action in going from L-IvinF' 
5

_72- to i'-r"inF 
3
c SO 

4
) _72-. The 

i. r. and electronic spec:troscopic studies have been ma·de. 

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

t f 'h . 2-symQe ry 0 ~ e so4 
its coordination. It 

group from Td to c2 v as a result of 

is not certain whether the so4
2-

sroup is bonded in a chelated or a bridgin~ bidentate 

manner. The complex ion, L-MnF
3
(so

4
)_72-, may have a poly;.. 

. t t t' h so 2- 1 
• d . merle s rue ure nroug a , 4 or1 g1ng. However, the 

chances of fluoride bridgin.~~ can not be totally ruled ·1ut. 

(NH
4

)
2

['-NnF
3
(so

4
)_7 on being pyrolysed at 31+0 °c yields 

HnSO 
4

• 

Synthesis and structural assessment o; alkali-metal 

and ammonium trifl.uoromonooxalatomanganatcs( III), 

A2L-1'1nF 
3

( c2o ~) _7 (A = Na~ K or NH
4

) have been reported 

in Chqpter 4. The A2L-HnF 
3
c c2o 

4
) ~.7 compounds have been 

synthesised from thE: reaction of }1nO(OH), 409.6 HF and 

alkali-metc:tl or ammonium oxalate, A2c2o 
4 

(A = Na, K or 

NH
4

) at the mol2r ratio l<1nO(OH):HF:A2 C2o4 at 1:4-5:1. 

Characterization and assessmGnt of molecular structure o-f 
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the cow_pounds uere r.1ade from the results of elemental ano.-

lyses, che!lical determination of tYJ.e oxidation state of 

mang&nese~ l!1ac~etic susceptibility measurements? infrared 

avlC1 electronl_c s )ectroscopic studies. The mixed-fluoro-

oxalRtO-P'langanates( III) are deep pink in colour and are 

co' rpc:.r~tivel;;- lllOre steolc: th~n the corresponding trisoxa-

la tomanganate( ITI) complex~ K ~-Hn( c2o 
4

) 3-7. 3H2o. While 

the chemically estimated oxidation state of manganese was 

found to be +3, t~e room temperature magnetic moments 

were found to lie betwet:n 1+• 2 and L:. 3 mr. The relatively 

lower magnEO tic moment valuGs ov;c their origin to a weak 

antiferromacnetic exchange interaction. Infrared spectra 

of th6 A2{-MnF
3

Cc2o
4
)_7 com~ounds suggest the presence of 

bridginc oxalato (c2o
4

2-) group. The complex ion 

!-I,~nF 
3
c c2o 

4
) _72- may have a polymeric structure through 

a -Mn-C-C-Hn- chain and a weak -Mn-Ji'-l''ln- in tor-
11 II 

action. 0 0 

fl:'he direct synthesis and E-lectron=impact induced mass 

spectrometric studies of tris(acet~lacetonato)manganese(III) 

ccnstitutu t~c basis of Chapter 5. It has been shown that 

a concGn tra tc;d. solution of Ki·TnO 
4 

unC.cr ,2;0 cs a rE:ady elcc tron­

trcnsfcr reaction with acctylac'"'tonc Uiacac), in th& 

absence of any buffer, giving a very high yield of tris-
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tho solution~ recorded immediately after the formation of 

crystalline ~1n( acac) 7 was found to bE. £.Q_ 5. Several advan­
:; 

tages of the novel synthesis w&ro discussed. The direct 

ins8rtion technique has been found to be suitable for the 

mass spectrometric studies of Mn(acac) 3 compound. Electron­

impact induced mass spectromGtry shov:cd the compound to be 

monomeric •. 

yhantor 6 of the thesis presents the synthesis of 

alkali-m0tal and ammonium trifluoroaquomanganates(II), 

AL-Mll.F3(H2o)_7 (A= Na, K, Rb~ Cs or NH4). The electron­

transfer reaction between .hydrazine hydrate and KMno 4 in 

the presence of alkali-metal or ammonium bifluorides~ AHF2 

(A= Na~ K or NH4)~ readily gives light pinkish-white 

alkali-n1Gtal or ammonium trifluoromonoaquomanganatc( II"), 

Af-lvinF 3c H2o) _7, in V8ry high yields. The corresponding 

Rb+ and Cs+ salts hav0 been ob.tainod fron1 tho reactions of 

20% hyc~rofluoric acid solution of l'H14f-~·InF3(H2o)_7 with 

Rb2co3 and Cs2co3 respectively. The compounds havu been 

charactc...riscd by clGmontal analyses, chGmical determination 

of oxidation st~tcs of manganese in the compounds~ room 

ten.rpvraturc magnetic susc...;ptibili ty measurvmcmts~ pyro-

lysis and infrared spectral studies. The i. r. spectra of 

-1 the compounds showed the:; )J (Mn-F) to appear at .£Q 410 em • 

The rio:sults of i. r. spectral and pyrolysis ,studies suggest 
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the presence of roordinated water. The room temperature 

nlagnetic moments of t11e alkali-meta] and ammonium trifluoro-

monoaquOlno.nganates(II)$ fi.~-MnF3(H2o)_7, lie between 5.2 

well belo'1:T the expected value for a high-spin 

d5 -system. Considerably lower moments presumably ov1e 

their origin to antiferror.1agnetic exchange interaction bet­

ween contiQ'uous ~1n2+ ion through a -Hn-F-Hn- chain in 

the solid state. The complex species i-MnF
3

(H2o)_7- may 

have a polymeric structure through a weak -~1n-F-Mn-

interaction. 

In Chapter 7, the synthesis and assessment of struc-

ture of alkali-metal and ammonium fluoromonooxalatomanga-

nates( II), Ai-HnF( c2o 4) _7 (A = Na:~ K or l'JH~_), have been 

describe-oct. The Ai-HnF( c2o 4) _7 compounds have been synthe­

sized by the ree.c tions of 10·1nO 
4 

or MnO ( OH) vvi th L~076 hydro-­

fluoric acid ancl alkali-mets..l or ammonium oxalate~ A2C2o L~~ 

at ce~ 100 °c. The compourds u~.re white anc1 stable for 

:prolonged -periods.. f.,_i-JVmF( c2o 
4

) _7 compounds have been 

chRractcrized frou t~e results of elemental analyses, mag-

netic suscuptibility measurements, and infrared spectra-

scopic studies. The i.r. spectral studies of the compounds 

show that 5 unlik~ the trifluoromonooxalatomanganate(III) 

complexes described in Chapter 5, tho fluoromonooxalato-

manganatu(II) complexes contain chslatod oxalato groups. 
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The room temperature magnetic moments of alkali-metal and 

a>l1fuor:..iUii1 fluoromonooxalatomanganates( II), A~-IvinF( c
2
o 

4
) _7, 

ha11e bsen found to. be remarkably low. The values lie bet­

ween 3.8 ancl 3.9 BI"l, showing that a strone; antiferromag­

netic exch.7,nge il1teraction is operative in the complexes. 

The COitlplex species, very likely~ has ec polymeric struc­

ture through a stron8 -Nn-F-Nn- interaction. 

9hapter 8 describes a new synthesis and . oass spectro­

metric studies of bis(acetylacetonato)manganese(II) dihy­

drate, .Hn( c5H7o2 ) 2.2H2o. The synthesis is based on the 

reaction of Mn(OH) 2 with acdtylacetone (Hacac) in presence 

of a very small amount of formaldehyde. The method is 

direct and simple and does not require any buffer, unlike 

the method recommended in tho literature for the synthesis 

of Ivin( c5H7o2) 2• 2H20. The role of formaldehyde is to 

protect bis(acetylacetonato)nanganese(II) from beinG ~xi­

dised. The method is rapid anc gives the product in a 

very high yield. Electron-impact induced uass spectrun 

of th8 compound, recorded usine tho direct insertion 

technique, shows tho compound to be monomeric in the vapour 

stato. The spcctrur,l also provides evidence for rearrange-

ment to give Hn-CH
3 

species. 

~l'he results of oxidations of organic substrates with 

a now and efficient oxidant pyridiniu~ fluorochromato(VI)) 
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c
5

H5FHC:ru
3

F (PFC), have been described in _(jho.Rter 2._. The 

synthc tic potential of pyridiniun flJ.orochromate(VI) 

reagent has been investigated, and it has been found that 

the new reag0nt (PFC) has cortain advantagGs over s~nilar 

oxidizins agents in tE::rEis of amounts of oxidant a.nd sol-

vent required, slmrt ~reaction times 7 and high yields. 

Pyridinium fluorochromate(VI) in dicihlloromethan& oxidizes 

:priFlary and secondo.ry alcohols to aldehydes or kc;toncs in 

very high yields; the reagent has been successfully applied 

to the oxidation of benzoin to bcnzil? a tricyclic allyl~c 

alcohol, 4-oxotricycloi-5.2.1.02 ' 6_7-dcca-3,8-dicnc~ to the 

corresponding tricyclic onono respectively. PFC in 

dichlorom0thano also oxidizGs anthrnconc and phennnthrene 

to anthr--tquinone and phenanthrcnc-9~ 10-quinone in 6876 and 

52% yields r&spoctivoly. The yiolds J:l::ty b(_; raisod to 98% 

and 7296 by using acetic acj_d as the reaction r.10dium. PFC 

does not react with acctoni~rilc which is n suitable 

1:1cdiur:1 for studying oxidation kinetics and !'1cchanisn. The 

results hi th0rto obtained with pyridinim:1 fluorochronatc(YI) 

(PP'C) aro very sntisfo.ctory and suggest the new reagent as 

a valunblo addition to the existine; oxidizing o..gcnts. 

Ch~ptcr 10, indeed the last Chapter of the thesis~ 

reports the kinetics and IIlGch.::mism of the oxidation of 

alcohols by the nc\V chromiuln(VI) reagGnt, pyridinium 
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flunrochromate (FPC). Pyrj_dinium fluorochromate, 

c5H5NPCr03JT, has been shown to oxidize -benzyl alcohol~ 

ethanol and cyclohexanol to. benzaldehyde., acetaldehyde, 

and. cyclo!.1sxanone respectively. While each of the oxida-

b_ons 5 studied in ac etoni trtle-ni tro benzene ( 1: 1 ~ v/v) 

medium~ ~1as b(::en found to oe first order with respect to 

ths oxidant, the rate is almost independent of the sub­

strate concantration. The oxidation reactions are hiehly 

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 evaluated. The 

fr8o t.nergies of activation of the: three reactions were 

found to lie between 91.82 and 92.65 kJ mol- 1• The near 

constancy of the ~ F# values sugr,est that a sir11ilar mocha-

nism is operative in each of th.::: throe oxidations. From 

th:J results Jf these studies it appears that a hydride 

transfer mechanism is involved in th~ rate determining 

step of the PFC oxidations. Probable: mGchanisms hav0 been 

discussed. 



INTRODUCTION 

Manganese is the first rm; Group VII E transition metal, 

twelfth most abundant element and constitutes about 0.085% of the 

earth's crust] 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-systews. 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 9 has the 

ground state electronic configuration ~~Ar_73d54s2 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 found4 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 
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oxidation states. ~he higher oxidation states of manganese, i.e. 

Hn5+ to Mn 7+, exist only in compounds containj_n6 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 Mn02 ~ in fact, is 

due to its inherent insolubility; the other Mn4+ 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 reactions 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 complex~· There are relatively 

few simple compounds of Mn3+ 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 disproportionation8 '9: 

+ 

> + 

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

results in a lowering ·of the redox potential for the Mn( III)/Hn( II) 
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cauple 9 and ~s dependent upon pH. Although the :complex forma-

tion by the metal in:. its + 3 state is of normally dissociative 

type 10 and that~ the hydrolysis can occur at low acidities also, 

.> Hn(OH) 2+ + H+ K ~ 1 

t~ese can be mini~ised to a considerable extent at high acid 

concentration and with suitable complexing·anions. Thus, Mn3+ 

can be stabilised in solution by sulphate 9 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 ?-coordinate complex anion 

[-Mn( EDTA) (H2o) _7- undergoes slow decomposition due to oxidation 

of the ligand] 1 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 suitably in this regard. The study of 

fluoro-complexes of manganese( III) thus becomes a subject of 

considerable interest for chemists~ which, as one among others~ 

may pave the way for understanding the chemistry of trivalent 

manganese more clearly. 

Manganese(III) has the 3d4 electronic configuration which 

is subject to Jahn-Teller distortion and the majority of the 

octahedral complexes of this d4 ion are high-spin with magnetic 

moments of near spin-only value. Because of the odd number of 

electrons in eg level, [=5Eg (t2g3eg 1); d4 (Mn111 )_7, the 
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distrotion should be appreciable and it might be expected to 

resemble the distrotion in Cr2+ and cu2+ compounds~ namely 1 a 

considerable elongation of two trans-bonds with little difference 

in the lengths of the other four. Thus. whenover the subject of 

the Jahn-~eller effect arises, frequent references is made to 

high-spin manganese(III) 12- 14 compounds. However~ for the 

reaso.ns mentioned .;earlier in this sectioni not many Mn3+ comp-

lexes have been well studied compared to that of the other tri-

positive first-row transition elements or othGr systems having a 

d4 configuration. Hence~ studies on various aspects~ viz., 

synthesis, reactivity and structural assessment of different 

types of ~n3+ complexes was felt important and it was with 'his 

perspective that an attempt was made to study the fluoro complexes 

of manganese(III). In Chapter 1 of Part I of the thesis~ a 

detail account of synthesis 7 characterisation and structural 

assessment of alkali-metal and ammonium pentafluoromanganates(III), 

A2MnF5 (A= Na, K, Cs or NH4 )~ has been presented. Chapter 2 

embodies the synthesis and physico-chemical studies of heavier 

alkal-i-metal tetrafluoroman[;anates( III), M1nF 
4 

(A = Rb or Cs). 

l:;Jhen 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 co.mplexes. Com.:idering 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 
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consideration~5 Thus different types of mixed ligand complexes 

of various metals have been studiedg methods to determine their 

stability constants have been elaborated~ their importance in 

chemical 16 ,l7 and biochemical1B,l9 processes has bben 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 expan-

sion of the coordination sphere. The earlier studies on manga­

nese (III) mainly invol vod type (a) 20- 22 and the "type( c) comp­

lexes~5,23-Z6 The type (b), however~ is only sporadically 

reported~7~Z8 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 li&and complexes are always more stable than could be 

expected on statistical grounds, but there are now many examples 

of the opposite behaviour~5 Statistically, however, mixed 

ligand complex formation is always favoured~9 which has been 

later supported15 by elementary electrostatic consideration? 

steric effect and back-coordination. 
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It appears~ therefore, that studies directed to mixed ligand 

complexes of manganese(III), particularly of the type (b) mentioned 

above, @ay generate some valuable information. Coming back to 

the case of manganese-fluorine system~ one finds that ther~ is a 

dearth of information regarding mixed fluoro complexes of m.anga­

nese not only in its +3 but also in +2 states of the metal. 

There is only one reported30 mixed fluoro-complex of manganese-

( III), i.e., the potassium trifluoromonosulphatomanganate(III), 

K2f-HnF
3
(so4)_7, which was obtained only as a by-product of a 

reaction carried 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 known 12 ,l4,31 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 It was therefore 

thought that a mixed ligand mancanese(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 oonstitute good examples of eomplexes of the type(b), 
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mentioned earlier in this section. In view of this~ studies on 

wixed-fluoro complexes of manganese(III) were undertaken. The 

results of such .studies are incorporated in Chapter 3 and 4. 

While Chapter 3 deals with alkali-metal and ammonium trifluoro,.. 

monosulphatomanganates(III), A2i-~1nF3(so4)_7 (A= Li~ Na 9 K or 

NH4 )~ Chapter 4 includes alkali-metal and amMonium trifluoromono­

oxalatomanganates( III)~ Azi-HnF 
3
c c2o 

4
) _7 (A = Na, K or NH

4
). 

In a continuation of the studies of manganese(III) chemistry~ 

and notinB the importance of and interest on metal acetylaceto­

nates~3-42 it was thought important to develope a new and direct 

method for obtaining tris(acetylacetonato)manganese(III)~ 

Mn(C5H7o2 ) 3. Accordingly~ a simple and convenient method has· 

been developed for the synthesis of Mn(c5H7o2) 3. Chapter 5 of 

Part I of the thesis presents a detailed account of the new 

method of synthesis of Mn(acac)
3 

(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 

potentials: 

1. 5v - 1. 18v ---· 
1. 5v 
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In basic media, however, the hydroxide Mn(OH) 2 is formed and this 

is very prone to oxidation, even by air43: 

0.1v -0.2v Mn(OH) 2 

The equilibrium constants for formation of the complexes of 

Mn2+ are low,compared to Mn 2+ salts and those of the divalent 

cations of succeeding (Fe2+ - cu2+) elements~4,45 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 

than the manganese( III) ion. This general low ability of Hn2+ to 

form complexes in which electron pairing occurs, and the thermal 

atability of the sulphate, make the behaviour of the metal in its 

+2 state much more like that of a non-transition metal than like 

8 2+ its neighbours Cr and Fe. Further, tho majority of Mn compounds 

arfigh spin and in appropriate ligand environment it behaves most 

ideally. In octahedral fields~ the d5 configuration gives spin-

forbidden as well as parity forbidden transitions imparting a 

weak colour of the COinpounds. But in tetrahedral field the 

compounds are somewhat more coloured (usually pale yello·w/green) 

since the transitions here are though spin-forbidden but are no 

longer parity~forbidden~3 All these factors, therefore 9 mali;_e the 

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



It was observed that in aqueous solution the formation con­

stants for halogeno complexes are very low~7 

MnCl+ 
aq 

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 manganese(II), the relative 

values of the ligand field parameters are in the accepted order 

of the spectrocher.1ical series, namely I '(Br -(91 (F (H2o for 

structurally related compounds. Consequently 1 the halo complexes~ 

particularly the fluoro-complexes, of the metal in its +2 oxida­

tion state have found a remarkable importance~7-5Z 

Tetrafluoromanganates(II) and trifluoromanganates(II) are 

the two most well studied fluoro~complex of the metal in its +2 

oxidation state~7j50-5Z Report on the mixed fluoro complexes of 

manga.nese(II)~ however 3 appears to be very scanty •. As a sequel 

of studies on fluoro and mixed fluoro complexes of manganes8(III)~ 

it was felt worthwhile to extend such studies to lnanganese(II) 

also. Some success has been achieved in this direction and new 

complexes~ viz., trifluoroaquomanganates(II) and fluoromonooxa-

latomanganates(II) have been synthesised. Chapter 6 describes 

the synthosis 3 characterisation and physico-chemical studies of 

alkali-metal and ammonium trifluoroaquomanganates(II) 9 
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and assess~ment of structure 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~ 

I ·n( c 5~ 7o2 ) 2 • 2E2o ~ a new method or/synthesis 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 .2H2o and also 

tho results of mass sp€ctrometric studies of the compound. 

Apart from manganese~ the first row s erie sf f 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 state~ of the metal. 

Chromium(VI) has the typically important property with regard to 

its oxidative potential for both organic and inorganic systems. 

Consequent upon this, there has been a good nuwber of ChromiumNU 

reagents developed for the oxidations of various types of organic 

substrates. It is generally observed 9 in such reactions that the 

initial chr0ii1ium(VI) compound is reduced to its +3 stato invol-

ving various intermediate stages. 
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The conversion of cr6+ to cr3+ or the reverse,involying a 

3-uloctron change and having a low probability of being occurcd 

in a single step, it> plies the formation of chromiu1n. in interne--

dj_o.te oxidation states in such reactions. Evidences, obtained 

from kinetics and mechanistic studies~ regarding the formation of 

transient intorrnedi~tes support this view, Moreover,isolation of 

some Cr5+ and cr4+ compounds, which arc unstable in water~ and 

the results of studies of induced oxidations53,54 have produced 

some of the most 1convincing evidence for the formation of 

chroraium in oxidation states +5 and +4 in electron-transfer 

reactions. 

Chromiurn(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 nnd 

t- butyl chromate. .A wide rang0 of oxidations w;1ich can be RC com-

plished v..ri th these reagents also include the following: aryl 

alkanes and polycyclic aror:1atic hydrocarbons to aromatic acids 

with chro~ic acid and aqueous dichromate; oxidation of aryl 

alkanes to aldehydes and ketones by chro~yl chloride and to 

acetates with chromyl aceta;te. One of the major uses of 

chromium(VI) in synthetic organic che1i1istry is oxidation of 

primary alcohols to aldehydes and secondary alcohols to ketones. 

The mechanisns of many systems have been investigated and 
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involvement of Cr5+ anopr4+ intermediates in these organic oxida­

tions have been established. 

A new chromium(VI) reagent, pyridinium fluorochromate, 

c5H5NHCr0 3F (PFC), was synthesiseqd.n this laboratory about two 

Years ago, and it became necessary to study its reactivity with 

rGgard to oxidotion of organic substances. Accordingly such 

studies have been made and the results are incorporated ~n 

Part II of this thesis. Chapter 9 describes the oxidation of 

organic substrates including polynuclear hydrocarbons involving 

pyrid.inium fluorochromate, c
5

H5NHCro
3

F (PFC), while Chapter 10 

presents an account of the kinetics and mechanism of oxidations 

of alcohols with PFC. 

Each chapter of the thesis has been so designed as to make 

it a self-contained ·.o.ne. 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 

~re under cohlmunication. 
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Synthesis, Characterization and Assessment of 

Structure of Fluoro, Mixed-Fluoro and Acetylacetonato 

Compounds of Manganese + (III) and + (II) 
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.QJiA.P TER _l 

Alh:ali-Metal and Ammonium Pentafluoromanganates( III), 

A2i-MnF5~l (A == Na, K, Cs or NH4). New and Convenient 

Methods of Synthesis, Characterization and Structural 

Assessment * 

Interest in the field of chemistry involving fluoro­

containing transition metal compounds 1-9 seem to be never dimini-

shing. Peculiarities of such compounds in respect of their mag­

netic and structural behaviours probably make them relatively 

more interesting than the compounds containing other halides, 

bonded to a metal centre. Some of the fundamental properties of 

fluorine, e.g. 5 its high elBctronegativity and small ionic size 

render it sui ta~Jle for stabilising higher oxidation states of 

metals. Although this is generally true, manganese presents a 

somewhat different story. Thus~ the compounds like :tvrnF7 and 

* Results of the work described in this Chapter hav£ been 

published: J. Che~. Soc. DaltonjT~., 2587~ 1981; Synth. 

Rea9t. Inorz... lV!et.-Q:att Chem. ~ 485, 12, 1982; Ind. J,, Chen1.,. 

In press. 
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IvlnOFr:: do not seem to be known, and indeed one finds that manga­
:J 

nese, in its oxidation states +(IV), +(III) and +(II), responds 

more favourably to the formation of fluoro:complexes 10 under the 

a~propriate conditions. 

Coming to the case of manganese(III) and considering its 

enbanced basic character, it can be easily reconciled that an 

acidic ligand like fluoride must be able to stabilise11 , 12 Mn3+ 

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,l3-30 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 diffi.Cult to prepare and unstable under ordi-

nary conditions. Alkali-metal pentafluoromanganates(III)5-

A2!-I,'inF 5_7 (A == Na, K, Cs or NH
4
), for example, have been known 

for quite so1neti1'1e, however, no convenient method: .has been avai-

lable for their synthesis. It appears from literature that the 

reaction betv.,reen a solution of MnF
3 

in aqueous hydrofluoric acid 

and alkali-metal fluorides has been generally used for the synthe-
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sis of A2i-MnF5_7 compounds~ 1 s. 27 The inherent problems of the 

method are the difficulties involved in the synthesis of MnF
3
3l-33 

and its stability under normal laboratory conditions. The other 

methods, viz., (i) the reaction between Mno 2 and KHF2 in HF~8 

(ii) the electrolytic oxidations of MnF2 in 40% hydrofluoric acid 

followe:d by the adclition of a saturated solution of KHF2 in hydro­

fluoric acid~9 and (iii) the oxidation of manganese sulphate with 

KMno
4 

in hydrofluoric acid containing KHF2~ have been used 

specifically for the synthesis of potassium pentafluoromanganate--

(III) monohydrate, K2MnF
5
.n2o. Further it was recently commen:. ·. 

ted3~- that nothing more than the sparse synthesis has been repor­

ted for the cesium salt of pentafluoromanganate(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)) Azi-MnF5_7 (A= Na~ K, Cs or 

NH
4
). Accordingly, three new methods have been developed for the 

synthesis of the title compounds. A detailed account of the 

three new methods 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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EXPERH'IENTAL 

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

E. 1-lerck, Sarabhai H. Chemicals or Loba Chemie). Infrared 

spect:;..~a \Jere recorded 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 HgL-Co(NCs) 4_7 as the calibrant. The dimagnetic 

corrections were made using the data given in the literature~5 

Reflectance spectra were recorded against HgO using Carl 

Zeiss Jena USU 2-P instrument. 

Pre~aration of MnO(OH)?6 This compound was prepared by 

following the method described in literature?6 In a typical 

preparation 9 a solution of 2.2 g (10m mol) Nnso4.4H2o in 350 ml 

of water was treated with 34 ml of a 3% H2o2 (30 m mol) solution. 

An amount of 50 ml of a 0.2 H ammonia solution (10m 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 lit of hot water on the filter and then dried over 

phosphorous pentoxide in vacuo. 

Preparation of Alkali-Metal and .[pnmo.n_ium Bifl1!Q1'ides, .AIIF2 

Alkali~metal and ammonium 
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bifluorides, AHF
2

, were prepared by the method developed by 

Chaudhuri 2nd Choudhury?? 

In an·exa~ple typical of the general procedure, powdered 

alkali~metal or ammonium carbonate, hydroxide or fluoride was 

dj_ssolvGcl in 40% hydrofluoric acid maintaining the ratio of A: HF 

at 1:4. To the clear solution pyridine was added vrith constant 

stirring until precipitation was complete, and then allowed to 

settle. The white crystalline alkali-metal or ammonium bifluoride, 

AHF2 , was separated by decantation and washed several times with 

pyridine until the compound was free from hydrofluoric acid. The 

adhered pyridine was removed by washing veri th acetone and the 

compound was finally dried in vacuo. 

~lemental Analyses. 

( i) Estimation of ~11anganes~~8 

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 9 washed with water and then dissolved in a minimum 

mnount of dil. HCl solution. About 0.5 g of hydroxylammonium 

chloride was added (to keep manganese in its +2 state) to the 

solution and tl1er.. warmed after diluting to about 100 ml. The 

solution was neutralised by dropwise addition of dilute sodium 

hydroxide solution 9 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 it 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 °c~ allowing sufficient time for 

oomplex formation~ until the colour of the solution permanently 

changed from red to blue. 

1 ml. of 0.05 M EDTA 2. 74.7 mg Mn. 

(ii) ~stimation of Fluoride~9 

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 severa~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 changed to blue. The mixture was then treated with 1 ml 

of cone. 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 crystallised 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. 

~or the gravimetric estimation~9a the precipated lead 

chloridefluoride was filtered through a weighed Gooch crucible 

(Grade 4) and weighed as PbClF after drying at 140-150 °C to 

constant weight. 

In the volumetric analysis~9b 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, anci finally once more 

with cold water. The precipitate was then dissolved in 100 ml 

of 5 per cent nitric acid by heating on 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, washed 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 filtr'ate 1 thus found, 

was subtracted from that originally added, and the fluoride 
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content of the sample was then calculated from the amount of 

silvor nitrate consumed. 

1 ml ( N) AgNO 
3 

0.0190 g F. 

(iii) &§timations of .Sodium. Potassium. Cesium and Nitrogt-ll 

(a) Determination of .Sodium~0 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 Na2.so4 following the procedure described in literature~0 

(b) Determination of Potassium or Cesium~ 1 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 water. 

From the combined filtrate and washings potassium or cesium was 

estimated gravimetrically as KClo 4 or CsClo4 by the usual 

method~ 1 

(c) Determination of Nitrogen. The estimation of nitrogen 

was accomplished by the micro analytical technique. 

Chemical Determination of the Oxidation State of Manganese 

of 
The oxidation state of manganese in each~he 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

mation of unoxidised Fe 2+ 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, 

-vvith 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-

Three new methods have been developed for the synthesis of 

alkali-metal and ammoniwn pentafluoromanganates(III). Since the 

methods are general, in order to avoid repe~ation, only one 

representative procedure for each of the methods has been desc-

ribed. However~ the dGtails of the ~nounts of reagents used and 

the yields of the compounds are set out in the form of a Table 

after each method. 

Method I 

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

ride, AHF2 , was intimately mixed with solid potassium permanga­

nate, KMn0 42 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. The filtrate was collected in a polyethylene 

beaker and an excess of acetylacetone was added with constant 

stirrin6• An exothermic reaction set in and readily gave a rose-

pink coloured microcrystalline product in almost quantitative 

yit::ld.with the mother liquor becoming colourless. The compound 

was separated by centrifugation and purified by wasnng with 

hept~ne and finally dried in vacuo. In the case of the sodium 

salt, the powdered mixture KMno
4
-NaHF2 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 NaHF2• 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 1; however, the method can be scaled up to higher quan­

tities as well. 

Method II 

Synthesis of A2i-MnF5_7 (A = Na or NH4) and A2i-MnF5_7.H20 

(A= K orCs). To· a suspension of 1~0 g (11.4 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 AHF2 (A = Na, K 1 

Cs or NH
4

) in a small amount of 40% hydrofluoric acid was added 
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Compound 
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Amounts of Reagents Useo and Yields of 

Alkali-Metal and Ammonium Pentafluoro-

manganates(III) 

Yield 

in g 

(%) 

0.34 

( 97. 1) 

0.32 

(86.5) 

0.44 

( 9 3. 6) 

o. 78 

(95.1) 

Amount of 

I<:J1nO 4 in 

(m mol) 

0.3 

( 1 "9) 

0.3 

( J. 9) 

0.3 

( 1. 9) 

0.3 

( 1. 9) 

g 

Amount nf 

AHF2 in 

(m mol) 

1. 0 

(17.5) 

1 • 1 

( 17. 7) 

1. 0 

( 12.8) 

2.3 

( 13. 4) 

g 

AmolJ.nt of 

Acetylace 

tone in g 

(m mol) 

3.0 

( 30) 

4.0 

( 40) 

3.0 

( 30) 

3.0 

( 30) 
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directly- to the solution (A) with stirring whereby a rose-pink 

coloured 9 :11icrocrystalline product appeared immediately. The 

product A2L-MnF5_7 or Azi-MnF5_7.H2o was separated by centrifuga­

tion, washed with heptane until it was free from acid, and : 

finally dried in_yacuo. The details of amounts of the reagents 

used and yields of alkali-metal and ammonium pentafluoromanga-

nates(III) are given in Table 2. 

A slightly different method had to be adopted for the synthe­

sis of Li2i-MnF5_7~ for which a separate procedure is given. 

To a suspension of 1.0 g ( 11.4 m .mol) of MnO(OH) in a mini­

mum volume of water, 6.0 ml (120m mol) of 40% hydrofluoric acid 

was added with constant stirring and a dark brown solution was 

obtained. To this solution 1.7 g (23m 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, Li2i-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 Li21'1nF
5 

was 1.2 g (63.8%). 

Method III 

Pure KMnO 
4 

and dry alkali-metal or ammonium hi fluoride~ 

AHF2 (A= Na, K or NH4), in the molar ratio 1:2, were separately 
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'l'able 2. Amounts of the Heaagnts Used and Yields of 

Compound 

All<:.ali-lvietal and Ammonium Pentafluora-

mc:mgana tes( II I) 

Yield 

in g 

( 96) 

1. 9 

(89.2) 

1. 8 

(80.0) 

2.5 

(88. 7) 

2.2 

( 88. 4) 

Am!'"'unt of 

l'1nO(OH) in 

g (Ill l£101) 

1. 0 

( 11. 4) 

1.0 

( 11. 4) 

1. 0 

( 11. 4) 

0 .. 5 

(5.7) 

---
Amount of 

40% HF in 

ml (m mal) 

2.0 

( 40) 

2.5 

(50.0) 

1. 2 

( 2Lj .• 0) 

Amount of 

AHF2 in g 

( m mol) 

1. 5 

( 26. 3) 

1. 6 

(25.8) 

2.1 

(26.9) 

2.3 

( 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 solutio~ 

thus obtained, was heated on a steam-bath with occassional stir­

ring u11til the colour changed to deep brown ( ca 20 min). 

Eeatir:.g was continued until crystals began to appear, and the 

solution was then concentrated by heating in a siroilar manner 

for about 2 h. The reaction container was cooled to room tempe­

rature and the rose-pink crystallised A2~-MnF5_7.xH2o (A = NH4, 

x = 0; or A = Na or K, 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 (NH4)2L"MnF5_7, Na2~-MnF5_7.H20 
and K 2~-MnF 5_7 .. H2o are set out in Table 3. 

Analytical dataj 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. 



Table 3. 
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Amounts of the Rea~ents Used and Yields of 

( NH1) 2i-HnF 5_7, Na2L-MnF 5_7. H2o and 

K 2CtvinF 
5
_7. H2o 

Yield 

in g 

( 76) 

1 • 1 

(9 3. 0) 

1. 2 

(88.0) 

1. 4 

(90.0) 

Amount of 

KNno
4 

in g 

(m mol) 

1 .. 0 

( 6. 3) 

1. 0 

( 6. 3) 

1.0 

( 6. 3) 

Amount of 

AHF2 in g 

(m mol) 

0.72 

( 12.6) 

o. 78 

( 12. 6) 

0.98 

( 12. 6) 

Amount of 

40% HF in 

ml(m mol) 

15 

( 300) 

20 

(400) 

15 

( 300) 
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RESULTS AND DISCUSSION 

General Syntheses. The Method I described (vide 

Experj_mental Section) leads to the synthesis of pentafluoromanga-

nates(III) of alkali-metals and ammonium, sufficient in number to 
little. 

leavevaDubt that reductions with acetylacetone (acacH) could be 

developed for the synthesis of compounds of other transition 

metals. It has been shown subsequently that the acet~lacetone 

is oxidised42 in such reactions to give 'cG,QC., (E> ,(3 -tetraacetyl­

ethane, (CH
3
co) 2CH-CH(CH

3
co) 2• The yields are almost quantita~ 

tive and gram quantities of pentafluoromanganates(III) can be 

synthesised directly from KMno
4 

in about 30-40 min with very 

simple apparatus and without the use of hydrogen fluoride or 

even hydrofluoric acid. The alkali-metal and ammonium bifluorides 

AHF 2 (A = Na, K 9 Cs or NH
4
), here act as fluorinating agents. 

The strategy br the present synthesis was that the reduction of 

Mn7+ by a relatively mild reducing agent like acetylaaetone in 

the presence of F- (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 H+ and stabilisiDg F- ligands in tho solution phase ari­

sing from AHF2• 
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The Method II involves the reaction among MnO(OH)~ hydro-

fluoric acid and alkali-metal or ammonium bifluoride~ AHF2 , and 

is also a general one. This method can be used for the synthesis 

of all but Li2(~MnF5_7 for which a slight modification is nece-­

ssary owing to the extremely low solubility of LiF. The yields 

of alkali-metal and an1illonium pentafluoromanganates( III), obtained 

by this method, are very high and the process can be scaled up. 

The overall reaction leading to the synthesis ca~pressed as 

follows: 

MnO(OH) + HF + 2 AHF2 

It is required to mention that since an acidic solution 

prevents pentafluoromanganates(III) from being hydrolysed, the 

reaction medium has to be maintained acidic by using a little 

excess of hydrofluoric acid and AHF2• It is believed that, in 

the present case, freshly prepared MnO(OH) instantaneously reacts 

with hydrofluoric acid to form MnF
3 

which then reacts with alkali 

metal or am!l1onium bifluoride to produce AzL-HnF5_7. 

It may be noted that while the Method I requires acetyl­

acetone (acacH) as the reducing agent for the synthesis of penta­
sf/.'":"" fluoromanganates(III), the Method II requires HnO(OH), as onevthe 

sta:r1;ing materialB, which needs an extra preparation. The Method 

III, however, does not require any of the above-mentioned rea-
~ 

gents. This method is based on the reactio~no4 , in 40% 

hydrofluoric acid, with alkali~metal or ammonium bifluoride, 
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AHF 
2

, (A = Na, K or 1'TH
4

) at stealn-bath temperatures. The reac­

tion of KMnOL~' in 40% HF, with AHF2 , at s;,;J. 100 °c leads to the 

synthesis of rose-pink coloured, crystalline alkali-metal and 

amr•lOnium pentafluoromanganates( III} i A2L"-NnF 5_7 (A :::: Na, K or 

NH4), in very high yields. The procedure involved is very 

siwple, and the method C~In be scaled up to higher quantities. 

The reaction is best monitored by noting the change of colour of 

the reaction mixture from dark pink to deep brown indicating the 

reduction of Hn?+ to Hn3+, which is generally complete in about 

20-25 min. It is difficult to propose the actual rechanism of 

the electron-transfer reaction taking place in the present case. 

However 9 it could be possible that the red-ox reaction between 

KMno
4 

and water might have taken place since oxida~on of fluo~ · 

ride to fluorine should not be possible under such conditions. 

The Method III appears to be the most direct method 3 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 ammonium pentafluoromanganates(III), A2MnF5 
Cs or NH

4
) are all rose~-pink coloured crysta-

lline 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 deter:lination of oxidation state of the metal. 

The chemica1 detennination of oxidation state of manganese 

is particularly emphasised because the fluoromanganates(III)~ 

even at room te@perature, might exhibit antiferromagnetic beha­

viour 13,. 1Lh 19, 21 leading to confusion with regard to the actual 

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
4
+, Li+ and Na+ salts are generally 

1- 7 + + anhydrous, of the type A2_ MnF5_ ~ whilst the K and Cs salts 

are monohydrates, A2L'-HnF5_7.H2o~ even though their methods of 

synthesis are the same. 

The structure and composition of the ammonium salt has been 

the subject matter of some debate~3,43 although the species 

consisting of tetragonally elongated octahedra linked through 

bridging fluoride ions is generally favoured. Based on the 

results of replicate c~1emical .analyses and infrare.d sps ctral 

studies~ the present work also confirms that the ammonium salt 

is (NHL~) 2C:-NnF5_7 and not (NH
4

) 2C:-MnF
4

(0H)_7. Repeated chemi­

cal anaJ.yses always conform to the atomic ratio of Mn:F as 1:5" 

and the infrared spectrum of the compound neither showed any 

absorption in thG S }1-0-H region ( 1200-900 cm- 1) nor absorbed at 
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44 
N 3600 cm- 1 which is typical for- --0 O-W The absorption at 3040s, 

3157m and 1400s cm- 1 have been assigned as Vp ~3 and :1> 
4 

modes, 

respectively 1 of NH
4

+ and correlate very vvell with those of the 

analogous am1110nium pentachloromanganate( III) ~5 The bands at 

61L~m and 565sci!1- 1 have assigned to 0
3 

and ;>
4 

vibrational 

modesLJ·6 of l11n-~F. 

The infrared apectra of alkali-metal and ammonium penta-

fluoromanganates(III), A2~-MnF5_7 (A~ Li, Na, K, Cs or NH
4
), 

resemble each other very closely, suggesting thereby that they 

are all identical structurally and stoichiometrically. Typical 
-1 of all spectra are the two absorptions at ,.,,~ 615 and rv 565 em • 

The occurrence of vibrations at a relatively low wavenumber in 

the i.r. spectra implies the presence of octahedral or distorted 

octahedral MF6n=, and in keeping with this there are two readily 

identifiable 0 Jvin-F bands at ca 615 and .sa 565 cm- 1 f.-tf. the 

analysis of -0M-F in HF6n- complexes_7~6 Thus~ it is evident 

that Mn3+ in L-MnF
5

_72- displays the Jahn-Teller effect, assumes 

a distorted octahedral structure with each octahedron being 

linked to its nearest neighbour through a bridging fluoride ion, 

and conforms to the crystal structure of K2t-MnF5_7.H2o reported 

by Edwards15 The K+ and Cs + salts show two extra bands at ca 

1640 and .£.§. 3460 cm- 1, which have been assigned to the ~ H-O-H 

and ~O-H vibrational modes of uncoordinated water, and are in 

accord with the earlier observations 1 5~ 21 and also agree well 
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with the crystal structure 15 of K2!-MnF
5
_7.H2o4 The X-ray data 

collected from the crystals of the ammonium salt47 synthesised 

by the new methods gave the following cell dimensions: 

a= 6.218(2)~ b = 7.955(5) and c = 10.716(3) 0 A, and are in 

excellent agreement with those obtained earlier by Sears and 

Hoard 1 L't from ( NH
4

) 
2

L'-HnF 5_7. This adduces support to the conten­

tion that the structures of the compounds obtained by the new 

methods are the same as those evaluated earlier14,l5 

The electronic spectra of (NH4) 2~-MnF5_7 and K2L~nF5_7.H2o 
were recorded and the band positions are smamarised in Table 5. 

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

exhibit three bands at~ 12~000 7 ~a 18 9 500 and £a 21,000 cm- 1 

designated as band I, II and III 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 

assigned, in line with the argument of Davis, Facl-cler and Weeks~ 
5 5 5 

--)""' A1 g' B1 g '>' Bzg and to the transitions 5B
1 g 

5L1g > 5Eg respectively~ arising from the appreciably large 

splitting of 5E ground state of rnanganese(III) in the complex g 

ion HnF5;- as a consequence of Jahn-Teller effect. The result 

of electronic spectral studies suggest that the effective field 

around manganese( III) in the com.plex ion .~is D4h, and conforms 

well with the reported structure of (NH4 ) 2~-MnF5_7 1 4 and 

K zL-I-inF 5_7. H2o ]5 
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Table 5. Electronic Spectral Data 0f 

BancL_l Band IIJ 

Compound 5 5 
B1g =;;. A1g 

em -1 

12' 100 18' 100 21,000 

12,000 18,700 21 '300 
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The room-temperature (302 K) magnetic moments of A2[~nF5_7 
(A :;:: Li, Na~ K, Cs or :NH4) lie between 3. 19 and 3. 3 BH ( 1 BM = 
0.927 x 10~ 23 A m2). The values agree well with those reported 

previously~3~ 1 9 and correlate very well with the proposed struc-

ture 1nentioned above. The lowering of magnetic moments is not 

to be attributed to spin-pairing, but presmnably owes its origin 

to antiferromagnetic exchange interaction between contiguous 

manganese( III) ions through a -Mn- F -Mn- chain, in 

keeping with the reported structure of (NH
4

) 2L-MnF5_7 14 and 

1- II "'7 15 K 
2

_ ~mF 
5

_ • H
2
0. 

Thus it is evident~ from the results of studies~ described 

in this Chapter, that alkali-metal and ammonium pentafluoromanga­

nates(III)5 A2~tHnF5_7 (A== Li, Na, K, Cs or NH4), 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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Cf!.APTER 2 

All~ali.-l'letal Tetrafluoromanganate( III) Nonohydrates, 

M1nF 4• r-T2o (A = Rb or Cs). First :Synthesis From Aqueous 

Media, Characterization and structural Assessment* 

It has been known that manganese(III) forms three 

different types of complex fluorides~' 2 viz.~ hexafluoromanga­

nates(III), pentafluoromanganates(III) and tetrafluoromangana~ 

tes(III). Hexafluoromanganates(III) were studied3,4 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), IVInF
4
-, 

were described by Hoppe5 in 1956, and, it appears that, since 

then there has been a continued interest on studies6- 14 of vari-

ous aspects involvine; the complex species NnF 
4
-, and some rela-

ted ones. Although the alleged complex species 7 HnF 
4
-, has 

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

* This work has been accepted for publication 

PolyhedronJ Paper No. 902 (1983). 
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synthesis of salts of tetrafluoromanganate(III) ion from aqueous 

solutions. The literature rnethods6'7 for the synthesis of such 

compounds involve dry reaction techniques, complicated condi-

tions and make use of starting materials, VJhich need extra 

preparations. Thus~ for example, the method described by 

Hoppe6'7 was based on the reduction of alkali-metal pentafluoro-

manganates(IV), M1nF5, at high temperatures: 

AMnF5 
350-4q,q °C, MnF + 

7 A 4 HF 

and the one described by Massa8 was based on a "symproportion11 

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

A2MnF6 + MnF2 ) 2 AMnF 
4 

In view of the above it was thought that newer methods oii 

synthesis of tetrafluoromanganates(III), particularly from 

aqueous media, must be looked for. Accordingly, two methods of 

synthesis of heavier alkali-metal tetrafluoromanganates( III)? 

AMnF4 (A= Rb orCs), have been developed. Chapter 2 of the 

thesis presents a detailed account of the nevJ methods of synthe-

ses~ characterization and structural evaluation of two heavier 

alkali-metal tetrafluoromanganate(III) monohydrates~ namely~ 
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EXPERIMENTAL 

All chemicals were of reagent grade (E. hercks B.D.H., 

Sarabhai M. Chemicals). 

Infrared spect:va of KBr pellets and nujol mulls of the 

co.mpounds 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. HgL-Co(NCS) 4~7 was the 

calibrant. 

l'1nO(OH) and rubidium and cesium bifluorides were prepared 

by the methods already described in Chapter 1. 

Elemental Analyses. Estimations of manganese, 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. 
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Since the two methods 

developed for the synthesis of the title compounds are general, 

only two representative procedures are described. 

Pure KHnO 
4 

and dry AHF 2 (A = Rb or Cs) in the molar ratio 

1:2, were separately dissolved in 40% hydrofluoric acid by 

slightly warming over a steam-bath. The two solutions were 

mixed together and filtered to remove any undissolved impurity. 

The dark pink filtrate, thus obtained, was heated on a steam-bath 

(~ 100 °C) with occassional stirring, while the colour changed 

to deep brown in about 20 min. Heating was continued until 

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 freezer for about 5 h. The deep brown 

crystallized AnnF4.H2o 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 AMnF4.H2o (A = Rb or Cs) are 

reported in Table 1. 

Method II 

Freshly prepared MnO(OH) and dry AHF2 (A= Rb orCs), 

maintaining the molar ratio 1: 2) \'\fere separately dissolved in 



Table 1. 

Compound 
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Anounts of the Reagents Used and the Yields 

Yield 

in g 

<%) 

1. 3 

(88) 

0.7 
( 79) 

Amount of 

KNno 4 in g 

(m mgl) 

1. 0 

( 6. 3) 

0.5 

Amount 

AHF2 in 

(m mgl) 

1. 6 

( 12.6) 

1 • 1 

( 6. 4) 

of 

g 

Amount 

409~ HF 

(m mol) 

20 

(~00) 

12 

(240) 

of 

in ml 

excess of 40% hydrofluoric acid. Both the solutions were warmed 

over a steam-bath for s;.a 5 min and then mixed together under 

magnetic stirrin~. The deep brown solution thus obtained was 

filtered~ and the filtrate was concentrated by heating over a 

steam-bath (£a 100 °C) until deep brown crystals just started 

apyearing, Beating was continued for a further period of about 

2 h. The reaction container was then cooled, for 5-7 h, in a 

freezer, and the crystalline AMnF5.H
2
o 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 unde.r Ivlethod I. The amounts of the reag.ents used and 

the yields of M~F4.H20 (A = Rb or Cs) obtained by Method II are 

sucmarised in Table 2. 

Table 2. 

Compound 

Amounts of the Reagents Used and the Yields 

Yield 

in g 

(%) 

2.2 

(82) 

1. 3 

(81) 

Amount of 

NnO(OH) 

(m mol) 

, • 0 

(11.4) 

0.5 

( 5. 7) 

in g 

Amount o:i 

AHF2 in g 

(m mol) 

2.84 

( 22.8) 

1. 96 

( 11. 4) 

Amount 

40% HF 

(m mol) 

~ 

20 

( 400) 

15 

(300) 

of 

in ml 

-

The analytical data~ chemically determined oxidation state 

of 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. 
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RESULTS AND DISCUSSION 

It has been kn0\\111 for quite some time that alkali-metal 

and ammonium salts of the anion MnF
5

2- can be synthesised from 

aqueous mediaJ5-l7 but the synthesis of salts of MnF4- ion under 

such conditions has not previously been reported. The brown 

coloured salts of the alleged MnF 4- ion were prepared always- by 

dry methods?-8 In the course of studies on fluoromanganates(1III) 

chemistry (vide Chapter 1), it was observed that the solutions 

of A2!MnF5_7 (A = FH4 or Na~ K, Cs) in 409~ hydrofluoric acid 

on concentration, by heating at ~ 100 °C, reproduced A2LHnF5_7 
only when the counter cation 1 A+, ·was Na+, K+ or NH

4
+ ~ but not, 

however 1 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 KMno 4 r.rith AHF2 (A= Na, K) Cs or NH
4

) in 4096 hydrofluoric 

acid at £il 100 °C gave similar results. Further it was observed 

that reactions of l11InO(OH) in A.HF2 and 40?.6 hydrofluori-c at £a 

100 °c led to rose-pink crystalline compounds with A being Na, 

K or NH4_, 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 vwre carried out at .sa. 100 °c (steam- bath) 
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with one series involving Kr1no
4

, AHF2 (A = Rb or Cs) and 40% 

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 AMnF4.H20 (A = Rb or Cs) • It is necessary to men-

tion that these methods yield AHnF4.H2o compounds only with 

heavier counter cations like Rb+ and Cs+, and the temperature at 

which such reactions should be carr~ed 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 of being stored 

undecomposed in sealed polythene capsules. The stability of the 

compounds 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 mangan€ s~ in the 

compounds~ has been found to lie between 2.9 and 3.1. This 

supports the contention that manganese 7 in each of the two 

compounds, occurs in its +3 state. Magnetic susceptibility 

measurements shovv that the room temperature magnetic moments of 

-23 Rb:HnF4.H20 and CsMnF4.H2o are 4.9 and 5.1 BH ( 1 Brvi = 0.927 x10 
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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 NnF
4
- species previously 

synthesised by dry methods~-8 

The infrared spectra, in the region of 4000-200 cm- 1 , of 

RbMnF4.H2o and CsMnF
4

.H2o 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 ~n-F bands at 600 and V'530 cm- 1 (cf. 

the analysis of ~M-F in MF6n- complexes)2' 1G,l7 This therefore 

leads us to believe that the alleged MnF4- species assumes a 

distorted octahedral structure probably with axial elongation 

through trans-linked -Mn-F-Mn-F-Mn- chains. In addition 

to the halide dependent bands, the compounds exhibit .two vibra­

tions at~ 1640 and££ 3460 cm- 1• These bands resemble in 

their shapes and positions~ those observed for the K2L-MnF5_7.H2o 

in which it has been proved that it contains one molecule of 

uncoordinated water.18 This therefore enables one to infer that 

the compounds described in this Chapter probably contain one 

molecule of unccordinated water in each of them. 
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The reflectance spectra of RbMnF4.H2o and Csi'-1nF4.H2o are 

similar and each of them.exhibits three bands at VA12,000i 

v-18,500 and V122~000 cm- 1, designated as bands I, II and III 

respectively. The band I in each case is broad and stronger than 

the visible bands II and III. 

ned 19 to the transitions 5Blg 

The three bands have been assig-

5 5 5 --;.~ A1g7 B1g --+ B2g and 

5B1g ~ 5Eg respectively, arising from the appreciably large 

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

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 n
4

h, and accor­

dingly the electronic d-d states for the mangancse(III) in the 

tetragonally elongated configuration can be arranged energeti­

cally as 5B 1 g< 5 A1 g< 5Bzg< 5Eg.. A comparison of the low­

energy band (band I)~ assigned to 5B
1
g ~ 5A1g transition in 

the reflectance spectra of MnF63- (\\9,000 cm- 1) 20 , 21 and in 

t ( -1 ) . bl hose present complexes v~12,000 em , show a very apprec1a e 

shift in position. This shift is a clear reflection of the Jahn-

Teller effect leading to a tetragonally elongated octahedral 

structure 19 of complex ion through trans-linked -Ivin-F-Mn-F-

chains. 

It appears, therefore, that the heavier alkali-metal (Rb or 

Cs) salts of the alleged l'-1nF
4
- ion can be synthesised from aqueous 

media under the appropriate conditions. The complex ion most 

probably has a polymeric structurE: through translinked -'Hn-F-Mn-

chains. 
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Table 4. Eleetr~nie Spectral Data Jf 

Band I B-::tnd II Band III 
~_.__,.__..,.__........., 

Comp:mnd SB 5 5B ""' SB 
5 5 

1g • ?\1g. 1g 2g B
19 

____,.. Eg 

-1 -1 -1 
em em em 

---~· 

RbMnF 4 .H
2

0 12, 100 1f3,1100 21,700 

---
csMnF 4 .. H2

o 12,000 18,800 22,800 
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CHAPTER ....2. 

---------------------------------------------------------------
First :~eported Synthesis and Physico-Chemical Studies of 

Alkali-l·!etal and Aramoni urn Trifluoromonosulphatomanganates( TII\ 

A2t-MnF
3
(so

4
)_7 (A = Li, Na, K, or NH

4
)* 

Although the tripositive oxidation state is quite 

common for many first-row transition metals, ~nanganese( III) 

presents a different story probably because of its strong oxidi­

sing power and photolytic instability 1 It has been .shown in 

Chapters 1 and 2 that fluoride is one of the very important 

ligand for stabilising manganese(III). In addition to fluoride, 

the anions like sulphate, oxalate~ pyrophosphate, etc. are also 
2 expected to form stable compounds of manganese(III). Sulphate 

complexes of manganese(III) seem to have been rather less exhau-

stively studied, probably because of the lack of many well­

defined sulphate compounds of manganese(III){ The most 

* Th~ork described in this Chapter has been accepted for 

publication: 

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

CsMn(so 4)2 .12H2o compound. It has been shown that this compound 

is an alum of Hn3+ 5 and in which the Hn3+ ion is surrounded by a 

nearly regular octahedron of water molecules~-? The magnetic 

moment of the compound was observed to be normal ( tt. = Lt. 81 Er1! 
/ 

at 290 l·q5, unlil~e the binary fluoro-complexes of manganese( III) 

described in Chapter 1. Survey of literature further shows that 

a mixed-ligand fluoro complex of manganese(III), K 2L~nF3(so4)_7,~ 
probably the only known mixed-fluoro complex of manganese(III) 1 

was obtained as a by-product in the preparation of K2NnF5.H2o 

by Palmer's method~ Subsequently crystal structure of the 

compound was determined~ It appears that the complex ion, 

L-HnF
3

(so4)_72-, represents a very interesting example in which 

opposite type of Jahn-Teller effect, that axial contraction and 

equatorial elongation, is observed~ However, there appears to 

be no report in the literature concerning directly the synthesis 

of various salts of the complex ion~ i-HnF
3
(so

4
)_72-, 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 amrr.onium trifluoromonosulphato-

manganates( III), 

the results of physico-chemical studies of A2L'-HnF
3
(so

4
)_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 uropcrties of fluoro-Manganates(JII). 

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 

NgO using a Carl Zeiss Jena VSU 2-P instrument. 

Magnetic susceptibility measurements were made by the Gouy 

method using HgL-Co(NCs) 4_7 as the calibrant. 

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

in Chapter 1). 

ElementaJ Analyses~ Manganese, fluoride, Na, K and N 

were estimated by the methods described in Chapter 1. For esti­

mation of fluoride, only the volumetric method was adopted. 

Estimation of....§Q
4 
Z- (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 times 

vvi th water, and the combined filtrate and washings was retained 

2-for estimation of so4. 

The solution was concentrated by boiling and then neutra-

lised with dilute nitric acid. An amount of 5 ml concentrated 

hydrochloric acid was added to the solution and the whole was 

boiled for nearly 40 min. The sulphate content in the resulting 

solution was then determined gravimetrically as barium sulphate 

carefully following the procedure described in literature~ 

The chemical determination of the oxidat·ion state of manga-

nese in each of the fluorosulphatomanganate(III) compounds was 

accomplished by the methods described in Chapter 1 ~ and the 

result obtained thereof are summarised in Table 4. 

Synttcsis of Alkali-Betal and Ammonium Trifluoromonosul-
.... >r -------=--~ -

Three different methods have been developed for the synthesis 

of the title compounds. Since each of the methods is a general 

o.ne~ only three representative procedures are described. 
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§ln£)os_;ls, of _@;,:ali-r'Ietgl _and .An1mo11.i.wa ""T,rifluor_gmon.osu:t,­

phatomangca_nat_e§i.III) • .A2CHn.F 3cso4).J~.l.L=:. Li.a._j\f..a. K_gr Nii4) • 

Solid potassium p8rmanganatc and A2so 4, ta}{en in the molar 

ratio 1:1~ were mixed intimately by powdering together. The 

mi:;.;:ed povJder Fas dissolved in a minimum volume of water by 

gentle warrning over a steam- bath (a, 5 min) followed by the 

addition of LrO% hydrofluoric acid, maintaining the molar ratio 

between IU1nO 
4 

and HF at 1:4. The deep= pink solution was then 

cooled to room temperature and 38% formaldehyde solution was 

added dropwise v.ri th 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 .warming 

over a steam-bath, and then allowed to cool in a freezer for 

2-3 h to obtain crystallis~:::d pink-brown alkali-metal and ammo-

niurn. trifluoromonosulphatomanganates( II I), Azi~HnF 
3

( SO 
4

) _}. The 

compound nas separated by filtration~ washed vJi th heptanE; and 

finally dried i:tl...LaSJJQ.· While in the=- case of the sodium salt 

the solution (A) vias concentrate;d to about 50% of the original 

volume, in the caso of the lithium salt it was not concentrated 

at all, instead a mnall amount of ethanol was added to initiate 

precipitation. This ·was necessary in order to obtain pure end-

products in the two selective cases. Tho gram arnounts of the 

reagents used and th0 yields of the compounds are given in 

Table 1. 
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J::1etl1,od J~ 

Freshly prepared !JinO(OH), taken as a suspension in water, 

was dissolved in 40% hydrofluoric acid 111aintaining the molar 

ratio of MnO(OH) and HF at 1:4. A concentrated solution of 

A2so
4 

(molar ratio of MnO(OR) : A2so
4 

as 1:1) was added to the 

above mentioned solution vtith 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 A2L'-HnF
3
(so

4
)_7 (A= Li, Na~. K 

or NH4). The details of the amounts (g) of the reagents used 

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

Syn,tj.1esis of_ Po 't9.ssium and Ammopium Tri.JlJLoromoil,osulpha tg.;­

man.&a.natE;J?..(JJll~ A.zL':tinF 3c.a.Q.4) _7 i.A....;::_li__grwNH4l • 

Freshly preparGd NnO(OH) was dissolved in 40% hydrofluoric 

acj~d, and a solution of A2s2o8 (A = K or NH
4

) was added to it 

with gentle stirring (molar ratio of :t-1n0( OH): HF: A2s2o8 as 1:4: 1). 

The deep-Qrown solution 1 thus obtained, was heated at ££ 100 °C 

with occassiona.l stirring until the volume was reduced to nearly 

one-fo.urth of the original volume. The solution was then cooled 



Table 2. Amounts cf neac;ents Used and Yields of 

.t.ll\:a.li-I1etal and Ammonium 'l':rifhwro-

monosulphatomanganates(I!I) 

Yield Amount of Amount -of 

Compound in g l'~nO( OH) in 40% HF in 

(%) g {m mol) ml(m mol) 

(FH
4

)
2
L-NnF

3
(so

4
)_7 2.4 1.0 

( 11. 4) 

2.3 

( 46.0) (86.0) 

2.1 

(84.0) 

Ka2~-HnF3(so4)_7 1.8 

(62.0) 

-
K .~--I-'lnF 3( SO L

1
) _7 2.8 

(85.0) 

1.0 

( 11. 4) 

1.0 

( 11. 4) 

1.0 

( 11. 4) 

2.3 

( 46.0) 

2.3 

( 46.0) 

2.3 

( 46.0) 

Arnount of 

A2.so
4 

in 

g (m mol) 

1. 5 

< 11. 4) 

1. 25 

( 11. 4) 

1. 63 

( 11. 4) 

2.0 

( 11. 4) 



in a freezer for 2-3 h to obtain the pink~ brown crystalline 

A2CNnF 
3
c so 4) _ 1 (A =: K or NH

4
), The compound was separated by 

decantation~ washed three times with heptane and finally dried 

by placine: between folds of a filter paper, ~;be gram al:.10unts of 

tbe reagents used and t;1e yields of potassium trifluorol.JODosul~ 

phatomanganate(III), K ;-~-1nF 2 (so4 ) 7, and aHmloniu~n trifluoromono-z- :J -

sulphatomanganate( III), (l'-m4) 2CNnF 
3
c SO 

4
) _7, are reported in 

Table 3. 

Table 3. 

Compound 

Amounts of Reagents Used and Yields of 

Potassium Trifluoromonosulphatomanganates(III) 

and Aiild·oniun: Trifluoromonosulphatomanga-

nate: (III) 

Yield 

in g 

(%) 

2.5 

(89) 

2.8 

(85) 

Amount of Amount of 

HnO(OH) in g Lj.05b HF' in 

(m Mol) ml(m mol) 

1. 0 

(11.~-) 

1. 0 

( 11. 4) 

Amotmt of 

A2s2o8 in 

g ( m mol) 
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A~alytical data, chemically estimated oxidation states of 

jiianganese; room-temperature magnetic moment values and struc~ 

turally important infrared bands are sm,muJ.rized in Table 1+• 

Electronic spectral band positions and thtir assign~ents are 

given in Table 5. 

was heated at 340 ±. 5 °C in a muffle furnace~ by placing the 

sample in platinum crucible~ until a constant Vieigh t was reached. 

The white pyrolysis product was found to be anhydrous Hn.so
4

• 

Yield 0.31 g (weight loss 37.9%). i-Analysis. Found 

~·Jn9 36 .. 41%; .so4, 63.68?). Calc. for Mn.so 4: Hn, 36.3896; S0 49 

63.62%. Chemically estimated oxidation state of I'ln, 2. 1). 

RESULTS m{D DISCUSSION 

It was reported in Chapter 1 that all;;.ali~metal and ammonium 

pentafluoromanganates( III), A2L-l'fnF 5_7, could be easily synthe­

sised by the reduction of KMn0 4 with acetylacetone in the 

presence of alkali-metal and amrc.1onium bifluorides, at the cost 

of oxidation of acetylacetone 10 to oe,ac,ft,p-tetraacetylethane, 

(CH
3

co) 2CH-CH(CH
3

Co) 2 , or by the reaction of l'1nO(OH)~ 40~6 HF and 
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alkali~.metal and ammonium bifluorides under wild con eli tions. 

The work has now been extended to the synthesis of mixed fluo:ro-

sulphatomanganates(III) by carrying out reactions in the presence 

of both F- and so1:_ 2- ligands. One of the aims was to see 

·whether sulphate lic;and could cor,lpete with F- to form cor!:plexes 

of man£Se.nese(III), anc.1 if so, w·hnt would be the extent of such a 

co;,1petetion .. Accordingly, the reaction of KHno
4 

with aqueous 

hydrofluoric acid and alkali-metal or ammonium sulphate in the 

presence of formaldehyde, or the reaction of MnO(OH) with 40% HF 

and alkali~metal or ar:m:onium sulphate lead to the synthesis of 

trifluoromonosulphatomanc;anates(III) of alkali-metals and ammo-

nium, suffici.ent in number to leave little doubt that under the 

appropriate conditions so
4

2- can be made to compete with F- to 

form cogpounds of manganese(III). 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 invol vj_ng 1\1-\nO 
4 

':Vas to reduce Mn 7+. 

It is evident from the results that, at least under the present 

conditior1s~ r•iane;anese can not be red1..1..ced belovJ its tripositive 

oxidation state~ and that the maximm1 nu:;1ber of SO 
4 

2- liGand 

that can be brought to coordination '.:Jith Hn3+ 9 in the presence 

of F- ions, is one since the reactions involvinG hic;her qunati-

ties of alkali-meta1 and ar.1rnoniun.1 sulphates (e. g., Mn : 2--so4 at 

1; 2) did not alter tl1e results in any way. 
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In an atternpt to study the effect of peroxydisulphate on 

r,·:n3+ in nresence of fluoride ions~ we carried out the reaction of 

finO ( OE) wi ti1 ~-09<~ hydrofluoric acid and A
2
s

2
o

8 
(A = K or NH

4
). 

Thex'e ac;ain~ ho1Never, t)1e compounds obtained v1ere nothing other 

than the A2/-I"lnF
3

( .so1 ) 7, thereby enabling us to conclude that in 
~ + -

t , .c· .,-,- • 3+ t 1 . d It · ne ~resence OJ. l' lons hn can no )8 oxidlse • appears, 

from the type of complex species obtained now and that obtained 

in an earlier work; 1 that most probably NnF 
3 

is formed first in 

the reaction media which subsequently undergoes further reaction 

with so
4

2-, in the present case~ to ultimately give the complex 

(.,-r1nF3(so1+)_72- ion. The occurrence of the SOL
1
_
2- ligand in the 

complex species obtained from the reaction of NnO(OH), 40% HF 

d t t 2-an A2s2o8 mus owe i s origin to the process s2o8 ~ 2e --~ 

2 SO L:_2- as the consequence of electron-transfer between peroxy-

2-· t disulphate 9 s2o8 , and wa er. 

The all'(ali--

metal anc~ aramonium trifluoromonosulphe,tomanganates( III)~ 

A2["MnF 
3
c SO 

1
-1) _7, are all pink·- brown crystalline compounds stable 

for prolonged periods. The stability can be ascertained from 

the periodic estimation of manganese and determination of oxida-

tion state of the 111etal in the compound. A comparison of stabi-

ltty of the A
2

£-MnF
3
(so

4
)_7 compounds with the corresponding 

pentafluoromanganates(III)~ A
2

HnF
5

, reveals that the former is 

comparatively more stable in the presence of air, The enhanced 
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staoili ty <!laJ be attri t:uted to the presence of coordinated SO 
4

2-

group in the title co~pounds. The A2l-MnF3(so4)_7 compounds are 

insoluble in c01nr;l0l1 organic solvents, and in water they decompose 

rather rapidly thus :precludine; the molar conductance measurements. 

For the reasons already rnentioned in Chapters ax1d 2 ~ we 

e;aphasize on the results of chemical deter::1inatiol2 of oxidatJ_on 

states of manganese 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 

mange.nese in each of the compounds has an oxidation number of +3. 

The room temperature (288 K) magnetic moments of the alkali­

raetal and ammonium trifluorornonosulphatomanganates( III), 

A2L-HnF3(so
4
)_7, have been found to occur between 4.0 and 4.2 13M 

( 1 Bh '\' 0.927 x 10- 23 A m2 ) ~ much lower than tre spin only 

value for a d4 system. It is interesting to note that whereas 

the binary fluoro~complexes of manganese( III), e.g., A2i-~·InF5_7 
show the magnetic moraent of about 3. 2 BM (strong antiferr0111ag­

netic case) 11 - 15 and the sulpha to compounds of manganese( III) 

exhibit the moLient of about 4.8 BH (normal)~ the magnetic 

moments of the 1:1ixe<l fluorosulphatomanganates( III) is £.§.. 4. 1 BM. 

It is, therefore, evident that the degree of antiferromagnetic 

exchange interaction can be controlled by the substitution of 

t - 1 2- 1· d . . f /-M F 72- t wo F igands by an SOL~ 1gan 1n go1ng ·rom _ 1 n 5_ o 

L-NnF 3( SO 4) _7~r• 
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The infrared spectra of the four salts reported in this 

Chapter :ce,semble each other veJ.'Y closely which sugr{est that the 

co~pouncis are similar both structurally and stoichiometrically. 

The i.r. spectra of the compounds show SO frequencies fallinc~ at 

s:Ji 1230, cq_ 11l.J.5~ Sl 1030, c~ 975, SL<:!. 684~ ~ 635 and g 605 cm:
1 

and the )) at c .... c:,2..Jr.: cm- 1 'I'he pattern sur.sr~est .a lowerin& 
IVIn~·F - -~ ./ • - ~-

of symmetry 1i.J· of the so
4

2- group from Td to Cnv' and rule out the 

presence of an ionic so4
2: Further the splitting of the J 3 and 

S modes of SO into three bands each (Table 4) enables us to 

assign a c2v symrnetry 15 to the so 
4 

2- group. Although the -050 

modes appear at relatively higher frequencies than those usually 

observed for a bridging 1 5~ 16 so
4

2
-? the possibility of inter­

molecular sulphate bridging? in the compounds, can not be ruled 

out. In fact the K 2~-MnF3(so4)_7, which was obtained as a 

by--product8 of some other reaction, vms shown by X-ray analysis, 

to have a polymeric structure8 through bridging so42- eroup. 

The electronic spectra of A2~~t-inF3(so 4)_7 (A= K or WE
4

) 

are similar and exhibit three bands at N 21 9 500~ N 17,900 and 

,-.~ 13,600 cm- 1 , which have been assigned to the transi tiorrs 17 

5B1g '> 5Eg, 5B
10 

> 5B2g and 5B
1

g > 5 A
1
g respecti­

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

ground state of manganese( III) in L-rvrnF 
3

( SO 1+) _72- as a conse­

quence of Jahn-Teller effect. 
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Table 5. Electronic Spectral Data of 

]?and I 

co,mpound 
5Blg -. 5A1g 5B1g~ 5B2g 5B1g~Eg 

em_, cm- 1 em 

13,500 17,850 21 '300 

K /-HnF
3

(.so
4
) 7 

2- - 13,700 18,200 21 '700 
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Pyrolysis of CJJi1il10nium trifluoromonosulphatomanganate-( III), 

(l\I"H
4

) zL-I·1nF 
3

C.S0 1) _7 ~ at 340 .±. 5 °C sl1ovred that the compound lost 

37.9% wight in £§.. ll-5 rnin to a ttaL"1. a constant weiGht. T'he pyro-

lysis product is white 7 and it has been found to contain r·-1n and 

SO Z- only. The results of cheuical analyses showed the stoi-
1+ 

') 

chiometry of I1n : SOL,"-- as 1:1, and the chemically estimated 
,-

oxidation state of manganese ~as found to be 2.1. These results 

led us to conclude that the pyrolysis product Hnso4• The forma­

tion of HnSO L~ from ( ~rn1t) 2C:rvrnF 3c SO 4) _7 requires a loss of 33. 14% 

in weight and agrees very well with the experimentally obtained 

value. 

It appears, therefore~ that a.ll">:ali~~metal and ammonium tri-

fluoromonosulphatomanganates( III), AzL-MnF 
3

cso 4) ~7, can be syn-­

thesised directly from IO'inO 
4 

01~ t1n0( OH), The A2i~MnF 3c SO 
4

) _7 

compounds are relatively more stable than the corresponding 

1- 7 1 ;- r. ( ) 72-· Az~ HnF
5

_ compounds, The CO!ilp ex species, _ hnF
3 

so
4 

, may 

have a poly:neric structure through bridging sulphate groups. 
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Alkali-l'·:fetal and Ammonium Trifluoromonooxalatomanganates( III), 

Synthesis, 

Characterization and Structural Assessment 

studies involving mixed-ligand fluoro-complexes of 

manganese(III) are rather scanty. This could be owing to the 

non-availability of sui table methods for the synthesis of such 

compounds. One of the very frequently referred compound of 

Hn3+ is potassium tris( oxalato) mangana te( III) trihydrate, 

K ?Mn( c2o 4) 3_7. 3H2o, which can be prepared without much diffi­

culties and an extensive work has been done on this compound1-4 

However, salts of the complex ion, Nn(c2o
4

)
3
3-, with counter 

cations other thal!l K* or coom
3

) 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) cornp-

ounds can be enhanced by the introduction of fluoride ligands 

into the coordination sphere of Hn3+ along with the oxalate 

group. This will provide not only new compounds of manganESE(III) 
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but also an opportunity to compare their properties with those 

of the corresponding binary fluoromanganate(III) and binary 

oxalatoMancanate(IJI) complexes. Further~ it was thought that 

the magnetic properties of mixed fluorooxalatomanganate(III) 

complexes would be interesting, like those of the fluorosulphato 

cowplexes of manganese(III), and might enable us to c;et a set of 

internally consistent data concerning the effect of oxalate 

group on the magnetic behaviour of pentafluoromanganates(III), 

or the effect of fluoride ligands on the magnetic property of 

tris(oxalato)manganate(III) complex. In view of the above, 

studies on mixed fluoro--oxalato conplexes of manganese(III) were 

undertaken. Chapter 4 describes the synthesis and structural 

assessment of the hitherto unknown alkali~metal and ammonium 

trifluororaonooxalatomanganates( III), A2L-~1nF 3c c2o 
4

) _7. 

EXPERIMENTAL 

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

Merck or Sarabhai H. Chemicals). 

Infrared spectra of the compounds were recorded on a 

Perkin-Elmer model 683 spectrophotometer. 
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Electronic spectra were recorded on Beckman model UV -26 

spectrophotometer. 

l•1agnetic susceptibility measurements were made by the Gouy 

method. Hg{'Co(NCS) 
4
_7 was the calibrant. 

r:~nO(OH) was prepared by the method described in Chapter 1. 

i"langanese, 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. 

An accurately weighed 

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 boiled for £fi 15 min followed by filtration. The 

precipitated hydrated manganese oxide was washed several times 

with water, The filtrate and washings were collected and from 

which the oxalate content of the compound 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 (N) potassium permanganate solution maintaining 
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the ternperature of the solution at ca, 60 °c. 
1 ~l of 0.1 (N) potassium )ermanganat8 

solution. 

The oxidation state of m?..nganese was determined iodometri~ 

Cally by treating a freshly prepared i£e-.£.Qll potassium iodide 

solution acidified with dilute sulphuric acid followed by titra­

tion of the liberated iodine with a standard sodium thiosulphate 

solution. The iodine titration was done under ice-cold condi-

tion. 

Synthesi.s of Alkali~Metal an_9._Ammonium Trij].,y.oromonoox~J.S\to­

&anganates.liii), A2Cll!lE3.LG.2Q.4) _l_.i.;._= Nq,. K or NH4) 

As the methods of syntheses of the sodium, potassium and 

ammonium trj_fluoromonooxalatomanganates( III) are similar only a 

representative method is described. 

Freshly prepared 1'1110( OH) was dissolved in 40~6 hydrofluoric 

acid with maintenance of the molar ratio of MnO(OH) and HF at 

1: 4~5. The resultant solution was warmed at .9.A 100 °C for 

about 5 \nin followec:_ by filtration to remove any undissolved 

material. The filtrate was cooled to room temperature, and to 

it was slowly added vri th occassional stirring a concentrated 

solution of oxalate A2c2o
4 

(A = Na, K or NH
4

) ~ with maintenance 
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of the molar ratio of t·InO(OH) and A2c2o
4 

at 1: 1. The colour of 

the solution changed from dart: .. , brown to de.ep-pink. The solution 

was then stirred for a further period of ~a 10 min at room 

temperatu:ce ( cq_ 20 °C). Ethyl alcohol was slowly added to the 

pink solution until precipitate started ap})earing. An addi ti-

onal a1:1ount 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 

precipitatBd pink coloured alkali-metal or a.Ii1moniW11 trifluoro-· 

monooxalatomanganate(III), A2i-MnF3(c2o4)_7~ was separated by 

filtration under suction~ washed 2-3 times with small portions 

:>f ethyl alcohol, and finally dried in .x_qguo.. 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 moment values, and IR band positions are set out in 

Table 2. T1he electronic spectral ba.nd positions and their 

assignments are given in Table 3. 
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Table 1. A1<10lmts of Reagents Usecl anr_, Yields of 

; 10nooxala to:,lengana tes( I II) 

_.........., 

Yield 

Cor<1po und in g 

(%) 

( Nf! 
4

) 2£NnF 
3

( c2o 427 2.4 

(90) 

--
Na2L-HnF 3c c2o L,_75H2o 3. L~ 

(89) 

( 911) 

Amount of 

HnO ( OH) ir 

g(m mol) 

1.0 

( 11. 4) 

1.0 

(, 1 • 4) 

1. 0 

( 11. 4) 

AJQount of 

40% HF in 
ml(m mol) 

2.5 

(50.0) 

2 .. 5 

(50.0) 

2.5 

(50.0) 

Amount of 

A2c2o
4 

in 

g (m 1aol) 

-
1. 62 

( 11. 4) 

1. 53 

( 11. 4) 
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RESULTS AND DISCUSSION 

It has been known for quite some time that manganese(III) 

forms, under the appropriate condition~ deep pink tris(oxalato)­

mangarlate( JT:.C), -['-Hn( c2o 4~_73- 3 ion, in solutions, which can be 

isolated in the solid state as its potassium salt, i.e., 

It was further reported, in.this connec-

tion~ that attempts to prepare salts of the complex ion? 

[-Mn(c2o
4

)
3

_73-; with other cations, except ---for the Co(NH3) 6 3~ 
were futile. However? there seems to be no reported example of 

Lixed fluo"t'o-oxalato compounds of manganese(IJI). 

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 T-'lnO(OH) 

in 409b hydrofluoric acid with alkali-metal or am~rronium oxalate, 

A2c2o4, gave a deep-pink coloured solution 3 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). In 

order to stabilise a manganese(III)-oxalate complex~ and also 

to enable formation of a fluoro-oxalato complex of manganese(III), 

the present studies were carried out in the presence of an excess 

of fluoride ions (arising from aqueous HF'; Hn: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 we-re blocked by F- ligands prior 

to the reaction of all~ali-metal or arnmonj_um oxalate •. AccordingJy 

th t . f ,- O(On) . e reac 1on o un_ n 1n 

gave rise to the formation 

4096 HF with A2c2o 4 (A = Na, K or NH 4) 

of i-MnF
3

Cc
2
o

4
)_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 IvlnO(OH) first reacts with HF to produce 

~'!nF 
3 

in the medium which ultimately undergoes further reaction 

with A2c2o
4 

such that the formation of i-MnF
3

Cc2o4)_72- is 

favoured. 

The reaction is best mcnitored by IR spectroscopy. This 

was accomplished by isolating a small amount of the compound 

followed by recordin13-' its IR spectrum. The observance of bands 

owing to coordinated c2o 
4 

2- and a band at .Q£. 490 c:r.1- 1 owing to 

VMn-F indicated the cou1pletion 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. 

Characteriz?tion and Assessment of Structure. The 

alkali-metal and ammonium trifluoromonooxalatomanganates(III) 

are all pink micro-crystalline products. While the ammonium 
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salt of the complex ion is anhydrous~ (NH4) 2L-IvinF3Cc2o 4 )_7~ the 

sodium and potassium salts are hydrated, Na2i-HnF 
3

c c2o 
4

) _7 .. 5H20 

and K 
2
i-HnF 

3
c c 2o 

4
) _7. H

2
0. It is notable that in the present 

case the three salts can be isolated without any specific diffi­

culty. All the thrBe salts of trifluoromonooxalatomanganate(III) 

ion are much more stable than the corre:spond.."ing potassium tris-

(oxalato)m.anganate(III) ~ K~-Mn(c2o4) 3-7. 3H2o, 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. 

stability of the compounds can be ascertained fro·m their 

The 

unaltered colour, and can be checked by periodic estimation of 

manganese and oxalat-e contents- and chemical determination of the 

oxidation state of manganese. The estimation of oxidation 

states of manganese, in the present series of compounds 1 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 considered to be of extreme 

importance in order to decide about the actural oxidation 

number of the mt;tal since the magnetic moments in many such cases, 

of vJl1ich the present series of compounds am·no exception~ are 

not straight forward. The chemically determined oxidation 

states of manganese was nund to lie 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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rr'he room temperature magnetic moments of alkali-metal and 

ammonium trifluoromonooxalatomanganates(III) wore found to fall 

butwven 4.2 and 4.3 BM. It is evident that the values are lower 

than that of a normal manganesc(III) (d4 case) compound. A 

comparison of magnetic moment values of the present series of 

compounds with those of th0 alkali-metc:·l and ammonium pent a-

fluoromnnGanatcs(III), A2MnF5? (vidu Chapter 1) compounds~ and 

that of th0 potassium tris(oxalato)manganate(III)~ 

K~-Mn(c2o 4)_7.3F20, reveals that the magnetic moments of 

A2i-MnF
3
(c2o

4
):7 compounds are higher than those of tho corres­

ponding A2MnF5 compounds (strong antiferromagnetic cases)~ but 

lower than that of K~-Mn(c2o4)3-7.3H2o (normal). This~ there­

fore, suggests the lowering in antiferromagnetic exhhange inter-

action in going from A2MnF5 to A2i-MnF
3
(c2o

4
)_7 as a result of 

replarremont of two F- ligands by an oxalate ligand per formula 

unit. Alternatively, it can be s~id that there is a definite 

hike in thu antifGrromagnotic exchange interaction in going from 

K 3i-Hn( c2o 
4

> 3_7. 3H2o to A2i-HnF 
3
c c2o

4
) _7 owing to tho introduc­

tion of threG F- ligands in place of two c2o 
4 

2- ligands. It may 

be mentioned t~\t the magnetic moments of the present seri~s of 

compounds closely resemblE: those of tho alkali-metal and ammo-

nium trifluoromonosulp.hatomanganatcs( III), A2~-IvinF 3c .SO 
4

) _7 ~ 

leading us to b8liE:.Ve that there may be some sort of structural 
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The lower magnetic moments of A2i-MnF
3
(c2o

4
)_7 compounds may owe 

their origin to the existence of antiferromagnetic exchange 

interaction between the contiguous manganese(III) ion through 

-}'In-F-.Iv1n- ohain, and the complex species may have a poly-

meric structure. 

The infrared spectra of ( NH
4

) 2~-HnF 3c c
2
o 

4
) _7, 

Na2L-I"InF 
3

( ·c2o 
4

) _7. 5H2o and K 2{-HnF 
3

( c2o 
4

) _7. H
2
o, recorded both 

in nujol and KBr media~ resemble each other very closely, as far 

as the manganese-fluoride and manganese-oxalate bands are cancer-

ned, indicating thereby that the complexes are similar both 

structurally and stoichiometrically. While the band at ca 490 

cm- 1 has been assigned to VMn-F mode 2 those at g 1670, £i! 1360, 

.£a 1320, ~ 780 and at £a 750 cm- 1 have been assigned to various 

modes (Table 2) of the coordinated 6-9 oxalato group. The spectral 

pattern and the observed bands for c2o
4

2- su&gest the possibility 

of a bridging bidentate c2o
4 
Z- group8 rather than a chelated8 one. 

In particular the absence of any band between 1680 and 1750 cm- 1 

and shifting of the single 0 (0-C-0) band to lov1er .frequencies as 

indicate that the oxalato ligand ~n the present compounds is 

prob~bly not acting as a chelatect8 ~9 ligand. It has been expha­

sised in the literature6-9 that a band at £a 1720 cm- 1 is a very 

good evidence for the occurrence of a chelated oxalato group. 

However) this point can be more conclusively decided through 

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

at ~ 780 m and 750 w haV€ been assigned, in line with the 



elegant studies of Curtis~-8 to 0 (0-C-0), J (O=C-0) and as s 
8 (O~C~O) respectively. The two bands at ~. 31+55 and £.a 1640 

cm- 1 in the spectra of the sodium and potassium salts are similar 

in their shapes and positions to those generally observed for 

1 0 11 uncoordinated water in many manganese(III) fluoro complexes ' 

and have been UEambiguously assigned as ,) O-E and ~ H-0-H mode 

of water. The 1) O-H band at .£..Cl 3455 cm- 1 in the infrared 

spectra of the hydrates is typical of lattice water~ rather than 

coordinated water~ The absence of v0_H and S H-O-H modes in 

the spectrum of the am1i1onium salt support the contention that 

the salt is anhydrous, (NH
4

) 2[-MnF
3
(c2o

4
)_7. These extra vibra­

tions, in the case of the ammonium salts, at 3160 9 3040 and 1400 

have been assigned to the ~ 
3

, 0.
1 

and ~ 2 modes of NH
4 
+(Ref. 12). 

The solution electronic spectra of ( NHL1-) 2(-HnF 
3
c c2o 

4
) _7 

and K
2
L-MnF

3
Cc2o

4
)_7.H20 9 recorded between 14,500 and 28,000 cm~ 1 

in t~1e presence of a very small amount of 409& HE' (required for 

stabj_lising the compounds)~ are similar shovving to bands at .ca 

19,500 and ~a 22,500 cm- 1• 

transitions 13 5n ~ j_., g 5 

The bands have been assigned to the 

B2g and --~~~ 5E respectively g 

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

cm- 1 owing to some limitations of the instrwnent, the appearance 

of two bands at rv 19 9 500 and at N 22)500 cm- 1 indicates an 

appreciable splitting of 5Eg ground state of manganese(III) in 

l-MnF
3

Cc2o
4
)_72- as a consequence of Jahn-Teller effect. 
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Table 3. . Electronic Spe&tral Data of 

Compound 

( 1tH
4

) 2[~'HnF 3c c
2
o 

4
) _7 and 

K 2[-HnF 
3
c c2o 

4
) _7. H

2
o. 

19,500 

19,800 

5u. ~ 5E D1g----,- g 

cm- 1 

225500 

22,700 
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Thus 5 it appears from the present work that the stability 

of oxalato .. ,anganate( III) complexes can be defint tely enhanced 

through the formation of mixed ligand fluorooxalatomanganate(III) 

complexes. The coli1plex species~ L:'-MnF3(c 2o 4)_7
2-~ may have a 

polymerj_c structure trhough a -Hn-F-i'in-· brj_dginu; but the 

probability of oxalate bridging can not also be ruled out. 
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CHAE_TER 5 

Complexes with 1, 3~diketones 9 particularly with 

anetylacetone, have been reported for all of the non-radio-· 

active metall~c and metalloid elements in the periodic table] 

Since f? -keto enol complexes have been very comE1only used commo­

dity in chemistry laboratories, and 1l1any of them can be 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(c5H7o2 ) 3, is one 
. 2 

such compound which was reported as early as 1900, and since 

* The work described in this Chapter has been published: 

J. Chern. Soc. Dalton Tr0.11.§.·, 669, 1982. 
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then a number of reports1- 14 relating to its synthesis and 

structural studiesj hawe been published. The compound acts as 

an oxi~Rnt 1 5 and can bring about coupling of phenols1 6 In the 

presence of donors such as (CH
3

) 2.so, tris(acetylacetonato)manga­

nese(III) initiates the free-radical polymerisation of acrylo­

nitrile and styrer1e~7 .Shigematsu and Tabushi 18 reported that 

manganese caa be quantitatively extracted, from its alkaline 

peroxide solutions, with acetylacetone and chloroform. The 

brilliant dark brown~black crystalline Mn(c5H7o2) 3 is monomeric 

in nature and has no appreciable trigonal distortion19 A compa­

rison of the infrared spectra ·of some Jahn-Teller resistant 

acetylacetonato complexes of metals vJith that of Hn(acac)
3 

ena­

bled Forman and Orgel? to conclude that the Jahn-Teller effect is 

operative in Mn( acac) 3' 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 unique 

behaviour. 

Tris(acetylacetonato)manganese(III), Mn(c5H7o2 )
3

, ca~ be 

synthesised by air or chlorine oxidation of a basic solution of 

Nn2+ in the presence of acetylacetonE: (acacH). Howevers this 

Bethod has not been used in practice because of the deletE:rious 

effect of alkali on the end product~ as well as the chances of 

its contamination by chloride ions. Instead 5 the synthesis due 

to Cartledge20 and Charles21 involving the oxidation of Mn2+ vdth 
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KHnO 
4 

in the presence of acotylacetone ( acacH) have been employed. 

The success of this method depends markedly on the pH. Tho reac­

tion mixture requires to be regulated at pH ££,.. 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 

view of this it w2,s thought worthwhile to dove lone a direct 

mathod of synthesis of the title compound. Further, it was felt 

necessary to find out an appropriate condition for studying the 

compound mass spectrometrically, sinceit has been reported in the 

literature22 that attem~ts to obtain good mass spectra of 

Ivln( c5n
7
o2) 

3 
have not always been successful. 

This Chapter describes a direct method of synthesis of 

tris( acetylacetonato )manganese( III), Mn( c
5

H
7
o2 ) 

3
, which does not 

require buffer. Chapter 5 also presents the results~ of mass 

spectrometric s-tudies of Mn( c
5

H7o2 ) 
3

, obtained by maki.ng use of 

the direct insertion technique. 

EXPERIIvfENTAL 

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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Tho mass spectrum was recorded on a Varian HAT CH-5 mass 

spectrometer. Tho sample was introduced directly in the ionisa-

tion chamber using a direct insertion probe. The operation 

conditions were electron energyj 70 eV (1 oV ~ 1.60 x 10- 19 J); 

sourco temperature~ 20 °Ci resolution 10,000; and accelerating 

voltago~ 8 kV. Tho mass spectrometric observations were made 

Vii th the field of ionising current sufficiently strong to trap 

primary ions. 

Infrared spectral band positions and their assignments are 

summarised in Table 1~ while th8 essential features of the mass 

spectrrnn run at 20 °C are given in Table 2. 

Elemental AnalYses. Quantitative estimation of manganese 

was accomplished by the method already described in Chapter 1 .. 

C and H contents of the COlmpound were determined by nricrocrysta­

lline methods. 

Chemical Determination of the Oxidation State of I'i.anganese 

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 

follo,ved by titration of the liberated iodine with standard 

sodium thiosulphate solution. 
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A quantity of 5.0 g (31.7 m mol) of powdered 

:potassium :permanganate, K}1n0
4

, was dissolv0d in tho minimum 

volumo of wab:;r by slight warming over a steam- bath and the solu-

tion then filtGrod. Distilled acotylacGtone (22.0 g, 220,0 liilllol) 

was added to thG solution with vigoro·us stirring. Tho mixture 

was stirred for a further period of about 5 min over a steam-bath 

and then allow.ed to cool at room temperature for £a 10 min. The 

dark brown-bl.ack shiny crystals. of Mn(C5H7o2 )
3 

were filtered off 

and washed 3-4 tinws with small wnounts of acetylacetonc-water n1ix 

( 1: 1) and finally dried in vacua·. The compound thus obtained was 

very purc;; and gnve satisfactory analysis. If desired, tho comp­

ound can be rocrystallisod by dissolving it in tho minimum volume 

of hot benzene follovred. by tho addition of hot light petrol 

(b.p, 40~60 °C), and· then cooling at £a 0 °c. The compound 

docs not hnve a sharp melting po.i.nt but docomposes at sa 155 °C. 
This mr::·thad may also ba used for large-scale synthesis. 

Analysis 

Found: C, 51.1; H, 6. 10; Mn, 15. 7. Calc. for 

c15H21 Mn0 6 : C,. 51.15; H, 6.00; Hn, 15.6%. 

Tho molecular weight was found to be 352 mass spectra-

mstrically. 

The chemically estimated oxidation state of manganese~ in 

tho compound, was found to be +3. 
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RESULTS AND DISCUSSION 

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

in the reduction of Mn7+, has been emphasized. The use of this 

concept has novr been extended to the synthesis of Mn( c
5

H7o2) 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-

sfull;y, in our laboratories, for the synthesis of Cr( c
5

H7o2 ) 
3 

from Cro 3
2 l.J and L-Ni(C5H7o2 ) 2(H2o) 2_7 from NiO(OH)~5 It is 

evident that, if planned properly, gram quantities of 

Mn(c5H7o2)
3 

can be synthesised in less than 1 h without using 

any buffer. The reduction of Mno 4- by acetylacetone and the 

subsequent formation of the tris-chelate ovdng 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 Hn(c5H
7
o2)

3
• The pH 

of the solution measured immediately after the formation of the 

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

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

tate in the syntheses of Cartledge20 and Charles~ 1 
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In order to understand the me.chanism for the present syn-

tl':.8sis~ an attempt was made to isolate the oxidation product of 

e.cetyJ..?:.cE:t;one ( acacH). I.V'ork up of the mother liquor~ obtained. 

after soparatj_ng Un( c5n7o2 ) 
3

, afforded a crystalline organic 

compound whj_ch has been identified as oC ~ c;e-, (J , (J - tetraacetyl­

eti1ane, ( cn
3

co) 2cH-CH( cn
3

co) 2
25. This leads us to conclude tbc;_-l:, 

in the electron-transfer reaction between Mn+? and acacH, acetyl-

acetone is oxidised to (CH3co) 2CH-CH(CH3co) 2 • In view of the 

products isolated from the reaction of ~~n 7+· and ,acetylaoetone, 

and the pH of the reaction medium, we feel that acetylacetone 

first undergoes ionization giving (CH
3

co)
2

CH- (acac¥) and H+ 

(cf. the observed pH) followed by the oxidation of (CH
3

co) 2CH­

ion to the ( CH
3
co) 2cH• radical (with corresponding reduction of 

the metal), which dimerises to yield oc, oc ~ f ,p -tetraacetyl­

ethane, (CH
3
co) 2CH-CH(CH

3
co) 2• 

Characterisation. Tris( acetylacetonato)manganese( III) 

is a dar!:<:: brown= ble.ck crystalline compound~ unstable in air 

but capable of being stored in a sealed container for months. 

'l1he compound is slightly soluble in water but the dissolution 

is accoElpanied by decomposition. Freshly synthesised 

l\1n(C5H7o 2 )
3 

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

acetonates (acac-)~ in agreement with the reported spectrum~3 
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Table 1. Infrared Spectral Bands and Their Assignments 

3065 1.1 

2995 n} 
2965 Iil 

2925 m 

1575 s 

1510 VS 

1455 w 
1425 w 

1380 s 

1355 s 

1255 m 

1180 vw 
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670 8 
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CH
3 
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3
• 
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4
• 

out of plane deformation 
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The l\I-0 stretching vibrations of acetylacetonato complexes of 

tre.nsi tion metals are vsry important since they provide direct 

L:..formation about the strength of the M-0 bands. The band at 

592 cr.1-l in the present case has been assigned to Ivln-0 stret-

ching mode of vibration in line with the argument of Pinchas 

'l'he molecular weight, determined mass spectrometric ally, 

was found to be 352 suggesting that compound is monomeric. This 

agrees well with the crystal structures of various forms of 

Mn(C5H7o2)
3 

which also showed the presence of discrete 

J:v1n(C5Hf2)
3 

molecules19,Z6 Chemical determination of the oxida­

tion state of manganese in the synthesised compound gave +III, 

providing further support for the identity of the compound. 

liass Spectrom~tric ~tudi~~· It was reported in the lite-

rature22 that attempts to obtain good mass spectra of tris(ace­

tylacetonato)manganese(III) hav.e not always been successfull. 

It appears from t~e available information that the spectra of 

Mn( acac) 
3 

markedly depend on the method of sample introduction. 

From our earlier experience~? we favoured the direct insertion 

technique, and introduced the sample straight into the ionisa-

tion chamber without any prior heating. 

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

signal of moderate intensity ( 18%) at m/Z 352 ancl a base peak 

at m/Z 253 due to (-~,In( c
5

H
7
o2 ) 

2
_T. It is observed that the 
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·--~------~- -----------~----

Assigmflents 
..,.....=---------
C:rvrn( c5H7o2) 3-7+ • • • 

(-Mn( c
5

H
7
o2) 

2
_7 + • • • 

~Mn(c5H7o 2)(c4H4o2)_ 7+ 

L-Mn( c
5
H7o 2) _ 7-fl. 

L-~1n( c
4
H

4
o2) _ 7+ 

:rvrn+. 

(b) Metastable Transitions 

1 observed 

181.8 

223.9 

99.6 

125.6 

*' m/Z 
I 

• • • • • 

.. . . . . 
• • • • • 

..... 

• • • 

• • • 

• • • 

call:mlated 

181.84 • • 

223.89 • • 

99.65 • • 

125.46 • • 

-~- -:fi--~~ "'0 

m/Z Intensity(%) 

352 • • • 18 

253 • • • 100 

238 ••• 34 

154 ••• 74 

139 • • • 5 

55 ••• 0 

Fragment 

Process Lost 

352 ~ 253 • • C5H702 

253 ) 238 •• CH3 

238 ~ 154 •• C4H402 

154 ~ 139 .. CH3 
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;;10lecular ion L-Nn( c
5

H
7
o2) 

3
_7+. loses one ?

5
H

7
o2 group to give 

t:'-Hn( c
5

H7o2
) 2_7+ whj_ch then loses a CH

3 
unit followed by the loss 

of c
4

:rr
4
o2 to yield the fragment ion {'"Hn(C5H

7
o2 )_7+ at m/Z 15L~. 

The ion t:'-Mn(c5n7o2 )_7+ loses a cH
3 

unit first and then probably 

c4H4o
2

• In view of the observed signals, the most probable 

frag::lentation pathway may be given as in Scheme 1. 

-P 
-.....::>~ Mn • 

Scheme 1_ 

In order to obtain further information, metastable transitions 

were also studied. * The metastable peaks at m/Z 181.8, 223.95 

99.6 and 125.6, indeed, support the proposed fragmentation path. 

Thus 5 the mass spectrometric results adduce further support to 

the identity and purity of the compound, conform to the mono­

meric nature of Mn(c5H7o2)
3

, and compare very well with those 

reported by Westuore and coworkers~ 

It may be concluded that tris(acetylacetonato)manganese(III), 

Hn(c
5

H
7
o

2
) 

3
, can be synthesised directly from KHno

4 
without 

mal:~:ing use of any buffer. A good mass spectrum of Hn( c5H7o2) 3 
can be obtained by the direct insertion technique. 
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CHAPTER i._ 

Synthesis and Structural .Assessment of AJJ-tali-Metal and 

.Ammonium Trifluoroaquomanganates(II), .AL-MnF3CH2o)_7 

{A ::::- Na, K, Rb, Cs or NH
4

) * 

The divalent manganese res.embles the trivalent iron 

in respect of its dn configuration. Both Nn2+ and Fe3+ have a 

d5 configuration, and it is :Mn2+, of the two, which seems to 

have b.een more extensively studied spectroscopically1' 2 It is 

well known that the Mn2+ ion exists as i-Mn(H2o) 6_72+ in an 

aqueous solution~ and anhydrous salts and complexes of manga-

nese(II) are generally prepared by either dry reactions or 

carryin~ out the reactions in non~aqueous media~ 

Manganese(II) forms two types of fluoro~complexes~ viz., 

tetrafluoromanganates(II) 

tetrafluoromanganate(II), 

and trifluoromanganates(II). The 

MnF 2- ion has a tetrahedral 
~- ' 

*' The work described in this Chapter has been published: 

Lnd. J. Chem., ill~ 977 ( 1982). 
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sti,l~chEe ~ vrhile in the trifluoromanganate( II), NnF ~-, manga­:; 

nese( II) finds itself in an octahedral envirom1ent• A consi-

derable ~aount of work was done on trif~uoromanganates(II)5-i5 
particularly involving the structure and magnetic properties of 

such compounds. 1l:he X-ray diffraction s·tudies of NH4 +, K+ and 

-r 
Rb salts of the MnF - ion showed that the compounds l1ave 

3 
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(III), and it 

is also generally believed that the reduction of a higher valent 

manganese belo\'if its + 3 state, through electron-transfer reac.:.. 

tions~ in the presence of F- ligands, would be a rather diffi­

cu1t task! 6
=

18 although the +2 oxidation state of manganese is 

a more familiar one. Moreover~ complex formation tendency of 

2-r 3+ IV1n seems to be comparatively less pronounced than that of Mn 

(Ref. 19). In the course of our studies on fluoro and mixed­

fluoro compounds of manganese (Chapters 1 to 5), we thought it 

would be .very interesting if we could succeed in the synthesis of 

fluoromanganate(II) cowplexes directly by the reduction of Mri7+, 

in the pres.ence of F- ions, by making use of a strong ,reduci-ng 

agent. Accordingly, the reactions among K:HnO 
4

, alkali-metal and 

anunoni UJn bifluorides-, AHF 2. (A = Na,- K, Rb,- Cs· or NH
4
); an'd 

hydiazi ne hydrate., N2H
4

• H2o, were carried in aqueous media. 
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The present Chapter reports the results of the re~ctions 

among K1·1no
4

, AHF
2 

and N
2

H
4

.H
2

o leading to the synthesis of 

alh:ali~metal and ammonium trifluoromonoaquomanganates( II), 

Ai~HnF3(H20)_7 (A= Na, K, Rbj Cs or NH
4
), and also the characte­

risation and structural assessri1ent of Ai-HnF 
3
or2o) _7 compounds. 

EXPERIMENTAL 

The chemicals used were all reagent grade products. All~ali-

metal and ammonium bifluorides were prepared by the methods deve­

loped in our laboratory20 and the procedure has already been 

described in Chapter 1. 

Infrar.ed spectra were recorded on a Perkin-EL.11er model 125 

spectro~hotometer. 

Holar conductance measurements ware mde usine; a Philips 

PR 9500 conductivity bridge. 

Magnetic susceptibility measurements were made by the Gouy 

method using Hgi-Co(]\J"Cs)
4
_7 as the calibrant. 

Elemente3-l Analyse_§. Manganese~ fluo.ride, sodium., pota-

ssium and nitrogen estimations were accomplished by the methods 

described in Chapter 1. 
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C.h§:1lical Determination of the Oxidation States of Hang;inese,. 

The oxidation state of manganese in each of the newly synthe­

sised cOli11Jounds was determined chemically by the methods already 

described in the previous Chapters. 

~.nt_£~sis of Alkali-Metal and Ammonium Trifluoromonoaguo­

manganates(II)~ AL:-HnF
3

(H2o)_7 (A::: Na~ K, Rb, Cs or NH
4
). 

Since the methods of synthes·es of sodiurn~ potassium and ammonium 

trifluoromonoaquomanganates(II) are similar, only a representa-

tive· method is described. 

An excess of alkali-metal or ammonium bifluoride, AHF2 
(A ::: Na 9 K or NH

4
), was mixed with solid KMnO 

4 
by powdering toge­

ther in an agate mortar. The thoroughly mixed powder was dis­

solved in the minimum volwne of water by slightly warming over a 

steam-bath, and then filtered. The filtrate was collected in a 

polyethylene becl{er and an excess of hydrazine hydrate,N2H4~o, 
was added, all at a time 9 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 vacuo. The RbL:-1-1nF3(H2o)_7 and Csi-MnF
3

(H2o)_7 have 

been prepared from the ( NH
4

) L:'-I-1nF 
3

(H 
2
o) _7 compound, and for 



118 

which se1Jarate r11cthods have been given. The specific amounts of 

tJc reag0nts used and the yields of (NH4)i-MnF3CH2o)_7, 

Na[-JvinF
3

(H
2
o)_1 a:ncl K[-t1nF

3
(H

2
o)_7 are set out in Table 1. 

r:L'ablt:- 1. 

Compound 

Amounts of Reagents Used and Yields of 

-

Yield 

in g 

(%) 

0.4 

(85) 

(83) 

0 .. 5 

(93) 

Amount of 

KMno 4 in g 

(m mol) 

0.5 

( 3. 16) 

0.5 

( 3 .. 16) 

0.5 

( 3. 16) 

Amount of 

AHF2 in g 

(m mol) 

1 • 1 

(19.3) 

1. 5 

(19.2) 

Amount of 

N2H4.H20 

in ml 

3.0 

3.0 

3.0 
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S:r_nthesis of _Rubidium Trifluoroaquoman_ganste( I.I) , 

Rb~-HnF3(H2o)_7. A quantity of 0.3 g (2.0 m mol) of 

NH4i-HnF3(H2o)~7 vras dissolved in the minimum volume of 20% 

hydrofluoric acid. To this solution 0.23 g ( 1.0 m mol) of 

powdered Rb
2

co
3 

was added~ in portions, with stirring. Immedia­

tE:ly after the addition was over~ the light pinkish white 

Rbi-HnF 
3

( H2o) _7 appeared. The compound thus obtained was sepa­

rated by centrifugation, and purified by washing with heptane 

and finally dried ;in vacl,lll. The yield of Rbi-NnF 
3

CH2027 was 

0.4 g (91%). 

Synthesis of, Cesium Trifluoroaguomanganate(II), 
I 

This compound was synthesised in a manner 

analogous to that of Rbi-MnF3(H
2
o)_7. The metathesis reaction 

was carried out with o. 3 g ( 2. 0 m mol) of NH
4

L-MnF 
3

CH
2
o) _7 and 

0.19 g (1.0 m mol) of Cs
2
co

3
• The yield of Cs(-HnF

3
(H

2
0)_7 was 

0.6 g (91%). 

Analytical data~ room tE:mperature magnotic moment values, 

chGtnically estimatGd oxidation states of manganese and structu-

rally si[Snificant infrared bands are summarised in Table 2. 



118 

RESULTS A1FfD DISCUSSION 

-~~ ~-~----~----

It has been 8enerally believed that F- ion is a very poten­

tial stabilising ligand for Mn3+ (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. ~'lith this in view~ the reduction of potassium per-

manganate, KHno
4

, in the presence of an excess of alkali-metal 

or ammonium bifluoride, AHF2 ~ was performed using hydrazine 

hydrate~ N2H4.H2o, a strong reducing agent. On addition of 

hydrazine hydrate to a solution of a mixture of KHnO 
4 

and AHF 2 , 

the temperature of the medium went up to 80-90 °C. This tempe-

rature was strategically maintained in order to facilitate the 

reduction of ~1n7+ to· Mn2+. Analysis of the lJroduct obtained 

thereof indicated that the contention was fulfilled. Thus, the 

method (vide Experimental section) lead to the synthesis of 

alkali-metal and ammonium trifluoroaquomanganates(II), 

AL-l'InF 
3

CH 2o)_7 sufficient in number leaving little doubt that 

reduction of Mn7+ with hydrazine hydrate could be develop-ed for 

the synthesis of other types of compounds of manganese(II). The 
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yields of A(-MnF
3

CH2o)_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 soE1ewhat forcing conditions, fluoro complexes of Hn2+ can 

be synthesized from aqueous media although the formation con-

stants, in aqueous solutions, of fluoromanganates(II) are very 

lo\J~, 21 'j~he alkali=metal and ammonium bifluorides, Ah"'F 2 , here 

act as the sources of fluoride ions. In some earlier work 

(Chapter 1)~ the role of AHF2 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 N
2

H
4

.H 20 in the electron-transfer process, 

but also quite appreciably on the presence of both H+ and F- in 

the solution arising from AHF2• The overall reaction leading 

to the formation of Ai-MnF
3

(H2o)_7 may be expressed as follows: 

-_,;>;J!l. 4 Ai-HnF 
3
C H20) _7 + 5 N 2 + 

17 H
2
o + HF + 4 KF + 9AF. 

The alkali-metal and ammonium trifluoroaquomanganates(II) 

are all very light pinkish-white microcrystalline products~ and 

they attack glass in the presence of moisture. They do not 

dis.solve in common organic solvents, and in water they decoom­

pose. The Af-MnF 
3

CH 2o; _7 compounds, however, dissolve in 

aqueous 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 AL-MnF
3

(H20)_7 compounds, in water~ 

was unsuccessful. The observed values we..re higher than that 

expected for a uni-uni valent type of electrolyte. The hie;her 

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. snectra 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 

_sa 410 cm- 1 , a broad weak band at ~ 1640 cm- 1 , a medium inten­

sity band at~ 3350 cm- 1 ~ and a medium intensity band at ca 

710 cm-
1• These bands have been assigned to 0Mn-F' and bH-O-q' 

0o-H and the rocking mode of water respectively. The occu­

rrence of the i>Hn-F at a much lower fre·quency ~ compared to 

those of the HnF5
2- and IvJnF63- species~, 18 suggests that the 

i"In-F bonds in i-HnF 
3
c H2o) _7- complex have enhanced ionic chara­

cter. However~ from the fact, that the .))Mn-F has been observed 

in the present case at £a 410 cm- 1 ~ 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 K:HnF 3~ 
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The very weak nature 

definitely indicates 
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of the SH-O-H band observed at .21i 1640 cm- 1 

22 23 the presence of coordinated vvatsr. ' 

J:vioreover~ the appearance of a medium intensity band at ca 710 

cm- 1, nl1ich 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. Further evidence 

regarding the presence of coordinated water was obtained from the 

pyrolysis studies of KL-HnF
3

(H2o)_7 (taken as a representative). 

Pyrolysis of KL-MnF3CH 2o)_7 at 125-130 °C 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 of alkali-metal and 

awmonium trifluoroaq_uomanganates(II) were found to occur between 

5.2 and 5.3 m1~ well below the anticipated value for a high-spin 

d5-system. This, however, is not too surprising because soma-

what similar observations were made in the cases of many fluoro~­

manganate complexas1 8, 24, 25 Considerably lower magnetic moments 

presumably owe their origin not to spin-pairing, but to anti­

ferromagnetic exchan8s interaction betBeen contiguous Mn2+ ions 

through -Mn~F-Hn-- chains. Thie, therefore indicate a poly-

me ric structure of the complex species i-HnF 
3

CH 2o) _7; 



124 

It may be concluded that fluoromanganates.( II) of the type 

Af-t·InF 
3

c E
2
o) _7 can be directly qy nthesised, from aqueous media~ 

by the reduction of Mn7+, in the presence of AHF
2

, with hydra~ 

zinc- hydreJte. Ths complex species ~-MnF 
3

( H;o) _7 ·- may have a 

polymeric structure. 
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CI:IAPTER 2 

Alkali-Hetal and Ammonium Fluoromonooxalato·manganates( II), 

Ai-MnF(c2o4)_7.nH20 (A= Na, n = 2; A= K or NH4 ~ n = 0). 

Synthesis amd Physico-Chemical Studies 

It was mentioned in the preceding Chapter that manga­

nese(II) generally forms two types of fluoro complexes~ viz.~ 

tetrafluoromanganates(II) 1 and trifluorom~nganates(II). It has 

been also known that manganese(II) forms a oxalato coomplex~ 

e.g.~ K2Mn(c2o4) 2 .2H2o! which is fairly stable under the ordi­

nary conditions] ' 2 Although many of the fluoromanganates(II) 

show abnormal magnetic propertieo (Chapter 6)~ the binary 

oxalato-manganate(II) complex, K2Mn(c2o4)2 .2H2o? seems to behave 

like a normal manganese( II) complex. In view of this, and alro · 

since there ap]Jears 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) oentre(s) in a chelated or in a bridging 

bidentate manner. 

The present Chapter reports the synthesis of alkali-metal 

and ammonium fluoromonooxalatomanganates(II), Ai-MnF(C2o4)_7.nH2o 
(A:::: Na~ n = 2; A = K or NH43 n = 0) ~ and the results of physico­

chemical studies of the newly synthesised fluor.omonooxalato­

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. Hgi-Co(NC,s) 4_7 was the calibrant. 

NnG ( OH) was prepared by the method d:escri bed in Chapter 1. 

Elemental 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 1was 

determined by the method described: irf 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 4. 

Synthesis of Alkali-Metal and Affimonium Fluoromonooxalato-

manganates(II). Two general methods have been developed fo,r 

the synthesis of the title compounds. 

Method I 

Powdered potassium permanganate~ KMno
4

, was dissolved in the 

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, A2c2o 4 ~ made by dissolving it 

in the minimum volume of water~ was added under constant stir-

ring. The molar ratio among KHno4 ~ HF and A2c 2o
4 

was maintained 

at 1:3:3.5. The reaction mixture thus obtained was then heated 

at £Ji 100 °C with constant stirring until the solution becomes 

colourless giving a white microcrystalline alkali-metal or ammo-

nium fluoromonooxalatomanganate(II) 7 Ai-HnF(c2o4)_7. Heating 

may be continued for a further period of a few minutes in order 

to ensure complete precipitation of the product. The 

Ai-HnF(c2o4)_7 compound was separated by filtration, washed 
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2-3 ti1·rres with ethyl alcohol and finally dried in vacuo over 

phosphorous pentoxide. 

Tl1e specific gram amounts of the reagents used and yields of 

alkali-metal and am.monium fluoromonooxalatomanganates( II) are 

given in Table 1. 

'J:lable 1. Amounts of Reagents Used and Yields of Alkali­

Metal and Ammonium Fluoromonooxalatomanganate~ID 

Compound 

Yield 

in g 

(%) 

0.5 

(84) 

Nai-MnF(c2o4)_7.2H20 1.2 

(86) 

1 • 1 

(87) 

Amount of 

KMno4 in 

g (m mol) 

0.5 

( 3 .. 16) 

0.5 

( 3. 16) 

1. 0 

(6.33) 

Amount of 

40% HF in 

ml(m mol) 

0.5 

( 1 0) 

0.5 

( 10) 

1. 0 

(20) 

Amount of 

A2 cz:a4 in 

g (m mol) 

1.5 

(11.27) 

1.5 

( 11. 2) 

4. 1 

(22.28) 
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1-:l&thod II - w-....-

To an aqueous suspension of freshly prepared MnO(OH) 

(30-35 ml of water per gram of 11nO(OH)) , 40% hydrofluoric ac<id 

was added 1Ni th stirrinc;. The solution was filtered. Alkali-

Il'!etal or ammonium oxalate p A2c2o 
4

, solution~ made by dissolving 

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 A2c2o4 was maintained at 1:1.75:1.5. The dark 

pink coloured solution thus obtained was heated on a steam-bath 

(g 100 °C) with occassional stirring until the solution became 

colourless giving microcrystalline alkali-metal or anwonium 

f luorornon:Joxala tomangana te("II) ~ Ai-MnF( c2o 
4
) _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 specifj_c gram amounts of the reagents used and yields 

of the Ai-HnF( c2olj_) _7 compounds are set out in Table 2. 

The analytical data~ estimated oxidation states of manga-

nese j room te;aperature magnetic moment values and infrared 

spectral bands of alkali-metal and ammonium fluoromonooxalato-

manganates('II) are summarised in Table 3. 



Table 2. 

-

Compound 

182 

Amounts of Reag.ents Used and Yields of 

Alkali-Metal and Ammonium Fluoromono-

oxalatomanganates(II) 

Yield 

in g 

(%) 

1 .85 

(90) 

1 • 1 

(88) 

0.95 

(83) 

•' 

Amount of 

NnO(OH) in 

g (m mol) 

1. 0 

( 11. 4) 

0.5 

(5.68) 

0.5 

(5.68) 

-
Amount of 

40% HF in 

ml(m mol) 

1. 0 

( 20) 

0.5 

(10) 

0.5 

(10) 

-
Amount of 

A2c2o
4 

in 

g (m mol) 

2.43 

(17.11) 

1.15 

(8.58) 

1.56 

(8.48) 
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RESULTS AND DISCUSSION 

It has been reported in one of the previous 

Chapters (Chapter 4) that the manganese(III)-oxalate system can 

be stabilised in the presence of F- ions in aqueous media, and 

a nwnber of salts of the mixed fluorooxalatomanganate(III) ion 

can be isolated in the solid state. The stability of trifluoro-

monooxalatomanganate(III) complexes isolated from such a solu­

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

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 

o,f the reacrtion mixture at .£a 100 °c changed the deep pink 

colour of the solution owing to . ·trifluoromonooxalatomanga-

nate(III) to colourless,simultaneously precipitating a white 

microcrystalline compound. A similar observation was also made 

by heating (at .£.a 100 °C) a solution of KMno
4

, 40% HF and alkali,... 

metal or ammonium oxalate, A2c2o4, and thought that the white 

compound must be a fluorooxalato complex of rna nganese( II). 

Accordingly, in line with our contention, the reactions among 



gave rise to the formation L-lVInF( c2o 
4

) _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 (g~ 100 °C) probably helps to reduce the 

higher vale~t manganese to Mn2+ such that the formation of 

("MnF( c2o 
4

) _7 -is favoured. One point that requires attention 

is L1at an appreciable amount of c2o 
4 

2- ions must be present in 

the reaction media .such that a part of j_t is utilised in the 

electron-transfer process between the higher valent manganese 

and c2o4
2-, and another part is used for coordination to the 

Mn2+ centre. Although there is no direct evidence for the most 

probable mechanism, considering the potential of c2o4
2- as a 

reducing agent 5 it is felt that oxalate ions assisted by the 

enhanced temperature~ are responsible for the reduction of 

higher valent manganese to Nn2+~ in the present cases. 

The reaction is best monitored by noting the decolouriza­

tion of the reaction mixture with the progress of heating~ and 

deter1;1ination 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 c2o4
2- group, is one. 
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Ch~ract~rization and Assessment of Structure. The alkali-

metal and ammonium fluoromonooxalatomanganates(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 

of the oxidation state o:f 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 

A['-HnF(C2o
4
)_7 .. nH20 (A :::: Na, n :::: 2; A = :NR

4 
or K, n = 0), 

compounds were found to occur between 3. 8 and 3. 9 BH,. the values 

2+ 5 remarkably lower than that of a normal Mn (d) 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 

K2['-Mn(c2o
4

) 2_7.2H2o1 reveal that the newly synthesised mixed 

fluorooxalatomanganate(II) complexes have the moments much lower 

than those of the fluoromanganates(II), and comparatively more 

The lower values are 

attributed to the existence of a strong antiferromagnetic 

exchange interaction between the contiguous manganese( II) ions 

probably through -Mn-F-Hn- 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 

exc~1ange interaction increases in going from fluoro to mixed 

fluorooxcclato complexes of manganese( II). 

T~e IR spectra of the series of three salts resemble each 

ot~Er very closely (Table 3) indicating that the compounds are 

sj_mi 1_ar both structurally and stoichiometrically. The spectra 

of the compounds showed absorptions in the regions typical for a 

coordinated c2o
4

2- group,3-6 viz.) at 1705-1710, 1670-1675, 

1L~30-1435, 1310-1315~ 790-795, 460-465, 425-430 cm- 1• The 

spectral pattern is different from that of the trifluoromono-

oxalatomanganate(III) complexes (vide Chapter 4). The bands 

have been unambiguously assigned3- 6 as the ">)as( C=O) ( v7), 

L-1705-1710 cm- 1_7; vas(C=O) ( 01)'i-1670-1675 cm- 1_7, 

))(c-o· + C-C) ( 1Jz,), i-1430-1435 cm- 1_7; ~(C-O) + ~(0-C=O) 

( 08 ) ~ (.-1 31 0-1 315 em- 1 _7; 8 ( 0- C=O) + )) ( Mn-0) ( -)) 
9 

), (..-790-

795 cm- 1_7; ring deformation+ S(O-C=O) ( ~ 10 ) (..-460-465 cm- 1_7 

ring defonilation + i) (Mn-0) ( 0 11 ), (..-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 

the chelated c2o42- group, ll'!e infer that oxalato ligands in the 

complexes are bonded in a bidentate chelated manner. The absorp-

tions in the region 490-495, are ·straightforward and have been 

assigned as the -i)Mn-F modes arising fr-om the presence of 

fluoride ion coordinated to the manganese(II) centre. Its 



position, however, indicates the possibility of a bridging 

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

and at 16Lt-O s cm- 1, in the spectrum of the sodium salt, resemble 

in their shapes and position~ those observed for the presence of 

uncoordinated water in many fluoromanganate complexes7,B and 

have been assigned to the -00_H and SH-O-H modes of uncoordi­

nated water. Three vibrations~ over and above the ones observed 

for the coordinated c2o
4

2- and coordinated F- ligands, at 3160m, 

3040s, and 1400s cm- 1 in the spectrum of NH4L-MnF(C2o
4
)_7 have 

been assigned to the 1) 
3

, 0 1 and .;;
4 

modes of NH
4
+. 

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 K2L-Mn(c
2
o

4
) 2_7.2H2o. The oxalate ligand is 

bonded to the Mn2+ centre in a bidenta~e chelated manner, and 

the contplex species i-HnF( c2o 
4

) _7- may have a polymeric struc­

ture through a -l'vln-F-Mn- bridging. 
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Q.HAE,TER 8 

Bis( acetylacetonato) manganese( II) Dihydrate, Hn( c
5

H
7
o2) 2• 2H2o. 

A New Sy:1.thesis and Mass Spectrometric Studies 

· Acetylacetonato complexes of transition metals are 

important in their ovm rights. Bis(acetylacetonato) complexes 

of all the members in the series }1n2+- cu2+ have been known1 

It has also been reported that the bis(acetylacetonato) chelates 

of cu2+ and Ni2+ are most stable towards dissociation in aque­

ous solutions and heat~ while the acetylacetonato complexes of 

2+ 2+ 2 Mn and Fe are unstable. The Co(acac) 2 ~ however 5 shows an 

intermediate behaviour. 

Like tris( acetylac,etonato) manganese( III)~ Mn( c
5

H
7
o2 ) 

3
, 

bis(acetylacetonato)manganese(II), JVIn(c
5

H
7
o2) 2 , has been known 

for a long time. The most widely recommended method of synthe­

sis3 of l\in( acac) 2 involves the use of a lare;e amount of sodium 

acetate as a buffer, and an appreciably high amount of a:nmonia 

as a proton acceptor. The use of these two reagents in such 



amounts may contaminate the end-product~ In view of this~ and 

in a continuation to our work on the chemistry of manganese(II) 

we thought it interesting to develope a new method for the syn-

thesis 9 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 Hn(C5H7o2) 2 
and also the results of mass sp~ctrometric studies of the 

compound. 

EXPERIMENTAL 

All chemicals were of reagent grade (B.D.H., Loba Chemie, 

E. Herck). 

Infrared spectra were recorded on a Perkin-Elmer model 125 

spectrophotometer. 

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 (leV ~1.60 x 10- 19J); 
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source temperature 50, 100 and 150 °C; resolution 10,000; and 

accelerating voltagep 8 kV. The mass spectrometric observations 

were m2de with the field of ionising current sufficiently strong 

to trap primary ions. 

Infrared spectral band positions and their assi,snments are 

set out in 1'aole 1, while the essential features of the mass 

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

Elemental Analyses. Nanganese was estimated by the method 

described in Chapter 1. C and H were estimated by micro-analy-

tical methods. 

Synthesis of Bis_lacety1acetonato.2,nlanganese( II) Dih,y:drate, 

A solution of 2 g (10.1 m mol) of 

MnC12 .4H2o in about 15 ml water was treated with about 5-7 ml of 

O. 1 01) sodium hydroxide. The precipitated hydrated manganese 

J.1ydroxide was then centrifuged and washed several times with 

water until free from chloride. 

The hydre.ted manganese( II) hydroxide was transfered to a 

small conical flask. A small amount of water was added to make 

a water suspension of Mn(OH) 2 • To this was added 2.5 ml of 38% 

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 about 10 min~ and the yellow coloured 
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Hn( c
5

H
7
o2 ) 2 • 2H

2
o was obtained. The compound was separated by 

quid~ filtration, washed 2-3 times wj_ th small portions of ethyl 

alcohol and finally dried in vacuo over phosphorous pentoxide 

for 3-4 h. The compound, Ivrn( c5H7o2 ) 2 • 2H2o, was stored in a 

sealed container. The yield obtained was 2.3 g (77%). If desi-

red the compound can be recrystallised from ethanol. 

Analys~ 

Found: C, 41.54; H, 6.33; Mn, 18.8. Calc. for c10H18Mn06: 

c~ 41.52; H, 6.23; Mn~ 19.03%. 

RESULTS AND DISCUSSION 

In Chapter 5, the direct synthesis of tris(acetylacetonato)-

manganese(III), Mn(acac)
3

, has been described? The compound, 

r-1n( c5H7o2 ) 
3

, was synthesised by the reaction of HnO 4- with 

acetylacetone by exploiting the electron-transfer reaction bet-

ween them. The Yveak acidity of acetylacetone ( acacH) in a polar 

mediun, and the reaction of acetylacetone (Hacac) with manga­

nese(Ii) hydroxide, Mn(OH) 2 , 

Mn(OH) 2 2 Hacac +- 2 acac 

2-+' Mn +- 2 acac ----"~~ Jvfn( acac) 2 . . . ... ( 2) 
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constitute the basis of the present synthesis. Analogous 

methods have been used with success for the synthesis of 

Co(acac) 3 froill CoO(OH) and Mn(acac) 3 from MnO(OH). This method 

(vide Experimental section) does not require any buffer, and it 

also does not make use ammonia unlike the method recommended in 

the literature? The pH of the solution 1 required for the 

successful formation of Mn( acac) 2 , was maintained by the ioni­

sation of Hacac (cf. pH 5) in the reaction medium. There is a 

strong tendency of Mn(acac) 2 to get oxidi~ed~ particularly when 

i.t is wet. Moreover, the hydrated manganese( II) hydroxide is 

slovrly oxidised by air. Therefore it was necessary for us to 

use a s,11all amount of formaldehyde to check the unwanted oxida­

tion of Mn2+. The reasons why formaldehyde was chosen for the 

purpose are that formaldehyde is obtained as a solution, and the 

oxidation products of formaldehyde can not contaminate the end­

product. The Inethod is quite rapid and can be scaled up to 

higher quantities. 

Bis(acetylacetonato)manganese(II) di-

hydrate, En( c
5

H
7
o2) 2• 2H2o, is a yellow· coloured compound, soluble 

in rnany organic solvents. The compound is not stable in air, 

particularly in the 1Jresence of moisture. However, it can be 

store(i in sealec' capsules for prolonged periods. The dihydra­

ted compounc.1 can be:: dehydrated by heating, in vacuum, at fla. 

65 °c? 



The infrared SIJectrm1 of the compound (Table 1) is una:mbi-

guous and exhibit the typical pattern of chelated acetylaceto­

nates (ecac-) in agreement with those of various M(acac) 25, 6 

conpounds. 

The mass spectra of 

Nn( acc..c) 
2

• 2H
2
o vras studied by direct insertion technique. The 

sample was introduced into ionisation chamber . using a direct 

insertion probe without any prior heating. The spectra were 

recorded with the ter;1perature of ionization chamber being main­

tained at 50°, 100° and 150°C respectively. The optimum tempe-

rature for the record of a good spectrum 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 °c shoVJed some pyrolysis effect. The 

essential features of the spectrum run at 100 °c are summarised 

in Table 2. The moleculRr ion peal<:: was observed at m/Z 253 ·. 

follovted by a strong peak at m/Z 238 assigned to the fragment 

ion L-Hn( c
5

H7o
2

) ( c4H4o~) _7 ~ A comparison of the present 

spectTum with t~1at of Mn( c
5

H
7
o

2
) 
3 

(Chapter 5) reveals that 

while the molecular ion in the esse of Mn( acac) 
3 

loses an acac• 

unit, that o; lin( c
5

H
7
o

2
) 

2 
loses a methyl group. The most domi­

nant ion pea}-,: was observed at m/Z 154 ( 100 %) owing to the 

fragment ion i-nn( c
5

H
7
o

2
) _7 + 

WaY being L-Nn( c
5
n

7
o

2
) 

2
_7 + 

with the major fragmentation path­

---:~:. L-Hn( c
5

H
7
o

2
) ( c

4
H

4
o2 ) J + ~ 
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Ta~ble 1. Infrared Spectral Bands and Their Assignments 
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Table 2, 

-~-~·· 

Assignments m/Z Intensity (%) 

~~-----------------------------~-

(b) 

~-Mn(c5H7o 2 ) 2_7~ •.• 

L-Hn( c
5

H
7
o

2
) ( c

4
H

4
o2) _7+ • 

L-Hn( c
5 

H7o 
2

) ( C 
3

H
5
o) _7+ • 

i-Mn(c5H7o2
)_7+ 

L'-Mn( c
4

_H
4
o2) _7+ 

L-Mn(c5H
5
o)_7+ 

L-MnOH_7+ 

L~IvlnCH3-7+ 

+ Hn 

••• 

. . . 

... 

.... 

. . . 
• • • 

I observed I calculated 

223.0 ... 222 . . . 
99.65 ... 99.5 . . . 

125. U,.6 ... 125 . .. 
21.76 . . . 21.5 . . ' 

253 

238 

211 

154 

139 

136 

72 

70 

55 

253 

238 

154 

139 

.... 88 

.... 62 

• • • 12 

• •• 100 

• • • 4 

• •• 3 

• •• 6 

• • • 14 

••• 10 

Fragment 

·Process Lost 

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

~ 238 . . CH
3 

') 154 Ci.,LH402 

>:) 139 . . CH 
3 

'> 55 C4H402 
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i-Hn(c
5

H7o
2
)_7 + ~ i-Hn(C

4
H

4
o

2
)_7 + ')I Hn+. The meta·-

staole :;;:>eaks at m/z* 222, 99.5, 125 a:nd at 21.5 strongly support 

the frag::lentab_on path. A relatively strong signal at m/Z 70 

( 1 4?6) has been assigned to i-MnCH3~7 +ion. This provides evi-

dence for easy methyl migration from carbon to manganese, presu-

mably favoured bv v the formation of a new bond between the metal 

atom arrl. CHy Similar observation has been n:ade very recently 

by Chaudhuri and Ghosh8 in the case of Fe(acac)
3

• The mass 

spectrum suggests that the compound exists in its monomeric 

form in the vapor state and resemble those recorded earlier:' 10 

It appears, from the results described in this Chapter, 

that bis( acetylacetonato )mangc;._nese( II) dihydrate, :tvln( acac) z-2~0, 

can be synthesised without :making use of any buffer, or ammo-

nia. Its nlGl ss spectrum pro vi des evidences for its existence as 

a monoEler in the vapour state, and for rearrangement to Mn-CH
3 

species. 
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PART II 

Studies Involving A New Chromium (VI) Reagent, 

PYRIDINIUM FLUOROCHROMATE(VI), 
Cs Hs NHCr03 F (PFC) 
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Oxidation of Organic Substrates Involving a New and Effid:.ent 

Oxidant~ Pyridinium Fluorochromate(VI), c5H5NI-ICr0
3

F (PFC) * 

Mechanisms of the oxidation reactions of chromium(VI), 

panticularly involving chromic acid~ are in many cases rather 

fairly well understood as a result of the pioneering work of 

Westheiaer and his coworkers 1 ' 2 and of some others{'4 It is 

generally believed5 that the mode and nature, rate and type of 

oxidation reac.tions vary in many cases with the nature of the 

chromium(VI) species and the solvent used. Accordingly a number 

of newer chronrium(VI) reagents were prepared, and the oxidations 

involving them were studied. These include the oxidations 

involving CrO 
3
-3,5- dimethylpyrazol complex? chromim11( VI) oxide­

pyridine cor.1plex? Cro
3
-acetone complex~'9 Cro

3
-dipyridine comp­

lex~O-l4 Cro
3
-2,2'-dipyridyl complexJ5 pyridinium dichromate 16-l9 

and chromic anhydride-tertiary amine complex 11 ' 20 and may be some 

* The work described 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 of alcohols containing not only an acid-sensitive 

group but also a double bond, oxidation of a thio ether group, 

and oxidations of strained hydrocarbon rings etc. are desired. 

r:::'hus there is continued interest in the development of new 

chromium(VI) reagents for the effective and selective oxidation 

o.f organic substrates, in particular alcohols, under mild condi.,; 

tions. Of the large number of 11 mildn 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), 

c 5H5NHCro 3cl(PCC)~ 1 - 24 Although PCC has been gaining importanc~ 

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 1 

pyridinium fluorochromate(VI), c
5

H
5

NHCro
3
r (PFC), with a view 

to explore its synthetic utility.. In this Chapter the results 

of investigation of the synthetic potential of the new chromi­

um(VI) reagent, pyridinium fluorochro1.1ate(VI), c5H5NHCro 3F, and 

its advantages over similar oxidising agents have been 

reported. 
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EXPERIMENTAL 

The chemicals used for the synthesis of pyridinium fluoro-

chroDate(VI), c5H5HHCro3F (PFC), were all reagent grade :rrcnucts. 

Infrared spectra were recorded on a Perkin~Elmer model 125 

spectrophotometer. 

Holar conductance measurement was made using a Phili:ps 

PR 9500 conductivity bridge. 

pH measurements were made with a Systronic Digital 

pH meter 335. 

Preparation of Pyrtdinium Fluorochromate(VI,}, c5H5NHCro 3F 

(PFC). Chromium(VI) oxide (Cro
3

; 15.0 gs 0.15 mol) is dis-

solved in water ( 25 ml) in a polyethylene beaker and 40% hydro­

flouric acid (11.25 ml, 0.225 mol) is added with stirring at 

room temperature. \rithin 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 .9,a 

15 min, then cooled to room temperature, and allovvad 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 £a 1 h; Yield: 

27.9 g (93.5 90; m.p. 106-108 °C. 
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,Analysis 

Found: c, 30.12; H, 3.07; Cr, 26.17; F, 9.58; N, 6.96. 

Calc. for c5H6CrFNo3: c, 30. 16; H, 3.04; Cr, 26.12; F, 9. 54; 

N, 7.04% 

IR (K:Sr): 908 ( i> 1), 640 ( ))2), 340 ( ))
3
), 952 ( 0

4
) 9 

373 ( ;:>
5
), 262 ( ))6) cm-1 

Molar conductance of 0.001 molar solution of pyridinium 

fluorochromate(VI) in water: l\M (25 °C) = 128 ohm- 1 cm2 mol- 1• 

The above procedure can be performed on a 200 g scale 

without any difficulty. 

Qxid%tion of Organic Substrates (AlcoJlols ~' Eus~ ging 

Hydrocarbons 2) with Pyridin~m Fluorochromate ~PFC): General 

Procedure. The oxidation reaction is carried out in a dry 

!'ound-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 m1), a solution of the substrate in a small amount of 

dichlorometbane 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 (~) 

(Table 1). The mixture is stirred for the time indicated in 

the Table 1 (The progress of the reaction may be followed by 



T.L.C. on silica gel using benzene/ethylacetate (90/10) as the 

eluent). The mixture is diluted with ether l-1/1 (vol/vol)_7 

and filtered trLTough a short column of silica gel to give a 

clear solution. TJ1is solution is evaporated and the residual 

product puri:t:.ied by distillation, recrystallization~ or column 

chro;,1atography. 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 4~Hydroxy-tricyclo/-5.2.1.0 2 , 6 7deca-3~5-

diane ( 1 f); A Typical P,rocedure. In a 2.50 ml round-bottom 

flask fitted with reflux condenser and stirrer was pla~ed a 

suspension of pyridinium fluorochromate (PFC) (16.15 g, 81.2 

m mol) in dichloromethane ( 30 ml). To this, a solution of 

4-hydroxy~tricycloL:-5.2.1.02 ' 6_7-deca-3,8-diene25 (.1!.; 8-.0 g, 

54.05 :11 mol) in O.ichloromethane ( 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 coluriln (7 em x 2 cm2). The contents of the 

column v!Bre thoroughly washed with ether ( 3 x 40 ml) and fil-

tered. The combined fj_l trates were evaporated on a steam- bath 

and the oily residue, whj_ch solidified on standing, was 



recrystallised from pentane. Yield of the colourless crystalline 

4-oxotricycloi-5.2.1.02 ' 6_7-deca-3,8-diane (~) was 7.3 g (92%); 

8 0 ( . 26 0 m.p. 79- 0 C llt., m.p. 80 C). 

RESULTS AND DISCUSSION 

Pyridinium fluorochromate(VI), c
5

H
5

NHCro
3

F (PFC), is easily 

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-

!llate(VI) ion, Cro3F-, which is then precipitated by the counter 

cation c
5

H5NH+ (pyH+), obtained by the addition of pyridine 

(C
5

H
5

N) 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 

chromimn(VI) content iodometrically. The molar conductance of 

the courpound in water was found to be 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 c5H5NHCr03F 
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(PFC) is similar to that of potassium fluorochromate(VI)~?,.C:~ as 

far as the bands OIHing to the Cro
3

F- are concerned. 

Pyridinium fluorochromate(VI) is soluble in water, dimethyl 

formamide; and acetone; it is comparatively less soluble in 

dichlormnethane and only sparingly sc·luble in benz:ene, carbon 

tetracl!.loride, chlorofor.m, and hexane. 

We have investigated the synthetic potential of pyridinium 

fluorochromate(VI), c5H5NHCro3F (PFC), and found that this 

reagent has certain advantages over similar oxidizing agents in 

terms of amounts of the oxidant and solvent required, short reac­

tion times, and hj_gh 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); 

c5H5NHCr0 3F (PFC), in dichloromethane oxidizes (Table 1) pri­

mary alcohols ( 1a-d) and secondary alcohols ( 1e) to the corres­

ponding aldehydes or ketones (~) in very high yields. The 

reagent has also been successfully applied to the oxidation of 

benzoin (1g) and a tricyclic allylic alcoh~l (1i) to benzil(Zg) 
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lGO 

and a tricyclic enone (2f), respectively. 

Pyridinium t'luorochromate(VI) (PFC) in dichloromethane also 

oxidizes anthracene (3a) and phenanthrene (3~) to anthraquinone 

(4-a) and phenanthrene-9, 10-quinone ( 4hl 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 dichloromeFfane, as the reaction medium. 

CFcro? ( ~ /cH2cl2 or ~! 0 

0 

The attempted analogous oxidation of naphthalene so far led 

only to -.- ··, 25% of the oxidation product. 

Thus, the results hi~herto obtained with pyridinium fluoro­

chromate, c5H5NHCro 3F(PFC), are very satisfactory and suggest 

the new reagent as a valuable addition to the existing oxidi-

zing agents 
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.OJIAPTER lQ 

------------------~----------------~-------------------

Kinetics and Mechanism of the Oxidation of Alcohols with 

Pyridinium Fluorochromate(VI), c5H5NHCro 3F (PFC) * 

Studies of various mechanistic asp~cts or chromium(VI) 

oxidations have been always VGry rewarding! A chrom.ium(VI) 

oxidant, being a multielectronic reagent, offers a number of 

fascinating possibilities for reactions. Thus most chromi.um(VI) 

oxidations of one-equivalent reductants proceEd through 

chromium(V) and chromiuri1( IV), and rc:;duction of either 

chromium(VI) or chromium(V) may be rate-limiting. Ccnsequent 

upon this~ tV!o e;~:mcral classes of kinetic pathways he-we b~cn 

sug,:_:.::.:stud~: ( i) involving a ssri cs of one- electron changes~ 

and (ii) involving multi-electron processes. Since th~ rGduc-

tion of chromium( VI) to chroi:1ium( III) can occur through diffe-

rent ;·.kchc:nimns, cto·pcnding on the nature of reducing ae;cnts and 

* This work has been published: 

Bull. Chem. Soc. Jpn., 0000, 22, 1984. 



the reaction coDdi tions, a considerable amount of work was 

done on the studies of kinetic features of oxidation reactions 

involving various chroE1ium(VI) reagentsr-9 

The deve~opment of pyridin1um chlorochromate(VI)~ 

c5H5NHCro 3cl (PCC) (CoreYfs reagent) as a very successful 

reagent for various oxidations has g(~nerated much intsrest 

and many papers have been published on the results of kinetic 

d h . t . t d. . 1 . . d. . hl J t 1 °- 1 4 an _ rn1~C an1s 1c s u 1 es ~nvo v1ng pyr1 lnlum c oroc 1rorna e. 

We have recently developed a new chrornium(VI) rea-gent 15 

pyridinium fluorochroHa te(VI), c5H5l']~Cro 3F {PFC) and found 

several advantages of our reagGnt over siE1ilar oxidizing 

agents in respects of ahlounts of oxidant and solvent required, 

considerably short reaction times, and high yields (vide 

Chapter 9). 'Iho mccJ1anis1~1 of oxidations involving this 

important reagent has now been studied. 

The present Chapter~ indeed the last Chapter of the 

th~sis, describes the kinetics Jf oxidation of three typical 

alcohols viz., benzyl alcohol, ethru1ol and cyclohexanols 

studied in .Jcc:iurrl acetonitrile-nitrobcnZ811<) ( 1: 1 7 v/v) ova-

luatcs thv rvaction constants and discusses the probable 

mechanisr·,. 



All chL~icals used wer0 reagent grade products. 

Purificati...91l_ of_ Solvents and .Substrates. The solvGnts 

and th~ substrates wore purified and dri oct r)y th~._, li tcrature: 

m€thods~ 6 , 17 

(i) Acetonitrile. Acetonitrile was distill~d three 

times over P2o
5 

in an all glass appratus containing a P
2
o5 

packed guard tube. Tho distillate thus obtainod was then 

distilled over anhydrous K 2co
3 

to runovc traces of P2o
5

,. and 

finally distilled VIi thout any dr~ ing agt:nt. Tho fraction 

boiling at 78-79.5 °C was collect~d. (UV: A max at 161 nr1). 

The reagent gradu nitrobenzene was 

driec~ by keeping over anhydrous calcim:1 chloride for _9.l\ 24 h 

in a wc,l1-·stoppt;rcc1 round bottom flask. Tho dried solvent 

w2s separated by ducRntation and distilled. The fraction of 

the liquid boiling at 207-209 °C was collcct<--d. (VU: A r:w.x 

at 252 m1~ 280 m1 and 330 Ul'1). 

(iii) E(hvl_,8.lcoJ19.1. Reagent grnda ethanol and frvshly 

burnt quicklh1c ( V"1 lit. ethanol: 250 g quicklir.w) were rcf­

luxod 0~1 a stcala •. bn_th for £.§. 6 h, and then o.llow0:d to stand 
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for 8-10 h. Tho cold and dry liquid was then filtered through 

a packE::d glc::~.ss wool column. The filtrate 11vas finally disti­

lled by heating over a steam-bath and taking utnost care to 

prevent absorption of moisture. The first few ml of the 

distillate was rejected. The fraction boiling at 75 °C 

was collected for further studios. 

(iv) Benzyl Alcohol. An amount of 100 nl of benzyl 

alcohol was mixed with an equal volume of E::ther in a 500 ml 

separating funnel and shaken well twice with 20 ml portions 

of a saturated sodium bisulphitc solution in order to remove 

any bonzalduhydo. The organic layer was washed with 20 111 of 

a 10% sodium carbonate solution to ensure complete removal of 

the bisulphite. The orgnnic layer was then washed with 25 ml 

of water. Tho w.o..shod organic liquid was dried over c:nl:tfdrous 

magnesium sulphat'e in a sto.pperod erlenmeyer flask and then 

filtered. Tho filtrate was distilled at a lower temperature, 

to first remove ether, and then at a higher temperature. Tho 

fraction boiling at 203-204 °c was collected as tho puro ben-

zyl alcohol. 

(v) Cyclohcxanol~ Reagent grade cyclohexanol was 

first treated with anhydrous K2cn
3 

and then allowed to settle. 

The organic liquid wns separated by de.cantation and refluxed 

for 10-15 1.:1.in ovor dehydrated lime. It was then cooled and 

filt&rod and finally distilled under vacuum. The fraction 
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boiling c.~t 87~89 °C ( 18 mm pre;ssure.) vns collected ns th~.: llUra 

cyclohcxnnol. 

Prcp~tr::tt-i on of th\0: Ogdant Pyridiniuel Fluorochrom:-~.tc(VI) 

c5n5NHCr0
3

F (PF'C). The oxidising a$Gnt c5H5NHCr0 3F (PFC) 

wns pr-._,pll.rud by th'- r:wthod 15 alruetdy described in Chapt0r 9. 

Apparatus for Kinutic Measurements 

For kinGtic measurements standnrd (Corning Class A) 

glnss apparatus wore used. The oxidation reactions werE 

carried out using an Glcctricnlly operated thermostatic wntor-

b.1th hc:ving all o.rrangemcnt to mo.intnin constant temperature 

(~ 0.1 K). A sensitive nnd o.ccurntc thermometer having finer 

graduations was usGd for tcfiporaturc measurements. 

Monitoring of Kinetic Runs. Tho progress of each kino-

tic run was monitored by de:tcrmining the aHount of unrcactcd 

chronim1(VI) at o.'l.ch intcrvn.l of tiL1e. This W'JS :::tccomplishGd 

by quenching off tho reaction, of an exactly known ar.aount of 

the reaction _ so..lution,. wi tbdrnvm fran the Elo.in reo.ction 

~ontD.inor at n rlofinitc interval of tirno, and then estimating 

the unronctucl chro,;1iuE1(VI) content by iodonwtry. The iodo-

metric titrntions werG 1113.dc under a co2-[ltmospht-rc. The 

quc:nching off of the: reaction was dono oy pouring tho aliquot 



0n s-u.b-tre..tion of th8 a;,1Qunt of chron1iU1:1(VI) unreacted 

fro1'1 that originn.lly taken t;"<Ve the amount of chrom.ium( VI) 

used up in the oxidation at each intervel~ time. -These 

valnes vrere made use of in the calculations of rate constants. 

For kinetic measurements, the reactions were perforMed 

under pseudo-first order conditions by maintaining a large 

excess (x 5 or greater) of alcohol over pyridinium fluoro­

chromate (VI) (PWC). The reactions were carried out at a 

constant temperature <.:t 0. 1 K). The i •. edium of reactions was 

always 1:1 (v/v) acetonitrile:nitrobenzene unless otherwise 

stated. Acetonitrile-nitrobenzene 1Jvas chosen as the solvent 

because it was observed 15 (also Chapter 9) that acetonitrile 

did not react with the oxid~nt (PFC). Ths reaction mixtures 

were hoPogoneous for th~ total period of kinetic investigation. 

For each k.illetic run, fresh solutions of tho oxidant, and 

tlesubstrate ~ere separately prepared in a 25 ml scale. The 

solutj_ons r.rorc heated in the thermost::ttic bath~ JMtintained at 

a partictJlar tcmpcraturs, for :;a 30 min. An amount of 20 ml 

of each of the bm solutions vJGre mL:ed together for a parti­

cular run. The p:cogress of ths oxidation reaction. was follo­

\1ed by wi thdrawinr; 5 ml portions of the reaction solution at 

an intsrval of 5 min. 



1 l">-'0 ..1 ( \ 

Co1r1outetions of the rate constants were nadc fro;a tho 

plot of l.oe(·o~-id.nnt_7 against tiMe 

xfJ;...} 9 -d1s-:re xt represents the amount of unreected oxidant 

a.t tir•1c ts a11d xoc represents tho aillount of Vl1rcacte:r1 04'\:ic~ant 

;:;.ftcr o lon:s time, (2~ h, tc;~kcn to be an infinitJ ti;a...;). For 

SOdL cascs 5 tnc r'"'sul ts were clwckod by least-square Ccl.lculn-· 

tions and founc: to be. vxtrcmcly satisfactory. Tho vo.lues 

reported a.ro the. mean of at least duplicate runs are rcprodu-

ciblc to within + J,c,o' 
- 'T/ .. 

Dopondsncc of reaction rotu an solvent composition wore 

studied with varying compositions of the solvent media-

DiclGctric constants for the vurying proportions of aceta-

m .. trj_lc-1•~- tro bcnzonl) mixtu:c cs wore cstir!lat..:<l fron tho diE..lEJc­

tric conr:,t2..nts of tho pure solvents 18 a11rl arc s...;t out in 

Table 3. A co11stant ionic strength coul0. not be r·1ai11t.::dncd 

mo.y, howev,;l's be ~~1~ntioTluC t~1at the Vc:'.ri<Ltion in ionic 

s~rcagth did not brln~ aLout any c~£~~~ 1 9 in th~ oLtdation of 

'uunzyl D.lcoho l by c '1ro. :.ic (VI) oxide... L1 ,,..,n c_~uucou s nciC'ic 

modj_u;.l. 

Tho uncato.lysed r(actions were studied vdth vnrying 

to!Ilporc::tturc,s of 303P 308~ 313 anc..~ 3113 K (...;rror liwit :+_ 0.1 K) 

re;;sp..;ctivcly for all the throo alcol10l3 (Tetbl~ 4). The; fro-

quoncy fRctors wGr'-- do tcrminc.d Oll th.:. 1)asis of the results 
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obtained thereo~. The activation par~1eters were evaluated 

by t~13 standard nrocedure20 within allowable average error 

limit (at 303K) (~'"able 5). 

(i) Rate Constants. ~1 he first order rate cmstant:s fer ................. ~~....-- ....... ~-----~ 

reactions were found out by making use of the first-order 

rate equation. For the sake of simplicity, the equation 

relating dependEnt variable x, and the decrease in concen-

tration of reactant in tiDe t has been used. Thus, for a 

first-order reaction 

__ dx_ 
dt 

or ln a 

= 

ra- ··X) 

k(a- x) 11 

= kt 

1 or k = ~t ln ~-a_· 
(a - x) • • • ••• ( 1 ) 

{-where 9 a represents initial concentration of oxidant, x 

represents thE: amount of unreactod oxidant, and (a ·- x) repre-

sents tho fe_ll in m::idant concentration in thw t.=7 

In tllc logari th;u.ic form the equation ( 1) becomes, 

= log (a-x) 
a 

• • • • • • ( 2) 

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

reacted oxidant after the infini to t]_i•1e ( 24 h)? and x
0 

and xt 



represent those before starting and after an interval of timL 

t ros ~;e:;c ti vcly, thG equation ( 2) can then be trCJ.nsform cd to 

k = log 

Hence, 

t = 

Thus, a plot of log (xt - x~) versus t gives a straight 

line, tho slope of which corresponds to 2. 303/k. AcoordiJ1gly,.. 

:from tho slope, the value of k (tho rate constant) is found 

out. 

Since a plot of loe k 

against 1/T we..s no2rly linear with a negative slope, the 

Arrhenius equation was appli6d to thd prcso1rt cas8s. Thus, 

k ~ A 8 - E /RT • a 

or ln k ~ ln A E /RT 
G', 

or ln k = -E /RT + ln A a 

or lot; k ~ 

(where A stands for 

frGqu0ncy factor or Pro­
Exponential factor) 

X _]_ +- ln A 
T 



If log k is plotted against 103/T, then, 

or 9 

E = a 

= 

E X 10-3 ·--.iJ..---------- ( n nGgativc slopo) 
R X 2. 303 

_sl.Q .. P'-- x 2. 39_2 _x 8. '2.1._4:2.. .• 
0.001 

• • 
( • R ~ 8.3143 J/mole) 

J/molc 

E = slope x 2. 303 x 8. 3143 kJ/molc a 

(b) Frcgucncy Pactor (A). Tho fraquency factor was 

c~1lculc:ttcd by puttine; the vn.1uc of ::tcti vation energy ( E ) 
C\ 

in thL follo~ing equation 

log l~ = log A 

or log A = (log k + 

= E e.. RT 

E 
~~ 

2. 303 RT 

fi 
( L\H") • This was ohtainod 

The ontro~y of ncti-

vation w::· s o bt::-,L1Gc1 b~l usin::; the: th.::..rElO dynoJnic oqu~ tion fol, 

transition state. 



k == 
.. KL c - /:),.E# /RT 

0 
/::I3# /R 

h 
-/l td!_ 

or lot; k = (log JCJ_ )~H~:_ + . ) 
h RT R 

By puttinr; the valnes of k, K:; T~ h and b,.H# in thu abov0 

equation~ thG value of entropy of activation was ·talculntod. 

The fru oncr&Y 

of activation was calculated using tht: following simple 

thcrmodyn:::,mic cqua tion: 

= .6.1-Ifl: 

The oxidation products banzaldahydc, 

o.octaldchydo wid cyclohoxDnone wore cho..r<:'.Ctcrizod by spcctro..l 

ctnalyses ( IR nnd UV) ~ c.nd cstir,1o.tod quanti tativcly -:.ts thuir 

2, 4-·~ dinj_trophcnylhy dr~:;;,oncs. 

'I1hc mel ti:::.:~ points of 2, 4-·· dj_ni trophcnylhydrc:.zonc dori-

v,_;_tivc,s of bonZ.c'..lcL;l1yU.,,, o.cct:.1lduhydc <J.nd cyclohoxo.nono wore 

236 °C (lit. 23 237), 146 °C (lit. 23 144-146 °C) and 160 °C 

(lit. 23 160 °C) rcs~activbly. 



--~-~-·~--------~-----------

RESULTS M~D DISCUSSION 

by :;'h'C in 1: 1 ( v/v) acutoni trj_lc-ui trobanzonc lc:>.cts to tl1L, 

pocti voly j_n v ~ry high yiE>lds ( )90%), showing no indicntion 

o.f further oxiC.1.tion of tho cnrbonyls conforming to th<;; enr-

lic_r synthetic studies involving pyridinium fluorocJ1romntu( VI), 

~nhe stoichiomctr;, of vnrious oxidations studied herein 

were estir•1atod by the ru.'lction of the respc;cti vc alcohol with 

nn oxccss o:C oxidant (PFC) followed by ostimc..tiiJ.g tho unrcact(;d 

chror,1ium(VI). In some runs, hovJCVGr 9 c..n excess of o.lco~10ls 

were used followed by the ostiwation of th~ carbonyl product. 

The stoichiom~try of the reactions en~ be r~prcsontod as 

follons: 

3 TICH20H + 2 cr6+ 

Tho stoichiometry of' the r.::;:::.c tions with cyclolwxanol w.2s 

dct..:JrHincd in :J.n :..ln:;.lot,ous mo.ru1cr, 

Lik~ tho anclogous pyridiniwn chlorochromatc(VI) 1 

c5H5NHCrO 
3
cr. ( PCC) 10- 12 rco.ctions, o.ll th0 thrGc o.lcollols 



studied in the present case were found to be first order 

wj_ th res}ect to time, because the first order rates VPre con-

stant at different tiEes. The reactions were also observed 

to "be clearly f:'...1~st order wi tb respect to t:1e oxidant ( PFC), 

as the rate constant.s -,Jere found to -ue practically unaltered 

for r,;ost of tl:.e reaction times (Table 1) \vi th vnryinL., concen-

tr~tion of oxidant. The most prominent difference in the 

oxidations involving PCc 10- 12 and those involving P'F'C (present 

studies) is that tl1e 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 aluost independent of substrate concentrations. 

However, a small but steady increase in tlle rate constant 

values for all the three alcohols with increasing concen~-

trations of the substrate has been observed (Table 2) and a 

Illot of loc 1r 
n. ' oos against log t-substrate_7 shows that the 

rates increasu in very small fractions with the sequential 

increase in substrate concentration. This most probably 

implies tLat co1,1plox formation between the substrate and oxi-

dant is takins place in present cases. 

Our attempts to study ths _ ac:id--ca.talyzecl oxidations of 

the thrGc alcohols were unsuccessful. Att:Cmpted acic.~catalysed 

reactions j_nvolvinG P·-Toluenesulfonic acid o.r benzoic acid, 

and varying proportions of solvent compositions wBre observed 

to t0 too fast to measure tho rata. 
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Table 1. Oxidant Dependence of the Peaction Rate 

{aOxiclant _7 k /10-Ll s -1 
... ..._._ .... -- -------

10-3 mol dn-3 
!_-Ethanol_7 i-Eenzyl !_-Cycle-

Alcohol 7 Hexanol_7 -
1 6.765 . .. . 8.413 ••• 9.233 

(0.075) 10 

2 6.77 . . . 7.95 . . - 9.5 

(0.10) 11 ( o. 075) 10 ... 
3 6.62 • • • 8. 41 ••• 9.34 

(0.072) 10 

4 6.56 . . . 8.27 ••• 9.59 

(0.973) 11 (0.077) 10 

5 6.64 . . . 8.21 ••• 9.60 

(0.076) 10 

PCC Oxidation data are in parentheses. 

T = 303 K r -3 
L Ethanol~ = 0.1 mol dm 

c~~enzyl alcohol_7 = 0.01 mol din -3 

!_-Cyclohexanol_7 = 0.01 mol dm-3 



., ?O 
_1.0 

Tab1e 2. ,su;Jstrate Dependence of the Reaction Rate 

Benzyl Alcohol 

~I -4-1 .Q.Qn~n. kl 10 ·s 

Cyclohexanol 

~~ -L·~1 .C...Ql.l9». o l-;: 1 1 0 T 8 

moldm-3 moldm- 3 

~----------------~·----------·-----~~-~~----~--·---------·-----~----~~-~ 
0.1 

0.2 

0.4 

0.5 

6. 765 

(0.10) 13 

7.87 

(0.207) 13 

8.55 

9.16 

(O.Lj.1) 13 

10.6 

o.o1 

0.02 

0.03 10. 1 

0.05 11.54 

-----~--------------

PCC Oxidation data are in parentheses; 

a? values at 298 K 

T == 303 K 

0.01 9.233 

0.02 13.89 

15.79 

17.78 



1·10r-----------------.. 

\ 1-00 

r.fl 
-§ 0.90 
~ 

0" 
0 

+ 
...;j 

0.80 

o~o~----~--~----~----~-----L--~ 

o.o 0-1 0-2 0.3 0·4 . 0·5 

Concn of Ethanol > 

Pli..c1t of fu-"' k b -vrs:.. /_,-Et.hanol._7 
o. o~ s: 



i 1-10 

(/) 
.0 
0 

:X. 

.9 ,.oo 
+ 
-.:1" 

Q.90 

o.so:---~---L----1.--+-----L-_j 
o.o 0.01 0.02 0.03 0.04 0-05 

Concn of Benzy\ Akohol 
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T~c r,;sul ts of UilCc,talyzud rcactio~:s vfi th varyinc coupo~-

si tion o~' ti1c sol vcr.t co::~pon:::nts ( 7able 3) shOYiS tl1at th c 

roact:i_on rat;:. dccruasos .-Jith incroaso in dielectric constant 

(though sncd.l) o:f the r.E.dj_un EJUt:.?:ostinc th.9t the more polar 

~ t . l t' SO.LVvn 8 ·1c.S ~:cc::_Ulr,, ars~r :rune lOll times for th~ oxidation 

constants of th8 media is a straight line \'~lith pos:L ti vc slopr:> 

and implies tho occurrence of an interaction between a dipole 

ancl a positive:: ion~4 and a.ls8 indicat't:s th c pro b.::tble:: invol VG-

6+ mEnt of a protonatcd Cr sp~cios, in the prescnc0 of an acid, 

in tho rate, dstc1rh1ining step. Eowcv..::r 5 sinccJ the ran.;so of 

dioloctric constants varios bct~~rovn 35.6 etn d 36.7 showing a 

largo increase in th~ rntu, the obsorvcd chnn~u could ns ucll 

bo solv._.nt .specific rather t:1an ouine; to the e:ffcct of chango 

in di clsctric constcm t. 

Th-.:: froo onc..reics ,of activqtion of thL three reactions 

VJc.rG foun:t to lie bct'."!CCil 91.82 and 92.65 l'i:lT;'l,lOlv ( Tnblc 5). 

The.: no.s.r const.rtncy of tl1c.: valuos of fro;:.. cnc;rgios of n.cti vntion 

thus sugc;.::;st U:.n t n si1:dlar mechanism is opcrati vc: in o:?~ch of 

the: throe oxidntions. 

reactions o.ppear to be lower, ns thurc. hns boon o. pronounced 

incruaso in the rate of catalyzed rc:actions. This, therefore, 

suggc:sts that n proton~t~d cr6+ spocius may be involved in thu 

rate determining stop in th~ presence of an acid. This is in 



Deucndence of Reaction Rate on 

Solvent Co::1position 

-----···,-~~ ---~ .......... -- ____ .......... .an._.............,._,_..,._,. __ 

Nitro- Aceto- Dielectric {Ethanol 7 'Benzy 1 ;·~cyclo--- .. 
benzcme nitrilE Constant Alcohol 7 Hexanol 7 - -

_-;;: 
" _7. 0. 02wold_.;;i3 

( 1~) c:..n 0.2 r,1oldn:_..1 1. 02mo ldil1-' 

~1/10-58-1 ~,;,o-4s-1 k /10-48-l 
1 

30 70 36.? 1. 01 1.05 3.08 

40 60 36. ~· 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. 2? 

70 30 35 .. 6 15.82 5.51 12.95 

T - 303 K 
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Table 4. Rate Constants for the Uncatalysed 
Oxidation of Alcohols by 

Py ri dini um Fl uo roc hrO!ua te (VI) 

---- - ---
Concentration k/10-41 mol-l s- 1 

of 
.Sul.:;st:::-ate substrate/ 303 K 308K 313 K 318 K 

(mol dm-3) 
-

Ethanol o. 1 6 .. 765 7. 112 7.447 7.798 

(1.0)11 (1.4)11 (1.93) 11 (2.63) 11 

Benzyl 0.01 8.413 8.593 8. 811 9.057 

Alcohol (7.5) 10 (11.2) 10 ( 1 5. 5) 10 ( 21. 6) 11 

Cyclo- 0.01 9.233 9.619 10.0 1 o. 41.J-7 

hexanol (88.3) 12 (133.3) 1 ~208.3) 12 

PCC Oxidation data are in parentheses. 

(_-PFC_l = 0,001 mol dm-3 



1.05 
I 

1.00 

1 0.95 

(/) 

..0 
0 
~ 0.90 
'(}"'I 
0 --+ 

...;;j 

0.85 

0.80.~--~~-----L------L---=~ 
3·00 3·10 3-20 3.30 

P~0rE a.f log k
0
,ba vs. Inv-erse o··f TenrpeE·atur.e 

A = Ethanol; B =- Benz~]_ Alcohol; C == Cyclohexano·l 



(/)0.8 
..n 
0 

.Y. 
(]) 
g 
+ Q.4 

LD 

2-72 2·74 2·76 2.78 2.8Q 2-82 

100/D 



1?;2 

Activatj_on Parameters for tlle Oxidation 

of Alcohols by Pyrj_dinium Fluorochromate(VI) 

,Su0strate 

Ethanol 7.657 280.51 92.65 

(51.8) 11 (153) 11 (98.2) 11 

Benzyl 3.89 291.33 92.06 

Alcohol (54. 7) 10 ( 125) 10 (92.0) 10 

Cyclo- 6.127 282.98 91.82 

hexanol ( 9 3. 0) 12 (- 18) 12 (87.L~) 12 

PCC Oxidation data in parentheses. 



accord ,r~_th t:re ir1vc:lvement o ~ such s?ccies -,:ell establishr;O. 

. 1 . ( 1J1 ) . . d .L- • 25 ln c_1rOl'1l un , oxl c~e OXl a 1-:'_ons. 

The entro~y values obtaincti in the present studies were 

fou11c1 to occur· tetv;een - 200.51 allc~. ~ 291. 33 J mol-l K~ 1• 

IJ.'he large r•ersative el1trogy values o1Jtainetl for th-e present 

systffi~s, sug~est that the solvent molecules are strontlY 

oriented or 'froz-en' around the ions thereby resulting in the 

loss of t-ntropy~6 the effect being larger in the non-polar 

solvents. This conforms to the contcntio!l that the dccreas8 

of polarity oi tho r,Jedium results in increase of the entropy 

value an<1 t~1L nvnL)er o.L unbot:nd molecules in thE.. solution 

. 27 lncrcases. This also accounts for tte lowering of rate 

coefficient valuos vji th increa.sL1G pols.rity of the nedium. 

Comparati v oly ere a ccr reac ti vt ty of pyrj_dininm fluorochrOFJat.e ~ 

c5E5:r-~P.:Cro 3F (?F'C) over t!1at of tho correspondine, chloro­

chroin.ato(VI), c5H5~n-ICr0 3Cl (PCC), as sl1ovm 15 in tho pre;V_Lous 

Cha};tol', can no~7 bs 1.mdorstoo d from the; r clati vely h_i_ehor neg a~ 

tive cntro1y valu8s o~ tho reactions. It is beliovcrt that the 

bondin0 of F' -vd_t11 c.trmduw i:n PFC fa.cilitaccs largl:r charge 

distributiGn in the transition state in tho cases of PFC oxi-

dation and cor~clatGs ~ell with tho observed entropy values. 

In viG\.- of tlw abov0 results it appears that a hydride 

transfer Hechanislr1 is involved in the. rate determining stop of 

the pyrj_diniu.J fluorocilromate(VI), c
5

H
5

NT-ICro
3

F (PFC) oxidations. 



R1 
'::::~+ - + 

R-c-o~cr-0 PyH 
2 1:\ W\ 

H ~0 F 

slow > R R C=O + HOCrFO PyH+ 
1 2 

SCHEME 1 

R1 
1~.+ l + - + 

R-2 CL H + CJ=Cr-0 PyH 5 ow> R1 R2COH + (H0)2CrFO PyH 
I I" 
OH F OH 

SCHEME 2 

R1 = H & R2 = CH3& C6H5 for ethanol & benzyl alcohol respectively 

& 



It is ~JossiblE: that the hydride tra11sfer iilay takE. =olace ei tho:r-

throuc:)l t l·? prior formation of cllrmaate ( Sc ',lE:!"1G 1), or direc tl;y 

( Scht-AI1e 2). 1'he present data also sug;e;est, ljkte tr1s si;:ilar 
z~:: 

oxidab_r;YlS invol •ri~1g chromic acid 7 
J a cl1romate ester forma~ 

tion in ti1e rate~ d3terminj_nr, step (scheme 1) al thoU(:,I1 tho 

chances o~· Sche!I15 2 C~t.n not be totall;y ruler;. out. It is also 

expectecl that the chromate intermediate ·will be better stabi-

lised in the less polar ~•Ied.ium and will enl1ance the oxidation 

rate, thn.s con.fo.cminG to t~l8 observ2..tions made ty us, 
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ABSTRACT 

Reaction of MnO(OH) and a concentrated solution of 
+ + + + AHF2 (A = NH4 , Na , K or Cs ) in 40% hydrofluoric acid 

gives instantaneously rose-pink coloured alkali metal 
pentafluoromanganate(III), A2MnF5 (A= NH

4
+ or Na+), and 

alkali metal pentafluoromanganate(III) monohydrate, 
+ + A2MnF5.H20 (A = K or Cs ). Li2MnF5 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 alcohol. 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 important1-4 compounds of Mn(III), have 
been known for some time. Although no simple and general 
method for their synthesis has been reported to date, the 
one5 involving the reaction between a solution of MnF3 in 
hydrofluoric acid and AF (A = alkali metal) appears to 
have been used in more than one instance5• 6• This method 
uses MnF

3 
as one of the starting materials which is diffi­

cult to synthesise?-10 and is unstable under ordinary 
conditions. In view of this and the current interest in 
the syntheses and structural studies of fluoromanganates 
(III) 11 • 13 we felt it worthwhile to develope an easy 
general method for the synthesis 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 14,l5 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 

General synthesis - The method ,(vide Experi­
mental section) involving the reaction among MnO(OH), 
HF and AHF2 is a general one and can be applied to the 
synthesis of all but Li2NnF5 for which a sl~ght modi­
fication is necessary owing to the extremely low solu­
bility of LiF. 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 + 
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Since an acidic solution prevents pentafluoromanga­
nates(III) from being hydrolysed, the medium was main­
tained acidic by using a little excess hydrofluoric-acid 
and AHF2 • Freshly prepared MnO(OH) instantaneously 
reacts with hydrofluoric acid forming MnF

3 
wb2ch then 

reacts with alkali metal bifluorides to produce A2MnF
5

• 

Characterisation and structural eYaluation -- All 
the compounds are rose-pink in colour and are obtained 
in microcrystalline form. They are insoluble in common 
organic solvents and decompose in water giv2ng hydrated 
manganese oxide. However, they can be stored in sealed 
polythene bags. 

The elemental analyses (Table I) suggest the ratio 
+ of A:Mn:F in each of the compounds is 2:1:5 with NE4 , 

TABLE I 

Analytical Data, Magnetic Moments and Estimated 
Oxidation States 

Compounds 
II. at /·eff 

I I 
I Estimated I 
I oxidation I 

Found % 
(Calc. %) 
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302~ ( BM) 1 state of -!11-----.,...----~--
' I A l manganese f or N Mn F 

(NH4)2MnF
5 3.19 2.9 15. 18 29.68 51.32 

(15.06) (29.53) (51.06) 

Li2MnF5 3.27 3. 1 8.82 33.77 58.13 
(8.47) (33.54) (57.99) 

Na2MnF5 3.22 3.0 23.67 28.24 48.61 
(23.48) (28.04) (48.48) 

K2MnF5.H2o 3.32 3.0 31.98 22.49 38.75 
(31. 77) (22.32) ( 38.59) 

Cs2MnF 5• H20 3.29 3.1 61.31 12.74 21.72 
(61.28) ( 12.67) (21.90) 
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Li+ and Na+ salts of the type A2MnF5 whilst the K+ and 
+ Cs salts are monohydrates of the type A2MnF5.H2o. 

Estimation of oxidation states of manganese in 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), eTen at room temperature~ might exhibit anti­
ferromagnetic behaviour2 • 16 ,l7 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 1 '1'B, although the 
species consisting of chains of tetragonally el9ngated 
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 confirms that the ammonium salt is 
(NH

4
)2MnF5 and not (NH

4
)2MnF4(0H). Repeated chemical 

analyses always eonform to the Mn:F ratio as 1:5 and the 
infra red spectrum of the compound neither showed any 
absorption in the 6M O-H region ( 1200-900 cm-1) nor 
absorbed at~ 3600 cm-1 which is typical for 00_H19. 
The absorptions at 3040(s). 3157(m) and 1400(s) cm- 1 

have been assigned as 01, ~3 and 0
4 

modes, respec­
tively, of NH4+ and correlate very well with those of 
tbe analogous ammonium pentacbloromanganate(III)20• The 
bands at 614(m) and 563(s) em- 1 have been assigned to 
~3 and ~4 vibrational modes21 of Mn-F. 

The infra red spectra of the whole series of 
compounds show that they are all identical structurally 
and stoichiometrically. The only difference lies in 

+ + + + NH
4 

, Li. and Na salts being anhydrous while the K 
and Cs+ salts are monohydrates. Typical of all spectra 
are the two absorptions at~ 615 and at~ 565 cm- 1 which 
imply the presence of octahedral or distorted octahedral21 

MF 6 n- and have been assigned as 5) 3 and 0 
4 

modes of 
3+ nF 2-Mn-F vibrations. Thus, it is evident that Mn in M 5 

displays the Jahn-Teller effect, assumes a distorted 
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octahedral structure with each octahedron being linked 
to its nearest neighbour through a bridging fluoride ion, 
and conforms to the crystal structure of K2MnF

5
.H2o 

reported by Edwards4. The K+ and Cs+ salts show two 
extra bands at V1 1640 and at V\ 3460 cm- 1 which have been 
assigned to the ti H-O-H and 2>0_H vibrational modes of 
uncoordinated water, are in accord with the earlier 
observations15• 21 and also agree with the crystal struc-

4 ture of K2MnF5.H2o. 
The effective magnetic moments of the compounds at 

302<1c lie between 3.19 and 3.32 BH. This observation 
can be very well correlated with the proposed structure 
mentioned above. The lowering of magnetic moment is not 
to be attributed to spi~pairing but to super exchange 

interaction between the contiguous Mn3+ ions through 
-Mn-F-Mn- chains. The agreement in the values of the 

+ + + + magnetic moments of the NB
4 

t Li , Na , K salts and 
the value of the hitherto unreported aoment of 
Cs2MDF

5
.H2o lend credence to the contention that the 

compounds are isostructural. 

EXfERIMENTAL 

The chemicals used were all reagent grade. MnO(OH) 
was prepared by the l~terature ~ethod22 • Alkali metal 
bifluorides haTe been synthesised by the method developed 
in this laboratory 14. Infra red spectral measurements 
were made on a Perk~~Elmer model 125 spectrophotometer. 
Magnetic susceptibility measurements were made by the 
Gouy method using ~Co(NCS)~ 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 solution. 

Synthesis Sinee the methods of synthesis of 
A2MnF5 (A= NH

4
+ or Na+) and A2MnF5.H20 (A= K+ orCs+) 

489 
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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 Li2MnF

5
, for which a separate method is 

described. 

Alkali metal pentafluoromanganates(III), A2MnF
5 

(A= NH
4

+ or Na+), and alkali metal pentafluoromanga-
+ + nates(III) monohydrate, A2MnF

5
.H2o (A= K or Cs ) 

To a suspension of l.Og (11.4 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 concentrated solution of the respective 
bifluoride AHF2 (A= NH

4
+, Na+, K+ orCs+) in a small 

amount of 40% hydrofluoric acid is added directly to the 
solution(A) with stirring whereby a rose-pink coloured, 
microcrystalline product appears immediately. The 
product, A2MnF5 or A2MnF

5
.H2o, is separated by centri­

fugation, washed with heptane until it is free from acid, 
and finally dried in vacuo. 

The details of amounts of reagents used and yields 
of various alkali pentafluoromanganates(III) are given 
in Table II. 

I 
I 

TABLE II 

Amounts of the Reagents Used and Yields of 
Alkali Metal Pentafluoromanganates(III) 

I 
Amount of ~ount of 

Compound ; Yield in g 
I 

Amount of 
MnO(OH) in 40% hydro- JAHF ( A:NH 

fluoric acid pa.~ or 4 I 

l 
I 

(NH
4

)2MnF5 
Na2MnF

5 
K2MnF5.H20 

Cs2MnF5.H20 

g 
in ml ~s) in g 

1.9(89.2%) 1.0(11.4mmol) 2.0(40mmol) 

1.8(80.0%) 1.0(11.4mmol) 2.5(50mmol) 

2.5(88.7%) 1.0(11.4mmol) 2.2(44mmol) 

2.2(88.4%) 0.5(5.7mmol) 1.2(24mmol) 

1. 5(26 • .)mmol) 

1.6(25.8mmol) 

2.1(26.9mmoH 

2.3(13.4mmol) 
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Lithium pentafluoromanganate(III), Li2MnF
5

-- To 
a suspension of 1.0g (11.4 m mol) of MnO(OH) in a mini­
mum volume of water, 6.0ml (120m mol) of 40% hydrofluo­
ric acid is added with constant stirring and a dark 
brown solution is obtained. To this solution 1.7g (23m 
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 coloured product is obtained. 
The product, Li2MnF

5
, is immediately separated by centri­

fugation, washed several times with heptane to make it 
~ree from acid, and finally dried in vacuo. The yield 
of Li2MnF

5 
is 1.2g (63.8%). 
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The Direct Synthesis of Alkali-metal Pentafluoromanganates(m) 

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 
AHF2 (A = NH,. Na, K. or Cs) readily gives pentafluoromanganates(JII), A2 [MnF5] (A = NH, or Na) or A2-

[MnF5]·H20 (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(rrr) have 
been known for some time, there has been no easy and 
simple synthetic method available to date. The re­
action between MnF 3 in hydrofluoric acid and alkali­
metal fluoride AF 1 has been generally used for the 
synthesis of alkali-metal pentafluoromanganates(rrr). 
The present paper reports a general synthesis of the title 
compounds that does not require MnF3 • 

EXPERIMENTAL 

Potassium permanganate and acetylacetone were reagent­
grade products. The difluorides AHF2 were synthesised 
by the method developed in this laboratory.2 Infrared 
spectra were recorded on a Perkin-Elmer modell25 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(m) 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 Feii in the solution. 

Synthesis of Alkali-metal Pentajluoromanganates(m) 
A2[MnF5] (A= NH4 or Na) and Pentafiuoromanganate(m) 
Monohydrates A2[MnF5]'HzO (A= K or Cs).-Since the 
methods of syntheses of the pentafluoromanganates(m) 
are similar, only a representative method is given. 

An excess of difluoride AHF2 was intimately mixed 
with solid K[Mn04] 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 vacuo. In the case of the sodium salt, the 
powdered mixture K[Mn04]-NaHF2 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 NaHF2 • 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 I 

Amounts of reagents used and yields of alkali-metal 
pentafluoromanganates(m) 

Amount 
Amount Amount of 

of of acetyl-
Yieldfg KMn04 /g AHF2fg acetonefg 

Compound (%) (mmol) (mmol) (mmol) 
[NH4Jz[MnF 5) 0.34 (97.1) 0.3 (1.9) 1.0 (17.5) 3.0 (30) 
Na2[MnF5] 0.32 (86.5) 0.3 (1.9) l.l (17.7) 4.0 (40) 
K 2[MnF5]·H20 0.44 (93.6) 0.3 (1.9) 1.0 (12.8) 3.0 (30) 
Cs2[MnF5]·Hp 0. 78 (95.1) 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 pentaftuoromanganates(III) 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(m) can be synthesised directly from 
K[Mn04] in about 30-40 min with very simple ap­
paratus and without the use of hydrogen fluoride or even 
hydrofluoric acid. The difluorides AHF2 here act as fluo­
rinating agents. In previous papers 2•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 Mn vu by a relatively mild reducing 
agent like acetylacetone in the presence of F- (stabilising 
species for Mn3+) should enable the synthesis of penta­
fluoromanganates(m). 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 2• 

Characterisation.-The pen taft uoromangana tes (III) 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. It is 
interesting to note that the NH4+ and Na+ salts are 
anhydrous, of the type A2[MnF5], whilst the K+ and 
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TABLE 2 

Analytical data, magnetic moments, estimated oxidation states, and structurally significant i.r. bands of A2[MnF5] 

(A = NH4 or Na) and A2[MnF5]·Hp (A = K orCs) 

Estimated ox. 
Analysis bf% 

...... 
Compound !1-eff."/B.M. state of Mn A Mn F I.r.(cm-1 ) Assignments 

[NH4J.[MnF5] 3.19 3.0 15.1!) c 29.65 51.1 614m v(Mn-F) v, 
(15.05) c (29.55) (51.05) 564s v(Mn-F) v. 

3 040s v(N-H) vl 
3 157m v(N-H) v, 
I 400s v(N-H) v4 

Na2[MnF5] 3.21 2.9 23.5 28.25 48.45 615m v(Mn-F) v, 
(23.5) (28.05) (48.5) 565s v(Mn-F) v, 

K 2[MnF5]'H20 3.30 3.0 31.8 22.4 38.7 616m v(Mn-F) v, 
(31. 75) (22.3) (38.6) 565s v(Mn-F) v4 

3 460s v(O-H) 
1635m ll(H-0-H) 

Cs2(MnF 6] • Hp 3.20 3.1 61.3 12.7 21.85 614m v{Mn-F) va 
(61.3) (12.65) (21.9) 564s v(Mn-F) v4 

3 458s v(O-H) 
1640m ll(H-0-H) 

• Measured at 302 K. 6 Calculated values in parentheses. 'Analysis for N. 

Cs+ salts are monohydrates, A2[MnF5]·H20, even 
though their methods of synthesis are the same. The i.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 MF6n-, and in keeping 
with this there are two readily identifiable v(Mn-F) bands 
at ca. 615 and ca. 565 cm-1 [cf. the analysis of v(M-F) in 
MF6n- complexes]:1•5 This is in conformity with the 
crystal structure of K2[MnF5]·H20 as reported by 
Edwards.6 The K+ and Cs+ salts show two extra 
vibrational bands at ca. 1 640 and 3 460 cm-1, typical for 
8(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-1 in the 
spectrum of [NH4MMnF5] correlate very well with those 
observed recently for [NH4MMnCl5] 7 and have been 
assigned as v3, vv and v4 of NH4+. The room-tempera­
ture magnetic moments of the NH4+, 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 10-za A m•. 

B.M. * and agree very well with those reported previ­
ously.8-10 Considerably lower moments presumably 
owe their origin to antiferromagnetic exchange inter­
action between contiguous manganese(u) ions through 
a -Mn-F-Mn- chain in kt!eping with the reported 
structure of K2[MnF5]·H20.6 

[1{231 Received, 12th February, 1981] 
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AIJ::.tra4;:t- -Pmk-brown u, •, • ~i. ,, :1lkali-mctal trifluoromonosulphatomanganates(III), 
A,[MnFJ(S04)] (A= I'\ H., ,~<f;, Na OJ K), have been synthesised in high yields by reacting 
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'K:vtn04 or i'.fnO(OH} y.;,'lJ 'dO% HF :md A2S04 or by the reactiOn ofMnO(OH) with 40% 
HI· and i\1SJOB (A= Nt1 c' K) Tbc chemically estimated oxidation state of manganese 
occurs between 2.9 and J ·, , ;r:; tb·~ room temperature magnetic moments lie in the range 
4 0-4.2 BM. (NH.1MMnrl(' ' :· on bcmg pyrolysed at 340°C yields MnS04 • 

/( ,J,• ("l ..- ' . 
~ , . ' : '·d· r--: ~, 

!
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Although the triposltlVC o>.idation state is quite 
common for many first-ro•v transitwn metals, 
manganese presents a di!fercnt story probably be­
cau~e of its <>trong oxidt~ing power and photolytic 
m~t.1b1!ity. 1 However, the knov.n compounds of 
manganesc(IIl) have ret:t'ived widespread attention 
primanly because of their interesting structural,2-10 

nhotochcmicnl1 and rnagnc:tic propertie'l. 10•11 Our 
iuteret.t in this area mvoivc~ synthesis, character­
ization and structural assessment of compounds of 
rnanganesc(Jll). lo two previous reports 12

•
11 we 

presented the direct synthes1s and structural assess­
ment of alkali-metal pentafluorornanganates(III). 
Their lm1itation is that all Mn-ligand interactions 
arc only between Mn and F. This paper reports the 
synthe~is, charnct<:ri7.atlon and structural assess­
ment of' the mixed fluorosulphato compounds of 
mangancsc(III) and presents a set of internally 
conststent t.l.ata concerning the effect of sulphate 

~ ~ h~;:md on the magnetic properties of fluoro­
.J nMugan,ac~(I !!). 

EXPERIMENTAL 
Reagent gr.tdt; chc111icah wc1c u&cd. MnO(OH) 

was prepared by the literature method. 14 IR spectra 
were recorded on a Perkin-Elmer model 125 spec­
trophotometer. Reflectance spectra were recorded 
again5t MgO using a Carl Ze1ss Jena VSU 2-P 
in~trumcnt. MJ,;;net1c susceptibility measurements 
were made by the Gouy method. Hg[Co(NCS)4] 

was tbe calibrant. 

"'Author to whom correspondence should be ad-
Gr'!SSl"d 

,........ .. ~·~------

Synthesis of alkali-metal trifluoromonosulphato­
manganates(I!I), A 2[MnF3{S04)](A = NH4, Li, Na 
or K)E:) 

Method I. ReactiOn of KMn04 with A2S04 

(A= NH4 , Li, Na or K), 40% HF and 
formaldehyde-an intimately mixed powder of 
KMn04 and A2S04 (mole ratio 1: 1) was dissolved 
in a minimum amount of water by gentle warming, 
followed by the addition of 40% hydrofluoric acid 
maintaining the molar ratio between KMn04 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 
deep-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 A2[MnF3(S04)]. 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 50%, 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 A2S04 

(A = NH4 , Li, Na or K) and 40% HF-freshly 
prepared MnO(OH) was dissolved in 40% HF and 
a concentrated solution of A2S04 was added to it 
(mole ratio of Mn0(0H):HF:A2S04 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~ 
ptnk-brown A2(MnFlS04 )J (A= NH4, Li, Na or K) 

\ . 
POLY 508 P. ( 
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Method III. Reaction of MnO(OH) with A2S20 8 _ · .Pyrolysis of (NH4MMnF3(S04.)]-A.p. amount of.·. 
(A= NH

4 
or K) and 40% HF-This reaction was ,: 0.5 g of (NH4MMnF:iCS04)J was heated· -at ;· 

done in a similar manner as described under' '.'340·± soc until a constant 'weight was ·reachcd:r-: 
Method II maintaining the molar ratio·· of; The white pyroiysis pro.du.ct was" .found·. io b~··>:J 
MnO(OH):HF:A

2
S

2
0

8 
as 1:4:1. . .·, '· MnS04 •• Yield 0.31 g (weig.ht'~.I(Js·s. _ _,3j.9%):_'.' 

ThcyicldsofNH
4
+, Li-~" and K+ saltsoftriflu.: :. (Found:Mn,36.4;S04,_63.7.Calc.fo(~fnS04Jvttl,' .. :· 

o/'omonosulphatomanganate(lll), [MnF3(S04)f-,. · 36.38; S04, 63.62%. Estin:mt~d oxidation siate.of•;: 
lie bct~een 80 and 90%, while that ofNa+ salt is ; Mn,;2.'1). · · · i. ,._.:, · '· · ,··.;: 
around 60%. ·. :. ·. · · \·; · . ,. · . .;:· ' . ;r ·~: -:_. :; 

Elemental analysis and chemical determination. :: : ''! RESULTS-AND DiSCUSSION-· ' .. r , 

of oxidation state of mangariase-Manganese was . '. It ' was reported 'recently . th~t ·. ·a1kali-metal'1.: 

determined by complcxomctric titration with·:. pcntatluoromanganatcs(III)' could .'by.synti~esized 
EDT A using Erio T as the indicator,15(a) fluoride ·\either· by the· reduction of kMn04 · with .... 
was estimated volumetrically, 15<bl and sulphate .·: acetylacctone12 in the presence of alkali-n1etai ;i 

gravimetrically as barium sulphate.15<c> · · ''bifluoridcs; AHF2, through the· oxidation ·of., 
The oxidation state of manganese was deter- acc~ylacetonc 16 to o.:, o.:, p, P-tctra-acetylethane, or • 

mined chemically by the reduction of a known. • by th<? reaction of MllO(Of{)~ 40% HF and.:. 
amount of the compound with aqueous acidic A HF~.)3 The reaction. of KM n04 with 40% Hfo' and · · 
irqn(II) solution followed by the estimation of. ·;alkali-metal sulphates, A2S04 ; in the presence o( 
unoxidized Fe2+ in the solution. , formaldehyde, or the reaction of MnO{OH),. 40%' 

Analytical data, estimated oxidation states of HF arid A2S04 has now led to the synth~sis .pf:.· 
manganese, magnetic moment values and ir bands·· trifluo~omonosulphatomangariatcs(IH) of alkali· .. < 
are summarized in Table 1, while reflectance spec-·. metals in very high ·yields.· The role of. forw\. 

1 tral band positions and their assignments are set mald~hyde was to reduce Mn(Vli}. ·Ji is .evident,: .. 
out in Table 2. · from 1thc results that, under the conditionH' de~ ·. · 

. ~: ', ~ ' ,. '.' I ' •. '; . ; '; •· ~ ' 

Table I. Analytical data, magnetic moments, esti111ated o~ida'tion Stlltes, and str~ctu~ally slgl;ific;~nt' ; --~·· ... 
IR bands of A2[MnF3(S04)J (A""' NH4, Li, Na or K) . . 

C :~mp::.un<l f i.n. 
B.M. 

(288 K 

4.1 

Estin0.9od 
oxi.dation 
state :>f 

Mn 

'' 

: a 
.a.na,ly~is ()<;) 

',, .: . 

24 .a 
(24.76) J2?..,69) 

l \ 

43.4 
(43,.29) 

·,, 

_:..,: 
·-~-··--..; 

. ' ~ ~ ' . "• 
.·· -.~ o~{~:.:· ··: 1.~s~nments 

. 1 err,, . . . , 

• 'I' '.,. 
/lo I o !" 

·." '', 

• 1230(s), 1~_45(G} 1 1030(tl) ;)J l'i :·. 1 

·,9"/S( al :l) J ·so· 
t-BS(s), 630(s), 608(s) ·~~ ·< .. 

·\ ·.,:}lots) .. ~ ;~,n~rr 
---------~-----:--:-'-------'_:__ __ .:;_~-----·---:\ i •' 

18.2 · 21.0 22.6 37,6 'l:Z'30(s),1140(s),l0:30(s) "2l3 }·· ,· · 4.1 
(18.1). (2l.C.3) (22.~4) (3?.82) , · y7S(s)' ~1 SO 

.t, 6BO(s), 630(s), 605{s) b · 

4.0 27.5 ' 19,5 20.1 33.6 

c 27. n > · < 19. :n (19.~2) (33.56\ 

5;!0(.;;) ;)(M':'-F)', 

1230(~),ll45(sl,1030(s) 

91'3(5) 

t,d·) .. - 63S(s), 605(.t.~) 

')3 }. "'.:. 
')1 so 
b. . . 

, ________ __:_ _____________________ , ____ _ 

a, Calculated values in parentheses; 



Tahle 2. Electromc Spectral Data of {NH4l2[MnF,\SO~)J ar:d KJM ·,I7,(~0.)j 

Band I 

Co110pouna 5 
Blg 

5 
__,. Alg 

COl 
-1 

scribed, manganese is reduced not below Mn3 +, 

and that a maximum of one SO/- is coordinated 
to the Mn3 + centre since a higher amount of A1 S04 

did not alter the results. The fact, that the reaction 
of MnO(OH), 40% HF and A2SP8 (A = NH4 or 
K) also afforded only A2[MnF3(S04)], enables us to 
conclude that pcroxydisulphate cannot oxidise 
M n3 + in the presence of F- ions. The process 
S20 8

2
- + 2e--t2SOl-, as a consequence of 

electron-transfer between S20 8
2

- and water, must 
be the origin of SO/- in this case. 

Characterisation and Assessment of 
Structurcs-A2(MnFJCS04)J arc all pink-brown 
crystalline compounds, stable for prolonged peri­
ods. They are relatively more stable than the 
corresponding A 2MnF5 compounds and the en­
hanced stability must owe its origin to the presence 
or SO}- ligand. The A 2[MnF3(S04)] 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 I), supports the contention that manganese, 

• in each of the compounds, is in its + 3 state. It is 
interesting to note that while the mangnetic mo­
ments of A 2MnF5 compounds occur at ca. 3.2 BM 
(~trong antifcrromagnctic case) 11 11 and those of 
sulpha to compounds of manganese(III) fall at ca. 
4.~ 13M (nonnal), 17 the magnetic moments of 
A2[MnFiS04)] compounds lie between 4.0 and 
4.2 RM. [t is evident 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 [MnFsef- to 
[MnF,(S04)]1-. 

The lR spectra of the compounds show the SO 
frequencies at ca. 1230, ca. 1145, ca. !030, ca. 975, 
l'll. M\4, C'a. 635 and at ca. 605 em- 1

, and the vMn F 

at ca. 525 em- 1• The pattern suggest a lowering of 
symmetry IS of the SO/- group from Td to c2 and 
rule out the presence_ of an ionic SO/-. Further the 
splitting of the v3 and b modes of SO into three 
bands each (Table I) enables us to assign a C2,, 

I Band I! Band lll 

5 - :ra2g :>r, :, 

I 
a,g - t. lr; g 

-1 CT.Il.-1 \.':111 

;:1, ~If) 

1H.200 

symmetry!~ to the SO/- group. 1\ iti:c><Jg<t the v50 

modes appear at relatively h1gher freque:nci~s than 
those usually observed for a bridging 1 ~'2n SO/-, tho:: 
possibility of inter molecular sulphato ~ridging 

cannot be ruled out. The rcfleclancc spectra of 
A2[MnF,(S04)} (A= NH4 or K) exhibit three 
bands at -21,500, ~ 17.')00 and ..._. L\WOcm· ', 
which have been as~igncd to thl" transitions21 

5B1g~ 5EP ~B1 g--t 5B2g and 5B1;;-~- 5A 1g respectively. 
This suggests an appreciable splitting of>£~ ground 
state or Mn3 

l ion in (MnFJ(SO .• )J2 ilS a Cvn­

sequence of the Jahn-Tel!cr effect. Pyrolysis of 
(Nl-1 4)JMnF,(S04)) :1t ca. 340"C loses 37.9Y,, 
weight to yield MnS04 • 
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Direct Synthesis of Tris(acetylacetonato )manganese(m) 

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[Mn0 4] undergoes a ready reaction with acetylacetone, in the absence of any buffer, 
giving a very high yield of the title compound, [Mn(acac)J]. The pH of the solution, recorded immediately after 
the formation of crystalline [Mn(acac) 3 ], was found to be ca. 5. Electron impact induced mass spectrometry 
showed the compound to be monomeric. 

TRIS(ACETYLACETONATO)MANGANESE(m), [Mn(acac)3], 

has been known for a long time. The compound can be 
synthesised by air or chlorine oxidation of a basic solu­
tion of Mn2+ 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 1 and Charles 2 
involving the oxidation of Mn2+ with K[Mn04] 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(m) 
compounds directly from K[Mn04],3 we have developed 
a method for the synthesis of [Mn(acac)a] which does 
not require buffer. This note reports the direct synthesis 
of [Mn(acac)s]. 

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 tb.e 
ionisation chamber using a direct insertion probe. The 
operation conditions were electron energy, t 70 eV; source 
temperature, 20 °C; resolution, 1 000; and accelerating 
voltage, 8 kV. The essential features of the mass spectrum 
run at 20 oc are given in the Table. The mass spectro­
metric observations were made with the field of ionising 
current sufficiently strong to trap primary ions. 

Synthesis of Tris(acetylacetonato)manganese(m), [Mn­
(acac)a].-A quantity of powdered K[Mn04] (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 

t Throughout this note: 1 e V ~ l. 60 X 10-19 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) 3] 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) 3] 

(a) Major peaks 

Assignment 
[Mn(C6H 70 2) 3J+ 
[Mn(C5H 70 2) .J + 
[Mn(C.H70 2) (C4H 40 2)]+ 
[Mn (C6H 70 2)] + 
[Mn(C4H 40 2)J+ 
Mn+ 

(b) Metastable transitions 
m/z 

Observed 
181.8 
223.9 

99.6 
125.6 

Calculated 
181.84 
223.89 

99.65 
125.46 

m/z 
352 
253 
238 
154 
139 

55 

Process 
352 ----.. 253 
253 ----.. 238 
238 ----.. 154 
154 ----.. 139 

Intensity 
(%) 
18 

100 
34 
74 

5 
0 

Fragment 
lost 

c.H,02 
CH3 
C4H 40, 
CH3 

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 C15H 21Mn05 : 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 3 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)3). The 
method described leads to the rapid synthesis of tris­
(acetylacetonato)manganese(m) in very high yield and 
analogous procedures have also been used successfully 
for the synthesis of [Cr(acac)3] from Cr03 and [Ni(acac)2-
(H20)2] from NiO(OH). Gram quantities of [Mn­
(acac)a] can be synthesised in less than 1 h without 
using any buffer. The reduction of [Mn04]- 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)3]. 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 1 

and Charles.2 It 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-
( III) 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)3] 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.4 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)3] which also showed the 
presence of discrete [Mn(acac)a] molecules.5•6 Chemical 
determination of the oxidation state of manganese in the 
synthesised compound gave +m. 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)3] have not always 
been successful.7 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. s 

The spectrum run at 20 oc (Table) showed a molecular 
ion signal of moderate intensity (18%) at mjz 352 and a 
base peak at mjz 253 due to [Mn(acac)2]+, the major 
fragmentation path being [Mn(C5H70 2)3]+ -- [Mn­
(C5H702)2]+--.. [Mn(C5H70 2)(C4H40 2)]+-- [Mn­
(C5H702)]+--.. [Mn(C4H40 2)]+--.. 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.9 

[1/1076 Received, 7th July, 1981] 

REFERENCES 
1 G. H. Cartledge, ]. Am. Chem. Soc., 1951, 73, 4416; U.S. 

P. 2,556,316/1951. 
2 R. G. Charles, I11org. Sy11th., 1966, 7, 183. 
s M. N. Bhattacharjee, M. K. Chaudhuri, H. S. Dasgupta, and 

D. T. Khathing,]. Chem. Soc., Dalto11 Tra11s., 1981, 2587. 
4 S. Pinchas, B. L. Silver, and I. Laulight, J. Chem. Phys., 

1967, 46, 1506. 
6 J. P. Fackler, Jun., and A. Avdeef, l11org. Chem., 1974, 13, 

1864. 
6 B. R. Stults, R. S. Marianelli, and V. W. Day, I11org. Chem., 

1979, 18, 1853. 
' C. G. McDonald and J. S. Shannon, Aust. ]. Chem., 1966, 

19, 1545. 
8 M. K. Chaudhuri, H. S. Dasgupta, N. Roy, and D. T. 

Khathing, Org. Mass Spectrom., 1981, 16, 303. 
• G. M. Bancroft, C. Reichert, and J. B. Westmore, Inorg. 

Chem., 1968, 7, 870. 



Indian Journal of Chemistry 
Vol 2lA, October 1982, pp 977-979 

Synthesis of Alkali Metal Trifluoroaquomanganates(II) 

MANABENDRA N BHATIACHARJEE & MIHIR K CHAUDHURI* 

Department of Chemistry, North Eastern Hill Umversity, Shiiiong 793 003 
t 

Recezved 12 Apn/1982, revzsed and accepted 26 June 1982 

The electron transfer reactiOn between hydrazme hydrate and KMn04 m the presence of alkali metal bifluondes, AHF 2 (A 
= NH4 , Na orK) readily gives hght pmkish-white alkali metal tnfluoroaquomanganates(II), A[MnF iH20)] m very high 
yields The correspondmg Rb+ and Cs+ salts have been obtamed by reactmg 20% hydrofluonc acid solutwn of 
NH4 [MnFlH20)] w1th Rb2C03 and Cs 2C03 respecllvely The compounds have been charactensed by elemental analyses, 
chemiCdl determmatwn of oxidation states of manganese m the compounds, room temperature magnetic suscepllbihty 
measuremen&, pyrolysis and mfrared spectral studies 

There IS a growmg current mterest m the study of 
fluoro-manganese chenustry1 

-
6 It IS now well 

established that F- wns stab1hse Mn3+ and It IS also 
generally beheved that the reductwn of htgher valent 
manganese below + 3 state through electron transfer 
reactiOns m the presence of F- ligands IS rather a 
dtfftcult task 1 -s, eventhough + 2 oxtdatwn state of 
manganese IS a more common one Moreover, 
complex formatiOn tendency of Mn 2 + seems to be 
comparatiVely less pronounced than that of Mn 3 + (ref 
7) In vtew ofthts and m contmuatwn of our work on 
the synthesis and structural assessment of 
fluoromanganates 4 5

, we thought It Important to carry 
out the electron transfer reactiOn between KMn04 and 
a strong reducmg agent, hke hydrazme hydrate 
(N2 H4 H20) m the presence ofalkah metal btfluondes 
and to synthesise and charactense fluoro­
manganates(II) dtrectly from Mn 7 + Thts paper 
mcorporates results of such an mvestlgatwn 

Materials and Methods 
All the chemtcals used were reagent grade products 

Alkah metal btfluondes, AHF 2 were synthesised by 
the method developed m this laboratory8 

The oxidation state of manganese m each of the 
alkali metal tnfluoroaquomanganates(II) was 
determmed chemically by the reactiOn of a known 
amount of the compound with aqueous acidic Fe2+ 
solutwn followed by esttmatwn of unreacted Fe2 + m 
solutwn 

Synthests of alf..ah metal tlifluOI oaquo­
manganates(Il), A[MnF 3(H 20)]-Ammonmm, 
sodmm and potassmm tnfluoroaquomansanates(II) 
were synthesised by the tollowmg general method 

Alkali metal bifluonde, AHF 2 (A= NH 4 , Na or K) 
(193mmol) and solid KMn04 (316mmo1) were 
mixed, powdered and di<>so1ved m a mmimum volume 
of water by slightly warmmg over a steam-bath and 
filtered The filtrate was collected m a polythene 

beaker and an excess ofhydrazme hydrate (3 ml) added 
m one lot with constant stirnng A htghly exothermic 
reactiOn set m and readily gave a hght pmklsh-whtte 
microcrystallme product with the mother hquor 
becommg colourless The reaction mixture was cooled 
to room temperature, sohd separated by 
centnfugatwn and punfied by washmg wtth n-heptane 
and fmally dned m vacuo The yield was between 80 
and 90% 

Synthesis of rubidtum trifluoroaquomanganatelfl), 
Rb[MnF iH 20)]-NH4 [MnF 3(H 20)] (2m mol) was 
dissolved m a mmimum volume of 20% hydrofluonc 
acrd to get a clear solutiOn To thts solutwn was added 
powdered Rb2C03 (1m mol) m portiOns wtth shrnng 
After addition was over, the hght pmktsh-whtte 
Rb[MnF iH 20)] appeared, which was separated by 
centnfugatwn and punfied by washtng with n-heptane 
and fmally dned m vacuo, yield 91% 

Synthesis of ceszum trifluoroaquomanganate(/1), 
Cs[MnF iH 20)]-The above metathesis reaction was 
earned out With NH4 [MnF iH20)] (2m mol) and 
Cs 2C03 (1m mol) to get Cs[MnF 3(H 20)] m 91 ~o yteld 

Results and Discussion 
The expenmental conditiOns employed for the 

synthesis of vanous alkali metal tnfluoroaquo­
manganates successfully brought about the reductiOn 
of manganese below Its + 3 state, msplte of dtfficulttes 
recorded earher 1 -s On the additiOn ofN2H 4 H 20 to 
excess of alkali metal bifluondes and potassmm 
permanganate the temperature went up to about 80-
90aC Thts temperature was strategically mamtamed m 
order to facilitate the reductiOn of manganese below Its 
+ 3 state The analysts of the reactwn products shows 
the reductiOn of manganese below Its + 3 state Thus 
the method leadmg to tnfluoroaquomanganates(II) of 
alkah metals mdicates that hydrazme hydrate 
reductiOns could be developed for the synthesis of 
other types of compounds of manganese m Its + 2 state 
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starting from Mn 7 
+ 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 2 + can 
be synthesised eventhough their formation constants 
in aqueous solutions are very low9 -

11
. The alkali 

metal bifluorides, AHF 2, here act as fluorinating 
agents. In our previous papers4

•
5

•
8

•
12 we emphasised 

the role of AHF 2 as fluorinating agents. In fact it 
appears that the success of the method depended not 
only on the role played by N2H4 .H20 but also quite 
appreciably on the presence of both H + and F- in the 
solution phase arising from AHF 2 • The overall 
reaction leading to the formation of A[MnF iH 20)] 
may be expressed by Eq. (l) 

4KMn04 + 13AHF2 + 5N2H4 .H20---+ 
4A[MnF3(H20)]+5N2 + 17H20+HF+4KF+9AF 

... (l) 

The alkali metal trifluoroaquomanganates(II) 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 iH20)] 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)4 ] 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 iH20)] 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 trifluoroaquomangana.tes(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 ~ 710 em - 1

, 

assignable to vMn-F, JH -0-H, vO- Hand rocking 
modes of water arising out of coordinated fluoride and 
water respectively. The occurrence ofvMn-F at a much 
lower frequency compared to those of MnF~- and 
MnF~- species4

•
5

•
13

, suggests that the Mn-F bonds in 
[MnF3(H 20)]- have enhanced ionic character than 
those in MnF~- and MnF~ -. However, from the fact 
that the vMn-F has been observed in the present cases 
~410cm - 1

, it is certain that a definite degree of 
covalency exists in the Mn-F bonds. Similar 
observation was made by Peacock and Sharp13 in the 
case of KMnF 3 • The very weak nature of the JH- 0 
- H band points to the presence of coordinated 
water 14

•
15

. Moreover, the appearance of medium 
intensity band ~710 em -l 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 3(H 20)], 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 
pat~ern. 

Table 1-Analytical Data, Magnetic Moments, Estimated Oxidation States of A[MnF3(H20)] 

(A='NH4 , Na, K, Rb orCs) 

Compound J.leff Oxidation Found(%) (Calc.) 
(B.M.) state of 
290oK Mn A orN Mn F 

NH4 [MnF iH20)] 5.3 2.05 9.61 37.52 38.21 
(9.46) (37.16) (38.51) 

Na[MnFiH20)] 5.2 2.11 15.52 36.34 37.68 
(15.03) (35.95) (37.25) 

K[MnF 3(H 20)] 5.2 2.12 23.43 32.89 33.51 
(23.08) (32.54) (33.73) 

Rb[MnF 3(H 20)] 5.3 2.08 40.52 25.73 26.83 
(39.68) (25.52) (26.45) 

Cs[MnFJ(H 20)] 5.3 2.12 51.61 21.38 2.1.48 
(50. 55) (20.92) (21.68) 
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The room temperature magnetic moments of the 
alkali metal trifluoroaquomanganates(II), 
A[MnF 3(H20)] lie between 5.2 and 5.3 B.M. well 
below the expected value for a high-spin d5-system. 
This, however, is not too surprising because similar 
observations were made in the cases of A2MnF 5 and 
A2MnF 5.H20 (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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588 Commumcatwns 

11,3-13C21-Malonsaure-diethylester (3): 
Man bere1tet be1 0 oc eine Losung von Lithmrn-dusopropylarn1d a us 
emer 2 2 normalen Losung (9 2 rnl) von Butylhthmrn m Hexan und 
Di1sopropylarnm (2 g), g1bt Tetrahydrofuran (10 ml) zu und gibt d1ese 
Losung unter Ruhren zu emer e1sgekiihlten Losung von [1- '3C)-Tnme­
thylsllyless•gsaure (2, 1.06, 8 rnrnol) m Tetrahydrofuran (10 ml) An­
schhef3end ruhrt man solange ( -3 h), b1s das Gem1sch nur noch 
schwache Trubung ze1gt und das D11ith10-Derivat von 2 prakt1sch 
vollkommen gelost 1st9

• D1e Carboxylierung mit 13C02 (aus 1.58 g 
Ba 13C03/H2S04) erfolgt analog zur Herstellung von 2. D1e erhaltene 
Reaktwnslosung w1rd auf E1s (10 g) gegossen, das Gern1sch m1t 
10°/olger Salzsliurc angesliuert, m1t Natnumchlond gesatl!gt und 15 h 
kontmmerhch mit Ether extrahiert Der Ether w1rd abgezogen, der 
Riickstand m Ethanol (3 ml) aufgenornmen, rn1t emer Spur p-Toluol­
sulfonsaure und m1t Chloroform (30 ml) versetzt und m emer Appara­
tur rn1t Wasserabsche1der unter Ruckflul3 gekocht, b1s kein Wasser 
mehr abgeschieden w1rd. Anschhef3end w1rd das Solvens abdestilhert 
und der Ruckstand im Kugelrohr destJ!Iiert, Ausbeute an farblosem 3: 
0.96 g (74%, bezogen auf Ba 13C03); Kp· 60°C/0.1 torr; Reinhe1t. 
> 90% (gas-chromatograph1sch) 

MS. (Elektronensto13-Iomsatwn, 70 eV): m/e= 162 (M + , 4%), 135 
(60), I 17 (100), 89 (90) 

I.R. (CCI4 ): V= 1710, 1695 ern-•. 

'H-N.M.R (400 MHz, CDCVTMS) 8=4.2 (qd, 4H, 1=7 und 3Hz); 
3 36 (t", 2H, 1=7 5Hz); 128 ppm (t, 6H, 1=7 Hz). 
13C-N.M.R. (20 MHz, CDCI3/TMS) o = 166 6 (s, -Co-); 61 5 (s, 
OCH2), 41.7 (t", 1cc=59 Hz, -cH2-); 14.1 ppm (s, CH3). 

• Aufgrund der "C-Embau-Rale 1m verwendeten Ba "C03 (90%) erhalt man 3 
m1t der Isotopen-Zusammensetzung. "C2 =81%, "C1 = 18%, "Co= 1% Als 
Folge h1ervon hegt das 1H-N M R -S1gnal der Methylen-Gruppe be1m "C,­
Ester als Dub1eu be• o-3 36 vor (J=7 5 Hz) lm "C-N M R -Spektrum findet 
man be1 8-41 7 ppm ebenfalls em Dublett m11 Jcc=59 Hz 

Fur d1e Forderung d1eser Arbel/ danken w1r dem Fonds der Chem1schen 
/ndustrte und der Deutschen Forschungsgememschaft. 
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(geanderte Fassung 9 Dezember 1981) 
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6 In den Chem1ca/ Abstracts w1rd weder [1,3- 13C2]-Malonsaure noch 

1hr D1ethylester beschneben D1e Saure 1st zu einern extrem hohen 
Pre1s komrneTZiell erhalthch (z. B. zu DM 2940 00/g bel Merck, 
Sharp & Dohrne, Miinchen· ,MS-1119"). 

7 D1e Gngnard-verbmdungen 

und 

reag1eren m Ether mcht m1t Elektroph!len w1e KohlendiOXId. D A. 
F1dler et al, 1 Am Chern. Soc. 77, 6634 (1955) [s. a. K Nutzel, m · 
Houben-Weyl, Methoden der Organrschen Chem1e, 4. Auflage, E. 
Muller Ed., Band 13!2a, Georg Th1eme Verlag, Stuttgart, 1973, p 
98] Nach e1genen Versuchen uberste1gt d1e Ausbeute an Malon­
saure me 10%, selbst dann mcht, wenn Losungsrn1ttelgem•sche (w1e 
Benzoi!Ether) und d1verse AktiVIerungsrnethoden verwendet wer­
den. Ausbeuten von <30% an Malonsaure sollten erhalten werden 
[F Bertmt, P Graselh, G Zub1am, G. Cainelh, Tetrahedron 26, 1281 
(1970)], wenn dte Gngnard-Verbmdung von CH2X 2 m1t Mg/Hg her­
gestellt und C02 1m Uberschuf3 emgesetzt w1rd 

D1e pnnz•p•e!l moghche Reaktwnssequenz 

SYNTHESIS 

/
3COOC2H5 

H2C 
'''cooc2H5 

[L1t 4 soWie A. Murray, D L Wtlhams· Orgamc Syntheses with Iso­
topes, Interscience Pubhshers, New York, 1958] ist deshalb mcht at­
trakhv, we1l als Zw1schenprodukt das fluchhge Ethyl-acetat anfallt; 
dieses laf3t s1ch be1 klemen Ansatzen nicht ohne Ausbeuteverluste 
handhaben. 

8 L. H Sommer, J. R. Gold, G. M. Goldberg, N. S. Marans, 1 Am. 
Chern Soc 71, 1509 (1949) 

9 P A Gneco, C.-J L Wang, S. D. Burke, 1. Chern Soc Chern. Com­
mun 1975, 537. 

Pyridinium Fluorochromate; A New and Efficient 
Oxidant for Organic Substrates 

Manabendra N BHAITACHARJEE, M1h1r K. CHAUDHURI*, 
Htmadn S DASGUPTA, Nirmalendu ROY 

Department of Chemistry, North-Eastern H1ll Univers1ty, Sh11long, 
793 003, Indm 

Darlando T. KHATHING 

Department of Phys1cs, North-Eastern H1ll Umvers1ty, Sh11long, 
793 003, Ind1a 

There is continued interest m the development of new chrom­
ium(VI) reagents t-s 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 chlorochromate2

•
3

, pyridinium dichromate4
, 

and 2,2'-bipyridinium chlorochromate5• We have now investi­
gated the synthetic potential of pyridmium fluorochromate, 
C 5 H 5 NHCr03 F, 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 htgh yields. Further, pyridmium fluorochromate does not 
react with acetonitrile which is a suitable medium for studying 
oxidation kmetics 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 
pyridimum fluorochromate are very satisfactory and suggest 
the new reagent as a valuable addition to the existing oxidiz­
ing agents. 

Pyndmium fluorochromate m dichloromethane oxidizes pri­
mary (la-d) and secondary alcohols (le) to the correspond­
ing aldehydes or ketones (2) in high yields; the reagent has 
also been successfully applied to the oxidation of benzoin 
(lg) and a tricyclic allylic alcohol (lf) to benzil (2g) and a tri­
cyclic enone (2f), respectively. 

1 

Pyndinium fluorochromate in dichloromethane also oxidizes 
anthracene (3a) and phenanthrene (3b) to anthraqumone (4a) 
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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. 

~ 
~ 

3a 

ex» 
0 

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 I.R. spectrum is similar to that of potassium 
fluorochromate6

• 
7

• 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), C5 H5NHCr03F: 
Chromium(VI) oxide (Cr03 ; 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. 

CsH6CrFN03 calc. C 30.16 H 3.04 Cr 26.12 F 9.54 N 7.04 
(199.1) found 30.12 3.07 26.17 9.58 6.96 

I.R. (KBr): v=908 (v1), 640 (v2), 340 (v3), 952 (v4), 373 (v5), 262 (v6) • 

cm- 1• 

Molar conductance of a 0.001 molar solution of pyridinium fluoro­
chromate in water: AM (25 °C)= 128 ohm -I cm2 mol- 1. 

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 all at once, the molar ratio of substrate to oxi­
dant being I: 1.25-1.5 in the case of alcohols (1) and I :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 (111 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. 

4-0xotricyclo[5.2.1.02
•
6ldeca-3,8-diene (2£); 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[5.2.1.02·6]deca-3,8-diene 17 (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 (0 C] 
Oxidant time [%] found reported 
[mol/mol] 

1a n-C4H9 -0H 111.5 CHzCh 2h 2a n-C3H7-CHO 94 b.p. 74°/760 b.p. 75°/760 10 

1b n-C7H15 -0H 1/1.5 CH2CI, I h 2b n-C 6H13-CHO 84 b.p. 152°/760 b.p. 153°/760 12 

1c Q-cH 2 -0H 111.25 CHzC12 45 min 2c Q-cHO 90 b.p. 63°/10 b.p. 62°/108 

1d H3CO-o-CHz-OH 111.25 CHzCiz 50 min 2 d H3co-Q-cHo 90 b.p. 248°/760 b.p. 249.SO /7609 

1e OOH 111.5 CHzC12 3.5 h 2e Oo 89 b.p. 153-154°/760 b.p. 155.4°/760 11 

H 

~ ~ 
1 

1 f 3 l/1.5 CH2Cl2 1.5 2f 92-93 m.p. 79-80° m.p. goo,. 
8 ' 

H OH 0 

?H 0 0 0 

19 o- 11-o 111.5 CH2Ch 2.5 v-1111-v 95013 CH-C ~ 1. 29 c-c 11.;, 98 m.p. 95° m.p. 

0 

3a em 1/2.5 CHzCh 4h 4a c¢0 68 m.p. 274° m.p. 275o Is 
/. 

112.5 AcOH 1.5 h 
/ 

98 
0 

3b o9 1/2.5 CHzCiz 5 h 4b cC( 52 m.p. 205° m.p. 206.5-207.5° 16 ,... 
1/2.5 AcOH 2h I 

0 72 

0 

" 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 em x 2 em'). 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. 14

, m.p. 80°C). 
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SYNTHESIS 

X~~~}--NH2 _z_c_s.::..2·_r._t --- X___0y-5}-N=< a , 
1 2 NaOHIH 2 0)/DMF [ SN ..,J 

~N ~N SNa 

1 a x = H 2 a-d 
b X= 4-Cl 
C X = '6-02N 

d X='6-H3CO 

Scheme A 

Table 1. Dimethyl N-(2-Benzothiazolyl)-dithiocarbonimidates 3a-d 

Prod- Yield m.p. [oC] Molecular 1H-N.M.R. M.S. 
uct [%] (solvent) formula·' (DMSO-d6) m/e 

o (s, 6H, (M+) 
s-cH,) 
[ppm] 

3a 75 73-74° C10H10N2S3 2.60 254 
(CH30H) (254.4) 

3b 80 130-132° C 10HoCl N 2S3 2.65 288 
(C2H50H) (288.8) 

3c 60 186-187° C10HoN302S3 2.95b 299 
(DMF) (299.4) 

3d 60 97-98° C,,H,,N20S, 2.60 284 
(CH3CN/Hz0) (284.4} 

" Satisfactory microanalyses obtained: C ± 0.21, H ± 0.16, N ± 0.22. 
b In CF3COOD solution. 

On the other hand, the dithiocarbamic derivatives 
obtained in two ways (Scheme B) (Table 2). 

s 

5 can be 

X }-NH2 
· ~c~~~vL N 

t:..Jt .. x.~ a.JJ _l':fj~ 1 a-d 

A Facile Synthesis of Dimethyl N-(2-Benzothiazolyl)- [y:;J, Il ~=-----L------, 
dithiocarbonimidates and Methyl N-(2-Benzothiazolyl)i:J,c.J. b"'}·- ,)2"~-~2~~~ 1 H 20l/DMF ~ ~~~~~~zOl/DMF 
dithiocarbamates (jefl\J bV~-=:' 
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goza, Sparn ..., - · ~. 

[ 
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x£rN)-NH-C-SNa 

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-aminothiazole2 and 2-amino-1,3,4-thiadiazole3, but it has 
been reported 4 that no reaction takes place between 2-amino­
benzothiazole (I) and carbon disulfide under the usual condi­
tions'·6 (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). 

2a-d 4a-d 

s 

£Is 11 
X }-NH-C-S-CH3 

N 
Scheme B 5a-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,S-acetals 7

, 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. 
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Pyridinium fluorochromate, C5H 5NHCr03F, oxidizes benzyl alcohol, ethanol, and cyclohexanol to benzalde­
hyde, acetaldehyde, and cyclohexanone, respectively. While each of the oxidation, studied in acetonitrile-nitro­
bmzmc (I : I, v/v) medium. is fir~t order with re~pcct 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 discmsed. 

There has been a continued interest in the develop­
ment of new chromium(VI) reagents1 - 6l for the effective 
oxidation of organic substrates, particularly alcohols, 
under mild conditions, and significant improvements 
were achieved, in recent years, by the usc of new oxidiz­
ing agcnts.~-6 > We have very recently devcloped7 > a new 
reagent pyridinium fluorochromate, C5H 5NHCr03F 
(P/C) 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 viz., benzyl alcohol, ethanol, and 
cyclohcxanol, studied in medium acetonitrile-nitro­
benzene (l : 1, vfv), evaluates the reaction constants and 
discusses the probable mechanism. · 

Experim.ental 

All chemical used were reagent grade products. The 
solvents were purified and dried by the literature methods.sl 
p-Toluencsulfonic acid (TsOH) and benzoic acid were used 
in the attempts to study the acid-catalyzed reactions. Pyridi­
nium fluorochromate, PFC, was synthe~ized by the method 
originally described in our previous paper.7l 

The reaction products benzaldehyde, acetaldehyde 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 a large 
e::--.cess (X 5 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 ofunreacted chromium(Vl), after quenching the reaction. 
The medium of reactions was always 1 : 1 (vfv) acetonitrile: 
nitrobenzene, unlcs~ otherwise stated. i\cetonitrilc-nitro­
bcnzenc systC'm was chosen as the solvent because it was 
observed in our previous studies7l that acetonitrile did not 
react with PFC. The reaction mixtur<f\were homogeneous for 
the total period of kinetic inve>tigation. 

Computations of the rate constants were made from the 
plot of log[oxidant) against time. The values reported are 
the mea:1 of at lea~t duplicate runs and are reproducible to 
"Within ±4%. 

Dielectric constants for the varying proportions of aceto­
nitrile-nitrobenzene mixtur5-. were estimated from the dielectric 
com.tants of tllc pure solvcnls0l and arc set out in Table :3. A 
comtant 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 change10 l in the oxidation of benzyl alcohol by 
chromium(VI) oxide in aqueous acetic acid medium. 

The uncatalyzed reactions were studied with varying 
temperatures of 303, 308, 3!3, and 318 K (error limit ±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,11l within allowable average error limit 
(at 303 K) (Table 5). 

Results and Discussion 

The oxidation of benzyl alcohol, ethanol and cyclo­
hexanol by PFC in l : 1 (vfv) acetonitrile-nitrobenzene 
leads to the formation of benzaldehyde, acetaldehyde 
and cyclohe-xanone respectively in very high yields 
(>90%), showing no indication of further oxidation of 
the carbonyls conforming to our earlier synthetic studies 
involving PFC.'l 

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 Crv1

• - 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 rep res en ted as follows : 

3RCHpH + 2Crv1 _,. 3RCHO + 6H+ + 2Cr111• (1) 

The stoichiometry of the reactions with cyclohexanol 
was determined in an analogous manner, 

3C6H 110H + 2Crv1 _,. 3CsH1oCO + 6H+ + 2Crlll. (2) 

Like the analogous PCC12- 141 reactions, all the three 
alcohols studied herein were found to be firsr order with 
respect to time, because the first order rates were constant 
at different times. The reactions were also observed to 
be clearly f.rst 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 cc.o.centration of oxidant. The most prominent 
difference in the oxidations involving PCC12-l4> and 
those involving PFC is that the order of the reactions of 
the three alcohols with respect to the substrate concen­
tratio:.:.s was found to be practically constant enabling 
us to infer that the rates are almost independent of 
substr~tc: concentrations. However, a sm:~ll but ste.:1dy 
incre:tse !.:: the rate constant values for all the three 
a.lccJ:-.ols vvnh increasing cohcentrations of the substrate 
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TABLE 1. OXIDANT DEPENDENCE OF THE REACTION RATE 

T=303 K 

[Oxidant] 

10-3 mol dm-3 

1 
2 
3 
4 
5 

PCC oxidation data in parentheses. 

[Ethanol] 
0.1 mol dm -3 

6.765 
6. 77 (0.10) 13) 
6.62 
6.56 (0.973) 13) 
6.64 

[Benzyl alcohol] 
-O]fl mol dm -3-

8.413 (0.075) 12) 
7.95 (0.075) 12) 
8.41 (0.072) 12) 
8.27 (0.077) 12) 
8.21 (0.076) 12l 

[ Cyclohexanol] 
bJH mol dm~ 

9.233 
9.5 
9.34 
9.59 
9.60 

TABLE 2. SUBSTRATE DEPENDENCE OF THE REACTION RATE 
[PFC]=O.OOl mol dm~; T=303 K 

Ethanol Benzyl alcohol Cyclohexanol 

Concn 
k1/l0-4 s-1 Concn 

k1/10-4 s-1 
Concn 

k1/10-4 s-1 
mol dm-a moldm-a moldm~ 

0.1 6. 765 (0.10) 13) 0.01 8.413 (0.075 .. ) 12) 0.01 9.233 
0.2 7.87 (0 .207) 13l 0.02 9.66 (0.152") 12) 0.02 13.89 
0.3 8.55 0.03 10.1 0.03 15.79 
0.4 9.16 (0.41)13) 0.04 10.52 (0.306 .. )12) 0.04 17.78 
0.5 10.6 0.05 11.54 

llCC oxidation data in parentheses; 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 Dielectric 
[Ethanol] [Benzyl alcohol] [Cyclohcxanol] 

(%) (%) constant 0.2moldm~ 0.02 mol dm-3 0.02 mol dm-3 
k1/l0-5 s-1 k1f10-4 s-1 k1/10-4 s-1 

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 

TABLE 4. RATE CONSTANTS FOR THE t:NCATALYZED OXIDATION OF ALCOHOLS BY PYRIDINIUM FLUOROCHRm!ATE 
[PFC]=0.001 mol dm-3 

Concentration k/10-4 1 mol-1s-1•l 
Substrate of 

substrate/mol dm-3 303K 308K 313 K 318 K 

Ethanol 0.1 6.765 7.112 7.447 7.798 
( 1. 0) 13) (1.4) 13) ( 1 . 93) 13) (2. 63) 13) 

Benzy 1 alcohol 0.01 8.413 8.593 8.811 9.057 
(7.5)12) (11.2) 12) (15.5) 12) (21. 6) 13) 

Cyclohexano1 0.01 9.233 9.619 10.0 10.447 
(88.3) H) (133.3) H) (208.3) H) 

a) PCC oxidation data in parentheses. 

TABLE 5. ACTIVATION PARAMETERS FOR THE OXIDATION OF ALCOHOLS BY PYRIDINIUM FLUOROC!IROMATE 

Substrate 

Ethanol 
Benzyl' alcohol 
Cyclohexanol 

LiH* JkJ mol-1 •l 

7 .657(51.8) 13> 

3.89 (54. 7)12) 

6.127(93.0)14) 

-flS*f] mol-1 K -1 .. ) 

280.51 (153) 13l 
291.33(125)12) 

282. 98( -18)14) 

L,\F*Jk] mol-l") 

.92.65(98.2) 13) 
92.06(92.0)12> 
91.82(87,4)U> 

1
/ a) PCC oxidatio1 data in parentheses. 
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bas been observed (Table 2) and a plot of log kJbsd 
against log [substrate] shows that the rates increasei in 
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 solv~nt 
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 oflog k1 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,l5l and also indicates the probable involvement of a 
protonated Crv1 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 energid of 
activation of the three reactions (Table 5) suggest that 
a similar mechanism is operative in each 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 Crvr 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(VI) oxide oxidations.l6) 

The large negative entropy values obtained in the 
present studies, suggest that the solvent molecules are 
strongly oriented or 'frozen' around the ions thereby 
resulting in the loss of entropy,l7l 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.18l 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,7l can now be understood from the 
rcl;!tivcly higher negative entropy values of the reactions. 
We bel~eve that the bonding ofF with chromium in PFC 
facilitat~?s larger charge distribution in the transition state 
in the cases ofPFC oxidation and correlates well with the 

Scheme 1. 

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,16l a chromate forma­
tion in the rate-determining step (Scheme 1) although 
the chances of Scheme 2 can not be totally ruled our. 
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. Sil, for his interest in the work. 
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